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KEY POINTS:

A compelling body of evidence suggests that sleep deprivation can affect physical health, 
mental wellbeing and cognitive performance in children and adolescents.

Adequate sleep quality and duration are essential throughout the life-course, including the 
period from early childhood to adolescence when the body and brain are rapidly developing.

Infants, children and adolescents generally require more sleep than adults for their optimal 
development. 

Yet, a large proportion of children in Singapore do not appear to have adequate sleep length.

Parents/caregivers and adolescents should be offered practical guidelines to help achieve 
improved sleep behaviours, and these efforts can be supported by educational policy related 
to school start times and after-school activities.

The health and education sectors have critical roles to play in encouraging and raising 
awareness of the importance of good sleep practices in childhood. 

Healthy Sleep Habits in Children 
and Adolescents: Why Do They 
Matter and What Can We Do?
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Why sleep is important
Sleep–both its quantity and quality—plays an 
important role in a child’s development. Sufficient 
sleep of good quality is linked to optimal brain 
function in children, impacting memory1, 2, 
language3, 4 and executive function,5, 6 (cognitive 
skills required for self-regulation and goal-directed 
behavior).  Sleep quality has also been linked with 
metabolic health. For example, slow-wave sleep—
often referred to as deep sleep—is important for 
hormonal processes that contribute to physical 
growth.7, 8 Consequently, short sleep duration in 
infants has been linked to higher adiposity and 
obesity later in life.9, 10 

Sleep problems in infancy (including disrupted 
sleep, short sleep duration, and difficulty settling) 
have been associated with the development of 
sleep problems during early childhood, which can 
affect cognitive functioning.11 In turn, sleep patterns 
and disorders during childhood have been linked 
to poorer sleep quality in early adolescence.12

Table 1. Percentage of Singapore children meeting the US National Sleep Foundation’s sleep 
recommendations for children and adolescents

Age

Infants from birth to 3 months
Infants 4 months to 11 months
Children 1 to 2 years

Children 3 to 5 years

Children 6 to 13 years

Adolescents 14 to 17 years

NSF recommended  
total sleep duration  
(per 24h)

14 to 17 hours 
12 to 15 hours
11 to 14 hours

10 to 13 hours

9 to 11 hours

8 to 10 hours

Singapore children meeting NSF sleep 
recommendations and their age at 
examination (unpublished GUSTO data)

30% (3 months)
47% (6 months); 56% (9 months)
66% (12 months); 73% (18 months);  
68% (24 months)
73% - weekdays,  
73% - weekends (4.5 years)
69% - weekdays,  
71% - weekends (5.5 years)
57% - weekdays,  
77% -weekends (8 years)
--

Evidence from Singapore compared with  
Western populations
Cross-cultural research has consistently shown 
that in comparison to Western populations, Asians 
sleep less than recommended by the United 
States National Sleep Foundation (NSF) across all 
ages.13 Evidence from the Growing Up in Singapore 
Towards Healthy Outcomes (GUSTO) study in 
Singapore shows that younger children
and adolescents have average sleep durations 
lower than recommended values (Table 1). The 
amount of sleep that young Singaporean children 
get can vary also substantially, depending on the 
child.14 These findings suggest that even if there are 
cultural differences at play, children in Singapore on 
average are getting insufficient sleep for optimal 
development.

Infants and toddlers (ages birth to 2 years)
The sleep-wake cycle in early infancy is often 
erratic until infants establish day-night (circadian) 
rhythms, usually after age three to four months.15  

Sufficient sleep of good quality is linked to 
developing better cognitive function, learning and 

metabolic health.
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lower academic performance.21 Digital screen 
viewing time has also been associated with lower 
sleep quality and duration. Preschool children who 
spend more than one hour watching television per 
day showed a greater risk of sleep disorders.22 
Sleep deprivation has been associated with 
hyperactivity, inattention, and poorer school 
readiness.23 Several studies also suggest that 
suboptimal sleep duration could potentially be a 
contributing factor to overweight and obesity24, 25, 

26 and impaired immunity.27 

School-age children
According to The Sleep and Health Laboratory 
at NUS, school-age children in Singapore (ages 
7-12 years) sleep only an average of 8.4 hours per 
night during weekdays, somewhat less than their 
peers in France, UK, Canada, and New Zealand.28 
Furthermore, 65% of school-age children in 
Singapore do not meet the recommended 9 to 11 
hours of sleep on school days. Insufficient sleep 
in school-age children has been associated with 
poorer academic performance, sleepiness during 
the day, depressive symptoms, and poor social 
competence.28  Previous research in Singapore29 
indicated that mothers’ TV and exercise habits 
may influence their children’s adherence to 
guidelines for physical activity, sleep and  
screen use.  

