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Abstract: Over the last few decades, numerous scientific studies have investigated the possible
association between sleep duration and adiposity during childhood, since it has been reported that
sleep deprivation causes a related increase in caloric intake. Even though the underlying pathogenetic
mechanisms are still under study and not completely known, the effect of dietetic habits and nutrient
intake on sleep quality and patterns has been reported. The aim of this study is to explore the
intricate interplay between food intake/diet patterns and pediatric sleep disturbances in children
and adolescents with obesity, emphasizing the importance of not underestimating this aspect in
the prevention and treatment of this complex disease. Recent evidence supports a high correlation
between specific diet patterns and foods with sleep disturbances in children at all ages. Diets rich in
fiber, fruit, vegetables, and anti-inflammatory nutrients and low in saturated fats seem to promote
better sleep quality. Sleep disturbances are, in turn, risk factors for the development of obesity.
Therefore, food strategies should be applied to counteract this harmful process. Unraveling the
complex links between dietary habits, sleep patterns, and obesity is essential for developing effective
strategies to combat this critical public health issue.
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1. Introduction

Childhood and adolescent obesity represent a serious and escalating global health
concern with continuous growth in their prevalence. The disease’s prevalence increased
from 0.7% to 5.6% for girls and from 0.9% to 7.8% for boys aged 5–19 from 1975 to 2016; in
recent years, with the impact of the COVID-19 pandemic, weight gain in children has further
increased [1,2]. Obesity is characterized by an abnormal accumulation of adipose tissue that
impairs health. The etiology of essential obesity is multifactorial, including unhealthy eating
patterns and a sedentary lifestyle, genetic and epigenetic influences, and environmental
factors, and the determinants of obesity act synergistically. As is already known, it is
associated with many multi-organ complications that, if not adequately recognized and
treated, persist into adulthood, leading to increased morbidity and mortality [3,4].

Over the past few decades, a plethora of scientific works have investigated the po-
tential connection between sleep duration and adiposity during childhood. This research
has been prompted by findings indicating that sleep deprivation is linked to a significant
increase in caloric intake [5]. However, underlying pathogenetic mechanisms are still under
study and are not completely known. Sleep not only has a restorative function but also
plays a central role in regulating metabolism, influencing appetite control, and affecting
immunological functions. Acknowledging the importance of sleep, reputable organizations
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such as the American Association of Pediatrics (AAP) and experts from the National Sleep
Foundation have released consensus recommendations outlining the appropriate daily
sleep duration for children in various age groups [6,7].

Among sleep disturbances, obstructive sleep apnea syndrome (OSAS) represents the
most common form of sleep disturbance in obesity, which consists of prolonged respiratory
pauses altering the child’s sleep patterns. Obesity also leads to hormonal imbalances,
particularly insulin resistance, which can disrupt sleep–wake cycles and the appetite–satiety
circuit. Key hormones, such as insulin, leptin, ghrelin, and cortisol, as well as orexins,
hypocretins, and melatonin, are believed to play a crucial role in the complex relationship
between sleep and obesity [8–10]. Additionally, the excess body fat present in children
with obesity often results in physical discomfort, including skeletal pain, and psychological
issues like poor self-esteem, anxiety, and depression, all of which can negatively impact their
sleep quality. Children with obesity or who are overweight often complain of insomnia,
with trouble falling asleep or staying asleep at night, leading to daytime sleepiness and
fatigue. These sleep-related issues, in turn, affect their attention and concentration, thus
influencing their school performance, behavior, and overall quality of life [11].

Sleep quality and patterns may be significantly influenced by dietetic habits and
nutrient intake. In particular, a high-protein meal or the excessive consumption of fatty
foods before bedtime or late-night snacking on sugary foods are related to poor-quality
sleep. In contrast, a meal containing healthy fats, such as omega-3, may have beneficial
effects on sleep. Furthermore, eating a well-balanced diet that includes a variety of nutrients,
like vitamins and minerals, found in fruits and vegetables, can help to improve one’s quality
of sleep and overall well-being [12,13].

Addressing the connection between childhood obesity and sleep issues requires a
holistic approach involving parents, pediatricians, and educators. The aim of this approach
is to promote healthy nutrition, encouraging physical activity and establishing hygiene
sleep practices through a regular sleep schedule and a comfortable sleep environment.
Ideally, understanding different features of sleep (duration, timing, and chronotype) may
contribute to developing new sleep-focused interventions to prevent obesity.

The aim of this study is to explore the intricate interplay between food intake/diet
patterns and pediatric sleep disturbances in children and adolescents with obesity. It
underscores the significance of recognizing and addressing this aspect in the prevention
and treatment of this complex disease. Practical implications and research directions are
included in the last section to provide a more comprehensive understanding.

2. Methods

We conducted a narrative review to explore the link between dietary patterns and
sleep disorders in pediatric populations with obesity. We conducted an extensive literature
search using the PubMed and Scopus databases, with the language restricted to English
only and including publications from the past 20 years.

We included all types of articles in our review: original research articles, reviews,
meta-analyses, case series, clinical practice guidelines, and commentaries, all pertaining to
children with obesity aged 1–18 years who experienced sleep disturbances, encompassing
disorders of initiating and maintaining sleep, disorders of excessive somnolence, disorders
of sleep–wake schedule, and dysfunctions associated with sleep, sleep stages, or partial
arousals (parasomnias or obstructive sleep apnea).

The list of keywords used and the number of articles found and analyzed for each
paragraph are summarized in Table 1. Starting from a total of 699 papers, the authors
revised the abstracts of the available literature (n = 313) and reviewed the full texts of
the relevant articles (n = 93; 64 original research articles, 11 meta-analyses, 15 reviews,
and 3 guidelines) which were analyzed to provide a critical discussion. Additionally, the
reference list of all articles was checked.
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Table 1. List of keywords and the number of articles found and analyzed for each paragraph.

Paragraph Keywords Total Number of
Articles Found

Relevant Articles (Fully
Read)

Sleep disturbances in
pediatric obesity

“pediatric obesity” AND
“sleep” OR “sleep

disorders” OR “sleep
apnea syndrome”

242 133 (36)

Diet and Sleep

“children” OR
“adolescents” AND

“sleep” AND “diet” OR
“food”

214 83 (25)

Food intake and sleep
disorders in children
and adolescents with

obesity

“pediatric obesity” AND
“food intake” AND
“sleep” OR “sleep

disorders”

243 97 (32)

In Figure 1, a diagram graphically showing the process of paper selection and exclusion
is reported.
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3. Sleep Disturbances and Their Connection to Pediatric Obesity
3.1. Sleep and Overall Well-Being

Sleep assumes a fundamental role in safeguarding our physical and mental well-
being, and its profound impact on the body’s intricate functions cannot be overstated.
The imperative functions included in sleep include the regulation of hormonal balance,
metabolism, and immune system activity, and the sustenance of our psychological and
cognitive faculties. This underscores the critical importance of sleep in maintaining overall
health and improving quality of life [10].

Recognizing the paramount importance of sleep, the AAP has issued comprehensive
guidelines regarding the recommended daily sleep durations for children of various age
groups [7]. According to the AAP, children aged 3–5 years, 6–12 years, and those older than
12 years should target 10–13 h, 9–12 h, and 8–10 h of sleep, respectively, including naps [7].
It is worth noting that sleep requirements can slightly vary during different developmental
stages in children and adolescents. Interestingly, while the AAP provides these guidelines,
experts from the National Sleep Foundation offer slightly differing recommendations. They
propose 9–10 h of sleep per night for children aged 6–13 and suggest that adolescents aged
14–17 aim for 8–10 h of sleep [6]. These variations emphasize the nuanced nature of sleep
needs, taking into account factors like age and individual biological and physiological
differences, including sex and gender differences. Indeed, as Mallampalli et al. [14] have
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reported, sex chromosomes and the gonadal hormones are the primary contributors to
variances at the cellular, organ, and systemic levels between females and males. Addi-
tionally, a combination of environmental, cultural, social, and biological factors influences
gender differences. These guidelines recognize the variations in sleep needs during dif-
ferent developmental stages, ensuring that children receive the adequate amount of sleep
necessary for their physical and cognitive growth [7].

In the field of sleep research and evaluation, a structured sleep framework includes
four basic dimensions [15]: sleep duration, sleep quality, sleep efficiency, and sleep timing.

“Sleep duration” quantifies the amount or length of time spent asleep. This dimension
is critically important because it underlies our holistic well-being: adequate sleep duration
is essential for maintaining overall health and vitality.

“Sleep quality” can be objectively assessed by examining the architecture of sleep, in-
cluding the adequacy of time spent in different sleep–wake cycles, or subjectively evaluated
based on one’s satisfaction with sleep or perceived sleep-related issues. It also serves as a
multidimensional tool, allowing us to measure both quantitative and qualitative aspects of
our sleep.

