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Objective: Infant sleep development is a highly dynamic process occurring in parallel to and 

in interaction with cognitive and physical growth. This narrative review aims to summarize 

and discuss recent literature and provide an overview of the relation between infant sleep and 

cognitive development as well as physical growth.

Methods: We conducted online literature search using MEDLINE, Embase, and Cochrane 

Library databases. We considered original research on humans published in the English lan-

guage from January 2005 to December 2015. Search terms included “sleep” AND “infant” 

AND “cognition” OR “memory” OR “executive functioning”, OR “growth” OR “obesity” OR 

“growth hormone” OR “stunting”, and combinations thereof.

Results: Ten studies on infant sleep and cognition were included in this review. Overall, find-

ings indicated a positive association between sleep, memory, language, executive function, and 

overall cognitive development in typically developing infants and young children. An additional 

20 studies support the positive role of infant sleep in physical growth, with the current literature 

focusing largely on weight gain and obesity rather than healthy growth. Existing evidence in 

both the domains is mainly based on cross-sectional designs, on association studies, and on 

parental reports. In contrast, there were limited studies on longitudinal sleep trajectories and 

intervention effects, or studies have not used more objective sleep measures such as actigraphy 

and polysomnography.

Conclusion: The reviewed studies support a critical and positive role of infant sleep in cog-

nition and physical growth. Future studies should consider key environmental and parental 

confounders, include a combination of more objective (actigraphy) and subjective measures 

(sleep diaries and questionnaires), and move towards longitudinal trajectory designs of infant 

sleep and development.
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Introduction
Sleep develops rapidly during the first few years of life and is a highly dynamic process. 

At birth, infants lack an established circadian rhythm and hence sleep across multiple 

intervals throughout the day and night in short bouts, which may also be due to infants’ 

feeding needs.1 At about 10–12 weeks of age, the first signs of a circadian rhythm begin 

to develop, marked by an increased ease of sleeping through the night.2 The change 

in total sleep duration over 24 hours continues and decreases from 16 to 17 hours in 

newborns, to 14–15 hours at 16 weeks of age, and 13–14 hours by 6 months of age.3,4 

While the need for day sleep decreases,5 night sleep duration increases through the 

first year of life,5–7 resulting in a shift towards more nocturnal patterns of sleep.
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Infant sleep studies show that about 20%–30% of all 

infants experience night awakenings throughout their first 

2 years of life.8,9 Yet, with children’s development, the num-

ber of awakenings per night reduces, and the ability to sleep 

through the night increases with ~50%–75% of infants sleep-

ing through the night at 12 weeks of age10 and at least 90% 

at 6 months of age.11 Despite the general trend of decrease, 

night awakenings show the highest levels of variability across 

all sleep measures,4 which makes it an interesting research 

target for sleep quality in young infants.

Concerns that children are not getting enough sleep have 

been around for over 100 years, with recommendations of 

ideal sleep duration for children being provided as early as 

1897.12 The National Sleep Foundation (NSF) recommends 

a daily sleep duration of 14–17  hours/day from birth to 

3 months, 12–15 hours/day from 4 to 11 months, 11–14 hours/

day for infants aged 1–2 years, and 10–13 hours/day for pre-

schoolers aged 3–5 years. In all cases except for newborns 

to 3 months, the latest NSF recommendations increased by 

at least 1 hour from the preceding (NSF) recommendations 

due to reported changes in sleep durations over the last years 

(from a systematic literature search) as reviewed by an expert 

panel.13 However, many infants and young children sleep less 

than the above-recommended amount.12 Short sleep duration 

is particularly prevalent in predominantly Asian countries. A 

study conducted on caregivers of 29287 children between the 

ages of 0 and 36 months from 17 countries reports that total 

sleep duration in children from predominantly Asian coun-

ties is significantly lower than children from predominantly 

Caucasian countries.14 Moreover, regardless of age group, 

children from predominantly Asian countries consistently 

sleep less or at the lower extreme of the NSF recommendation.

Sleep is a highly dynamic developmental process, par-

ticularly in the first 2 years of life, with a high inter- and 

intraindividual variability. While many studies have focused 

on children, the link between variations in sleep and devel-

opmental outcomes in healthy infants remains less explored. 

The objective of this narrative review is therefore to summa-

rize and evaluate available literature on the relation between 

infant sleep during the first 2 years of life and cognitive and 

physical growth in healthy typically developing infants and 

young children.

Methods
We searched MEDLINE, Embase, and Cochrane Library 

databases for articles in English and published between 2005 

and December 2015. Search terms included “sleep” AND 

“infant”, in combination with “cognition” OR “memory” 

OR “executive functioning” OR “growth” OR “obesity” 

OR “growth hormone” OR “stunting”. Search terms had 

to be present in either the title or the abstract of the article. 

In addition, we limited results to original research articles 

investigating infant sleep during the first 2 years of life in rela-

tion to cognitive development and physical growth outcomes 

both during the first 2 years of life or later, human studies, 

and studies on term-born, cognitively healthy infants. Stud-

ies on sleep disorders, including sleep-disordered breathing 

symptoms, were excluded from this review, as well as studies 

in psychiatric populations or preterm infants.

Our literature search resulted in the following hits:

•	 Sleep and infant and cognition, and/or memory, and/or 

executive functioning: 85 MEDLINE hits, 89 Embase 

hits, and eight Cochrane Library hits. After examining all 

the extracted titles and abstracts, 31 overlapping articles 

were removed, four articles were excluded as they were 

review papers that did not have a focus on sleep and 

cognition in healthy typically developing infants, and 

98 were excluded as sleep was not the main variable of 

interest or that sleep was not measured during infancy 

amongst healthy term-born infants. After the exclusion, 

ten publications were considered relevant for the scope 

of the review.

•	 Sleep and infant and growth and/or obesity and/or 

growth hormone and/or stunting: 29 MEDLINE hits, four 

Cochrane Library hits, and 47 Embase hits. Of the 80 

screened publications, 29 were considered for inclusion 

having removed overlapping publications. After screening 

titles and abstracts and reading the full-length papers, 20 

publications were considered relevant for infant sleep and 

growth, and hence included in this review.

Results
Infant sleep and cognition
Sleep is a period that is characterized by marked change 

in brain activity,15 in addition to being a resting period of 

reduced sensory activity and responsiveness to external 

stimuli.16 As such, sleep has been related to subsequent cog-

nitive and developmental benefits.17 Multiple studies have 

found relationships between sleep duration and cognitive 

benefits in school-aged children.18–21 Unlike studies on older 

children, there have been fewer studies regarding the effects 

of infant sleep on cognitive outcomes. Out of the ten studies 

reviewed in this paper, seven were cross-sectional studies, and 

three were longitudinal studies. Table 1 presents a summary 

of the reviewed articles.
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Cross-sectional studies
The majority of the reviewed articles for sleep and cognition 

consist of cross-sectional studies. Within the cross-sectional 

studies, four studies focused on the effect of post-learning 

sleep on memory consolidation, one study examined rela-

tions between sleep (1 week) prior to learning and subsequent 

memory, and two studies investigated overall associations 

between sleep and general cognitive development.