Adolescents
Changes in underlying neural control of circadian 
rhythms in adolescents contribute to their 
propensity for later bedtimes and wake times.30 
Adolescents likely require approximately 9 hours 
of sleep per night for optimal neurobehavioral 
function.31 A recent review suggests that 

Patterns of sleep change between 3 and 12 
months are similar in Singaporean infants and 
Western cohorts.16 

A large cross-cultural study with over 29,000 
children between 0 to 36 months reported that 
Asian children had later bedtimes, shorter total 
sleep, increased parental perception of sleep 
problems, and were more likely to room-share.17 
This study also showed that Singaporean infants 
and toddlers had later bedtimes (by >1 hour) and 
lower average total sleep duration (by almost 1 
hour) than Western populations.17

The onset of prolonged sleep, that is when 
napping gradually ceases and sleep consolidates 
into a single night period, has been considered 
a milestone in children’s development. However, 
there is limited consensus on the rate at which this 
transition occurs across childhood, the timing of 
napping cessation, and the possible significance 
of this variation.18 Integrating the global evidence 
on napping patterns in children from birth to 
12 years shows that fewer than 2.5% of children 
cease napping prior to age 2, whereas 94% cease 
napping by age 5.19 More nuanced research is 
required to understand the extent to which these 
napping behaviours may influence children’s 
neurodevelopment and learning outcomes. 

Preschool-age children
Like infants and toddlers, preschoolers in Asia 
also had later bedtimes, were more likely to bed- 
and/or room-share, had more perceived sleep 
disturbances, and continued to nap throughout 
the preschool years, compared to their Western 
counterparts.20 Preschoolers in Singapore had 
later bedtimes (by >1.5 hours) and slightly lower 
total sleep duration than many other Asian and 
Western populations. 

Studies of cognitive abilities in children show that 
individual differences in sleep quantity and quality 
impact the development of memory,1, 2 language,3, 

4 and executive functions.5, 6 Evidence suggests 
that children with persistent sleep problems have 

Singaporean children and 
adolescents sleep less compared 

to children in the West 
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successive nights of restricted sleep can impair 
multiple cognitive and affective functions. These 
effects accumulate over successive nights, and, 
importantly, may not achieve full restitution even 
after recovery sleep during the weekends.32 

Studies on adolescents in Singapore have 
confirmed the adverse impact of insufficient sleep. 
Cognitive processes essential for optimal learning 
and academic success are impaired, affecting 
attention, cognitive processing speed, and working 
memory.33  Local data support the potential 
benefits of napping as a strategy to enhance 
long-term memory and learning in adolescents.34 
Singapore adolescents who reported sleeping 
less than 7 hours per night had poorer self-rated 
health, greater likelihood of being overweight and 
more symptoms of depression and thoughts of self-
harm, compared to those who reported sleeping 
between 8 to 10 hours.35

Barriers to healthy sleep in local adolescents 
include later preferred sleep timing, lower parental 
supervision of bedtime, longer study time, early 
school start time, and longer travel time.36 
Additionally, time in bed for sleep was inversely 
related with homework/studying duration on both 
school days and weekends.37 Poor sleeping habits 
during childhood and adolescence may persist into 
adulthood, increasing the risk of several chronic 
physical and mental health conditions in later life.38 
Therefore, improving young children’s sleep at the 
population level could potentially help mitigate 
the rising prevalence of mental health conditions, 
childhood obesity and related chronic health 
conditions in later life.39

Implications for Policy and Practice
Given that both the school and home environments 
play major roles in sleep quality, and that poor 
sleep quality may have significant health impact, 
public health policy and interventions to improve 
sleep in children would require a multi-sectoral 
systems approach involving the health and 
education domains amongst others. 

