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PREFACE

Children become overweight for a variety of reasons. The most common causes are
genetic factors, lack of physical activity, unhealthy eating patterns, or a combination of these
factors. In rare cases, a medical problem, such as an endocrine disorder, may cause a child to
become overweight. This book presents ongoing and new research on a public health problem
invirtually all developed countries.

In modern times, overnutrition in humans is a very complex and common eating disorder
that normally results in obesity. In some regions in the world, this multifactoral condition has
reached pandemic proportions in both adult and child populations. In particular, the fact that
obesity is on the increase during the earlier stages of human life is of grave concern. In this
regard, the prevalence of childhood adiposity is largely attributable to the obesogenic culture
that has become entrenched in contemporary society. Although this is mainly true for
developed countries, recently, countries in developing regions such as South America (studies
conducted in Brazil and Mexico), the Middle East, Asia (investigations done in China, India,
Indonesia, Nepal and Mongolia) and Central and Southern Africa (for instance, Kenya and
South Africa, respectively) have experienced similiar trends. Chapter 1 mainly involves the
latter mentioned Southern African country where obesity is confounded by rapid
demographic, nutritional and epidemiological transition. In South Africa, one in three men
(30 %) and more than one in two adult women (57 %) can be considered to be overweight.
Specificaly, in this geographic region, childhood obesity is creating a burden that co-exists
with malnutrition and nutritional deficiencies. We complement our discussions about aspects
of the obesity pandemic in South Africa by reviewing related studies on this phenomenon
conducted in the developing countries mentioned above and developed countries. In either
case, it is clear that obesity and its co-morbidities offer a serious long-term challenge to
governments and health care organizations alike. In addition to the issues raised above, we
take our lead from the 2000 World Health Organization (WHO) Report on preventing and
managing obesity, that identified the relationship between adiposity in children and retarded
linear growth (stunting) as a research priority. As a result we provide an in-depth discussion
on the association between stunting and obesity in South Africa. In the formulation of a
strategic response, towards the end of the current chapter, we propose that the prevention of
obesity in childhood via appropriate interventionary programmes is the best strategy to
control its prevalence in adulthood.

Very little is known currently about the pattern of risk for early childhood overweight and
obesity in the least developed countries, where child under-nutrition remains very common
and a pressing concern. We use standardized anthropometric and interview data pertaining to
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seventeen nationally-representative samples of 37,714 children aged between 30 and 60
months to model that risk. We particularly consider in Chapter 2, the possible roles of
changing socia and economic status of households and urban residence, and take into account
such factors as variationsin family size, in maternal nutritional status, and children’s histories
of under-nutrition (observed as growth stunting). The relationships among these variables are
quite different across world regions except for mothers overweight status, which was a
strong predictor in all. In sub-Saharan Africa, overweight children are extremely rare and the
only strong predictor is having a mother who is overweight. In Northern Africa urban
residence is arisk factor. In the Americas, increasing wealth and socia status of households
raises risk substantially. Stunting places children in Africa, but not the Americas, at
significantly increased risk of being overweight, and in northern Africa this effect is
particularly pronounced in cities. We find every indication in these trends that child obesity
and overweight might very quickly emerge as the moda nutritional status of children
worldwide. The model suggests that childhood overweight in many ways embodies relative
poverty as national wealth rises, just as child stunting reflects the conditions of absolute
poverty. As economic growth accelerates in the poorer countries, the least advantaged sectors
of their populations can remain absolutely poor while their relative poverty also increases.
This means that risk for childhood obesity will grow, and probably rapidly, and it will
increasingly co-exist with and so be intensified by under-nutrition.

The potentia increase in non-communicable disease (NCD) is escalating much more
rapidly in developing than industrialized countries. In this regard, a potential emerging public
health concerning developing countries may be the increasing incidence of childhood obesity
and as a result , an enormous socioeconomic and public health burden for poorer nations in
the near future. However, little is known about its prevalence because of limited number of
national studies, various definitions used and different age groups studied that make the
comparisons difficult.

In the last decades, the countries located in the Eastern Mediterranean region (EMR) have
experienced a transition from a traditional to a Westernized lifestyle and has undergone a
rapidly occurring epidemiologic transition. The Middle- East located in this region has the
highest dietary energy surplus of the developing countries. As a result, a rapid rise in NCD
risk factors is according in different age groups, but very limited data exists about children
living in this part of the world.

Through a systematic review, Chapter 3 compares surveys on the prevalence of
overweight and obesity among children and adolescents living in the EMR, not only to review
the differences, but also to assess the quality of methodologies, to explore the most important
environmental influences, and to scrutinize the variations among sub-groups of the
population.

The prevalence of overweight (based on WHO definition) among preschool children
varies from near 3% in United Arab Emirates (UAE), Iran and Pakistan to 8.6% in Egypt.
Among older children and adolescents (6-18y), the prevalence of overweight among girls
ranges between 6.3% in Bahrain to 31.8% in Kuwait; among boys, it ranges between 4.9% in
Saudi Arabia to 30% in Kuwait. The prevalence of obesity in girlsis reported from near 3%
in UAE and Iran to 35.1% in Bahrain; among boys, it ranges from 2.1% in Iran to 21% in
Bahrain and 14.7% in Kuwait.

Overall, the prevalence of childhood overweight and obesity in Iran is reported much
lower than in Arab countries of the EMR that is suggested to be because of underlying genetic
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and lifestyle differences. However, the recent national survey in Iran found a higher
prevalence of obesity among the younger than older children, and is aarming for the rapid
increase in childhood obesity.

Few studies performed in the EMR have assessed the environmental influences on
childhood obesity, but the few studies addressing this matter emphasized that sedentary
lifestyle, especialy in girls and in urban residents, along with low nutrient but energy dense
foods consumed, as well as the public belief considering fatness as a sign for health and
beauty are the mgjor factorsin the high prevaence of obesity in this region.

It should be acknowledged that many of reviewed studies do not reflect national data, and
include various age groups with different cutoffs used for overweight, making the comparison
difficult.

Nevertheless, in spite of these limitations, the findings of the present study provide
alarming evidence-based data for health professionals and policy makers about the
considerable prevalence of childhood obesity in the EMR countries, many of them still
grappling with the public health effects of malnutrition and micronutrient deficiencies.

Introduction: Obesity is currently regarded as a chronic and recurring disorder and it is
closely associated with various chronic disorders such as cardiovascular diseases, metabolic
syndrome, anxiety and mood abnormalities. Adolescence appears to be high risk period for
the development of obesity and obesity in this period is more likely to track into adulthood.
The prevalence of childhood and adolescence obesity in Europe and the USA has doubled
during the last 10 to 15 years. There are only a few conducted studies related to adolescent
obesity in Turkey, therefore, we tried to evaluate the features that represents our region. We
also aimed to evaluate the last obesity and overweight prevalence status of the adolescents
throughout Europe and the world.

Methods: This was a cross-sectiona study, including a representative sample of 928
adolescent girls and 1004 adolescent boys in rural and urban area of Edirne, Turkey. For this
study, the body weight and height of adolescents were measured using standard procedures.
BMI (kg/m?) was calculated as the ratio of the body weight to square body height. Prevalence
of obesity and overweight was defined as age and gender specific BMI in excess of the 95
and 85" percentiles, respectively.

Results: The prevalence of overweight and obesity among adolescent girls of in our
region was found to be 9.6 % and 3.8 %, respectively, while it was 7.8 % and 0.7 % among
adolescent boys. Adolescent obesity prevaence was found to be higher in girls than in boys
(p<0.05), athough there was no gender difference in overweight prevalences between
adolescent girls and boys. In the urban area, the prevalence of overweight and obesity among
adolescent girlswas 9.3 % and 0.9 %, while it was 8.6 % and 0.6% among boys, respectively.
In the rura area; among adolescent girls, overweight and obesity prevalence was 9.9 % and
3.4 %, while it was 6.0 % and 0.6 % among boys, respectively.

Conclusions: Chapter 4 has showed that obesity prevalence of our adolescent population
was lower than European adolescents and this difference is even higher when it was
compared to the adolescents in the USA. The reason for the lower rate of obesity among our
adolescents are largely unknown. However, one of them may be Mediterranean type of diet
which contains more vegetables and |ess meat and carbohydrate.

Chapter 5 is intended to propose potential strategies and programmes based on the
magnitude of overweight and obesity problem among Iranian children as well as an analysis
of its possible contributing factors. The chapter includes four sections. In section one, we
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present international and (sub) national evidence on the prevalence of overweight and obesity
in children and adolescents. This will alow us 1) to show the magnitude and trend of the
problem; 2) to conduct a comparative study between current figures and the corresponding
results reported from other countries (both developing and developed); 3) to make
comparison between Iranian children and the reference population; and 4) to draw a
geographical map of childhood overweight in Iran. In section two a brief discussion on
possible contributing factors of overweight and obesity found by different studies is
presented. In the third section, based on the facts and findings presented in the section two as
well as available studies and statistics on biologica and socio-economic variables and
characterigtics in Iran, an analysis towards determination of the most relevant contributing
factors for overweight and obesity among Iranian children is discussed. Finally in the last
section, we briefly suggest potentia strategies and programmes aiming at prevention of
childhood and adol escence obesity.

Introduction: Obesity etiology is multifactorial, including genetic and environmental
factors. Traditionally, obesity is classified as endogenous (due to genetic syndromes and
endocrine diseases) and exogenous (due to excessive intake in relation to energy
expenditure). It has been related that endogenous obesity is responsible only for a small
percentage of the total of obesity cases. We defend the idea that this approach is too much
simplistic and reflects a gap between clinical and research settings. We believe that this small
endogenous obesity percentage is actually due to our still limited knowledge about the energy
balance regulation and the several obesity causes. Objective: Chapter 6 reviews the literature
concerning energy balance regulation, genetic and neuroendocrine factors involved in obesity
etiology and future perspectives for obesity treatment. Sources of data: articles published in
indexed scientific journals, books, dissertations and thesis. Most articles were obtained from
Medline and Scielo databases using the keywords “obesity”, “energy balance’, “genetic”,
“hormone”, “treatment”, for the period between 1985 and 2005. Results: here we discuss the
following topics. energy balance regulation, obesity genetics and gene — environment
interactions, metabolic imprinting and future perspectives for obesity treatment. Conclusion:
The recent advances in our understanding of neuroendocrine energy balance regulation,
obesity genetics and gene — environment interactions demand a paradigm shift in obesity
classification and therapeutic approach. In the future, patients previously classified in the
same group, as having exogenous obesity, may have their obesity cause identified and
individualized at the endogenous level. An individualized approach of the different obesity
causes may lead us to safer and more effective treatments.

Chapter 7 is based on a qualitative study exploring overweight and obese children and
their families' perceptions and understandings of the child’s obesity. The study involved 60
obese children and 40 parents. Three analytical areas of interests are elaborated. 1) Which
factors do the child and his or her family believe initially to have caused the child’s obesity?
2) How does the child’s obesity influence the daily life of the obese child and its parents? 3)
How does the family try to help and support the child towards weight |0ss?

The results showed that many families either partly or not at al believed that factors
related to diet and exercise had caused the child's obesity. However, these families were
aware of the medical explanation of obesity but believed that their child was an exception
from this. As these families did not associate the obesity with diet or exercise they believed
that external and non-adjustable factors had caused the obesity. Compared with families
associating the child’s obesity with diet and exercise these families were less affected by the
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child’s obesity and were thus less willing to achieve weight loss by changing their way of
living.

| relate the empirical findings to the currents Danish ways of treating childhood obesity. |
show that these weight reducing strategies are characterized by a goal of changing the child’s
eating and exercising habits regardless of the perception of the family. | propose that this
imbal ance between the families’ perception of the obesity and the strategies focus on diet and
exercise might explain the depressing results weight reducing strategies are generating.

This leads to my final supposition that future intervention programs aiming at reducing
the child’s weight must deal with the perceptions of the family simultaneously or even prior
to traditional focus on diet and exercise.

The main objective of Chapter 8 isto summarize the literature on early determinants and
development of child food preferences. The chapter begins with a literature review of the
earliest flavor preferences for sweet, salty, and bitter tastes during infancy and the effect of
early exposure to infant formulas on the later taste preferences. The effects of exposure
frequency, food experience, role modeling, parenting styles, and mass media are followed by
behavioral techniques to modify children’s food preferences. The fina section of the chapter
covers commonly used assessments of infant and child food preferences.

As outlined in Chapter 9, there is a worldwide epidemic of obesity, with prevalence rates
reaching alarming proportions in some western countries, but aso in many parts of the
developing world.

Hunger and weight gain are controlled by a complex group of interactions between the
gut and brain. Recent advances have highlighted some of the main appetite control hormones,
but these only help our understanding of the physiological processes controlling weight gain.
Although there are a few extremely rare medical conditions causing childhood obesity, the
main cause is a change in diet, with a high intake of energy dense, fatty and sugary food and
drink, coupled with adramatic decline in the amount of exercise being taken.

The long-term effect of this increase in obesity is likely to be an increase in
cardiovascular mortality, as well as a massive rise in children with Type 2 diabetes, aready
being seen in many overweight teenagers from some racial groups.

A number of treatment strategies have been designed. Most are a combination of dieting,
life style changes and family behaviour therapy. Medical and surgical interventions are
reserved for those children who are morbidly obese, and likely to suffer life threatening
events, such as slegp apnoea.

Unfortunately, intervention only has limited success, and the end result may well be a
decline in the current increasing longevity, especialy in the developed world.

