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ABSTRACT

BAR-OR, O., J. FOREYT, C. BOUCHARD, K. D. BROWNELL, W. H. DIETZ, E. RAVUSSIN, A. D, SALBE, S. SCHWENGER,
S. ST. JEOR, and B. TORUN. Physical activity, genetic, and nutritional considerations in childhood weight management. Med. Sci.
Sports Exerc., Vol. 30, Na. 1, pp. 2-10, 1998, Juvenile ohesity is a serious, increasingly prevalent problem in technologically developed
socleties. Almost one-quarter of U.S. children nre now obese, n dramatic increase of over 20% in the past decade. It is intriguing that
the Increase in prevalence has been occurring while overall fat consumption has been declining. Body mass and composition are
influenced by genetic factors, but the actual heritability of juvenile obesity is not known. A low physical activity (PA) is characteristic
of obese children and adolescents, and it may be one cause of juvenile obesity. There is little evidence, however, that overall energy
expenditure is low umong the obese. There is a strong associntion between the prevalence of obesity and the extent of TV viewing.
Enhanced PA can reduce body fat and blood pressure and improve lipoprotein profile in obese individuals. Its effect on body
composition, however, is slower than with low-calorie diets. The three main dietary approaches are: protein sparing modified fast,
balanced hypocaloric diets, and comprehensive behavioral lifestyle programs. To achieve long-standing control of overweight, one
should combine changes in eating and activity patterns, using behavior modification techniques. However, the onus is also on society
to reduce incentives for a sedentary lifestyle and over-consumption of food, To address the key issues related to childhond weight
management, the American College of Sports Medicine convened a Scientific Roundtable in Indianapolis.
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juvenile obesity) is a serious, increasingly prevalent
problem. Almost one-quarter of children in the
United States are currently obese, a dramatic increase of
over 20% in the past decade (60). Dietary data from the
United States suggest that this increased prevalence oc-
curred despite a decrease in overall fat consumption and
little change in caloric intake. It is therefore conceivable that
encrgy expenditure has decreased during that period.
Juvenile obesity increases the risk of adult obesity. Forty
percent of obhese 7-yr-old children and 70% of obese ado-
lescents become obese adults (35,41,54). The obese child is
at increased risk for hypertension, hypercholesterolemia,
hyperinsulincmia, decreased release of growth hormone,

Childhood and adolescence aobesity (henceforward,

respiratory disorders, and orthopedic problems. The obese
child suffers both psychologically and socially. Self-esteem
and self-image are often damaged by ridicule and scorn,

The prevention and treatment of juvenile obesity through
effective weight management are thus of enormous public
health importance. Early identification of children at risk,
prevention strategies, public policy and public health ap-
proaches, and early intervention may be the most effective
means of addressing the primary causes of obesity, i.e., poor
diet and a lack of physical activity.

National objectives for health promotion set forth by
Healthy People 2000 (63) include seven initiatives which
relate directly to improving weight management in children:
1) reduce or maintain the prevalence of overweight in the



US. at <15%; 2) increasc the adoption of sound dietary
practices and regular physical activity to 50% of overweight
children; 3) increase to 90% the proportion of school lunch
and breakfast service and child care food scrvices with
menus that are consistent with the Dictary Guidclines for
Americans (61); 4) increase to 75% the proportion of
schools that provide nutrition education as part of a com-
prehensive health cducation program from preschool to 12
grade; §) increasc to 30% thosc who cngage regularly in
light to moderate physical activity for at lcast 30 min-d™!; 6)
incrcase to 75% those children who engage in vigorous
physical activity that promotes the developiment and main-
tenance of cardiorespiratory fitness three or more days per
weck for 20 or more minulces per occasion; and 7) reduce to
15% those who cngage in no leisurc-time physical activity.
The major objective of these initiatives is to “increase the
span of hcalthy lifc™ most effectively and efficiently.

Unfortunately, few of these goals for the year 2000 will
be attained at our current pace. The prevalence of obesity in
children is on the risc, less than 50% of children engage in
routinc physical activity, less than 36% of schools offer
physical cducation classes, scdentary activity has increised
(TV watching averaging 24 h'-wk™!) and as many as 45% of
children snack on high fat, caloric-dense foods at least twice
per day (39). This, indeed, is a sad commentary on how the
overall health and weight of our children are being directly
affected by adverse practices, environmental influences, and
luck of cducational programming.

