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Abstract

In this literature review, we discuss the importance of adequate sleep and the various effects of 

suboptimal sleep on weight maintenance and metabolic health specifically for adolescents. Two 

major contributors to adolescents experiencing decreased sleep duration and quality, and thus 

increasing the risk for developing metabolic syndrome in adolescence as well as later in adulthood, 

are increased electronic screen time particularly at night and early school start times. The less time 

adolescents spend sleeping, the less quality sleep they obtain, and the greater the disruption of 

endocrine hormone function. As another consequence, adolescents are more prone to making poor 

food choices, from choosing relatively nutrient-poor foods to consuming excess calories without 

necessarily increasing their energy expenditure. These choices put adolescents at greater risk for 

becoming obese throughout their lifespan.
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INTRODUCTION

Adolescence is a critical stage in an individual’s biological and cognitive development. 

Adolescents can be more vulnerable to rash decision-making, emotional fragility, and risky 

behavior, among other factors [1]. Most notably, in modern times, adolescents have been 

found to struggle with both sleep and obesity, more so in the 21st century in comparison to 

the late 20th century [2], and interestingly there is an association between the two. Studies in 

adolescents have shown that sleep deprivation can lead to an increase in energy consumption 

*Corresponding author: Matthew J. Brady, Ph.D., Department of Medicine, 900 E. 57th St., Chicago, IL 60637. 
mbrady1@uchicago.edu, Phone: 773-702-2346, Fax: 773-834-0851. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

Declaration of interests
The authors declare that they have no known competing financial interests or personal relationships that could have appeared to 
influence the work reported in this paper.

HHS Public Access
Author manuscript
Curr Opin Endocr Metab Res. Author manuscript; available in PMC 2022 April 01.

Published in final edited form as:
Curr Opin Endocr Metab Res. 2021 April ; 17: 15–19. doi:10.1016/j.coemr.2020.10.007.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



in the absence of an increase in energy expenditure [3–5]. These increases in energy 

consumption lead to an increase in overall body mass index (BMI) due to changes in body 

composition from increased fat, leading to a vicious cycle of adolescents battling with 

obesity as they continue to struggle with sleep. There are multiple contributing factors 

facilitating sleep deficiency in adolescents, and these include the rapid societal developments 

in technology and increasing demands in education and productivity [6]. As such, 

adolescents face multiple stimuli vying for their time and attention on a daily basis. Two 

particular sources of sleep disruption and obesity risk in adolescents today are excessive 

usage of electronics and early school start times [7–9]. As society modernizes, particularly 

through the venue of social media, adolescents as well as adults have increased their screen 

time dramatically, particularly at night, which can affect sleep [10, 11]. In addition, as 

educational demands increase, adolescents suffer from stress and lack of sleep, both of 

which can be exacerbated by early school start times. This is particularly detrimental to 

adolescents, who are going through a critical stage of their physical development. 

Additionally, adolescents naturally tend to sleep later due to normal sleep phase delay [12]. 

Therefore, the combination of this phase shift and early school start times results in 

suboptimal sleep and stress. These consequences can carry well into adulthood, from 

cardiovascular health to weight and metabolic complications, which will be discussed later 

in this review.

IMPORTANCE OF ADOLESCENT SLEEP QUALITY

For adolescents, the sleep requirement is eight to ten hours every night [13]. Adequate sleep 

has the same benefits throughout the lifespan, including improved emotional health, 

productivity, brain function, and overall physical and metabolic health [14]. Conversely, 

though the lack of adequate sleep has similar consequences for every age group, they are 

more pronounced for those who are still growing. While overall sleep is critical, maintaining 

appropriate sleep architecture is just as important. Sleep architecture refers to the cyclical 

nature of the different sleep stages within a given period of sleep [15]. Sleep is characterized 

by two main stages: non-rapid eye movement (NREM) sleep, which is further divided into 

three stages (NREM-1, NREM-2, NREM-3), and rapid eye moment (REM) sleep. While 

NREM sleep predominates the early sleep period, REM sleep is most abundant later in a 

