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ABSTRACT

The purpose of this review is to draw attention to the limited information available on food intake (FI) control in children and adolescents 7–17 y

of age, which is essential for developing food policies and guidelines in this population. Although environmental factors have been the

overwhelming focus of research on the causative factors of obesity, research focusing on the physiologic control of appetite in children and

adolescents is a neglected area of research. To present this message, a review of FI regulation and the role of food and food components in

signaling processes are followed by an examination of the role of hormones during puberty in intake regulation. To examine the interaction of

environment and physiology on FI regulation, the effects of exercise, television programs, and food advertisements are discussed. In conclusion,

although limited, this literature review supports a need for children and adolescents to be a greater focus of research that would lead to sound

nutrition policies and actions to reduce chronic disease. A focus on the environment must be balanced with an understanding of physiologic

and behavioral changes associated with this age group. Adv Nutr 2016;7(Suppl):232S–40S.

Keywords: food intake regulation, children, macronutrients, puberty, hormones, physical activity, food advertisements

Introduction
The increased prevalence of obesity in children and adoles-
cents is due to a complex interplay between environmental
and behavioral factors that affect the physiologic regulation
of energy balance. Food factors include an inexpensive food
supply, ready availability and consumption of high-energy–
dense foods, food variety, and increased portion sizes (1–3).
Environmental factors include time spent in sedentary pur-
suits, the structure of the built environment, schools and
day care, parenting styles, and peer pressure in children
and adolescents. Many public health actions have been try-
ing to address these issues, yet obesity in children has not
decreased (3).

Although environmental factors have been the over-
whelming focus of research on the causative factors of obe-
sity (3–5), research focusing on the physiologic control

of appetite in children is a neglected area. Physiologic factors
affecting intake control during childhood and adolescence
include age, sex, pubertal stage, body fatness, and the
macronutrient composition of food. It is unclear whether
obesity develops because physiologic mechanisms of food
intake (FI)6 control are compromised first or if these are
simply overridden by the environment and become com-
promised (1). Understanding how these determinants inter-
act to disrupt the delicate balance between energy intake and
energy expenditure is necessary to prevent overweight and
obesity in children. It is also needed as the foundation for
evidence-based food policies and decisions being made to
change the food environment for children.

The purpose of this review is to draw attention to the lim-
ited information available on FI control in children and ad-
olescents 7–17 y of age and for food policies and guidelines
in this population. As noted in the other reports from this
symposium, infants and toddlers have been a focus of die-
tary advice encompassing a crucial stage of development
(6). However, to preserve health and prevent development
of chronic disease, a continued understanding throughout
childhood and adolescence is required.

The emerging message is that the physiologic regulation
of FI continues to evolve during childhood, differing from
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adulthood and involving environmental factors that have the
potential to override and permanently alter physiologic
mechanisms, leading to a lifelong struggle to achieve a
healthy energy balance. To present this message, a review
of FI regulation and the role of food and food components
in the signaling processes is followed by an examination of
the role of hormones during puberty in intake regulation.
To show the interaction of environment and physiology on
FI regulation, the effects of exercise, television programs,
and food advertisements are discussed.

FI Regulation (Overview)
Research on the regulation of FI has intensified with the in-
creased prevalence of overweight and obesity in all age
groups. The majority of research has focused on dietary
and pharmaceutical treatments in adults. However, little at-
tention has been given to understanding the regulation of FI
and body weight in normal-weight and obese children, or
during puberty, and how this regulation is affected by envi-
ronmental factors.

FI regulation (Figure 1) is a precise biological process that
involves the integration of complex homeostatic mechanisms
in the central nervous system (CNS) arising from peripherally
derived signals (7, 8). These signals include sensory properties
of foods, mechanical and chemical receptors in the gastroin-
testinal tract, gut hormones, and circulating metabolites (9,
10). The hypothalamus, brainstem, and cortex integrate these
signals and translate them into information regulating meal
size and duration; interval to the next meal; the amount
of food consumed throughout the day or over several days,
weeks, and months; and possibly the composition of food,
as well as the intake of total energy. This long-term regulation
of FI is mediated by leptin and insulin, which are secreted
in proportion to the adipose tissue mass, exerting their action
in the hypothalamus. They also act synergistically with gut
hormones in the regulation of short-term FI.