Likewise, in a rccent report (64), the U.S. Surgcon-
General states that “the prevalence of vigorous physical
activily among young pcople falls short of the Healthy
Peoplc 2000 goal of 75%” (p. 192). Nor have these goals
been mel for light to moderate physical activity (p. 196).
The goals sct for reduction of inactivity among young peco-
ple have been “met for adolescents overall, but not for black
females or young adults™ (p.189).

The Amecrican College of Sports Mcdicine (ACSM) con-
vened a Scientific Roundtable with the sponsorship of the
National Dairy Council and the Sugar Association. The
Roundtablc mct at the ACSM Center on July 16th and 17th,
1996. Its goals were 1o examine the roles of heredity, phys-
ical activity, and nutrition in juvenile obesity and weight
management, and to suggest the most promising stratcgies
for reversing the growing prevalence of obesity in our
nation's youth. However, weight control programs should
not compromisc a person’s hcalth, Preoccupation with
weight reduction may induce aberrant cating and activity
behaviors, which may result in undernutrition. Another aim
of the Roundtable was therefore to outline the cffects of
undernutrition on children's physical activity and fitness.

HEREDITY AND JUVENILE OBESITY

Obesity is a complex multifactorial trait that cvolves
under the interaction of influences from the social, bchav-
joral, physiological, metabolic, ccllular, and molecular do-
mains. Scgregation of the genes cannot be casily detected in
familial or pedigree studies and whatever the influcnces of
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thcse genes, they are attenuated or exacerbated by nonge-
nctic factors. In addition, it is likely that body fat content is
also modulated over onc's lifetime by various genc-cnvi-
ronment interactions. The oulcomes of these interactions
may vary among individuals becausc their sensitivity to
environmental exposurcs or to lifestyles varics because of
genctic individuality. Among cnvironmental factors onc
may include dictary fat, energy intake, level of habitual
physical activity, smoking, alcohol intake, and others.
Morcover, gene-gene intcractions need to be considered, but
little rescarch bearing directly on this topic has been re-
ported so far,

Heritability Level

The level of heritability has been considered in a large
number of twin, adoption, and family studies. The level of
heritability is simply the fraction of the population variation
in a trait (c.g., BMI) that can be explained by genetic
transtission. Results oblained by a good number of inves-
tigators indicate that the heritability level estimates depend
on how the study was conducted and on the kinds of rela-
tives upon which they were based. Recent studies incorpo-
rating individuals with a widc range of BMI together with
information obtaincd on their parents, siblings, and spouses
suggest that the genctic contribution to obesity may be
~25-40% of the individual differences in body mass or
body fat (8). It has been suggested that the heritability level
increases from birth to pubcerty and reaches its maximum at
biological maturity. It scems also that the heritability of
BMI dccreases after middle age.

The Risk of Becoming Obese

A number of studies have rcported that obesc children
frequently had obese parents. In about 30% of the cases,
both parents of obese children are obese, with a range in
frequency of about 5 to 45%. It has also been estimated that
about 25-35% of the cases of obcsity occur in families with
normal weight parcnts despite the fact that the risk of
becoming obese is higher if onc has obesc parents. The level
of risk (the so-called “R value™) for a first-degree relative of
an overweight, a moderatcly obesec or a severely obese
pcrson in comparison with the population prevalence of the
condition reaches about 2 to 3 (1). However, obese children
and adolescents who are in the upper decile of the distribu-
tion have a much greater risk of being obese as adults (35).

The Single Gene Hypothesis

It is commonly observed that severcly or morbidly obese
persons are, on the average, about 10-12 BMI units heavier
than their parcnts, brothers, or sisters. Scveral studics have
reportcd that a single major gene for high body mass was
scgregating from the parents to their children. However, a
few studies did not find support for Mcndelian transmission
unlcss age and/or gender variations in the major gene were
taken into account. From this small body of data, the trend
scems to be for a major recessive gene accounting for about
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20-25% of the variance, but with age-associated effects,
with a gene frequency of about 0.2-0.3. These results must
be viewed with great caution as they are based only on the
unmeasured genotype approach and the gene(s) has(have)
not been identified yet (8).