sleep period. Studies in adolescents have shown that there is a relationship between obesity 

and sleep duration and sleep quality [16]. Specifically, some studies have found that obesity 

due to shorter sleep duration may be related to shorter REM sleep duration [17], while other 

studies have found that shorter deep sleep (NREM-3) and REM sleep duration may be 

related to elevated blood pressure levels in obese individuals regardless of BMI [18]. These 

studies demonstrate that the quality of one’s sleep, which can be affected by going to sleep 

late and potentially affecting NREM sleep or waking early and possibly truncating REM 

sleep, is just as important as the quantity of one’s sleep.
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THE VARIOUS EFFECTS OF SUBOPTIMAL SLEEP ON WEIGHT 

MAINTENANCE AND ADIPOSITY

Many epidemiological studies have examined the effects of suboptimal sleep on adolescent 

food choice and obesity risk. As reviewed by Hanlon et al. [6], sleep deprivation has been 

repeatedly cited as a contributing factor to increases in energy consumption or unhealthy 

food intake in children and in adolescents. Studies employing methods of subjective 

reporting of sleep [19, 20], such as the usage of self-reported questionnaires, have indicated 

that there is a negative correlation between sleep duration and BMI. Other studies employ 

objective methods of reporting sleep duration including wrist actigraphy and accelerometry 

[21, 22], which involve the usage of wristwatch-like sensors and mobile electromechanical 

devices, respectively, that monitor periods of rest and activity.

One study in adolescents with an average age of 17.7 years by Weiss [3] investigated the 

relationship between sleep duration and energy intake and found that shorter overall sleep 

duration could potentially increase one’s risk for obesity due to a number of changes in 

eating behavior. Two studies in adolescents with an average age of 16.7 years by Fan [4, 5] 

found slightly different results than Weiss, concluding that as opposed to chronic sleep 

deprivation or shorter overall sleep, chronic sleep variability or irregular sleep patterns is 

associated with increased energy consumption and risk for obesity, which could be 

counteracted by establishing a consistent sleep pattern. One study in adolescents between the 

ages of 12 and 16 years by Valrie [23] investigated the association between sleep and BMI in 

adolescents and the impact of sleep on obesity intervention treatment. Similar to Fan’s 

studies, Valrie’s study found that disrupted sleep was a contributing factor to elevated pre-

intervention BMI and waist circumference measurements. This study also found that there 

was a negative relationship between participant sleep deprivation and participant 

responsiveness to intervention treatment, indicating the role of sleep in adolescent metabolic 

health.

There are a few reasons for these results. According to adult studies by Mota [24] and 

Spaeth [25], suboptimal sleep plays a role in the disruption of sleep cycles and regulation of 

food intake and food choice, all of which can lead to excess weight gain and obesity. 

Mitchell’s longitudinal study [19] found that in high school students in the United States 

between the ages of 14 and 18, with every self-reported hour of increase in sleep, there is a 

nonuniform decrease in BMI measures, indicating that sleep for adolescents can be more 

important at particular ages compared to others. Similar results were found in Lee and 

Park’s study following adolescents in South Korea between the ages of 12 and 18, where 

sleep deprivation is found to be related to increased blood pressure and overweight [20]. 

Other studies in adolescents also find a negative correlation between hours of sleep and 

measures of adiposity, an indicator of cardio-metabolic risk [26, 27].

In their review of existing studies, Zerón-Rugerio, Trinitat, and Izquierdo-Pulido [15] detail 

the role of sleep and its effects on the endocannabinoid system, which regulates not just how 

much individuals choose to eat but also what particular foods they choose to eat. According 

to some other studies in adults, an increase in calorie consumption due to suboptimal sleep 

may be related to changes in levels of certain endocrine hormones [28] and activation of 

Okoli et al. Page 3

Curr Opin Endocr Metab Res. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



biological systems involved in regulating hunger and appetite [29]. Depending on how much 

suboptimal sleep affects an individual’s energy consumption and food choices, such 

metabolic disruptions can predispose one to weight gain.

