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Introduction

Our understanding of the development of sleep patterns and behaviours in human infants and young children 

has advanced significantly since the 1950s, when polysomnographic (PSG) recordings first described the 

neurophysiology and organization of rapid eye movement (REM) and non-rapid eye movement (NREM) sleep 

states.
1,2

 Today, in the U.S., standards of practice, official nosologies and certification processes have been 

established. The American Academy of Sleep Medicine certifies clinical laboratories and the technicians who 

record sleep, and the American Boards of Internal Medicine, Pediatrics and Psychiatry/Neurology have 

collectively agreed to certify board eligible clinicians in a new sub-specialty, Sleep Disorders Medicine. A 

pediatric section of the Associated Professional Sleep Societies (APSS), the national professional organization 

of sleep specialists, held its first scientific meeting in 2005 and has met annually ever since.

How is sleep measured? Polysomnography remains the “gold standard,” recording a number of 

psychophysiological systems: peripheral muscle tone (electromyogram, EMG) from sub-mental muscles, 

horizontal and vertical eye movements (electrooculogram, EOG) from electrodes placed peri-orbitally, the 

electroencephalogram (EEG) from an array of scalp electrodes, and cardiac, respiratory and peripheral motor 

activity from thermistors placed around the chest, airway and limbs. Eye movement, muscle tone and EEG 

patterns are the primary parameters used to score REM and NREM sleep states. Patterns of obstructed 

breathing, heart rate irregularity and episodic behaviours, including limb movements, are associated features 

useful in diagnosing specific sleep disorders.

The EEG pattern during REM sleep is low voltage, fast, resembling the EEG of wakefulness, the EMG pattern 

is inhibited and the EOG is characterized by bursts of vertical and horizontal saccadic eye movements. Heart 

and respiratory rates are rapid and irregular. In REM sleep, neuronal firing, neurotransmitter release and 
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uptake, and metabolic rates also resemble patterns of waking. Mental activity during REM sleep is present and 

is reported as dreams. Thus, during REM sleep, an individual appears asleep, but for the most part the central 

nervous system is highly activated. In infants, REM sleep has been called Active Sleep.

In contrast to the psychophysiological activation of REM sleep, NREM sleep is characterized by more basal, 

organized patterns of physiological inhibition. Both respiratory and heart rates are slowed and more regular. 

The EEG is synchronized with specific slower frequency waveforms. In infants NREM sleep is also called Quiet 

Sleep. The EEG of Stage 1 NREM sleep resembles the tracing of REM sleep; however, respiratory and heart 

rate patterns are regular, and saccadic eye movements are absent. The EEG of stage 2 NREM sleep contains 

K complexes and sleep spindles. Stages 3 and 4 NREM sleep have varying amounts of slow, high-voltage 

synchronized delta waves. In newborns, only two sleep states ? REM sleep and NREM sleep ? can be 

distinguished. By 6 months of age, the specific EEG waveforms that are used to sub-classify the four stages of 

NREM sleep have emerged.

In human newborns, REM sleep occupies 50% of total sleep time.
3
 REM and NREM sleep states alternate with 

each other in sleep cycles that recur periodically through the sleep period approximately every 50 minutes. In 

the neonatal period, sleep begins with an initial REM period, and each sleep cycle includes as much REM sleep 

as NREM sleep. No early- and late-night differences in REM-NREM sleep distributions are found. The shift in 

the temporal organization of states during the course of a night's sleep, which begins in the second month of 

life, reflects the maturation of internal central nervous system timing mechanisms.
4
 That is, biological clocks 

mature to regulate both the ultradian and circadian control mechanisms that result in sleep-wake state 

consolidation. REM sleep decreases proportionately as NREM sleep increases, and NREM Stage IV sleep 

moves to the first third of the sleep period as REM sleep becomes more prominent during the last third of the 

sleep period.
5-9

 The circadian sleep-wake cycle changes from a polyphasic rhythm during the newborn period to 

a diurnal rhythm by 4-6 months of age, as sleep consolidates to the nighttime, and waking, except for 1-2 brief 

daytime naps, consolidates in the daytime.
10-12

 The morning nap is usually given up in the second year of life 

and the afternoon nap in the third to fourth year of life.
9,13

 Only recently have we begun to understand how these 

early biological developmental changes are affected by family, cultural and psychosocial influences.

Subject

Parental concerns about sleep in young children are common.
14,15

 During the first year of life, parents often are 

most concerned about issues related to consolidation. That is, concerns about irregular napping and frequent 

and prolonged night waking. During the toddler period, concerns may shift more to behaviours that resist sleep. 

