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Abstract:

Childhood obesity is now being recognised as a global epidemic. Children in developed or
industrialised countries, such as the UK and US currently demonstrate high levels of over-
weight and obesity. The rise in childhood obesity is likely due to a complex set of interactions
across a number of relevant social, environmental, and lifestyle factors. Each of these factors
play pivotal roles on their own, and each requires their own interventions. In general, over-
weight and obesity are assumed to be the result of the excessive intake of the type of calo-
ries, fat, and sugar that are commonly found in soda drinks and purchased in "fast food"
outlets. These convenience foods are becoming increasingly popular not just in industrialised
nations, but in the developing world as well, causing a rise in obesity rates all around the
world.

Most researchers agree that prevention is the key strategy for controlling the current epi-
demic of obesity. Prevention may include primary prevention of overweight or obesity, sec-
ondary prevention or prevention of weight regains following weight loss, and avoidance of
additional weight increase in obese persons unable to lose weight. Prevention may be
achieved through a variety of interventions, such as by targeting the built environment,
through physical activity, and by changing the individual’s diet. Some of these strategies can
be adapted for children and implemented in preschool institutions, schools, or after-school
care services, providing a natural setting for influencing diet and physical activity. Further-
more, Geographic Information Systems (GIS) are now being used to prevent childhood obe-
sity by generating school-level and neighbourhood environmental indicators, which can be
useful in designing targeted interventions.

Keywords: Childhood Obesity, Overweight, Prevalence, Prevention, Geographic Infor-
mation System (GIS).
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Introduction:

Childhood obesity has reached epidemic
levels in many developed countries. Most
recent estimates indicate that 17.6% of
children in the US are obese, of which
approximately 70% will grow up to be-
come obese adults.*"® The prevalence of
childhood obesity in industrialized coun-
tries has been on the rise since 1971 (ta-
ble 1), with some variability in its inci-
dence. For example, in some European
countries, such as the Scandinavian
countries, the prevalence of childhood
obesity is lower in comparision to Medi-
terranean countries; nonetheless, the
proportion of obese children is rising in
both regions. The highest prevalence
rates of childhood obesity have been ob-
served in developed countries, however,
the prevalence of childhood obesity is

increasing in developing countries as

well, such as in the Middle East, and Cen-
tral and Eastern Europe.®® In 1998, The
World Health Organization’s MONICA
project, which tracks of the prevelance
and incidence of cardiovascular diseases,
reported that Iran is among the seven
countries with the highest prevalence of
childhood obesity. In girls, BMI rankings
in the 85th to 95th percentile range were
significantly higher than in boys (10.7,
SD = 1.1 vs. 7.4, SD = 0.9). The same
pattern was seen for the prevalence of
BMI > 95th percentile (2.9, SD = 0.1 vs.
1.9, SD = 0.1).(6) In Saudi Arabia, one
in every six children aged 6 to 18 years
old is obese.”) Furthermore, in both de-
veloped and developing countries there
are proportionately more overweight girls
than boys, particularly among adoles-

cents.(® 89

Table 1: Changes in the prevalence of overweight and obesity in USA and UK[67,68,70,( NHANES)].

Country/Year Age/yr Change in obesity
USA
1973-1994 5-24 Mean level increased 0.2
kg/yr, twofold increase in
prevalence of obesity
1971-1974 6-19 Relatively stable
1976-1980 6-19 Relatively stable
1988-1994 6-19 Doubled to 11%
1999-2000 6-19 Increased by 4%
1999-2002 6-11 Increased by 4.5%
2003-2006 6-11 Increased by 1.2%
UK
1984-98 7-11 Changed from 8% to 20%
1999-2000 11-15 Changed from 20% to 17.5%
2001 11-15 Relatively stable
2002 11-15 Increased by 2.5
2003 11-15 Increased by 1%
2004 11-15 Increased by 4.2%
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Overweight and obesity issues in child-
hood have a significant impact on both
physical and psychological health; for
example, overweight and obesity are as-
sociated with hyperlipidaemia, hyperten-
sion, abnormal glucose tolerance, and
infertility. Nine-year-old obese children
have greater blood pressure and plasma
cholesterol than non-obese controls, and
obese adolescents have an increased
prevalence of hypertension, sleep-
disordered breathing, and orthopaedic
disorders of the hips and knees.(? 10 11
In addition, the psychosocial conse-
quences of obesity include social isola-
tion, difficulty fitting in with peers, and
dissatisfaction with body shape.(*> 21 In
addition, overweight adolescent girls
were found to have lower educational
attainment, lower incomes as young
adults, and were less likely to marry than
those of normal weight.(?> 27) All of these
studies emphasise the detrimental effects
that obesity can have on a child’s health
and well being, and highlights the need
to understand its etiology in order to de-
rive practical and effective prevention