The purpose of Chapter 10 was to investigate primary caregivers perceptions, atitudes
and behaviors related to physical activity and inactivity among 6-10 year old children in order
to better understand factors related to childhood obesity. This exploratory study used
gualitative methods to identify sociocultural and familia factors related to physical activity
and inactivity among different Asian/Pacific Island groups resident in the Commonwealth of
the Northern Mariana Islands. Results suggest that among caregivers there are distinct
sociocultural beliefs, attitudes, and behaviors related to physical activity and inactivity.
Gender differences were observed with relation to caregivers perceptions of physical
activity. Benefits and disadvantages of physical inactivity were highlighted by the caregivers.
An important finding was the view held by caregivers that children need other children to stay
physically active. Additionally, different ethnic groups gave different meaning to weight
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normalcy, physical activity and inactivity. Familial differences were aso observed among
ethnic groups, with regards to preventive strategies related to childhood obesity and factors
that influence their understanding of weight status. With regards to community support for the
prevention of childhood obesity, caregivers perceived environmental changes as a necessary
condition for increasing physical activity among families. In addition, caregivers identified
the need for nutrition education programs that offer awareness and skill-building workshops
in bringing about food-related behavior modification among families.
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Chapter 1

CHILDHOOD OBESITY IN TRANSITIONAL
COUNTRIES: A SOUTH AFRICAN PERSPECTIVE

J. Mukuddem-Petersen'*and M.A. Petersen?f
!Northwest University, Potchefstroom X 6001, SA,
2Northwest University

Abstract

In modern times, overnutrition in humans is a very complex and common eating
disorder that normally results in obesity. In some regions in the world, this multifac-
toral condition has reached pandemic proportions in both adult and child populations.
In particular, the fact that obesity is on the increase during the earlier stages of hu-
man life is of grave concern. In this regard, the prevalence of childhood adiposity is
largely attributable to the obesogenic culture that has become entrenched in contempo-
rary society. Although this is mainly true for developed countries, recently, countries
in developing regions such as South America (studies conducted in Brazil and Mex-
ico), the Middle East, Asia (investigations done in China, India, Indonesia, Nepal and
Mongolia) and Central and Southern Africa (for instance, Kenya and South Africa,
respectively) have experienced similiar trends. This contribution mainly involves the
latter mentioned Southern African country where obesity is confounded by rapid de-
mographic, nutritional and epidemiological transition. In South Africa, one in three
men (30 %) and more than one in two adult women (57 %) can be considered to be
overweight. Specifically, in this geographic region, childhood obesity is creating a bur-
den that co-exists with malnutrition and nutritional deficiencies. We complement our
discussions about aspects of the obesity pandemic in South Africa by reviewing related
studies on this phenomenon conducted in the developing countries mentioned above
and developed countries. In either case, it is clear that obesity and its co-morbidities
offer a serious long-term challenge to governments and health care organizations alike.
In addition to the issues raised above, we take our lead from the 2000 World Health
Organization (WHO) Report on preventing and managing obesity, that identified the
relationship between adiposity in children and retarded linear growth (stunting) as a
research priority. As a result we provide an in-depth discussion on the association be-
tween stunting and obesity in South Africa. In the formulation of a strategic response,

*E-mail addresswskjmp@puk.ac.za; Telephone +27-18-299 2553; Fax: +27-18-299 2570 (Corresponding
Author)
TE-mail address: wskmap@puk.ac.za
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towards the end of the current chapter, we propose that themien of obesity in
childhood via appropriate interventionary programmes is the best strategy to control
its prevalence in adulthood.

Key Words: Childhood Obesity, Nutrition Transition, Double Burden, South Africa.

1 Introduction

Excess bodyweight is one of the most important risk factors contributing to the overall
burden of lifestyle disease globally. Statistically speaking, 1.1 billion adults and 10 % of
children are now classified as either being overweight or obese. In particular, childhood
obesity among school-going children has reached epidemic proportions globally with 155
million of such children suffering with this condition. More specifically, the rate of over-
weight children in South Africa is 12 %, with the USA at 14 %. Childhood obesity is linked
primarily to unhealthy eating habits, but is also related to the fact that children today are a
lot less active than in the past. In this regard, in developing countries where both these habits
have taken root, 7 to 10 % of children aged between 3 and 9 are obese. More generally,
evidence based on epidemiological research has suggested that this surge in the prevalence
of childhood obesity in such countries can be attributed to the following factors. In this
regard, vulnerable periods of life (for example, maternal nutrition and metabolic factors, in-
adequate early nutrition), physical inactivity (for example, reduced physical activity among
urban populations), genetic and environmental factors (for example, a nutrition transition
to lipid-rich diets), socioeconomic factors and ethnic and gender differences are some of
the most studied and relevant factors to be considered. In our discussion, we specifically
highlight and expand upon these issues impacting the obesity problem.

Based on recent advances in the literature involving developing countries, it seems ap-
propriate to have as the centerpiece of this chapter a critical discussion on childhood obesity
and its array of co-morbidities in South Africa. In this context, the complex pathological
processes involved reflect environmental and genetic interactions with individuals from dis-
advantaged communities seeming to be at greater risk than the more affluent. Often called
the "Rainbow Nation”, South Africa is a country in transition that is known for its diversity
with an array of creeds and cultures found within its borders. Since its 1994 political trans-
formation, South Africa (estimated 2005 population of 42 million) has undergone simulta-
neous social, epidemiological and economic transitions. In particular, variation in dietary
patterns, access to health care, weather patterns, food availability and levels of economic
growth are evident. Unfortunately, in recent times, lifestyle diseases like obesity have esca-
lated in different age and gender groups, various ethnic groups and urban and rural dwellers
(see [168]). Data published in the 2002 South African Youth Risk Assessment Survey by
the South African Medical Research Council, show the prevalence of overweight (including
obesity) among young people aged 13 to 19 years to be 17 % overall affecting more girls
(25 %) than boys (7 %). Moreover, the 1999 National Food Consumption Survey (NFCS)
in South Africa found that 7.6 % of children in the 1 to 9 year age group is overweight in
the urban areas with a higher prevalence among children of well-educated mothers (12.5
%). Nationally, 6 % of children in the 1 to 9 year age group was found to be overweight.
The South Africa Demographic and Health Survey (SADHS) of 1998 found that 5.3 % of
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adolescent males and 17.6 % of adolescent females are overweight while@&f#edcent
males and 5.9 % of adolescent females are obese. In addition, this chapter will explore the
relationship between stunting and obesity which has been postulated in countries undergo-
ing the nutrition transition. Prevalence was highest (over 20 % for boys and girls combined)
in white and Indian children. Another key factor revealed in the NFCS in South Africa was
that approximately 20 % of children under the age of 9 had suffered from stunting, related
to chronic undernutrition early in life, and ironically, the problem was worst among small
children raised on commercial farms (see [173]). These children may be particularly vul-
nerable to developing abdominal obesity with energy-dense Western diets. Also, we will
provide a comparison of studies conducted on children in South Africa with other studies
on children in transitional countries such as Brazil, China, Russia, the Philippines and Mex-
ico. Finally, trends for this pandemic in children are also provided as a backdrop to better
understand the South African situation in the global context.

The contribution in this chapter is organized as follows. The current section is intro-
ductory in nature, while Section 2 offers an overview of the nutrition transition and double
burden experienced by developing countries like South Africa. Section 3 contains the main
discussion and highlights certain key aspects of obesity. The fourth section considers how
roleplayers in the health and medical community can respond to the obesity crisis in devel-
oped and developing countries. Within the South African context, conclusions are drawn
and directions for future research suggested in Section 5. Finally, we provide a two-part
appendix that contains abbreviations for terms related to childhood obesity, overweight and
stunting and furnish a summary of information from studies about childhood obesity in
South Africa.

2 Nutrition Transition & Double Burden

This section provides a discussion of two of the most characteristic obesity-related issues
in a developing country such as South Africa. Firstly, we look at aspects of the change

in nutritional status being experienced in the aforementioned country. Furthermore, we
identify the double burden that involves the co-existence of nutritional states related to

under- and overnutrition.

2.1 Nutrition Transition

The term "nutrition transition” refers to the sequence of changes in dietary patterns and nu-
trient intake associated with social, cultural and economic shifts accompanying an amend-
ment of the demographics of a country or region. In essence, two processes of change occur
concurrent with or prior to the nutrition transition. The first is the demographic transition
which is the shift from a pattern of high fertility and mortality to one of low fertility and
mortality. This shift is characteristic of a modern industrialized country. The other process
of change is the epidemiological transition which was described, for instance by Omran in
[125], as the change from a pattern of high prevalence of infectious disease associated with
malnutrition, periodic famine and poor environmental sanitation to one of high prevalence
of chronic and degenerative disease associated with urban-industrial lifestyles (see, also
[124]).
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Researchers found that most countries in Latin America, Asia, the Middle East, North-
ernAfrica and the urban areas of sub-Saharan Africa have all experienced a change in the
overall structure of its dietary pattern with related disease patterns over the last few decades
(see, for instance, [84], [110], [132], [133] and [197]). Regarding sub-Saharan Africa, by
virtue of its economic growth, South Africa is considered to be one of the countries that
is undergoing rapid demographic and nutritional transition (see [20]). In this regard, the
dietary patterns in the said country seem to be characterized by high intakes of saturated
fats, sugar and refined foods but low consumption of fiber-containing foods. These patterns
coincide with the so-called "Western diet” and usually accompany lifestyles characterized
by lower levels of activity (see, for instance, [20], [142], [171], [172] and [199]).

2.2 Double Burden

In the ensuing analysis, the double burden is seen from a global and South African per-
spective. Also, we discuss the occurrence of dual burden households in the context of
developing countries.

2.2.1 Global Perspective

The double burden of nutritional diseases refers to the co-existence of malnutrition and
micronutrient deficiencies on the one hand and chronic, noncommunicable diseases on the
other. At the turn of the century, malnutrition was the cause of almost 4 million deaths and
contributed to many more on the continent of Africa and such regions as South East Asia.
Chronic diseases, especially heart disease, stroke, cancer and chronic respiratory diseases,
make up approximately 60 % of global mortality and 50 % of the global burden of disease
(see, for instance, [136]). Unfortunately, the global response to these major public health
problems has been inadequate.

Generally, the public health focus of a country with a relatively low gross national
product (GNP) will be on underweight and undernutrition. However, in countries with a
higher GNP, policy makers are more likely to be concerned with the rising prevalence of
obesity and chronic disease. A recent overview by Popkin (see [136]; also [133]) con-
firms that when a country with a low GNP experiences economic growth, the population’s
diet structure shifts, and combined with reduced physical activity, a rapid rise in obesity
and subsequent chronic disease levels occur (see [48]). The double burden emerges where
underweight and overweight coexists due to this transition. Furthermore, these changes
impact nutritional outcomes, such as shifts in average stature (e.g. stunting), body com-
position (e.g. overweight, obesity) and morbidity (increase in chronic diseases leads to
increased death rate).

2.2.2 South African Perspective

The co-existence of stunting and overweight in school children reflect an aspect of the
South African nutritional transition (a transition from a traditional African diet to a more
Western-type diet), where the already stunted and underweight become both stunted and
overweight, a double burden. In South Africa, this burden may exist in the same household
(dual burden household) and has emerged as a new concern (see [48]). The aforementioned
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factors independently or collectively may contribute to the dual burden phenomenon in
SouthAfrica.

A study conducted by Bourne and co-workers in the Cape Peninsula in South Africa,
serves as a good example of a population displaying the dual burden phenomenon. The aim
of the said study was to investigate the nutritional status of 3-6 year-old African children.
The method involved obtaining dietary information and taking anthropometric measure-
ments and blood values. Their findings confirmed that growth retardation and wasting in
the said population coexisted with emergent obesity. The blood analysis revealed that the
undernourished and obese children consumed a diet low in micronutrients. More specif-
ically, most subjects were deficient in calcium (80 %), iron (77 %), vitamin A (64 %),
riboflavin (52 %), niacin (53 %), vitamin B6 (58 %) and vitamin C (76 %). The dietary
analysis showed that many children received adequate portions of meat and foods from the
cereal group and more than 120 % of the RDA for folic acid (68 %) and for vitamin B12
(63 %). Macronutrient energy distribution fell within prudent dietary guidelines: 28.1 % of
energy from total fat, 63.7 % from carbohydrates, and 13.2 % from protein. Furthermore,
Bourne and co-investigators show that 44.8 % percent of children had only 2 meals with
more than 600 kJ, 9.2 % had only 1 meal. The anthropometric measurements suggested that
27.6 % were stunted, 7.7 % were underweight, 7.9 % were wasted and 20.1 % were obese.
However, the diet was deficient in milk (median intake, 0.5 portion vs. 2-3 portions as rec-
ommended by the department of national health and population development guidelines),
fat (2.5 portions vs. 4 portions), vegetables and fruit. These findings are indicative of a
population undergoing the nutrition transition, where acute and chronic undernourishment
coexists with obesity (see [21]).

2.2.3 Dual Burden Households

Research completed in 2005 by Doak and co-workers (see [48]) suggested that a consid-
erable proportion of households in developing countries, such as South Africa, have un-
dergone the nutrition transition in which over- and underweight coexist. Previously, these
households were called "under/over” (see [50]), but are now known as "dual burden” house-
holds. This term refers to a household in which one person is overweight while another is
underweight. In one household, infectious disease may explain why one person is under-
weight and another overweight in spite of sufficient food. On the other hand, a different
dual burden household might occur as the result of an eating disorder, such as anorexia
nervosa or bulimia. As a result, the dual burden of overweight and undernutrition clusters
within a single household. Empirically, stunting among children was found to coexist with
overweight and obese mothers in several developing countries (see [66]). Prior studies have
shown the dual burden household to be associated with socio-demographic factors such as
income and urban residence (see [47] and [49]) in countries experiencing rapid changes
in diet and physical activity. In this regard, the percentages of dual burden households in
Brazil, China and Russia were 44 %, 23 % and 57 %, respectively. An investigation to
determine the corresponding percentage of such households for South Africa was initiated
in 2005. Furthermore, research by Doak and colleagues challenges the notion that under-
weight and overweight are opposing public health concerns and illustrates the need for pub-
lic health programmes that are able to simultaneously address underweight and overweight
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(see [50)).

3 Perspective of Childhood Obesity, Overweight and Stunting

Childhood obesity is an emerging public health problem throughout the world (see [199]
and [200]). It is associated with several risk factors for later heart disease and other chronic
diseases including hyperlipidaemia, hyperinsulinaemia, hypertension (see [162]), and early
atherosclerosis (see [14], [15] and [101]). These risk factors may operate through the as-
sociation between child and adult obesity, but they may also act independently (see [117]).
In this section, we define and give an overview of childhood obesity. In addition, we dis-
cuss the root causes of this phenomenon and the trends that are evident. Furthermore, we
consider the most important factors that influence the prevalence of obesity. Finally, the
association between stunting and obesity among children is discussed.

3.1 Definition and Overview

In studies conducted under South African conditions, the following definitions for obesity
and overweight are generally used. Obesity is characterized by excessive or abnormal fat
accumulation in adipose tissue with the related undesirable positive energy balance, weight
gain and possibility of impaired health status (see [67]). This condition is present when total
body weight is more than 25 percent fat in boys and more than 32 percent fat in girls (see
[98]). On the other hand, overweight may be defined as a weight-for-heighstandard
deviations (SD) from the National Centre for Health Statistics/World Health Organization
international reference median (see [200]). In addition, Cole and collaborators (see [30])
defined internationally acceptable cut-off points for body mass index (BMI) for overweight
and obesity in children. Here the appropriate cut-off point was defined in BMI units in
young adulthood and extrapolated to childhood, conserving the corresponding centile in
each dataset. This definition was less arbitrary than others and encourages direct compari-
son of trends in child obesity worldwide.

3.2 Etiology of Childhood Obesity

In the developing world, the etiology of the obesity pandemic involves rapid shifts in di-
ets and a decline in physical activity in leisure, transportation and work associated with
modern-day living. Regarding the latter, increased levels of sedentary behavior associated
with the worldwide use of mass media compound these effects (see [140]). In addition, re-
sults from twin studies (see [10] and [22]) suggest that the tendency to obesity is inherited,
at least in part, and that responsiveness to dietary intervention is genetically determined (see
[129]). While childhood obesity does not necessarily indicate adult obesity, epidemiolog-
ical studies have found that about a third of obese preschool children and a half of obese
school-age children become obese adults (see [166]). This means that children with over-
weight or obese parents have a greater risk of being obese themselves (see [92] and [195]).
Therefore, during the early years of life, focus should remain on sustaining proper growth
and development. Ultimately, the regulation of the energy balance is highly complex and
forms an integral part of societal, behavioural, genetic, hormonal, and neural influences
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(see [100]). Several studies have verified that the aforementioned caudessity are also
evident in the South African situation (see, for instance, [88], [90], [91] and [102]).

