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Abstract
Obesity causes more than 200 medical disorders including cardiovascular disease, diabetes, hypertension, sleep
apnea. In particular, the prevalence and rate of obesity in
children and adolescents have increased with over 1/3 of
the US pediatric population afflicted with overweight and
obesity. Though there is a multifactorial etiology including
complex biological and physiological mechanisms involved
in energy regulation that may predispose toward an obesity
phenotype, we highlight an often missed and overlooked
etiology of obesity in clinical assessment in children- sleep
disturbance and its causation to weight gain. We also highlight pertinent findings on clinical history and examination,
with particular attention to the pediatric population, along
with routinely used screening tools for sleep disturbances in
the clinical assessment of the patient with obesity.
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Introduction
Obesity is one of the leading causes of morbidity and
mortality in the United States and globally. The prevalence of overweight and obesity in children in the US
currently approaches 33% with increasing severity with
age: 41.5% of US 16-19 year-old adolescents are classified with obesity and 4.5% meet the criteria for Class III
obesity (BMI > 140th of the 95th percentile) [1]. The prevalence of chronic sleep restriction in children and ado-

lescents is approximately 27% of school-aged children
and 45% of adolescents; lower levels of parental education, increased caffeine consumption, and presence
of electronics in the child’s bedroom overnight may be
predictive of insufficient sleep duration [2].
Studies as early as 2002 illustrate a link between
obesity in children and sleep duration. Limitations from
these studies include data collected from parental report and study design [3-5]; however, later studies address these concerns resulting in further associations
between sleep disturbances, pediatric obesity, and poor
metabolic health, including a meta-analyses suggesting
that insufficient sleep is associated with increased risk
of obesity in children (range 58-89%) [6,7]. Further,
sleep disturbance is linked to insulin resistance, cardiovascular disease and type 2 diabetes [8-12], which are
increasingly common in children with obesity [13].
Sleep disturbance is identified as a novel risk factor
for increased vulnerability to obesity and cardiometabolic disease as a result of dysregulation of appetite,
increased glucose intolerance, and elevation of blood
pressure [12-18]. Our understanding of sleep as a key
modulator of metabolic syndrome and obesity phenotype provides additional opportunity to intervene early
and provide mitigating strategies to either slow progression of weight gain or lose weight. Prompt recognition of the association between sleep pathology and
obesity, especially in children, paves a potential path-
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Table 1: Sleep Disturbances - Classifications, Sub-Types, Characteristics.
Classification
Insomnias

Sleep Related Breathing
Disorders (SRBD)

Central Disorders of
Hypersomnolence

Circadian Rhythm Sleepwake Disorders

Sub-Types
-Acute

Characteristics
-Difficulty initiating & maintaining sleep

-Chronic

-Chronic: exists > 3 months & > 3 times/week

-Comorbid

-Comorbid: associated with affective disorders, stimulants,
alcohol use
-Snoring, labored/breathing

-OSA (chronic vs. short term)
-Central sleep apnea syndromes
-Sleep-related hypoventilation

-Daytime consequences: Sleep deprivation,
-Hypercapnia

-Sleep related hypoxemia
-Narcolepsy

-Excessive daytime sleepiness disorders which are not
-Kleine-Levin syndrome -Hypersomnia included in other categories
due to medical or psychiatric disorder
-Idiopathic
-Delayed Sleep Phase Disorder
(DSPD)

-Internal (endogenous) abnormalities of the body’s
circadian rhythm (sleep/wake cycle)

-Night Eating Syndrome (NES)

-Entrained to 24 hours by external factors, specifically light
-Short-term circadian rhythm disturbance includes jet lag

Parasomnias:

-Chronic circadian rhythm disturbance exhibited in nightshift workers
-Disorders associate with sleep stages and partial arousal

NREM:

-Confusional arousals, sleepwalking,
Non-Rapid Eye Movement sleep terrors, and sleep-related eating
disorder (SRED)
Types (NREM)
REM:
Rapid Eye
Movement Types
(REM)
Sleep Related Movement
Disorders

REM sleep behavior disorder and
nightmare disorder
Other parasomnias include: sleep
enuresis, exploding head syndrome,
sleep-related hallucinations
-Restless leg syndrome,
-Periodic movement disorder
-Myoclonus, bruxism, and sleeprelated movements due to medical
condition or medicine

way for more effective treatment of a chronic, debilitating disease [19].
In this review, we highlight a frequently overlooked
etiology of pediatric obesity in clinical assessmentsleep disturbance and its causation to weight gain. We
emphasize pertinent findings on clinical history or examination along with routinely used screening tools for
sleep disturbances in children. Common sleep disturbances are summarized in Table 1 and Classification section; a more in-depth discussion (including screening,
evaluation, and treatment) of obstructive sleep apnea
(OSA), restless leg syndrome (RLS), delayed sleep phase
disorder (DSPD), sleep related eating disorder (SRED),
and night eating syndrome (NES) follows. A brief discussion of the associations between pediatric obesity and
pediatric sleep disorders concludes the paper.