and treatment strategies.(?®

Definition of childhood obesity

Although the precise definition of obesity
and overweight has changed over time
(1314) it can generally be defined as a
condition where an individual has an
excess of body fat (BF), however, there
is no consensus on what an appropriate
cutoff point to define excess fat in over-
weight or obese children and adolescents
should be. Williams et al.**® measured
the skin fold thickness of 3320 children
aged 5-18 years and classified children

as fat if their percentage of body fat was

at least 25% and 30% for males and fe-
males, respectively. The Center for Dis-
ease Control and Prevention defines
overweight as a BMI at or above the 95th
percentile for the age group, and "at risk
for overweight" with a BMI between 85th
to 95th percentile for the age group.(*¢:1?)
European researchers classified over-
weight as a BMI at or above the 85th
percentile, and obesity as a BMI at or

above the 95th percentile.(*8)

In addition to the complexity of defining
overweight and obesity, there are also
several methods to measure the percen-
tage of body fat, each with its own set of
advantages and limitations. In research,
techniques include underwater weighing
(densitometry), multi-frequency bioelec-
trical impedance analysis (BIA), and
magnetic resonance imaging (MRI). In
the clinical environment, techniques such
as body mass index (BMI), waist circum-
ference, and skin fold thickness have
been used extensively. Although these
methods are less accurate than research
methods, they are satisfactory for the
purpose of identifying those at risk. In
addition, while the BMI seems appropri-
ate for differentiating adults, it may not
be as useful in children due to the
changes in body shape that occur as they
progress through normal growth. In addi-
tion, the BMI fails to distinguish between
fat and fat-free mass (muscle and bone)
and may exaggerate obesity in large,
muscular children. Furthermore, matura-
tion patterns differ between genders and
among ethnic groups. Studies that used
the BMI to identify overweight and obese
children based on percentage of body fat
have found high specificity (95- 100%),
but low sensitivity (36-66%) for this sys-
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tem of classification.(!?> Because the
health consequences of obesity are re-
lated to carrying excess fat, the ideal
method of classification should be a di-
rect measure of the amount of excess fat
being carried on the body, rather than
some other factor that may be contribut-
ing to an increase in mass. Although me-
thods such as densitometry can be used
in research practice, they are not feasible

for clinical settings.

For large population-based studies and
clinical situations, bioelectrical impedance
analysis (BIA) is widely used. Cross-
sectional studies have shown that BIA
accurately predicts total body water
(TBW), fat-free mass (FFM), and fat
mass or percentage of body fat (%BF)
among children.®®®23 Also, it has been
shown that BIA provides an accurate es-
timate of change in %BF and FFM over
time.®* Waist circumference, as a surro-
gate marker of visceral obesity, has been
added to refine the measure of obesity
related risks.®® Waist circumference
seems to be more accurate for children
because it targets central obesity, which
is a risk factor for type II diabetes and
coronary heart disease. To the best of
our knowledge, there is no evidence for a
specific cut off point for waist circumfe-

rence measures, but studies are ongoing.
Causes of Childhood Obesity

Although the precise mechanisms of ob-
esity development are not fully unders-
tood, it is certain that obesity is more
likely to occur when energy intake ex-
ceeds energy expenditure. There are
multiple etiologies for this imbalance, and
therefore the rising prevalence of obesity

cannot be addressed by targeting one
factor alone. For example, in a small
number of cases, childhood obesity can
be caused by genes conferring leptin de-
ficiency or to physiological causes such
as hypothyroidism and growth hormone
deficiency, or to drug side effects (e.g.
steroids).(®*® Most of the time, however,
personal lifestyle choices and the cultural
environment are the agents that are pri-
marily responsible for the rise of child-
hood obesity.(26-29)

Behavioral and social factors

I. Diet

Over the last decade, food has become
more affordable to a larger number of
people as the price of food has decreased
substantially relative to income. Addi-
tionally, the concept of 'food' has
changed from a means of nourishment to
a marker of lifestyle and a source of
pleasure. Because of this, increases in
physical activity are not likely to offset an
energy rich, poor nutritive diet. It takes
an average of one to two hours of ex-
tremely vigorous activity to counteract a
single large-sized (i.e., >=785 kcal)
children's meal at a fast food restaurant.
Frequent consumption of such food can
hardly be counteracted by the average
child or adult.®V