“Sleep efficiency” measures sleep continuity, taking into consideration the ease of initiat-
ing sleep (sleep latency) and maintaining it (minimizing wake episodes). Alternatively, it can
be represented as the percentage of sleep time achieved between going to bed and waking up.
This dimension plays a key role in determining how restorative our sleep really is.

Finally, “sleep timing” concerns the temporal aspects of our sleep patterns. It involves
determining the specific times at which we go to bed and wake up in a 24-h cycle. These
times may vary according to individual preferences and daily obligations. The crucial aspect
is to align sleep times with natural circadian rhythms and the demands of daily routine.
Doing so maximizes the benefits derived from the restorative nature of our sleep [15].

The comprehension and assessment of sleep through the delineated dimensions,
including duration, quality, efficiency, and timing, equip individuals with insights into
optimizing their sleep patterns for the betterment of their overall well-being.

3.2. Determinants in Disordered Sleep and Obesity

Numerous studies have highlighted the adverse impact of sleep deprivation on both
mental and physical health. It can impair cognitive functions, disrupt hunger regulation,
weaken the immune system, and contribute to metabolic disorders.

Epidemiological studies consistently show that insufficient sleep, typically defined as
6 to 7 h per night, is associated with a higher risk of metabolic and cardiovascular diseases,
including obesity [16–19].

Sleep disorders have emerged as a modifiable lifestyle factor linked to an increased
risk of obesity, especially in children. While establishing causation remains challenging,
the existing literature highlights significant correlations involved in this link. Indeed,
various aspects of sleep patterns are correlated with factors that influence obesity risk,
including appetite and hunger control, hormones, physical activity, and genetic factors.
These connections suggest that the relationship between sleep and obesity may be mediated
through the regulation of these factors [20–22].

The lateral hypothalamic area and related endocrine function are crucially involved in
motivated behaviors and regulate the sleep–wake cycle, food intake, and energy balance.
It houses neurons that produce hypocretin, which influences sleep, appetite, and energy
metabolism. When glucose levels decrease, hypocretin neurons become active, increasing
food intake. Conversely, rising leptin levels inhibit these neurons, reducing food intake.
Sleep deprivation can enhance hypocretin activity, leading to increased wakefulness and ap-
petite. These neurons boost alertness and physical activity while reducing sleep, and sleep
deprivation weakens their ability to promote physical activity and energy expenditure [10].

Research among adults indicates that sleep deprivation can influence hormones reg-
ulating appetite, potentially reducing leptin levels and increasing ghrelin concentrations,
leading to heightened hunger sensations [23]. Furthermore, one study, the Kiel Obesity
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Prevention Study, observed elevated leptin levels in girls with sleep restriction, suggesting
that chronic sleep loss may lead to future metabolic alterations [24]. Controlled exper-
iments have demonstrated that repeated episodes of partial sleep deprivation (4 h in
bed) can trigger hormonal changes, including notable shifts in leptin, ghrelin, and the
hypothalamic–pituitary–adrenal axis, potentially compromising glucose tolerance and
increasing autonomic activity [25]. Following a “recovery” sleep period with ample rest
(12 h in bed), various metabolic and endocrine parameters appear to return to a more
favorable functional state [25].

Kim et al. linked compromised sleep quality and disrupted sleep cycles to insulin
resistance, disturbances in appetite hormones like leptin and ghrelin, reduced melatonin
levels, and metabolic issues. Studies on sleep restriction in adults have shown that changes
in hormones, particularly leptin, can lead to increased calorie intake, impacting weight
outcomes [26]. Furthermore, disturbances in melatonin levels have been linked to feelings
of daytime drowsiness, reducing physical activity levels and increasing the risk of obesity
during both childhood and adulthood [27,28].

Inadequate or fragmented sleep can also affect glucose metabolism and the secretion
of hormones such as growth hormone, prolactin, glucocorticoids, catecholamines, and
testosterone [10,29–31].

Dietetic habits may have an impact on sleep quality [32,33], resulting from unhealthy
fluctuations in sleep-related hormones. The high consumption of processed and sugary
foods can lead to increased insulin and leptin levels, potentially disrupting behavioral and
circadian cycles, resulting in irregular sleep–wake patterns [34]. High-carbohydrate intake
may also stimulate ghrelin, which plays a role in sleep and appetite quality [35].

Nutrient intake may also influence sleep via the regulation of serotonin and mela-
tonin synthesis [36]. Tryptophan is an essential amino acid and precursor of serotonin and
melatonin, which are related to sleep and alertness. Therefore, foods that interfere with
tryptophan availability and serotonin/melatonin synthesis may impair sleep regulation [36].

Physical activity is considered as an additional determinant involved in the compli-
cated diet–sleep–obesity nexus [8]. Irregular sleep patterns and inadequate sleep duration
can disrupt daily physical activity levels, promoting sedentary behavior and elevating the
risk of obesity. Irregular sleep and insufficient nocturnal sleep can disrupt daily activity
rhythms, increase fatigue, hinder physical activity engagement, and foster a sedentary
lifestyle, further elevating the risk of obesity [37].

Reduced sleep duration has been linked to heightened inactivity, as the weariness
stemming from insufficient sleep amplifies sluggishness and impacts an individual’s overall
emotional state [38–40]. Additionally, quicker sleep onset has been observed in children
engaging in higher levels of physical activity throughout the day [41]. It is logical to
contemplate that sleep deficiency and the resulting fatigue could influence physical activity
levels in children. Nevertheless, there is limited empirical proof to suggest that disrupted
sleep has an effect on any facet of energy expenditure [42].

Furthermore, genetic factors significantly influence both obesity and sleep
duration [43,44].

Finally, sustained sleep disruption in childhood can trigger inflammatory responses
similar to those related to obesity [45]. The two disorders may amplify each other and act
synergistically, increasing the severity of their respective adverse consequences [46].

4. Sleep Disorders in Children and Adolescents with Obesity

Childhood obesity and inadequate sleep have a reciprocal relationship. Shortened
sleep duration is a risk factor for developing and sustaining childhood obesity. A higher
prevalence of sleep disorders, including breathing disorders related to sleep such as
OSAS [47,48], has also been described.
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4.1. Sleep Deprivation in Pediatric Obesity

Numerous epidemiological studies have scrutinized the correlation between sleep
duration, predominantly nocturnal sleep, and weight status in children and adolescents.
While these investigations cannot establish direct causation, they provide pivotal insights
into the role of sleep in the ongoing obesity epidemic.

Dimensions of sleep, such as sleep quality, efficiency, and timing, can also indepen-
dently influence the sleep–obesity association, though there is comparatively less research
on them [15].

Snell et al. [49] discovered that for each additional hour of sleep obtained during
childhood (between the ages of 3 and 12), there was a 0.75 kg/m2 decrease in caregiver-
reported BMI at a later time (when the children were between 8 and 18 years old). Similarly,
Touchette et al. [50] identified that children who consistently slept very little between
the ages of 2.5 and 6 were 2.9 times more likely to present with overweight status or
obesity compared to children who consistently slept 11 or more hours per night, even after
accounting for potential confounding factors.

Each additional hour of sleep obtained during childhood (on average, between
ages 5 and 11) corresponded to a 35 percent reduced risk of obesity at age 32 [24].

Multiple scientific studies have also shown that increased sleep duration is associated
with reduced body fat. For instance, 7-year-olds who slept 9 or more hours per night had
3.34 percent lower body fat (compared to those who slept less than 9 h per night) [51], with
gender-specific differences in some instances. Reduced sleep duration (<8 h per night)
was negatively associated with total body fat and truncal fat, but positively associated
with lean mass percent only in girls [52]. Moreover, a significant association between
sleep duration and waist circumference was observed exclusively in girls in this study [52].
In contrast, reduced sleep duration was linked to increased free fat mass in both sexes,
but differences in body fat percentage were observed mainly in girls [53]. Additionally,
when evaluating waist circumference values, only girls who had shorter sleep durations
exhibited significantly larger waist circumferences; on the contrary, a longer sleep duration
was associated with reduced waist circumference only in boys [54].

Bedtime seems to be a crucial factor influencing weight status among school children.
There is stronger evidence indicating that later bedtimes are associated with increased
weight status compared to later wake times. This observation may be primarily attributed
to the widespread adherence to a fixed school routine, which tends to regulate morning
wake times, while bedtime routines tend to vary more among individuals within this target
population [55,56].

Studies suggest considering the bedtime and sleep midpoint, apart from sleep duration,
in the sleep–obesity link due to negative behaviors associated with delayed sleep [57–60],
such as the widespread use of electronic devices like tablets, mobile phones, computers,
and television. The blue light emitted by electronic devices, particularly when used at
night, can lead to a decrease in melatonin release and consequently delay the initiation of
sleep. This disruption in the sleep–wake cycle may ultimately contribute to disturbances in
circadian rhythm [37].