Children and Sleep
The activity of sleep is life sustaining; it is estimated
that older children and adolescents spend up to 40% of
their day in sleep; younger children significantly more.
This complex activity is highly regulated to allow for
restorative functions of the body which include neuro-
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-Simple, repetitive movements during sleep
-Associated with dysesthesias or cramps

cognitive functioning, memory, mood stabilization, and
any number of neurobiologic and neuroendocrine functions. Sufficient, effective sleep is basic to the optimal
functioning for humans [20].
Conversely, chronic, insufficient sleep is related to
the consequences of the body not meeting this basic
need. These consequences range from mild (drowsiness, sluggishness) to more chronic debility (difficulty
maintaining wakefulness, lapses in attention, poor cognitive performance, and emotional instability); there
are a host of behavioral and cognitive conditions that
may result from chronic, insufficient sleep [21].
Sleep patterns and behaviors evolve in infancy, childhood, and adolescence just as many other physiological
and behavioral processes develop; intrinsic (physiological) and extrinsic (environment including parenting)
processes affect each child and their smooth progress
through optimal sleep development. It is through this
lens that “normal struggles” in managing sleep transitions from infancy to toddlerhood and progressing
through normal developmental stages is to be expected
and part of normal development; these struggles tend
to be transient. These normal struggles are in contrast
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to sleep disorders which tend to be chronic in nature;
children with chronic diseases are a higher risk for these
sleep disturbances [22].

Sleep/Obesity Association in Youth
Youth with the chronic disease of obesity are at particular risk for associated sleep disorders. The processes
that contribute to the association of obesity and sleep
disorders continue to be studied; a current theory is this
relationship involves metabolic and neuroendocrine/
hormonal physiology and is multifactorial. The association seems to be bidirectional [13,15,17]. The excess
accumulation of adiposity resulting in obesity is now
known to involve complex pathways with afferent and
efferent feedback and neurohormonal signaling to the
cognitive or emotional brain, affecting energy regulation
[23]. The perturbance in this intricate energy regulation
system driven by macro-environment, micro-environment, biological, behavioral, developmental, and/or
psychosocial factors may impact food intake and satiety
leading to weight gain [23]. The neuron cluster centers
controlling hunger (neuropeptide Y (NPY) and agouti-related peptide (AgRP)) and satiety (proopiomelanocortin
(POMC) and cocaine- and amphetamine-related transcript (CART)) lie in the arcuate nucleus of the hypothalamus and play a ‘ying-yang’ relationship where overall
energy homeostasis is determined by multiple variables
affecting either stimulation and/or inhibition of the two.
NPY/AgRP and POMC/CART are sensitive to the effects
of insulin and leptin. Neurons of the arcuate nucleus
project intrahypothalamically affecting neuroendocrine
circuitry whereas other types of neurons project to various regions of the hypothalamus. Gut hormones (i.e.
insulin, ghrelin, glucagon-like-peptide 1, PYY) cross the
median eminence to influence energy regulation [23]. In
particular, the suprachiasmatic nucleus regulates sleepwake cycles and disturbance in these 24-hour oscillation
patterns will influence appetite-regulating hormones.
Sleep curtailment has been intricately associated with
hormones controlling appetite and feeding behavior.
Sleep loss has been linked to increase in appetite in relation to the heightened wakefulness. Leptin, secreted predominantly by adipose tissue in response to satiety with
a peak between 22:00 and 03:00 hours during sleep in
healthy adults, is markedly decreased after sleep deprivation in human studies where subjects have been well-fed,
thus implicating a state of famine despite satiety. Ghrelin,
the hunger hormone secreted by the fundus of the stomach, typically is lowest during sleep, peaks pre-prandially,
and decreases after energy intake, has also been noted to
be elevated during episodes of sleep deprivation, leading
to increase in feeding behavior [15,19,24]. Sleep deprivation has also been linked to glucose intolerance and insulin resistance. Imbalance in sleep patterns influence the
autonomic nervous system, resulting in over-activation
of the sympathetic system that promotes insulin resistance and metabolic syndrome [25].
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A few studies in youth link sleep deprivation and
the development of metabolic syndrome components.
Weiss, et al. demonstrated a reduction of leptin levels
along with increased caloric consumption and slight increase in weight in a group of thirty-six 8-11 year-old
with sleep restriction [26]. Other studies found associations between sleep deprivation and higher glycemic
load diet, desire for sweets, and higher fasting and
post-prandial insulin levels [27-29].

Sleep Disturbance-Definition and Classification
The American Academy of Sleep Medicine’s International Classification of Sleep Disorders (ICSD) 3rd Edition
organizes sleep disorders into 7 categories: insomnia,
sleep-related breathing disorders (SLBD); central disorders of hypersomnolence; circadian rhythm sleep-wake
disorders; parasomnias, sleep-related movement disorders; and other sleep disorders [30]. A functional way to
classify these groups is (1) Insufficient sleep quantity, (2)
Poor sleep quality, (3) Inappropriate timing of the sleep
period, and (4) Primary disorders of excessive daytime
sleepiness [31,32]. Classification sub-types and characteristics of these sleep disorders are summarized in (Table 1)
[33-35].