At present, the relative importance of each of these signals
contributing to satiety is unclear. Energy imbalance could
theoretically arise from errors in the control of many aspects
of short-term intake, as well as in the long-term regulation
of intake. Furthermore, it is possible the plasticity of the reg-
ulatory system before and during puberty could lead to a
decreased sensitivity to satiety signals, thus contributing to
obesity. For example, some research shows that compensation
for the energy content of preloads consumed before test meals
is highly variable among children, being less precise in older
children than in younger children (11).

Appetite-regulating signals arise primarily through gas-
tric activation. Gastric activation occurs at the sight, smell,
or mere thought of food (cephalic phase), through the
stimulation of stretch- and chemical receptors after food
is being ingested (gastric phase), and upon the arrival
of partially digested proteins and amino acids in the
duodenum (intestinal phase) (12). These appetite-regulating
signals include anorexic hormones or appetite-suppressing
signals from the small intestine, including cholecystokinin,
glucagon-like peptide (GLP) 1 and 2, bombesin, gastrin-
releasing peptide, neuromedin B, glucagon, apo A-IV,
amylin, somatostatin, enterostatin, and peptide YY (PYY)
(3–36), and from the stomach, leptin and the only known
appetite-stimulating signal, ghrelin (13, 14). Many of the
actions of gastrointestinal hormones are expressed via their
receptors in the CNS (15). Some enter the central circulation
via brainstem and hindbrain, “leaky areas” in the blood–brain
barrier, or send signals through vagal afferents to the hypothal-
amus. The release of gut hormones is also macronutrient-
dependent, explaining, at least in part, differences in the
satiating and satiety effect of macronutrients. For example, in
humans, protein is a stronger secretagogue of cholecystokinin
and GLP-1 than are carbohydrate and fat (14, 16).

Postabsorptive signals are generated after nutrients have
been digested and have entered the circulation, where they
stimulate satiety centers in the brain by endocrine and met-
abolic actions. The glucostatic, aminostatic, and lipostatic
hypotheses of energy intake control have been the main the-
ories describing how absorbed nutrients generate and influ-
ence satiety signals in the CNS (7).

Dietary Components and FI Regulation
The composition of food, in addition to energy, contributes to
both the short- and long-term regulation of FI. One of the
challenges here is to understand their relative importance and
how to optimize their interaction with intake regulatory sys-
tems for the purpose of achieving optimal energy balance.

Carbohydrates
All macronutrients provide energy; however, studies of
their influence on FI in adults have made it clear that
their effects cannot be predicted from their caloric content
alone. Each macronutrient exerts specific satiating effects in-
dependent of their caloric value (7, 17), as described in the
following.

FIGURE 1 Physiology of food intake regulation. Adapted with
permission from reference 7. CNS, central nervous system; GI,
gastrointestinal.
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Carbohydrates are the primary macronutrient source
most commonly consumed, averaging;50% of total energy
intake (18). Carbohydrate consumption increases blood glu-
cose, which is associated with increased satiety and reduced
FI (7), consistent with the glucostatic theory of FI regulation
as proposed 65 y ago by Mayer (19). However, in addition to
glucose, the release of insulin and gut hormones, including
GLP-1 and cholecystokinin, elicit carbohydrate-induced sa-
tiety by affecting gastric emptying rate and stimulating sati-
ety signals in the CNS (Figure 2) (20). Satiety signals arising
from sugars are unique compared with those arising from
other carbohydrates, because sweet-tasting products also
lead to sensory specific satiety (21).

In children and adults, compensation for energy con-
sumed as carbohydrates may be dependent on the quality
and timing of the preload before the measurement of FI.
Mealtime intake regulation for previously consumed calories
is more accurate if the duration between the preload and the
meal is short. For example, preschool children aged 2.5–5 y
compensated accurately at a lunch buffet given 20–30 min
later for the energy content of premeal carbohydrate
puddings of varying energy densities (22). Similarly, snacks
of raisins, grapes, and almonds, eaten freely or in fixed
amounts, suppressed FI at a meal 30 min later in 8–12-y-
old boys and girls (23). However, children aged 4–6 y did
not compensate at a lunch buffet after a high carbohydrate
(82%) yogurt preload when the time interval between the
preload and test meal was extended to 90 min (24).

