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Exercise, Weight, and Sleep

Andrea Heyman

Case Vignette

Henry is an 11 year 6 month old boy with a history of
sleep disturbance, autism spectrum disorder (ASD),
mixed receptive-expressive language disorder, ADHD,
and anxiety disorder. He has difficulty falling asleep
and becomes anxious when he can’t fall asleep. He
does not use electronics around bedtime. Generally, he
falls asleep between 10 PM and 12:30 AM, although
sometimes he stays up until 2 AM. He stares at the
ceiling, frustrated because he can’t fall asleep. Even
after falling asleep, Henry wakes in the middle of the
night and has difficulty falling back to sleep. He always
falls asleep in the car and also during reading class at
school before midday. He has had snoring and no wit-
nessed apneas. There is no history of parasomnias.
Henry does not exercise regularly and spends most of
his free time playing video games or on his tablet. His
diet is very limited: he prefers fast food and conve-
nience foods, and he won’t eat vegetables. He drinks
sweetened beverages such as soda and juice daily. His
most recent growth parameters are as follows:

Weight Z Height 7 Z
(kg) ile | score  (cm) | %ile | score | BMI | %ile | score

80.1 >99 12.76 162.5 | 98.0 2.16 |30.3 |99.0 2.3
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Evidence Base
Exercise

The Physical Activity Guidelines for Americans indicate that
youth should have 60 minutes of physical activity a day,
most days of the week [1]. Participation in play, sports, and
recreation helps build and maintain healthy bones, muscles,
and joints [2]. Regular physical activity benefits youth physi-
ologically and psychosocially, improving bone density, mus-
cle tissue, and maintenance of body weight and also reducing
depression and social isolation [3].

Studies show that children and adolescents with intellec-
tual disabilities have lower levels of physical fitness when
compared with their typical peers [4-6]. Others indicate that
children with ASD fail to meet the recommended amount of
moderate-to-vigorous physical activity [7, 8]. This decrease in
activity may be due to cognitive, physical, or social limitations
[9]. Weak social and communication skills can impede patrtici-
pation in various physical activities [4]. Parents of children
with ASD report barriers to physical activity participation:
their child may require too much supervision; adult coaches
lack skills needed to include their child; their child has few
friends; and other children exclude their child [10]. Some
communities offer fitness programs specially tailored to chil-
dren with special needs; however, many communities do not
have the resources to offer such programing [11], while others
do not have the resources to match demand. Despite efforts to
improve physical activity accessibility for this population,
children with disabilities have lower levels of cardiorespira-
tory fitness and muscular endurance, and higher rates of obe-
sity, than their typically developing peers [12]. Must et al.
emphasize the need for physical activity programs designed to
meet the needs of children with neurodevelopmental disabili-
ties [13]. Until these needs are met, children with neurodevel-
opmental disabilities may continue to experience decreased
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physical fitness measures, potentially increasing their risk of
developing cardiovascular disease in the future.
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Case Vignette

Henry’s parents have tried signing him up for several
team sports like soccer, baseball, and lacrosse over the
years, but these did not go well. Henry had a hard time
grasping the rules of the game. Socially, he did not inter-
act or fit in with his teammates and he needed more
supervision than was available in order to participate in
programs [14]. Over time, Henry’s parents gave up and
allowed him to pursue his preferred, sedentary activities
such that he does not engage in regular physical activity.

Exercise and Sleep

A strong relationship between exercise and sleep in adults
has been documented. Studies show an association between
self-reported exercise and better sleep in adults [15-18].
Positive effects of exercise on sleep such as shorter sleep-
onset time and more total sleep time have been found in
older adults with mild sleep problems [19, 20]. Wang and
Youngstedt found that sleep quality in older women improved
the night following an aerobic exercise session [21]. Among
children, researchers have found that intense daytime physi-
cal activity might promote good sleep quality in typically
developing 6-10 year olds [22]. Likewise, typically develop-
ing children who are more physically active tend to have
healthier, more consistent sleep patterns than those who
exercise minimally [22]. This relationship carries over to the
limited information available about children with neurode-
velopmental disabilities, showing that preschool children
with ASD benefit from a high level of morning and afternoon
physical activity with earlier sleep onset [23].