Calorie intake

Although overweight and obesity are
mostly assumed to be the result of in-
creased in caloric intake, evidence sup-
porting this remains mixed. Food fre-

quency methods measure dietary pat-
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terns, but are a poor measure of calorie
intake.(®*? Other methods such as 24-
hour recall or food diaries evaluate calor-
ic intakes more accurately; however,
they only estimate calorie intake in the
short term.®? This is important because
a small caloric imbalance (within the
margin of error of estimation methods)
can, over time, lead to the development
of obesity. For example, the National
Health and Nutrition Examination Survey
(NHANES) revealed that only subtle
changes in calorie intake among US
children from the 1970s to 1988-1994.
In this study, increases in energy con-
sumption were only found among white
and black adolescent females. The same
pattern was observed in the latest
NHANES (2003-2006). Data from both
NHANES surveys (1976-1980 and 2003-
2006) show that the prevalence of obesi-
ty has increased by 5.0% to 12.4% in
children who are 2-5 years old; 6.5% to
17.0% in 6-11 year olds; and 5.0% to
17.6% in 12-19 year olds. The Bogalusa
study, which has been tracking the
health and nutrition of children in Boga-
lusa (Louisiana) since 1973, reported
that total calorie intake of 10-year old
children remained wunchanged during
1973-1988, but a small but significant
decrease was observed when energy in-
take was expressed per kilogram body
weight.®® In addition, the results of a
survey carried out during the past few
decades in the UK suggest that average
energy intakes, for all age groups, are
lower than they used to be.®¥ Some
small studies also found similar energy
intake among obese children and their

lean counterparts.(® 35-37)

Fat intake

For many years it has been claimed that
the increase in pediatric obesity is due to
an increase in fat intake, however, con-
tradictory results have been obtained in
cross-sectional and longitudinal studies.
Results from the NHANES study have
shown that fat consumption among
American children has fallen over the last
three decades. For instance, mean dieta-
ry fat consumption in males between 12-
19 years fell from 37.0% (SD = 0.29%)
of total caloric intake in 1971-1974 to
32.0% (SD = 0.42%) in 1999-2000. The
same pattern was observed in the latest
administration of NHANES (2003-2006).
The pattern was the same for females,
whose fat consumption fell from 36.7%
(SD = 0.27%) to 32.1% (SD= 0.61%)
[38,39]. Gregory et al.“? reported that
the average fat intake in children aged
4-18 years in the UK is close to the gov-
ernment recommendation of 35% of total
energy consumption. On the other hand,
some cross-sectional studies have found
a positive relationship between fat intake
and adiposity in children even after con-
trolling for confounding factors.(**" 4 The
main objection to the notion that dietary
fat is responsible for the accelerated pe-
diatric obesity epidemic is the fact that
the prevalence of childhood obesity is
increasing, while the consumption of die-
tary fat in many populations is decreas-
ing. Although it is certain that fat eaten
in excess leads to obesity, evidence does
not support the hypothesis that fat intake
is the primary reason for the increased

prevalence of childhood obesity.

I1. Physical Activity

It has been hypothesized that a steady

decline in physical activity among all age
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groups has contributed heavily to the
rising rates of obesity all around the
world. Lack of physical activity strongly
influenced weight gain in a study of mo-
nozygotic twins.*® In addition, numer-
ous studies have shown that sedentary
behaviors like watching television and
playing computer games are associated
with the increased prevalence of obesi-
ty.*Y 32 Furthermore, time constraints
have made it more common for parents
to encourage their children to watch tele-
vision at home, allowing parents to
complete their chores while supervising
their children.®® In addition, reports in-
dicate that children are less likely to walk
to school or participate in sports and
physical education, particularly among
adolescent girls.®?) These factors are all
associated with the increased prevalence
of childhood obesity. Since both parental
and children's choices fashion these be-
haviors, it is not surprising that over-
weight children tend to have overweight
parents and are themselves more likely
to grow into overweight adults than nor-
mal weight children.®® In response to
the significant impact that the cultural
environment plays in the onset of child-
hood obesity, it is important to promote
active lifestyles through strong public
health initiatives and outreach.