As a result, delayed sleep timing not only reduces the duration of restorative sleep but
also provides more time for behaviors that contribute to obesity [58,61].

According to Bagley et al. [62], the length of wake episodes seems to have more
influence on BMI than the number of episodes. Indeed, short episodes also represent an
opportunity for bedtime snacking [62].

As described, a later bedtime has been positively associated with an increased risk of
overweight status or obesity, whereas no significant association has been found between
the time of waking up and the risk of obesity [63]. However, an increased sleep duration
during weekends (school terms) and vacations alone is partly sufficient to mitigate the risk
of obesity in children [25].
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4.2. Sleep-Disordered Breathing in Pediatric Obesity

Children and adolescents who are overweight or obese are more affected by breathing
disorders related to sleep than their peers [47,48]. Indeed, the prevalence of breathing
disorders is 33% to 61% in obese youths in contrast to 1% to 3% in the general pediatric
population [64,65].

Sleep-disordered breathing (SDB) refers to a group of disorders characterized by
abnormalities of respiration or ventilation during sleep. It encompasses OSAS, the most
common in children with obesity, central sleep apnea (CSA) syndromes, sleep-related
hypoventilation, and sleep-related hypoxemia disorders [66].

OSAS, mainly caused by enlarged tonsils and adenoids but also exacerbated by obesity,
is considered one of the most severe co-morbidities associated with childhood obesity. There
is a significant correlation between OSAS and markers of metabolic syndrome (insulin
resistance, dyslipidemia, and higher leptin levels), as well as a strong relationship between
visceral adiposity and OSAS independent of BMI [67]. Indeed, two mechanisms have
emerged explaining the correlation between obesity and OSAS: the increased presence of
fat at the level of the pharyngeal soft tissue reducing the caliber of the lumen, and excessive
fat in the thoracic and abdominal walls reducing respiratory function [68].

OSAS involves upper airway blockages during sleep, leading to reduced oxygen
levels and episodes of elevated carbon dioxide levels, followed by awakenings and rapid
reoxygenation. Frequent apneas disrupt sleep, causing shifts from deep sleep to lighter
stages or even wakefulness [69,70].

Research has shown that children with obesity often exhibit a connection between
reduced rapid eye movement (REM) sleep, shorter overall sleep duration, and OSAS.
Additionally, REM sleep is linked to variations in the appetite-regulating hormone leptin
while sleeping. There is a hypothesis that shorter REM sleep might lead to heightened
appetite due to elevated leptin levels [71,72].

Children with obesity exhibited notably higher occurrences of SBD, such as obstructive
apneas, hypopneas, and episodes of oxygen desaturation per hour of sleep when compared
to their peers of normal weight [73].

In the literature, the association between SDB and insulin resistance is well-documented,
and it is attributed to various mechanisms [64,74,75]. First of all, sympathetic overactivity,
due to intermittent hypoxia and sleep fragmentation, leads to the release of catecholamines,
decreased glucose absorption by insulin, and insulin resistance. Additionally, SDB-related
factors such as intermittent hypoxia can promote gluconeogenesis and disrupt glucose-
induced pancreatic β-cell function, further contributing to insulin resistance [64,74,75].

Therefore, the combination of SDB and pediatric obesity contributes to systemic
inflammation and elevates the risk of cardiovascular and metabolic diseases [76,77].

Since sleep-disordered breathing in children with obesity often goes unnoticed by
parents, the assessment of childhood obesity should routinely include screening for sleep
disorders with the use of polysomnography. Indeed, it is crucial to emphasize the signifi-
cance of addressing SDB, particularly in obese adolescents, in order to reduce its adverse
effects on cardiometabolic health.

5. Dietary Patterns and Sleep Disorders in Pediatric Obesity

The relationship between sleep quality and dietary preferences is a critical aspect of
this discussion.

While the impact of sleep duration and quality on obesity in children has been well
explored in the literature, less information is available regarding the effects of diet on sleep.
Indeed, recent studies suggest the presence of a causative correlation between specific
dietary patterns and sleep [13].

Not only the quantity but also the quality of macronutrients might play a role in the
pathogenesis of sleep disorders in children with obesity. Indeed, it seems to worsen sleep
quality [78]. Furthermore, a higher consumption of saturated fats has been shown to have
a more negative effect on sleep than the higher consumption of polyunsaturated fats [74].
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The intake of macronutrients plays a pivotal role in the diet–sleep connection. Inade-
quate sleep may lead to the consumption of foods of lower nutritional quality, characterized
by higher fat content [78], more processing, a higher simple–complex carbohydrate intake
proportion, and an elevated glycemic index [37].

It has been demonstrated that the total duration of sleep and the duration of slow wave
sleep (SWS) and REM sleep, registered by polysomnography, are shorter in consumers of
high-fat and high-carbohydrate diets [79–82]. High snack consumption and low protein
intake have also been associated with short sleep [83,84].

Remarkably, low protein intake (<16% of total energy intake) has been associated with
difficulties in initiating sleep, while high protein intake (>19% of total energy intake) may
lead to difficulties in maintaining sleep [37]. Sugary foods show a negative association with
sleep quality, and reduced sleep hours are related to the increased consumption of sugary
beverages and sweets in general [37].

Beverage consumption may represent another determinant of poor sleep duration,
both as a source of added sugars [85] and because regular energy drink consumption is an
independent risk factor for insufficient sleep, as recently demonstrated in a group of 1287
adolescent students in Belgrade [86].

In addition, the later timing of meals seems to contribute to later bedtimes and shorter
sleep durations in children [87].

As reported, maintaining an early bedtime routine is linked to improved diet quality,
characterized by higher fruit and vegetable consumption [88]. Conversely, individuals
who habitually go to bed late tend to consume a higher quantity of poor-quality foods.
In the context of the Kiel Obesity Prevention Study, the researchers identified a clear
trend. Children with shorter sleep durations (less than 9 h per night) exhibited a greater
inclination towards the increased consumption of fast food and soft drinks [53]. Food-
insecure children grappling with sleep difficulties showed heightened intake of soft drinks,
emphasizing the intricate interplay between dietary patterns and sleep challenges [89]. Na
et al. [90] added further depth to this connection, revealing that food insecurity was closely
associated with compromised sleep quality. The investigations conducted by Jong et al. [91]
delved into determinants of short sleep duration, uncovering age- and gender-dependent
eating habits that contribute to this issue. In a general sense, the consumption of sugary
foods, the absence of a consistent eating routine, and the habit of watching TV during
meals were linked to shorter sleep durations. A notable 2.6-fold increase in the risk of
sleep disturbances and a subsequent impact on sleep quality is associated with nighttime
consumption of stimulant beverages, such as chocolate milk, soft drinks, coffee, and black
tea [92]. Furthermore, individuals experiencing more daytime sleep and less nighttime
sleep reported stronger food cravings [93]. A noteworthy connection between shorter sleep
durations and the heightened consumption of energy-dense foods, including items like
pizza and pasta and those containing refined sugars, was also uncovered. This relationship
was particularly pronounced in boys and during weekdays [94].

The structure of family meals may also influence sleep habits; eating at fast food
restaurants or in front of the TV was associated with poorer sleep quality [95].

Dietary habits may have different effects depending on age. Some studies have
explored the association between dietary patterns and sleep in different age groups, with
regard to school-aged children in particular.

The literature data support the association between total energy intake with the risk
of developing sleep breathing disorders and sleep–wake transition disorders [12]. It is still
unknown as to whether the time of the consumption of the last meal may contribute to
worsened sleep duration and quality [12,96]. Moreover, shorter sleep duration in children
aged 7 to 11 has been associated with the higher consumption of fast foods and sweet
processed snacks [38,94,97,98]. Additionally shorter overnight sleep duration in 6–9-year-
old girls [53,99] and 6–13-year-old boys [53] was associated with the higher intake of
soda regardless of its caffeine content. In adolescence, shorter sleep duration and greater
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variability in night-to-night sleep duration were found to be related to the increased intake
of soda [97,100].

Ramírez-Contreras et al. [101] showed that short sleep duration and greater sleep
disturbances are significantly related to what and how school-aged children eat. In fact,
they found that the daily consumption of sweets and candy as well as eating pasta or
rice five or more times per week were two dietary habits associated with shorter sleep
duration. Furthermore, they observed that later sleep–wake schedules were significant
predictors of poor diet quality. In particular, in their study, subjects with a later sleep
pattern were more prone to skipping breakfast. Although children with a late bedtime
usually prefer to skip breakfast for extra sleep time [102], this behavior should not be
encouraged, given the known association between breakfast skipping, obesity, and poor
sleep quality [102–104]. Finally, this study supported the association between short sleep
duration, sleep disturbances, and higher BMI in children [101].