Disruptions in sleep quality and duration have been documented as a contributing factor to 

weight gain both in children and in adolescents [6]. Obstructive sleep apnea (OSA) is a 

comorbidity frequently associated with obesity in adolescents [16]. OSA occurs when 

breathing involuntarily stops for short periods of time during sleep, resulting in 

microarousals and disruption of sleep architecture. Studies have suggested that OSA may be 

a contributing factor to further weight gain in children, distinct from sleep deprivation [30–

32]. Proposed mechanisms for this phenomenon range over possible behavioral and 

endocrine hormonal changes that culminate in an increase in appetite and consumption of 

unhealthy foods [33, 34]. Given the cyclical nature of the consequences of sleep disorders 

like OSA and sleep-disordered breathing (SDB) for adolescent metabolic health, the 

consequences can extend well into adulthood.

ADOLESCENT SLEEP, OBESITY, ADIPOSITY – Electronics, Light at Night, 

Melatonin, Cortisol (going to bed late)

Excessive usage of electronics and exposure to artificial light at late-night hours by 

adolescents is increasingly becoming a cause for concern [35, 36]. Lissak et al. [35] found 

that excessive media usage by both children and adolescents could potentially be a risk 

factor for improper psychophysiological development. Studies also find that increased 

screen time could take away from sleep time, as reviewed by Cain and Gradisar [37]. 

Furthermore, according to a pioneering study by Figueiro and Overington [38], 

overexposure to artificial light from electronic devices at night can disrupt the secretion 

schedule of melatonin, a hormone that is an important inducer of sleep onset. The excessive 

screen time often leads to a decrease in physical activity, which, when unbalanced with 

energy consumption, can lead to weight gain and obesity later in life, as found in studies on 

children and adolescents between the ages of 3 years and 18 years [39–41]. Some studies 

have found disruption in cortisol regulation in children by extended usage of information 

and communication technology, specifically a reduction in the normal elevation of morning 

cortisol levels, which is indicative of a down-regulated awakening response via induced 

stress [42]. Overall, these studies show the negative impact of excessive screen time on 

adolescent physiological health, which can have particularly dire consequences during the 

formative years of adolescence.

ADOLESCENT SLEEP, OBESITY, ADIPOSITY – School Start Times (waking 

up too early)

For adolescents, another one of the contributors to sleep deprivation is one over which they 

have less control: school start times [43, 44]. For most students, weekdays translate to 

variable bedtimes and early waketimes due to school start times. Adolescents naturally 

undergo changes in their sleep cycles that increase the amount of time before sleep onset 

[45]. However, early school start times interrupt adolescent sleep periods, resulting in 
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metabolic disruptions that can lead to weight gain and obesity [46, 47]. As specifically 

demonstrated by Gariépy [43, 44], the effects of school start times and sleep disruption on 

adolescent sleep patterns are far-reaching, impacting adolescent stress, academic 

performance, mental health, and behavioral patterns. As indicated earlier, adolescents are 

naturally going through stages of development when they are more prone to making 

potentially dangerous choices, experiencing physical stress from hormonal changes, and 

navigating emotional stress from various internal and external stimuli. Therefore, additional 

stresses such as early school sleep times and sleep deprivation can further predispose 

adolescents to poor metabolic and psychological health. An increasing amount of attention is 

now being given to how to accommodate students and improve school start times for the 

sake of their metabolic health [47]. One American study in Seattle high school students 

found that delaying school start times by nearly an hour was associated with an increase in 

nightly sleep, academic performance, and attendance [48]. Similar results were found in a 

study of similar design in Singapore [49]. However, there have been some challenges to 

these studies, such as with achieving randomization in trials in participating schools, as one 

study in the United Kingdom found [50]. With further developments based on feedback from 

schools, the future of implementing delayed school start times is promising intervention.

ADOLESCENT OBESITY – Consequences into Adulthood

Given the detrimental effects of obesity on adolescent development, the implications of these 

effects can spread well into adulthood as well. Studies have found that adolescent obesity 

decreases the likelihood of one obtaining academic and long-term educational success. 