General Screening and Assessment for Sleep
Disturbances in Children
The diagnostic process for sleep disturbances is similar to other medical problems: general assessment to
define most likely differential diagnoses followed by
focused history, evaluation, and physical examination
to identify specific diagnoses. Sleep disturbances frequently co-exist and often exacerbate each other. Different developmental stages may elicit different presenting scenarios within the same diagnostic category.
Assessment begins with a complete sleep history via
discussion with family (and patient as developmentally
appropriate) to determine areas of concern. Highlighting variability in sleep patterns will help guide screening, evaluation and ultimately the treatment plan.
Variability in tolerance of sleep disturbances may elicit
parental concerns that are very different to the clinician’s concerns. All will need to be addressed for the
parent-child-clinician triad to function optimally.
Several screening tools exist for pediatric sleep disorders; some tools are age-specific based on developmental age [31,36,37]. The BEARS screening tool organizes
questions around the categories of Bedtime problems,
Excessive daytime sleepiness, Awakenings during the
night, Regularity and duration of sleep, and Sleep-disordered breathing [31] Questions are available for preschool, school-age, and adolescent groups; questions
pertain to both child and parent. Other screening tools
used in adults (Epworth Sleepiness Scale; STOP-Bang
Sleep Apnea questionnaire) have been modified for older adolescents. The Epworth Sleepiness Scale for Children and Adolescents (ESS-CHAD) is validated to assess
• Page 3 of 8 •
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daytime sleepiness in adolescents 12-18 years [38]. The
STOP-Bang tool which stratifies risk of OSA in adults has
been modified for use in adolescents 9-17 years with
ongoing validation in process [39].
Sleep history includes information about sleep patterns, schedules, habits, and routines. Assessment of the
sleep environment provides insight into aspects of family dynamics and stressors which may need support to
ultimately achieve the primary goal of improved sleep.
A thorough family, medical, developmental, school (age
appropriate), cultural, and psychosocial history along
with behavioral assessment and physical examination
(with emphasis on neurologic and head/neck) yields
valuable information for discussion with the family; and
an excellent opportunity for education [31,40].
After a synthesis of information from the sleep history, the clinician and family decide on additional testing
as indicated to further define specific sleep disturbances. These may include sleep diaries, actigraphy, and
overnight polysomnography.

Sleep Disturbances and Relationship to Pediatric
Obesity
OSA (sleep related breathing disorder classification) is defined as repeated episodes of prolonged upper airway obstruction during sleep with continued or
increased respiratory effort; often results in hypoxia,
hypercapnia and fragmented sleep [15,41]. OSA is classified as a decrease in patency of the upper airway, increased collapsibility of upper airways, or decrease in
central ventilatory drive [14]. OSA etiologies include
medical conditions categorized as craniofacial syndromes, neurological disorders, and several miscellaneous syndromes (Choanal stenosis, Down syndrome,
subglottic stenosis, Prader-Willi syndrome, and obesity
for examples) that can lead to partial upper airway obstructions. The resultant hypercapnia, intermittent hypoxia, and fragmented sleep contribute to cardiovascular, metabolic, neurocognitive, and behavioral co-morbidities [13].
Evaluation of OSA includes a full sleep assessment
with particular emphasis on sleep habits, presence of
snoring or disrupted sleep, daytime sleepiness, hyperactivity, and audible pauses in breathing while sleeping. Clinical guidelines for evaluation of OSA in children
include those by the American Academy of Pediatrics,
American Academy of Sleep Medicine, and American
Academy of Otolaryngology-Head and Neck Surgery
[42]. All 3 recommendations guide the clinician through
the pediatric algorithm of diagnostic criteria. OSA is
graded in adults > 18 years of age as normal (Apnea/
Hypopnea Index (AHI) < 5.0), mild (AHI 5-15); moderate (AHI 15-30) and severe (AHI > 30) [15]. In children
and adolescents less than 18 years of age, OSA grading
is more stringent: mild (AHI 0-1.5); moderate (AHI 1.55.0); and severe (AHI > 5.0); treatment is recommended
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when AHI is greater than 5 [15]. Treatment options are
case specific but generally include tonsillectomy/adenoidectomy (T&A), positive airway pressure support,
oral appliances, pharmacologic therapy, positional therapy, and supplemental oxygen [43]. Weight loss may
be beneficial to children with elevated BMI percentiles;
33-76% of children with OSA and obesity will continue
to have a positive sleep study after T&A; a repeat sleep
study is encouraged postoperatively [36,44].