Regarding pre-school-aged children, available data on the link between diet and sleep
are scarce but in line with reports on the school-aged population. Greater social jet lag (the
difference between the weekday and weekend mid-sleep point) in children aged 3–5 has
been associated with the higher consumption of fried, processed foods [33]. Furthermore,
a longitudinal study suggested a correlation between shorter sleep durations (<10 h) at
2, 3, and 5 years of age with the more frequent consumption of processed and fast foods
at age 2 [105]. An high intake of healthy foods does not seem to guarantee higher sleep
quality itself, but rather, the more frequent consumption of fast food and soda resulted
more strongly in issues related to poorer sleep outcomes [85]. Interestingly, parenting
factors, such as using more relaxed discipline strategies, do not seem to influence sleep
quality directly but could impair dietary habits. Therefore, caregivers should be educated to
encourage healthier dietary choices in order to contribute to better sleep quality in children.
Further studies are needed to understand the association between the timing of meals or
consistency in household schedules and sleep duration and quality [85].

Focusing on diet and sleep in children in their early life, it has been showed that
children with high soft drink, snack, and fast food intake had increased odds of inadequate
sleep and frequent night waking [106]. High dairy intake was also associated with night
waking. Moderate and high vegetable intake and moderate meat, meat alternatives, or egg
intake were associated with decreased odds of frequent night waking [106]. In line with
the study by Holmes et al. [85], parents’ use of food to soothe children in distress was also
demonstrated to impact dietary intake and sleep [107]. Regarding maternal diet, maternal
alcohol consumption before and 9 months after birth was associated with decreased odds
of night waking and inadequate sleep, respectively, suggesting that early alcohol exposure
may impact sleep patterns in the long term [106].

Although further studies are needed to confirm the ability of certain foods and food
patterns to improve sleep, on the basis of the scientific evidence available, some possible
nutritional advice for children with obesity and sleep disturbances could be to reduce
sugar and fat intake and ensure adequate daily intake of proteins rich in tryptophan, fibers,
melatonin-rich foods, and foods rich in folate and antioxidants. In addition to folate, other
B vitamins, such as vitamin B12, could also affect sleep quality [108–110]. In general, diets
rich in fiber, fruit, vegetables, and anti-inflammatory nutrients and lower in saturated fats
(e.g., the Mediterranean diet) seem to promote better sleep quality [78].

6. Conclusions

The connection between food consumption, sleep disorders, and obesity in children
and adolescents is multifaceted and intricate (Figure 2).

Diets rich in fiber, fruit, vegetables, and anti-inflammatory nutrients and lower in
saturated fats seem to promote better sleep quality. Sleep disturbances are in turn risk
factors for the development of obesity. Biological, psychological, and physiological factors
may underlie the association between dietary habits, sleep patterns, and obesity.
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The implications of the diet–sleep–obesity relationship for healthcare professionals
are profound. Physicians, psychologists, and dietitians must recognize the potential impact
of sleep disturbances and dietary choices on the health of children and adolescents with
obesity. Early identification and intervention are crucial for promoting healthier eating
habits and sleep patterns [63].
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Improving sleep quality may serve as an alternative strategy to prevent and reduce
pediatric obesity by promoting healthier food choices [37].

Future research should delve deeper into this intricate relationship, employing larger
sample sizes and objective measures of sleep and food consumption to gain a more com-
prehensive understanding of this association [37].
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8. Felső, R.; Lohner, S.; Hollódy, K.; Erhardt, É.; Molnár, D. Relationship between Sleep Duration and Childhood Obesity: Systematic
Review Including the Potential Underlying Mechanisms. Nutr. Metab. Cardiovasc. Dis. 2017, 27, 751–761. [CrossRef]

9. Hart, C.N.; Carskadon, M.A.; Considine, R.V.; Fava, J.L.; Lawton, J.; Raynor, H.A.; Jelalian, E.; Owens, J.; Wing, R. Changes in
Children’s Sleep Duration on Food Intake, Weight, and Leptin. Pediatrics 2013, 132, e1473–e1480. [CrossRef]

10. Bonanno, L.; Metro, D.; Papa, M.; Finzi, G.; Maviglia, A.; Sottile, F.; Corallo, F.; Manasseri, L. Assessment of Sleep and Obesity in
Adults and Children: Observational Study. Medicine 2019, 98, e17642. [CrossRef]

11. Kumar, S.; Kelly, A.S. Review of Childhood Obesity. Mayo Clin. Proc. 2017, 92, 251–265. [CrossRef] [PubMed]
12. Zarpellon, R.S.M.; Vilela, D.R.M.; Louzada, F.M.; Radominski, D.R.B.; Crippa, D.A.C.d.S. Association of Food Intake with Sleep

Disorders in Children and Adolescents with Obesity. Sleep Med. X 2022, 4, 100053. [CrossRef]
13. St-Onge, M.-P.; Mikic, A.; Pietrolungo, C.E. Effects of Diet on Sleep Quality. Adv. Nutr. 2016, 7, 938–949. [CrossRef] [PubMed]
14. Mallampalli, M.P.; Carter, C.L. Exploring Sex and Gender Differences in Sleep Health: A Society for Women’s Health Research

Report. J. Womens Health 2014, 23, 553–562. [CrossRef]
15. Morrissey, B.; Taveras, E.; Allender, S.; Strugnell, C. Sleep and Obesity among Children: A Systematic Review of Multiple Sleep

Dimensions. Pediatr. Obes. 2020, 15, e12619. [CrossRef] [PubMed]
16. Taheri, S. The Link between Short Sleep Duration and Obesity: We Should Recommend More Sleep to Prevent Obesity. Arch. Dis.

Child. 2006, 91, 881–884. [CrossRef]
17. Holliday, E.G.; Magee, C.A.; Kritharides, L.; Banks, E.; Attia, J. Short Sleep Duration Is Associated with Risk of Future Diabetes

but Not Cardiovascular Disease: A Prospective Study and Meta-Analysis. PLoS ONE 2013, 8, e82305. [CrossRef]
18. Sabanayagam, C.; Shankar, A. Sleep Duration and Cardiovascular Disease: Results from the National Health Interview Survey.

Sleep 2010, 33, 1037–1042. [CrossRef]
19. Grandner, M.A.; Hale, L.; Moore, M.; Patel, N.P. Mortality Associated with Short Sleep Duration: The Evidence, the Possible

Mechanisms, and the Future. Sleep Med. Rev. 2010, 14, 191–203. [CrossRef]
20. Van Cauter, E.; Knutson, K.L. Sleep and the Epidemic of Obesity in Children and Adults. Eur. J. Endocrinol. 2008, 159, S59–S66. [CrossRef]
21. Garaulet, M.; Ortega, F.B.; Ruiz, J.R.; Rey-López, J.P.; Béghin, L.; Manios, Y.; Cuenca-García, M.; Plada, M.; Diethelm, K.;

Kafatos, A.; et al. Short Sleep Duration Is Associated with Increased Obesity Markers in European Adolescents: Effect of Physical
Activity and Dietary Habits. The HELENA Study. Int. J. Obes. 2011, 35, 1308–1317. [CrossRef]

22. Patel, S.R.; Hu, F.B. Short Sleep Duration and Weight Gain: A Systematic Review. Obesity 2008, 16, 643–653. [CrossRef]
23. Spiegel, K.; Tasali, E.; Penev, P.; Van Cauter, E. Brief Communication: Sleep Curtailment in Healthy Young Men Is Associated with

Decreased Leptin Levels, Elevated Ghrelin Levels, and Increased Hunger and Appetite. Ann. Intern. Med. 2004, 141, 846–850.
[CrossRef] [PubMed]

24. Landhuis, C.E.; Poulton, R.; Welch, D.; Hancox, R.J. Childhood Sleep Time and Long-Term Risk for Obesity: A 32-Year Prospective
Birth Cohort Study. Pediatrics 2008, 122, 955–960. [CrossRef]

25. Wing, Y.K.; Li, S.X.; Li, A.M.; Zhang, J.; Kong, A.P.S. The Effect of Weekend and Holiday Sleep Compensation on Childhood
Overweight and Obesity. Pediatrics 2009, 124, e994–e1000. [CrossRef]

26. Kim, T.W.; Jeong, J.-H.; Hong, S.-C. The Impact of Sleep and Circadian Disturbance on Hormones and Metabolism. Int. J.
Endocrinol. 2015, 2015, 591729. [CrossRef] [PubMed]

27. Chasens, E.R.; Sereika, S.M.; Weaver, T.E.; Umlauf, M.G. Daytime Sleepiness, Exercise, and Physical Function in Older Adults.
J. Sleep Res. 2007, 16, 60–65. [CrossRef] [PubMed]

28. Gaina, A.; Sekine, M.; Hamanishi, S.; Chen, X.; Wang, H.; Yamagami, T.; Kagamimori, S. Daytime Sleepiness and Associated
Factors in Japanese School Children. J. Pediatr. 2007, 151, 518–522.e4. [CrossRef]