Health system: A public health campaign by health 
promotion agencies, in conjunction with sleep 
experts, will be needed to help raise awareness 
of the importance of good sleep among parents/
caregivers, adolescents, school leaders, teachers 
and policy makers. Health promotion messaging 
should be holistic, recognizing that children’s 
sleep is related to screen use and physical activity, 
and emphasizing how the habits of parents and 
caregivers may influence their children’s sleep 
habits. Parents-to-be and parents of infants 
should also be targeted to receive guidance, as 
early action promoting healthy sleep behaviour 
could help reduce the risk of childhood sleep 
problems persisting into adolescence. Universal 
screening for poor sleep patterns and duration in 
infants during routine check-ups would also enable 
targeted assistance. Primary healthcare providers 
should also be encouraged to proactively discuss 
the issue with parents and adolescents, and 
provide resources where available. 

The campaign should include guidelines such as 
establishing sleep routines and setting appropriate 
bedtimes. Guidelines for adolescents may 
include reducing screen time (including devices) 
especially before bedtime, limiting consumption 
of substances that may impair sleep quality, 
learning relaxation techniques, and exercising. 
The campaign should also be complemented 
by efforts to understand the barriers faced by 

Poor sleeping habits during 
childhood and adolescence may 
potentially persist into adulthood, 

increasing the risk of several 
chronic physical and mental health 

conditions in later life.
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parents and caregivers in ensuring healthy sleep 
habits in children. 

Education system: Administrative and policy 
changes to school schedules that support students’ 
sleep should be considered, acknowledging that 
there are broader consequences for families, 
the community and businesses in doing so. For 
example, in Singapore, schools tend to start 
approximately an hour earlier than the American 
Academy of Pediatrics recommendation of 
8:30am or later. A study in a local secondary 
school showed that delaying school start times 
by 45 minutes was linked with sustained benefits 
including longer sleep duration, greater daytime 
alertness and improved psychological well-being 
in their students.37 A large longitudinal study 
looking at later school start-times of middle and 
high school students in USA also found improved 
sleep duration and reduced daytime sleepiness, 
both of which were sustained for at least 2 years.40 

Introduction of guidelines on appropriate levels 
of homework and after-school activities should 
also be considered. Excessive workload and 
extracurricular activities may be barriers to good 
sleep, and many children are likely to benefit from 
more moderate after-school obligations.
Given the fundamental importance of good 

sleep to young children and adolescents’ 
physical health, mental well-being, and cognitive 
performance, improving their sleep behaviour 
will considerably optimize human health and 
potential in Singapore, a key focus in the nation’s 
human health and potential agenda.

RECOMMENDATIONS:

Public health interventions to improve sleep in childhood and adolescence require a multi-sectoral 
systems approach involving the health and education domains.

Such interventions should be based on holistic “healthy day” approaches that recognise 
how parent and caregiver behaviours may shape children’s sleep habits, and the important 
connections between children’s sleep, screen use and physical activity.

A public health campaign by health promotion agencies is needed to help raise awareness of the 
importance of good sleep among parents/caregivers, adolescents, school leaders, teachers and 
policy makers and to better understand the issues and challenges faced by parents, caregivers 
and youth. This should be accompanied by practical guidance on strategies to improve sleep 
behaviours.

Good sleep habits should be established as early as possible, beginning with anticipatory 
guidance during antenatal visits, and extending to universal screening for sleep problems in  
young children.

Educational policies around school start times and after-school workload should be carefully 
considered to support improved sleep, especially in older children and adolescents. 

Public health policy and 
interventions to improve sleep in 
children require a multi-sectoral 

approach, focusing on the school 
and home environments.