Delayed Sleep-Wake Phase Disorder
Delayed Sleep-Wake Phase Disorder (DSWPD) is a
circadian rhythm disorder characterized by a significant
and ongoing shift of an entire sleep/wake cycle; a shift
that interferes in daily routine, commitments (school),
daytime sleepiness, and frequently behavior problems
[45,46]. Often, sleep is normal if the segment of sleep
is not constricted by societal or environmental responsibilities or expectations. Often the patient reports an
inability to sleep prior to 2-3 am with a preference to
wake late morning. DSWPD may have a genetic predisposition. Onset of the disorder is typically in adolescents, affecting males more than females. After a thorough history and physical examination, evaluation consists of sleep logs, actigraphy, and secondary effects of
poor sleep. The goal of therapy is to shift and maintain
the sleep-wake cycle to earlier in evening and earlier in
morning. Possible therapies include optimizing sleep
hygiene which includes elimination of stimulants in evening; bright light therapy immediately after awakening,
a very gradual shift nightly to an earlier bedtime, and
possible medication therapy (melatonin) [46].

Night Eating Syndrome (NES)
Night Eating Syndrome is a delay in the circadian intake of food with at least 25% of daily food intake ingested during evening and/or night. Characteristics of
NES include 1) Morning anorexia; 2) Strong urge to eat
between dinner and bed and/or nighttime; 3) Insomnia
or delayed sleep onset > 4 times a week; 4) Belief one
must eat to be able to sleep; 5) Mood frequently depressed; may be worse in evening; 6) Awareness and recall of late night eating; and 7) Pattern has been present
for at least 3 months [47,48].
Prevalence of NES is 1.5% of general population; in
patients with obesity, the prevalence is 10-20%. There
is an increased risk of NES in adults with obesity, other
eating disorders, depression, anxiety, and emotional or
substance abuse [49]. Evaluation is performed using the
Night Eating Diagnostic Questionnaire (clinically useful
diagnostic categories) [50] and Night Eating Questionnaire provides severity scale [47]. Other etiologies for
presenting symptoms may include substance abuse,
medication, or undiagnosed medical or psychiatric disorder. Treatments may include anti-depressants, cognitive behavioral therapy, relaxation techniques, and trial
of melatonin [51-53].
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NES may be confused or concurrent with other eating disorders, particularly binge eating disorder (BED)
and sleep related eating disorder (SRED). Key areas of
difference include: patients with BED eat large amounts
of food in one sitting while patients with NES eat smaller
amounts throughout the night. NES is also associated
with nocturnal anxiety while BED is not. Distinctions between NES and SRED are related to timing and state of
consciousness during nocturnal eating.
There is scant research related to NES and obesity in
youth. Cleater, et al. reviewed the relationship of severe
obesity and NES in adults; they found a heterogeneity
of the development of NES in their subjects ranging
through childhood, adolescence, and adulthood [54].
Other researchers whose general study populations
ages ranged from 13-26 years found weak or no relationship between NES and obesity [55,56]. However,
Utzinger, et al. using data from the Teen Longitudinal
Assessment of Bariatric Surgery Consortium (242 youth,
ages 13-19 years), reported on eating disorders discovered in the study participants at preoperative baseline
[57]. 5% of the cohort tested positive for NES. Although
there are several limitations to the study, it suggests
that a subset of youth with the onset of severe obesity
at a young age also exhibit NES. More research is needed to examine this association and guide clinicians.

Sleep Related Eating Disorder (SRED)
Sleep Related Eating Disorder is classified as a parasomnia. Episodes of SRED typically occur in the first half
of the night and include: 1) Out of control eating; 2) Impaired consciousness while preparing/eating food with
little memory of these episodes the next morning; 3)
Eating high carbohydrate, high-fat, or odd combinations
of food; and 4) Not easily awakened or redirected during
the episode [48]. Prevalence is 5% in general population and 9-17% in patients with other eating disorders.
Age of onset typically late teens; 65% are female and
> 40% have diagnosis of overweight or obesity. While
the cause is unknown, SRED often occurs in adolescents
with history of sleepwalking or stress.
Diagnosis requires history and physical examination
to rule out any underlying causes, a review of sleep habits, sleep-wake pattern, and level of daytime sleepiness.
A sleep diary can be helpful; input from the patient and
other household members is important. A complete review of medications is done; primarily assess for zolpidem, triazolam, amitriptyline, olanzapine, and risperidone which have been associated with SRED. Patients
with SRED are at increased risk of developing other sleep
disorders including OSA, sleepwalking, narcolepsy, and
RLS. SRED is associated with a daytime eating disorder
(bulimia, anorexia), mental health disorders (anxiety
or depression), and sleep deprivation. Treatment of
SRED consists of optimizing sleep hygiene, eliminating
medications that may be triggers, treating other sleep
disorders, increased safety in the home environment
Srivastava et al. J Sleep Disord Manag 2018, 4:019
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to manage nocturnal episodes and pharmacotherapy
[48,58,59].