Similar to findings in adults,22,23 researchers have found 

evidence that infant sleep also plays an important role in 

memory consolidation, a process whereby a initially weak 

memory representation becomes stable and more resistant 

to forgetting.22,24 Seehagen et al found that 6- and 12-month-

old infants who napped for at least 30 minutes after learning 

a set of object–action pairings from a puppet toy recalled 

significantly more target actions while tested after 4-hour 

delay and 24-hour delay compared to infants in the baseline 

condition who were not trained on the object–action pairings 

and to infants in the no-nap group who spent an equivalent 

time awake after learning (at the 24-hour delay test).25 Even 

though the researchers found an overall benefit of sleep 

towards object–action memory especially compared to 

infants in the baseline condition and at the 24-hour delay test, 

it should be noted that there were no differences in memory 

performance between the nap group and no-nap group at the 

4-hour delay test.

Apart from object–action memory, studies have also 

shown that infant sleep, in particular daytime naps, is benefi-

cial towards language learning. Gómez et al found that after 

learning an artificial language, 15-month-old infants who 

napped for at least 30 minutes were able to abstract gram-

matical relations amongst the learnt words at a subsequent 

test session that occurred 4 hours after learning, where they 

looked longer at trials where stimuli were consistent with the 

learnt artificial language as compared to inconsistent trials.26 

In contrast, infants who did not nap (but spent an equivalent 

time awake) did not look significantly longer at consistent 

compared to inconsistent trials during testing, and hence 

were not able to learn the abstracted relations between the 

artificial language.26 In addition, a further experiment by the 

above researchers on a similar group of 15-month-old infants 

showed that the nap-dependent benefits towards language 

learning (where infants learnt abstract grammatical relations) 

persisted even after 24 hours.27 A recent study by a separate 

group of researchers also highlighted nap-dependent benefits 

towards language in terms of vocabulary learning.28 In the 

study, Horváth et al found that 16-month-old infants who 

napped after learning sets of new object–word associations 

spent more time looking at the correct associative pairing at 

the 2-hour delayed test session, whereas infants who remained 

awake did not display any differences in looking between the 

learning and delayed test sessions.

Overall, the above studies on object–action memory and 

language learning all support the claim that sleep benefits 

memory consolidation. However, it is interesting that there 

were no differences between the nap and no-nap group at the 

4-hour delay test in Seehagen et al’s object–action memory 

study, whereas differences between infants who napped and 

those who spent an equivalent time awake emerged after 

a similar 4-hour delay in Gómez et al’s study on language 

learning. In Horváth et al’s vocabulary-learning study, the 

nap-dependent effects were present just after at a 2-hour 

delayed test session. One possible reason for the different 

findings could be that the infants in Seehagen et al’s study 

were younger (6- and 12-month olds) than the 15- and 

16-month olds in Gómez et al’s and Horváth et al’s studies; 

sleep changes and matures rapidly during infancy,29 and 

hence the 3- to 10-month age difference between the infants 

may have contributed to the different sleep-associated effects 

between the studies. Another reason for the difference in find-

ings may be due to the nature of the experimental task and 

test stimuli. Studies in adults demonstrate that sleep shows 

a preferential benefit towards memories that are deemed to 

be more relevant for the future.30,31 It is plausible that the 

object–action associations in Seehagen et al’s study are 

“less relevant” to 6- and 12-month-old infants, whereas the 

language stimuli in Gómez et al’s and Horváth et al’s studies 

may be more relevant and salient to the 15- and 16-month-old 

infants who are also undergoing a period of rapid vocabulary 

development (“vocabulary spurt”).32

In addition to post-learning sleep, a study by Lukowski 

and Milojevich indicates that normative variation in everyday 

habitual infant sleep prior to learning may also affect memory 

of the newly learnt information.33 First, the researchers col-

lected parental reports of twenty-five 10-month-old infants’ 

sleep habits for the week prior to the encoding session. 

Next, during the encoding session, the infants were visually 

presented with six two-step object–action event sequences 

with narration during an encoding session. Recall memory 

and memory generalization (ability to generalize responses 

to new stimuli that were similar to those presented at encod-

ing) were tested after a 2-hour delay. Infants with a greater 

number of night awakenings performed poorer (displayed 

fewer target actions) in the memory generalization task, and 

infants with longer daytime nap durations performed better in 

the same task. There was a positive relation between duration 
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Table 1 Summary of reviewed studies for sleep and cognitive development

Study Country Design Sleep variable Method of sleep assessment Dependent variables Subjects Control 
group

Sleep measu­
red at age

Key findings

Bernier 
et al37

Canada Longitudinal association 
study

24-hour sleep cycle Sleep logs Primary outcome: WPPSI (48 months)
Additional outcome: battery of executive 
functioning tasks (24 months) and general cognitive 
ability measured with Mental Development Index of 
Bayley Scales of Infant Development (12 months)

65 None 12 months Higher proportions of night sleep at 
12 months predict better executive 
functioning in terms of WPPSI Matrix 
Reasoning at 48 months
No association between total sleep duration 
and general cognitive ability

Bernier 
et al38

Canada Longitudinal association 
study

Daytime and nighttime 
sleep patterns

Sleep logs Primary outcome: executive functioning, measured 
with working memory task (18 months), and 
working memory, inhibitory control, and set 
shifting (26 months)

60 None 12–13 and 
18 months

Higher proportions of night sleep (out 
of total sleep) at 12–13 and 18 months 
predicted better executive functioning at 
18 and 26 months

Other outcomes: general cognitive ability measured 
with Mental Development Index of Bayley Scales of 
Infant Development

Gibson 
et al35

New 
Zealand

Cross-sectional 
association study

Sleep efficiency and 
24‑hour sleep cycle

Actigraphy, sleep logs, Brief Infant Sleep Questionnaire Primary outcome: general cognitive development 
measured with the Ages and Stages Questionnaire 
and BMI

52 None 11–13 months Sleep efficiency and longer proportions of 
night sleep were significantly associated with 
better cognitive problem-solving skills

Additional outcomes: motor development 
measured with Ages and Stages Questionnaire

Gómez 
et al26

USA Cross-sectional 
experimental study

Daytime nap Actigraphy and sleep logs Primary outcome: language learning by general 
grammatical patterns of artificial language by 
recording looking behavior

16 (nap) 16: nap 
control and 
16: no-nap 
control

15 months Infants who napped had enhanced abstraction 
of grammatical relations on test trial at a 
4-hour delay test

Horváth 
et al28

UK Cross-sectional 
experimental study

Daytime nap Actiwatch Language learning task of familiar and novel object–
pseudoword pairs (by measuring looking behavior)

14 (nap) 17 (no-nap) 16 months Infants who napped after training task had 
better object–word pair learning in test trial 
than children who did not nap

