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ABSTRACT. The purpose of this study was to investigate 
the effect of constant light in a neonatal care unit on the 
development of the sleep-and-wakefulness rhythm in pre- 
term infants. Two groups of infants (57 preterm infants 
without other complications and 58 healthy term infants) 
were prospectively studied over infancy by a day-by-day 
plot method, by which sleep-and-wakefulness states were 
recorded at home for more than 14 d to compare develop- 
mental courses of the sleep-and-wakefulness rhythm be- 
tween the two groups at corrected and postnatal ages. In 
the two groups, there were no significant differences in 
distribution of emergence of periodicity of sleep states and 
wakeful states, total sleep time, nocturnal sleep time, diur- 
nal sleep time, longest sustained sleep period, and longest 
sustained wakeful period at the same corrected ages. More- 
over, the SD of the time of onset of the longest sustained 
sleep period of each subject diminished with increase in 
postconceptional weeks. The results suggest that the de- 
velopment of the sleep-and-wakefulness rhythm in preterm 
infants is not necessarily retarded if they are discharged 
from the neonatal care unit under constant light before an 
infant's innate biologic clock is mature enough to respond 
to an environmental cycle; rather it depends on their cor- 
rected ages. (Pediatr Res 33: 159-163, 1993) 

Abbreviations 

SCN, suprachiasmatic nuclei 
TST, total sleep time 
NST, nocturnal sleep time 
DST, diurnal sleep time 
LSP, longest sustained sleep period 
LWP, longest sustained wakeful period 

Recent advances in perinatal medicine and care have led to  
a n  increase in survival rate of premature infants. As a result, 
premature infants, particularly those with very low birth weight, 
are  treated under constant light for a long time in a neonatal 
care unit ( I ). 

The generation and entrainment (svnchronization to a 24-h 
cycle) i f  circadian rhythms such' as sleep-and-wakefulness 
rhythm are mediated by the SCN of anterior hypothalamus in 
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mammals (2). For development of the circadian rhythm, it is 
necessary to  entrain the innate biologic clock to environmental 
cycles. mostly to  the light-dark cycle in a certain postnatal period 
(3). Therefore, a n  adequate nursing environment in early in- 
fancy, particularly the light-dark cycle. is essential for develop- 
ment of the circadian rhythm of sleep and wakefulness. It is 
suggested by animal studies that the quality of the environmental 
cycle during a certain period after birth regulates the circadian 
rhythm of sleep and other functions of infants (4). This raises 
the question of whether exposure to  light with constant intensity 
in the neonatal care unit for a long period affects the development 
of the circadian rhythm in premature infants. 

However. there have been few studies on the influence of the 
light-dark cycle on the development of the sleep-and-wakefulness 
cycle in premature human infants (5. 6). Lacking also are studies 
on the long-term effects of constant light in the neonatal care 
unit on the development of circadian rhythm. Therefore. this 
study was undertaken to determine whether preterm infants 
discharged from the neonatal care unit showed any retardation 
in development of the circadian rhythm of sleep and wakefulness 
throughout infancy. 

SUBJECTS A N D  METHODS 

SubiPc/.s. Of 423 premature infants who were admitted to the 
neonatal care unit at Japanese Red Cross Medical Center in 
Tokyo from February 1989 to September 1990. 123 preterm 
(born earlier than 37 gestational wk) infants weighing 1200-2300 
g at  birth who showed good therapeutic progress were all sub- 
jected to  this study. Their gestational wk ranged from 28 to 36. 
These infants did not manifest any complications that are known 
to affect sleep states, such as theophylline treatment (7). respira- 
tory distress (8). heart disease (9). neurologic disorder (including 
brain disease) ( 10). history of neonatal distress ( 10). or thyroid 
disease ( I  I). Infants were excluded from this study if they man- 
ifested any of these complications during hospitalization or any 
time thereafter. Of the 123 infants. 57 preterm infants whose 
parents gave informed consent were studied. As a normal control. 
278 of 46 14 healthy term (born 37 gestational wk onward) infants 
born weighing over 2500 g in the same medical center were 
randomly selected. Of these healthy term infants born at 37 to 
42 gestational wk from September 1989 to September 199 1. 58 
infants whose parents gave informed consent were studied. On 
the 2nd d of life, the healthy term infants were transferred to 
their mothers in the postpartum ward where the lights were 
turned off during the night. The ages of the infants ranged from 
0 to 12 mo. 

