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Abstract
Background  Sleep undergoes changes from birth to adulthood, while sleep disorders are associated with various cognitive 
deficiencies in childhood. In parallel, prematurity is known to predispose to poor neurodevelopmental outcomes. Our aim 
is to provide literature data about factors influencing sleep in the premature infants and sleep outcomes in this population.
Methods  A systematic review was conducted using a variety of health-related databases. Original research papers were 
considered and no year-of-publication restriction was placed.
Results  In total, 22 articles fulfilled our selection criteria. Available studies present remarkable heterogeneity in terms of 
methodological design. Compared to full term, premature infants exhibit significant differences in sleep structure, which 
mainly include differences in electroencephalographic spectral values, in total sleep time and in arousal threshold. Fur-
thermore, prematurity seems to be a risk factor of sleep breathing disorders in childhood and adolescence. Data about the 
effect of methylxanthines and the environment of neonatal intensive care unit is controversial. With regard to the impact of 
prematurity-related sleep disorders on future neurodevelopment, available research papers are generally few.
Conclusions  The alterations in sleep patterns are an outcome of prematurity (immaturity of nervous system) as well as of 
postnatal factors and comorbidities. Sleep problems in this population of infants seems to be a missing piece of the puzzle 
of impaired neurodevelopment. Future studies should focus on interventions to improve sleep hygiene and limit neurode-
velopmental problems.

Keywords  Neonates · Neurodevelopment · Prematurity · Sleep · Sleep disorders

 *	 Maria Gogou 
	 mariaangogou@gmail.com

1	 2nd Department of Pediatrics, School of Medicine, Aristotle 
University of Thessaloniki, University General Hospital 
AHEPA, Thessaloníki, Greece

Introduction

Disruption of the normal fetal organogenesis due to pre-
term birth (< 37+0 weeks) leads to a variety of multisys-
tem morbidities and long-term consequences, even in adult 
life [1]. Prematurity (even moderate or late) has also been 
increasingly associated with negative neurodevelopmental 
outcomes, including cognitive deficits, learning difficulties 
and behavioral problems [2]. The disruption of normal brain 
growth and development is the obvious pathophysiological 
mechanism. Series of factors (e.g., male gender, low birth 
weight, intraventricular hemorrhage, bronchopulmonary 

dysplasia, preeclampsia, and low socioeconomic status) 
have been identified as independent predictors of disturbed 
neurodevelopment, too. At the same time, there are stud-
ies highlighting the significance of postnatal environmental 
factors (e.g., educational level of parents, breastfeeding) 
[3–5]. Genetic associations with atypical neurodevelopmen-
tal outcomes in preterm infants have also been considered 
and several candidate genes have been described [6]. As the 
rate of “preterm survivors” is continuously increasing, the 
investigation of additional factors correlated with impaired 
neurodevelopment (especially modifiable factors) is of great 
clinical significance, with sleep function being one of them.

It is well established that sleep is the predominant behavio-
ral state in newborns and is essential for normal brain devel-
opment throughout childhood, particularly for memory and 
learning functions [7]. More specifically, human and animal 
models studies have shown that sleep spindles during non-
rapid eye movement (NREM) sleep are correlated with cog-
nitive aptitude of the child, while slow oscillations promote 

http://orcid.org/0000-0003-2714-7582
http://crossmark.crossref.org/dialog/?doi=10.1007/s12519-019-00240-8&domain=pdf


210	 World Journal of Pediatrics (2019) 15:209–218

1 3

myelin formation and anatomical connectivity of different 
brain parts [8–10]. With regard to rapid eye movement (REM) 
sleep, sensory feedback from myoclonic twitches during this 
sleep stage can trigger central neural oscillations, which in 
turn, promote neurodevelopmental processes (e.g., synapse 
formation, neuronal differentiation and migration) and per-
mit functional connectivity in developing brain networks 
[11]. In other words, slow wave sleep promotes declarative 
memory, whereas REM stage mainly enhances procedural 
learning tasks. On the other hand, according to epidemiologi-
cal studies, sleep deprivation or disturbed sleep is associated 
with significant morbidity and also predisposes to a variety 
of somatic and psychosocial disorders [12–14]. At the same 
time, it should be highlighted that sleep undergoes progres-
sive changes during intrauterine and extrauterine life, which 
strongly depend on gestational age [15, 16] (Fig. 1).