Prevention

Almost all public health researchers and
clinicians agree that prevention should be
the key strategy for controlling the cur-
rent epidemic of obesity.®> Prevention
may include primary prevention of over-
weight or obesity itself, secondary pre-
vention or avoidance of weight regains

following weight loss, and prevention of

further weight increases in obese individ-
uals unable to lose weight. Until recently,
most approaches have focused on chang-
ing the behavior of individuals in terms of
diet and exercise, however, it seems that
these strategies have had little impact in
terms of reducing childhood obesity

rates.

What age group is the priority for starting

prevention?

Children are often considered the priority
population for intervention strategies be-
cause weight loss in adulthood is difficult
and there are a greater number of poten-
tial interventions for children than for
adults. Because it is difficult to reduce
excessive weight in adults once estab-
lished, it would be more sensible to in-
itiate prevention and treatment of obesity
during childhood. Prevention may be
achieved through a variety of interven-
tions targeting the built environment,
physical activity, and dietary habits.
Schools are a natural setting for influen-
cing the food and physical activity envi-
ronments of children. Other settings,
such as preschool institutions and after-
school care services will have similar op-
portunities for intervention. Furthermore,
GIS is now being used to help childhood
obesity by identifying school-level neigh-
borhood environmental indicators. These
indicators can be used to map such
things as food sources around a neigh-
borhood, distances children must walk to
and from school, and the accessibility of
spaces for physical activity.G® All of
these are important because kids today
don't get as much exercise as they
should and are also consuming unhealthy

foods. With GIS, we can identity prob-
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lems within the environment and there-
fore be better equipped to develop effec-
tive solutions.*® For example, GIS tech-
nologies are being used to examine the
“walkability” of communities ©%3®, avail-
ability of recreational facilities ©®, and
the accessibility of stores that sell fresh
produce to food pantry clients who do not
have access to fresh fruits and vegeta-
bles through most emergency food assis-
tance programs.©®® As more community
information is available in online and
mapped formats, increased opportunities
will become available for mapping mul-
tiple facets of community life and identi-
fying the unique strengths and chal-
lenges to physical activity and healthy
eating that a given community is faced
with.®® In addition, sharing data with
community stakeholders could be an im-
portant tool in engaging and tracking
community obesity prevention efforts,
particularly because they can be focused
on a local geographic area. The commit-
tee encourages increased exploration and
use of GIS and other relevant technolo-
gies for the development and evaluation
of community-level interventions to pro-

mote energy balance in youth.
Built Environment

The challenge ahead is to identify obeso-
genic environments and influence them
so that healthier choices are more avail-
able, easier to access, and widely pro-
moted to a large proportion of the com-
munity (table 2). The neighborhood is a
key setting that can be used for interven-
tion. It encompasses the walking network
(footpaths and trails, etc.), the cycling
network (roads and cycle paths), public

open spaces (parks) and recreation facili-

ties (recreation centers, etc.). While in-
creasing the amount of public open space
might be difficult within an existing built
environment, protecting the loss of such
spaces should be a vital component to
ensuring the built environment is condu-
cive to physical activity. For children, the
smaller scale of the home environment is
very important for shaping children's eat-
ing behaviors and physical activity pat-
terns, although the local environment at
school and the wider community also
play important roles. Surprisingly, we
know very little about specific home in-
fluences and as a setting, it is difficult to
influence due to the private nature of
home life and the heterogeneity of fami-
lies and their circumstances.®® Of all
aspects of behaviour in the home envi-
ronment, however, television viewing has

been researched in the greatest detail.>”-
59)

Physical activity

Stone et al.(® reviewed the impact of 14
school-based interventions on physical
activity knowledge and behavior. Most of
the outcome variables showed significant
improvements following intervention.
One interdisciplinary intervention pro-
gram in the USA featured a curriculum
based approach for influencing eating
patterns, reducing sedentary behaviours
(with a strong emphasis on television
viewing), and promoting higher activity
levels among children in grades 6 to 8.
Evaluation at two years showed a reduc-
tion in obesity prevalence in girls (OR =
0.47; 95%CI: 0.24 - 0.93), but not in
boys (OR = 0.85;95%CI: 0.52 - 1.39)
compared to controls. Reduction in tele-

vision viewing (by approximately 30
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min/day) was highly significant for both
boys and girls in terms of obesity reduc-
tion, as were increases in sports partici-
pation and/or physical education time.
These results support the need for policy-
based changes that encourage these be-
haviours in the school setting.®®") Similar-
ly, increases in active modes of transport
to and from school (walking, cycling, and
public transport) would require policy
changes at the school and local govern-
ment levels, as well as support from par-
ents and the community. In some com-
munities, a variety of such programs
have been implemented, such as road
crossings, the 'walking bus', and desig-

nated safe walking and cycling routes.®%

Effects of dietary pattern and TV watch-
ing

It appears as if gains can be made in ob-
esity prevention through restricting tele-
vision viewing, through initiatives di-
rected at increasing energy expendi-
ture.*® In addition, fast foods are one of
the most advertised products on televi-
sion and children are often the targeted
by manipulative marketers. Restricting
the marketing of fast food and energy-
dense foods and drinks to young child-
ren, is a potential strategy that is strong-

ly supported.