Mclhod. A sleep diagram and a questionnaire to determine 
the infants' environment ( P . R .  light-dark conditions at home. 
parental interventions). night crying, and night waking were 
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handed at discharge from the neonatal care unit or sent to 
mothers of the 123 preterm infants from April to September 
1990 and to mothers of the 278 control infants from September 
1990 to September 199 1. Mothers recorded their infants' daily 
activities on a sleep diagram for 14 d at minimum and for 12 
corrected mo at maximum (for 12 wk in median) by the day-by- 
day plot method. With this method, the observer or subject 
records the time of onset of daily activities such as sleeping, 
waking, eating. or feeding on a successive 24-h diagram. Relia- 
bility of this method has been confirmed. Spangler (12) assessed 
the results of chronologic records of infants' sleep (so-called day- 
by-day plot method) recorded by mothers and those of the 
infants' adrenocortical activity, the circadian rhythm of which is 
related to the sleep-wake cycle in adults. The findings revealed 
that the 24-h sleep-wake cycle paralleled the circadian rhythm 
pattern in adrenocortical activity. Matsuoka 6.t a/. (13) video- 
taped the activities of two infants over seven nights at home 
while their mothers were sleeping. These mothers recorded the 
infants' activities by the day-by-day plot method on a sleep 
diagram. The time lag between the actual video-recorded sleep 
and the time recorded by the mothers was less than 15 min (13). 
These data assured that a time lag in a sleep diagram has a 
negligible effect on the analysis based on data recorded at inter- 
vals of 30 min. 

Data such as gestational age, birth weight, sex, clinical diag- 
nosis, quality of intensive care, duration of phototherapy, and 
the number of days of hospitalization of these subjects were 
obtained from the clinical charts of the hospital. The gestational 
age of each infant was determined from the obstetrical estimated 
date of conception, which was based either on the date of the 
mother's last menstrual period or on ultrasound examination. 
The design of this study was accepted by the hospital ethics 
committee. 

Light intensity was measured for 3 d every 4 h in this neonatal 
care unit and in the common home of a preterm infant by using 
a light meter (Tokyo Photo Electric Co., Tokyo, Japan). 

Data analysis. Data of sleep and wakefulness behavior in the 
sleep diagram were numerically coded at intervals of 30 min. 
Those data that were recorded in any physically abnormal con- 
dition such as a febrile episode or insuficient data were excluded 
from analysis. Only subjects with valid data days for more than 
13 d were analyzed. The valid data were obtained for 57 preterm 
infants (3808 d) and 58 healthy term infants (3278 d). Based on 
increasing developmental maturity of the sleep-and-wakefulness 
rhythm, these data were analyzed for the following four param- 
eters: 1) existence of periodicity of sleep and wakefulness 
(periodic appearance of sleep time and wakeful time); 2) TST 
(increase in wakeful time); 3) duration of diurnal wakeful time 
and NST (entrainment of sleep-and-wakefulness rhythm to a 24- 
h cycle): and 4)  duration of the LSP and the LSW (prolongation 
of sustained sleep and wakefulness). 

Statistical comparisons of the difference of sleep time between 
preterm and healthy term infants were made by the comparison 
of the means (unpaired 1 test). The rate of TST to 24 h, NST to 
TST, DST to NST. LSP to TST, and LWP to total wakeful time 
were compared by comparison of the proportions (unpaired t 
test). The frequency of light condition, etc., at home in the two 
groups was compared by x2 test. The existence of periodicity was 
tested by two-way analysis of variance (14) for each individual 
infant every 14 d. A significant F value ( p  < 0.01) from the 
analysis of variance table for the column is interpreted as the 
existence of periodicity, where the column-factor is time in a day 
and the row-factor is day (15). The time for periodicity of sleep 
and wakefulness to emerge was determined by the weeks when 
the significant F value was shown first. The distribution of the 
time taken for the periodicity to emerge in both groups was 
statistically compared by the generalized Wilcoxon test. 

Furthermore, the mean of the time of onset of LSP was 
calculated for each individual infant every 14 d to determine 
when the LSP appeared in 24 h, and the SD of the time of onset 

of LSP was also calculated as the mean to determine whether 
the LSP appeared regularly. 