Hupbach 
et al27

USA Cross-sectional 
experimental study

Daytime nap Actigraphy and sleep logs Language learning by general grammatical patterns 
of artificial language by recording looking behavior

24 (nap) 24 (no-nap) 15 months Infants who napped within 4 hours after 
training trial had enhanced abstraction of 
grammatical relations on test trial after 
24 hours, in comparison to those who did 
not nap within 4 hours after training trial

Lukowski 
and 
Milojevich33

USA Cross-sectional 
association study

Daytime and nighttime 
sleep patterns and  
sleep–wake behaviors

Brief Infant Sleep Questionnaire Declarative memory and generalization measured 
with an elicited imitation task

25 None 10 months Daytime naps predicted immediate recall and 
generalization

Percentage of night sleep does not predict 
immediate recall or generalization
Delayed recall was not predicted by sleep 
patterns or sleep behavior

Scher34 Israel Cross-sectional 
association study

Sleep efficiency and  
sleep–wake behaviors

Actigraphy, sleep logs, and Sleep Questionnaire Primary outcome: general cognition measured with 
the Mental Development Index of the Bayley Scales 
of Infant Development

50 None 10 months Better sleep efficiency predicted higher 
Mental Development Index scores

Additional outcome: psychomotor developmental index 
of the Bayley Scales of Infant Development

Greater night awakenings and activity in sleep 
predicted lower Mental Development Index 
scores

Seehagen 
et al25

Germany Cross-sectional 
experimental study

Daytime nap Actigraphy Declarative memory measured with a deferred 
imitation paradigm

Experiment 1/ 
experiment 2

Infants who napped after learning had better 
memory consolidation compared to children 
in the baseline condition (who were not 
trained on the object–action pairings) both 
after 4- and 24-hour delay

40/32 
(nap)

40/32: baseline 
and 40/32: 
no-nap

6 months 
(n = 60/48) 
12 months 
(n= 60/48) and 
age-matched 
control group

Infants who napped after learning had better 
memory consolidation compared to children 
who did not nap after 24-hour delay

Abbreviations: WPPSI, Wechsler Preschool and Primary Scale of Intelligence; BMI, body mass index.
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Table 1 Summary of reviewed studies for sleep and cognitive development

Study Country Design Sleep variable Method of sleep assessment Dependent variables Subjects Control 
group

Sleep measu­
red at age

Key findings

Bernier 
et al37

Canada Longitudinal association 
study

24-hour sleep cycle Sleep logs Primary outcome: WPPSI (48 months)
Additional outcome: battery of executive 
functioning tasks (24 months) and general cognitive 
ability measured with Mental Development Index of 
Bayley Scales of Infant Development (12 months)

65 None 12 months Higher proportions of night sleep at 
12 months predict better executive 
functioning in terms of WPPSI Matrix 
Reasoning at 48 months
No association between total sleep duration 
and general cognitive ability

Bernier 
et al38

Canada Longitudinal association 
study

Daytime and nighttime 
sleep patterns

Sleep logs Primary outcome: executive functioning, measured 
with working memory task (18 months), and 
working memory, inhibitory control, and set 
shifting (26 months)

60 None 12–13 and 
18 months

Higher proportions of night sleep (out 
of total sleep) at 12–13 and 18 months 
predicted better executive functioning at 
18 and 26 months

Other outcomes: general cognitive ability measured 
with Mental Development Index of Bayley Scales of 
Infant Development

Gibson 
et al35

New 
Zealand

Cross-sectional 
association study

Sleep efficiency and 
24‑hour sleep cycle

Actigraphy, sleep logs, Brief Infant Sleep Questionnaire Primary outcome: general cognitive development 
measured with the Ages and Stages Questionnaire 
and BMI

52 None 11–13 months Sleep efficiency and longer proportions of 
night sleep were significantly associated with 
better cognitive problem-solving skills

Additional outcomes: motor development 
measured with Ages and Stages Questionnaire

Gómez 
et al26

USA Cross-sectional 
experimental study

Daytime nap Actigraphy and sleep logs Primary outcome: language learning by general 
grammatical patterns of artificial language by 
recording looking behavior

16 (nap) 16: nap 
control and 
16: no-nap 
control

15 months Infants who napped had enhanced abstraction 
of grammatical relations on test trial at a 
4-hour delay test

Horváth 
et al28

UK Cross-sectional 
experimental study

Daytime nap Actiwatch Language learning task of familiar and novel object–
pseudoword pairs (by measuring looking behavior)

14 (nap) 17 (no-nap) 16 months Infants who napped after training task had 
better object–word pair learning in test trial 
than children who did not nap

Hupbach 
et al27

USA Cross-sectional 
experimental study

Daytime nap Actigraphy and sleep logs Language learning by general grammatical patterns 
of artificial language by recording looking behavior

24 (nap) 24 (no-nap) 15 months Infants who napped within 4 hours after 
training trial had enhanced abstraction of 
grammatical relations on test trial after 
24 hours, in comparison to those who did 
not nap within 4 hours after training trial

Lukowski 
and 
Milojevich33

USA Cross-sectional 
association study

Daytime and nighttime 
sleep patterns and  
sleep–wake behaviors

Brief Infant Sleep Questionnaire Declarative memory and generalization measured 
with an elicited imitation task

25 None 10 months Daytime naps predicted immediate recall and 
generalization

Percentage of night sleep does not predict 
immediate recall or generalization
Delayed recall was not predicted by sleep 
patterns or sleep behavior

Scher34 Israel Cross-sectional 
association study

Sleep efficiency and  
sleep–wake behaviors

Actigraphy, sleep logs, and Sleep Questionnaire Primary outcome: general cognition measured with 
the Mental Development Index of the Bayley Scales 
of Infant Development

50 None 10 months Better sleep efficiency predicted higher 
Mental Development Index scores

Additional outcome: psychomotor developmental index 
of the Bayley Scales of Infant Development

Greater night awakenings and activity in sleep 
predicted lower Mental Development Index 
scores

Seehagen 
et al25

Germany Cross-sectional 
experimental study

Daytime nap Actigraphy Declarative memory measured with a deferred 
imitation paradigm

Experiment 1/ 
experiment 2

Infants who napped after learning had better 
memory consolidation compared to children 
in the baseline condition (who were not 
trained on the object–action pairings) both 
after 4- and 24-hour delay

40/32 
(nap)

40/32: baseline 
and 40/32: 
no-nap

6 months 
(n = 60/48) 
12 months 
(n= 60/48) and 
age-matched 
control group

Infants who napped after learning had better 
memory consolidation compared to children 
who did not nap after 24-hour delay

Abbreviations: WPPSI, Wechsler Preschool and Primary Scale of Intelligence; BMI, body mass index.
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of daytime naps and memory recall immediately after encod-

ing, and a negative correlation between higher percentages 

of night sleep duration (out of total sleep duration) and 

immediate recall. In contrast, there was no relation between 

habitual sleep duration and delayed memory recall of the 

event sequences. The lack of significant associations between 

sleep duration and memory recall of the object–action event 

sequences at the delayed testing session is particularly inter-

esting in comparison to the positive nap-dependent effects 

in the reviewed memory consolidation studies where infants 

who napped displayed better memory and learning when they 

were tested after a delay.