Regular physical activity has been found to reduce the
risk of developing any type of sleep disorder in adult men
and women [17]. Exercise training in adults can reduce the
severity of obstructive sleep apnea even with minimal
changes in body weight [24]. In a cross-sectional study,
Peppard and Young also found decreased apneic events with
increased physical activity even after adjusting for body
mass index [25]. Exercise training also reduces daytime
sleepiness and improves sleep efficiency in adults with
obstructive sleep apnea [17].

As noted elsewhere in this book, children with ASD fre-
quently experience sleep disruption [26]. Wachob and
Lorenzi found that activity levels were significantly related
to sleep patterns in children ages 9-16 with ASD: more
physically active children had better sleep quality [27].

Not only can physical activity result in better sleep, but
good sleep promotes better physical activity as seen from
studies on sleep timing. Evans et al. found that typically
developing children with obstructive sleep apnea have lim-
ited ability to perform exercise due to reduced cardiac output
and oxygen consumption at peak exercise capacity
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independent of their weight status [28]. Also, lack of sleep
impairs a person’s ability to exercise and increases the risk of
exercise-induced injuries [16].

Sleep timing and circadian rhythms may also impact
exercise. Typically developing children who wake up later in
the day are found to be less active [29]. Similar results have
been found in adults with intellectual disabilities: Mikulovic
et al. found that adults with intellectual disability who woke
up early are more physically active than those who wake up
late and those who wake up later tend to participate in more
sedentary activities throughout the day [30]. Likewise, ado-
lescents with intellectual disabilities who wake up early were
more active than those who wake up late [31].

Research has shown that children with ASD spend sig-
nificantly more time in sedentary activities — particularly
those involving screens such as television, movies and video
games —compared to typically developing children [10, 14,
32, 33]. The American Academy of Pediatrics suggests that
children less than 2 years of age not use any screen media
and preschoolers 2-5 years limit screen media to less than
1 h daily [34]. Yet children with ASD have spent 62% more
time watching television and more hours per day playing
video games than their typically developing siblings [32].
Also, the age at which children begin their television view-
ing is earlier in children with ASD compared to typically
developing children [33]. Furthermore, children with ASD
or ADHD with access to bedroom media spend less time
sleeping each night [35].

There are several potential mechanisms by which exer-
cise can promote sleep. First, exercise reduces anxiety [36].
Anxiety is a common factor in reduced sleep among chil-
dren; therefore, minimizing anxiety through exercise may
result in improved sleep. Sleep usually begins when the
core temperature changes and body heat loss is maximal.
Regular exercise promotes an increase in body tempera-
ture. As body temperature returns to normal, the resulting
downregulation is associated with sleepiness [37].
Depression reduces sleep in adults; exercise may improve
sleep in adults with depression [20].

The effects of exercise on sleep in children with neurode-
velopmental disabilities have not been extensively studied.
Nevertheless, patients like Henry could benefit significantly
from regular exercise. For example, regular daily exercise
may reduce the anxiety he experiences when trying to fall
asleep or by increasing his sleepiness at bedtime by promot-
ing a reduction in core temperature. Exercise for children can
include participating in physical education class, participat-
ing in dance class or sports team practice, playing at recess,
and active play at home or outdoors. Henry’s family should
look for opportunities to incorporate more physical activity
into his daily routine. They can assign Henry active daily
chores such as taking out the garbage, sweeping the kitchen
floor, or walking the dog. Also, Henry can walk around the
block to and from the bus stop on school days. Adding small
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increments of physical activity throughout Henry’s day can
form healthy habits on which he can build. With time and
encouragement, these small increments can grow to longer
periods of physical activity.

Obesity Prevalence

The prevalence of childhood obesity, a significant public
health concern, has tripled in the past three decades [38].
Data from the 2011 to 2014 National Health and Nutrition
Examination Survey, a nationally representative sample,
indicates that 17.0% of children in the United States are
obese [38]. Data from the 2011 National Survey of Children’s
Health suggest that 28.9% of children with intellectual dis-
ability between the ages 10 and 17 were obese [39]. Other
literature documents that children with neurodevelopmental
disabilities are disproportionately affected by obesity [39-
42]. Findings from 2009 to 2010 NHANES data show no
significant change in obesity prevalence since 2003-2004
[43]. In short, there has been no significant improvement in
childhood obesity prevalence in the past decade.