RESULTS 

Informed consent was obtained for 57 of 123 preterm infants 
(46.3%) and 60 of 278 healthy term infants. However, in the 
latter group, two were invalidated, resulting in 58 subjects 
(20.9%). The number of subjects is shown in Table 1. The 
demographic and clinical characteristics of the subjects are shown 
in Table 2. 

The light intensity in this neonatal care unit ranges from 420 
to 500 lux throughout the day. The intensity in the home was 

Table 1.  Number of slrhiects hv months 

Healthy Healthy 
Corrected Preterm term Postnatal Preterm term 

aae infants infants mo infants infants 

Table 2. Demographic characterisfics qfsuhjects 

Healthy term 
Preterm infant infant 

f n  = 5 7 )  f n  = 58) 

Sex 
No. of male 
No. of female 

Birth order 
No. of first born 
No. of subsequent born 

Gestational age at birth (wk) 
Mean (SD) 
Range 

Birth weight (g) 
Mean (SD) 
Range 

No. small for gestational date 
No. appropriate for gestational 

date 
Days of hospitalization in neona- 

tal care unit (d) 
Mean (SD) 
Range 

Corrected age at discharge from 
neonatal care unit (wk) 

Mean (SD) 
Range 

No. with neonatal complications 
Hypoglycemia 
H ypocalcemia 
Hyperbilirubinemia 
Transient tachypnea of new- 

born 
Infection 
Other 
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3000 lux at fine daytime (650 lux through a curtain). 1200 to 
2000 lux at cloudy daytime. and. at night, 100 to 200 lux in full 
light, 2 to 9 lux in dim light. The light condition during night 
sleep at home was five. 16, 33. and three infants with lighting 
on. with dim light, with light off, and unknown, respectively. in 
the preterm infant group, and five, 19, 26, and eight infants, 
respectively. in the healthy term infant group. This frequency 
was not significantly different in the two groups. There was no 
significant difference in the frequency of self-demand feeding or 
regular-time feeding during the first 4 mo in the two groups. The 
mean bedtime of these parents was not significantly different 
between the two groups. 

The cumulative frequency distribution of the time taken for 
periodicity of sleep and wakefulness to emerge was significantly 
different ( p  < 0.01) in the postnatal weeks (weeks after birth) 
between the two groups, with the preterm infants lagging behind 
the healthy term infants. Periodicity of sleep and wakefulness 
had emerged in 50% of the preterm infants by I I postnatal wk 
and in 50% of the healthy term infants by 5 postnatal wk. 
However. this cumulative frequency distribution was not signif- 
icantly different in postconceptional weeks (gestational weeks 
plus postnatal weeks) between the two groups (Fig. 1). The 
periodicity had emerged in 50% of either group by 44 postcon- 
ceptional wk. There were some who showed periodicity of sleep 
and wakefulness occurring shortly after birth, at 39 postconcep- 
tional wk or 3 postnatal wk in preterm infants and at 40 postcon- 
ceptional weeks or 2 postnatal weeks in healthy infants. 

TST gradually decreased with age in both preterm infants and 
healthy term infants. In preterm infants, it was significantly 
longer than in healthy term infants at the postnatal ages of 0 and 
5-6 mo ( p  < O.OI), and 1 and 7 mo ( p  < 0.05). TST in preterm 
infants was longer than in healthy term infants at -1 corrected 
month (36 to 39 postconceptional wk). However, at the other 
corrected months (months after expected date of birth), there 
was no significant difference between the two groups (Fig. 2). 

NST gradually increased with age in both groups (Fig. 3). NST 
in preterm infants was significantly longer than in healthy term 
infants at the postnatal age of 0 mo ( p  < 0.01) and 5 mo ( p  < 
0.05). Although NST in preterm infants was longer than in 

- P r e t e m  i n f a n t s  
.---0 ~ e a l t h y  term i n f a n t s  

Postconceptional week 

healthy term infants at the corrected ages of - 1 and 4 mo ( p  < 
0.01), and 3 mo ( p  < 0.05) (Fig. 3). the rate of NST to TST 
showed no significant difference between the two groups at any 
corrected month. 

DST decreased rapidly up to 5 corrected months. In preterm 
infants, it was significantly longer than in healthy term infants 
at the postnatal ages of 0 and 5 mo ( p  < 0.05). DST in preterm 
infants was longer than in healthy term infants at -1 corrected 
month (36 to 39 postconceptional wk) ( p  < 0.05). However, at 
the other corrected months, there was no significant difference 
between the two groups (Fig. 4). The ratio of DST to NST 
showed no significant difference between the two groups at any 
corrected month. This means that DST in preterm infants was 
not different in the two groups in corrected months. 