Taking into consideration all the above mentioned, it is 
plausible to speculate that potential alterations in sleep struc-
ture induced by prematurity may contribute to the appear-
ance of neurodevelopmental problems in this population 
(Fig. 2). Until now, this assumption has not been extensively 
investigated. Therefore, the aim of our study is to system-
atically provide literature data about (1) factors influencing 
sleep in the premature infants and (2) sleep outcomes in 
premature infants.

Literature search

Eligibility criteria

Studies fulfilling the following criteria were selected: (1) 
original research papers; (2) human studies conducted in 
preterm infants; (3) preclinical studies conducted in ani-
mal models of prematurity; (4) studies investigating factors 
influencing sleep in the premature infants; and (5) studies 
investigating sleep outcomes in premature infants.

Search strategy and study selection

A comprehensive search was undertaken using health-related 
databases: Pubmed, Embase, Scopus, Cochrane, and Web of 

Fig. 1   Timeline to show the development of sleep architecture over time

Fig. 2   Immaturity of nervous system induced by preterm birth along 
with postnatal factors and comorbidities seem to have an effect on 
sleep outcomes of this population of infants. NICU neonatal intensive 
care unit
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Science. The literature search and the eligibility assessment 
process were performed by two reviewers independently in 
all stages. No year-of-publication restriction was placed. The 
terms that were used were: “sleep” AND [“prematurity” OR 
“preterm”] AND [“neurodevelopment” OR “brain develop-
ment” OR “behavioral problems” OR “cognitive deficits” 
OR “learning disorders”].

Two reviewers undertook the selection process indepen-
dently. The search strategy was common for both review-
ers. After searching the literature, data were abstracted and 
selected articles were scanned to eliminate studies with irrel-
evant topic, inappropriate methodology or duplicate records. 
A third person evaluated bias risk of studies and addressed 

disagreements between two reviewers. Figure 3 illustrates 
the flow chart of how the articles were selected.

According to our results, we have identified 22 studies 
fulfilling our selection criteria: 11 studies about factors 
influencing sleep in preterm infants (Tables 1, 2, 3) and 
11 studies about sleep outcomes (Tables 4, 5). Assessment 
of risk of bias in studies selected was performed using the 
ROBINS-I tool [17]. Sources of risk of bias included con-
founding, selection, classification of interventions, deviation 
from intended interventions, missing data, measurement of 
outcomes, and selection of the reported results (Table 6).

Factors influencing sleep in premature 
infants

The role of drugs

Comorbidities associated with prematurity often demand 
specific pharmacological treatment. Theophylline and caf-
feine are widely used in preterm infants as respiratory stim-
ulants to decrease apnea of prematurity, as they increase 
minute ventilation, improve CO2 sensitivity, enhance dia-
phragmatic activity, and reduce periodic breathing. Their 
mechanism of action includes antagonism of adenosine 
receptors phosphodiesterase inhibition and modification of 
dopamine binding activity at its receptors [18]. We were 
able to find only two studies (case–control studies) describ-
ing effects of methylxanthines on sleep structure in preterm 
infants [19, 20] (Table 1).

Results of these studies are conflicting. Thoman et al. 
report more non-alert waking activity, more drowsiness, and 
less active sleep among preterm infants who had received 
theophylline in comparison to preterm infants who had 
not received theophylline and normal full-term infants. It 
is noteworthy that the administration of theophylline had 
been discontinued at least 1 month prior to the beginning of 
the study. However, data acquisition was based on parental 
observations at home and no objective tools were used, a 
fact that reduces the integrity of the methodology. Moreo-
ver, gestational age was different between study groups, a 
fact that further limits the validity of the results [19]. On 

Fig. 3   Flow diagram of the selection of articles included in our 
review

Table 1   Studies about the effects of methylxanthines on sleep structure in preterm infants

Author Year Sample Methods of evaluation Outcomes

Marcus 2014 201 ex-preterm children 5–12 y: 98 caffeine 
(27.2 ± 1.6 wk) versus 103 no caffeine 
(27.3 ± 1.7 wk)

Actigraphy, polysomnogra-
phy, parental sleep question-
naires

No significant differences in sleep parameters 
between two groups

Thoman 1985 4 preterm having received theophylline 
(28–30 wk) versus 5 preterm without 
theophylline (29–35 wk) versus 28 full term 
(37–42 wk)