Restless Leg Syndrome (Willis-Ekbom disease)
Restless leg syndrome (RLS), a sleep related movement disorder, is a neurological, sensory condition characterized by overwhelming desire to move the legs; it
is often accompanied by unpleasant sensations (dysesthesias). These episodes usually occur during periods of
rest or inactivity; resuming activity appears to relieve
the symptoms to some degree. Symptoms tend to increase if the period of inactivity is prolonged. Children
with RLS often have difficulty falling asleep and delay in
bedtime activities [32].
RLS is a diagnosis of exclusion. In some patients,
iron levels are low and can be confirmed by obtaining
serum ferritin level. Often, EMG or muscle biopsies
are performed to rule out other neuromuscular disease. Treatment consists of maximizing sleep hygiene,
treating any iron anemia, avoiding stimulants (liquid or
medications), biofeedback, and other stress reduction
techniques. Medical therapy may include dopaminergic
agents, clonidine, neurontin and klonopin if symptom
relief is not achieved by non-medication techniques
[60,61].

Pediatric Obesity and Sleep Disturbances
The relationship between sleep disturbances and pediatric obesity seems to be bidirectional [13,15,16]. Several studies [6,12,13,15-18,24,62] and two meta-analyses [63,64] report an association between inadequate
sleep duration and elevated BMI percentiles (both
obese and severely obese ranges). Both sleep disturbances and obesity are associated with increased risk
of metabolic syndrome, Type 2 diabetes, dyslipidemia,
and insulin resistance [12,15,17,18,62,65-67]. Obesity
seems to increase the risk of sleep related breathing
disturbances in children and adolescents [13].
The presence of OSA and obesity may potentiate
each condition; also, the severity of each condition often is in parallel [15]. Other associated co-morbidities of
OSA and obesity in children include excessive daytime
sleepiness, poor quality of life, neurocognitive, behavioral and functional deficits [21], and cardiovascular
burden. OSA is often accompanied by inadequate, poor
quality sleep which is associated with increased risk of
obesity; poor sleep quality is consequently associated
with worsening obesity [6].
Beyond metabolic consequences resulting from pediatric obesity and sleep disorders in children, there are
associations between these conditions and cognition
and behavior. Spruyt & Gozel (2012) report multidirectional relationships studying weight, sleep-disordered
breathing (SDB) and cognitive processing in 351 children in a community cohort; cognitive functioning was
negatively affected by the presence of obesity and SDB
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[68]. While limitations of this and other studies [69-71]
suggest the need for further research, the interrelationships of these and related disorders should be addressed during the care of children with these chronic
conditions.

6. Cappuccio FP, Taggart FM, Kandala NB, Currie A, Peile
E, et al. (2008) Meta-analysis of short sleep duration and
obesity in children and adults. Sleep 31: 619-626.

Yet to be established is whether improvement in
sleep quality and duration have a positive impact on
weight reduction, quality of life, and obesity related cardiometabolic health in children and adolescents [13,16].
Future studies are needed to determine if particular
groups are more vulnerable to sleep disturbances thus
enabling the development of targeted treatment strategies [15].

8. Armitage R, Lee J, Bertram H, Hoffmann R (2013) A preliminary study of slow-wave EEG activity and insulin sensitivity
in adolescents. Sleep Med 14: 257-260.

Conclusion
Given the rise in obesity and severe obesity in children and adolescents, it becomes increasingly prudent
for primary care providers to screen for potential etiologies of weight gain. Though the causation of obesity is multifactorial, important elements of the history
and physical should encompass adequate assessment
of sleep disturbances, including sleep deprivation and
circadian rhythm perturbation which are common in
adolescents. As children and adolescents continue in
the developmental cycle towards adulthood, impaired
memory, cognition, and school performance may be reversible sequelae of chronic sleep disturbance. Disruptions in normal sleep patterns may result in weight gain,
metabolic syndrome, insulin resistance, and deteriorating cardiometabolic health, all ultimately contributing
to worsening obesity phenotype [15,16].
The evidence continues to grow regarding the negative impact of sleep disturbances upon weight and
cardiometabolic health in youth. Thus, a clear need
emerges to investigate if improvement in sleep quality
and duration have a positive impact on weight reduction, quality of life, and obesity related cardiometabolic
health in children and adolescents.

References
1. Skinner AC, Ravanbakht SN, Skelton JA, Perrin EM, Armstrong SC (2018) Prevalence of obesity and severe obesity
in US Children, 1999-2016. Pediatrics.
2. Buxton OM, Chang AM, Spilsbury JC, Bos T, Emsellem H,
et al. (2015) Sleep in the modern family: Protective family
routines for child and adolescent sleep. Sleep Health 1: 1527.
3. Sekine M, Yamagami T, Handa K, Saito T, Nanri S, et al.
(2002) A dose-response relationship between short sleeping hours and childhood obesity: Results of the Toyama
Birth Cohort Study. Child Care Health Dev 28: 163-170.
4. von Kries R, Toschke AM, Wurmser H, Sauerwald T, Koletzko B (2002) Reduced risk for overweight and obesity in
5- and 6-y-old children by duration of sleep--a cross-sectional study. Int J Obes Relat Metab Disord 26: 710-716.
5. Gupta NK, Mueller WH, Chan W, Meininger JC (2002) Is
obesity associated with poor sleep quality in adolescents?
Am J Hum Biol 14: 762-768.