That is, concerns about going to bed at an appropriate time and falling asleep quickly and easily. They ask, 

“What is normal? What is to be expected? How will my child’s development be affected?” A large literature 

addresses these issues but relatively little is known about their origins.
16-21

 Does the infant who awakens and 

cries regularly during the night, or the toddler who can’t fall asleep easily, become sleep deprived with 

subsequent developmental and/or behavioural consequences? Or, are these behaviours more distressing for 

the parent, especially the working parent, exhausted by repeated late evening and/or middle-of-the-night 

ministrations to their child? How long should these behaviours be tolerated? What should be done?

Research Context
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Answers to the above questions about sleep are studied by several methods: polysomnography (traditionally in 

the laboratory, but now also in the home); actigraphy (usually in the home), videosomnography (usually in the 

home), and parent-report instruments such as sleep logs, sleep diaries and structured questionnaires. Often, 

many of these methods are used simultaneously.
22-25

 Automated scoring algorithms for actigraphic recordings 

and, more recently, for video recordings make these methods popular as both clinical and research tools.
26,27

The actograph may be worn for the entire 24-hour day, recording all of the subject’s sleep-wake activity. In 

contrast, the video camera records only the sleep and waking behaviour in bed. However, the video camera 

also records the contextual variables associated with going to bed, falling asleep and waking during the night. 

The more comprehensive research context for understanding the unfolding of infant sleep-wake patterns in 

early development utilizes a transactional model that assesses several of these multiple factors that impact the 

parent-child relationship.
28,29

 Proximal influences on the relationship include the primary caregiver's current state 

of physical and psychological well-being, the primary caregiver’s own childhood experiences of being parented, 

including their experiences around sleep, current social support networks, the family’s economic and household 

condition, and the infant’s temperament and physical health. Stressors, such as infant physical illness or 

maternal depression also serve as proximal factors that directly impact parent-child interaction and the child’s 

sleep. How the young child falls asleep (alone, being rocked by a parent, with a pacifier, etc.) and the parental 

behaviours surrounding night wakings (time to response, promotion of self soothing, etc.) all affect the 

consolidation of sleep. More distal factors in the transactional model include the broader cultural context and 

belief systems of the family and more indirect environmental influences.
30-33

Key Research Questions

Questions for further research far outnumber answers currently available. Which of the several methods of 

measuring sleep in these young populations is most suited? How should the problems of concordance between 

different recording methods be resolved?
22,24,34,35

 Is sleep organized differently in children with clinical disorders, 

especially neurodevelopmental disorders, than in typically developing children? Are the structured instruments 

and parent questionnaires valid for children with medical disorders? Large-scale, cross-cultural, population-

based, longitudinal epidemiologic studies are essential if professionals are to advise parents about what the 

range of “normal” sleep behaviours are for a particular age group of children.
36,37

 How are such studies to be 

mounted? Is co-sleeping salutary or harmful for the infant’s health, physical well-being and autonomous 

development? What kinds of treatment (behavioural, psychopharmacologic, psychotherapeutic) should be 

employed and when? Which, if any, infant, parent or psychosocial factors optimizes sleep behaviour? What is 

the relationship between nighttime sleep disruption, daytime sleepiness and daytime behavioural disruption? 

What are the long-term implications of chronic sleep disturbances in early childhood?

Recent Research Results

There is a strong association between parent-infant interaction around sleep and the emergence of infant sleep 

behaviours. Parents who actively rock or hold their infant until asleep (i.e., more involved in settling their infant 

to sleep), in contrast to parents who allow their infants to fall asleep on their own, have infants who present 

more night waking problems.
38,39-41

 These associations might result from a direct effect of parental behaviour on 

infant sleep or from infants with difficult temperaments who demand more parental involvement during the night.
42
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The important role of parents has been established by prevention studies that have demonstrated that changing 

parental knowledge about infant sleep prior to the child’s birth can promote better sleep.
43,44

 Moreover, clinical 

studies on behavioural interventions for clinical management of sleep problems have demonstrated that using 

parents as the primary interveners produces reliable and durable changes in infant sleep. Specifically, it has 

been shown that an infant’s sleep can improve dramatically when parents succeed in reducing their bedtime 

and nighttime involvement.
45,46

 Thus, it is important to recognize that in early childhood, sleep behaviours may 

be specific to a particular relationship or setting. A child may nap at the daycare center but not at home (or vice-

versa), or a child may fall asleep more easily when the babysitter puts the infant to bed than when the parent 

does (or vice-versa). Sometimes, infants and young children's sleep behaviours present differentially with 

mothers and fathers.