3.3 Childhood Obesity Trends

In the ensuing analysis, trends in obesity are viewed from a global, developing countries
and South African perspective.

3.3.1 Global Perspective

Globally, the rapidity of obesity is unprecedented in the history of mankind. This escalating
rate of obesity in youths and adults is a frequent outcome of modernisation or acculturation
(see [68], [86], [109], [136], [137], [152], [192] and [200]). There is enormous heterogene-
ity in the patterns, trends and timing of obesity among developing countries. In particular,
an increasing prevalence of obesity in many countries, including those that have tradition-
ally had high rates of undernutrition (see [139] and [200]) are being reported. Countries in
economic transition from underdeveloped to developed, such as South Africa, China and
Brazil, are particularly affected and, in fact, have an increasing prevalence of obesity across
all economic levels and age groups (see [133] and [138]). Essentially, this worldwide phe-
nomenon can be considered to be a result of social, economic and cultural problems being
encountered by developing and newly industrialised countries, as well as ethnic minorities
and the disadvantaged in developed countries (see [53], [89], [140], [164] and [165]). Fur-
thermore, the current levels of overweight in countries as diverse as Mexico, Egypt, and
South Africa are shown to be equal or greater than those in the United States (see [192]).
The impact of abdominal visceral fat accumulation on metabolic derangement is now under
extensive study in adults. Abdominal visceral fat has recently been measured in children
(see [4], [6], [59] and [115]). These studies have suggested that deleterious effects of vis-
ceral adipose tissue on blood lipid risk factors seen in adults are already present in children.

3.3.2 Developing Countries Perspective

The rapid changes in dietary patterns and lifestyles occuring in many developing countries
warrant close monitoring of overweight prevalence in children so that preventative measures
can be taken in a timely manner (see [41]). A recent study investigating adolescent obesity
dynamics was undertaken across four longitudinal studies (see [192]). Nationally represen-
tative data from Brazil (1975 and 1997), Russia (1992 and 1998), the United States (Na-
tional Health and Nutrition Examination Survey (NHANES) | (1971-1974) and NHANES

11 (1988-1994)), and nationwide survey data from China (1991 and 1997) were used. The
results of this study suggested that trends and current prevalence of overweight varied sub-
stantially across the four countries. Once again it was evident that the burden of nutritional
problems was shifting from energy imbalance deficiency to excess among older children
and adolescents in Brazil and China. These changes and differences may relate to changes
and differences in key environmental factors across countries. Similar to adults, the changes
in youth obesity in these four countries varied across levels of household income.
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3.3.3 South African Perspective

A recentnational study by Puoane and co-workers, on childhood obesity in South Africa,
showed that 56.6 % of girls aged 15 years and older were overweight or obese (see [149]).
There is evidence to suggest that in many cases this disposition subsequently manifests
itself in adulthood. According to the secondary anthropometric data analysis of the NFCS
in South Africa, Steyn and fellow researchers showed that 6.7 % of 1 to 9 year-old children
nationally were classified as being overweight (1 to 2 SD WAZ) and 3.7 % as obese (>
2 SD WAZ), where WAZ is the abbreviation for Weight-for-Age z-score. As a result, the
conclusion is that 10.4 % of South African children are overweight and/or obese (see [173]).

3.4 Factors Influencing Childhood Obesity

Genetic predisposition, vulnerable periods of life, socioeconomic background and emo-
tional factors, as well as ethnic and gender differences are some of the factors that influence
overweight/obesity. Diet is determined by cultural and socioeconomic background and as
such plays a role in the development of obesity.

3.4.1 Wulnerable Periods of Life

Critical or susceptible periods of development have been identified for many behavioral
and developmental processes. In particular, numerous studies have shown the importance
of nutrition during certain periods of life when an individual may be more vulnerable to
the development of future obesity. Obesity occurs during the following critical periods:
prenatal period (intra-uterine life), infancy, adiposity rebound (4 to 7 years), adolescence,
early adulthood, pregnancy and menopause (see [37]). The onset of obesity during these
periods appears to increase the risk of persistent obesity and its complications. The litera-
ture suggests that a series of biological factors, such as the timing of adiposity rebound and
parental obesity, which might relate to both behavioural and biological causal mechanisms,
affect carryover of fatness from childhood into adulthood (see [71], [143] and [195]). In this
regard, there is evidence to suggest that adiposity in childhood and adolescence influences
adult mortality and morbidity (see [117]).

In South Africa, Steyn and collaborators conducted a national study aimed at deter-
mining the nutritional status of children. These authors found the highest prevalence of
overweight in 1 to 3 year-old children living in urban areas (see [173]). Various hypotheses
proposed that nutritional insults during pregnancy or infancy may have long-term effects
on a wide range of metabolic and other physiological relationships (see [9]). In particular,
Barker and his colleagues have shown that adults with low weight at age 1 year or low birth
weights have a greater tendency to store fat abdominally (see [9]). In addition, it was found
that males who experienced famine during the first half of gestation were more likely to
become obese as young adults. Detection of individuals at high risk during childhood may
help to establish healthy lifestyles and prevent the development of obesity before 2 critical
periods: the adiposity rebound and adolescence (see [37]).

Rapid growth during infancy in children who have not been suffering from intrauterine
insult and are not small for gestational age (SGA) has been the focus of more recent re-
search (see [25], [93], [126] and [127]). Several authors identified rapid growth in infancy,
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which they term catch-up growth, to be associated with an increase in childhoddaisk

tors for overweight and obesity. Such children had significantly greater weights, heights,
and fatness later in childhood and a more centralized fat distribution (see [126]). Cameron
concluded (see [25]), in an analysis of South African urban children, that the majority of
such children were overweight by 2 years of age and more likely to be classified as obese by
9 years of age. Although SGA children who demonstrate rapid weight gain in infancy are
known to enter puberty earlier (see [32], [108] and [167]), no information is yet available
on children who had birthweights that were appropriate for gestational age (AGA) nor on
skeletal maturity. Obesity and overweight are associated with advanced sexual and skeletal
maturity in normal children (see [186] and [187]). Such advancement in AGA children
with rapid weight gain in infancy would account for their greater size during childhood and
thus not necessarily pose a threat of greater risk during adolescence and early adulthood.
The outcome of the South African study by Cameron revealed that rapid weight gain was
experienced by 21.8 % and normal weight gain by 78.2 % of children. The proportions of
boys and girls within the groups were not significantly different. In common with previ-
ous analyses (see, for instance, [126]), children with rapid weight gain were significantly
lighter at birth (2982 grams vs. 3206 grams) and significantly taller and heavier from age
1 to 9 years and fatter (greater subcutaneous skinfolds) from 5 years of age. At 9 years,
they were 3.8 cm taller and 3.8 kg heavier with 3.7 % greater body fat. Also, the rapid
weight gain group had significantly greater subcutaneous fat, total body fat, and lean tissue
for equivalent BMIs. Chronological age at 9 years were not significantly different. They
were also not significantly different between the sexes in either rapid weight gain or normal
weight gain groups. Because these children have a greater risk of overweight and obesity
(see [25], [93], [126] and [127]) but are not advanced in skeletal maturity, later adolescent
adjustments toward relatively lower weight and fatness values are unlikely. The identifica-
tion and monitoring of such children is, therefore, of importance in reducing their risk of
morbidity.

As was mentioned before, several studies suggest that childhood is a key period to
identify those at risk of becoming obese adults. Most studies that examined the persistence
of obesity from childhood and adolescence to adulthood found that fatter children were
more likely to be overweight later in life (see [143]). As a result, the development of
overweight in childhood is also related to subsequent overweight or obesity in adulthood
(see [71]). Prevention may be more effective and should occur when adult overweight starts
to develop in childhood (see [72]). Obesity not only persists from infancy into adulthood,
but has been associated with an unfavourable cardiovascular risk profile in the first 20 years
of life (see [3], [45] and [131]).

The development of obesity may start during the adolescent growth spurt period, which
is one of the critical periods for the development of obesity identified by Dietz (see [37]).

In girls, menarche indicates that the adolescent growth spurt has been completed and can
be used to indicate a new stage of development (see [104]). Maturation can be assessed
through a variety of approaches including skeletal age, appearance of secondary sexual
characteristics and menarche. However, many studies of adolescents only report menarche
(see [104]). The high obesity prevalence in adolescents is shown to be persistent into adult-
hood with high incidence in the transition to adulthood. We see from studies conducted in
the US that the increase in obesity from adolescence to adulthood is marked. Other coun-
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tries, like South Africa, following this trajectory are likely to see substantial adult obesity
andits associated co-morbidities if this trend is not reversed (see [140]).

3.4.2 Physical Activity

Physical activity is important for achieving proper energy balance, which is needed to pre-
vent or reverse obesity. Such activity on a regular basis can improve body composition
and have a positive effect on resting metabolic rate and the maintenance of weight loss.
Moreover, physical activity may affect the distribution of body fat independently of its ef-
fect on body weight (see [180]). Properly designed activity programmes may preserve or
even increase lean muscle mass during weight loss. Several large, cross-sectional studies
in the United States, Canada, and Europe (see [180] and [163]) have reported an inverse
relationship between levels of physical activity and indirect measures of body fat distribu-
tion (for example, waist-to-hip ratio). South African children are even more inactive than
their counterparts abroad because many schools lack sporting facilities or offer insufficient
physical activity.

Changes in physical activity appear to be changing swiftly worldwide especially in
the developing countries. In this regard, there are several linked changes in such activity
occurring jointly. One is a shift away from the high-energy expenditure activities such
as farming, mining, and forestry towards the service sector (see [134]). Reduced energy
expenditures in the same occupation are a second change. Other major changes relate to the
modes of transportation and activity patterns during leisure hours. The concept of engaging
in physical activity during leisure time is not recognised in many cultures and communities
in which energy conservation has historically been a prime concern during times of food
shortage. The improvement in food availability has done little to change such attitudes. In
contrast, the Nordic countries and some other cultures prize fithess and vitality and thus
have a positive attitude to physical activity; they devote considerable amounts of leisure
time to vigorous activity at the expense of more sedentary pursuits (see [199]). In addition,
in Hispanic and Asian cultures, strenous physical activity may not be considered feminine,
or there may be a greater emphasis on academics (see [196]).

It is difficult to know whether obese individuals are less active because of their obesity
or whether a low level of activity caused the obesity (see [78]). Results from some studies,
however, suggest that low and decreasing levels of activity and a rise in sedentary behaviour
are primarily responsible for obesity. For instance, this condition is absent among elite
athletes while those athletes who abandon their sport frequently experience an increase
in body weight and fatness. This conclusion is further supported by prospective data by
Dietz and Gortmaker in [40]. As far as the developing countries are concerned, in a study
carried out on shantytown children from Sao Paulo, Brazil, the authors found that low
energy expenditure may be a risk factor for weight gain in susceptible populations. In
particular, low energy expenditure may help to explain the increased risk of excess weight
gain leading to obesity among shantytown girls compared with shantytown boys (see [78]).
A study conducted in China provides an interesting example of the change in physical
activity seen in many other countries in transition. In this context, the proportion of urban
adults (male and female) working in occupations where they participate in vigorous activity
patterns has decreased. In rural areas, however, there has been a shift towards increased
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physical activity linked to holding multiple jobs and more intensive effort. For rucahen,

there is a shift towards a larger proportion engaged in more energy-intensive work, but there
are also sections where light effort is increasing. In contrast, for rural men there is a small
decrease in the proportion engaged in light work effort. In China, 14 % of households
acquired a motorized vehicle between 1989 and 1997. Also, these authors showed that the
odds of being obese were 80 % higher<M®.05) in households for men and women who
owned a motorized vehicle compared to those who did not own a vehicle (see [12]).

Activity may also decrease in response to social or biological cues. As girls age they
may become more interested in appearance and pursue more sedentary social interests,
or they may adopt sedentary, adult-modelled behaviour patterns (see [169]). Therefore,
parental modelling influences the adoption of physical activity by offspring in childhood
and adolescence and beyond (see [155]). Consequently, the decline in physical activity
levels of parents has a direct negative effect on the activity levels of the children.

The trends mentioned above also play themselves out in the South African context. For
example, a study in the North-West Province of South Africa by Kruger and co-workers (see
[88]) reported that a large percentage of stunted girls were in the mostly inactive category
(72.5 %) and deposited relatively more subcutaneous fat compared with non-stunted girls
(66.1 %). Published data from the "Birth-to-Twenty” study conducted by the University
of Witwatersrand in Johannesburg, South Africa, showed that less than one-third of black
South African children are offered physical education at school. More than 40 % of South
African youth in the age group 9 to 11 years old, do not get enough exercise (see the website
http://www.wits.ac.za/birthto20/news301.php).

3.4.3 Genetic and Environmental Factors

Garn and colleagues (see [63], [64] and [65]) demonstrated that as a result of the interac-
tion between genetic and environmental factors, children whose family members are obese
are four times more likely to be obese themselves than children whose family members
are lean. By comparison, Locard and colleagues in [97], reported a threefold increase in
childhood obesity when a parent is overweight. Moreover, Whitaker and colleagues (see
[195]) reported that parental obesity increased the risk of childhood obesity by twofold to
threefold at all ages. Ultimately, a treatment plan for the parents as well as the child may
need to be considered if many family members are obese.

The role of epidemiological, genetic and molecular factors (see [200]) in weight gain
is currently the focus of much research. A series of studies over the past decade strongly
support the view that many genes are involved in causing a susceptibility to obesity. Based
on the evidence accumulated600 genes, markers, and chromosomal regions have been
associated or linked with human obesity phenotypes (see, for instance, [130]) Also, the
discovery of leptin has led to a renewed interest in genetic and metabolic influences in the
development of obesity. While it is possible that single or multiple gene effects may cause
overweight and obesity directly, and indeed this is so in some individuals, this does not
appear to be the case in the majority of people. Instead, it is currently considered that the
genes involved in weight gain increase susceptibility or risk of an individual to the devel-
opment of obesity when exposed to an adverse environment (see [199]). Many more years
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of research will be needed before the important genes and the critical mutatidimatye
defined for both excess body fat content and upper body and abdominal fat accumulation.

3.4.4 Socio-Economic Factors

The rapid increases in obesity rates over recent years have occurred in too short a time for
there to have been any significant changes within populations. This suggests that the pri-
mary cause of the rapid global rise in obesity lies in environmental and societal changes that
are now affecting a large proportion of the world’s population (see [200]). The process of
modernization and economic transition has seen most countries of the world move towards
industrialization and an economy based on trade within a global market. This has brought
about a number of improvements to the standard of living and services available to people
throughout the world. However, it has also had a number of negative consequences that
have directly and indirectly led to deleterious nutritional and physical activity patterns that
contribute to the development of obesity. Changing societal structures resulting from this
transition have given rise to new problems associated with unemployment, urban crowd-
ing, and family community breakdown (see, for instance, [200]). A review of the literature
revealed that socioeconomic status (SES: composite index combining income, education,
occupation and in some developing countries, place of residence (urban/rural)) and obe-
sity, in women, were consistently inversely related. By contrast, SES and obesity tended to
be directly proportional to each other in populations of developing countries. However, a
1998 WHO study on men in developing countries reported an inverse association, whereas
a substantial minority (30 %) reported a direct association (see, for instance, [199]).