Ryabov conducted a longitudinal study analyzing the implications of adolescent obesity in 

adult educational attainment [51]. Researchers found that obesity, in tandem with socio-

demographic variables such as family socioeconomic status, social networks, and immigrant 

status, significantly decreased the odds of one advancing in higher education. In terms of 

health, obesity has also been found to increase one’s likelihood of developing diseases 

outside of the cardiovascular profile. Chao et al. found that elevated BMI at a specific age in 

adolescence was correlated with an earlier onset of pancreatic adenocarcinoma [52]. In 

addition, the results of the study suggest that adult obesity may not increase the onset of 

pancreatic adenocarcinoma the same way adolescent obesity does, suggesting that 

adolescent obesity can simultaneously increase one’s risk for developing pancreatic 

adenocarcinoma and decrease the age at which one could be diagnosed. Thus, not only can 

adolescent obesity put one at higher risk for other metabolic diseases, but it could also 

predispose one to failure in other aspects of life, such as education attainment, social 

networking, and overall quality of life.

CONCLUSION

For adolescents, proper growth and development are essential for proper biological transition 

into adulthood. Sleep is a critical part of adolescent development, but in today’s society, its 

importance is often underestimated or entirely neglected. Adolescent metabolic dysfunction 

is an increasing problem and will continue to be so unless the relationship between 

adolescent behavior, suboptimal sleep, and risk for negative metabolic and psycho-social 

outcomes is given more attention and further understood. There are some measures 
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adolescents themselves can take to improve their sleep and overall metabolic health, but not 

everything is within their control. Measures to decrease sleep deprivation and disruption can 

be put in place to improve adolescent health, starting with delayed school start times to 

reduced screen time. Adolescence is a critical formative period and if optimization of sleep 

is addressed for teenagers, improvements in metabolic health could be achieved throughout 

the individual’s lifespan.

REFERENCES

1. Sharma JD Morrow, Neurobiology of Adolescent Substance Use Disorders, Child and Adolescent 
Psychiatric Clinics of North America 25(3) (2016) 367–375. [PubMed: 27338961] 

2. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, Mullany EC, Biryukov S, 
Abbafati C, Abera SF, Abraham JP, Abu-Rmeileh NM, Achoki T, AlBuhairan FS, Alemu ZA, 
Alfonso R, Ali MK, Ali R, Guzman NA, Ammar W, Anwari P, Banerjee A, Barquera S, Basu S, 
Bennett DA, Bhutta Z, Blore J, Cabral N, Nonato IC, Chang JC, Chowdhury R, Courville KJ, Criqui 
MH, Cundiff DK, Dabhadkar KC, Dandona L, Davis A, Dayama A, Dharmaratne SD, Ding EL, 
Durrani AM, Esteghamati A, Farzadfar F, Fay DF, Feigin VL, Flaxman A, Forouzanfar MH, Goto 
A, Green MA, Gupta R, Hafezi-Nejad N, Hankey GJ, Harewood HC, Havmoeller R, Hay S, 
Hernandez L, Husseini A, Idrisov BT, Ikeda N, Islami F, Jahangir E, Jassal SK, Jee SH, Jeffreys M, 
Jonas JB, Kabagambe EK, Khalifa SE, Kengne AP, Khader YS, Khang YH, Kim D, Kimokoti RW, 
Kinge JM, Kokubo Y, Kosen S, Kwan, Lai T, Leinsalu M, Li Y, Liang X, Liu S, Logroscino G, 
Lotufo PA, Lu Y, Ma J, Mainoo NK, Mensah GA, Merriman TR, Mokdad AH, Moschandreas J, 
Naghavi M, Naheed A, Nand D, Narayan KM, Nelson EL, Neuhouser ML, Nisar MI, Ohkubo T, 
Oti SO, Pedroza A, Prabhakaran D, Roy N, Sampson U, Seo H, Sepanlou SG, Shibuya K, Shiri R, 
Shiue I, Singh GM, Singh JA, Skirbekk V, Stapelberg NJ, Sturua L, Sykes BL, Tobias M, Tran BX, 
Trasande L, Toyoshima H, van de Vijver S, Vasankari TJ, Veerman JL, Velasquez-Melendez G, 
Vlassov VV, Vollset SE, Vos T, Wang C, Wang X, Weiderpass E, Werdecker A, Wright JL, Yang 
YC, Yatsuya H, Yoon J, Yoon SJ, Zhao Y, Zhou M, Zhu S, Lopez AD, Murray CJ, Gakidou E, 
Global, regional, and national prevalence of overweight and obesity in children and adults during 
1980–2013: a systematic analysis for the Global Burden of Disease Study 2013, Lancet 384(9945) 
(2014) 766–81. [PubMed: 24880830] 