29. Spiegel, K.; Leproult, R.; Colecchia, E.F.; L’Hermite-Balériaux, M.; Nie, Z.; Copinschi, G.; Van Cauter, E. Adaptation of the 24-h
Growth Hormone Profile to a State of Sleep Debt. Am. J. Physiol. Regul. Integr. Comp. Physiol. 2000, 279, R874–R883. [CrossRef]

30. Spiegel, K.; Leproult, R.; Van Cauter, E. Impact of sleep debt on physiological rhythms. Rev. Neurol. 2003, 159, 6S11-20. [PubMed]
31. Penev, P.; Spiegel, K.; L’Hermite-Balériaux, M.; Schneider, R.; Van Cauter, E. Relationship between REM Sleep and Testosterone

Secretion in Older Men. Ann. Endocrinol. 2003, 64, 157.
32. Dashti, H.S.; Follis, J.L.; Smith, C.E.; Tanaka, T.; Cade, B.E.; Gottlieb, D.J.; Hruby, A.; Jacques, P.F.; Lamon-Fava, S.;

Richardson, K.; et al. Habitual Sleep Duration Is Associated with BMI and Macronutrient Intake and May Be Modified by CLOCK
Genetic Variants. Am. J. Clin. Nutr. 2015, 101, 135–143. [CrossRef]

33. Jansen, E.C.; Peterson, K.E.; Lumeng, J.C.; Kaciroti, N.; LeBourgeois, M.K.; Chen, K.; Miller, A.L. Associations between Sleep and
Dietary Patterns among Low-Income Children Attending Preschool. J. Acad. Nutr. Diet. 2019, 119, 1176–1187. [CrossRef] [PubMed]

https://doi.org/10.4274/jcrpe.1471
https://www.ncbi.nlm.nih.gov/pubmed/25241606
https://doi.org/10.1097/MED.0000000000000125
https://www.ncbi.nlm.nih.gov/pubmed/25517022
https://doi.org/10.1016/j.jcjd.2018.06.006
https://doi.org/10.5664/jcsm.5866
https://doi.org/10.1016/j.numecd.2017.07.008
https://doi.org/10.1542/peds.2013-1274
https://doi.org/10.1097/MD.0000000000017642
https://doi.org/10.1016/j.mayocp.2016.09.017
https://www.ncbi.nlm.nih.gov/pubmed/28065514
https://doi.org/10.1016/j.sleepx.2022.100053
https://doi.org/10.3945/an.116.012336
https://www.ncbi.nlm.nih.gov/pubmed/27633109
https://doi.org/10.1089/jwh.2014.4816
https://doi.org/10.1111/ijpo.12619
https://www.ncbi.nlm.nih.gov/pubmed/32072752
https://doi.org/10.1136/adc.2005.093013
https://doi.org/10.1371/journal.pone.0082305
https://doi.org/10.1093/sleep/33.8.1037
https://doi.org/10.1016/j.smrv.2009.07.006
https://doi.org/10.1530/EJE-08-0298
https://doi.org/10.1038/ijo.2011.149
https://doi.org/10.1038/oby.2007.118
https://doi.org/10.7326/0003-4819-141-11-200412070-00008
https://www.ncbi.nlm.nih.gov/pubmed/15583226
https://doi.org/10.1542/peds.2007-3521
https://doi.org/10.1542/peds.2008-3602
https://doi.org/10.1155/2015/591729
https://www.ncbi.nlm.nih.gov/pubmed/25861266
https://doi.org/10.1111/j.1365-2869.2007.00576.x
https://www.ncbi.nlm.nih.gov/pubmed/17309764
https://doi.org/10.1016/j.jpeds.2007.04.036
https://doi.org/10.1152/ajpregu.2000.279.3.R874
https://www.ncbi.nlm.nih.gov/pubmed/14646794
https://doi.org/10.3945/ajcn.114.095026
https://doi.org/10.1016/j.jand.2019.01.008
https://www.ncbi.nlm.nih.gov/pubmed/30878402


Nutrients 2023, 15, 4736 12 of 14

34. Scheer, F.A.J.L.; Hilton, M.F.; Mantzoros, C.S.; Shea, S.A. Adverse Metabolic and Cardiovascular Consequences of Circadian
Misalignment. Proc. Natl. Acad. Sci. USA 2009, 106, 4453–4458. [CrossRef] [PubMed]

35. Morin, V.; Hozer, F.; Costemale-Lacoste, J.-F. The Effects of Ghrelin on Sleep, Appetite, and Memory, and Its Possible Role in
Depression: A Review of the Literature. L’Encephale 2018, 44, 256–263. [CrossRef]

36. Peuhkuri, K.; Sihvola, N.; Korpela, R. Diet Promotes Sleep Duration and Quality. Nutr. Res. 2012, 32, 309–319. [CrossRef]
37. Hermes, F.N.; Nunes, E.E.M.; de Melo, C.M. Sleep, Nutritional Status and Eating Behavior in Children: A Review Study. Rev.

Paul. Pediatr. 2022, 40, e2020479. [CrossRef]
38. Chaput, J.-P.; Katzmarzyk, P.T.; LeBlanc, A.G.; Tremblay, M.S.; Barreira, T.V.; Broyles, S.T.; Fogelholm, M.; Hu, G.; Kuriyan, R.;

Kurpad, A.; et al. Associations between Sleep Patterns and Lifestyle Behaviors in Children: An International Comparison. Int. J.
Obes. Suppl. 2015, 5, S59–S65. [CrossRef]

39. Harrington, S.A. Relationships of Objectively Measured Physical Activity and Sleep with BMI and Academic Outcomes in
8-Year-Old Children. Appl. Nurs. Res. 2013, 26, 63–70. [CrossRef]

40. Williams, S.M.; Farmer, V.L.; Taylor, B.J.; Taylor, R.W. Do More Active Children Sleep More? A Repeated Cross-Sectional Analysis
Using Accelerometry. PLoS ONE 2014, 9, e93117. [CrossRef]

41. Gomes, T.N.; Dos Santos, F.K.; Santos, D.; Pereira, S.; Chaves, R.; Katzmarzyk, P.T.; Maia, J. Correlates of Sedentary Time in
Children: A Multilevel Modelling Approach. BMC Public Health 2014, 14, 890. [CrossRef] [PubMed]

42. Ward, A.L.; Galland, B.C.; Haszard, J.J.; Meredith-Jones, K.; Morrison, S.; McIntosh, D.R.; Jackson, R.; Beebe, D.W.; Fangupo, L.;
Richards, R.; et al. The Effect of Mild Sleep Deprivation on Diet and Eating Behaviour in Children: Protocol for the Daily Rest,
Eating, and Activity Monitoring (DREAM) Randomized Cross-over Trial. BMC Public Health 2019, 19, 1347. [CrossRef] [PubMed]

43. Marinelli, M.; Pappa, I.; Bustamante, M.; Bonilla, C.; Suarez, A.; Tiesler, C.M.; Vilor-Tejedor, N.; Zafarmand, M.H.;
Alvarez-Pedrerol, M.; Andersson, S.; et al. Heritability and Genome-Wide Association Analyses of Sleep Duration in Children:
The EAGLE Consortium. Sleep 2016, 39, 1859–1869. [CrossRef] [PubMed]

44. Watson, N.F.; Harden, K.P.; Buchwald, D.; Vitiello, M.V.; Pack, A.I.; Weigle, D.S.; Goldberg, J. Sleep Duration and Body Mass
Index in Twins: A Gene-Environment Interaction. Sleep 2012, 35, 597–603. [CrossRef]

45. Tauman, R.; Gozal, D. Obesity and Obstructive Sleep Apnea in Children. Paediatr. Respir. Rev. 2006, 7, 247–259. [CrossRef]
46. Bhattacharjee, R.; Kim, J.; Kheirandish-Gozal, L.; Gozal, D. Obesity and Obstructive Sleep Apnea Syndrome in Children: A Tale

of Inflammatory Cascades. Pediatr. Pulmonol. 2011, 46, 313–323. [CrossRef]
47. Fatima, Y.; Doi, S.a.R.; Mamun, A.A. Longitudinal Impact of Sleep on Overweight and Obesity in Children and Adolescents:

A Systematic Review and Bias-Adjusted Meta-Analysis. Obes. Rev. 2015, 16, 137–149. [CrossRef]
48. Su, M.-S.; Zhang, H.-L.; Cai, X.-H.; Lin, Y.; Liu, P.-N.; Zhang, Y.-B.; Hu, W.-Z.; Li, C.-C.; Xiao, Y.-F. Obesity in Children with

Different Risk Factors for Obstructive Sleep Apnea: A Community-Based Study. Eur. J. Pediatr. 2016, 175, 211–220. [CrossRef]
49. Snell, E.K.; Adam, E.K.; Duncan, G.J. Sleep and the Body Mass Index and Overweight Status of Children and Adolescents. Child