 E V I D E N C E  I N S I G H T E I 0 0 4  / 
N OV E M B E R  202 2

REFERENCES

1. Rasch, B., & Born, J. (2013). About sleep’s role in 
memory. Physiological Reviews, 93(2), 681–766. 
2. Jiang, F. (2019). Sleep and early brain development. 
Annals of Nutrition & Metabolism, 75(1), 44–54. 
3. Hupbach, A., Gomez, R. L., Bootzin, R. R., & 
Nadel, L. (2009). Nap-dependent learning in infants. 
Developmental Science, 12(6), 1007–1012. 
4. Smith, F., Gaskell, M. G., Weighall, A. R., 
Warmington, M., Reid, A. M., & Henderson, L. M. 
(2018). Consolidation of vocabulary is associated 
with sleep in typically developing children, but not in 
children with dyslexia. Developmental Science, 21(5), 
e12639. 
5. Bernier, A., Beauchamp, M. H., Bouvette-Turcot, 
A. A., Carlson, S. M., & Carrier, J. (2013). Sleep 
and cognition in preschool years: Specific links to 
executive functioning. Child Development, 84(5), 
1542–1553. 
6. Cremone, A., McDermott, J. M., & Spencer, 
R. (2017). Naps enhance executive attention in 
preschool-aged children. Journal of Paediatric 
Psychology, 42(8), 837–845. 
7. Sassin, J. F., Parker, D. C., Mace, J. W., Gotlin, R. 
W., Johnson, L. C., & Rossman, L. G. (1969). Human 
growth hormone release: Relation to slow-wave sleep 
and sleep-walking cycles. Science, 165(3892), 513–
515. 
8. Tikotzky, L., DE Marcas, G., Har-Toov, J., Dollberg, 
S., Bar-Haim, Y., & Sadeh, A. (2010). Sleep and 
physical growth in infants during the first 6 months. 
Journal of Sleep Research, 19(1 Pt 1), 103–110. 
9. Tham, E. K. H., Schneider, N., & Broekman, B. F. 
(2017). Infant sleep and its relation with cognition and 
growth: A narrative review. Nature and Science of 
Sleep, 9, 135. 
10. Zhou, Y., Aris, I. M., Tan, S. S., Cai, S., Tint, M. 
T., Krishnaswamy, G., Meaney, M. J., Godfrey, K. M., 
Kwek, K., Gluckman, P. D., Chong, Y. S., Yap, F., Lek, 
N., Gooley, J. J., & Lee, Y. S. (2015). Sleep duration 
and growth outcomes across the first two years of life 
in the GUSTO study. Sleep Medicine, 16(10), 1281–
1286. 
11. Gomez, R. L., Newman-Smith, K. C., Breslin, J. 
H., & Bootzin, R. R. (2011). Learning, memory, and 
sleep in children. Sleep Medicine Clinics, 6(1), 45–57. 
12. Pesonen, A., Martikainen, S., Heinonen, K., 
Wehkalampi, K., Lahti, J., Kajantie, E., & Räikkönen, 
K. (2014). Continuity and change in poor sleep from 
childhood to early adolescence. Sleep, 37(2), 289. 
13. Hirshkowitz, M., Whiton, K., Albert, S. M., Alessi, 
C., Bruni, O., DonCarlos, L., Hazen, N., Herman, J., 
Katz, E. S., Kheirandish-Gozal, L., Neubauer, D. N., 
O’Donnell, A. E., Ohayon, M., Peever, J., Rawding, 
R., Sachdeva, R. C., Setters, B., Vitiello, M. v., Ware, 
J. C., & Adams Hillard, P. J. (2015). National Sleep 
Foundation’s sleep time duration recommendations: 
Methodology and results summary. Sleep Health, 
1(1), 40–43. 