Weight and Sleep

The relationship between weight and sleep has been an area
of active study in adults and typically developing children
but less so in children with neurodevelopmental disabilities.
A recent review of multiple longitudinal studies with adults
noted that all found an association between short sleep dura-
tion and increased weight [44]. Many studies have described
a relationship between short sleep duration and obesity in
youth [44-47]. Iglayreger et al. created a composite cardio-
metabolic risk score and found sleep duration inversely pre-
dicts cardiometabolic risk, even after controlling for
physical activity, in obese adolescents [48]. However, stud-
ies with adolescents show mixed results, most likely due to
variations in methodology. A recent study found an associa-
tion between short sleep and adiposity for both 10-year-old
boys and girls [49]; however, a longitudinal study of
9-11-year-olds found an association between short sleep
and BMI only in girls [50].

Some studies indicate that the time at which a child goes
to bed is a better predictor of obesity than sleep duration [28,
51, 52], and late bedtimes were associated with adiposity
independent of sleep duration [52, 53]. Vanhelst et al. docu-
mented that certain patterns of sleep behavior were more
closely associated with overweight and obesity in adoles-
cents with intellectual disability. Subjects were categorized
into four sleep patterns: early bed/early rise, early bed/late
rise, late bed/late rise, and late bed/early rise. Subjects in
either of the late-bed groups were more likely to be

overweight or obese [30]. Late bedtime seems to be a unique
contributor to obesity risk.

Recent research suggests a bidirectional relationship
between childhood obesity and sleep dysfunction. Obesity is
arisk factor for developing obstructive sleep apnea. An obese
child is four to five times more likely to develop obstructive
sleep apnea than a nonobese child [54]. Conversely, typically
developing children with sleep-disordered breathing have
increased odds of becoming overweight [55]. In addition,
children are more likely to develop obesity if they sleep less
than 9 h per night [56].

The Centers for Disease Control and Prevention (CDC)
defines childhood obesity as those whose body mass index
percentile is at or above the 95th percentile relative to chil-
dren the same age and gender [57]. Henry’s growth parame-
ters indicate that he is obese. Gradual weight loss is
appropriate and should be achieved by modifying his diet
and exercise habits. His parents have worked with a nutri-
tionist in the past; but did not agree with some of the specific
recommendations. For example, the nutritionist recom-
mended that Henry eliminate all sweetened beverages from
his diet and his parents felt this was unrealistic for a child.
They stopped working with the nutritionist after one visit
and only followed the provided recommendations for
2 weeks before returning to previous habits.

Several mechanisms may underlie the sleep-obesity asso-
ciation. Hunger and satiety hormones, ghrelin and leptin, are
affected by sleep deprivation [58]. Ghrelin, a peptide hor-
mone, is secreted primarily in the stomach. When the stom-
ach is empty, ghrelin is secreted, triggering hunger and
appetite. When the stomach stretches, ghrelin secretion
stops, decreasing feelings of hunger. Ghrelin’s receptor, the
ghrelin/growth hormone secretagogue receptor, is found in
the same cells as the receptor for leptin, also a peptide hor-
mone, which functions to inhibit hunger. Therefore, leptin
levels are suppressed prior to eating and elevated after eating
(Fig. 30.1). Both hormones are affected by alterations in
sleep. Sleep deprivation drives leptin levels down, resulting
in decreased satisfaction after eating. Lack of sleep also
causes ghrelin levels to rise, resulting in increased appetite.

Ghrelin Leptin
Leptin Ghrelin
Before eating After eating

Fig. 30.1 The relationship between ghrelin and leptin
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Simply put, inadequate sleep affects an individual’s appetite
regulatory system, increasing appetite and leading to over-
eating and weight gain. A fair amount of research examines
the effects of sleep on leptin levels in children [59, 60]. When
compared with children who sleep less, children who sleep
more report decreased caloric intake and lower fasting leptin
levels. These children also weigh less [59].