The effect of ingestion of beverage calories is also time-
dependent. Sugars, when consumed in liquid form shortly
before meals, do not bypass regulatory systems in adults.
Adults readily decrease FI to compensate for the calories con-
sumed if they are within 30–60 min of the later meal (25, 26).
Similarly, preschool children aged 3–5 y demonstrated al-
most perfect caloric compensation in a test meal given 30
and 60 min post-preload ingestion of beverages containing

sucrose, low glucose maltodextrin, or a combination of the
2 (average of 1.25 g/kg of body weight) (27). In contrast,
caloric beverages at mealtime add calories to the mealtime
occasion and have no impact on the amount of food eaten,
suggesting that thirst might be driving the need for fluids
and is the reason caloric content is not registered (26).

Poorer self-regulation of FI in children has been associ-
ated with increased adiposity (28), but this observation
may be limited by failure to provide test treatments on
the basis of body weight. However, this may depend on
the composition of the source of calories. In one report,
both normal-weight and obese boys aged 9–14 y reduced
their FI 30 min after consumption of a glucose drink
(50 g), suggesting that satiety response to carbohydrates
is not affected by obesity (29).

Protein
In contrast to many studies in adults, relatively little is
known about the effect of protein on FI in children and ad-
olescents. Short-term satiety is increased by dietary protein
when compared with carbohydrate or fat in adults, as indi-
cated by both quantitative and subjective measures (14, 30).
In adults, the effect of protein on FI is dependent on source,
dose, form (solid vs. liquid), the presence of other macronu-
trients, and time to the next meal. Although little studied,
there is also evidence that protein is more satiating than car-
bohydrate in children. Young children aged 5–6 y given a
high carbohydrate (;67 g carbohydrate) or a high protein
(;46 g protein) meal, consumed less energy from an after-
noon snack after the high protein meal (31).

When protein and carbohydrates were given separately,
normal-weight boys aged 9–14 y decreased FI after glucose
(50 g) and a whey protein (50 g) drinks at a pizza meal
30 min later. In contrast, in obese boys of the same age, only
50 g of glucose but not 50 g of whey protein suppressed
FI 30 min later (29), suggesting that the effect of protein

FIGURE 2 Interaction of protein and
carbohydrate in the regulation of food intake
and postprandial glycemia. Glucose control by
carbohydrate is shown in red. Glucose control
by protein is shown in green. AMPK, AMP-
activated protein kinase; CCK, cholecystokinin;
DPP-IV, dipeptidyl peptidase-4; GIP, gastric
inhibitory peptide; GLP-1, glucagon-like
peptide; PYY, peptide YY.
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on FI is body weight–dependent, although the effect of car-
bohydrate may not be.

Fat
Over the past 4 decades, dietary fat has been associated with
a high prevalence of obesity (33). Consequently, dietary
guidelines have recommended reducing fat intake. Studies
report that dietary fat intake is not related to obesity (34),
and the relation between dietary fat and the development
of obesity is still unclear (35). In adults, experimental studies
show that protein is more satiating than carbohydrate,
which is more satiating than fat (36, 37), indicating that
fat may contribute to excess energy intake. The effect of
fat on intake regulatory mechanisms suggests the opposite,
because it stimulates release of cholecystokinin, slows gastric
emptying and provides a signal to the CNS (38), and regu-
lates food transit in the small intestine via the vagus nerve
(39, 40), which may explain why some studies have found
that fat is more satiating than carbohydrates (41). Further-
more, outcomes of studies of fat and appetite vary depend-
ing on FA composition, or if fat is studied alone or within
a meal and if individuals consume a habitual high- or low-
fat diet. Meals containing 42% of total energy as fat from
MUFAs produced a lower satiety response than did meals
high in PUFAs and SFAs (42). Safflower oil preloads in water
suppress short-term FI less than an equivalent energy preload
containing glucose in young adults consuming a later meal
(43). However, another report suggests that such compari-
sons are affected by habitual diet. Individuals who habitually
consume a high-fat diet (46.7% energy) display higher base-
line hunger, but also a greater suppression of hunger, in re-
sponse to a meal than do individuals on a lower-fat diet
(29.9% energy) (44).