PHYSICAL ACTIVITY AND ENERGY
EXPENDITURE IN JUVENILE OBESITY

Inactivity and Overweight

Interest in the relationship of reduced activily to obesity
has been heightened by recent observations which suggest
that, despite reductions in dictary fat, the prevalence of
obesity in children and adolescents in the United States has
continued to increase. Because 30% of the money spent on
food is spent on items consumed outside the home, and
because the fat and calorie contributions to the total intake
of food consumed outside the home remain uncertain, the
role of diet in the genesis of obesity cannot be entirely
dismissed. Nonetheless, reduced activity remains a promi-
nent potential source of energy imbalance. Although inac-
tivity infers a level of energy expendilure close to resting
metabolic rate, inactivity may induce obesity through its
association with other behaviors that promote obesity rather
than merely through a reduction in energy expenditure. In
children (67) and adults (14), the effect of inactivity on the
prevalence of obesity appears independent of the effects of
more vigorous activily.

Television viewing constitutes the most prevalent seden-
tary behavior among children and adolescents in the United
States. As shown over a decade ago (17), and more recently
confirmed (34), obesity is directly related to the number of
hours spent watching television. Although television view-
ing is associated with reduced energy expenditure, increased
consumption of foods while watching television, and the
increased consumption of foods advertised on tclevision,
may be as important as reduced activity in the genesis of
obesity. These data are consistent with other observations
that suggest that sedentary behavior covaries with other
hehaviors such as smoking, fat consumption, and alcohol
consumption (22,37). 'They also suggest that the effects of
inactivity on obesity may be related to the covariance of
inactivity with other behaviors rather than the effects of
reduced energy expenditure alone,

Limited opportunities for outdoor play and interaction
may also contribute (o inactivity, These factors include:

Safety (including traffic)

Reduced family size

Children being driven to school

Urbanization: fenced-in backyards

Budget restraints in schools: elimination of physical

education classes

e Limited funding of community (city, county, etc.) pro-
grams

o Liability and insurance issues in schools limit after-
hours use of facilities by community

s Increased technology: computer games
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Energy Expenditure and Overweight

Methods to assess energy expenditure in a free-living
environment include heart rate monitoring, time-and-mo-
tion-techniques (direct observation, activity diaries, or recall
interviews) with conversions for the energy cost of specific
activities, and doubly labeled water (*H,'*0, DLW). The
DLW method is based on the principle that whereas *H, can
only leave the body as water, '*O can be eliminated as either
water or C'*0, (48). A comparison of the disappearance
rates of the two isotopes over a 7-d period allows for a
determination of CO, production, which can then be used to
calculate total energy expenditure (TEE) over this time
period. If a measurement of resting metabolic rate (RMR) is
also performed, then an estimate of activity energy expen-
diture may bc obtained by difference (TEE — [RMR +
0.1 X TEE]), while the ratio TEE/RMR has been proposed
as an indicator of physical activity level (PAL).

Although the DLW method is the most accurate of all
methods for determining free-living energy expenditure, it is
very expensive. In addition, no information is provided
about the specific activities performed nor the behavioral
aspects of activity. DLW combined with time-and-motion
studies may give a more complete overview of the individ-
ual’s activity, including the components of daily activitv
that contribute to obesity and may, thereby, improve our
ability to make appropriate recommendations,

In adults, both TEE and RMR increase with increasiag
weight (43,50). RMR is elevated because of increased
amounts of fat free mass (the major determinant of RMR);
TEE is increased because of the increased cost of weight-
bearing activities. Although absolute TEE may be similar,
RMR may be lower and activity energy expenditure may be
higher in lean than in obese individuals. This indicates an
inverse relationship between the amount of physical activity
and body size (43).

In young children, there is not much information about
energy expenditure and risk of obesity. Decreased TEE in
children as young as 6—9 months (45) and lower physical
activity in preschool aged children (40) are reported to affect
later-nge obesity. However, conflicting reports show no
relationship between TEE at 12 wk and indices of body
fatness at 9 months or 2 yr (15). Cross-sectional data from
our laboratory show no relationship between physical ac-
tivity level and percent body fat; nor did we find a signif-
icant difference in TEE or activity energy expenditure be-
tween lean and obese children (46). Surprisingly, Mohawk
children, who have a high prevalence of obesity, are re-
ported to have higher TEE than Caucasian children (33).
Data from time-and-motion questionnaires suggest an in-
verse relationship between time spent in activity and body
fat mass (32); however, this observation is not supported by
the DLW data. Longitudinal follow-up studies in a large
cohort of children may help to clarify these incongruities in
the future.