Dev. 2007, 78, 309–323. [CrossRef]
50. Touchette, E.; Petit, D.; Tremblay, R.E.; Boivin, M.; Falissard, B.; Genolini, C.; Montplaisir, J.Y. Associations between Sleep Duration

Patterns and Overweight/Obesity at Age 6. Sleep 2008, 31, 1507–1514. [CrossRef]
51. Nixon, G.M.; Thompson, J.M.D.; Han, D.Y.; Becroft, D.M.; Clark, P.M.; Robinson, E.; Waldie, K.E.; Wild, C.J.; Black, P.N.;

Mitchell, E.A. Short Sleep Duration in Middle Childhood: Risk Factors and Consequences. Sleep 2008, 31, 71–78. [CrossRef]
52. Yu, Y.; Lu, B.S.; Wang, B.; Wang, H.; Yang, J.; Li, Z.; Wang, L.; Liu, X.; Tang, G.; Xing, H.; et al. Short Sleep Duration and Adiposity

in Chinese Adolescents. Sleep 2007, 30, 1688–1697. [CrossRef]
53. Hitze, B.; Bosy-Westphal, A.; Bielfeldt, F.; Settler, U.; Plachta-Danielzik, S.; Pfeuffer, M.; Schrezenmeir, J.; Mönig, H.; Müller, M.J.

Determinants and Impact of Sleep Duration in Children and Adolescents: Data of the Kiel Obesity Prevention Study. Eur. J. Clin.
Nutr. 2009, 63, 739–746. [CrossRef] [PubMed]

54. Eisenmann, J.C.; Ekkekakis, P.; Holmes, M. Sleep Duration and Overweight among Australian Children and Adolescents. Acta
Paediatr. 2006, 95, 956–963. [CrossRef] [PubMed]

55. Scharf, R.J.; DeBoer, M.D. Sleep Timing and Longitudinal Weight Gain in 4- and 5-Year-Old Children. Pediatr. Obes. 2015, 10,
141–148. [CrossRef]

56. Boergers, J.; Gable, C.J.; Owens, J.A. Later School Start Time Is Associated with Improved Sleep and Daytime Functioning in
Adolescents. J. Dev. Behav. Pediatr. JDBP 2014, 35, 11–17. [CrossRef]

57. Jarrin, D.C.; McGrath, J.J.; Drake, C.L. Beyond Sleep Duration: Distinct Sleep Dimensions Are Associated with Obesity in Children
and Adolescents. Int. J. Obes. 2013, 37, 552–558. [CrossRef] [PubMed]

58. Busto-Zapico, R.; Amigo-Vázquez, I.; Peña-Suárez, E.; Fernández-Rodríguez, C. Relationships between Sleeping Habits, Sedentary
Leisure Activities and Childhood Overweight and Obesity. Psychol. Health Med. 2014, 19, 667–672. [CrossRef]

59. Sijtsma, A.; Koller, M.; Sauer, P.J.J.; Corpeleijn, E. Television, Sleep, Outdoor Play and BMI in Young Children: The GECKO
Drenthe Cohort. Eur. J. Pediatr. 2015, 174, 631–639. [CrossRef] [PubMed]

60. Consensus Conference Panel; Watson, N.F.; Badr, M.S.; Belenky, G.; Bliwise, D.L.; Buxton, O.M.; Buysse, D.; Dinges, D.F.;
Gangwisch, J.; Grandner, M.A.; et al. Joint Consensus Statement of the American Academy of Sleep Medicine and Sleep Research
Society on the Recommended Amount of Sleep for a Healthy Adult: Methodology and Discussion. J. Clin. Sleep Med. 2015, 11,
931–952. [CrossRef] [PubMed]

https://doi.org/10.1073/pnas.0808180106
https://www.ncbi.nlm.nih.gov/pubmed/19255424
https://doi.org/10.1016/j.encep.2017.10.012
https://doi.org/10.1016/j.nutres.2012.03.009
https://doi.org/10.1590/1984-0462/2022/40/2020479
https://doi.org/10.1038/ijosup.2015.21
https://doi.org/10.1016/j.apnr.2013.02.001
https://doi.org/10.1371/journal.pone.0093117
https://doi.org/10.1186/1471-2458-14-890
https://www.ncbi.nlm.nih.gov/pubmed/25174736
https://doi.org/10.1186/s12889-019-7628-x
https://www.ncbi.nlm.nih.gov/pubmed/31640636
https://doi.org/10.5665/sleep.6170
https://www.ncbi.nlm.nih.gov/pubmed/27568811
https://doi.org/10.5665/sleep.1810
https://doi.org/10.1016/j.prrv.2006.08.003
https://doi.org/10.1002/ppul.21370
https://doi.org/10.1111/obr.12245
https://doi.org/10.1007/s00431-015-2613-6
https://doi.org/10.1111/j.1467-8624.2007.00999.x
https://doi.org/10.1093/sleep/31.11.1507
https://doi.org/10.1093/sleep/31.1.71
https://doi.org/10.1093/sleep/30.12.1688
https://doi.org/10.1038/ejcn.2008.41
https://www.ncbi.nlm.nih.gov/pubmed/18665183
https://doi.org/10.1080/08035250600731965
https://www.ncbi.nlm.nih.gov/pubmed/16882569
https://doi.org/10.1111/ijpo.229
https://doi.org/10.1097/DBP.0000000000000018
https://doi.org/10.1038/ijo.2013.4
https://www.ncbi.nlm.nih.gov/pubmed/23419602
https://doi.org/10.1080/13548506.2013.878805
https://doi.org/10.1007/s00431-014-2443-y
https://www.ncbi.nlm.nih.gov/pubmed/25367053
https://doi.org/10.5665/sleep.4716
https://www.ncbi.nlm.nih.gov/pubmed/26235159


Nutrients 2023, 15, 4736 13 of 14

61. Thivel, D.; Isacco, L.; Aucouturier, J.; Pereira, B.; Lazaar, N.; Ratel, S.; Doré, E.; Duché, P. Bedtime and Sleep Timing but Not Sleep
Duration Are Associated with Eating Habits in Primary School Children. J. Dev. Behav. Pediatr. JDBP 2015, 36, 158–165. [CrossRef]
[PubMed]

62. Bagley, E.J.; El-Sheikh, M. Relations between Daytime Pre-Ejection Period Reactivity and Sleep in Late Childhood. J. Sleep Res.
2014, 23, 335–338. [CrossRef] [PubMed]

63. Hart, C.N.; Cairns, A.; Jelalian, E. Sleep and Obesity in Children and Adolescents. Pediatr. Clin. N. Am. 2011, 58, 715–733. [CrossRef]
64. Roche, J.; Corgosinho, F.C.; Dâmaso, A.R.; Isacco, L.; Miguet, M.; Fillon, A.; Guyon, A.; Moreira, G.A.; Pradella-Hallinan, M.;

Tufik, S.; et al. Sleep-Disordered Breathing in Adolescents with Obesity: When Does It Start to Affect Cardiometabolic Health?
Nutr. Metab. Cardiovasc. Dis. NMCD 2020, 30, 683–693. [CrossRef]

65. Kalra, M.; Inge, T.; Garcia, V.; Daniels, S.; Lawson, L.; Curti, R.; Cohen, A.; Amin, R. Obstructive Sleep Apnea in Extremely
Overweight Adolescents Undergoing Bariatric Surgery. Obes. Res. 2005, 13, 1175–1179. [CrossRef]

66. Grime, C.; Tan, H. Sleep Disordered Breathing in Children. Indian J. Pediatr. 2015, 82, 945–955. [CrossRef]
67. Canapari, C.A.; Hoppin, A.G.; Kinane, T.B.; Thomas, B.J.; Torriani, M.; Katz, E.S. Relationship between Sleep Apnea, Fat

Distribution, and Insulin Resistance in Obese Children. J. Clin. Sleep Med. 2011, 7, 268–273. [CrossRef]
68. Arens, R.; Sin, S.; Nandalike, K.; Rieder, J.; Khan, U.I.; Freeman, K.; Wylie-Rosett, J.; Lipton, M.L.; Wootton, D.M.;

McDonough, J.M.; et al. Upper Airway Structure and Body Fat Composition in Obese Children with Obstructive Sleep Apnea
Syndrome. Am. J. Respir. Crit. Care Med. 2011, 183, 782–787. [CrossRef] [PubMed]

69. Marcus, C.L.; Brooks, L.J.; Draper, K.A.; Gozal, D.; Halbower, A.C.; Jones, J.; Schechter, M.S.; Sheldon, S.H.; Spruyt, K.;
Ward, S.D.; et al. Diagnosis and Management of Childhood Obstructive Sleep Apnea Syndrome. Pediatrics 2012, 130, 576–584.
[CrossRef]