Observation at home Theophylline group:↑ non-alert waking activ-
ity, ↑drowsiness, ↓ less active sleep
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the other hand, Marcus et al. do not describe any significant 
long-term effects on sleep structure in ex-preterm infants 
who had been treated with caffeine after polysomnographic 
and actigraphic assessments at the age of 5–12 years. Nev-
ertheless, lack of significance in this study could be due to 
the apparent discrepancy in total recording and sleep time 
between the caffeine and the placebo group [20]. Taking 
into account the limitations of the above two studies, no 
clear conclusions can be drawn with regard to the long-term 
impact of methylxanthines on sleep of premature infants.

The role of Neonatal Intensive Care Unit (NICU) 
environment

Hospitalization in an NICU is associated with a wide 
range of stimuli (e.g., painful experiences, and noise, 
light) and interventions that could potentially fragment 

exert a negative effect on the structure and quality of sleep 
in a neonate [21]. According to Zores et al. [22], changes 
in light (even small changes) can cause significantly more 
awakenings and this difference seems to be negatively cor-
related with the extent of the light protection in the incu-
bator. However, a different study including less preterm 
infants and conducted in intermediate care unit showed 
that only high light levels actually affected neonatal sleep 
increasing wakefulness [23]. In parallel, apneic events 
were found to be more frequent in warm incubator condi-
tions and also be closely related to body heat loss than 
body temperature [24]. Furthermore, moderate acoustic 
changes can disrupt sleep in very preterm infants [25]. 
With regard to other factors associated with NICU stay, no 
significant associations between phototherapy and changes 
in sleep structure in preterm infants have been identified 
in literature [26, 27] (Table 2).

Table 2   Studies about the effects of NICU associated factors (light variations and phototherapy) on sleep structure in preterm infants

Author Year Variable studied Sample Methods of evaluation Outcomes

Zores 2018 Light variations 27 preterm infants (26–31 wk) Video recordings Periods following changes in light: 
↑awakenings

Mild light protection in incubator:↑ 
awakenings

Orsi 2017 Light variations 12 preterm infants (32.2 ± 4.2 wk) Video recordings High light levels: ↑ wakefulness
Cremer 2016 Phototherapy 38 preterm infants (< 32 wk) Video recordings of 

3 h taken over the 
first 5 days of life

No significant association between 
phototherapy and sleep

Kuhn 2013 Noise levels 26 very preterm infants (26–31 wk) Video recordings Moderate acoustic changes disrupt 
sleep

Tourneux 2008 Incubator temperature 22 preterm neonates (mean gesta-
tional age 36 wk) exposed at ther-
moneutral (incubator temperature: 
32.5 ℃), warm (34.2 ℃) and cool 
(30.4 ℃) conditions

Polysomnography Sleep apneas: ↑ in warm conditions

Shimada 2003 Phototherapy 33 preterm infants receiving pho-
totherapy (29.3 ± 3 wk) versus 
13 preterm infants not receiving 
(31.1 ± 2.5 wk)

Observation (predomi-
nately by mothers) 
and recording of 
activities

No significant association between 
phototherapy and sleep–wake 
rhythm

Table 3   Studies about the impact of prematurity associated respiratory complications on sleep structure

HHHFNC heated humidified high flow nasal cannulae, NCPAP nasal continuous positive airway pressure

Author Year Variable studied Sample Methods of evaluation Outcomes

Ortiz 2017 Bronchopulmonary dysplasia 147 ex-preterm patients 
(< 36 wk)

Polysomnography Bronchopulmonary dysplasia: 
↑respiratory disturbance index

Collins 2015 Type of respiratory support 
(HHHFNC versus NCPAP)

28 preterm infants (< 32 wk) Activity diaries, actigraphy HHHFNC: ↓ sleep time and ↓ 
sleep efficiency compared to 
NCPAP

Sekar 1991 Bronchopulmonary dysplasia 20 preterm infants (average 
gestational age 28 wk)

Polysomnography Infants with bronchopulmonary 
dysplasia: ↑ central apneas 
after weaning from mechani-
cal ventilation
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Respiratory complications