3. Weiss F Xu A. Storfer-Isser, A. Thomas, C.E. Ievers-Landis, S. Redline, The association of sleep 
duration with adolescents’ fat and carbohydrate consumption, Sleep 33(9) (2010) 1201–9. 
[PubMed: 20857867] 

4. He F, Bixler EO, Berg A, Imamura Kawasawa Y, Vgontzas AN, Fernandez-Mendoza J, Yanosky J, 
Liao D, Habitual sleep variability, not sleep duration, is associated with caloric intake in 
adolescents, Sleep Medicine 16(7) (2015) 856–861. [PubMed: 26002758] 

5. He F, Bixler EO, Liao J, Berg A, Imamura Kawasawa Y, Fernandez-Mendoza J, Vgontzas AN, Liao 
D, Habitual sleep variability, mediated by nutrition intake, is associated with abdominal obesity in 
adolescents, Sleep Medicine 16(12) (2015) 1489–1494. [PubMed: 26611945] 

6. Hanlon EC DM, Pannain S, Chapter 13 - Sleep and Obesity in Children and Adolescents, in: Bagchi 
D (Ed.), Global Perspectives on Childhood Obesity (Second Edition), Academic Press2019, pp. 
147–178.The authors review previous studies showing a relationship between sleep restriction and 
pediatric and adult obesity and speak to increased sleep serving as a countermeasure against obesity. 
In this chapter, the authors point out that no causal relationship has been established between sleep 
restriction and obesity in children and adolescents and that studies investigating the underlying 
mechanisms should be performed, as there have been in adults. The authors convey hypotheses on 
what the underlying mechanisms could be, which would add to the field of research devoted to 
investigating the mechanisms behind sleep restriction and obesity in adolescents.

7. Berkey CS, Rockett HR, Field AE, Gillman MW, Frazier AL, Camargo CA Jr., Colditz GA, 
Activity, dietary intake, and weight changes in a longitudinal study of preadolescent and adolescent 
boys and girls, Pediatrics 105(4) (2000) E56. [PubMed: 10742377] 

8. School Start Times for Adolescents, Pediatrics 134(3) (2014) 642–649. [PubMed: 25156998] 

Okoli et al. Page 6

Curr Opin Endocr Metab Res. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



9. Paksarian D, Rudolph KE, He JP, Merikangas KR, School Start Time and Adolescent Sleep 
Patterns: Results From the U.S. National Comorbidity Survey--Adolescent Supplement, Am J 
Public Health 105(7) (2015) 1351–7. [PubMed: 25973803] 

10. Cabre-Riera A, Torrent M, Donaire-Gonzalez D, Vrijheid M, Cardis E, Guxens M, 
Telecommunication devices use, screen time and sleep in adolescents, Environ Res 171 (2019) 
341–347. [PubMed: 30716511] 

11. Christensen MA, Bettencourt L, Kaye L, Moturu ST, Nguyen KT, Olgin JE, Pletcher MJ, Marcus 
GM, Direct Measurements of Smartphone Screen-Time: Relationships with Demographics and 
Sleep, PLoS One 11(11) (2016) e0165331. [PubMed: 27829040] 

12. Council NR, I.o. Medicine, Sleep Needs, Patterns, and Difficulties of Adolescents: Summary of a 
Workshop, The National Academies Press, Washington, DC, 2000.