In traditional societies from developing countries, as per capita income increases, the
nature of the diet tends to change in a pervasive and well-documented manner. In particular,
intakes of animal fat and protein and sugar increases, while the consumption of vegetable fat
and protein and complex carbohydrates decreases. An increase in income may be associated
with increased away-from-home consumption of high-fat food items (as in the Phillipines)
or with increased consumption of meat (as in China). However, the overall effect points
to a greater intake of total fat and an associated increase in the prevalence of obesity (see
[200]). In particular, Popkin and colleagues showed a strong positive correlation between
income and a high weight-for-height in Brazil and also a significant inverse relationship
between undernutrition and income (see [142]). In Thailand, although in transition from an
agronomy-based to an industrial-based economy, the obesity-socioeconomic relation is like
that of developing countries (see [111]).

In the immediate sequel, we highlight the outcomes of three studies conducted on child
populations in South Africa that explores the relationship between socioeconomic status
and obesity. Monyeki and fellow researchers conducted a study in the rural community of
Ellisras in the Limpopo Province of South Africa which explored the occurrence of obesity
in 3to 4 and 5 to 10 year-old children during their preschool years and first years of formal
schooling, respecitively (see [112]). Very few children (0-2.5 % of males and 0-4.3 %
of females) had BMI values above the NHANES Il 85th percentiles, indicating a very
low prevalence of overweight children in the area. These researchers concluded that few
Ellisras rural children had above normal values for BMI, indicating a low prevalence of
obesity in this community. Also, Mukuddem-Petersen and colleague showed that children
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from urban areas tended to have higher mean BMI and triceps and subscapular skinfold
thicknesseqTSF and SSF, respectively) than children (10 to 15 years) from rural areas
and informal settlements in the North-West Province of South Africa (see [113]). Clearly
the place of residence and, in turn, socioeconomic status directly influences the nutritional
status of populations. Based on the secondary anthropometric data analysis of the NFCS
in South Africa, Steyn and investigators showed that the highest prevalence of overweight
and obese children resided in informal urban areas (see [173]). Overweight and obesity
together (>1 SD WAZ) was 10.4 %, with the highest prevalence in children living in such
areas. Furthermore, 1 in 13 children aged 1 to 9 years living in formal South African
urban areas are obese. Different outcomes from other studies conducted in other regions
of South Africa and places of residence (urban/rural) reflect the complexity and diversity
of the nutrition transition within one country. Evidently, the individual components of SES
may have independent and even antagonistic effects on dietary intake and physical activity
patterns so it is often very difficult to make generalizations about the relationship between
SES and obesity (see [199]).

3.4.5 Ethnic Differences

Some ethnic groups in industrialized countries appear to be more susceptible to the devel-
opment of obesity and its complications than others. This problem seems to arise from

a combination of genetic predisposition, a change from the traditional to a more affluent

sedentary lifestyle and its accompanying diet (see [199]). In the discussion below, we con-
sider the differences between ethnic groups on a global level and compare this with the
results of studies conducted in South Africa.

From data collected by the Pediatric Nutrition Surveillance System (PedNSS) it is evi-
dent that nutritional status varies among different race and ethnic groups worldwide. Black
children have the highest rates of low birth weight and anemia, Hispanic and native Amer-
ican children have the highest rates of overweight; and the Asian children have the highest
rate of shortness. There also exists ethnic variation, with girls of Asian or Mexican ori-
gin having relatively more subcutaneous fat on the trunk than girls of European or African
origin (see [13]). In these populations, fat-rich energy-dense diets are likely to be cheap-
est, and reduced levels of activity stem from unemployment. Other factors associated with
poverty may also be involved. In general, the prevalence of obesity is higher among Amer-
icans of African heritage than among Americans of European heritage (see [54] and [181]).
Cardiovascular disease mortality is significantly higher in black than in white women. The
black mortality rate is between two and four times that of white women, a difference that
translates to an excess of 80 000 annual cardiovascular disease deaths for black women
under 65 years of age in the USA. Because differences in body fat and BMI between black
and white girls appear to occur sometime between childhood and young adulthood, the age
of 9 to 10 years was chosen as the entry age range for the National Heart, Lung and Blood
Institute Growth and Health Study Research Group (NHLBIGHSRG). This pre-pubertal
stage of development is also the age at which little differences between blacks and whites
in prevalence of obesity is expected. Differing rates of maturation may explain some of the
observed black-white differences in BMI, although other factors may also contribute (see
[118]). In this regard, the mid-upper arm circumference measurements of black children
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should be interpreted cautiously as excess subcutaneous fat may obsadeeetition of
muscle wasting (see [1]). In cross-sectional analysis, black girls are further in the matura-
tion process than white girls at both ages 9 and 10. This earlier onset of maturation may
have a primary role in the development of obesity differences between the races (see [118]).
The etiology of the difference in obesity between races remain unknown (see [118]).

Some time ago, Walker and Walker (see [191]) conducted a study aimed at determining
the weight, height and triceps skinfolds of black, Indian and white 18 year-old high school
pupils in South Africa. This study revealed that the said anthropometric values were sig-
nificantly lower for black boys when compared with white boys. Yet, obesity was far more
prevalent among the black girls compared with their white counterparts. Values on Indian
boys were similar to those of black boys, although the former were far more favourably
placed socioeconomically. Indian girls, compared with black girls, had highly significantly
lower values for weight and skinfold thickness, but not for height. However, mean weight
for height values for black and Indian boys were similar to values for white boys. Weight-
for-height values for Indian girls were similar to data for white girls, although values on
these two ethnic groups were significantly lower than those for black girls (see [191]). Black
women are fatter than white women from their twenties onward both in terms of skinfolds
and BMI, whereas white girls in elementary and junior high school tend to be similar to or
fatter than their black counterparts. Similarly, this difference in black and white girls from
the North-West Province of South Africa was evident in the study by Mukuddem-Petersen
and colleague. In particular, 10 to 15 year-old white girls (14.2 %) were more overweight
than their black (7.1 %) counterparts (see [113]). Also, Indian children (6.4 %) and children
of mixed ancestry (2.9 %) had the lowest prevalence of overweight in this population (10-
15 years). Contrary to other studies, [60] and [118] showed that overweight and obesity, as
well as earlier onset of maturation, were more prevalent in white subjects than black ones.
It is possible that other confounding factors, such as the low income of most black families,
could have played a role in this outcome (see [148]).

3.4.6 Gender Differences

A number of studies have indicated that females are more prone to obesity than males. In
this regard, there are a number of physiological processes that are believed to contribute to
an increased storage of fat in females. For instance, females have a tendency to channel
extra energy into fat while males utilize more of this energy for protein synthesis. This
pattern of energy usage or nutrient partitioning in females contributes to further positive
energy balance and fat deposition for two reasons. First, the storage of fat is far more
energy-efficient than that of protein, and second, it will lead to a lowering of the lean-to-fat
ratio with the result that the resting metabolic rate (RMR) does not increase at the same rate
as body mass. Such fat deposits are believed to be essential in ensuring female reproductive
capacity. Studies in humans and animals indicate that girls exhibit a stronger preference
for carbohydrate prior to puberty while boys prefer protein. However, after puberty, both
males and females display a marked increase in appetite for fat in response to changes in
the gonadal steroid levels. This rise in fat appetite occurs much earlier in females (see [95]).

The analysis in the previous paragraph is related to a study conducted by Monyeki and
fellow researchers among preschool children and childen who were in their first years of
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formal schooling in Ellisras in the Limpopo Province of South Africa (see [112]).yThe
found that 7 and 8 years old childrens mean BMI was statistically significantly higher in
males compared to females<€F0.05). The log transformed supraspinale skinfold thickness
was larger in females compared to males at ages 4 to 7 years; the log transformed SSF was
larger in girls compared to boys aged 7 to 10 years. About 15 % of the males showed
overfatness at ages 3 to 4 years, while low prevalence was found at older ages. Mukuddem-
Petersen and a fellow investigator conducted a study in the North-West Province of South
Africa which demonstrated that the mean TSF is smaller at a later age in boys than in girls
(10to 15 years). This related to girls entering puberty sooner than boys. Furthermore, waist
circumference (WC) in boys is slightly smaller at 14 years; however the girls WC suddenly
increased at 14 and 15 years of age (see [113]). This could be explained by the increased
muscularity of boys and increased adiposity of girls at the onset of puberty (see [37]).
Similarly, in other studies, it was found that girls had almost 50 % greater skinfold thickness
than boys at all ages (see [123] and [174]) and the percentage body fat was lower in obese
boys than in obese girls (see, for instance, [6]). Cameron and Getz (see [27]) described
a gain in fat among South African adolescent girls occurring after peak height velocity.
Among boys there was a gradual increase in skinfold thickness from age 7 to 18 years and
virtually none of the boys could be classified as overweight. The skinfold thicknesses of
girls increased more per year, with a clear acceleration in subcutaneous fat deposition from
age 14, the mean menarcheal age of the study group. As elluded to previously, this period
is associated with hormonal changes that may increase the susceptibility of the female child
to fat deposition (see [27]).

3.4.7 Assessing Obesity

In the discussion below, we consider the methods of measurement of obesity that are com-
monly used in South Africa. There are many procedures available to determine body fat
levels or adiposity. The most reliable method of body fat determination is by studying ca-
davers that involves the dissection of components of the human body (see [30]). Assessment
of adiposity may be estimated through in vivo body composition methods such as under-
water weighing, deuterium oxide dilution and radioactive potassium counting (see [192]).
However, these methods are expensive and/or invasive and not well suited to large epidemi-
ological studies. In addition, the assumptions underlying these methods are population- and
age-specific and may not be equally valid for different age and ethnic groups (see [42] and
[192]).

By contrast to the previous paragraph, indirect anthropometric estimates of body com-
position have proven useful for clinical practice, large population-based field studies and
epidemiological surveys. Simple anthropometry is appealing due to its simplicity, practical
nature; non-invasiveness and cost-effectiveness. For large-scale screening of obesity, mea-
sures based on anthropometry are essential. The main contenders are the BMI (measured in
kg/m?) and selected skinfolds. Specifically, among all anthropometric measurements, the
BMI represents the most frequently used index for evaluating nutritional status. Despite the
fact that the value of the BMI is generally interpreted as a measure of body fatness, it can
also reflect differences in fat-free mass. BMI is more reproducible than skinfolds, but its
correlation with body fat is weaker. In addition to assessing body fat distribution accurately,
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two or more skinfolds or possibly body circumferences may be required (see [F8]).
instance, both arm muscle circumference and area (see [74]) are regarded as an indicator of
body muscle mass. Skinfold thickness is a more direct indicator of adiposity than BMI. In
this regard, TSF thickness has been found to be the single best indicator of the percentage
of body fat in women and children (see [153] and [34]). Despite this, previous studies on
children and adults demonstrated strong correlations between TSF and BMI. The correla-
tion of TSF and BMI is weaker in males since BMI is altered more by muscularity than it

is in females (see [116]). In terms of acceptability though, BMI still has the edge over all
types of skinfolds, including TSF. Weight-for-age is one of the most widely used nutritional
parameters (see [174]).

Although, WHO and the Centers for Disease Control and Prevention both recommend
BMI as a fatness indicator across populations (see [29], [30], [116], [165] and [198]), re-
cent findings have challenged the assumption that BMI has the same meaning in all ethnic
groups (see [150]). In a situation that is particularly relevant for South Africa, [39] warned
that, until more studies include ethnic groups other than whites, BMI should be used cau-
tiously in assessing fatness across populations (see [39]). Estimates of the prevalence of
overweight and obesity in population groups are typically based on BMI, and BMI cen-
tile curves have been developed for use in paediatric population for clinical and possibly
epidemiological purposes (see [31]). The latter mentioned study of Cole and co-workers
included all ethnic groups with the BMI cut-points for adults of 25 k§/amd 30 kg/m
for overweight and obesity being established worldwide. However, there was no commonly
accepted standard of determining overweight and obesity in children until Cole and co-
workers (see [30]) published reference curves for children aged 2-18 years based on pooled
data from several countries. This included cut-points for BMI at 6 monthly increments in
age which correspond to the percentiles of children with a BMI of 25 kgbverweight)
or 30 kg/nt (obese) at 18 years of age. A recent meta-analysis of the relationship between
BMI and percentage body fat (BF) among Chinese, Ethiopians, Indonesians, Polynesians,
Thais, American blacks and American whites revealed that people of different ethnic groups
had significantly different BMIs at the same levels of BF, age, and gender (see [44]). Dif-
ferences in the relationship between BMI and percentage BF have also been shown when
comparing populations from Singapore (see [43]), Japan (see [43]), Hong Kong ([62]) and
American whites. Within the USA, the NHLBIGHSRG found that the BMI for lean 9-year-
old black children was 3 % higher than that for lean white children of the same age (see
[85]). Possible reasons for ethnic differences in the relationship between BMI and percent-
age BF include differences in fat-free body density, the distribution of subcutaneous fat and
limb length relative to trunk size ([192] and [85]). These findings suggest that estimates of
BF from anthropometric indicators may produce systematic errors across different ethnic
groups (see [116]).

It has been suggested, however, that BMI may be a less sensitive indicator of fatness
amongst children (see [151]) and BMI gives no information about fat distribution. In a
study that included a consideration of South African variations, Eckhardt and collabora-
tors attempted to address this gap by exploring the ability of a variety of anthropometric
indicators to predict body fatness in youths from four different countries: South Africa, the
Philippines, China, and Russia. Two different indicators of body fatness were explored as
standards against which the anthropometric measures were compared (see [51]). This study
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highighted the complex nature of body composition research. Furthermore, these authors
concludedhat the changes in BMI represent changes in fat free mass (FFM) in addition to
changes in fat mass (FM). In children undergoing dramatic changes in body composition,
BMIl is a poor proxy for adiposity. BMI is a better indicator of adiposity in adults, in whom
dramatic changes in FFM are not common (in the absence of major disease), and weight
changes mainly reflect shifts in FM. Also, they suggested that future studies that relate an-
thropometric indicators to more direct measures of BF need to explore further the influence
of maturation levels. In particular, it is important to consider that sexual maturation and
age at menarche affect total fatness and regional fat distribution. The timing of growth
spurts influence changes in subcutaneous fat accretion (see [13]). In particular, sexual mat-
uration has also been reported as an important factor producing variations of BMI so that
caution is essential when using BMI in adolescence. It was observed that the percentage
body fat/BMI relationship was influenced by stage of pubertal development to a greater ex-
tent than it was by age (see [17]). In addition, when interpreting BMI data collected from
populations with stunted children, we need to be cautious especially in countries like South
Africa undergoing nutrition transition since as the relationship of BMI to adiposity may be
altered.