Srivastava et al. J Sleep Disord Manag 2018, 4:019

7. Chen X, Beydoun MA, Wang Y (2008) Is sleep duration associated with childhood obesity? A systematic review and
meta-analysis. Obesity 16: 265-274.

9. Zhu Y, Li AM, Au CT, Kong AP, Zhang J, et al. (2015) Association between sleep architecture and glucose tolerance in
children and adolescents. J Diabetes 7: 10-15.
10. Koren D, Levitt Katz LE, Brar PC, Gallagher PR, Berkowitz
RI, et al. (2011) Sleep architecture and glucose and insulin homeostasis in obese adolescents. Diabetes Care 34:
2442-2447.
11. Koren D, Chirinos JA, Katz LE, Mohler ER, Gallagher PR,
et al. (2015) Interrelationships between obesity, obstructive
sleep apnea syndrome and cardiovascular risk in obese adolescents. Int J Obes 39: 1086-1093.
12. Koren D, Dumin M, Gozal D (2016) Role of sleep quality in
the metabolic syndrome. Diabetes Metab Syndr Obes 9:
281-310.
13. Hakim F, Kheirandish-Gozal L, Gozal D (2015) Obesity and
altered sleep: A pathway to metabolic derangements in
children? Semin Pediatr Neurol 22: 77-85.
14. Capdevila OS, Kheirandish-Gozal L, Dayyat E, Gozal D
(2007) Pediatric obstructive sleep apnea: Complications,
management, and long-term outcomes. Proc Am Thorac
Soc 5: 274-282.
15. Narang I, Mathew JL (2012) Childhood obesity and obstructive sleep apnea. J Nutr Metab 2012: 134202.
16. Koren D, Taveras EM (2018) Association of sleep disturbances with obesity, insulin resistance and the metaboiic
syndrome. Metabolism 84: 67-75.
17. Patinkin ZW, Feinn R, Santos M (2017) Metabolic consequences of obstructive sleep apnea in adolescents with
obesity: A systematic literature review and meta-analysis.
Child Obes 13: 102-110.
18. Isacco L, Roche J, Quinart S, Thivel D, Gillet V, et al. (2017)
Cardiometabolic risk is associated with the severity of
sleep-disordered breathing in children with obesity. Physiol
Behav 170: 62-67.
19. Arora T, Taheri S (2017) Is sleep education an effective
tool for sleep improvement and minimizing metabolic disturbance and obesity in adolescents? Sleep Med Rev 36:
3-12.
20. Mindell JA, Owens JA (2015) Sleep 101. In: Mindell JA,
Owens JA, A clinical guide to pediatric sleep: Diagnosis
and management of sleep problems. (3rd edn), Philadelphia: Lippincott Williams & Wilkins, 3-14.
21. Beebe DW (2016) Sleep problems as consequence, contributor, and comorbidity: Introduction to the special issue
on sleep, published in coordination with special issues in
clinical practice in pediatric psychology and journal of developmental and behavioral pediatrics. J Pediatr Psychol
41: 583-587.
22. Mindell JA, Owens JA (2015) Sleep in infancy, childhood,
and adolescence. In: Mindell JA, Owens JA, A clinical guide
to pediatric sleep: Diagnosis and management of sleep
problems. (3rd edn), Philadelphia: Lippincott Williams &
Wilkins, 15-36.