14. Tham, E. K. H., Xu, H. Y., Fu, X., Schneider, 
N., Goh, D., Lek, N., Goh, R., Cai, S., & Broekman, 
B. (2021). Variations in longitudinal sleep duration 
trajectories from infancy to early childhood. Sleep 
Health, 7(1), 56–64. 
15. Sheldon, S. H. (2012). Development of sleep in 
infants and children. In Sheldon, S.H., Ferber, R., 
Kryger, M. H., & Gozal, D. (Eds.), Principles and 
Practice of Pediatric Sleep Medicine: Second Edition 
(pp. 17-23). Elsevier Inc. 
16. Goh, S. K. Y., Tham, E. K. H., Goh, D. Y. T. , Teoh, 
O. H. , Saw, S. M. , Yap, F., Chong, Y. S., Qiu, A., & 
Broekman, B. F. P. (2017). Infant night sleep trajectory 
from age 3-24 months: Evidence from the Singapore 
GUSTO study. Sleep Medicine, 33, 82–84. 
17. Mindell, J. A., Sadeh, A., Wiegand, B., How, T. H., 
& Goh, D. Y. T. (2010). Cross-cultural differences in 
infant and toddler sleep. Sleep Medicine, 11(3), 274–
280. 
18. Thorpe, K., Staton, S., Sawyer, E., Pattinson, C., 
Haden, C., & Smith, S. (2015). Napping, development 
and health from 0 to 5 years: A systematic review. 
Archives of Disease in Childhood, 100(7), 615-622. 
19. Staton, S., Rankin, P. S., Harding, M., Smith, S. 
S., Westwood, E., LeBourgeois, M. K., & Thorpe, K. 
J. (2020). Many naps, one nap, none: A systematic 
review and meta-analysis of napping patterns in 
children 0-12 years. Sleep Medicine Reviews, 50, 
101247. 
20. Mindell, J. A., Sadeh, A., Kwon, R., & Goh, D. 
Y. (2013). Cross-cultural differences in the sleep of 
preschool children. Sleep Medicine, 14(12), 1283–
1289. 
21. Stormark, K. M., Fosse, H. E., Pallesen, S., & 
Hysing, M. (2019). The association between sleep 
problems and academic performance in primary 
school-aged children: Findings from a Norwegian 
longitudinal population-based study. PLoS ONE, 
14(11), e0224139. 
22. Zhu, R., Fang, H., Chen, M., Hu, X., Cao, Y., Yang, 
F., & Xia, K. (2020). Screen time and sleep disorder in 
preschool children: Identifying the safe threshold in a 
digital world. Public Health, 186, 204–210. 
23. Tso, W., Rao, N., Jiang, F., Li, A. M., Lee, S. L., 
Ho, F. K., Li, S. L., & Ip, P. (2016). Sleep duration 
and school readiness of Chinese preschool children. 
Journal of Paediatrics, 169, 266–271. 
24. Cappuccio, F. P., Taggart, F. M., Kandala, N.-
B., Currie, A., Peile, E., Stranges, S., & Miller, M. A. 
(2008). Meta-analysis of short sleep duration and 
obesity in children and adults. Sleep, 31(5), 619–626. 
25. Guo, Y., Miller, M. A., & Cappuccio, F. P. (2021). 
Short duration of sleep and incidence of overweight 
or obesity in Chinese children and adolescents: A 
systematic review and meta-analysis of prospective 
studies. Nutrition, metabolism, and cardiovascular 
diseases: Nutrition, Metabolism and Cardiovascular 
Disease, 31(2), 363–371. 
26. Wang, F., Liu, H., Wan, Y., Li, J., Chen, Y., Zheng, 
J., Huang, T., & Li, D. (2016). Sleep duration and 

https://journals.physiology.org/doi/full/10.1152/physrev.00032.2012
https://journals.physiology.org/doi/full/10.1152/physrev.00032.2012
https://www.karger.com/Article/FullText/508055
https://onlinelibrary.wiley.com/doi/10.1111/j.1467-7687.2009.00837.x
https://onlinelibrary.wiley.com/doi/10.1111/desc.12639
https://onlinelibrary.wiley.com/doi/10.1111/desc.12639
https://onlinelibrary.wiley.com/doi/10.1111/desc.12639
https://srcd.onlinelibrary.wiley.com/doi/10.1111/cdev.12063
https://srcd.onlinelibrary.wiley.com/doi/10.1111/cdev.12063
https://srcd.onlinelibrary.wiley.com/doi/10.1111/cdev.12063
https://academic.oup.com/jpepsy/article/42/8/837/3067518
https://academic.oup.com/jpepsy/article/42/8/837/3067518
https://www.science.org/doi/10.1126/science.165.3892.513
https://www.science.org/doi/10.1126/science.165.3892.513
https://www.science.org/doi/10.1126/science.165.3892.513
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2869.2009.00772.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2869.2009.00772.x
https://www.dovepress.com/infant-sleep-and-its-relation-with-cognition-and-growth-a-narrative-re-peer-reviewed-fulltext-article-NSS
https://www.dovepress.com/infant-sleep-and-its-relation-with-cognition-and-growth-a-narrative-re-peer-reviewed-fulltext-article-NSS
https://www.sciencedirect.com/science/article/pii/S1389945715008631?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1389945715008631?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1389945715008631?via%3Dihub
https://www.sleep.theclinics.com/article/S1556-407X(10)00119-0/fulltext
https://www.sleep.theclinics.com/article/S1556-407X(10)00119-0/fulltext
https://academic.oup.com/sleep/article/37/2/289/2558958
https://academic.oup.com/sleep/article/37/2/289/2558958
https://www.sciencedirect.com/science/article/abs/pii/S2352721815000157?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2352721815000157?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2352721815000157?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352721820301777?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352721820301777?via%3Dihub
https://www.sciencedirect.com/science/article/pii/B9781455703180000036?via%3Dihub
https://www.sciencedirect.com/science/article/pii/B9781455703180000036?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1389945717300485?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1389945717300485?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1389945717300485?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1389945710000377?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1389945710000377?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1087079219302151?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1087079219302151?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1087079219302151?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1389945713011076?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1389945713011076?via%3Dihub
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0224139
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0224139
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0224139
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0224139
https://www.sciencedirect.com/science/article/abs/pii/S0033350620303231?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0033350620303231?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0033350620303231?via%3Dihub
https://www.jpeds.com/article/S0022-3476(15)01303-7/fulltext
https://www.jpeds.com/article/S0022-3476(15)01303-7/fulltext
https://academic.oup.com/sleep/article/31/5/619/2454190
https://academic.oup.com/sleep/article/31/5/619/2454190
https://www.nmcd-journal.com/article/S0939-4753(20)30477-4/fulltext
https://www.nmcd-journal.com/article/S0939-4753(20)30477-4/fulltext
https://www.nmcd-journal.com/article/S0939-4753(20)30477-4/fulltext
https://www.nmcd-journal.com/article/S0939-4753(20)30477-4/fulltext
https://academic.oup.com/sleep/article/39/11/2013/2708337