Prematurity is the underlying cause of a series of pulmo-
nary complications including apnea of prematurity and bron-
chopulmonary dysplasia. It is well-established that apnea of 
prematurity has a direct effect on sleep, as it increases arous-
als and can also predispose to sudden infant death syndrome 
[28]. On the other side, we have identified two retrospec-
tive studies linking bronchopulmonary dysplasia to sleep 
breathing disorders [29, 30]. More specifically, according to 
Ortiz et al. [29], premature infants with bronchopulmonary 

dysplasia exhibit a significantly higher respiratory distur-
bance index, especially those with more severe disease and 
those exposed to smoke. Furthermore, Sekar et al. [30] 
have shown that bronchopulmonary dysplasia predisposed 
to central respiratory instability in premature infants after 
weaning from mechanical ventilation. We were also able 
to find one randomized controlled trial, showing that the 
type of respiratory support can exert a significant effect on 
sleep structure of premature neonates; neonates receiving 
respiratory support via heated humidified high flow nasal 
cannulae spent less time in sleep in comparison to those 

Table 5   Studies about respiratory sleep outcomes in preterm infants

OSAS obstructive sleep apnea syndrome, mon months, wk weeks, y years. aSleep breathing disorders were defined as persistent snoring on a 
nightly basis for a minimum period of 12 months, with diurnal and/or nocturnal symptoms, with or without abnormal overnight pulse oximetry 

Author Year Sample Methods of evaluation Outcomes

Tapia 2016 197 ex-preterm children aged 5–12 y Ambulatory polysomnography OSAS prevalence: 9.6%
Manuel 2013 1038 children (age 4–190 mon) referred due to 

sleep breathing disordersa
Review of medical records Prevalence rate of prematurity (< 37 wk) 

among children with sleep breathing 
disorders: 5.5%

Rosen 2003 850 children 8–11 y: 394 preterm (< 36 wk), 
456 full term

Polysomnography, parental 
sleep questionnaires

Sleep breathing disorders: 3 to 5 times more 
likely in ex-preterm

Table 6   Risk of bias in studies included in our analysis according to ROBINS-I tool

Study Confounding Selection Classification 
of interven-
tions

Deviation from 
intended interven-
tions

Missing data Measurement 
of outcomes

Selection of the 
reported results

Overall

Marcus Low Low Low Low Moderate Low Low Low
Thoman Undetermined Moderate Moderate Undetermined Undetermined Moderate Low Moderate
Zores Low Moderate Undetermined Undetermined Moderate Low Low Low
Orsi Low Moderate Undetermined Undetermined Undetermined Low Low Low
Cremer Low Low Undetermined Undetermined Undetermined Low Low Low
Kuhn Low High Undetermined Undetermined Undetermined Low Moderate Moderate
Tourneux Low High Undetermined Undetermined Undetermined Low Low Moderate
Shimada Low High Undetermined Undetermined Undetermined Low Moderate Moderate
Ortiz Moderate Low Undetermined Undetermined Moderate Low Low Low–moderate
Collins Low Moderate Undetermined Undetermined Low Low Low Low
Sekar Moderate High Undetermined Undetermined Low Low Low Moderate
Yiallourou Moderate Moderate Undetermined Undetermined Undetermined Low Low Low–moderate
Wehrle Low Moderate Undetermined Undetermined Undetermined Low Low Low
Biggs Low Low Undetermined Undetermined Undetermined Low Low Low
Björkqvist Moderate Moderate Undetermined Undetermined Undetermined Low Low Low–moderate
Asaka Moderate Moderate Undetermined Undetermined Undetermined Low Low Low–moderate
Horne Moderate High Undetermined Undetermined Undetermined Moderate Moderate
Peirano Moderate High Undetermined Undetermined Undetermined Moderate Moderate Moderate
Scher High High Undetermined Undetermined Undetermined Moderate Low Moderate–high
Tapia Low Low Undetermined Undetermined Undetermined Low Low Low
Manuel Moderate Moderate Undetermined Undetermined Undetermined Low Low Low–moderate
Rosen Low Low Undetermined Undetermined Undetermined Low Low Low
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receiving nasal continuous positive airway pressure [31] 
(Table 3). However, no other studies with the same finding 
have been identified.