• Page 6 of 8 •

DOI: 10.23937/2572-4053.1510019

23. Srivastava G, Apovian CM (2018) Current pharmacotherapy for obesity. Nat Rev Endocrinol 14: 12-24.
24. Gileles-Hillel A, Kheirandish-Gozal L, Gozal D (2016) Biological plausibility linking sleep apnoea and metabolic dysfunction. Nat Reviews Endocrinol 12: 290-298.
25. Deng HB, Tam T, Zee BC, Chung RY, Su X, et al. (2017)
Short sleep duration increases metabolic impact in healthy
adults: A population-based cohort study. Sleep 40.
26. Weiss A, Xu F, Storfer-Isser A, Thomas A, Ievers-Landis
CE, et al. (2010) The association of sleep duration with
adolescents’ fat and carbohydrate consumption. Sleep 33:
1201-1209.
27. Beebe DW, Simon S, Summer S, Hemmer S, Strotman D,
et al. (2013) Dietary intake following experimentally restricted sleep in adolescents. Sleep 36: 827-834.
28. Simon SL, Field J, Miller LE, DiFrancesco M, Beebe DW
(2015) Sweet/dessert foods are more appealing to adolescents after sleep restriction. PLoS One 10: e0115434.
29. Klingenberg L, Chaput JP, Holmback U, Visby T, Jennum
P, et al. (2013) Acute sleep restriction reduces insulin sensitivity in adolescent boys. Sleep 36: 1085-1090.
30. Sateia MJ (2014) International classification of sleep disorders-third edition: Highlights and modifications. Chest 146:
1387-1394.
31. Mindell JA, Owens JA (2015) Evaluation of sleep disorders.
In: Mindell JA, Owens JA, A clinical guide to pediatric sleep:
Diagnosis and management of sleep problems. (3rd edn),
Philadelphia: Lippincott Williams & Wilkins, 37-47.
32. Hoban TF (2010) Sleep disorders in children. Ann N Y Acad
Sci 1184: 1-14.
33. Bruni O, Sette S, Angriman M, Baumgartner E, Selvaggini
L, et al. (2018) Clinically oriented subtyping of chronic insomnia of childhood. J Pediatr 196: 194-200.
34. Boivin DB, Boudreau P (2014) Impacts of shift work on
sleep and circadian rhythms. Pathol Biol (Paris) 62: 292301.
35. Mindell JA, Owens JA (2015) Disorders of arousal: Confusional arousals, sleepwalking, and sleep terrors. In: Mindell
JA, Owens JA, A clinical guide to pediatric sleep: Diagnosis
and management of sleep problems. (3rd edn), Philadelphia: Lippincott Williams & Wilkins, 102-114.
36. Shahid A, Shen J, Shapiro CM (2010) Measurements of
sleepiness and fatigue. J Psychosom Res 69: 81-89.
37. Shahid A, Wilkinson K, Marcu S, Shapiro CM (2011)
BEARS sleep screening tool. In: Shahid A, Wilkinson K,
Marcu S, Shapiro C, STOP, THAT and One Hundred Other
Sleep Scales. Springer, New York, NY.
38. Janssen KC, Phillipson S, O’Connor J, Johns MW (2017)
Validation of the epworth sleepiness scale for children and
adolescents using rasch analysis. Sleep Med 33: 30-35.
39. Combs D, Goodwin JL, Quan SF, Morgan WJ, Parthasarathy S (2015) Modified STOP-Bang tool for stratifying obstructive sleep apnea risk in adolescent children. PLoS One
10: e0142242.
40. Wing YK, Hui SH, Pak WM, Ho CK, Cheung A, et al. (2003)
A controlled study of sleep related disordered breathing in
obese children. Arch Dis Child 88: 1043-1047.
41. Anderson IF, Holm JC, Homoe P (2016) Obstructive sleep
apnea in obese children and adolescents, treatment methods and outcome of treatment-A systematic review. Int J
Pediatr Otorhinolaryngol 87: 190-197.

Srivastava et al. J Sleep Disord Manag 2018, 4:019

ISSN: 2572-4053

42. Mindell JA, Owens JA (2015) Sleep related breathing disorders and obstructive sleep apnea. In: Mindell JA, Owens
JA, A clinical guide to pediatric sleep: Diagnosis and management of sleep problems. (3rd edn), Philadelphia: Lippincott Williams & Wilkins, 128-152.
43. Marcus CL, Brooks LJ, Draper KA, Gozal D, Halbower AC, et
al. (2012) Diagnosis and management of childhood obstructive sleep apnea syndrome. Pediatrics 130: e714-e755.
44. Friedman M, Wilson M, Lin HC, Chang HW (2009) Updated
systematic review of tonsillectomy and adenoidectomy for
treatment of pediatric obstructive sleep apnea/hypopnea
syndrome. Otolaryngol Head Neck Surg 140: 800-808.
45. Mindell JA, Owens JA (2015) Circadian rhythm sleep-wake
disorders. In: Mindell JA, Owens JA, A clinical guide to pediatric sleep: Diagnosis and management of sleep problems.
(3rd edn), Philadelphia: Lippincott Williams & Wilkins, 189-199.
46. Auger RR, Burgess HJ, Emens JS, Deriy LV, Thomas SM,
et al. (2015) Clinical practice guideline for the treatment of
intrinsic circadian rhythm sleep-wake disorders: Advanced
sleep-wake phase disorder (aswpd), delayed sleep-wake
phase disorder (DSWPD), Non-24-Hour sleep-wake rhythm
disorder (n24swd), and irregular sleep-wake rhythm disorder (ISWRD). An update for 2015: An American Academy
of Sleep Medicine Clinical Practice Guideline. J Clin Sleep
Med 11: 1199-1236.
47. Allison KC, Lundgren JD, O’Reardon JP, Geliebter A, Gluck
ME, et al. (2010) Proposed diagnostic criteria for night eating syndrome. Int J Eat Disord 43: 241-247.
48. Howell MJ, Schenck CH, Crow SJ (2009) A review of nighttime eating disorders. Sleep Med Rev 13: 23-34.
49. McCuen-Wurst C, Ruggieri M, Allison KC (2018) Disordered eating and obesity: Associations between binge-eating disorder, night-eating syndrome, and weight-related
comorbidities. Ann N Y Acad Sci 1411: 96-105.
50. Nolan LJ, Geliebter A (2017) Validation of the Night eating
diagnostic questionnaire (NEDQ) and its relationship with
depression, sleep quality, “food addiction”, and body mass
index. Appetite 111: 86-95.
51. Allison KC, Tarves EP (2011) Treatment of night eating
syndrome. Psychiatr Clin North Am 34: 785-796.
52. Hymowitz G, Salwen J, Salis KL (2017) A mediational model
of obesity related disordered eating: The roles of childhood
emotional abuse and self-perception. Eat Behav 26: 27-32.
53. Pawlow LA, O’Neil PM, Malcolm RJ (2003) Night eating
syndrome: Effects of brief relaxation training on stress,
mood, hunger, and eating patterns. Int J Obes Relat Metab
Disord 27: 970-978.
54. Cleator J, Judd P, James M, Abbott J, Sutton CJ, et al.
(2014) Characteristics and perspectives of night-eating behaviour in a severely obese population. Clinical Obesity 4:
30-38.
55. Runfola CD, Allison KC, Hardy KK, Lock J, Peebles R
(2014) Prevalence and clinical significance of night eating
syndrome in university students. J Adolesc Health 55: 4148.
56. Striegel-Moore RH, Franko DL, Thompson D, Affenito S,
May A, et al. (2008) Exploring the typology of night eating
syndrome. Int J Eat Disord 41: 411-418.
57. Utzinger LM, Gowey MA, Zeller M, Jenkins TM, Engel SG,
et al. (2016) Loss of control eating and eating disorders in
adolescents before bariatric surgery. Int J Eat Disord 49:
947-952.