Although the cross-sectional studies amongst typically 

developing infants mainly focused on memory consolidation 

and learning, two of the reviewed studies examined the rela-

tion between infant sleep and general cognitive development. 

In the first study, researchers found that greater movements 

or activity during sleep and greater number of awakenings 

after sleep onset measured via sleep actigraphy recordings 

were negatively correlated with scores on the Bayley Scales 

of Infant and Toddler Development second edition (BSID-II) 

Mental Development Index (MDI) amongst 10-month-old 

infants.34 In contrast, greater sleep efficiency (i.e. spending 

a larger percentage of time asleep between sleep onset and 

wakefulness) was positively correlated with BSID-II MDI 

scores in the same group of infants.34 In the second study, 

researchers found that 11- to 13-month-old infants who had 

greater sleep efficiency measured via sleep actigraphy data 

also displayed better overall cognitive problem-solving skills 

as measured by the Ages and Stages Questionnaire.35 Besides 

sleep efficiency, longer proportions of sleep at night were 

also associated with better cognitive problem-solving skills.35 

It should be noted that both of these studies also explored 

parental sleep reports in addition to sleep actigraphy data; 

however, unlike the sleep actigraphy data, there were no 

significant associations between parental sleep reports and 

any of the cognitive measures.

Despite the fact that all the reviewed cross-sectional stud-

ies showed sleep-associated benefits, there were no consistent 

findings amongst the studies regarding the component of sleep 

(i.e. sleep duration, sleep efficiency, night awakenings, etc.) that 

benefitted cognition. However, it may also not be feasible to 

directly compare the studies due to differences in study design 

as the effects of sleep in the memory consolidation studies 

were explored in a between-participant design involving sleep 

within a nap period, whereas Lukowski and Milojevich’s study 

and the two studies on general cognitive development explored 

within-infant normative variations in sleep habits.

Longitudinal studies
In addition to the above-mentioned cross-sectional studies, 

three studies investigated longitudinal relations between sleep 

and cognition. Two out of the three studies highlighted that 

infant sleep was related to subsequent executive function-

ing during toddlerhood and early childhood.36–38 One of the 

studies showed that higher percentages of parent-reported 

night sleep (out of total sleep duration) at 12 and 18 months 

of age were significantly associated with better executive 

functioning performance at 26  months of age, especially 

performance related to impulse-control tasks.38 The benefits 

of higher percentages of sleep duration at night seemed to 

extend beyond toddlerhood. Findings from a second study 

report that 12-month-old infants with higher proportions of 

night sleep displayed better executive functioning perfor-

mance at 4 years, measured by the Matrix Reasoning subscale 

of Wechsler Preschool and Primary Scale of Intelligence 

(WPPSI) third edition.37 In contrast, the study found that 

there was no relation between 12-month-old sleep dura-

tion and concurrent general cognitive functioning (Bayley 

Scales of Infant Development).37 In all the above studies, 

the longitudinal relations between infant sleep and executive 

functioning were independent of confounders such as family 

socioeconomic status.

One of the reviewed longitudinal studies explored the 

relation between infant sleep, psychosocial adversity, and 

IQ scores (assessed using the WPPSI – Revised).39 Unlike 

the studies on infant sleep and executive functioning, the 

longitudinal relation between infant sleep and IQ scores 

of WPPSI – Revised seems less direct. This current study 

reports high amounts of maternal-reported infant sleep dif-

ficulties and sleep disturbances at 12 and 18 months to be 

correlated with lower IQ scores at 5 years of age.39 However, 

the above finding was no longer statistically significant after 

adjusting for psychosocial adversity. In addition, the study 

did not find any significant relations between IQ scores and 

sleep actigraphy data that were collected at 5 years of age.

In summary, ten studies have been identified that describe 

the relation between sleep and cognition in typically devel-

oping infants. Cross-sectional studies revealed that, similar 

to adults, sleep benefits memory and (language) learning in 

infants, both before and after learning. Although all reviewed 

memory and language-learning studies showed sleep-asso-

ciated benefits towards cognition, the sleep parameter (i.e. 

night sleep duration, daytime napping, night awakenings, etc.) 

that benefitted cognition remained inconsistent. Longitudinal 

studies on infant sleep and executive functioning consistently 

showed that higher percentages of parent-reported infant 
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night sleep were related to better subsequent executive func-

tioning performance.36–38 However, it should be noted that 

the studies were conducted by a single research group using 

the same participant pool. Although this may not affect the 

validity of the findings, replication studies in other samples 

would be useful in interpreting the generalizability of the 

findings beyond the existing participant pool.25–28,33 Although 

majority of the cross-sectional studies recorded sleep via 

actigraphy data, the sleep data used in the longitudinal stud-

ies were primarily obtained from parental reports. Future 

longitudinal studies may also consider collecting sleep data 

via actigraphy; especially, some cross-sectional studies have 

reported sleep-associated findings with actigraphy data but 

not parental reports.34,35

Infant sleep and growth
Sleep is controlled by chronobiological mechanisms, and the 

most rapid development in sleep organization occurs during 

the first 6 months of life, a period that is also marked by rapid 

physical growth. Yet, the relation between sleep and growth 

with a focus on infancy, early childhood, and healthy develop-

ment has not been systematically addressed in the literature. 

However, some plausible relationships between sleep and 

growth have been explored, mainly in epidemiological stud-

ies: i) sleep and weight gain/obesity, ii) growth retardation/

stunting and sleep, and iii) sleep and growth hormone. Table 2 

provides a summary of the reviewed studies.

Weight gain and obesity measures
Compared to adolescent and adult studies, only a few stud-

ies have examined the impact of sleep on physical growth 

parameters in infants specifically. However, the relation to 

obesity appears one of the most investigated concepts with 

regard to sleep. A study for example found that infant sleep of 

<12 hours/day in the first 2 years of life was associated with 

a higher body mass index (BMI), skinfold thickness, and an 

increased risk of being overweight at 3 years.40 Secondary 

analyses of longitudinal changes in sleep duration over the 

first 3 years of life revealed an increase in mean weight-for-

length z-score by 0.02 for each hour/day decrease. Analyses 

based on the same cohort confirmed the inverse relation of 

sleep duration of <12 hours/day and the probability of over-

weight at 3 years of age.41 The cut-off at 12 hours/day seems 

supported by the GUSTO study in Singapore which reported 

sleep of <12 hours/day at 3 months of age to be associated 

with a higher BMI and shorter body length.42 However, in 

both studies, sleep data were based on parental report of 

infant sleep, while no objective sleep measures were applied. 