In most of the studies of energy expenditure in young
children, one consistent observation stands out: children
younger than 7 yr appear to expend approximately 20-30%
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less energy in physical activity (31,46) than the level rec-
ommended by the World Health Organization (65). How-
ever, the reccommendations for children from 1-10 yr of age
were based on published intake data from developed coun-
trics. A review of the WHO recommendations has recently
been undertaken by Torun et al. (57), resulting in the sug-
gestion that habitual physical activity levels be classificd as
light, modecrate, or heavy and that to prevent obesity, cnergy
intakes which support the level of activity be reccommendcd.
However, a critical number of calorics is necessary to ensure
that all other nutricnt requirements are met during this
period of rapid growth in children. Perhaps targeting phys-
ical inactivity (by promoting lcss television viewing, less
use of video games, and less automobile usage), as well as
encouraging increased vigorous physical exercise, are rea-
sonable alternatives to ensure good health and prevent obe-
sily in these children (19).

MANAGEMENT OF JUVENILE OBESITY
Enhanced Physical Activity as an Intervention

Enhanced physical activity (EPA) is a major component
in weight management of obesc children and adolescents.,
Reduction in body fat is only one objective of EPA. Other
reported benefits include improved selfesteem, increased
acrobic fitness, a decrcasc in resting blood pressure, and an

| improved plasma lipoprotein profile (for review sce (2)).
Another potential benefit which has been documented for
adults (49), but not yet for children, is the preservation of
fat-frce mass when a very-low-calorie dict is implemented.
Likcwise, training in obcsc adults can affect fat distribution,
decreasc insulin resistance, and increase glucose tolerance;
but there arc no similar data for children.

In healthy, nonobese young people EPA has a limited
cffect on body adiposity (66). Greater efficacy and effec-

tiveness of such programs have been suggested for children
and adolescents who are obese (3). There are no data avail-
able on the optimal dosc of EPA in juvenile obesity. It
seems, however, that prolonged programs (e.g., 1 yr or
morc) are more cfficacious than shorier oncs (47). Com-
parcd with a low-caloric dict, the effect of EPA on body fat
and total body mass is considcrably slower. The main reason
is that the energy equivalent of EPA programs for children
scldom exceeds 1-1.2 MJ (250-300 kcal) per activity ses-
sion, compared with a reduction of 4=5 MJ (1,000-1250
keal) per 24 h through a low-caloric dict. There are indica-
tions, however, that the overall incrcase in daily encrgy
expenditure exceeds the amount expended in an activity
session per se. Likewise, the increase in encrgy expenditure
t;vcr 2 onc-month program cxceeds the expenditure added
by the program itsclf (6).

Poor compliance with and adherence 1o EPA programs
yos¢ 2 major challenge to the therapist. It secms that the
ong-term effect of an intervention program is greater when
ifestyle physical activitics are promoted rather than a reg-
mented excrcise prescription (21). Furthermore, a mere
cduction in the time spent on sedentary activities can in-
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duce a better and more sustainable weight control than does
an cxercise program (19). Furthermore, attitudes toward
vigorous cxercise among children reinforced for reductions
in scdentary bchavior scem more positive than attitudes
among children reinforced for EPA (19).

Diets and Nutritional Considerations

Fat reduction phase. Dicts uscd in the treatment of
childhood obesity can be divided into three categorics: First,
very low calorie dicts, which comprise a high-protein, low
carbohydrate, and low-caloric content. These have been
termed *“protcin sparing modificd fast™ (PSMF); Sccond,
programs that emphasize balanced hypocaloric dicts (BHD);
and third, comprehensive, behavioral lifestyle programs that
include both nutrition and activity components and set at-
tainable goals for the entire family.

A loss of fat-frce mass has been shown to occur during
dict-induced weight reduction in obese subjects (18), pur-
ticularly when diet is very low in cnergy (5). This is of
particular concern in children and adolescents, who need to
maintain a positive nitrogen balance during growth, It has
been suggested (25) that PSMF is a suitable weight loss
program for children. It allows for rapid weight loss (as
much as L kg-wk™"), and scems to preserve fat-frec mass.
This is particularly so when excercise is added to the PSMF
(24), which may induce an anabolic cffect. Unfortunately,
mosl intervention studics on this topic were based on small
samples, did not have randomly allocated controls, and
failed to prove long-term success. In a study with children,
Figucra-Colon ct al. (25) compared PSMF dict with a BHD
dict. They found that patients on the PSMF dict had a
significantly greater weight loss at 10 wk than did the BHD
group and that both groups had minimal losses in fat-free
mass. However, all the subjects in both groups rcgained
most of their weight at 14.5 months. Indced, the PSMF
regimen should not be considered as a long-term approach.
It should be limited to morbid obesity, when a fast reduction
of adiposity is indicated, on clinical grounds, over a short