Table 2: Some interventions strategies that could be considered for prevention of childhood obesity.

I. Built environment
1. Walking network

a. Footpaths (designated safe walking path)

b. Trails (increasing safety in trails)
2. The cycling network
c. Roads (designated cycling routes)
d. Cycle paths
3. Public open spaces (parks)

4. Recreation facilities (providing safe and inexpensive recreation centers)

I1. Physical activity
1. Increasing sports participation

2. Improving and increasing physical education time
3. Use school report cards to make the parents aware of their children's weight problem
4. Enhancing active modes of transport to and from school

a. Walking e.g. walking bus
b. Cycling
c. Public transport

II1. TV watching
1. Restricting television viewing

2. Reducing eating in front of the television

3. Ban or restriction on television advertising to children

IV.GIS Methods

1. the walkability of communities
2. access to recreational facilities
3. the accessibility of stores

Conclusion:
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Obesity is a chronic disorder that has
multiple causes. Overweight and obesity
in childhood have a significant impact on
both physical and psychological health.
In addition, psychological disorders such
as depression occur at a higher rate in
obese children, and overweight children
are more likely to develop cardiovascular
and digestive diseases in adulthood in
comparison to their leaner counterparts.
It is believed that both over-consumption
of calories and reduced physical activity
are in the main culprits behind childhood
obesity. It appears as if primary or sec-
ondary prevention could be the key
strategy for controlling the current epi-
demic of obesity and these strategies
seem to be more effective in children
than in adults. A number of strategies
can be implemented that target the built
environment, physical activity, and diet.
In addition, Geographic Information Sys-
tems (GIS) are being used to help reduce
childhood obesity by identifying school-
level neighborhood environmental indica-
tors. These strategies (built environment,
physical activity, diet) can be initiated at
home, preschool institutions, schools,
and workplaces. Further research is
needed to examine the most effective
strategies for the intervention, preven-
tion, and treatment of obesity. These
strategies should be culturally-
appropriate and appropriate for the so-
cioeconomic conditions of the targeted

population.

References:

1. Nicklas TA, et. al,: Eating Patterns, Die-
tary Quality and Obesity. Journal of the
American College of Nutrition 2001; 20:
599-608.

2. Garrow, J.: Health risks of obesity. In:
Obesity British Nutrition Foundation Task
Force. London: Blackwell Science, 1999: 4-
16.

3. Whitaker RC, Wright JA, Pepe MS, Seidel
KD, Dietz WH: Predicting obesity in young
adulthood from childhood and parental obe-
sity. New England Journal of Medicine 1997;
337: 869-873.

4. Livingstone MB: Childhood obesity in
Europe: a growing concern. Public Health
Nutr 2001; 4: 109-116.

5. James PT: Obesity: The worldwide epi-
demic. Clinics in Dermatology 2004; 22:
276-280.

6. Kelishadi R, Pour MH, Sarraf-Zadegan N,
Sadry GH, Ansari R, Alikhassy H, Ba-
shardoust N: Obesity and associated modifi-
able environmental factors in Iranian adoles-
cents: Isfahan Healthy Heart Program -
Heart Health Promotion from Childhood.
Pediatr Int 2003; 45: 435-442.

7. AlNuaim AR, Bamgboye EA, AlHerbish A:
The pattern of growth and obesity in Saudi
Arabian male school children. International
Journal of Obesity 1996; 20: 1000-1005.

8. McCarthy HD, Ellis SM, Cole TJ: Central
overweight and obesity in British youth aged
11-16 years: cross sectional surveys of waist
circumference. BMJ] 2003; 326: 624.

9. Ruxton CH, Reilly 1], Kirk TR: Body com-
position of healthy 7-and 8-year-old children
and a comparison with the 'reference child'.
International Journal of Obesity 1999; 23:
1276-1281.

10. McMurray, RG, Harrell, ]S, Levine, AA &
Gansky, SA: Childhood obesity elevates
blood pressure and total cholesterol inde-
pendent of physical activity. Int. J. Ob, 19;
881-6 (1995).