It is possible that children with neurodevelopmental dis-
abilities increase their overall energy intake with sleep depri-
vation through increased total calorie consumption. Such a
relationship has been found in adults [60-63]. Lack of sleep
is associated with decreased physical activity resulting from
fatigue and lack of energy to exercise. In addition, Golley
found that typically developing children who went to bed
late and woke up late ate fewer fruits, vegetables, and dairy
and more “empty-calorie” snack foods independent of sleep
duration [52]. In a study of Australian children with ADHD,
parents reported increased sleep disturbance in children who
had a higher intake of carbohydrates, fats, and sugar [64].
Long-term consumption of poorer diet quality can promote
weight gain. In addition, children with neurodevelopmental
disabilities often eat a less varied diet with calorie dense
foods which may affect weight [65, 66]. Also, sleep
deprivation is associated with a slight decrease in thermo-
regulation due to a reduction in core body temperature
results. Over time, this slight decrease in calorie expenditure
may result in weight gain.

Psychotropic medications are often used to treat children
with neurodevelopmental disabilities. These medications can
alter appetite, change food preferences, induce fluid reten-
tion, and change hormone production [67]. The atypical anti-
psychotics, in particular, are associated with weight gain,
which can be substantial.

Physical activity and weight are important factors affect-
ing sleep in children with neurodevelopmental disabilities.
All three variables have reciprocal relationships, each poten-
tially affecting the other. Henry has risk factors which attri-
bute to his lack of sleep. He is physically active far less than
the 60 daily minutes prescribed in the Physical Activity
Guidelines for Americans. In addition, he is obese. Henry’s
lack of sleep may in turn hamper his ability to exercise and
may contribute to excess weight gain. Physical activity and
weight are two important behavioral factors which are modi-
fiable and could offer a non-pharmacologic means to treat
sleep disorders in children with neurodevelopmental
disabilities.

Many children with neurodevelopmental disabilities and
sleep disorders stand to benefit from modifying behavior in
order to achieve a healthy weight and to improve exercise
habits. Childhood weight management programs aim to
improve weight and physical activity and have been devel-
oped for typically developing children who are obese.
However, few centers have developed weight management

programs specifically for children with neurodevelopmental
disabilities. A 10-week school-based program was devel-
oped for children with intellectual disabilities or autism in
Australia. Evaluation of its participants indicate improve-
ments in a 6-min walk test — a standard measure to measure
endurance and walking speed — and a decrease in candy and
chocolate consumption [4]. The Wake Forest School of
Medicine, in conjunction with the Brenner FIT Program,
provided a multidisciplinary intervention for children with
obesity and found those with cognitive disabilities demon-
strated greater decreases in BMI z-score when compared to
their obese typically developing peers who also received the
intervention [68]. Z-scores indicate the number of standard
deviations from the mean value. In this case, measuring
changes in z-score values can indicate shifts in BMI percen-
tile toward the mean even without actual changes in BMI
percentile. These programs utilized the unique strengths of
each individual patient and family unit.

In creating a weight management program for children
with neurodevelopmental disabilities, it is important to
incorporate the expertise of several disciplines including
specialists in nutrition, exercise, and behavior. These pro-
fessionals should be experienced in working with children
with neurodevelopmental disabilities in order to address
their unique needs. A participant in the group may need
on-the-spot modifications to any exercise or educational
lesson, which an experienced professional can provide. An
ideal weight management program should provide initial
weekly sessions for 2-3 months [4]. This frequency of
intervention provides a base for children to establish new
exercise and eating habits. The exercise, nutrition, and
behavior specialists coordinate sessions to build strength,
endurance, and nutrition knowledge. For example, the
nutrition professional may create a nutrition lesson plan
that incorporates multiple learning modalities such as
visual, auditory, tactile, and kinesthetic. The behavior spe-
cialist may then work with parents to help address barriers
to maintaining healthy eating and exercise habits at home.
Incentives such as trips to the park or a new jump rope may
be used to motivate children to meet their goals. After the
period of weekly sessions, group participants should be fol-
lowed at regular intervals to ensure they are maintaining
healthy habits. A successful program will demonstrate pos-
itive changes in endurance and strength measures as well as
changes in eating habits.