Despite all of the objections raised in the above discussion, in South Africa, BMI is most
commonly used because of the relative ease and accuracy of the basic measurement (see
[75]). Consequently, it is widely recommended for epidemiological and clinical evaluation
of obesity in children and adolescents. Age-dependent reference data for BMI are necessary
for children, as changes in body composition occur during growth (see [17]). Thus tailored
estimating equations that take such differences into account should be used when studying
body composition in youths from the different ethnic groups present in South Africa (see
[51]).

3.4.8 Consequences of Childhood Obesity

Overweight and obesity in childhood and adolescence are associated with significant phys-
ical and psychosocial health problems (see, for instance, [38] and [58]). Its consequences
are greater than those associated with many other chronic physical health conditions. Ado-
lescent overweight is associated, for instance, with increased adult morbidity in men for
gout, and in women for arthritis. Among women, childhood overweight may be associ-
ated with menstrual problems in early adulthood (see [92]). Men who were overweight
in adolescence were three times more likely to develop gout when compared with their
lean counterparts (see [117]). Research shows that overweight/obesity in children, particu-
larly during adolescence, persists into adulthood and is associated with an increased risk of
many diseases including atherosclerosis, cardiovascular disease (see, for instance, [131]),
hypertension (see, for instance, [162]), cancers, diabetes, respiratory disorders, gall bladder
disease, infertility and several non-fatal but debilitating conditions (see [200], [30], [200],
[106], [188] and [70]). More specifically, hyperlipidaemia, characterized by an increase in
the serum triglyceride (TG) level, hyperinsulinaemia and an elevation of serum transami-
nase level due to fatty liver, are considered to be the three major abnormalities in clinical
laboratory data associated with childhood obesity (see [5]).

A number of studies have shown that glucose tolerance falls with decreasing birth
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weight and that people with low birth weight and high BMI as adults are those at great-
estrisk of developing Type Il (non-insulin-dependent) diabetes mellitus. Crowther and
investigators (see [35]) conducted a study in a group of 7-year-old black South Africans
for whom longitudinal anthropometric data were available. Oral glucose tolerance tests
(OGTTSs) were carried out and inverse correlations were found between birth weight and
the total amount of insulin secreted during the first 30 min (r = -0.19, p = 0.04) and last
90 min (r =-0.19, p = 0.04) of the OGTT. This correlation was also evident between birth
weight and the 30 min glucose concentrations (r = -0.20, p = 0.02). Children born with low
birth weights but who had high weights at 7 years had higher insulin concentrations and
indices of obesity compared with those with low birth weights and low weights at 7 years.
There were also positive correlations between weight velocity and BMI (r =0.24, p = 0.02)
and weight velocity and insulin resistance (r = 0.18, p = 0.04) as measured using homeosta-
sis model assessment (HOMA). Crowther and co-workers concluded that low birth weight
in conjunction with rapid childhood gains in weight in the form of subcutaneous fat, pro-
duces poor glucose tolerance in 7-year-old children and can make them susceptible to the
development of Type Il diabetes later in life (see [35]).

3.5 Stunting and Overweight

In this subsection, we consider the relationship between stunting and overweight. In South
Africa, several studies have already been conducted on this issue (see, for instance, [88],
[113] and [142]). Our discussions on the link between stunting and obesity centre around

a definition and overview, etiology and mechanism, trends and the factors influencing their

association.

3.5.1 Definition and Overview

Short stature, also known as low length-for-age, growth retardation, or stunting, can be
defined as a height less than the 5th percentile of the age- and sex-specific length or height
reference population defined by the National Centre for Health Statistics (NCHS) of the
US Department of Health and Human Services Centre for Disease Control and Prevention
(CDC) (see [36]). Stunting may be an indication of the long-term health and nutritional
history of a population and may reflect the normal variation of growth within a population,
taking into account that 5 % of children that are expected to fall below the established cut-
off defines this phenomenon (see [198]). In essence, on a population level, an increased
prevalence of shortness (above the expected 5 % level) suggests that the growth of some
children in the population is retarded. Besides percentiles, z-scores are also used to classify
or guantify degrees of stunting. In this context, it was estimated that 2.5 % of children in
developed countries are shorter than -2 z scores and are, thus, classified as being stunted. In
this regard, z-score is a SD score and is defined by WHO (see [198]) as the "deviation of the
value for an individual from the median value of the reference population, divided by the
SD from the reference population”. Particularly, in South Africa, almost 20 % of children

in urban areas are stunted by 2 years of age (see [26]). The WHO (see [199]) regards a
population as being moderately affected if 25-50 % of children under the age of 5 years are
stunted, and severely affected if more than 50 % are stunted.
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In the past, there was a clear association between stunting and access to fooakethe
food that was available the less the incidence of stunting. In recent times, this association
may not be as apparent (see [142]). The condition of being overweight coexists with under-
nutrition in many developing countries. Previously, most stunted children in South Africa
grew up under conditions of food shortage and had little opportunity to become obese.
However, the nutrition transition has caused shifts in dietary composition and activity pat-
terns that have lead to the development of overweight (see [141]). In response to this type of
transition, the 1998 WHO Report (see [199]) identified the relationship between BMI and
adiposity in children with retarded linear growth (stunting) as being a research imperative.
Consequently, numerous researchers have started to investigate this association with many
issues still to be elucidated (see [113], [142], [160] and [161]). The age at which stunting
relates to the development of obesity is unclear but may be during the four critical periods
identified by Dietz (see [37]).

3.5.2 Etiology and Mechanism of Stunting Leading to Overweight/Obesity

Low height-for-age is indicative of stunting, which is a result of chronic, long-term dietary
inadequacy, reflecting socio-economic deprivation. In particular, stunting in children is a
consequence of many adverse factors, including poor nutritional status of pregnant moth-
ers and children, low birth weight due to inadequate food intake (see [11]), parents’ short
stature (see [2]), low income, exposure to infection and other diseases, emotional stress
(see [189]), lack of physical activity and perhaps the stressful physiologic effects of high
altitude (see [103] and [61]). Within child development, stunting and overweight/obesity
were manifested by dietary patterns that had shifted from the traditional diets composed
of high-fiber, low-fat foods to Western diets of low-fiber, high-fat, high-energy, low-cost
foods. It was subsequently hypothesized that the combination of nutritional stunting and
exposure to cheap high-fat foods was a major contributing factor to concurrent stunting
and overweight/obesity. Specifically, data from Brazil appear to indicate that mild stunting
might be associated with a greater susceptibility to the effects of high-fat diets (see [161]).
In this regard, excess weight gain among lower-income groups is believed to be the result of
a change from a traditional "healthy” diet to a high-fat diet in addition to decreased levels
of physical activity (see [46] and [82]).

There are several possible mechanisms for the relationship between stunting and over-
weight in children. Essentially, a number of highly speculative explanations for the said
relationship stem from the work of Barker in [9] and none seem to be mutually exclusive.
Barker proposes that hormonal changes and their physiologic responses, such as abdomi-
nal obesity stem from fetal or infant undernutrition facilitating long-term changes based on
metabolic adaptations (see [9]). In particular, Barker suggests that an infant's major adap-
tation to undernutrition is reduced growth rate and related changes in fetal hormone pro-
duction that yield long-term effects including changes in insulin and growth hormone. In
addition, in a series of studies on small samples of English adults, Barker showed that low
birth weight was related to subsequent abdominal obesity and a wide range of hormonal
changes associated with the metabolic syndrome (see [131] and [114]). Furthermore, he
has shown that growth retardation is associated with later obesity and a range of hormonal
changes. Although the mechanism by which stunting may predispose to overweight or obe-
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sity remains largely undefined. It has been postulated that nutritional stuntisgasiated

with impaired fat oxidation (see [77]) which could predispose stunted children to excessive
weight and fat gains at excessive energy and fat intakes. This was evident in another study
where nutritionally stunted children had measurably impaired fat oxidation compared with
non-stunted control children living in the same environment. Specifically, stunted children
had significantly higher respiratory quotients (RQ) and lower fat oxidation in the fasting
state and 30 minutes after a meal (subsequent postprandial meals remained higher but not
significantly so). These findings may help to explain previous observations of increased
prevalence of overweight among stunted adolescents and adults in developing countries,
because fat that is not oxidized must be stored (see [160]). Another study suggested that the
diet early in life has a significant effect on later metabolism and health (see [77]). A further
postulate is that nutritionally stunted children may have an impaired regulation of energy
intake, which increases the risk for obesity (see [76]). It has been proposed that stunted
children have lower energy requirements and should have lower total energy intakes than
non-stunted children (see [77]).

There appears to be a coexistence of stunting and overweight in low-income popula-
tions undergoing the nutritional transition. Although no association between stunting and
energy expenditure was found among children ages 8 to 11 y in Brazil, (see [78]) fasting
fat oxidation was significantly lower in the stunted group than in the non-stunted group (see
[77]). This finding may help to explain the increased prevalence of obesity among stunted
adolescents in developing countries. As in South Africa, stunted children and, in particular,
those recovering from protein-energy malnutrition, are programmed to accumulate greater
body fat at central sites during adolescence (see [113]).

3.5.3 Trends of Stunting and Overweight/Obesity

The United Nations International Children’s Education Fund (UNICEF) has estimated that
approximately one out of three children younger than five years of age are chronically mal-
nourished. This malnourishment makes them susceptible to poor linear growth early in life
(see [11]). A decade ago the United Nations sub-committee on Nutrition estimated that
one-third to two-thirds of children in developing countries may be considered to be of short
stature (see [159]). A high weight-for-height is emerging as a growing nutrition concern
among children in communities undergoing nutritional transition (see [133] and [161]).
Body composition, especially fat mass, could also be an important component and determi-
nant of long-term outcome of stunting. A distinct association exists between stunting and
overweight/obesity and with few exceptions, the types of determinants for these two nutri-
tional disorders appear to be the same but directionally opposite in affording risk for a given
nutritional disorder. Stunted children have nearly twice the risk of being overweight (BMI

= 25 kg/n?). Doak and collaborators concluded that if under- and overweight can occur in
the same household, common underlying causes of both conditions may be identified (see
[46]).

In 1996, the percentage of 3 to 6 and 7 to 9 year-old children that were stunted among
black and mixed-ancestory South African children was close to 30.6 % (see [142]). The
NFCS of 1999 showed that at least 21,6 % of children between the ages of 1 and 9 years old
are stunted, indicating chronic past undernutrition (see, for instance, [90] and [91]). At the
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national level in South Africa, stunting was prevalent in 19.3 % of 1 to 9 year-old children,
with the highest prevalence in those of age 1 to 3 (24.4 %), in rural areas (23.8 %) and on
commercial farms (25.6 %) (see [173] and [91]). Younger children (1 to 3 years of age) were
found to be most severely affected as well as those living on commercial farms and in tribal
and rural areas (30,6 %). Also, a 2003 study conducted by Zere and colleague claimed that
stunting was the most prevalent form of malnutrition in South Africa (a reflection of long-
term undernutrition = -2 SD HAZ). Here the rate of stunting (for children under-five years)
was found to be the highest in the South African provinces (Eastern Cape and Limpopo
Province) with the highest prevalence of poverty (see [202]). Research in the last decade,
notably by Popkin and collaborators (see [142]), provided evidence for concurrent stunting
and overweight or obesity in some developing countries. These countries (South Africa,
Russia, China, and Brazil) were linked by their classification as transitional countries in
that they were transiting through both economic and social changes. Similarly, Sawaya
and colleagues showed a relationship between stunting and obesity in countries undergoing
the nutritional transition (see [161]). This has been found at the community level in South
Africa (see [170] and [21]) and Brazil (see [55]). Recently, Jinabhai and collaborators
conducted a study in the KwaZulu-Natal province of South Africa on rural primary school
children aged 4 to 5 and 8 to 11 years (see [81]). The outcome of the study showed that
there was moderate stunting in 10-25 %, wasting in 1-6 %, 5-24 % were overweight and
1-10 % obese. An increasing prevalence of overweight and obesity was seen in both the 4 to
5and 8to 11 year age-groups. The finding that moderate stunting co-exists with overweight
and obesity suggests that patterns of under- and over-nutrition in South African children are
changing and might indicate the early stages of a complex nutritional transition. The cross-
sectional study conducted by Mukuddem-Petersen and Kruger in the North-West Province
of South Africa showed no significant association between stunting and overweight in 10
to 15 year-old children. However, there was a tendency for the stunted girls older than 14
years to start to gain subcutaneous fat even though at these ages they were still underweight
(see [113]).

3.5.4 Factors Influencing Stunting and Overweight/Obesity

In the following discussion, we consider vulnerable periods of life for stunting and obesity.
Babies of abnormally short length at birth are also at risk for short stature later in life. This
indicates that intrauterine growth is important for a child’s subsequent growth (see [198]).
There are several reasons for stunting being prevalent in the first 2 to 3 years of life and
not later. During early childhood, nutritional needs are greater in relation to weight than
at any subsequent stage in life since the rate of growth is the highest that it will ever be.
Thus, the opportunity for growth retardation is great in early childhood, partly because
more growth is taking place (see [104]). Also, the interactive effects of poor energy and
nutrient intakes, infection (see [189]) and the child’s dependence on others for nutrition
early on in life cannot be ignored. Specifically, African populations, especially preschool-
aged children, are exposed to malnutrition, and this may have a major effect on growth
and development. Height retardation may be regarded as an index of past and chronic
malnutrition over a long period (see [13]) which leads to a reduction in final stature. In
this regard, in the NFCS, stunting decreased with an increase in age. It was lowest in the
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7 to 9 year-old group which does reflect catch-up growth with time (see [90]%tjl

The ability of children to demonstrate catch-up growth has been recognized for almost four
decades (see [145]) and is characterized by an increased growth velocity in height and/or
weight after the removal of some constraint on normal growth. This increased velocity
brings the child’s height-for-age or weight-for-age status back toward the normal centiles,
and in the best-case scenario, actually returns the child’s growth pattern to its preinsult
status (see [176]). Evidently, children who are stunted in childhood are likely to have short
stature in adulthood (see [156]) although evidence suggests that some catch-up growth may
occur (see [99], [104] and [194]). In addition to catch-up growth occurring after the removal
of an insult in childhood and adolescence, such growth also occurs during infancy. In this
case, the rationale is that the growth of the fetus had been constrained, and when freed
from this constraint, the affected infant demonstrates rapid growth to reach its genetically
determined growth canal (see [177]). The focus of previous research on catch-up growth in
infancy has generally been on children who were SGA (see [145]) at birth and who were
thus thought to have suffered from intrauterine growth retardation as a result of factors other
than maternal size. The period from childhood to adolescence and then from adolescence
to adulthood is also considered a particularly nutritionally vulnerable time. Not only does
significant physical change take place during these times, but food habits and lifestyles also
evolve that form the basis for long-term health (see [37]). The growth spurt associated
with adolescence is a universal phenomenon. However, this spurt differs in intensity and
duration from child to child. It usually occurs in boys between 12.5 and 15.5 years while
in girls it generally occurs about two years earlier. Before the growth spurt boys and girls
only differ by about 2 % in height, whereas this difference increases to about 8 % after the
spurt. This increase in height is mainly due to an increase in the growth of the trunk rather
than leg growth (see [175]).