11.Lusky, A, Barrell, V, Lubin, F, Kaplan, G,
Layani, V, Shohat, Z, Lev, B. & Wiener, M:
Relationship between morbidity and extreme
values of body mass index in adolescents.
Int. J. Epidem 1996; 25: 829-34.

12. Stunkard, A & Burt, V: Obesity and the
body image. II.Age at onset of disturbances
in the body image. Am ] Psychiatry 1967;
123: 1443-7.

13. Flegal KM, Carroll MD, Ogden CL, John-
son CL: Prevalence and trends in obesity
among US adults, 1999-2000. JAMA 2002;
288: 1723-1727.

134



Shiraz E Medical Journal, Vol. 10, No. 3, July 2009

14. Kuczmarski RJ, Flegal KM: Criteria for
definition of over weight in transition: back-
ground and recommendations for the United
States. Am ] Clin Nutr 2000; 72: 1074-1081.

15. Williams DP, Going SB, Lohman TG, Har-
sha DW, Srinivasan SR,Webber LS, Berenson
GS: Body Fatness and Risk for Elevated
Blood-Pressure, Total Cholesterol, and Se-
rum-Lipoprotein Ratios in Children and Ado-
lescents. American Journal of Public Health
1992; 82: 358-363.

16. Flegal KM, Wei R, Ogden C: Weight-for-
stature compared with body mass index-for-
age growth charts for the United States from
the Center for Disease Control and Preven-
tion. American Journal of Clinical Nutrition
2002; 75: 761-766.

17. Himes JH, Dietz WH: Guidelines for
Overweight in Adolescent Preventive Ser-
vices - Recommendations from An Expert
Committee. American Journal of Clinical Nu-
trition 1994; 59: 307-316.

18. Flodmark CE, Lissau I, Moreno LA,
Pietrobelli A, Widhalm K: New insights into
the field of children and adolescents' obe-
sity: the European perspective. International
Journal of Obesity 2004; 28: 1189.

19. Lazarus R, Baur L, Webb K, Blyth F:
Body mass index in screening for adiposity in
children and adolescents: systematic evalua-
tion using receiver operating characteristic
curves. Am J Clin Nutr 1996; 63: 500-506.

20. Danford LC, Schoeller DA, Kushner RF:
Comparison of two bioelectrical impedance
analysis models for total body water meas-
urement in children. Ann Hum Biol 1992; 19:
603-607.

21. Dietz, WH: Childhood obesity. In: Bjorn-
torp and Brodoff, eds: Obesity. Philadelphia:
Lippincott, Philadelphia, 1992.

22. Hill, AJ, Draper, E & Stack, J: A weight
on children’s minds: Body shape dissatisfac-
tion at 9-years-old. Int J Ob 1994; 18: 383-
9.

23. Deurenberg P, Pieters 1], Hautvast JG:
The assessment of the body fat percentage
by skinfold thickness measurements in
childhood and young adolescence. Br J Nutr
1990; 63: 293-303.

24. Phillips SM, Bandini LG, Compton DV,
Naumova EN, Must A: A longitudinal com-
parison of body composition by total body
water and bioelectrical impedance in adoles-
cent girls. Journal of Nutrition 2003, 133:
1419-1425.

25. Stevens J: Obesity, fat patterning and
cardiovascular risk. Adv Exp Med Biol 1995;
369: 21-27.

26. Hill JO, Peters 1JC: Environmental contri-
butions to the obesity epidemic. Science
199; 280: 1371-1374.

27. Gortmaker, SL, Must, A, Perrin, ].M,
Sobol, AM & Dietz, WH: Social and economic
consequences of overweight in adolescence
and young adulthood. N. Engl J Med 1993;
329: 1008-12.

28. Cameron, N & Demerath, EW: Growth,
maturation and the development of obesity.
In: Johnston FE & Foster GD, eds: Obesity,
Growth, and Development. London: Smith-
Gordon, 2001.

29. Grundy SM: Multifactorial causation of
obesity: implications for prevention. Am J
Clin Nutr 199: 67: 563S-572S.

30. Link K, Moell C, Garwicz S, Cavallin-Stahl
E, Bjork ], Thilen U, Ahren B, Erfurth EM:
Growth hormone deficiency predicts cardio-
vascular risk in young adults treated for
acute lymphoblastic leukemia in childhood. ]
Clin Endocrinol Metab 2004; 89: 5003-5012.