13. Logan RW, Hasler BP, Forbes EE, Franzen PL, Torregrossa MM, Huang YH, Buysse DJ, Clark 
DB, McClung CA, Impact of Sleep and Circadian Rhythms on Addiction Vulnerability in 
Adolescents, Biol Psychiatry 83(12) (2018) 987–996. [PubMed: 29373120] 

14. Golem DL, Martin-Biggers JT, Koenings MM, Davis KF, Byrd-Bredbenner C, An Integrative 
Review of Sleep for Nutrition Professionals, Advances in Nutrition 5(6) (2014) 742–759. 
[PubMed: 25398735] 

15. Zerón-Rugerio MF, Trinitat C, Izquierdo-Pulido M, Chapter 14 - Sleep Restriction and Circadian 
Misalignment: Their Implications in Obesity, in: Watson RR, Preedy VR (Eds.), Neurological 
Modulation of Sleep, Academic Press2020, pp. 131–143. energy consumption, energy expenditure, 
and hunger signaling.

16. Gohil A, Hannon TS, Poor Sleep and Obesity: Concurrent Epidemics in Adolescent Youth, Front 
Endocrinol (Lausanne) 9 (2018) 364. [PubMed: 30042730] 

17. Liu X, Forbes EE, Ryan ND, Rofey D, Hannon TS, Dahl RE, Rapid eye movement sleep in 
relation to overweight in children and adolescents, Arch Gen Psychiatry 65(8) (2008) 924–32. 
[PubMed: 18678797] 

18. Hannon TS, Tu W, Watson SE, Jalou H, Chakravorty S, Arslanian SA, Morning blood pressure is 
associated with sleep quality in obese adolescents, J Pediatr 164(2) (2014) 313–7. [PubMed: 
24252787] 

19. Mitchell JA, Rodriguez D, Schmitz KH, Audrain-McGovern J, Sleep Duration and Adolescent 
Obesity, Pediatrics 131(5) (2013) e1428–e1434. [PubMed: 23569090] 

20. Lee JA, Park HS, Relation between sleep duration, overweight, and metabolic syndrome in Korean 
adolescents, Nutrition, Metabolism and Cardiovascular Diseases 24(1) (2014) 65–71.

21. Martin JL, Hakim AD, Wrist Actigraphy, Chest 139(6) (2011) 1514–1527. [PubMed: 21652563] 

22. Kavanagh JJ, Menz HB, Accelerometry: A technique for quantifying movement patterns during 
walking, Gait & Posture 28(1) (2008) 1–15. [PubMed: 18178436] 

23. Valrie CR, Bond K, Lutes LD, Carraway M, Collier DN, Relationship of sleep quality, baseline 
weight status, and weight-loss responsiveness in obese adolescents in an immersion treatment 
program, Sleep Medicine 16(3) (2015) 432–434. [PubMed: 25701536] 

24. Mota MC, Silva CM, Balieiro LCT, Goncalves BF, Fahmy WM, Crispim CA, Association between 
social jetlag food consumption and meal times in patients with obesity-related chronic diseases, 
PLoS One 14(2) (2019) e0212126. [PubMed: 30753224] Administering questionnaires that 
analyzed the relationship between demographics and individual health practices and sleep patterns, 
energy expenditure, alcohol consumption, and medication use, in individuals suffering from jet lag 
and sleep disruption, the authors show that extended disruption of circadian rhythms is related to 
obesity and metabolic syndrome. This study builds upon previous findings that have found a 
negative effect of circadian rhythm disruption on feeding patterns and seeks to investigate whether 
aligning feeding and sleeping patterns with environmental light cycles could mitigate the effects of 
circadian misalignment on the health of individuals already suffering from metabolic syndrome.