The LSP in 24 h increased gradually with age. In healthy term 
infants, it was significantly longer than in preterm infants at 
postnatal ages of 1 and 2 mo ( p  < 0.01)! and 3 mo ( p  <, 0.05). 
LSP in preterm infants was longer than In healthy term ~nfants 
at corrected ages of 5 mo ( p  < 0.01), and 4 and 1 l mo ( p  < 
0.05) (Fig. 5). However, the rate of LSP to TSP showed no 
significant difference between the two groups. 

The LWP increased slightly with age from approximately 3.7 
h at 0 corrected month to 5.8 h at 10 corrected months. In 
healthy term infants, it was longer than in preterm infants at 0 
postnatal month ( p  < 0.05). However, at the other postnatal 
months and all corrected months, there was no significant differ- 
ence between the two groups. 

The means of the time of onset of LSP in the individual 
subjects were between 2100 and 0100 h from just after birth in 
all preterm and healthy term infants. SD of the time of onset of 
LSP in the individual preterm infants showed a negative corre- 
lation with postconceptional weeks (Spearman's r = -0.60, p = 
0.001) (Fig. 6), the same as healthy term infants (Spearman's r 
= -0.57, p = 0.0001). It decreased with the number of postcon- 
ceptional weeks, and had diminished rapidly (Pearson's r = 
-0.76, p < 0.000) by 60 postconceptional wk (5 corrected 
months). 

DISCUSSION 

It has been established that sleep problems and delay in sleep- 
and-wakefulness rhythm are more common in premature infants 

0 5 10 15 20 25 30 35 

Postnatal week 

Fig. I .  Distribution of the time of emergence of periodicity. 
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- Preterm in fan ts  
.--.. Healthy term infants 

Corrected month 

Fig. 2. TST in preterm and healthy term infants. **, p < 0.01 

1 - Preterm infants - .---- ~ e a l t h y  term in fan ts  
L. 
5 10- 

Corrected month 

Fig. 3. NST in preterm and healthy term infants. *, p < 0.05: **, 11 < 
0.0 I .  

10 - - Preterm infants 

I .--.. Healthy term infants 

P 

Corrected m n t h  

Fig. 4. DST in preterm and healthy term infants. *. p < 0.05. 

than in healthy term infants (5, 16). In this study. however. the 
ratios of NST to TST, of DST to NST, of LSP to TST. and LWP 
t o  total wakeful time showed n o  significant difference between 
the two groups at  any corrected months. TST showed n o  signif- 
icant difference between the two groups at the corrected ages 
except for - 1  corrected month (36 to 39 postconceptional wk). 
Moreover. there was n o  significant difference in cumulative 
frequency distribution of the time taken for periodicity to emerge 
between the two groups at corrected ages. Therefore, it is sug- 
gested that the development of sleep-and-wakefulness rhythm in 
preterm infants is not necessarily retarded at corrected ages. 

We focused on the LSP and investigated whether it would 
appear regularly over 24 h by determining the S D  of the time of 
onset of LSP of each individual subject. The LSP is assumed to 
form the main part of sleep, as the maturation of the CNS 
contributes to  the prolongation of sleep and the wakeful state 
(17). It is also assumed that the sleep rhythm of a 24-h cycle is 

established if LSP appears in a certain nocturnal period. This 
method is thought to be an appropriate and simple analysis for 
observing the entrainment of sleep-and-wakefulness rhythm to a 
24-h cycle in the mass. In this study. LSP emerged in a nocturnal 
period, and the individual SD of the time of onset of LSP 
diminished with increase in the postconceptional weeks. The 
onset time was gradually concentrated on each individual at 
certain times in both preterm and healthy term infants. These 
results indicate that the sleep-and-wakefulness rhythm in both 
preterm and healthy term infants is entrained, and they suggest 
that the development of a circadian rhythm of sleep depends on 
the postconceptional week corresponding to the development of 
the nervous system. It is considered that the development of the 
circadian rhythm of sleep is related to  a n  inner factor. 1.r. the 
innate biologic clock needs to  mature to a level sufficient to be 
able to  receive environmental cycles before infants can synchro- 
nize their behavior with an environmental cycle. such as being 
put to  bed at  the same time. 