31. Styne DM: Obesity in childhood: what's
activity got to do with it? American Journal
of Clinical Nutrition 2005; 81: 337-338.

32. Willett W: Food Frequency Methods. In
Nutritional Epidemiology Volume 5. 2nd edi-
tion. Oxford University Press; 1998: 74.

33. Nicklas TA: Dietary Studies of Children -
the Bogalusa Heart-Study Experience. Jour-
nal of the American Dietetic Association
1995; 95: 1127-1133.

34. Prentice AM, Jebb SA: Obesity in Britain
- Gluttony Or Sloth. British Medical Journal
1995; 311: 437-439.

35. Bellisle F, Rolland-Cachera MF, Deheeger
M, Guilloud-Bataille M: Obesity and food
intake in children: evidence for a role of
metabolic and/or behavioral daily rhythms.
Appetite 1988; 11: 111-118.

36. Poskitt E, Edmund, L:Management of
Childhood Obesity. Cambridge University
Press, 2008.

37. Maffeis C, Zaffanello M, Pinelli L, Schutz
Y: Total energy expenditure and patterns of
activity in 8-10-year-old obese and nono-
bese children. ] Pediatr Gastroenterol Nutr
1996; 23: 256-261.

135



Shiraz E Medical Journal, Vol. 10, No. 3, July 2009

38. Koplan J: Progress in Preventing Child-
hood Obesity: How Do We Measure Up? Na-
tional Academies Press, 2007.

39. Wright JD, Kennedy-Stephenson ], Wang
CY, McDowell MA, Johnson CL: Trends in
intake of energy and macronutrients -
United States, 1971-2000. Journal of the
American Medical Association 2004; 291:
1193-1194.

40. Gregory JW, Lowe S: National Diet and
Nutrition Survery: Young People Aged 4 to
18 Years: Report of the Diet and Nutrition
Survey. London: The Stationery Office,
2000.

41. Maffeis C, Pinelli L, Schutz Y: Fat intake
and adiposity in 8 to 11 year-old obese chil-
dren. International Journal of Obesity 1996;
20: 170-174.

42. Tucker LA, Seljaas GT, Hager RL: Body
fat percentage of children varies according
to their diet composition. Journal of the
American Dietetic Association 1997; 97:
981-986.

43. Heaney RP, Davies KM, Barger-Lux MJ:
Calcium and weight: clinical studies. J Am
Coll Nutr 2002; 21: 152S-155S.

44, Pereira MA, Jacobs DRJ], Van Horn L,
Slattery ML, Kartashov AI, Ludwig DS: Dairy
consumption, obesity, and the insulin resis-
tance syndrome in young adults: the CAR-
DIA Study. JAMA 2002; 287: 2081-2089.

45, Carruth BR, Skinner JD: The role of die-
tary calcium and other nutrients in moderat-
ing body fat in preschool children. Int J Obes
Relat Metab Disord 2001; 25: 559-566.

46. Skinner JD, Bounds W, Carruth BR,
Ziegler P: Longitudinal calcium intake is
negatively related to children's body fat in-
dexes. J Am Diet Assoc 2003; 103: 1626-
1631.

47. Putnam 1], Allshouse JE: Food consump-
tion, prices, and expenditures, 1970-97.
Washington,D.C.: Food and Consumers Eco-
nomics Division, Economic Research Service,
US Department of Agriculture, 1999.

48. Ludwig DS, Peterson KE, Gortmaker SL:
Relation between consumption of sugar-
sweetened drinks and childhood obesity: a
prospective, observational analysis. Lancet
2001; 357: 505-508.

49, Gittelsohn ], Wolever TM, Harris SB,
Harris-Giraldo R, Hanley AJ,Zinman B: Spe-
cific patterns of food consumption and
preparation are associated with diabetes and

obesity in a Native Canadian community. J
Nutr 1998; 128: 541-547.

50. Heitmann BL, Kaprio J, Harris JR,
Rissanen A, Korkeila M, Koskenvuo M: Are
genetic determinants of weight gain modified
by leisure-time physical activity? A prospec-
tive study of Finnish twins. American Journal
of Clinical Nutrition 1997; 66: 672-678.

51. Swinburn B, Egger G: Preventive strate-
gies against weight gain and obesity. Obes
Rev 2002; 3: 289-301.

52. Tremblay MS, Willms ID: Is the Cana-
dian childhood obesity epidemic related to
physical inactivity? Int J Obes Relat Metab
Disord 2003; 27: 1100-1105.