25. Spaeth AM, Dinges DF, Goel N, Effects of Experimental Sleep Restriction on Weight Gain, 
Caloric Intake, and Meal Timing in Healthy Adults, Sleep 36(7) (2013) 981–990. [PubMed: 
23814334] 

26. Gupta NK, Mueller WH, Chan W, Meininger JC, Is obesity associated with poor sleep quality in 
adolescents?, American Journal of Human Biology 14(6) (2002) 762–768. [PubMed: 12400037] 

Okoli et al. Page 7

Curr Opin Endocr Metab Res. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



27. Bénéfice E, Garnier D, Ndiaye G, Nutritional status, growth and sleep habits among Senegalese 
adolescent girls, European Journal of Clinical Nutrition 58(2) (2004) 292–301. [PubMed: 
14749750] 

28. Broussard JL, Kilkus JM, Delebecque F, Abraham V, Day A, Whitmore HR, Tasali E, Elevated 
ghrelin predicts food intake during experimental sleep restriction, Obesity 24(1) (2016) 132–138. 
[PubMed: 26467988] 

29. Hanlon EC, Tasali E, Leproult R, Stuhr KL, Doncheck E, de Wit H, Hillard CJ, Van Cauter E, 
Sleep Restriction Enhances the Daily Rhythm of Circulating Levels of Endocannabinoid 2-
Arachidonoylglycerol, Sleep 39(3) (2016) 653–64. [PubMed: 26612385] 

30. Bonuck K, Chervin RD, Howe LD, Sleep-Disordered Breathing, Sleep Duration, and Childhood 
Overweight: A Longitudinal Cohort Study, J Pediatr (2014).

31. Bhattacharjee R, Kim J, Kheirandish-Gozal L, Gozal D, Obesity and obstructive sleep apnea 
syndrome in children: a tale of inflammatory cascades, Pediatr Pulmonol 46(4) (2011) 313–23. 
[PubMed: 20967842] 

32. Hakim F, Kheirandish-Gozal L, Gozal D, Obesity and Altered Sleep: A Pathway to Metabolic 
Derangements in Children?, Semin Pediatr Neurol 22(2) (2015) 77–85. [PubMed: 26072337] 

33. Tan HL, Gozal D, Kheirandish-Gozal L, Obstructive sleep apnea in children: a critical update, 
Nature and science of sleep 5 (2013) 109–23.

34. Narang JL Mathew, Childhood obesity and obstructive sleep apnea, J Nutr Metab 2012 (2012) 
134202. [PubMed: 22957216] 

35. Lissak G, Adverse physiological and psychological effects of screen time on children and 
adolescents: Literature review and case study, Environmental Research 164 (2018) 149–157. 
[PubMed: 29499467] This literature review addresses the mounting evidence showing the 
relationship between excessive media usage and physical and psychological health in children and 
adolescents, specifically identifying how neurological disturbances caused by excessive screen 
time have been linked to antisocial and depressive behavior. The authors include a case study that 
specifically highlights how excessive screen time can lead to misdiagnosis of ADHD-related 
behavior as ADHD but could be reduced in order to decrease such behavior and effectively avoid 
misdiagnosis.

36. Oshima N, Nishida A, Shimodera S, Tochigi M, Ando S, Yamasaki S, Okazaki Y, Sasaki T, The 
Suicidal Feelings, Self-Injury, and Mobile Phone Use After Lights Out in Adolescents, Journal of 
Pediatric Psychology 37(9) (2012) 1023–1030. [PubMed: 22728900] 

37. Cain N, Gradisar M, Electronic media use and sleep in school-aged children and adolescents: A 
review, Sleep Medicine 11(8) (2010) 735–742. [PubMed: 20673649] 

38. Figueiro M, Overington D, Self-luminous devices and melatonin suppression in adolescents, 
Lighting Research & Technology 48(8) (2016) 966–975.

39. Staiano AE, Harrington DM, Broyles ST, Gupta AK, Katzmarzyk PT, Television, Adiposity, and 
Cardiometabolic Risk in Children and Adolescents, American Journal of Preventive Medicine 
44(1) (2013) 40–47. [PubMed: 23253648] 

40. Biddle SJH, Pearson N, Ross GM, Braithwaite R, Tracking of sedentary behaviours of young 
people: A systematic review, Preventive Medicine 51(5) (2010) 345–351. [PubMed: 20682330] 

41. Hancox RJ, Milne BJ, Poulton R, Association between child and adolescent television viewing and 
adult health: a longitudinal birth cohort study, The Lancet 364(9430) (2004) 257–262.