A cross-sectional study points in the same direction: a shorter 

sleep duration as assessed by parent report was linked to an 

increase in weight-to-length ratio as early as 6 months of life. 

In girls only, those findings could be substantiated by actigra-

phy data with a shorter sleep duration being associated with 

larger body size measures.43 In contrast, a study of actigraphic 

sleep in 1-year-old infants35 and an observation study using a 

sleep-monitoring device over the first 6 months of life44 did 

not find significant correlations with BMI or weight gain. 

Similarly, researchers did not find any significant association 

between sleep duration at 24 months as assessed by sleep 

questionnaire and BMI or risk of overweight at the age of 3 

years in the Born in Bradford birth cohort study.45 Looking at 

longer term consequences of infant sleep, a follow-up of the 

above-mentioned prospective cohort highlights as one of the 

first studies of the impact of chronic sleep curtailment from 

infancy to mid-childhood on BMI and adiposity measures.40 

Children with less sleep compared to children with more 

sleep had a higher BMI z-score, skinfold thickness, total and 

trunk fat mass index, waist circumference, hip circumference, 

and higher odds of obesity. Curtailed sleep was defined as 

<12 hours/day from age 6 months to 2 years, <10 hours/day 

from age 3–4 years, and <9 hours/day from age 5–7 years.46

One of the mediating factors in the relation of sleep and 

weight gain or risk of obesity may be energy intake, as sug-

gested by a study of 16-month-old children of the Gemini 

twin birth cohort. While the association between sleep and 

weight was not significant at this age, shorter nighttime sleep 

as measured by a sleep questionnaire was associated with a 

higher total energy intake, with children sleeping <10 hours 

consuming around 50 kcal/day more than children sleeping 

11–12 hours a night.47

In addition, most evidence from our review stems from 

observation and cohort studies, whereas evidence from 

intervention studies is still scarce. Only two intervention 

studies were identified in the context of this review and 

yielded mixed findings. A pilot randomized controlled trial 

investigating the effect of modification of parental behaviors 

with regard to feeding, sleeping, and crying on infant weight 

gain and early obesity risk found that behavioral modifica-

tion resulted in lower weight-for-length percentiles at 1 year 

of age for infants who received a combined soothe/sleep and 

introduction of solid foods intervention (33rd percentile; P 

= 0.009) compared to those who received the soothe/sleep 

intervention only (50th percentile), to those who received 

the introduction of solid foods intervention only (56th 

percentile), and to the control group (50th percentile). In 

addition, the soothe/sleep intervention yielded prolonged 
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Table 2 Summary of reviewed studies for sleep and growth

Study Country Design Sleep variable Method of sleep assessment Dependent variables Number of 
subjects

Control group Sleep measured 
at age

Key findings

Fairley et al45 UK Longitudinal 
association study

Sleep duration over 24 hours 
with categories: <11 hours, 
11–12 hours, 12–13 hours, and 
>13 hours sleep per 24 hours

Parent report at 24 months of age Primary outcome: BMI z-score 987 None 24 months No association between child sleep duration 
and mean BMI or risk of overweight at the age 
of 3 years

Additional outcome: overweight at 
the age of 3 years

Fisher et al47 UK Longitudinal 
association study

Nighttime sleep duration with 
categories: <10 hours a night, 
10–11 hours a night, 11–12 hours 
a night, 12–13 hours a night, and 
≥13 hours a night

Modified items of the Brief Infant Sleep 
Questionnaire

Primary outcome: energy intake 
(g/day of fat, carbohydrate, and 
protein)

1303 None 16 months Shorter nighttime sleep was associated with 
higher total energy intake. Children sleeping 
<10 hours consumed around 50 kcal/day more 
than those sleeping 11–12 hours a night

Additional outcomes: body weight No association between sleep and weight
Gibson et al35 New Zealand Cross-sectional 

association study
Daytime and nighttime sleep 
patterns and sleep efficiency

Actigraphy for 1 week, sleep log, and Brief 
Infant Sleep Questionnaire

Primary outcome: general cognitive 
development measured with the 
Ages and Stages Questionnaire and 
BMI

52 None 1 year Sleep measures were not correlated with 
infant BMI

Additional outcomes: motor 
development measured with Ages 
and Stages Questionnaire

Gillman et al41 USA Longitudinal 
association study

Daytime and nighttime sleep 
patterns

Mothers’ report of the number of hours 
their children slept in a 24-hour period

Primary outcome: overweight 914 (for 
sleep 
analyses)

Children who sleep 
<12 hours/ 
day versus those who  
sleep at least  
12 hours/day

6 months and 
1 year

The predicted probability of overweight in 
childhood varied from 6% to 29%, depending 
on the levels of four risk factors, which 
included daily sleep pattern in infancy

Additional outcomes: weight and 
height, and BMI z-scores

Lampl and 
Johnson55

USA Longitudinal 
association study

Daytime and nighttime sleep 
pattern and sleep efficacy

Parental diaries; infant sleep patterns 
were quantified by approximate entropy

Primary outcome: saltatory length 
growth 

23 Each subject was his/her 
own control for cluster 
analyses

Over 
4–17 months

Saltatory length growth was associated with 
increased total daily sleep hours and number 
of sleep bouts, with breast-feeding, infant sex, 
and age as covariates

Additional outcomes: weight and 
weight gain, adiposity, and changes 
in subcutaneous skinfolds

Peaks in individual sleep of 4.5 or more 
hours and/or three more naps per day were 
concordant with saltatory length growth, with 
a time lag of 0–4 days
Increased sleep bout duration predicted weight 
and abdominal skinfold accrual contingent 
on length growth, and truncal adiposity 
independent of growth

Paul et al48 USA Randomized 
controlled trial

Daytime and nighttime sleep 
patterns

Maternal 96-hour diary of infant sleep Primary outcomes: weight-for-
length percentiles

160 
included 
and 110 
completed

Four groups: “Soothe/
sleep”, “Introduction 
of solids”, both 
interventions, and no 
intervention

3, 4, 8, 16, 
24, 36, and 
48 weeks

At 1 year, infants who received both 
interventions had lower weight-for-length 
percentiles than the other groups

Additional outcomes: weight gain 
score, infant behavior, and feeding

The interventions influenced sleep duration 
and feeding frequency

Taveras et al46 USA Longitudinal 
Association study

24-Hour sleep cycle and sleep 
curtailment score

Mothers’ report of sleep duration in 
24‑hour period

Primary outcome: BMI z-score 1046 Children with low 
versus high sleep scores

6 months, and 
1, 2, 3, 4, 5, 6, 
and 7 years

Children with less sleep had higher BMI 
z-scores than children with more sleep

Additional outcomes: dual X-ray 
absorptiometry, total and trunk 
fat mass index, waist and hip 
circumference, and subscapular and 
triceps skinfold thicknesses

Higher total and trunk fat mass index and waist 
and hip circumferences and higher odds of 
obesity in children with less versus more sleep