The effects of fat on satiety in children and adolescents
are few but, as in adults, responses may be influenced by
many similar factors, including body weight (29), as well
as physiologic and hormonal changes through puberty
(32). In contrast to adults, preschool children aged 2–5 y
showed excellent compensation for energy density differ-
ences produced by manipulating the fat content of ice cream
(45) and yogurt (46) or by replacing dietary fat by a nonen-
ergy fat substitute (47). Similarly, a recent study reported
similar FI at a meal with a fixed amount of meat with full-
fat french fries vs. baked fries (48). However, in another
study, children aged 4–6 y did not compensate for a yogurt
preload high in fat (71%) at a lunch buffet 90 min later (24).
In addition, there is one report showing that obese chil-
dren have a higher preference for fatty foods (49), perhaps
because of a weaker response to the satiating properties of
fat. Consistent with this hypothesis, small high-fat meals
(450 kcal) maintained higher ghrelin and lower PYY re-
sponses in obese children than in 7–11-y-old normal-weight
pre- and peripubertal children, suggesting that obese chil-
dren are more vulnerable to overeating if given high-fat
foods or meals (50). However, the serving size of the meals
was small, not provided on a body weight basis, and neither
appetite nor FI was measured. This leaves uncertainty about

the role of fat in satiation and hormonal responses after
meals eaten to satiation in children and adolescents, and
merits further investigation.

Food combinations in the regulation of FI
An understanding of the mechanism of action of each of the
macronutrients in FI control has proven useful, but it over-
looks the benefit of food combinations as usually consumed
inmeals in determining FI andmetabolic control. For example,
carbohydrates affect glucose regulation and satiety primarily
by their direct effects on insulin (Figure 2). However, when
consumed with protein, meals trigger the release of many hor-
mones and bioactive peptides, including PYY, cholecystokinin,
GLP-1, and gastric inhibitory polypeptide, which signal satiety,
reduce stomach emptying, and contribute to reduced blood
glucose concentrations (30).

Based on the physiology of FI control, it is clear that
methods describing the physiologic effects of macronutri-
ents in isolation may lead to misleading mealtime advice.
This can be easily illustrated by postprandial glucose re-
sponses in studies investigating the consumption of carbo-
hydrates with a protein or at a meal. Mealtime advice for
carbohydrates is often based on their effect on blood glucose
as defined by the glycemic index (GI) (51). The GI measures
the incremental AUC for 2 h blood glucose response after
consumption of a fixed amount (usually 50 g) of available
carbohydrates in a test food. The GI of foods, compared
to glucose as the reference value, is arbitrarily classified as
low (#55), intermediate (56–69), and high ($70). A similar
approach has been taken to characterize the satiety index
(SI) of carbohydrates. In these studies, participants rank
their subjective feelings of hunger over 2 h after consuming
foods containing a fixed amount of carbohydrate. Using
these methods, the GIs of boiled potatoes, pasta, or rice
were 65–91, 43–55, and 60–86, and the SI values were 323,
119, and 138, respectively, showing an inverse relation be-
tween GI and SI (52). This relation is consistent with the
physiologic role of glucose in FI regulation (53). However,
both the GI and SI are based on the consumption of a fixed
amount (e.g., 50 g) of available carbohydrate, which may
not be representative of the amount of carbohydrates com-
monly consumed within a meal or predictive of a postmeal
glycemic or satiety response if eaten with protein.

Because potatoes fall into the category of high-GI foods,
many dietary guidelines recommend decreasing their con-
sumption, which fails to recognize not only that within a
meal they are consumed with protein foods, but also that
they are nutrient-rich vegetables (54). As a result, over
the past 40 y, the consumption of potatoes has decreased
by 41% (54). Fried potatoes have been removed from
school cafeterias, and fast food restaurants are under pres-
sure to remove or reduce serving sizes because of observa-
tional studies linking their consumption to increased risk
of obesity (55). However, the unintended consequence of
this has not been the expected decrease in high GI carbo-
hydrates but rather increased consumption of energy-dense,
nutrient-low starchy foods, such as rice and pasta, many of
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which are high-GI, with no discernible decrease in the
upward trajectory of the number overweight and obese
individuals.