period of time. More studics are needed to asscss further the
cffectiveness of the PSMF method regarding the preserva-

tion of fat-frce mass in children,

Epstein et al. (20) obscrved that behavioral family-based
treatments are associated with sustained cffects over a 10-yr
period. In these treatments overweight children and parents
were prescribed a 4.2-5 mJ+24 h™" (1000-1200 calorics~24
h~') BHD “traffic light" dict. This dict was used to maxi-
mizc the nutricnt density of food. Also included in the
trcatment is nutrition education for both the children and
their families. It is difficult to tcasc out the efficacy and
effectivencss of the 4.2-5 mJ24 h™' dict and nutrition
cducation regarding weight loss in Epstcin's program be-
causc of its combination with behavioral approaches and
exercise prescription.

It is critical that thc composition of all dict formulations
to be uscd in weight management of children include the
required nutricnts necded to provide for optimal growth as
wcll as hcalth maintcnance. Low fat dicts arc not recom-
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mended for children under the age of 2. Dietary recommen-
dations for older children emphasize careful implementation
of a low fat diet (not to exceed 30% total energy intake) by
the age of 5. Further recommendations include a variety of
foods with special emphasis on increasing intake of fruits,
vegetables, and grains and an adequate amount of lower fat
dairy products, as outlined in the Food Guide Pyramid (62).
The quality as well as the quantity of energy consumed
should be balanced such that nutrient needs are met. Con-
sumer education is needed about the role of food high in
calories and fat (e.g., chips), food high in calories but low in
fut (low-fat brownies), and food high in calories but low in
nutrients (soft drinks).

Weight management should be of life-long concemn, be-
ginning in childhood. Emphasis should be placed on total
energy balance with the aim of maintaining healthy dietary
patterns and choices. Long-term success involves setting
realistic lifestyle goals and maintaining appropriate, small
changes (deficits of approximately 800 klJ-d~') which are
achievable without compromising nutrient adequacy. A low
fat dietary pattern can be achieved through decreasing in-
take of high-fat foods, fat used in cooking, or that added at
the table, and avoiding visible fat whenever possible (trim-
ming meats). A family-based approach should be empha-
sized. Normalization of eating patterns, with less emphasis
on restriction and avoidance, decreases feelings of isolation
and resentment, encouraging instead long-term positive eat-
ing patterns and enjoyment,

In addition to various dietary protocols in treating child-
hood obesity, there are various ways of providing the infor-
mation, Group counseling is problem oriented and uses
group dynamics to achieve desired outcomes, whereas in-
dividual counseling operates on the basis of individually
specified problems and individual goals, Certainly, group
counseling can reach a larger number of individuals. Re-
search has shown the importance of treating both the child
and the parents, with improved outcomes if the child and
parents attend group treatment meetings separately (10).

Maintenance phase, Weight maintenance programs
to prevent further welght gain and to allow children to
“grow into their optimal weight” are receiving renewed
attention. However, care must be taken to make appropriate
nutrition and activity changes for children to achieve their
optimal weight and body composition. Energy balance must
be carefully maintained and challenges for arriving at the
best recommendations for energy intake need further study,
Recommendations for energy requirements at various ages,
considering both median weight and height, have been es-
tablished by the National Research Council and range from
450 kkg™! (2.7 mJ-d™") for infants to 270kJkg™' (1.3
mJ«<d™') for male adolescents. Although these recommen-
dations have been helpful in determining approximate en-
ergy needs, individual variability and activity patterns must
be taken into account.

Further considerations for growth have included compar-
isons between expected and observed height and weight
changes in 6-month increments. These comparisons can be
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used to determine whether decreased energy intake is com
patible with desired growth patterns.

Psychological and Social Considerations

Psychosocial consequences of obesity in chil-
dren. The psychological and social consequences of being
overweight in a society preoccupied with thinness can be
both severe and enduring. Core aspects of psychological
functioning such as self-esteem and body image can be
affected, mood problems such as depression'can occur,
social discrimination is common, and long-term negative
associations of overweight with college admission, employ-
ment opportunities, and income have been documented (29).
Efforts at teaching body acceptance at the levels of both
individuals and socicty should be enhanced, and health
professionals working with obese children must be sensitive
to psychosocial issues.