A greater central fat distribution has also been found in children stunted early in child-
hood (see [49] and [158]). In particular, studies on three continents showed that nutritional
stunting, which is usually caused by chronic undernutrition (see [194]), is positively asso-
ciated with adult fatness (see [160] and [161]). In addition, an association between excess
weight gain and dietary fat content in stunted Brazilian children was observed. This trend
was not detected in non-stunted control children (see [161]). Clearly, children ages 1 to
3 years are most vulnerable to undernutrition and overnutrition. If stunting takes place at
this age, it is postulated that these children may be at greater risk for being overweight (see
[142] and [135]). A diet low in nutrient density may lead to this outcome. It is apparent that
interventionary steps should take place early in life for those at risk of being overweight
and stunted (see [96]).

The factors affecting stunting in South Africa include age of menarche in girls, low
birthweight, undernutrition during critical periods of development and lack of physical ac-
tivity. Specific studies conducted in South Africa discussing these factors are outlined be-
low. In a recent study conducted by Mukuddem-Petersen and colleague in the North-West
Province of South Africa, it was confirmed that stunting at 14 and 15 years of age in girls
could be related to the late onset of menarche (see [113]). Stunted girls had a significantly
higher age at menarche (13.37 years, 95 % CI 12.80, 13.95) than nonstunted girls (12.73
years, 95 % CI 12.58, 12.89). Here Cl is the abbreviation for confidence interval. This
can be explained by the fact that menstruation usually begins a little more than 1 year after
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peak linear growth is attained (see [17]), and stunted girls apparently reachedaieak

ity in linear growth later than nonstunted girls. As was stated previously, stunting in this
population could be due to low birthweight and/or short length, growth retardation at 2-3
years of age, growth retardation at puberty or combinations of the above mentioned phe-
nomena (see [113]. Research has suggested that undernutrition in early life may play a role
in promoting adult obesity. Recently, Mamabolo and collaborators conducted a study (see
[102]) to determine the prevalence of stunting, wasting and overweight and their determi-
nants in 3-year-old children in the Central Region of the Limpopo Province in South Africa.
Height-for-age z-scores were low, with a high incidence of stunting (48 %). The children
also exhibited a high prevalence of overweight (22 %) and obesity (24 %) with 19 % being
both stunted and overweight. Gaining more weight within the first year of life increased
the risk of being overweight at 3 years by 2.39 times (95 % CI 1.96, 4.18) while having a
greater length at 1 year was protective against stunting (odds ratio (OR) 0.41; 95 % CI1 0.17,
0.97). Furthermore, it is important to realise the importance of normal length and weight
being attained at 1 year of age, since these in turn predict nutritional status at 3 years of age
(see [102]).

Furthermore, Cameron and fellow researchers investigated stunting at 2 years in relation
to body composition at 9 years in a mixed-longitudinal study of prepubertal African chil-
dren from Soweto-Johannesburg, South Africa. These investigators found that the children
who were stunted at 2 years were significantly shorter and lighter than non-stunted children
at 7 to 9 years, but there were no differences in their BMI or centralization of body fat.
Previously, stunted status significantly predicted reduced weight and height at 7 to 9 years
but did not predict BMI, body composition, or fat patterning after controlling for potential
confounding factors. Cameron and co-workers concluded that greater BMI in stunted in-
fants does not demonstrate a tendency toward overweight or obesity but is a reflection of
the greater reduction in height rather than weight in stunted children. Stunted children may
be programmed to accumulate greater body fat at central sites during adolescence, but these
authors were unable to show that these changes are evident before the initiation of pubertal
development (see [28]).

Mukuddem-Petersen and colleague (see [113]) showed that stunted girls (10 to 15
years) from the North-West province in South Africa had a tendency to have more sub-
cutaneous fat and to gain fat at the umbilical level compared to the nonstunted girls (10
to 15 years). Popkin and co-investigators (see [142]) and Benefice and co-researchers (see
[13]) found that girls stunted at infancy catch up in body weight and subcutaneous fat dur-
ing puberty but do not catch up with respect to stature. Stunted girls tended to accumulate
more subcutaneous fat on the trunk and arms than did non-stunted girls (see [13]). The same
seems to be true for the study by Mukuddem-Petersen and colleague (see [113]). However,
because the birth weights were unknown in this population, it was not possible to assess
whether stunting was the effect of recent malnutrition, intrauterine growth retardation, or a
combination. In developing countries such as South Africa, many children become stunted
during infancy due to inappropriate weaning practices, poor diet, and repeated infections
(see [91]). The diets of these children may have been limited in essential nutrients required
for an increase in height and muscle mass but not in energy for an increase in body fat.
Early nutritional programming may result in hormonal effects that limit linear growth but
not fat deposition (see [142] and [13]). Critical periods of development have been well
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recognized for many behavioural and developmental processes.

Next, we consider physical activity and the affect it has on stunting. In the study by
Torun and Viteri (1994) it was found that mild-to-moderate exercise combined with a good
diet enhances linear growth (see [179]). This may be mediated by endocrine growth factors,
of which synthesis is prompted by exercise. A study in a group of malnourished children
showed that the group with greater physical activity grew more in height and lean body
mass than did the less active control group. The investigators suggested that inactivity often
accompanies severe malnutrition and may contribute to stunting (see [179]).

In a recent cross-sectional study conducted in the North-West Province in South Africa
researchers showed that stunted subjects were less active than the non-stunted ones (see
[88]). Furthermore, it has been proposed that chronically malnourished children have less
lean body mass, resulting in decreased metabolic rate and physical activity (see [8]). Hoff-
man and co-workers (see [78]) found significantly lower resting energy expenditure (REE)
in stunted children than in non-stunted children, but no significant differences between REE
adjusted for body weight or FFM of the stunted and non-stunted groups. Low energy expen-
diture in physical activity predicted excess weight gain in children (see [69]). In the North-
West Province of South Africa a study conducted by Kruger and investigators showed the
mean energy intake per kilogram of body weight in the stunted girls (10 to 15 years) to be
significantly higher than that of the non-stunted girls (see [88]). In this context, the stunted
girls had a relatively greater energy intake and deposited relatively more subcutaneous fat
than did the non-stunted girls. A higher percentage of the stunted girls were in the mostly
inactive category (72.5 %) compared with non-stunted girls (66.1 %), which could have
contributed to the tendency to deposit adipose tissue. Older inactive stunted girls in the
North-West Province of South Africa were relatively fatter than younger inactive stunted
girls. Also, older inactive stunted and non-stunted girls had a greater mean sum of skinfold
thicknesses than did their younger counterparts, but the difference between the two means
was greater for stunted than for non-stunted girls (see [88]). In particular, the stunted 15
year-old girls had the same mean sum of TSF and SSF and a similar mean waist circum-
ference as non-stunted girls of the same age group; however, after adjustment for dietary
factors, activity and body weight, the adjusted sum of SSF and TSF was higher in stunted
than in non-stunted girls. The higher adjusted sum of skinfold thicknesses in stunted girls
may indicate a tendency for stunted girls to store body fat in favor of oxidation of fat for en-
ergy. This corresponds with the results of Hoffman and co-investigators (see [77]). Linear
growth in these girls seem to be limited, but the potential for body fat deposition, especially
abdominal fat, is not. Because stunted children may have impaired fat oxidation, (see [77])
it is even more important for them to be physically active in order to improve energy use
and to prevent excessive fat deposition.

Genetic and environmental factors play a major role in stunting. While genetic factors
are obviously the major determinant of linear growth potential, reaching this potential is
dependent on a number of environmental factors of which nutrition is of great importance
(see [11], [99], [159] and [194]). In this regard, the macronutrient components of foods
like protein, carbohydrate and fat, which are the sole contributors to energy intake, are the
principal determinants of growth rate. Therefore, anthropometric determination of nutri-
tional status is indicative mainly of the availability of protein and energy foods. Recent
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studies suggests that micronutrients may also be involved in determining growth rate. In
particular zinc, iron and calcium seem to play a very prominent role. A study done on ur-
ban Chinese children to ascertain the effects of zinc and micronutrient repletion on growth,
confirmed the essentiality of zinc for the growth of children (see, for instance, [128]). Zinc
supplemented infants demonstrated improved linear growth velocity. Marginal and mod-
erate growth impairment in children as a consequence of inadequate zinc intake has been
reported from many developed and developing countries. The clinical manifestation of zinc
deficiency include growth retardation. In addition, zinc is required for DNA synthesis, cell
division and protein synthesis. Several hundred zinc containing nucleoproteins are probably
involved in gene expression of various proteins (see, for instance, [146]). Furthermore, zinc
supplementation is effective for inducing growth in short children with a zinc deficiency
(see [119]). Harris and co-workers (see [73]) found the proportion of children with stunted
growth was greater in rural areas than in urban areas in Tibet. There is some evidence to
suggest that physiological mechanisms promote the accretion of body fat rather than protein
after nutritional deprivation (see [7], [52] and [157]).

In a study done on Kenyan primary school children, it was found that the provision of
iron supplements resulted in improved growth (see [94]). Also a randomized, double-blind,
placebo-controlled trial carefully studied the intake of calcium-enriched foods and bone
mass growth in pre-pubertal girls. The results suggest a possible positive effect of calcium
supplementation on skeletal growth in pre-pubertal girls (see [18]). Similarly, in the study
by Mukuddem-Petersen and collaborator which was conducted in the North-West Province
of South Africa, they found that stunted growth was most prevalent in the rural areas (boys:
26.7 %, girls: 23.7 %) and the least prevalent in urban areas (boys: 17.1 %, girls 11.6 %)
(see [113]). About half (51 %) of the stunted girls and 43 % of the stunted boys came from
the rural areas. Other research set within the urban environments of developing countries
has suggested that stunting in infancy may increase the future risk of greater fatness and
overweight in later childhood (see, for instance, [13]). It is within the urban environment
that transition is most evident. These environments are characterized by a rapidly increas-
ing population density and concomitant changes from traditional low-fat to Western high-fat
diets. This may interact in poorer families, in which stunting is endemic, to increase the sus-
ceptibility to excess body fat gain in children who are stunted (see [160], [161]). Sawaya
and co-workers (see, for instance, [160]) described a prevalence of 30 % undernutrition
(low height-for-age, low weight-for-age) among children in a shanty town in Sao Paulo,
Brazil compared with concurrent prevalences of 21 % and 8.6 % for adolescent female and
male overweight, respectively. Studies by Mukuddem-Petersen (see [113]) and Kruger (see
[88]) conducted in 10 to 15 year-old children in the North-West Province showed no signif-
icant association between stunting and overweight in this population. However, there was
a tendency for urban stunted girls to gain more subcutaneous fat at the onset of menarche
than stunted girls from informal townships. Therefore, this outcome could predict possible
problems of overweight as they get older. Futhermore, in this population the differences in
measures of weight status between stunted and nonstunted children were more pronounced
in the rural areas, (see [113]). It should be noted that this province is in a stage of rapid
economic transition; people in rural areas live in traditional African villages with a tribal
chief, whereas urbanized people live under Westernized conditions (see [185]).

Socio-economic factors have a major part to play in stunting. The prevalence of stunt-
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ing is high in less-developed countries with low socioeconomic standards. This situation
reflectsthe high frequency of undernutrition observed in such countries. However, the oc-
currence of stunting can be significantly reduced, but by no means eliminated (see [203]),
with improvements in socioeconomic conditions such as better and more accessible health
care facilities. In addition, studies have shown that among children from low socioeconomic
levels, a short period of breastfeeding is associated with a higher risk of complications and
or early primary undernutrition with both factors determining growth retardation (see [178]
and [184]). Gross national product was related negatively to stunting and positively to over-
weight. In countries where maternal and child malnutrition exist alongside rapid economic
development, abdominal obesity and associated chronic diseases seem likely to increase
(see [79]).

Recent research done in the Central Region of the Limpopo Province of South Africa
revealed that having a mother as a student increased the risk for stunting at 3 years by 18.21
times (95 % CI 9.46, 34.74) while having a working mother increased the risk for over-
weight by 17.87 times (95 % CI 8.24, 38.78) (see [102]). All these factors also appeared as
risks or as being protective in children who were both overweight and stunted, as did living
in a household having nine or more persons (OR 5.72; 95 % CI 2.7, 12.10). The emergence
of the nutrition transition with its rapid shifts in the composition of diet and activity patterns
and subsequent shifts in body composition may lead to considerable obesity over the next
several decades. This may affect individuals living in environments in which current infant
feeding and morbidity patterns during infancy are associated with extensive stunting (see
[133]).

Ethnic differences are related to the prevalence of stunting. In the USA, the high preva-
lence of short stature among black infants aged less than 12 months (14.8 %) probably
reflects the relatively high rate of low birthweight among this group (see [29]). Also,
there are several other research studies involving different ethnic communities that ex-
hibit a correlation between stunting and obesity. In particular, investigators have noted
that Mexican-American children, when compared to non-Hispanic whites, are shorter but
heavier for their heights. This is a paradoxical situation, as was pointed out by Trowbridge
in [182], in that short stature is generally associated with poverty and chronic undernutri-
tion whereas overweight is associated with overnutrition. Since many Mexican-Americans
are poor, one would expect them to be short and thin, not short and plump. In addition,
poor children in rural areas of Mexico and Central America are considerably shorter than
Mexican-Americans. Also, maturational differences between black and white girls have
been reported in the past (see [60]). It was clear from cross-sectional studies that black
girls are further in the maturation process than white girls at both ages 9 and 10 years. This
earlier onset of maturation may have a primary role to play in the development of obesity
differences between the races (see [118]).

Contrary to the result from some studies (see [60] and [118]), in [113], Mukuddem-
Petersen showed that overweight and obesity, as well as earlier onset of maturation, were
mostly found in white subjects in the North-West Province of South Africa rather than black
subjects. It is possible that other confounding factors could have played a role in this out-
come. For example, low income of most black families in the aforementioned geographical
region (see [148]). Also, the mean age at menarche of white girls was earlier (12.53 years-
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old, 95 % CI 12.24, 12.82) than in black girls (12.95 years-old, 95 % CI 12.77, 13A%5).

in South Africa, impaired fat oxidation was shown previously to be a risk factor for excess
weight gain in several populations known to be susceptible to obesity (refer to the case of
the Pima Indians explained in [196]).