Taveras et al40 USA Longitudinal 
association study

Daytime and nighttime sleep 
patterns

Mothers’ report of the number of hours 
their children slept in a 24-hour period

Primary outcomes: BMI z-score, 
skinfold thickness, and overweight 
at the age of 3 years

915 None 6 months, 1 
and 2 years

Infant sleep of <12 hours/day in the first 
2 years of life was associated with a higher 
BMI, skinfold thickness, and an increased risk 
for overweight at the age of 3 years
Sex differences and breast-feeding at night 
were confounding factors

Tikotzky et al43 Israel Cross-sectional 
association study

Daytime and nighttime sleep patterns Actigraphy for four consecutive night and 
Brief Infant Sleep Questionnaire

Primary outcomes: weight, length, and 
weight-to-length ratio

96 None 6 months Sleep percentage by actigraphy and reported 
sleep duration were both negatively correlated 
with weight-to-length ratio
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Table 2 Summary of reviewed studies for sleep and growth

Study Country Design Sleep variable Method of sleep assessment Dependent variables Number of 
subjects

Control group Sleep measured 
at age

Key findings

Fairley et al45 UK Longitudinal 
association study

Sleep duration over 24 hours 
with categories: <11 hours, 
11–12 hours, 12–13 hours, and 
>13 hours sleep per 24 hours

Parent report at 24 months of age Primary outcome: BMI z-score 987 None 24 months No association between child sleep duration 
and mean BMI or risk of overweight at the age 
of 3 years

Additional outcome: overweight at 
the age of 3 years

Fisher et al47 UK Longitudinal 
association study

Nighttime sleep duration with 
categories: <10 hours a night, 
10–11 hours a night, 11–12 hours 
a night, 12–13 hours a night, and 
≥13 hours a night

Modified items of the Brief Infant Sleep 
Questionnaire

Primary outcome: energy intake 
(g/day of fat, carbohydrate, and 
protein)

1303 None 16 months Shorter nighttime sleep was associated with 
higher total energy intake. Children sleeping 
<10 hours consumed around 50 kcal/day more 
than those sleeping 11–12 hours a night

Additional outcomes: body weight No association between sleep and weight
Gibson et al35 New Zealand Cross-sectional 

association study
Daytime and nighttime sleep 
patterns and sleep efficiency

Actigraphy for 1 week, sleep log, and Brief 
Infant Sleep Questionnaire

Primary outcome: general cognitive 
development measured with the 
Ages and Stages Questionnaire and 
BMI

52 None 1 year Sleep measures were not correlated with 
infant BMI

Additional outcomes: motor 
development measured with Ages 
and Stages Questionnaire

Gillman et al41 USA Longitudinal 
association study

Daytime and nighttime sleep 
patterns

Mothers’ report of the number of hours 
their children slept in a 24-hour period

Primary outcome: overweight 914 (for 
sleep 
analyses)

Children who sleep 
<12 hours/ 
day versus those who  
sleep at least  
12 hours/day

6 months and 
1 year

The predicted probability of overweight in 
childhood varied from 6% to 29%, depending 
on the levels of four risk factors, which 
included daily sleep pattern in infancy

Additional outcomes: weight and 
height, and BMI z-scores

Lampl and 
Johnson55

USA Longitudinal 
association study

Daytime and nighttime sleep 
pattern and sleep efficacy

Parental diaries; infant sleep patterns 
were quantified by approximate entropy

Primary outcome: saltatory length 
growth 

23 Each subject was his/her 
own control for cluster 
analyses

Over 
4–17 months

Saltatory length growth was associated with 
increased total daily sleep hours and number 
of sleep bouts, with breast-feeding, infant sex, 
and age as covariates

Additional outcomes: weight and 
weight gain, adiposity, and changes 
in subcutaneous skinfolds

Peaks in individual sleep of 4.5 or more 
hours and/or three more naps per day were 
concordant with saltatory length growth, with 
a time lag of 0–4 days
Increased sleep bout duration predicted weight 
and abdominal skinfold accrual contingent 
on length growth, and truncal adiposity 
independent of growth

Paul et al48 USA Randomized 
controlled trial

Daytime and nighttime sleep 
patterns

Maternal 96-hour diary of infant sleep Primary outcomes: weight-for-
length percentiles

160 
included 
and 110 
completed

Four groups: “Soothe/
sleep”, “Introduction 
of solids”, both 
interventions, and no 
intervention

3, 4, 8, 16, 
24, 36, and 
48 weeks

At 1 year, infants who received both 
interventions had lower weight-for-length 
percentiles than the other groups

Additional outcomes: weight gain 
score, infant behavior, and feeding

The interventions influenced sleep duration 
and feeding frequency

Taveras et al46 USA Longitudinal 
Association study

24-Hour sleep cycle and sleep 
curtailment score

Mothers’ report of sleep duration in 
24‑hour period

Primary outcome: BMI z-score 1046 Children with low 
versus high sleep scores

6 months, and 
1, 2, 3, 4, 5, 6, 
and 7 years

Children with less sleep had higher BMI 
z-scores than children with more sleep

Additional outcomes: dual X-ray 
absorptiometry, total and trunk 
fat mass index, waist and hip 
circumference, and subscapular and 
triceps skinfold thicknesses

Higher total and trunk fat mass index and waist 
and hip circumferences and higher odds of 
obesity in children with less versus more sleep

Taveras et al40 USA Longitudinal 
association study

Daytime and nighttime sleep 
patterns

Mothers’ report of the number of hours 
their children slept in a 24-hour period

Primary outcomes: BMI z-score, 
skinfold thickness, and overweight 
at the age of 3 years

915 None 6 months, 1 
and 2 years

Infant sleep of <12 hours/day in the first 
2 years of life was associated with a higher 
BMI, skinfold thickness, and an increased risk 
for overweight at the age of 3 years
Sex differences and breast-feeding at night 
were confounding factors

Tikotzky et al43 Israel Cross-sectional 
association study

Daytime and nighttime sleep patterns Actigraphy for four consecutive night and 
Brief Infant Sleep Questionnaire

Primary outcomes: weight, length, and 
weight-to-length ratio

96 None 6 months Sleep percentage by actigraphy and reported 
sleep duration were both negatively correlated 
with weight-to-length ratio

(Continued )
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nocturnal sleep during the first year of life compared to 

the control group, especially in predominantly breast-fed 

infants.48 As the observed effect on weight gain was stron-

gest in the combined intervention, it cannot be attributed to 

longer sleep duration as such, but those findings suggest that 

prolonged nocturnal sleep plays a relevant role as part of a 

multicomponent intervention early in life. This study served 

as a pilot to the larger, currently ongoing Intervention Nurses 

Start Infants Growing on Healthy Trajectories (INSIGHT) 

study.49 In contrast, a short intervention delivering behav-

ioral sleep strategies from 8 to 10 months postpartum did 

not show beneficial effects on BMI z-score, percentage of 

overweight/obesity, and waist circumference at 6 years of 

life.50 The two intervention studies differ in several aspects, 

most notably in intervention duration and intensity (1 year 

vs 2 months), start of intervention (shortly after birth vs at 

8 months), follow-up duration (1 year versus 6 years), and 

most importantly in modulating sleep as a single factor 

versus modulating multiple factors to impact weight gain 

and risk of obesity.