Case Vignette: Recommendations and Treatment

It has been 2 years since Henry’s family took him to a
nutritionist. His sleep, weight, and inactivity continue
to be an issue. The sleep specialist recommended
behavior modification efforts again and working with a
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nutritionist who specializes in weight management for
children with disabilities. That initial nutrition clinic
interview revealed that Henry drinks soda and juice
daily. He eats no vegetables. His family relies on fast
food and convenience food items often. He uses a tab-
let most of his time away from school, and he does not
engage in regular physical activity. After assessing his
diet, the nutritionist had several recommendations in
mind; however, during the interview, Henry’s mother
made several comments indicating she did not yet
appreciate the importance of changing Henry’s eating
and exercise habits. Knowing that weight loss efforts
are more successful for children when parents are
committed to making similar healthy lifestyle changes
[70-72], the nutritionist decided to implement some
motivational interviewing techniques. Motivational
interviewing is a method that aims to engage intrinsic
motivation within a client, in this case a parent, in
order to change behavior. Motivational interviewing is
a patient-centered style which guides people to explore
their ambivalence about changing behavior. The nutri-
tionist asked Henry’s mother “What do you think will
happen to Henry if he does not change his eating pat-
terns?”” and also “Why do you think the sleep specialist
is concerned about Henry’s weight?” After discussing
responses to these questions, Henry’s mother was able
to identify three key healthy changes to eating with
which she agreed: (1) decrease Henry’s sweetened
beverage consumption to 0.5 cup juice per day, (2) pro-
vide fruit at breakfast, and (3) have Henry eat three
bites of vegetable at dinner. His mother endorsed that
she believed making these changes was reasonable and
could potentially be helpful for Henry.

In 2015, the American Academy of Pediatrics’ most
recent guidelines for treating overweight or obese children
were released [72]. This publication provided comprehen-
sive guidelines for the treatment of childhood obesity.
Among the recommendations were guidelines for dietary,
physical activity, and sedentary activity behavior designed
to help reduce childhood obesity. Evidence supports rec-
ommendations which include the following: limiting
sweetened beverage consumption; encouraging adequate
consumption of fruits and vegetables; limiting screen time;
eating breakfast daily; encouraging healthy choices while
eating out, especially at fast-food restaurants; encouraging
family meals; limiting food portion sizes; and encouraging
at least 60 min of physical activity daily [72]. These rec-
ommendations do not specifically address individual needs
of children with neurodevelopmental disabilities; however,
it is appropriate for providers to use these target behaviors
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as a guide when creating treatment plans. The primary
goal of obesity treatment is to improve a child’s health in
the long term through establishing healthy lifestyle
habits.

Target behaviors for patients and families to adopt to prevent
excessive weight gain [73]

Encourage consumption of diets with recommended quantities of
fruits and vegetables

Limit television and other screen time

Eat breakfast daily

Limit eating out at restaurants, particularly fast-food restaurants
Encourage family meals

Limit portion size

Encourage adequate daily physical activity

Limit consumption of sugar-sweetened beverages

Treating a child who has developed obesity is very chal-
lenging. Therefore, targeting primary obesity prevention
within the family, school, and community environments is
critical. Parents should offer regularly scheduled, balanced,
varied meals and snacks for their children while limiting
empty-calorie foods, high-fat meats, and dairy products.
Parents should also promote physical activity and active
play and limit screen time and sedentary activities. Schools
should provide a healthy food environment, which limits
using food as a reward and parties that serve primarily
sweets.

Case Vignette: Follow-Up

At follow-up, Henry had maintained his weight from
his previous visit. This was deemed successful since
Henry had been gaining 1-2 kg monthly for the previ-
ous 8 months. His mother shared her challenges and
successes in making healthy behavior changes. She
found she was able to limit Henry’s juice and soda con-
sumption when they ate at home but not when they ate
out. Henry was successful with eating fruit at break-
fast. She reported that initially Henry was reluctant to
eat three bites of vegetables at dinner. However, both
parents have been consistent in requiring this of Henry.
Although Henry does not enjoy eating vegetables, he is
indeed eating three bites without complaint. Mostly his
mother felt positive and was motivated to make further
efforts to support weight loss for Henry. A short-term
weight loss goal was discussed and established for
Henry based on recommendations provided by the
American Academy of Pediatrics’ guidelines in treat-
ing overweight or obese children (Table 30.1). At this
visit, the nutritionist recommended Henry be evaluated
by a physical therapist to help develop a home exercise
program.