• Page 7 of 8 •

DOI: 10.23937/2572-4053.1510019

58. Auger RR (2006) Sleep-related eating disorders. Phychiatry 3: 64-70.
59. Brion A, Flamand M, Oudiette D, Voillery D, Golmard JL, et
al. (2012) Sleep-related eating disorder versus sleepwalking: A controlled study. Sleep Med 13: 1094-1101.
60. Allen RP, Picchitti DL, Garcia-Borrequero D, Ondo WG,
Walters AS, et al. (2014) Restless legs syndrome/Willis-Ekbom disease diagnostic criteria: Updated International
Restless Legs Syndrome Study Group (IRLSSG) consensus criteria-history, rationale, description, and significance.
Sleep Med 15: 860-873.
61. Simakajornboon N, Dye TJ, Walters AS (2015) Restless
legs syndrome/Willis-Ekborn disease and growing pains in
children and adolescents. Sleep Med Clin 10: 311-322.
62. Fatima Y, Doi SAR, Al Mamun A (2018) Sleep problems
in adolescence and overweight/obesity in young adults: Is
there a causal link? Sleep Health 4: 154-159.
63. Li L, Zhang S, Huang Y, Chen K (2017) Sleep duration and
obesity in children: A systematic review and meta-analysis
of prospective cohort studies. J Paediatr Child Health 53:
378-385.
64. Miller MA, Kruisbrink M, Wallace J, Ji C, Cappuccio FP
(2018) Sleep duration and incidence of obesity in infants,
children, and adolescents: A systematic review and meta-analysis of prospective studies. Sleep 41.

Srivastava et al. J Sleep Disord Manag 2018, 4:019

ISSN: 2572-4053

65. Dutil C, Chaput JP (2017) Inadequate sleep as a contributor to type 2 diabetes in children and adolescents. Nutr
Diabetes 7: e266.
66. Poroyko VA, Carreras A, Khalyfa A, Khalyfa AA, Leone V,
et al. (2016) Chronic sleep disruption alters gut microbiota,
induces systemic and adipose tissue inflammation and insulin resistance in mice. Sci Rep 6: 35405.
67. Iglayreger HB, Peterson MD, Liu D, Parker CA, Woolford
SJ, et al. (2014) Sleep duration predicts cardiometabolic
risk in obese adolescents. J Pediatr 164: 1085-1090.
68. Spruyt K, Gozal D (2012) A mediation model linking body
weight, cognition, and sleep-disordered breathing. Am J
Respir Crit Care Med 185: 199-205.
69. Gregory AM, Sadeh A (2012) Sleep, emotional and behavioral difficulties in children and adolescents. Sleep Med Rev
16: 129-136.
70. Maski KP, Kothare SV (2013) Sleep deprivation and neurobehavioral functioning in children. Int J Psychophysiol 89:
259-264.
71. Urbain C, Galer S, Van Bogaert P, Peigneux P (2013)
Pathophysiology of sleep-dependent memory consolidation
processes in children. Int J Psychophysiol 89: 273-283.

• Page 8 of 8 •