Overall, those results indicate the potential risk of shorter 

sleep duration early in life for overweight and adiposity 

later in life. Suggested mechanisms that link shorter sleep 

or sleep restriction to weight gain, obesity, and insulin resis-

tance include counter-regulatory hormones such as cortisol 

and growth hormone,51 altered activity of the autonomous 

nervous system,52 and the alteration of appetite-regulating 

hormones like leptin and ghrelin which increases appetite 

and hunger.53 Behaviorally, longitudinal data analyses, for 

example, from the National Longitudinal Study of Adolescent 

Health, suggest an association between later bedtime and an 

increase in BMI.54

Length and height
A recent study suggests sleep and episodic length growth in 

4- to 17-month-old infants to be a temporally coupled process 

with prolonged sleep preceding length growth by 0–4 days.55 

The authors found an increase of up to 4.5 hours and/or three 

more naps per day to be predictive of length growth suggest-

ing an underlying biological system. In turn, growth restric-

tion or growth-rate reduction as early as in utero (intrauterine 

growth restriction, IUGR) alters sleep patterns.56,57 IUGR 

fetuses have decreased amounts of active sleep and increased 

amounts of quiet sleep and indeterminate sleep compared to 

appropriately grown fetuses. The time spent in active sleep 

could have an especially significant effect on brain matura-

tion.58 Those alterations in sleep organization early in life may 

persist into childhood: a study showed, for example, lower 

sleep efficiency and more awakenings during the sleep period 

in IUGR children aged 4–7 years.59 In addition, researchers 

investigated the relation between stunting, iron deficiency 

anemia, and maternal reports of sleep in 6- to 18-month-old 

infants in two studies from Zanzibar and one from Nepal.60 

Stunting was associated with a shorter night sleep duration, 

higher frequency of night waking, and shorter nap duration.

While related mechanisms are not yet well understood, 

sleep plays an important role in energy balance. Altered sleep-

state organization may be an adaptive response to preserve 

energy in states of IUGR or stunting.58

Growth hormone
A bidirectional interaction between hormones and sleep can 

be assumed. Several hormones are both involved in circadian 

rhythm and sleep and affected by the quantity and quality 

of sleep. Those hormones include, for example, melatonin, 

Table 2 (Continued )

Study Country Design Sleep variable Method of sleep assessment Dependent variables Number  
of subjects

Control group Sleep measured 
at age

Key findings

Wake et al50 Australia Follow-up of 
a randomized 
controlled trial

Parent-reported sleep problems Parent report BMI z-score, percentage 
overweight, and waist 
circumference

328 
included 
and 193 
analyzed

Two groups: behavioral 
sleep intervention at 
8–10 months versus 
control

4, 7, and 
10 months, 
and 1, 2, and 
6 years

No effect on growth outcomes at the age of 
6 years

Worobey 
et al44

USA Longitudinal 
association study

Daytime and nighttime sleep 
patterns

Actigraphy and maternal 24-hour diary of 
infant sleep

Primary outcome: weight-for-length 
percentiles by gender at 3 and 
6 months

154 None 3 and 6 months Sleep did not predict weight gain from 3 to 
6 months

Zhou et al42 Singapore Longitudinal 
association study

Daytime and nighttime sleep 
patterns

Brief Infant Sleep Questionnaire Primary outcomes: BMI and body 
length

899 None 3, 6, 9, 12, 18, 
and 24 months

Sleep duration was significantly associated with 
body length in the overall cohort
Only in Malay children, shorter sleep was 
associated with a higher BMI
Infant sleep of <12 hours/day at 3 months 
of age was associated with a higher BMI and 
shorter body length

Abbreviation: BMI, body mass index.
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cortisol, leptin, ghrelin, insulin-like growth factor-1, pro-

lactin, and growth hormone.61 The latter hormone plays a 

major role in stimulating body growth, and its high levels in 

plasma of infants suggest an important role in the first months 

of life.62 The secretion of growth hormone is influenced by 

factors such as nutrition, physical activity, and sleep patterns. 

Increased levels of hormones are secreted during sleep, peak-

ing shortly after sleep onset.63 In the context of this review, 

no study has been identified to specifically investigate the 

link or the impact of growth hormone on sleep in healthy 

infants and young children. While well-characterized data 

on growth hormone release in association with healthy sleep 

pattern maturation during the first months of life are lacking,64 

pediatric patients with growth hormone deficiency have been 

shown to display a reduced total sleep time with increased 

wakefulness and subsequently a decrease in sleep efficiency 

compared to control subjects as assessed by polysomnogra-

phy.65 The relation between growth hormone and sleep in 

infants may not be fully understood, but a close interaction 

of the neuroendocrine and the chronobiological system has 

been shown in different populations. The (dys-)regulation of 

one system can affect the other.

In summary, while physical growth and weight gain in 

the first 2 years of life are largely predicted by birth weight, 

prenatal factors, and nutrition,66 a growing body of evidence 

supports the critical role of infant sleep in growth. Several 

aspects of growth can be considered in relation to sleep, such 

as weight gain, stunting, and hormone release. However, the 

current literature focuses largely on weight gain and obesity 

rather than healthy growth. In particular, the detrimental 

impact of sleep deprivation on glucose tolerance, insulin 

sensitivity, and appetite-regulating hormones has been widely 

reviewed. In that context, infant and child sleep seems to 

provide a modifiable and thus promising target for obesity 

prevention, especially when regarded within multicomponent 

approaches. It is to be noted that most studies rely on parental 

report measures, and the quantification of sleep is usually 

converted to express hours of sleep; objective methods like 

actigraphy however gain more and more in relevance. Influ-

encers for the sleep–growth relation, especially in infants and 

young children, include gender, prematurity, health condi-

tions like allergies, nutritional factors like iron deficiencies, 

energy intake or feeding paradigm, and nighttime versus 

daytime sleep.43,47,67

General discussion
Overall, the review of recent literature highlights that nor-

mative variations in infant sleep play an important role in 

cognitive development and physical growth. Studies on 

cognition show that individual differences in sleep quantity 

and quality are particularly important for the development of 

memory, language, and executive functions. Studies on physi-

cal growth indicate the potential risk of sleep problems, in 

particular shorter sleep duration early in life, for overweight, 

obesity, or measures of adiposity in infants, toddlers, and 

preschool-age children.