336

Table 30.1 Weight goals for children with obesity, with and

without health risks

2-5 years

6-11 years

12-18 years

5th—84th percentile or
85th—94th percentile
with no health risks
85th—94th percentile
with health risks

95th percentile

5th—84th percentile or
85th—94th percentile
with no health risks

85th—94th percentile
with health risks

95th-99th percentile
99th percentile
5th—84th percentile or

85th—94th percentile
with no health risks

85th—94th percentile
with health risks

95th—99th percentile

99th percentile

Weight velocity
maintenance

Weight maintenance
or slow weight gain
Weight maintenance
(weight loss of up to
1 Ib/mo may be
acceptable if BMI is
21 or 22 kg/m?
Weight velocity
maintenance

Weight maintenance

Gradual weight loss

(1 1b/mo or 0.5 kg/mo)
Weight loss
(maximum is 2 Ib/wk)
Weight velocity
maintenance; after
linear growth is
complete, weight
maintenance

Weight maintenance
or gradual weight loss
Weight loss
(maximum is 2 Ib/wk)
Weight loss

(maximum is 2 1b/wk
Data from Ref. [74]

Maintaining regular exercise and a healthy weight is benefi-
cial for the overall health of children with neurodevelopmental
disabilities and may improve sleep irregularities. Yet as dis-
cussed earlier in this chapter, meeting these recommendations
poses many challenges for children with neurodevelopmental
disabilities. Physicians may prescribe exercise to children;
however, there are several factors to consider when creating a
formal prescription for physical activity in children with neuro-
developmental disabilities [74]. First, it is important to obtain
current health and fitness status to identify any reasons to
restrict or modify activity. This also provides a baseline for
tracking improvement. Next, physicians should maintain regu-
lar follow-up visits to monitor health and fitness progress and
identify potential problems such as musculoskeletal issues.

Listed below are some useful tips to help incorporate
physical activity into children’s routines. Additionally, some
communities have recreation programs geared for children
with neurodevelopmental disabilities. Those communities
without specialized programs should evaluate creating
opportunities for physical activity for this population, such
as sports programming.

A.Heyman

Incorporating physical activity into daily routines
Help your kids participate in a variety of age-appropriate
activities
For preschoolers, play duck, duck goose, follow the leader, or
freeze dance
Older children may enjoy yoga, martial arts, or dance class
Keep a variety of sports equipment on hand such as balls, hula
hoops, or jump ropes
Establish a regular schedule for physical activity
Schedule physical activity on a calendar or set reminders on
phone to remind your child it is time to get active
Play outside for 15 min before going inside the house after
school
10 min push-ups, sit-ups, etc. before dinner
Incorporate activity into daily routines
Take the stairs instead of the elevator
Walk to school or walk around the block after being dropped off
by school bus

Embrace a healthier lifestyle yourself, so you’ll be a positive role
model for your family

Eat vegetables

Try new foods

Drink water instead of soda

Keep it fun, so you can count on your kids to come back for more

Case Vignette

When Henry returned to the nutritionist for his third
visit, he had already seen the physical therapist that
had helped his family develop an appropriate physical
activity plan. They found that several short periods of
exercise throughout the day were most effective for
Henry. These 5-10-min exercise sessions were added
as part of his family’s daily routine. By this visit
Henry had lost 4 1bs over the previous 3 months, and
his mother felt confident they could continue their
new healthy lifestyle behaviors. Henry will continue
to be followed every 3 months to ensure ongoing
progress.

Further Research and Future Directions

The relationship between sleep duration, sleep timing, physi-
cal activity, and weight should be established in children
with neurodevelopmental disabilities. Weight and physical
activity are factors which can be modified by behavioral
interventions. If the relationships between weight, physical
activity, and sleep are clarified among children with neurode-
velopmental disabilities, medical providers could have non-
invasive interventions to promote for treatment of sleep
disorders in this population. Further research may be able to
establish specific physical activity type and duration
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recommendations to promote improved sleep onset and
duration while limiting wakefulness. Similarly, best prac-
tices in treating obese children with neurodevelopmental dis-
abilities should be established. Understanding specific
techniques or teaching modalities which convey nutrition
messages and motivate adherence to healthy eating habits
can be helpful in promoting healthy weight in children with
neurodevelopmental disabilities. Clarifying these relation-
ships would help establish standards of practice for practitio-
ners working with children with neurodevelopmental
disabilities and sleep disorders.
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