Sleep outcomes in preterm infants

A series of studies have identified alterations in sleep out-
comes (electroencephalographic or respiratory) in premature 
infants when compared to full-term infants. In total, we were 
able to find eight cross-sectional retrospective human studies 
conducted in infants or children with a history of prematurity 
and investigating changes in sleep electroencephalographic 
outcomes [32–39] (Table 4). Methods of sleep patterns 
assessment used by researchers were extended electroen-
cephalographic recordings, overnight polysomnography, and 
actigraphy. The main outcomes of the aforementioned stud-
ies included a variety of sleep measures: total sleep duration, 
sleep efficiency, time spent in different sleep stages, electro-
encephalographic spectral values, arousal threshold, motor 
activity during sleep, total activity score, sleep chronotype.

According to their results, prematurity seems to exert 
a strong effect on maturation of sleep function. More spe-
cifically, children born preterm exhibited altered electroen-
cephalographic spectral values, irregular sleep schedules 
(i.e., advanced sleep phase), increased motor activity during 
sleep, reduced sleep duration, and lower arousal threshold 
[32–39]. Differences in electroencephalographic rhythms 
could be either sleep stage-related or restricted to specific 
brain regions. Furthermore, Scher et al. [40] have interest-
ingly shown that electroencephalographic sleep changes are 
most likely associated with prematurity rather than postna-
tal brain adaptation. It is also worth-mentioning that in 4 
of the above studies, prematurity was associated with sig-
nificant differences in sleep function even beyond infancy 
at older ages (e.g., in school-aged children, adolescents, or 
even young adults) [36–39] (Table 4). This finding under-
scores the long-term consequences that premature birth 
can have on sleep organization. With regard to circadian 
rhythm disorders, there is evidence that earlier sleep phase 
encountered in very preterm (born < 32nd gestational week) 
children can be due to possible down-regulation of hypo-
thalamic–pituitary–adrenal axis activity [41]. Moreover, 
from a clearly clinical point of view, extremely preterm 
infants (even those with no signs of neurodevelopmental 
disabilities) exhibited significantly different sleep habits and 
behaviors at 11 years of age when compared to term-born 
controls [42]. On the other hand, Iglowstein et al. [43] have 
not detected any changes in sleep behaviors (e.g., bedshar-
ing, night awakenings, bedtime resistance, and sleep-onset 
difficulties) between preterm and term children from birth 
to age of 10 years.

With regard to respiratory sleep outcomes, prospective 
and retrospective studies have revealed that prematurity has 
been found to be a significant predictor of sleep breathing 
disorders (e.g., prevalence of Obstructive Sleep Apnea Syn-
drome) even in older ages (i.e., school-aged children); multi-
ple gestations and chorioamnionitis seem to further increase 
this risk [44–46] (Table 5).

It should be highlighted that all the aforementioned stud-
ies exhibit remarkable heterogeneity in terms of their meth-
odology and design (e.g., way of sleep assessment, sample 
size, degree of prematurity, and birth weight). For this rea-
son, their conclusions cannot be safely generalized. Indeed, 
it seems that preterm birth disturbs sleep. However, at what 
age and until what age? The answer is unclear, as child’s 
age during sleep assessment varies between different stud-
ies. Nevertheless, current available data show that prematu-
rity can be an underlying cause of (probably long-lasting) 
sleep-related disorders. In other words, with regard to sleep 
function we could say that “the early bird does not seem to 
catch the worm”.

Future neurodevelopment and interventions

We were able to identify in the literature only three stud-
ies (two retrospective and one prospective) focusing on the 
long-term effect of sleep disorders in premature neonates on 
future neurodevelopment [47–49] (Table 7). Sample sizes 
ranged from 15 to 65 infants, control group was used in 1 of 
them, age of neurodevelopmental assessment ranged from 
4 to 24 months, and their outcomes presented heterogene-
ity, including mental/social/motor scores, first gaze duration, 
and distraction episodes. It is also worth-mentioning that 
degree of prematurity was different in all these three studies 
(< 32 weeks, 30–35 weeks, < 37 weeks). According to their 
results, poor sleep (in terms of sleep efficiency) was associ-
ated with problems in attention orienting and distractibility 
disorders at 4 and 12 months of age, while low spectral beta 
electroencephalographic energies at neonatal age predicted 
lower mental scores at 12 months of age [47–49]. In the 
study by Bandyopadhyay et al. [47], high values of end-tidal 
CO2 during sleep (> 45 mm Hg) were positively correlated 
with low cognitive scores at the age of 2 years, although 
obstructive sleep events did not have a significant impact on 
neurodevelopment. These findings show that sleep disorders 
in premature neonates could negatively affect the develop-
ment of their cognitive functions and further enhance the 
negative impact of prematurity on future neurodevelopment. 
Nevertheless, the magnitude of this effect should further 
investigated in more and larger prospective studies.