70. Scholle, S.; Wiater, A.; Scholle, H.C. Normative Values of Polysomnographic Parameters in Childhood and Adolescence: Arousal
Events. Sleep Med. 2012, 13, 243–251. [CrossRef] [PubMed]

71. Chamorro, R.; Algarín, C.; Garrido, M.; Causa, L.; Held, C.; Lozoff, B.; Peirano, P. Night Time Sleep Macrostructure Is Altered in
Otherwise Healthy 10-Year-Old Overweight Children. Int. J. Obes. 2014, 38, 1120–1125. [CrossRef] [PubMed]

72. Olson, C.A.; Hamilton, N.A.; Somers, V.K. Percentage of REM Sleep Is Associated with Overnight Change in Leptin. J. Sleep Res.
2016, 25, 419–425. [CrossRef] [PubMed]

73. Skjåkødegård, H.F.; Danielsen, Y.S.; Frisk, B.; Hystad, S.W.; Roelants, M.; Pallesen, S.; Conlon, R.P.K.; Wilfley, D.E.; Juliusson, P.B.
Beyond Sleep Duration: Sleep Timing as a Risk Factor for Childhood Obesity. Pediatr. Obes. 2021, 16, e12698. [CrossRef] [PubMed]

74. Polak, J.; Shimoda, L.A.; Drager, L.F.; Undem, C.; McHugh, H.; Polotsky, V.Y.; Punjabi, N.M. Intermittent Hypoxia Impairs Glucose
Homeostasis in C57BL6/J Mice: Partial Improvement with Cessation of the Exposure. Sleep 2013, 36, 1483–1490. [CrossRef] [PubMed]

75. Ota, H.; Tamaki, S.; Itaya-Hironaka, A.; Yamauchi, A.; Sakuramoto-Tsuchida, S.; Morioka, T.; Takasawa, S.; Kimura, H. Attenuation
of Glucose-Induced Insulin Secretion by Intermittent Hypoxia via down-Regulation of CD38. Life Sci. 2012, 90, 206–211. [CrossRef]

76. Makar, A.B.; McMartin, K.E.; Palese, M.; Tephly, T.R. Formate Assay in Body Fluids: Application in Methanol Poisoning. Biochem.
Med. 1975, 13, 117–126. [CrossRef]

77. DeBoer, M.D. Obesity, Systemic Inflammation, and Increased Risk for Cardiovascular Disease and Diabetes among Adolescents:
A Need for Screening Tools to Target Interventions. Nutrition 2013, 29, 379–386. [CrossRef]

78. Wilson, K.; St-Onge, M.-P.; Tasali, E. Diet Composition and Objectively Assessed Sleep Quality: A Narrative Review. J. Acad. Nutr.
Diet. 2022, 122, 1182–1195. [CrossRef]

79. Weiss, A.; Xu, F.; Storfer-Isser, A.; Thomas, A.; Ievers-Landis, C.E.; Redline, S. The Association of Sleep Duration with Adolescents’
Fat and Carbohydrate Consumption. Sleep 2010, 33, 1201–1209. [CrossRef]

80. Imaki, M.; Hatanaka, Y.; Ogawa, Y.; Yoshida, Y.; Tanada, S. An Epidemiological Study on Relationship between the Hours of
Sleep and Life Style Factors in Japanese Factory Workers. J. Physiol. Anthropol. Appl. Human Sci. 2002, 21, 115–120. [CrossRef]

81. Shechter, A.; O’Keeffe, M.; Roberts, A.L.; Zammit, G.K.; RoyChoudhury, A.; St-Onge, M.-P. Alterations in Sleep Architecture in
Response to Experimental Sleep Curtailment Are Associated with Signs of Positive Energy Balance. Am. J. Physiol.-Regul. Integr.
Comp. Physiol. 2012, 303, R883–R889. [CrossRef]

82. Godos, J.; Grosso, G.; Castellano, S.; Galvano, F.; Caraci, F.; Ferri, R. Association between Diet and Sleep Quality: A Systematic
Review. Sleep Med. Rev. 2021, 57, 101430. [CrossRef]

83. Grandner, M.A.; Kripke, D.F.; Naidoo, N.; Langer, R.D. Relationships among Dietary Nutrients and Subjective Sleep, Objective
Sleep, and Napping in Women. Sleep Med. 2010, 11, 180–184. [CrossRef]

84. Tanaka, E.; Yatsuya, H.; Uemura, M.; Murata, C.; Otsuka, R.; Toyoshima, H.; Tamakoshi, K.; Sasaki, S.; Kawaguchi, L.; Aoyama, A.
Associations of Protein, Fat, and Carbohydrate Intakes with Insomnia Symptoms among Middle-Aged Japanese Workers.
J. Epidemiol. 2013, 23, 132–138. [CrossRef] [PubMed]

85. Holmes, J.F.; St. Laurent, C.W.; Spencer, R.M.C. Unhealthy Diet Is Associated with Poor Sleep in Preschool-Aged Children.
J. Genet. Psychol. 2021, 182, 289–303. [CrossRef]

86. Tomanic, M.; Paunovic, K.; Lackovic, M.; Djurdjevic, K.; Nestorovic, M.; Jakovljevic, A.; Markovic, M. Energy Drinks and Sleep
among Adolescents. Nutrients 2022, 14, 3813. [CrossRef]

87. Spaeth, A.M.; Hawley, N.L.; Raynor, H.A.; Jelalian, E.; Greer, A.; Crouter, S.E.; Coffman, D.L.; Carskadon, M.A.; Owens, J.A.;
Wing, R.R.; et al. Sleep, Energy Balance, and Meal Timing in School-Aged Children. Sleep Med. 2019, 60, 139–144. [CrossRef]
[PubMed]

https://doi.org/10.1097/DBP.0000000000000131
https://www.ncbi.nlm.nih.gov/pubmed/25607639
https://doi.org/10.1111/jsr.12117
https://www.ncbi.nlm.nih.gov/pubmed/24372764
https://doi.org/10.1016/j.pcl.2011.03.007
https://doi.org/10.1016/j.numecd.2019.12.003
https://doi.org/10.1038/oby.2005.139
https://doi.org/10.1007/s12098-015-1857-5
https://doi.org/10.5664/JCSM.1068
https://doi.org/10.1164/rccm.201008-1249OC
https://www.ncbi.nlm.nih.gov/pubmed/20935105
https://doi.org/10.1542/peds.2012-1671
https://doi.org/10.1016/j.sleep.2011.07.022
https://www.ncbi.nlm.nih.gov/pubmed/22261241
https://doi.org/10.1038/ijo.2013.238
https://www.ncbi.nlm.nih.gov/pubmed/24352291
https://doi.org/10.1111/jsr.12394
https://www.ncbi.nlm.nih.gov/pubmed/26919408
https://doi.org/10.1111/ijpo.12698
https://www.ncbi.nlm.nih.gov/pubmed/32729172
https://doi.org/10.5665/sleep.3040
https://www.ncbi.nlm.nih.gov/pubmed/24082307
https://doi.org/10.1016/j.lfs.2011.11.011
https://doi.org/10.1016/0006-2944(75)90147-7
https://doi.org/10.1016/j.nut.2012.07.003
https://doi.org/10.1016/j.jand.2022.01.007
https://doi.org/10.1093/sleep/33.9.1201
https://doi.org/10.2114/jpa.21.115
https://doi.org/10.1152/ajpregu.00222.2012
https://doi.org/10.1016/j.smrv.2021.101430
https://doi.org/10.1016/j.sleep.2009.07.014
https://doi.org/10.2188/jea.JE20120101
https://www.ncbi.nlm.nih.gov/pubmed/23419282
https://doi.org/10.1080/00221325.2021.1905598
https://doi.org/10.3390/nu14183813
https://doi.org/10.1016/j.sleep.2019.02.003
https://www.ncbi.nlm.nih.gov/pubmed/30905623


Nutrients 2023, 15, 4736 14 of 14

88. Golley, R.K.; Maher, C.A.; Matricciani, L.; Olds, T.S. Sleep Duration or Bedtime? Exploring the Association between Sleep Timing
Behaviour, Diet and BMI in Children and Adolescents. Int. J. Obes. 2013, 37, 546–551. [CrossRef] [PubMed]

89. King, C. Soft Drinks Consumption and Child Behaviour Problems: The Role of Food Insecurity and Sleep Patterns. Public Health
Nutr. 2017, 20, 266–273. [CrossRef] [PubMed]

90. Na, M.; Eagleton, S.G.; Jomaa, L.; Lawton, K.; Savage, J.S. Food Insecurity Is Associated with Suboptimal Sleep Quality, but Not Sleep
Duration, among Low-Income Head Start Children of Pre-School Age. Public Health Nutr. 2020, 23, 701–710. [CrossRef] [PubMed]