The findings from this review in infants are in line with 

epidemiological evidence from studies in older children and 

adolescents,29,68–73 and some associations suggest persisting 

impact beyond infancy and young childhood. Although 

normative variations in habitual sleep in infants may be 

important for development, the review showed little con-

sistency across the studies with regard to the component of 

sleep investigated (i.e. night sleep duration, daytime napping, 

Table 2 (Continued )

Study Country Design Sleep variable Method of sleep assessment Dependent variables Number  
of subjects

Control group Sleep measured 
at age

Key findings

Wake et al50 Australia Follow-up of 
a randomized 
controlled trial

Parent-reported sleep problems Parent report BMI z-score, percentage 
overweight, and waist 
circumference

328 
included 
and 193 
analyzed

Two groups: behavioral 
sleep intervention at 
8–10 months versus 
control

4, 7, and 
10 months, 
and 1, 2, and 
6 years

No effect on growth outcomes at the age of 
6 years

Worobey 
et al44

USA Longitudinal 
association study

Daytime and nighttime sleep 
patterns

Actigraphy and maternal 24-hour diary of 
infant sleep

Primary outcome: weight-for-length 
percentiles by gender at 3 and 
6 months

154 None 3 and 6 months Sleep did not predict weight gain from 3 to 
6 months

Zhou et al42 Singapore Longitudinal 
association study

Daytime and nighttime sleep 
patterns

Brief Infant Sleep Questionnaire Primary outcomes: BMI and body 
length

899 None 3, 6, 9, 12, 18, 
and 24 months

Sleep duration was significantly associated with 
body length in the overall cohort
Only in Malay children, shorter sleep was 
associated with a higher BMI
Infant sleep of <12 hours/day at 3 months 
of age was associated with a higher BMI and 
shorter body length

Abbreviation: BMI, body mass index.
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night awakenings, etc.). This makes comparisons of studies 

and the generalization of the findings difficult and may likely 

be due to different methodologies used across studies. Many 

tools are available for assessing infant’s and young children’s 

sleep with different strengths and limitations. Questionnaires 

and sleep diaries are cost-efficient and can be administered 

to a large participant pool; however, these measures are also 

more subjective and less accurate in estimating sleep param-

eters when used as stand-alone measures. In contrast, sleep 

polysomnography and actigraphy provide more accurate and 

objective assessments of sleep, but are often very costly. 

While polysomnography requires the placement of electrodes 

by specialist staff and the children to stay overnight at a sleep 

lab, actigraphy watch may be worn by the children at home 

for longer periods of time,74,75 and is therefore particularly 

useful for an objective assessment of sleep in infants and 

young children or when conducting sleep assessments in large 

samples as it enables nonintrusive measurement of sleep in 

one’s natural environment.76 Hence, it would also be useful 

for future longitudinal studies to incorporate more objec-

tive sleep measures like actigraphy for at least a subsample 

of participants. Still, particular challenges occur even with 

more objective measures; for example, individual differences 

in sleep arrangements77 such as falling asleep alone versus 

being rocked to sleep may interfere with the accuracy of the 

collected data. Therefore, it is also important to consider 

these methodological differences and individual differences 

when measuring infant sleep. Overall, a combination of 

approaches such as using questionnaires and diaries for a 

large sample and validating data with actigraphy in a smaller 

subsample may be most promising and yet feasible. Amongst 

the reviewed studies where both actigraphy and questionnaire 

data were collected at the same time point, researchers found 

positive associations between infants’ sleep actigraphy data 

and general cognitive development,34,35 but no equivalent 

findings with questionnaire data. With regard to weight gain, 

most findings are based on parent report and questionnaire 

measures and largely point towards shorter sleep duration 

being linked to higher body size measures. Only three studies 

used actigraphy35,43 and one study a sleep-monitoring device44 

and resulted in conflicting findings.

With regard to study designs, most reviewed studies 

used cross-sectional and observational designs with infants 

sampled at different ages. This may be a limitation as both 

sleep and neurodevelopment are very age-dependent and 

vary across different developmental stages due to their 

highly dynamic nature. Alternatively, longitudinal sleep and 

development assessments with repeated measurements for 

the same individuals at various time points may allow for a 

better understanding of developmental trajectories in those 

domains. Future work would benefit from trajectory studies 

with objective data (such as actigraphy and polysomnogra-

phy) from infancy onwards, to detect the role of early infant 

sleep on later outcomes. Only two of the reviewed studies 

investigated the effect of sleep-related interventions and only 

with regard to weight gain.48,50 While the longer (1  year) 

intervention trial that targeted multiple parental behaviors in 

the intervention resulted in a positive effect on lower weight-

for-length percentiles at 1 year of life, the shorter (2 months) 

trial targeting behavioral sleep strategies did not show any 

effects on growth parameters at 6 years of life. In the absence 

of a bigger body of evidence, no recommendations can be 

made; however, sleep-related multicomponent interventions 

may be promising for supporting or improving healthy infant 

and child development.

Notably, some studies25,33 did not control for known con-

founding variables such as socioeconomic status,73 maternal 

mental health,78 and parenting effects or effects of bedtime 

routines,79 which may explain some of the variations in the 

cognition-related findings. It would moreover be interest-

ing to explore the role of gender in sleep and cognitive and 

physical growth outcomes. Gender differences have been 

reported for sleep and growth; for example, shorter sleep 

duration was associated with larger body size measures in 

6-month-old infant girls but not boys.43 Although the scope 

of this review excluded studies on sleep disorders, conditions 

such as sleep-disordered breathing symptoms have been 

reported to lead to differences in cognitive outcomes. Recent 

studies found that infants with sleep-disordered breathing or 

primary snoring problems performed poorer on BSID scales 

as compared to age-matched controls.80–83 Therefore, in addi-

tion to understanding the role of “normal” infant sleep in 

cognitive development and physical growth, more research on 

the impact of infant sleep disorders on cognitive, behavioral, 

and growth outcomes may be desirable.

Conclusion
Infant sleep is a particularly interesting field of research 

due to its dynamic trajectories, the developmental changes 

that occur during this period, and the interaction with other 

developmental domains. More specifically, we reviewed 

the association between infant sleep and cognition as well 

as physical growth. From the reviewed literature, we con-

clude that sleep plays a key role in those domains with its 

maturation paralleling, preceding, as well as resulting from 

interactions with cognitive and physical maturation. Exact 

mechanisms have not been the focus of this review and still 

remain to be understood; however, the maturation of central 
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nervous system structures like the hypothalamus or the neu-

rotransmitter system underlies both cognitive development 

and the regulation of sleep/wake cycles.84

For future research, a combination of objective and sub-

jective methods of sleep assessment is desirable, especially 

in the longitudinal exploration of both quantitative and 

qualitative aspects of sleep and infant development. From 

the cross-sectional studies, it is not possible to draw strong 

causal links between the two based on existing literature. For 

future studies, we propose to adopt a trajectory design which 

may reflect better the maturation and dynamic development, 

especially at young ages. It may furthermore improve the 

predictability of long-term effects on health and development 

compared to the predictability of cross-sectional time-point 

estimates as well as enabling us to examine the effects of 

cumulative sleep as compared to critical periods in the above 

relation. This is important to understand as sleep is one early 

life factor that can be targeted for interventions to optimize 

early development.
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