There is an abundance of evidence that the GI of a fixed
portion of these carbohydrates is readily modified by the ad-
dition of a protein source (54). For example, to provide 50 g
available carbohydrate, consuming a baked potato with 62 g
cheddar cheese reduced the GI from 93 to 39 (56). Similarly,
serving mashed potatoes containing 50 g of carbohydrate
with oil, chicken breast, and salad as a meal reduced the GI
of the potato from 108 to 54 (57). The high GI of rice is
also markedly reduced by other food components in a usual
meal. Two recent reports that examined the effect of rice on
postprandial glycemia after a representative meal with fixed
portions concluded that evaluation of white rice as a high
GI food should not guide mealtime advice for adults (58,
59). The addition of tofu and egg, along with vegetables
and oil (58), or chicken, oil, and vegetables (59) fully attenu-
ated the postprandial glycemia caused by rice.

In addition, protein in an ad libitummeal has the potential
to modify postprandial glycemia by reducing the amount of
carbohydrate eaten at the meal. Yet, to our knowledge, only
one study has reported the effect on energy intake and post-
prandial glucose of ad libitum access to these carbohydrate
sources when consumed by men along with a fixed portion
(150 g) of pork steak. FI after an ad libitum potato meal
was 31% and 23% lower than with pasta and rice meals, re-
spectively, reflecting the satiating value of potatoes, possibly
triggered by their high glycemic characteristics (60). Moreover,
no differences between the treatments were found in FI at an
ad libitummeal served 4 h later; thus, the potato meal reduced
cumulative FI the most over the study period. The consump-
tion of the potato meal also resulted in lower concentrations of
blood glucose and insulin than did the rice and pasta meals,
which is consistent with the lower carbohydrate intake.

A preliminary report in children also confirms the obser-
vation that consuming potatoes with a protein source results
in an earlier termination of FI. Normal-weight children aged
11–13 y consuming meals composed of 100 g of meatballs
with free access to pasta, rice, and potatoes (baked and fried)
ate 30% fewer calories at a meal with boiled and mashed
potatoes than at all other meals and produced similar levels
of postprandial glycemia. Furthermore, after the meal with
full-fat french fries, their caloric intake was not different
from baked fries, pasta, or rice, but their postmeal insulin
was 30% lower. Fried potatoes also have been shown to re-
duce postmeal glycemia compared with boiled and mashed
potatoes (48). Previous studies moreover have demonstrated
an inverse association between glycemic response and sati-
ety, suggesting that high-fat meals may lower postmeal
glycemia and thus increase satiety (61).

In summary, it is clear that there is a need for a more
thorough understanding of the effects of mealtime com-
position on FI and metabolic responses in children for
the development of food policies and guidelines in this
population.

Puberty and Hormonal Regulation of
FI in Children
At present, there is no evidence that “errors” in physiologic
mechanisms of FI regulation account for overweight or obesity
in children. Children’s energy intake is concordant with sex-
specific changes in body composition, peak growth velocity
and the development of puberty (62, 63). In later puberty, FI
is higher in boys than in girls (64). Furthermore, both boys
and girls consume more calories in late compared with early
puberty, but this is attributable primarily to an increase in
body weight (64). However, to understand the relation between
satiety and satiation, it is necessary to learn about the associa-
tions between food characteristics and satiety signals. Further-
more, puberty may be a vulnerable time for physiologic systems
to be permanently altered by the environment. Sex hormones
are well known to play a role in appetite control in adults
(65), but their interactionwith FI and food behavior in children
passing through puberty has received only limited attention.

Estrogen and testosterone are the primary sex steroids pro-
duced during pubertal development in girls and boys. A role for
estrogen and testosterone in FI regulation has been derived pri-
marily from animal studies. Estradiol, themost important form
of estrogen, has a suppressive effect on FI in adult rats (66, 67).
Consistent with this, energy intake inwomen is decreased when
estrogen is at higher concentrations in the follicular compared
with the luteal phase of the menstrual cycle (68). In contrast to
estradiol, less is known about testosterone’s role on FI. In adult
rats, testosterone injections have a stimulatory effect on FI (65),
and orchiectomy in rats decreases FI, an effect reversed by phys-
iologic doses of testosterone (69). A recent report found testos-
terone concentrations at fasting to be inversely related to fasting
ghrelin, and they decreased 60 min after boys consumed a
drink containing glucose and whey protein (70). Consistent
with this observation, testosterone administration to short peri-
pubertal boys aged 8–12.5 y led to a marked decline in circulat-
ing concentrations of ghrelin and leptin (71). However, it
remains unclear whether these relations between testosterone
and FI-regulating hormones are indicative of the role of testos-
terone in regulating short-term FI.