 E V I D E N C E  I N S I G H T E I 0 0 4  / 
N OV E M B E R  202 2

sleep between the night and a daytime nap reduces 
homeostatic sleep pressure and enhances long-term 
memory. Scientific Reports, 11, 5275. 
35. Yeo, S. C., Jos, A. M., Erwin, C., Lee, S. M., Lee, 
X. K., Lo, J. C., Chee, M. W. L., & Gooley, J. J. (2019). 
Associations of sleep duration on school nights 
with self-rated health, overweight, and depression 
symptoms in adolescents: Problems and possible 
solutions. Sleep Medicine, 60, 96–108. 
36. Yeo, S. C., Tan, J., Lo, J. C., Chee, M. W. L., & 
Gooley, J. J. (2020). Associations of time spent on 
homework or studying with nocturnal sleep behaviour 
and depression symptoms in adolescents from 
Singapore. Sleep Health, 6(6), 758-766. 
37. Lo, J. C., Lee, S. M., Lee, X. K., Sasmita, K., 
Chee, N., Tandi, J., Cher, W. S., Gooley, J. J., & 
Chee, M. W. L. (2018). Sustained benefits of delaying 
school start time on adolescent sleep and well-being. 
Sleep, 41(6). 
38. Ong, S. H., Wickramaratne, P., Tang, M., & 
Weissman, M. M. (2006). Early childhood sleep and 
eating problems as predictors of adolescent and adult 
mood and anxiety disorders. Journal of Affective 
Disorders, 96(1–2), 1–8. 
39. Hafner, M., Stepanek, M., Taylor, J., Troxel, W. 
M., & Stolk, C. van. (2017). Why sleep matters - The 
economic costs of insufficient sleep: A cross-country 
comparative analysis. Rand Health Quarterly, 6(4).  
40. Meltzer L. J., Wahlstrom K. L., Plog A. E., Strand 
M. J. (2021). Changing school start times: Impact 
on sleep in primary and secondary school students. 
Sleep. 44(7). 

About CHILD
The Centre for Holistic Initiatives for Learning and Development or CHILD was established under the umbrella of the NUS 
Yong Loo Lin School of Medicine (NUS Medicine) with the Lien Foundation. In collaboration with other partners such as 
the Centre for Evidence and Implementation (CEI) and A*STAR’s Singapore Institute for Clinical Sciences (SICS), CHILD 
brings together experts in the field of translational research, child development, and implementation science to help give 
children the best start to life.

Contributors: 
Dr Adriana Banozic, Dr Cai Shirong, Dr Chong Shang Chee, Prof Chong Yap Seng, Dr Anna Fogel, Prof Sir Peter 
Gluckman, Dr Gayatri Kembhavi-Tam, Dr Evelyn Law, Prof Lee Yung Seng, Dr Felicia Low, Dr June Lo Chi-Yan,  
Dr Keri McCrickerd, Prof Michael Meaney, Assoc Prof Robyn Mildon, Dr Alexander Mok, Prof Adrian Sandler,  
Dr Cheryl Seah and Dr Evelyn Tan. 