Dieting versus lifestyle changes. The typical re-
sponse to excess weight is restrictive dieting. As calorie
intake falls further from a person’s “comfort™ level, adher-
ence becomes more difficult and binge eating becomes more
likely. Replacing dieting with a focus on healthy eating and
reasonable exercise broadens the scope of intervention and
prevention beyond weight to the behaviors that affect
weight and emphasizes health and well-being rather than
physical appearance,

Weight preoccupation/body image. Modern cul-
ture overstates the degree to which the body can be shaped,
molded, and sculpted, and presents highly unrealistic ideals
for the perfect body (9). Eating disorders are the end product
of this process in some people, but body dissatisfaction is so
common that discontent with weight and shape is consid-
ered normative (55). The pressure to be thin is felt during
childhood, with high rates of body concern and even dieting
in children encountered in the third and fourth grades.

Those who seck to decrease the prevalence of childhood
obesity must be sensitive to the possible negative conse-
quences of producing an even greater emphasis on weight.
The need for weight loss in overweight children and ado-
Jescents must be balanced against the need to encourage
realistic body weight ideals and to minimize dissatisfaction
with body image. This can be accomplished to some extent
by helping individuals abolish weight and appearance as the
center of self-esteem. In addition, children on weight control
programs should be tracked for body image issues, self-
esteem, and goals.

Reasonable weight goals. Because societal ideals for
beauty hold out highly unrealistic goals, expectations of
both the magnitude and rate of weight loss in both patients
and families can often be unreasonable. It is essential that all
concerned, including health professionals, have realistic ex-
pectations. In adults, this translates into a weight loss of
approximately 10% of initial body weight (7). In children, it
might mean even smaller losses or maintenance of weight
until increased height creates more favorable body propor-
tions. The health benefits of these modest weight changes
have been documented, but the challenge is to help patients

http:/fwww.wwilkins.com/MSSE



to attain reasonable goals. The goals people establish for
themselves are oftcn, if not always, far in excess of the
resulls to be expected from even the most cffective pro-
grams. More work is necded to develop programs for ac-
ceptance of reasonable goals. Drawing on self-cfficacy the-
ory, relapse prevention theory, recent work on body image,
and the behavioral principle of shaping, comprchensive
efforts must bc devised to deal with this important issue,
Otherwise, the all-too-common phenomenon of a person
despairing over what weight remains to be lost rather than
celebrating what has been accomplished will persist.

Pathological eating. The problem of binge cating in
adults has reccived considerable attention and is defined as
cating what others would consider a large amount of food in
a short period of time while feeling that the cating is out of
control (23). Little work has been done with children, but
interviews with adult binge caters suggest that binge eating
can begin in childhood and adolescence and, for some,
precedes dicting and/or even a weight problem. Studics are
needed to determine the degree to which binge cating con-
tributes to childhood obesity; the psychological ramifica-
tions of binge cating independent of obesity; and whether
the treatment of binge cating is nccessary in at least some
cascs of childhood obesity.

UNDERNUTRITION, PHYSICAL ACTIVITY,
AND PHYSICAL FITNESS

Undermnutrition and Physical Activity

There is a biological tendency to maintain energy bal-
ance, such that dictary cncrgy intakc cquates total daily
energy expenditure plus tissue accretion for normal growth,
When dictary cnergy becomes a limiting factor, children
respond initially by reducing spontancous physical activity
to conserve energy for growth and other biological func-
tions. It is not until the restriction of cnergy intake becomes
more scvere that weight gain and growth velocity diminish
or stop. In a study under controlled clinical conditions that
mimicked the habitual dietary intuke of preschool children
from low sociocconomic conditions in a developing country
(59), a reduction in daily cnergy intake from 90 to 82 kcal
(375 to 345 kJ) per kg body mass produced a proportional
decrcase in daily energy expenditure without affecting
weight gain of 2- to 3.5-yr-old children. When daily intake
was further dccreascd to a population mean of 71 kcal (300
kJ)kg ™', encrgy expenditure did not diminish any more but
weight gain was markedly reduced.