Many studies have reported that sleep disturbances in young children are fairly persistent and may be related to 

earlier sleep patterns. A recent study described the persistence of sleep problems from 12 months of age to 4 

years in 12% of a sample with mostly night waking problems.
47

 It has been reported that sleep problems tend to 

persist in up to 30% of children studied to 8 years of age.
48

Studies in school age children suggest that nighttime sleep disruption may affect daytime behaviour, particularly 

with problems of irritability, hyperactivity and attention,
47,49-51

 marital disruption and increased environmental 

stress.
52,53

 A study in preschool children examined sleep patterns from parent diaries and reported that 

variability in amount of sleep, in bedtimes and in lateness of bedtime predicted less optimal adjustment in the 

preschool.
54

 As expected, improvements in sleep with a therapeutic intervention with toddlers were associated 

with improvements in daytime behaviour.
55

Conclusions

Sleep plays an important role in development, and patterns that develop early may persist with subsequent 

behavioural consequences. It is important to understand the complex array of biological and psychosocial 

factors that transact on the path to healthy sleep. Much more research is needed.

Implications for Policy and Service
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Understanding how sleep develops normally, what factors promote healthy sleep and how sleep disorders 

emerge, is a lifespan issue of significant scope. The public health and economic burdens of disturbed sleep are 

staggering. Road fatalities related to sleepiness, especially when coupled with alcohol/drug use are crippling. 

Work-related injuries and work-related errors (particularly in the health professions) related to sleep loss and 

daytime sleepiness are also serious. In childhood, disorders such as attention deficit hyperactivity disorder and 

behavioural disruptions in autism, traumatic stress disorder and depression are often associated with underlying 

sleep disorders. Children with fragmented or insufficient sleep may exhibit learning, retention and recall 

problems in school. They may be less able to inhibit emotional responses and, thus, be prone to impulsive or 

violent outbursts. Finally, in young infants and toddlers, disrupted and/or problematic sleep is a stress on the 

entire family. Child abuse may result as the worst-case scenario; parental inability to function appropriately at 

work (especially two working parents) may result as the best. The costs of disordered sleep to society, to the 

healthy development of children, and to the well being of families are huge. Early exposure to good sleep 

hygiene is an imperative.

References

1. Aserinsky E, Kleitman N. Regularly occurring periods of eye motility, and concomitant phenomena, during sleep. 
1953;118(3062):273-274.

Science

2. Aserinsky E, Kleitman N. A motility cycle in sleeping infants as manifested by ocular and gross bodily activity. 
1955;8(1):11-18.

Journal of Applied Physiology

3. Roffwarg HP, Muzio JN, Dement WC. Ontogenetic development of the human sleep-dream cycle.  1966;152(3722):604-619.Science

4. Anders T, Sadeh A, Appareddy V. Normal sleep in neonates and children. In: Ferber R, Kryger MH, eds. 
 Philadelphia, PA: W.B. Saunders Co. 1995;7-18.

Principles and practice of sleep 
medicine in the child.

5. de Weerd AW, van den Bossche RA. The development of sleep during the first months of life.  2003;7(2):179-191.Sleep Medecine Reviews

6. Anders T. Night waking in infants during the first year of life.  1979;63(6):860-864.Pediatrics

7. Anders TF, Keener M. Developmental course of nighttime sleep-wake patterns in full-term and premature infants during the first year of life: 
I.  1985;8(3):173-192.Sleep

8. Mirmiran M, Kok JH, Boer K, Wolf H. Perinatal development of human circadian rhythms: Role of the foetal biological clock. Neuroscience & 
Biobehavioral Reviews 1992;16(3):371-378.

9. Burnham MM, Goodlin-Jones BL, Gaylor EE, Anders TF. Nighttime sleep-wake patterns and self-soothing from birth to one year of age: a 
longitudinal intervention study.  2002;43(6):713-725. Journal of Child Psychology and Psychiatry

10. Mirmiran M, Maas YG, Ariagno RL. Development of fetal and neonatal sleep and circadian rhythms.  2003;7(4):321-
334.

Sleep Medicine Reviews

11. de Roquefeuil G, Djakovic M, Montagner H. New data on the ontogeny of the child's sleep-wake rhythm. 
1993;10(1):43-53.