Gender differences have a vital part to play in stunting. Jinabhai and collaborators
conducted a study in KwaZulu-Natal, South Africa, on rural primary school children aged
8 to 11 years (see [81]). The investigation suggested that 4 to 11 year-old girls in the
National Schools Study and in the primary datasets had a significantly higher prevalence
of overweight than boys; girls (1.4 %) were also more obese than boys (0.9 %) and boys
significantly more stunted than the girls. Evidently, results from the cross-sectional study
conducted in the North-West Province of South Africa by Mukuddem-Petersen and a co-
worker showed that distinct gender differences exist. In particular, mean TSF is smaller at a
later age in boys than in girls (10 to 15 years). Furthermore, WC in boys is slightly smaller
at 14 years old with the girls’ WC suddenly increasing at 14 and 15 years of age (see [113]).
An explanation for this is that boys exhibit greater muscularity whereas girls show increased
adiposity at the onset of puberty (see [37]). Linear growth slowed down a bit for 10 year-old
boys, and at 15 years of age in girls. The increase in the TSF and SSF in the girls coincides
with the onset of menarche. The stunting at 14 and 15 years of age in girls could be related
to a late onset of menarche. Stunted girls had a significantly higher age at menarche (13.37
years, 95 % CI 12.80, 13.95) than nonstunted girls (12.73 years old, 95 % CI 12.58, 12.89).
This can be explained by the fact that menstruation usually begins a little more than 1 year
after peak linear growth is attained (see [17]) and stunted girls apparently reached peak
velocity in linear growth later than nonstunted girls (see [113]). In girls, menarcheal status
furnishes reference data that are less detailed but easier to collect. In order to evaluate
puberty-related BMI. O'Dea and Abrahams (see [123]) reported significantly lower BMI of
age-matched premenarche vs postmenarche girls. However, multivariate tests demonstrate
that menarcheal status did not influence BMI when corrected by pubertal stage and age (see
also [17]). They demonstrated that degree of pubertal maturation has a greater influence on
BMI than age in both genders, but that this is more evident in girls (see also [17]).

Next, we consider a few consequences of stunting and obesity. Evidence from both hu-
man and animal studies support the hypothesis that chronic undernutrition, severe enough to
cause permanent growth retardation, is associated with later risk for chronic metabolic dis-
eases (see[77],[142], [158], [161] and [190]). In addition, substantial evidence supports the
significant role of growth retardation in impaired cognitive functions (see [16] and [107]),
physical capacity for labor (see [121], [122] and [154]) and impaired immune function (see
[83] and [183]). Taken together, it is clear that preventing or treating growth retardation in
countries with precarious economic conditions may play a major role in promoting future
productivity and overall social and economic development (see [57]). The extensive inves-
tigations by Fogel on the ways in which height, independent of weight and BMI, relates to
morbidity and mortality patterns and trends give more relevance to a biological hypothesis
(see [56]). For example, stunting during the developmental stages has far reaching effects
into adulthood by increasing the risk of chronic diseases. In particular, stunting during early
childhood has been associated with excess weight gain in later life (see [166]) and with the
development of certain chronic diseases including type 2 diabetes and hypertension (see
[162] and [201]). It is claimed that stunting among children and adults from developing



28 J. Mukuddem-Petersen and M.A. Petersen

countries induces functional impairment on a wide spectrum of biological, behavamdal
social dimensions (see [193]). In particular, being shorter than average may not seem to
be an important clinical problem or public health issue, but the factors that cause stunt-
ing have adverse consequences. These include impaired development, lower intelligence,
poorer academic performance and a reduced capacity for work in adults. These factors, in
turn, have a negative effect on economic productivity. Shorter women are at greater risk
for obstetrical complications and there is an intergenerational effect of stunted growth (see
[61] and [103]). Stunting at school age and in adolescents may be less reversible than in
younger children (see [104]).

Childhood stunting has been suggested as a factor contributing to high rates of adult
obesity in developing countries (see [142] and [160]). Scientific research on stunting and
obesity and their relationship has developed in several directions in recent times. The results
from previous studies suggest that the type of obesity changes with age in obese children.
The older obese children tended to gain more fat at the umbilical level than the younger
ones, and this was considered as the general worsening of body build during growth in
obese children (see [4]). Similarly, Mukuddem-Petersen and colleague confirmed this de-
terioration in body build in 10 to 15 year-old children of the North-West Province of South
Africa. Specifically, the stunted girls’ mean WC gradually increased up to the age of 13
years and then there was a sudden increase at age 14 and 15 years. This coincided with a
rapid increase in BMI and TSF+SSF at ages 14 and 15 years of age in the stunted girls (see
[123]).

4 Strategic Response

In this section, we highlight some of the strategic responses to the problem of childhood
obesity and its ramifications in South Africa. In this regard, a clear understanding of the nu-
trition transition and the double burden phenomenon is of primary importance when trying
to find a solution to a problem of such magnitude. Also, we consider the strategies being
implemented to combat overweight and obesity. Finally, we discuss the interventionary
programmes being developed to address the problem of stunting and obesity.

4.1 Double/Dual Burden

The cumulative effect of the double burden of apparently related nutritional disorders in
South Africa needs to be evaluated to develop satisfactory interventions for their prevention
and management. In this regard, detailed quantitative and qualitative information is be-
ing compiled in several ongoing studies. These investigations are an imperative if a better
understanding of the underlying causes of the dual burden condition in a particular house-
hold is to be developed. Preliminary indications are that individuals in a household may
have very different energy density needs related to physiological changes throughout the
life cycle. Furthermore, an underweight child may be independently predisposed to becom-
ing overweight or obese later in life. Environmental factors, such as activity patterns and
food availability, could contribute to differences in energy intake and expenditure. Indi-
viduals with shared genetic and household environmental risk factors may have sufficiently
different lifestyle patterns related to external social, cultural and physiological factors. A



Childhood Obesity in Transitional Countries: A South African Perspective 29

programme of education at every level of society is important to increase awareitiess of
health risks related to the double burden. In this regard, prevention programmes should
consider, not only the nutrition concerns of a single individual, but of the whole household.
More specifically, nutrition interventions targeting "at-risk” individuals should be cautioned
against making recommendations that would alter household diets and jeopardize vulner-
able persons within the same household. Instead, prevention programmes should transmit
health messages that contribute to the optimal weight and good health of all persons in the
household.

One of the objectives of the WHO programmes to combat obesity is to advance public
health worldwide. This goal can only be met through decisive and coherent action which in
many developing countries requires complex interventions in both mal- and overnourished
communities. For instance, investigation of both under- and overnutrition have important
clinical and public health implications for planning Primary Health Care (PHC) services
and health promotion strategies to prevent chronic diseases in adulthood. Such investi-
gations in developing countries require a shift in the focus from under-nutrition and food
security, to the assessment of trends in overweight and obesity (see [200]). The nutritional
transition facing developing and middle-income countries also has important implications
for preventative strategies to control chronic degenerative diseases (see [200]), [133] and
[112]). Dual burden households are most prevalent in countries that are experiencing the
chronic disease phase of this transition.

Like many other countries, in South Africa, there is an urgent need to address non-
optimal diets and physical inactivity via multi-sectoral and multidisciplinary approaches.
Further avenues that are worth exploring are life course approaches, addressing poverty,
gender and culture sensitivities and making stakeholders accountable. Also, the South
African government should adopt a prominent role in altering the environment to support
the entire nation as well as individuals in their attempt to improve their nutritional and phys-
ical activity patterns. In this context, national legislation and appropriate infrastructure are
critical for introducing effective policies. Ultimately the main policy recommendations of
the strategy for South Africa should be to develop national dietary and physical activity
guidelines. Furthermore, health organizations should provide accurate and balanced in-
formation to consumers, in particular with regard to nutrition labelling, nutrition and health
claims and address issues related to marketing of foods for children. In addition, assessment
and evaluation of South Africa’s food and agriculture policies should be consistent with a
healthy and adequate diet. Also, it is of paramount importance to build on the existing
structures and national mechanisms rather than create new ones. Thus, an effective re-
sponse requires sustained political commitment, and broader, multi-level involvement with
all relevant stakeholders in South Africa.

4.2 Childhood Obesity

Prevention of obesity is a public health priority, where much of the attention should focus

on childhood and adolescence (see [75]). These public health interventions are required be-
cause expensive and technologically advanced treatment for obesity would exhaust public
health resources. The problem of obesity in ethnic minorities demonstrates the need for tar-
geted prevention and intervention strategies (see [13]). Dramatic increases in obesity have
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been followed by epidemics of non-communicable diseases, such as cardiovdsaaae.

This has relevance for policymakers, health planners and communities to implement appro-
priate actions to prevent and control the emergence of these epidemics at an early stage.
Sensitivity to weight gain may be amplified by certain factors such as the development of
a disease, or by therapy with drugs which promote weight gain as a side-effect (see [199]).
Furthermore, genetic, biological and other personal factors such as, gender and age interact
to determine an individual’s susceptibility to weight gain (see [200]).

Obesity cannot be prevented or managed solely at the individual level. Communities,
governments, the media and the food industry need to work together to modify the environ-
ment so that it is less conducive to weight gain. Such partnerships are required to ensure
that effective and sustainable changes in the diet and everyday levels of physical activity can
be achieved throughout the community. According to WHO, three settings for implement-
ing obesity management interventions aimed at children can be identified as family-based,
school-based and primary-care based programmes (see [199]). As regards health promotion
programmes, many studies recommend that regular, enjoyable physical activity, a healthy
diet and acceptance of the normal range of body shapes should be encouraged. Children
should be encouraged to increase physical activity by helping to set their own activity goal,
monitor activity performance and provide incentives for reaching the activity goal. Fam-
ily activity patterns should be reviewed and improved (see [23] and [147]). In addition to
this, regular monitoring of the anthropometric status of children and adolescents should be
conducted (see, for instance, [19]). This approach will allow obesity prevention and man-
agement strategies to be harmonized with existing public health policies and programmes
for control of all non-communicable diseases (NCDs) (see [199]).

The impact of the rapid process of socio-economic development during the 1990s on
the nutritional status of South African children is poorly understood (see [105] and [24]).
Clearly, in South Africa, obesity in childhood is one of the most complex and least under-
stood clinical syndromes in pediatric medicine practice. The scale of the problem suggests
that only a concerted sustained effort by health professionals in collaboration with many
other disciplines and organizations will reverse this trend for future generations. In South
Africa where overweight/obesity co-exist with undernutrition, there is an urgent need to
prevent or reverse unhealthy trends in diet and physical activity patterns (see [199]). Reg-
ular clinical and epidemiological monitoring of nutritional status needs to be undertaken to
examine possible future trends of overweight/obesity and their relationship with stunting.
This may also be compared with global trends. The South African Heart Foundations Com-
munity Childrens Programme (SAHFCCP) was initiated in 1997, and by 2005, had already
affected the lives of 2 million children countrywide. The initial focus was on children aged
between 3 and 6 years with this being extended to primary school children from previously
disadvantaged areas. The main objective of the programme is to educate the children as
well as the teachers, parents and child caregivers. Study units include a consideration of
nutrition, exercise, the effect of smoking, basic hygiene and HIV awareness. With South
Africa being a multilingual country (11 official languages), the material is presented in four
languages: English, Afrikaans, Xhosa and Zulu.
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4.3 Stunting and Overweight/Obesity

It is clear that a paradigm shift is needed for future strategic responses. When examining
the type of determinants of stunting and overweight, in the context of poverty and rapid
nutritional transition, it becomes apparent that neither nutritional disorder be treated in iso-
lation but should, by necessity, be afforded equal priority in terms of health resources. The
analysis of the relationship between stunting and overweight among children has important
implications for policy-makers in developing and planning public health interventions, and
for monitoring the nutritional transition. Intervention early in life by targeting children are
likely to have lasting effects on health behavior and may reduce risk of disease in these
populations. Nutritional interventions in stunted children should focus not only on nutrient
supplementation but also on measures to increase physical activity and prevent overweight.

Despite the stumbling blocks identified previously, some encouraging programmes have
already been implemented in South Africa by various roleplayers. For instance, in 1995,
the South African Medical Research Council (MRC) recognized the lack of health facilities
within a rural village in the KwaZulu-Natal Province of South Africa. This prompted the
establishment of a growth-monitoring programme for preschool children. This community-
based project is run by nutrition monitors (local people specifically trained for the project)
through home-based centres (called Isizinda) within the community. As part of their con-
tribution towards the initiative, families make their homes available on a voluntary basis to
serve as growth monitoring points. The various aspects of the programme are managed and
coordinated by the headmaster of the local primary school. Activities at the Isizinda include
monthly growth monitoring, nutrition education, and recording of morbidity and mortality
data. Children who are in need of medical treatment or who show growth faltering are re-
ferred to the nearest clinic and followed up by the nutrition monitors. Furthermore, in 2003,
the South African Heart Foundation (SAHF) launched an educational programme called
"Edu-Heart”. This initiative was designed to assist schools in offering healthy choices in
an attempt to ensure that the foods children consume are suitable. The project is aimed
at primary schools throughout South Africa, and was first introduced in the Western Cape
Province.

5 Conclusions & Future Investigations

Obesity is a complex multi-factoral disorder prevalent in both developing and developed
countries that affects children and adults alike. Even though the problem of childhood obe-
sity has come to light in the past decade, a paucity of information still exists in many coun-
tries. This is especially true for middle-income and developing countries such as South
Africa, which faces the double burden of infection- and poverty-associated diseases, to-
gether with the emerging concerns of chronic diseases. On the other hand, in low-income
urban households the coexistence of overweight and obesity may occur simply as the result
of rapid changes in the food supply and/or age-specific differences in risks related to obe-
sity vs underweight. It is clear that chronic diseases linked to childhood and adult obesity
could retard economic progress in many developing countries unless urgent action is taken.
The promotion of healthy eating and regular physical activity is essential for the preven-
tion of future obesity (see [33]) and also for treating those who are already overweight and



32 J. Mukuddem-Petersen and M.A. Petersen

obese (see [120]). The increasing proportion of fat and energy denshg diet, together

with reductions in the level of physical activity and the rise in the level of sedentary be-
haviour, are thought to be major contributing factors to the rise in the average body weight
of populations. Recent large multi-centre trials have shown that significant weight loss is
achievable using a contribution of diet and physical activity, and can prevent the onset of
type 2 diabetes in subjects at risk (see [87]). Dealing with these issues would appear to be
the most effective means of combatting rises in the level of overweight and obesity in the
community (see [200]). Finance and trade ministers need to lend their support to health
ministers for strategic actions to improve the nutritional welfare of their populations or face
huge costs from an epidemic of obesity, type 2 diabetes, heart disease, metabolic syndrome
(see [131] and [114]) and other obesity-related health concerns. Other strategies to prevent
the development of obesity should include the establishment of regular meal patterns as
well as dietary modifications to ensure nutrient intakes in the context of a reduced calorie
diet (see [144]). Childhood nutritional stunting, usually an indicator of chronic malnutri-
tion (see [182] and [194]) and undernutrition (see [142] and [193]), has been suggested
as a contributory factor to elevated rates of obesity (high weight-for-height) in developing
countries.

Subtle differences in nutritional status amongst the diverse populations of South Africa
and between the various provinces are evident. Explanations for these differences may be
due to the variations in SES (diet and activity level), level of education and perhaps the
altitude. Regarding the latter, the study conducted by Jinabhai and co-workers (see [81])
showed a greater increase in overweight/obesity in younger children compared to the study
by Mukuddem-Petersen. It could be speculated that the high altitude in the North-West
Province of South Africa may have curtailed the prevalence of overweight and obesity in
this age group (10 to 15 years) as opposed to the children (8 to 11 years) in Kwazulu Natal
who reside at sea level. However, more research is needed regarding the latter.