53. Gordon-Larsen P, Griffiths P, Bentley ME,
Ward DS, Kelsey K, Shields K, Ammerman
A: Barriers to physical activity: qualitative
data on caregiver-daughter perceptions and
practices. Am J Prev Med 2004; 27: 218-
223.

54. Carriere G: Parent and child factors as-
sociated with youth obesity. Statistics Can-
ada; 2003.

55. Muller MJ, Mast M, Asbeck I, Langnase
K, Grund A: Prevention of obesity--is it pos-
sible? Obes Rev 2001; 2: 15-28.

56. Campbell K, Crawford D, Jackson M,
Cashel K, Worsley A, Gibbons K, Birch LL:
Family food environments of 5-6-year-old-
children: does socioeconomic status make a
difference? Asia Pac J Clin Nutr 2002; 11
Suppl 3: S553-S561.

57. Gortmaker SL, Peterson K, Wiecha J,
Sobol AM, Dixit S, Fox MK, Laird N: Reducing
obesity via a school-based interdisciplinary
intervention among youth: Planet Health
Arch Pediatr Adolesc Med 1999; 153: 409-
418.

58. Robinson TN: Reducing children's televi-
sion viewing to prevent obesity: a random-
ized controlled trial. JAMA 1999; 282: 1561-
1567.

59. Dietz WH, Gortmaker SL: Preventing
obesity in children and adolescents. Annu
Rev Public Health 2001; 22: 337-353.

60. Stone EJ, McKenzie TL, Welk GJ], Booth
ML: Effects of physical activity interventions
in youth. Review and synthesis. Am ] Prev
Med 1998; 15: 298-315.

61. Dwyer T, Coonan WE, Leitch DR, Hetzel
BS, Baghurst RA: An investigation of the
effects of daily physical activity on the health

136



Shiraz E Medical Journal, Vol. 10, No. 3, July 2009

of primary school students in South Austra-
lia. Int J Epidemiol 1983; 12: 308-313.

62. Guo X, Popkin BM, Mroz TA, Zhai F: Food
price policy can favorably alter macronutri-
ent intake in China. J Nutr 1999;129: 994-
1001.

63. Jacobson MF, Brownell KD: Small taxes
on soft drinks and snack foods to promote
health. Am ] Public Health 2000; 90: 854-
857.

64. Young L, Swinburn B: Impact of the Pick
the Tick food information programme on the
salt content of food in New Zealand. Health
Promot Int 2002; 17: 13-19.

65. Caterson ID, Gill TP: Obesity: epidemiol-
ogy and possible prevention. Best Pract Res
Clin Endocrinol Metab 2002; 16: 595-610.

66. Chomitz VR, Collins J, Kim ], Kramer E,
McGowan R: Promoting healthy weight
among elementary school children via a
health report card approach. Archives of
Pediatrics & Adolescent Medicine 2003; 157:
765-772.

67. Freedman DS, Srinivasan SR, Valdez RA,
Williamson DF, Berenson GS: Secular in-
creases in relative weight and adiposity
among children over two decades: the Boga-
lusa Heart Study. Pediatrics 1997; 99: 420-
426.

68. Zametkin Al, Zoon CK, Klein HW,
Munson S: Psychiatric aspects of child and
adolescent obesity: a review of the past 10
years. J Am Acad Child Adolesc Psychiatry
2004; 43: 134-150.

69. Kotani K, Nishida M, Yamashita S, Funa-
hashi T, Fujioka S, Tokunaga K, Ishikawa K,
Tarui S, Matsuzawa Y: Two decades of an-
nual medical examinations in Japanese
obese children: do obese children grow into
obese adults? Int J Obes Relat Metab Disord
1997; 21: 912-921.

70. Lobstein TJ, James WP, Cole TJ: Increas-
ing levels of excess weight among children in
England. Int J Obes Relat Metab Disord
2003; 27: 1136-1138.

71. Moreno LA, Sarria A, Popkin BM: The
nutrition transition in Spain: a European
Mediterranean country. Eur J Clin Nutr 2002;
56: 992-1003.

72. Rolland-Cachera MF, Deheeger M, Thi-
bault H: [Epidemiologic bases of obesity].
Arch Pediatr 2001; 8 Suppl 2: 287s-289s.

73. GEK, TT, CT, T K[SU1] : Prevalence
and trends in overweight and obesity among
children and adolescents in Thessaloniki,
Greece. ] Pediatr Endocrinol Metab 2005;
14: 1319-1365.

Copyright © 2009, Shiraz E Medical Journal. All rights reserved.

137