Few studics have compared the physical activity of
mildly or moderatcly malnourished children with better
nourished counterparts of the same cthaic, social, and cul-
tural conditions (c.g., 12,30,53,56). All indicate that under-
nourished children are less active. This is especially evident
among toddlers and preschoolers who are not influenced by
social conventions nor peer pressure and among older chil-
dren in environments that encourage discretionary physical
activity, such as summer camp (53). This decreasc in acliv-
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ity can be reversed when nutritional conditions improve, as
shown in a study with 2- to 6-yr-old children living in their
home cnvironment (56).

Just as dictary and lifestyle habits can offsct the biological
tendency to maintain cnergy balance, thereby leading to
obesity in some children, sociocconomic and cultural de-
mands can override the tendency to compensate limited
encrgy intake with a reduction in physical activity. Com-
parcd with boys and girls from industrialized rclatively
affluent societics, those who come from rural, poor envi-
ronments where undernutrition is highly prevalent dedicate
more time to moderate and heavy physical activitics, such as
domestic chores and productive work. Furthermore, their
ovcrall physical activity level is higher (57). This is not
always accompanicd by an increase in dictary intake, which
partly explains the lcanness and short stature of children and
adolescents in thosc sociclics.

Undernutrition and Physical Fitness

Physical fitness of children is affecied by mild or severe
undernutrition. A study of preschool children with severe
protcin-cnergy malnutrition showed that as nutritional rcha-
bilitation progressed, the regression cocfficicnt of oxygen
consumption on hcart rate incrcased, as assessed through
weekly tests on a treadmill (56,58). Mild degrees of chronic
undernutrition also have a negative effect on fitness. Studies
in 6- to 16-yr-old children showcd that maximal oxygen
consumption was lower in thosc with marginal undemutri-
tion compared with children with better nutritional condi-
tions (52). These differcnces disappcar when maximal aer-
obic power is calculated per unit of lean body mass. It seems
that while the physiological potential to perform heavy
physical work is maintaincd in children with mild undernu-
trition, their smaller size limits their absolute maximal acr-
obic power.

In conclusion, undernutrition compromiscs physical ac-
tivity and fitness of children from infancy through adolcs-
cence. A prolonged reduction in physical activity resulting
from sustained low dictary intake may limit a child’s social
intcractions and exploration of his/her surroundings. This, in
turn, may contribute to slower cognitive deveclopment and
suboptimal social performance (56). The smaller body sizc
of children with chronic undernutrition limits their maximal
acrobic power. In adults, this has been associated with lower
productivity in performing hcavy physical work. Thus, the
cffects of undernutrition on children’s physical activity and
fitness may have important biological, psychological, so-
cial, and cconomic implications.

POLICY CONSIDERATIONS: PRESENT
AND FUTURE

Policies Regarding Prevention

Once cstablished, obesity is difficult to trcat. While the
concept of prevention is appealing, little work has been done
on thc prevention of obesity in general and of childhood
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obesity in particular. This lack of attention must be reversed
and redressed immediately.

The goals of prevention may vary, from promoting no
increcase in the prevalence of obesity in targeted groups, to
reduction of weight and body fat in those at medical risk,
There are also many possible methods of prevention. Tar-
geting nutrition education and physical activity in the
schools is a logical beginning, particularly in light of the
alarming decrcase over the past several decades in the
number of state and loca! school boards that mandate phys-
ical activity in the schools. A true prevention program,
however, should move beyond general nutrition and phys-
ical education and must focus on issues specifically related
to obesity. Examples might include buffering children
against advertisements for poor foods, changing lifestyle
patterns, focusing on decreasing sedentary behaviors such as
watching television, as well as increasing activity and
choosing a diet that is healthy but satisfying.

Public Policy Options

In areas such as smoking and alcohol abuse, professionals
have long used policy as a means for affecting public health.
Approaches such as smoking bans in public places, regula-
tion of the advertising of cigarettes and alcohol to children,
and drunk driving laws are generally accepted and have, to
a greater or lesser extent, been evaluated, Despite the po-
tentially powerful impact of similar actions that might affect
great segments of the population, there has been virtually no
such consideration in the field of obesity.

Issues influenced by policy decisions are likely to have sub-
stantial impact. Nutrition and exercise progruns in the schools are
examples, but at a broader level, it is important to consider the
effect of policy on the cost and availability of healthy and less-
healthy foods, on the content of food advertising, and the avail-
ability of exercise facilities around the country.