Although there are potentially many hormones related to
FI, insulin, PYY, ghrelin, and leptin have been shown to in-
teract with sex hormone production. Insulin resistance is
a normal physiologic event during puberty (72), increasing
by Tanner stage 2, remaining stable between stages 2 and
4, and returning to approximate prepubertal levels by the
end of puberty (Tanner stage 5). Ghrelin is a potent stimu-
lator of release of growth hormone (73) and, like leptin, it
plays a permissive role in pubertal onset and development
(74). Mean ghrelin concentrations in boys in Tanner stages
4 and 5 are about 40% lower than in Tanner stage 1 and
are inversely correlated with testosterone concentrations
(75). Fasting blood concentrations of both acylated and un-
acylated ghrelin are higher in prepubertal (Tanner stage 1)
than in pubertal (Tanner stages 2–5) normal-weight and
obese children, and are inversely related to testosterone
and estradiol (75, 76).
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In summary, not only is the activity of sex hormones in-
creasing during puberty but also the actions of other hor-
mones regulating FI are modified by their interactions
with the sex hormones. Thus it can be hypothesized that
puberty is a crucial time of development of FI regulatory
mechanisms, which can offer a plausible explanation for
why some children become overweight or obese. Of course,
in addition to the complex hormonal changes occurring dur-
ing the advancement of puberty, the environment also may
play a role in determining the development of lifelong FI reg-
ulatory mechanisms. This is shown by the effects of activity,
television programs, and food advertisements on children.

Environmental Factors Affecting FI
The physiologic regulation of FI in children can be overrid-
den by a plethora of environmental factors that are corre-
lated with a risk of obesity. In adults, nonfood-related
factors, such as reduced physical activity, alcohol consump-
tion, smoking, socioeconomic status, and mental illness
negatively affect body weight. Food-related environmental
factors, such as a food’s salience, variety, package or portion
size, and palatability, also relate to the way food is provided
or presented. Moreover, the mealtime environment and the
amount eaten is dependent on how food is obtained; the eat-
ing atmosphere; the social interactions that occur with fam-
ily, friends and peers; and the distractions that may be taking
place, including television viewing (5). Nonfood-related,
food-related, and mealtime factors may each contribute to
how much energy is consumed at a meal, and these factors
can also operate together to affect FI. Compared with studies
in adults, research with children and adolescents from 7–17
y of age is very limited, leading to the unfortunate assump-
tion that what applies to adults applies to children and can
be used to develop dietary guidance for children.

Activity and FI regulation in children
Although there is a large body of evidence showing that de-
clining levels of physical activity are associated with a higher
BMI (77), the benefits of physical activity and exercise as a
form of structured physical activity for achieving body
weight are still under debate. Countless physical activity
and dietary programs have been designed for the adult pop-
ulation to counteract the obesity epidemic, without much
success (78). However, studies in children are much more
limited but are needed for developing evidence-based poli-
cies. Physical activity programs, such as the Take Ten
program, have been promoted in schools as a means to
combat obesity (79). The program encourages teachers to
facilitate 10 min bouts of physical activity throughout the
school day in order to accumulate a total energy expenditure
of 27–30 kcal/d or 300 kcal/wk (80, 81). One of the first
studies aimed at validating the program found that 9–14-
y-old boys expending 60–80 kcal by exercising for
#12 min at a low to moderate intensity at the ventilatory
threshold increased appetite and prospective food consumption
scores (82); however, FI was not measured. The authors hy-
pothesized that FI would be increased with aerobic activity,

counteracting the effects on weight loss, because subjective
appetite and prospective consumption scores often correlate
with FI in adults (83). However, follow-up studies at the
ventilatory threshold and 25% above the ventilatory thresh-
old (84) and for durations (at 15 min and 45 min) (85)
found no effect on FI at an ad libitum meal 30 min after ex-
ercise, even with increased appetite ratings. Another study
investigated the effects of exercise on substrate utilization
and the subsequent relation with FI (86). Carbohydrate
and fat oxidation was modified by a glucose preload and ex-
ercise at 44–49% maximum oxygen consumption, but,
again, the study found no increase in FI, even with varying
substrate utilization. Adult studies indicate that short-term
FI is only affected by high-intensity activity, above 70%
maximal oxygen uptake, which consistently suppresses ap-
petite (88, 89) and FI (90). However, little is known about
the effect of high-intensity activities and FI in children
and adolescents. One study found that FI is supressed at
high intensities (75% maximal oxygen uptake), but only
in obese children when compared with lean children
(91). Thus, the overall evidence, although scarce, does
not point toward an increase of FI in children to correct
for the energy deficit of exercise in the amount that can
be promoted in schools, and supports programs such as
Take Ten.