Although prematurity is sometimes unavoidable, there 
are interventions which can provide preterm infants with a 
favorable antenatal environment and rescue sleep function 
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and future neurodevelopment. Recent studies using vide-
otaping of sleep–wake states of preterm infants in NICU 
have revealed that supine position predisposes to more 
frequent awakenings, whereas prone position (under close 
supervision) facilitates sleep reducing at the same time stress 
levels [50]. Furthermore, Jarus et al. report a greater vari-
ety of sleep patterns (e.g., deep or light sleep and drowsi-
ness) in prone position, while in supine position, awake 
patterns (quiet or awake, agitated fussy) dominated. In the 
same study, the prone position was found to have a positive 
neurodevelopmental impact, as it was associated with more 
approach reactions in contrast to withdrawal reactions while 
in supine position [51]. On the other side, it should also be 
mentioned that according to polysomnographic recordings, 
prone position seems to shift respiratory events during sleep 
from obstructive to central apneas, although the importance 
of this finding has not been clarified, yet [52].

In parallel, skin-to-skin contact with the mother has been 
found to decrease arousals during sleep and also promotes 
sleep organization while nesting and swaddling seem to 
increase total and quiet sleep time when applied to preterm 
infants [53, 54]. With regard to other interventions, cycled 
light simulates a day–night environment and increases total 
sleep time. Sleep duration and active sleep efficiency are 
also increased by mattresses interventions, which permit a 
similar position as in the uterus [55, 56]. Earmuffs use has 
also been found to reduce the level of noise in NICUs and 
improve preterm neonates’ light sleep stability, while quiet 
time is a nursing intervention, which increases total sleep 
time, too [57, 58]. On the other hand, cobedding, music 
interventions, swaddled tub baths, and non-nutrition sucking 
were not found to have any significant effects. It is clear that 
there are plenty of modifiable factors in the NICU environ-
ment that can affect infants’ sleep structure and hygiene [59, 
60]. More randomized clinical trials are undoubtedly needed 
to confirm the impact of such non-pharmacological interven-
tions on sleep stabilization of preterm infants.

Future research

Given the burden of prematurity along with poor neurode-
velopmental outcomes on quality of life, the identification of 
modifiable risk factors is a crucial topic of future research. 
More and larger prospective clinical studies are needed to 
assess the true effect of drugs, environmental stressors in 
NICU, and medical interventions (e.g., ventilatory support) 
on sleep structure. Mapping of pathways of sleep maturation 
could also permit a better prediction of disorders in sleep 
function induced by prematurity, as well as early and tar-
geted implementation of therapeutic strategies. Furthermore, 
long-term neurodevelopmental outcomes of ex-preterm chil-
dren with sleep disorders need to be further investigated and Ta
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the follow-up period of these patients needs to be extended 
to older ages, so that neurodevelopmental complications are 
placed in their true dimensions.

Research interest has also emerged in the field of non-
pharmacological interventions in NICU that could improve 
sleep quality of preterm infants and reverse negative impact 
on brain development. Therefore, the effects of cycled light, 
skin-to-skin contact and position during sleep should be 
further analyzed, as they consist simple, safe, and costless 
measures that can be easily taken in any NICU.

Conclusions

Sleep function exhibits a variety of special features at the 
early extreme of age and undergoes significant progressive 
changes across infancy and childhood. Immaturity of nervous 
system induced by preterm birth along with postnatal factors 
and comorbidities seem to have an effect on sleep outcomes 
of this population of infants. Nevertheless, the real burden of 
prematurity-related sleep disorders on future brain develop-
ment is yet to be clarified. Future research needs to search 
ways to alleviate any negative impact of preterm birth on 
sleep maturation and help neonatal brain to reach the maxi-
mum potential of its neuroplasticity and its competencies.
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