These issues appear to be of central importance in the
health and well-being of adults and children alike. There is
unprecedented access to high-calorie, high-fat food; the
number of fast food restaurants has exploded and factors
such as drive-in windows, packaged meals, and “supersize”
servings have boosted intake of specific types of foods (4).
The average American child sees 10,000 television adver-
tisements for food each year, 95% of these are for fast foods,
candy, sweetened cereals, and soft drinks (4). It has been
argued that Americans are exposed to a “toxic food envi-
ronment” and that the outcome is a predictable increase in
diet-related diseases, including obesity. Similar arguments
can be made for declining physical activity.

Several policy measures have been suggested, including
subsidizing healthy foods, increasing the price of unhealthy
foods, regulating advertising aimed at children, and devot-
ing public funds to build exercise facilities. Since these have
not been tested, their impact is uncertain. While it is pre-
mature to make specific policy recommendations, it is im-
perative that policy be studied as a means to determine its
role in the genesis of obesity and that policy changes be

8 Official Jounal of the American College of Sports Medicine

considered seriously as a means of addressing the growing
epidemic of obesity.

Mass media efforts can positively facilitate behavior
change (13). For example, the "5 a Day-for Better Health”
campaign of the National Cancer Institute has positively
influenced the consumption of fruits and vegetables. Thus,
important attitudinal changes can result from effective use
of the media to reshape expectations and deftnitions of what
constitutes desirable eating and activity behaviors. Proactive
efforts to promote early and ongoing assessments, imple-
mentation of successful interventions and/or prevention
strategies, and adoption of healthful behaviors (including
healthy eating habits and an active lifestyle) are needed.
Thus, to begin, public health efforts should focus on effec-
tively changing the prevailing political, educational, and
medical climate,

The Role of Schools

Since 95% of American children, ages 5-17 yr, are en-
rolled in school, school-based interventions offer important
potential. Many children eat one to two meals a day at
school and the cafeteria can serve as a laboratory. Social
support from teachers and peers can also be generated (44).
The Nutrition Education and Training Program (NET)spon-
sored by USDA (51) is an excellent example. The program
encourages: 1) instruction of students; 2) training of school
food-service personnel; and 3) the in-service education of
teachers and other school staff (57). New federal regulations
for school breakfast and lunch programs mandate compli-
ance with the 1995 Dietary Guidelines. Programs should be
developed to include school-based assessment for early di-
agnosis and tracking of weight and weight-related problems.
The Comprehensive School Health Program developed by
the DHHS and CDC which integrates nutrition, physical
education, health education, and psychological and social
services beyond the classroom will make an impact. How-
ever, for successful weight management to be achieved in
children, interventions must be targeted to address special
and changing needs, focus on life-long strategies, and be
evaluated for effectiveness (36,40).

RECOMMENDED QUESTIONS FOR
FUTURE RESEARCH

The following list is not meant to be comprehensive, nor
is it in order of priority. It outlines topics that reflect the
authors’ experience and interests.

1. What is healthy weight in children?

2. Is the effect of inactivity on obesity related to re-
duced energy expenditure or to the covariance of
inactivity with other behaviors that promote obesity?

3. Do other sedentary behaviors have an impact on
childhood obesity comparable with the effects of
television viewing?

4. Are there certain periods in childhood and adoles-
cence critical to the establishment of active or sed-
entary behaviors?
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5. Arc children with low rates of encrgy expenditure at
higher risk of bccoming overwceight in the futurc?

6. Is the increased prevalence of obesity among children
living in westernized countries the result of decreased
physical activity?

7. Is there an optimal dose of enhanced physical activity
for the treatment of childhood obesity?

8. Should resistance training be added to high-caloric
activitics, if one wants to counteract the catabolic
effcct of very low-caloric dicts?

9. What arc the characteristics of *“good responders™
and “poor responders” to a program of cnhanced
physical activity and dictary modilication?

10. Should studics of cnhanced physical activity be con-

ducted in isolation from other therapcutic modalitics,
or should they be included only within multidisci-
plinary intervention projccts?

11. How can school-bascd programs be more fully uti-
lized as mechanisms for life-long, comprehensive
weight management program?

12. What are the optimal and maximal levels of activity

2,

10,

12.

1

recommended for children with chronic mild or mod-
crate undernutrition?

13. Is the obese child destined to become an obese adult?
What are the predictors of those cascs who track well
across decades and those who do not?
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