It is speculated that the 24-h environmental cycle. which acts 
via the retinohypothalamic pathway to entrain the circadian 

- 12- 
I - Preterm infants 

- --- ~ e a l t h y  term infants 
I 

V) - 

S 2 , ,  , , , l I , ,  1 ,  r I I -1 
- 1 0 1 2 3 4 5 6 7 8 9 1 0 1 1 1 2  

Corrected month 

Fig. 5. LSP in preterm and healthy term infants. *. p < 0.05: **. 11 < 
0.0 I .  

. . Spearman's r--0.60, p.0.0001 

Postconceptional week 

Fig. 6. Variance of the time of onset of LSP in preterm infants. SD 
= 0 is based on the individual mean of thc time of onset of LSP ever!, 
14 d in each individual preterm infant: i . c , .  the individual mean value. 
which ranges from 2100 to 0010 h, is arranged for SD = 0. Each point 
on the figure shows the SD of the time of onset LSP eve9 14 d in each 
preterm infant. 
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clock in the SCN, has an effect only on the biologic clock matured 
to a certain level but plays no essential role as a time cue to form 
circadian rhythms for the immature brain of infants. It is also 
suggested that an environment without a light-dark cycle in a 
neonatal care unit has little influence on the development of the 
sleep-and-wakefulness rhythm until development onset of reti- 
nohypothalamic tract at approximately 40 postconceptional wk, 
the approximate age of the subjects in this study when they were 
discharged from the neonatal care unit. Myelination around optic 
nerves fibers occurs after a full-term (40-wk) gestation in preterm 
and term human infants (18), and it is suggested that afferent 
retinal fibers in term rats first reach the SCN on the 2nd or 3rd 
postnatal d and invade the SCN by the 3rd d before they have 
formed synapses in the SCN (19). After the neurologic develop- 
ment to a certain maturational level, the light-dark cyclic envi- 
ronment is rather important for establishing the sleep-and-wake- 
fulness rhythm. 

The time of onset of LSP was predominantly between 2100 
and 0100 h in all infants in this study. This probably reflects the 
24-h rhythm of the pregnant mother who went to bed around 
this time, because it has been suggested that circadian rhythm in 
infants is formed in utero based on the mother's circadian rhythm 
(20). Human (21) and animal (22) observations suggest that 
abnormality of an infant's circadian rhythm can be corrected if 
he or she is reared under appropriate 24-h cycles within a certain 
period of life. The following observations may be considered: the 
preterm infants kept the rhythm based on the mothers' rhythm 
even in the neonatal care unit under constant light, the rhythm 
was corrected after discharge by an altered environment, and 
preterm infants were able to establish the same sleep-and-wake- 
fulness rhythm as healthy term infants. These observations sug- 
gest that maturational level of the nervous system is crucial in 
forming the circadian rhythm of sleep by external factors. 

There have been some studies on the end point of the critical 
period of formation of circadian rhythm (4, 22). However, its 
starting point, from which an innate biologic clock of an infant 
is affected by external factors, has not been studied. In the future, 
we will try to determine the starting point when the innate 
biologic clock matures to the level affected by an environmental 
cycle such as constant light. A study on whether the same 
development of circadian rhythm of body temperature, hor- 
mones, and other factors is established in preterm infants in a 
neonatal care unit is also necessary. 

The maturation of the CNS is reported to play an important 
role in the development of sleep ( 1  7); nevertheless, there is less 
elucidation of effect of constant light on the subsequent devel- 
opment in preterm infants, in whom there was a risk of prema- 
turity. We are proceeding with a cohort study on the long-term 
development of behavior and circadian rhythm of sleep and 
hormones in the preterm infants. 

In conclusion, there is not necessarily any developmental 
retardation of the sleep-and-wakefulness rhythm in preterm in- 
fants at corrected ages. The development of the sleep-and-wake- 
fulness rhythm depends on the infants' postconceptional weeks. 
It is suggested that a neonatal care unit under constant light has 
little influence on the development of the sleep-and-wakefulness 
rhythm if a preterm infant is discharged from the unit before the 
infant's innate biologic clock and the retinohypothalamic path- 

way are mature enough to respond to an environmental cycle. 
The care of infants in a light-dark cyclic environment seems to 
be essential to the development of a sleep-and-wakefulness 
rhythm after maturation to a certain level of the infant's innate 
biologic clock and retinohypothalamic pathway. 
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