91. de Jong, E.; Stocks, T.; Visscher, T.L.S.; HiraSing, R.A.; Seidell, J.C.; Renders, C.M. Association between Sleep Duration and
Overweight: The Importance of Parenting. Int. J. Obes. 2012, 36, 1278–1284. [CrossRef]

92. Kordas, K.; Casavantes, K.M.; Mendoza, C.; Lopez, P.; Ronquillo, D.; Rosado, J.L.; Vargas, G.G.; Stoltzfus, R.J. The Association
between Lead and Micronutrient Status, and Children’s Sleep, Classroom Behavior, and Activity. Arch. Environ. Occup. Health
2007, 62, 105–112. [CrossRef]

93. Landis, A.M.; Parker, K.P.; Dunbar, S.B. Sleep, Hunger, Satiety, Food Cravings, and Caloric Intake in Adolescents. J. Nurs.
Scholarsh. 2009, 41, 115–123. [CrossRef] [PubMed]

94. Westerlund, L.; Ray, C.; Roos, E. Associations between Sleeping Habits and Food Consumption Patterns among 10-11-Year-Old
Children in Finland. Br. J. Nutr. 2009, 102, 1531–1537. [CrossRef]

95. Khan, M.K.A.; Faught, E.L.; Chu, Y.L.; Ekwaru, J.P.; Storey, K.E.; Veugelers, P.J. Is It Nutrients, Food Items, Diet Quality or Eating
Behaviours That Are Responsible for the Association of Children’s Diet with Sleep? J. Sleep Res. 2017, 26, 468–476. [CrossRef]

96. Min, C.; Kim, H.-J.; Park, I.-S.; Park, B.; Kim, J.-H.; Sim, S.; Choi, H.G. The Association between Sleep Duration, Sleep Quality, and
Food Consumption in Adolescents: A Cross-Sectional Study Using the Korea Youth Risk Behavior Web-Based Survey. BMJ Open
2018, 8, e022848. [CrossRef] [PubMed]

97. Kjeldsen, J.S.; Hjorth, M.F.; Andersen, R.; Michaelsen, K.F.; Tetens, I.; Astrup, A.; Chaput, J.-P.; Sjödin, A. Short Sleep Duration
and Large Variability in Sleep Duration Are Independently Associated with Dietary Risk Factors for Obesity in Danish School
Children. Int. J. Obes. 2014, 38, 32–39. [CrossRef]

98. Córdova, F.V.; Barja, S.; Brockmann, P.E. Consequences of Short Sleep Duration on the Dietary Intake in Children: A Systematic
Review and Metanalysis. Sleep Med. Rev. 2018, 42, 68–84. [CrossRef] [PubMed]

99. Tatone-Tokuda, F.; Dubois, L.; Ramsay, T.; Girard, M.; Touchette, E.; Petit, D.; Montplaisir, J.Y. Sex Differences in the Association
between Sleep Duration, Diet and Body Mass Index: A Birth Cohort Study: Sleep, Diet and BMI. J. Sleep Res. 2012, 21, 448–460.
[CrossRef]

100. Franckle, R.L.; Falbe, J.; Gortmaker, S.; Ganter, C.; Taveras, E.M.; Land, T.; Davison, K.K. Insufficient Sleep among Elementary and
Middle School Students Is Linked with Elevated Soda Consumption and Other Unhealthy Dietary Behaviors. Prev. Med. 2015, 74,
36–41. [CrossRef]

101. Ramírez-Contreras, C.; Santamaría-Orleans, A.; Izquierdo-Pulido, M.; Zerón-Rugerio, M.F. Sleep Dimensions Are Associated
with Obesity, Poor Diet Quality and Eating Behaviors in School-Aged Children. Front. Nutr. 2022, 9, 959503. [CrossRef] [PubMed]

102. Agostini, A.; Lushington, K.; Kohler, M.; Dorrian, J. Associations between Self-reported Sleep Measures and Dietary Behaviours
in a Large Sample of Australian School Students (n = 28,010). J. Sleep Res. 2018, 27, e12682. [CrossRef] [PubMed]

103. Teixeira, G.P.; Mota, M.C.; Crispim, C.A. Eveningness Is Associated with Skipping Breakfast and Poor Nutritional Intake in
Brazilian Undergraduate Students. Chronobiol. Int. 2018, 35, 358–367. [CrossRef]

104. Kawai, M. Disruption of the Circadian Rhythms and Its Relationship with Pediatric Obesity. Pediatr. Int. 2022, 64, e14992.
[CrossRef] [PubMed]

105. Plancoulaine, S.; Reynaud, E.; Forhan, A.; Lioret, S.; Heude, B.; Charles, M.-A.; Annesi-Maesano, I.; Bernard, J.Y.; Botton, J.;
Charles, M.A.; et al. Night Sleep Duration Trajectories and Associated Factors among Preschool Children from the EDEN Cohort.
Sleep Med. 2018, 48, 194–201. [CrossRef] [PubMed]

106. Ríos-Hernández, A.; Gilchrist, C.; Chelimo, C.; Castro, T.G.; Izquierdo-Pulido, M.; Wall, C.; Thabrew, H.; Berry, S.; Morton, S.;
Grant, C. The Relationship between Diet and Sleep in 2-y-Old Children: Results from Growing Up in New Zealand. Nutrition
2022, 95, 111560. [CrossRef]

107. Stifter, C.A.; Anzman-Frasca, S.; Birch, L.L.; Voegtline, K. Parent Use of Food to Soothe Infant/Toddler Distress and Child Weight
Status. An Exploratory Study. Appetite 2011, 57, 693–699. [CrossRef]

108. Castellucci, B.; Barrea, L.; Laudisio, D.; Aprano, S.; Pugliese, G.; Savastano, S.; Colao, A.; Muscogiuri, G. Improving Sleep
Disturbances in Obesity by Nutritional Strategies: Review of Current Evidence and Practical Guide. Int. J. Food Sci. Nutr. 2021, 72,
579–591. [CrossRef]

109. Zuraikat, F.M.; Wood, R.A.; Barragán, R.; St-Onge, M.-P. Sleep and Diet: Mounting Evidence of a Cyclical Relationship. Annu.
Rev. Nutr. 2021, 41, 309–332. [CrossRef]

110. Binks, H.; Vincent, G.E.; Gupta, C.; Irwin, C.; Khalesi, S. Effects of Diet on Sleep: A Narrative Review. Nutrients 2020, 12, 936.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/ijo.2012.212
https://www.ncbi.nlm.nih.gov/pubmed/23295498
https://doi.org/10.1017/S1368980016002093
https://www.ncbi.nlm.nih.gov/pubmed/27573974
https://doi.org/10.1017/S136898001900332X
https://www.ncbi.nlm.nih.gov/pubmed/31775944
https://doi.org/10.1038/ijo.2012.119
https://doi.org/10.3200/AEOH.62.2.105-112
https://doi.org/10.1111/j.1547-5069.2009.01262.x
https://www.ncbi.nlm.nih.gov/pubmed/19538695
https://doi.org/10.1017/S0007114509990730
https://doi.org/10.1111/jsr.12466
https://doi.org/10.1136/bmjopen-2018-022848
https://www.ncbi.nlm.nih.gov/pubmed/30042149
https://doi.org/10.1038/ijo.2013.147
https://doi.org/10.1016/j.smrv.2018.05.006
https://www.ncbi.nlm.nih.gov/pubmed/30001805
https://doi.org/10.1111/j.1365-2869.2011.00989.x
https://doi.org/10.1016/j.ypmed.2015.02.007
https://doi.org/10.3389/fnut.2022.959503
https://www.ncbi.nlm.nih.gov/pubmed/36211495
https://doi.org/10.1111/jsr.12682
https://www.ncbi.nlm.nih.gov/pubmed/29527744
https://doi.org/10.1080/07420528.2017.1407778
https://doi.org/10.1111/ped.14992
https://www.ncbi.nlm.nih.gov/pubmed/34525248
https://doi.org/10.1016/j.sleep.2018.03.030
https://www.ncbi.nlm.nih.gov/pubmed/30008301
https://doi.org/10.1016/j.nut.2021.111560
https://doi.org/10.1016/j.appet.2011.08.013
https://doi.org/10.1080/09637486.2020.1851659
https://doi.org/10.1146/annurev-nutr-120420-021719
https://doi.org/10.3390/nu12040936

	Introduction 
	Methods 
	Sleep Disturbances and Their Connection to Pediatric Obesity 
	Sleep and Overall Well-Being 
	Determinants in Disordered Sleep and Obesity 

	Sleep Disorders in Children and Adolescents with Obesity 
	Sleep Deprivation in Pediatric Obesity 
	Sleep-Disordered Breathing in Pediatric Obesity 

	Dietary Patterns and Sleep Disorders in Pediatric Obesity 
	Conclusions 
	References