Mealtime television and food advertisements
Mealtime television and food advertisements in children’s
programs have been associated with overweight and obe-
sity in children, and dietary guidance and policies have fo-
cused on food advertisements, suggesting that they are the
most problematic aspect of television for children. Televi-
sion viewing during meals or snacks accounts for about
one-quarter of total daily energy intake in children (92).
Proposed causes for the obesity epidemic are not only lower
activity levels but also an increased preference for energy-
dense foods and sweet beverages, with increased time spent
viewing television (93); snacking, but with lower intake of
fruits and vegetables (94); and distracted eating (95).

However, the impact of distraction by television during a
meal on satiety and satiation has been reported only recently
and suggests that distraction alone is more likely to lead
to excess FI than food advertisements in television pro-
grams In addition, sex and puberty may be factors in
these responses. When boys watched a favorite television
program, both satiety and satiation before and during a
meal were reduced. Boys aged 9– 4 y old who watched a
nonfood related television program (“The Simpsons”) dur-
ing the meal had both decreased satiation as measured by FI
at the test meal and decreased satiety after the glucose drink
consumed 30 min earlier, leading to overall 24% higher en-
ergy intakes than when television was not watched (96).
Similarly, peri- but not postpubertal girls watching the tele-
vision program “Hannah Montana” at mealtime had lower
caloric compensation after consumption of a glucose drink.
However, their FIwas not affected by television during a pizza
meal (97).
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Food behavior and choice also may be adversely influ-
enced by television advertisements for food products (98).
Children who watched the most hours of television were
found to be consumers of those foods most advertised
on television (99). To test the effects of food commercials
on food choices in children directly, 7–11-y-old students
were divided into random groups and watched a 14 min
episode of “Disney’s Recess” with or without food com-
mercials. The food commercial group watched 4 food
commercials lasting 30 s long during 2 designated adver-
tising breaks. The commercials promoted common snack
and breakfast foods (a high-sugar cereal, waffle sticks with
syrup, fruit rollups, and potato chips) with the use of a fun
message tailored to children (100). Children watching
food advertisements ate a considerable greater amount
of the snacks (45%) than did children not watching
food commercials (101). However, whatever may be the
origin of food preferences, it does not necessarily lead to
energy imbalance. Preschool children, when given food
choices in test meals, accomplished caloric compensa-
tion at the meal for calories consumed shortly before
the meal by selectively reducing intake of nonpreferred
foods and maintaining consumption of highly preferred
foods (45).

Taken together, these data may suggest that a food policy
preventing food advertisements in television programs for
children would be effective in addressing the obesity epi-
demic. However, the following reports challenge the view.
Food advertisements in television at mealtime reduced FI
in boys, had no effect in normal-weight girls, but increased
FI in overweight/obese girls (102). Whether snack food ad-
vertisements in a television program would increase selec-
tion of highly preferred foods and decrease intake of fruits
and vegetables is untested. However, many attempts have
been made to increase fruit and vegetable consumption by
children in this age group, largely unsuccessfully (103).
For example, when children were exposed to healthy fast
food advertisements embedded in cartoons, they increased
their liking for fast foods, but did not cause them to make
a healthier choice (98).

Currently, evidence of television’s adverse effect on the
mealtime FI of children rests more with its effect on dis-
tracted eating and less with the food advertisements in con-
tains. Furthermore, there is some evidence that girls respond
differently from boys and that age is a factor. However,
for effective food policy aimed at regulating food advertise-
ments, much more understanding through randomized,
controlled studies is needed. For now, the simple solution
seems to be to recommend that children and adolescents
not watch television while eating.

Conclusions
In conclusion, although limited, this literature review
supports a need for children and adolescents to be a greater
focus of research that leads to the development of sound
nutrition policies and actions to reduce chronic disease.
A focus on the environment must be balanced with an

understanding of physiology and behaviors relevant to
this age group.
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