Chronobiology International

12. Salzarulo P, Fagioli I. Sleep for development or development for waking?? some speculations from a human perspective. 
 1995;69(1-2):23-27.

Behavioural Brain 
Research

13. Anders T, Goodlin-Jones B, Sadeh A. Sleep Disorders. In: Zeanah, CH Jr., ed.  2nd Ed. New York, NY: 
Guilford Press; 2000:326-338.

Handbook of infant mental health.

14. Leach P. Sleeping “problems” in babies and children: 1. When babies are wakeful, who has the sleeping problem? 
 1999;9(5):117-120.

Professional Care of 
Mother and Child

15. Lozoff B, Wolff A, Davis N. Sleep problems seen in pediatric practice.  1985;75(3):477-483.Pediatrics

16. Richman N. Sleep problems in young children.  1981;56(7):491-493.Archives Disease in Childhood

17. Sadeh A, Anders TF. Infant sleep problems: Origins, assessment, interventions.  1993;14(1):17-34.Infant Mental Health Journal

18. Salzarulo P, Chevalier A. Sleep problems in children and their relationship with early disturbances of the waking-sleeping rhythms. 
1983;6(1):47-51.

Sleep

©2020 CEECD / SKC-ECD | SLEEPING BEHAVIOUR 5555555



19. Compliment JM, Abdelmalek M, Post JC. Identifying the etiology of sleep problems in children. Nurse Practitioner 2002;27(12):43-46.

20. Thunstrom M. Severe sleep problems among infants in a normal population in Sweden: prevalence, severity and correlates. 
1999;88(12):1356-1363.

Acta Paediatrica

21. Ralston G. Settling and sleep problems in babies and young children.  2002;31(11):1003.Australia Family Physician

22. Sitnick S, Goodlin-Jones B, Anders T. The use of actigraphy to study sleep disorders in preschoolers: Some concerns about detection of 
nighttime awakenings.  2008;31(3):395-401.Sleep

23. Sadeh A, Acebo C. The role of actigraphy in sleep medicine.  2002;6(2):113-124.Sleep Medicine Reviews

24. Tryon WW. Issues of validity in actigraphic sleep assessment.  2004;27(1):158-165.Sleep

25. Lichstein KL, Stone KC, Donaldson J, Nau SD, Soeffing JP, Murray D, Lester KW, Aguillard RN. Actigraphy validation with insomnia. 
2006;29(2):232-239.

Sleep

26. Kahn M, Barnett N, Glazer A, Gradisar M. Sleep and screen exposure across the beginning of life: Deciphering the links using big-data 
analytics [published online ahead of print, 2020 Aug 24].  2020; zsaa158. doi:10.1093/sleep/zsaa158Sleep

27. Barnett N, Glazer A, Ivry T, Ankri Y, Veler H. Computer vision algorithms outperform actigraphy.  2019;5(Suppl. 3):134.ERJ Open Research

28. Sameroff AJ, Rosenblum KL. Psychosocial constraints on the development of resilience. 
2006;1094:116-124.

Annals of the New York Academy Science

29. Fiese BH, Sameroff AJ. Family context in pediatric psychology: a transactional perspective.  1989;14(2):293-
314.

Journal of Pediatric Psychology

30. Goodlin-Jones B, Burnham M, Anders T. Sleep and sleep disturbances: Regulatory processes in infancy. Sameroff AJ, Lewis M, Miller SM, 
eds. . 2nd Ed. New York, NY: Kluver Academic Publishers; 2000:309-325.Handbook of developmental psychopathology

31. Goodlin-Jones B, Anders T. Relationship disturbances and parent-child therapy: Sleep problems. 
 2001;10(3):487-499.

Child & Adolescent Psychiatric Clinics of 
North America

32. Morrell J, Cortina-Borja M. The developmental change in strategies parents employ to settle young children to sleep, and their relationship to 
infant sleeping problems, as assessed by a new questionnaire: the parental interactive bedtime behaviour scale.

 2002;11(1):17-41.
 Infant and Child 

Development

33. Morrell J, Steele M. The role of attachment security, temperament, maternal perception, and care-giving behavior in persistent infant 
sleeping problems.  2003;24(5):447-468.Infant Mental Health Journal

34. Ancoli-Israel S, Cole R, Alessi C, Chambers M, Moorcroft W, Pollak CP. The role of actigraphy in the study of sleep and circadian rhythms. 
 2003;26(3):342-392.Sleep

35. Buysse DJ; Ancoli-lsrael S, Edinger JD; Lichstein KL; Morin CM. Recommendations for a standard research assessment of insomnia. 
2006;29(9):1155-1173.