Acknowledgements:
We acknowledge Prof Michael Chee, Director of the Centre for Sleep and Cognition at NUS Yong Loo Lin School of 
Medicine, Dr Ron Dahl, Director of Institute of Human Development at University of California, Berkley and A/Prof 
Joshua Gooley, Principal Investigator of Chronobiology and Sleep Laboratory at Duke-NUS School for their peer 
review and assistance.

overweight/obesity in preschool-aged children: A 
prospective study of up to 48,922 children of the Jiaxing 
birth cohort. Sleep, 39(11), 2013–2019. 
27. Garbarino, S., Lanteri, P., Bragazzi, N. L., Magnavita, 
N., & Scoditti, E. (2021). Role of sleep deprivation 
in immune-related disease risk and outcomes. 
Communications Biology, 4(1), 1304. 
28. Sleep and Health Laboratory - Sleep Guide for 
Parents & Kids. (n.d.). Retrieved October 28, 2021.
29. Chen, B., Bernard, J. Y., Padmapriya, N., Yao, J., 
Goh, C., Tan, K. H., … & Müller-Riemenschneider, F. 
(2019). Socio-demographic and maternal predictors 
of adherence to 24-hour movement guidelines 
in Singaporean children. International Journal of 
Behavioural Nutrition and Physical Activity, 16(1), 1-11. 
30. Carskadon M. A. (2011). Sleep in adolescents: 
The perfect storm. Paediatric Clinics of North America, 
58(3), 637–647. 
31. Short, M. A., & Chee, M. W. L. (2019). Adolescent 
sleep restriction effects on cognition and mood. 
Progress in Brain Research, 246, 55–71.
32. Lo, J. C., & Chee, M. W. L. (2020). Cognitive effects 
of multi-night adolescent sleep restriction: Current data 
and future possibilities. Current Opinion in Behavioral 
Sciences, 33, 34–41. 
33. Lo, J. C., Ong, J. L., Leong, R. L. F., Gooley, J. 
J., & Chee, M. W. L. (2016). Cognitive performance, 
sleepiness, and mood in partially sleep deprived 
adolescents: The need for sleep study. Sleep, 39(3), 
687–698. 
34. Cousins, J.N., Leong, R. L. F., Azrin Jamaluddin, S., 
Ng, A.S.C., Ong, J. L. & Chee, M. W. L. (2021). Splitting 

https://www.nature.com/articles/s41598-021-84625-8
https://www.nature.com/articles/s41598-021-84625-8
https://www.nature.com/articles/s41598-021-84625-8
https://www.sciencedirect.com/science/article/abs/pii/S1389945718304106?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1389945718304106?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1389945718304106?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1389945718304106?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352721820301248?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352721820301248?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352721820301248?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352721820301248?via%3Dihub
https://academic.oup.com/sleep/article/41/6/zsy052/4960018
https://academic.oup.com/sleep/article/41/6/zsy052/4960018
https://www.sciencedirect.com/science/article/abs/pii/S0165032706002576?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0165032706002576?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0165032706002576?via%3Dihub
https://www.rand.org/pubs/research_reports/RR1791.html
https://www.rand.org/pubs/research_reports/RR1791.html
https://www.rand.org/pubs/research_reports/RR1791.html
https://academic.oup.com/sleep/article/44/7/zsab048/6218366
https://academic.oup.com/sleep/article/44/7/zsab048/6218366
https://academic.oup.com/sleep/article/39/11/2013/2708337
https://academic.oup.com/sleep/article/39/11/2013/2708337
https://academic.oup.com/sleep/article/39/11/2013/2708337
https://www.nature.com/articles/s42003-021-02825-4
https://www.nature.com/articles/s42003-021-02825-4
https://sites.google.com/site/sleepandhealthlab/sleep-guide-for-parents-kids
https://sites.google.com/site/sleepandhealthlab/sleep-guide-for-parents-kids
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-019-0834-1
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-019-0834-1
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-019-0834-1
https://www.sciencedirect.com/science/article/abs/pii/S0031395511000198?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0031395511000198?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0079612319300287?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0079612319300287?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352154619301366?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352154619301366?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2352154619301366?via%3Dihub
https://academic.oup.com/sleep/article/39/3/687/2454041
https://academic.oup.com/sleep/article/39/3/687/2454041
https://academic.oup.com/sleep/article/39/3/687/2454041
https://www.nature.com/articles/s41598-021-84625-8