42. Wallenius M, Hirvonen A, Lindholm H, Rimpela A, Nygard C-H, Saarni L, Punamaki R-L, 
Salivary Cortisol in Relation to the Use of Information and Communication Technology (ICT) in 
School-Aged Children, Psychology Vol.01No02 (2010) 8.

43. Gariépy G, Janssen I, Sentenac M, Elgar FJ, School start time and sleep in Canadian adolescents, 
Journal of Sleep Research 26(2) (2017) 195–201. [PubMed: 27878883] 

44. Gariépy G, Janssen I, Sentenac M, Elgar FJ, School Start Time and the Healthy Weight of 
Adolescents, Journal of Adolescent Health 63(1) (2018) 69–73.In this preliminary study in 
Canadian adolescents, the authors identify early school start times as a negative contributor to 
adolescent metabolic health and present findings indicating that later school start times may be 
related to lower body mass index (BMI) in adolescents. Although a preliminary study, the authors 

Okoli et al. Page 8

Curr Opin Endocr Metab Res. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



contribute to a growing field of evidence pointing to the possibility of improving sleep and 
reducing obesity in adolescents by delaying school start times.

45. Crowley SJ, Acebo C, Carskadon MA, Sleep, circadian rhythms, and delayed phase in 
adolescence, Sleep Medicine 8(6) (2007) 602–612. [PubMed: 17383934] 

46. Wheaton AG, Chapman DP, Croft JB, School Start Times, Sleep, Behavioral, Health, and 
Academic Outcomes: A Review of the Literature, Journal of School Health 86(5) (2016) 363–381. 
[PubMed: 27040474] 

47. Carskadon MA, Maturation of processes regulating sleep in adolescents, 2008, pp. 95–114.

48. Dunster GP, de la Iglesia L, Ben-Hamo M, Nave C, Fleischer JG, Panda S, de la Iglesia HO, 
Sleepmore in Seattle: Later school start times are associated with more sleep and better 
performance in high school students, Sci Adv 4(12) (2018) eaau6200. [PubMed: 30547089] 

49. Lo JC, Lee SM, Lee XK, Sasmita K, Chee N, Tandi J, Cher WS, Gooley JJ, Chee MWL, Sustained 
benefits of delaying school start time on adolescent sleep and well-being, Sleep 41(6) (2018).

50. Illingworth G, Sharman R, Jowett A, Harvey CJ, Foster RG, Espie CA, Challenges in 
implementing and assessing outcomes of school start time change in the UK: experience of the 
Oxford Teensleep study, Sleep Med 60 (2019) 89–95. [PubMed: 30473390] 

51. Ryabov I, Childhood Obesity and Academic Outcomes in Young Adulthood, Children (Basel) 
5(11) (2018).

52. Chao DT, Shah NH, Zeh HJ 3rd, Singhi AD, Bahary N, McGrath KM, Fasanella KE, Zureikat AH, 
Whitcomb DC, Brand RE, Overweight or Obese Individuals at Eighteen Years of Age Develop 
Pancreatic Adenocarcinoma at a Significantly Earlier Age, Gastroenterol Res Pract 2018 (2018) 
2380596. [PubMed: 29967636] 

Okoli et al. Page 9

Curr Opin Endocr Metab Res. Author manuscript; available in PMC 2022 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	INTRODUCTION
	IMPORTANCE OF ADOLESCENT SLEEP QUALITY
	THE VARIOUS EFFECTS OF SUBOPTIMAL SLEEP ON WEIGHT MAINTENANCE AND ADIPOSITY
	ADOLESCENT SLEEP, OBESITY, ADIPOSITY – Electronics, Light at Night, Melatonin, Cortisol (going to bed late)
	ADOLESCENT SLEEP, OBESITY, ADIPOSITY – School Start Times (waking up too early)
	ADOLESCENT OBESITY – Consequences into Adulthood
	CONCLUSION
	References