Sleep

36. Iglowstein I, Jenni OG, Molinari L, Largo RH. Sleep duration from infancy to adolescence: reference values and generational trends. 
 2003;111(2):302-307.Pediatrics

37. Iglowstein I, Latal Hajnal B, Molinari L, Largo RH, Jenni OG. Sleep behaviour in preterm children from birth to age 10 years: A longitudinal 
study.  2006;95(12):1691-1693.Acta Paediatrica

38. Adair R, Bauchner H, Philipp B, Levenson S, Zuckerman B. Night waking during infancy: Role of parental presence at bedtime. 
1991;87(4):500-504.

Pediatrics

39. Burnham MM, Goodlin-Jones BL, Gaylor EE, Anders TF. Nighttime sleep-wake patterns and self-soothing from birth to one year of age: a 
longitudinal intervention study.  2002;43(6):713-725.Journal of Child Psychology and Psychiatry

40. Johnson CM. Infant and toddler sleep: a telephone survey of parents in one community. 
1991;12(2):108-114.

Journal of Developmental & Behavioral Pediatrics

41. Van Tassel EB. The relative influence of child and environmental characteristics on sleep disturbances in the first and second years of life. 
 1985;6(2):81-85.Journal of Developmental & Behavioral Pediatrics

42. Sadeh A, Anders TF. Infant sleep problems: Origins, assessment, interventions.  1993;14(1):17-34.Infant Mental Health Journal

43. Kerr SM, Jowett SA, Smith LN. Preventing sleep problems in infants: a randomized controlled trial. 
1996;24(5):938-942.

Journal of Advance Nursing

44. Wolfson A, Lacks P, Futterman A. Effects of parent training on infant sleeping patterns, parents’ stress, and perceived parental competence. 
 1992;60(1):41-48.Journal of Consulting & Clinical Psychology

45. Mindell JA, Kuhn B, Lewin DS, Meltzer LJ, Sadeh A. Behavioral treatment of bedtime problems and night wakings in infants and young 

©2020 CEECD / SKC-ECD | SLEEPING BEHAVIOUR 6666666



children.  2006;29(10):1263-1276.Sleep

46. Sadeh A. Cognitive-behavioral treatment for childhood sleep disorders.  2005;25(5):612-628.Clinical Psychological Reviews

47. Lam P, Hiscock H, Wake M. Outcomes of infant sleep problems: a longitudinal study of sleep, behavior, and maternal well-being. 
2003;111(3):E203-E207.

Pediatrics

48. Zuckerman B, Stevenson J, Bailey V. Sleep problems in early childhood: continuities, predictive factors, and behavioral correlates. 
1987;80(5):664-671.

Pediatrics

49. Dahl RE. The impact of inadequate sleep on children's daytime cognitive function.  1996;3(1):44-50.Seminars in Pediatric Neurology

50. Lavigne JV, Arend R, Rosenbaum D, Smith A, Weissbluth M, Binns HJ, Christoffel KK. Sleep and behavior problems among preschoolers. 
 1999;20(3):164-169.Journal of Behavioral and Developmental Pediatrics

51. Wake M, Morton-Allen E, Poulakis Z, Hiscock H, Gallagher S, Oberklaid F. Prevalence, stability, and outcomes of cry-fuss and sleep 
problems in the first 2 years of life: prospective community-based study.  2006;117(3):836-842.Pediatrics

52. El-Sheikh M, Buckhalt JA, Mark Cummings E, Keller P. Sleep disruptions and emotional insecurity are pathways of risk for children. 
 2007;48(1):88-96.Journal of Child Psychology and Psychiatry

53. El-Sheikh M, Buckhalt JA, Mize J, Acebo C. Marital conflict and disruption of children’s sleep.  2006;77(1):31-43.Child Development

54. Bates JE, Viken RJ, Alexander DB, Beyers J, Stockton L. Sleep and adjustment in preschool children: Sleep diary reports by mothers relate 
to behavior reports by teachers.  2002;73(1):62-74.Child Development

55. Minde K, Faucon A, Falkner S. Sleep problems in toddlers: effects of treatment on their daytime behavior. 
 1994;33(8):1114-1121.

Journal of the American Academy 
of Child and Adolescent Psychiatry

©2020 CEECD / SKC-ECD | SLEEPING BEHAVIOUR 7777777