Generally, the prevention of obesity in childhood is the best strategy to control today’s
epidemic in adults. The paradox of over- and undernutrition, as well as the range of mi-
cronutrient deficiencies of public health significance, requires complementing strategies
and an integrated approach to ensure optimal nutrition for all South Africans. The situation
is further complicated by the many causes of malnutrition which could be direct factors
such as inadequate food intake, or underlying factors such as household food insecurity or
even basic factors such as a lack of resources. Future efforts to prevent childhood obesity
should explore whether parental education programmes can decrease the prevalence of obe-
sity by encouraging more activity-related home environments for young children. In order
to identify the group that is at risk we should be able to categorize the different forms of
overweight and stunting in children. Further research is necessary to establish the energy
requirements of stunted children and to recommend appropriate nutritional interventions to
promote growth but not excess fat deposition. Cross-sectional studies are thus required to
establish whether the prevalence of overweight and obesity is increasing in South Africa,
and whether there is any link with stunting. Longitudinal and intervention studies are re-
quired to establish the trajectory of any possible nutrition transition in terms of geography,
culture and socio-economic status, in order to identify and control risk factors and assess
the differential impact of stunting and overweight on children. We agree with the lim-
itations identified by other researchers, who recognize that the majority of research into
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stunting and obesity in children is cross-sectional and thus does not follow theckdme

dren through childhood and adolescence. Changes in growth and body composition over
time can, thus, only be inferred through implication and not measured within the same chil-
dren. Consequently, it is imperative that increasing amounts of longitudinal studies needs
to be conducted in the future, to elucidate the effects of early growth on body composition
in mid- to late childhood (see [90] and [91]).

6 Appendices

In this section, we provide an appendix that includes abbreviations of important terms used
in our study. Also, another appendix highlighting important information from investigations
discussing childhood obesity, overweight and stunting in South Africa is given.

6.1 Appendix A: Abbreviations of Terms Related to Childhood Obesity,
Overweight and Stunting

Obesity Term Abbreviation
Black Boy: BB
Black Children: BC
Black Girl: BG
Body Mass Index: BMI
Commercial Farm Children: CFC
Confidence Interval: Cl
Height-for-Age z-score: HAZ
Homeostasis Model Assessment: HOMA
Indian Boy: 1B
Indian Girl: IG
Medical Research Council: MRC
Mixed Ancestory Boy: MAB
Mixed Ancestory Children: MAC
Mixed Ancestory Girl: MAG
National Food Consumption Survey: NFCS
National Health and Nutrition Examination Survey: NHANES
National Heart, Lung and Blood Institute Growth and Health StudyeBesh Group: | NHLBIGHSRG
Non-Communicable Disease: NCD
Nutritional Status: NS
Odds Ratio: OR
Overfatness: OF
Primary Health Care: PHC
Respiratory Quotient: RQ
Resting Energy Expenditure: REE
Rural Boy: RB
Rural Children: RC
Rural Girl: RG
Small for Gestational Age: SGA
Socioeconomic Status: SES
South Africa Demographic and Health Survey: SADHS
South African Heart Foundation: SAHF
South African Heart Foundations Community Childrens Programme: SAHFCCP
Standard Deviation: SD
Subscapular Skinfolds: SSF
Tribal Children: TC
Tricep Skinfolds: TSF
United Nations International Children’s Education Fund: UNICEF
Urban Children: uc
Waist Circumference: wC
Weight-for-Age z-score: WAZ
White Boy: WwB
White Girl: WG
World Health Organization: WHO

Figure 1: Abbreviations of Terms Related to Childhood Obesity, Overweight and Stunting
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6.2 Appendix B: Summary of Information from Studies about Childhood
Obesity, Overweight and Stunting in South Africa

Ref. NS Age (yrs) Community Provincial National
[21] % Obesity 3-6 20.1 - -
[81] % Obesity 4-5 & 8-11 1-10
4-11 0.9 (girls)
[102] % Obesity 3 24 (BC) - -
[173] % Obesity 1-9 - - 3.7
[81] % Overweight 4-5&8-11 5-24
4-11 1.4 (qgirls)
[102] % Overweight 3 22 (BC) - -
[112] % Overweight 3-4 15 (RBs OF) - -
3-10 0-2.5 (boys) - -
0-4.3 (girls) -
[113] % Overweight 10-15 - 14.2 (WGs) -
- 7.1 (BGs) -
- 6.4 (IGs) -
- 2.9 (MAGs) -
[173] % Overweight 1-9 - - 6.7
[149] % Overweight or Obesity >15 - - 56.6 girls
[173] % Overweight & Obesity 1-9 - - 10.4
[21] % Stunting 3-6 27.6 - -
[26] % Stunting <2 - - 20 (UC)
[81] % Stunting 4-5 & 8-11 10-25 - -

[90] & [91] % Stunting 1-9 - - 21.6
[102] % Stunting 3 48 (BC) - -
[113] % Stunting 10-15 - 26.7 (RB) -

10-15 - 23.7 (RG) -
10-15 - 17.1 (UB) -
10-15 - 11.6 (UG) -
[142] % Stunting 3-6&7-9 - - 30.6 (BC+MAC)
[173] % Stunting 1-9 - - 19.3
1-3 - - 24.4
1-3 - - 23.8 (RC)
1-3 - - 25.6 (CFC)
1-3 - - 30.6 (CFC+TC+RC)
[102] % Stunting & Obesity 3 19 (BC) - -

Figure 2: Summary of Information from Studies about Childhood Obesity, Overweight and
Stuntingin South Africa
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CHILD OBESITY IN GLOBAL PERSPECTIVE.
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Abstract

Very little is known currently about the pattern of risk for early childhood overweight and
obesity in the least developed countries, where child under-nutrition remains very common
and a pressing concern. We use standardized anthropometric and interview data pertaining to
seventeen nationally-representative samples of 37,714 children aged between 30 and 60
months to model that risk. We particularly consider the possible roles of changing socia and
economic status of households and urban residence, and take into account such factors as
variations in family size, in materna nutritional status, and children’s histories of under-
nutrition (observed as growth stunting). The relationships among these variables are quite
different across world regions except for mothers' overweight status, which was a strong
predictor in al. In sub-Saharan Africa, overweight children are extremely rare and the only
strong predictor is having a mother who is overweight. In Northern Africa urban residenceisa
risk factor. In the Americas, increasing wealth and socia status of households raises risk
substantially. Stunting places children in Africa, but not the Americas, at significantly
increased risk of being overweight, and in northern Africa this effect is particularly
pronounced in cities. We find every indication in these trends that child obesity and
overweight might very quickly emerge as the modal nutritional status of children worldwide.
The model suggests that childhood overweight in many ways embodies relative poverty as
national wesdlth rises, just as child stunting reflects the conditions of absolute poverty. As
economic growth accelerates in the poorer countries, the least advantaged sectors of their
populations can remain absolutely poor while their relative poverty also increases. This eans
that risk for childhood obesity will grow, and probably rapidly, and it will increasingly co-
exist with and so be intensified by under-nutrition.

" E-mail address: alex.brewis@asu.
E-mail address: mmeyer@stat.uga.edu
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Introduction

Child overweight and obesity have been growing rapidly in the U.S. over the last several
decades, and the shifts from normal to overweight are occurring at increasingly young ages
(Ogden et a. 1997). According to analyses of National Health and Nutrition Examination
Survey data (NHANES), by 2002 some 23 percent of children aged 2-5 years were
overweight or obese (Hedley et a. 2004). The genera patterns and proximal causes of these
increases of early childhood overweight and obesity in the U.S. and other wealthy nations has
been both a subject of mounting policy concern and increasing research attention. We know
considerably less about childhood overweight and obesity (hereafter ‘ overweight’) beyond the
industrialized world: perhaps the least is known about preschool-age children in developing
countries (Martorell et al. 2000) who are our focus here. The lack of research might be
explained in part by the understanding that the rates of child overweight and obesity in the
developing world remain comparatively low and are seemingly stable (e.g., Monteiro et al.,
20044, 2004b, Martorell 2000:966). The underlying presumption of our chapter is that thisis
likely to change, and soon. Especially in middle-income developing countries, and most
particularly among women, adult obesity is rising extremely rapidly, at earlier levels of
economic development, and a pace much greater than that observed historicaly in
industrialized countries (Popkin 2004). If mothers are overweight, then some of the causal
mechanisms that proximally underwrite child overweight risk are likely already present.

Drawing any global picture of how and why risk of early childhood obesity is distributed
in the poorer developing world has also been difficult because of methodological
inconsistencies in the conduct and reporting of national studies (Shetty 1999, WHO 1998,
Wang 2001). Here we use very large and comparable datasets from seventeen developing
countries to model where and how young children are most at risk of being overweight. We
are well able to model regional and global patterns because our samples are large enough to
capture a sufficient number of cases (N=1,455 overweight children, representing 3.4 percent
of the total sample) and because the individual country samples we use were al collected
using standardized sampling, measurement, and interview procedures, and designed to be
nationally representative. The countries range from some of the poorest to lower middle
income nations, and in al the risk of being underweight greatly exceeds the risk of being
overweight in early childhood (see Table 1). The rates of early childhood overweight vary
from less than one percent in Haiti and Ethiopiato a high of nine percent in Egypt.

In developing the model we focus on how early childhood overweight risk is patterned
across countries in relation to three core proximate factors: (1) urban-rural residence, (2) the
socia status of households, and (3) the economic status of households. We aso consider (4)
whether there might be regional effects, particularly how the relationships among these other
variables might be distinct in different world regions. One of the main questions we ask here
is: Isthe risk of child obesity in developing countries predominantly an urban phenomenon,
and if so, is this mainly explained by differences in socioeconomic status of households in
urban settings compared to rural? Urbanism, social status (education and occupation), and
household wealth all may certainly interact in vitally important ways to explain children’s
obesity risk, and need to be disassociated statistically if we are to unravel the relative
influence of each. For example, urbanism and household assets are highly positively
associated variables, and the relationship between poverty and overweight risk may be more
relative than absolute, a product of the interaction between household and broader economic
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conditions. The use of a very large sample combined with careful choice of the right model
allows us to distinguish the effects of these, while also taking into account a variety of other
potentially confounding micro-level, familial, and life history factors, such as child’s gender,
growth stunting of the child, breastfeeding history, number of other children in the household,
and the weight status of their mothers.

The Possible Roles of Urbanism and Socio-economics in Early
Childhood Overweight in Developing Countries

What do we currently know about the likely relationship between child obesity and the related
processes of urbanism and socio-economic shifts in developing countries? While some
localized studies in low and middle income countries have shown a positive association
between urban residence and childhood obesity risk, across-country studies have not
identified any clear or consistent pattern (Wang 2001). The findings are clearer for adult
women, who tend to obesity in urban areas; certainly national women’'s obesity rates are
highest in the developing countries with the highest proportion of their population in urban
centers (Mendez and Popkin 2004). Children’s under-nutritional risk is lower in cities in the
developing world, and it is suggested that thisis mainly a product of an overall improvement
in socioeconomic conditions in urban areas relative to rural (Smith et al. 2004). While studies
with U.S. samples have concluded that once you take into account such factors as ethnicity,
income, and education, the urban-rura differences in adult and child obesity shrink
considerably, it is unclear at thistime if thisis aso the case for developing countries because
conclusive studies are absent. It is, however, possible that - even careful control for such
aspects of social and economic status (SES) - that the distinctions between the rural and urban
lifeways in developing countries might be much more differentiated than they are in the U.S.
(with very different food systems, food economies, and food availability, as well as
educational, occupational, and cash economy constraints and opportunities (Brody 2002)) and
thus might create quite different geographies of risk. Here we test both possibilities.

SES and adult obesity is conventionally understood to have a negative relationship
among adults in developed countries (Ball and Crawford 2005). Children in lower SES
groups in the U.S. are at increased risk of being overweight (e.g., Crooks 1995), just asis the
case for adults in the U.S. and other high income countries such as Britain, Australia, and in
Europe (Jebb et a. 2003, Livingstone 2000, Margery et al. 2001). The relationship between
SES and obesity in developing countries, by contrast, is considered inverted, whereby the
greatest risk of being overweight in poorer countries is among the relatively wealthy. This
view derives substantively from a review of the studies in developing countries conducted
prior to 1989 showing that in most cases higher SES was associated with greater risk of
obesity (Sobal and Stunkard 1989). Notably, although the association was quite clear and
robust for women, it was less consistent for men and children. Subsequently, studies have
shown the advantaged sectors of developing countries can have child overweight rates that
are extremely high (e.g., Brewis 2003). And, among the very poor living in subsistence
conditions, the realities of food shortages and manual labor continue to make it difficult to
exceed energy balance chronicaly in such a way as to create any rea risk of being
overweight (Caballero 2005).
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Studies conducted at the national level have shown that national income has found to be a
strong predictor of adult obesity risk. For example, in very low GNP countries low SES has
been found highly protective against adult obesity (Monteiro et a 20044, b). But, in the
middle income developing countries, where wealth is increasing rapidly, the pattern appears
to be shifting. Recently the burden of adult (especially women’s) obesity in middle GNP
countries (defined as those with above US $2500) appears to have moved into the shifted to
lower SES groups, a process that appears to be accelerating as the wealth of countries
increases (Popkin 2004, Monteiro et al 20044, b).

It is important to recognize that different measures of SES, such as household assets
versus educational level, can differently predict obesity risk (Ball and Crawford 2005). Many
studies that consider SES-obesity relationships in developing countries use singular measures
that clump socia and economic variation into a single dimension, making it more difficult to
interpret findings. In our analyses, we are careful to distinguish as much as possible different
aspects of the social and economic status of children proximate (household) and national
circumstances, allowing improved understanding of how these might influence risk. This
includes a need to differentiate how absolute and relative social and economic standing relate
to risk of childhood obesity. Here we model these in relation to each other across and within
regional and country contexts. By absolute wesalth, we mean empirical economic and social
assets (such as if you have running water, electricity, permanent flooring, a television, or car,
or your educational and occupational standing). By relative wealth, we mean the relativity of
the household’ s absolute wealth to that of othersin the some country and region. That is, the
absolute wealth (material assets or educational levels) in a household in the poorest sector of
a higher income country could match that of a household in the wealthiest sector of a very
poor country, but the relative wealth of each is completely different (low in the former versus
high in the latter). Based on what has been observed in adult women'’s patterns in devel oping
countries, we could predict that child overweight would be linked to relative rather than
absolute wealth, That is, risk of child obesity might not necessarily increase with household
wealth per se., but rather as GNP rises the greater the effect of relatively lower SES should be
on young children’srisk of being overweight.

The Country Samples

The seventeen country samples were based on Demographic and Health Surveys (Measure
DHS+) studies conducted between 1998 and 2004 in Africa and the Americas. We selected
those country surveys where anthropometric (height and weight) data was available for
children aged 36-60 months and for their mothers. This provided a sample of 41,343 children.
(We aso originaly planned to include a Bangladesh dataset as a South Asian case, which
qualified based on these criteria, but the rate of child overweight was so very low that there
was an insufficient basis to model risk. So we removed it from the study.) We then removed
any cases where data were not available for al the variables of interest, and where the mother
was more than three months pregnant (because it would affect the accuracy of their body
weight measures), resulting in a fina sample for anaysis of 37,714. The DHS+ survey
procedures are designed to be identical across countries: the standardized data collection
procedures, including anthropometric measurement, interview schedules, and sampling



Table 1 : Sample sizes, survey dates, and some descriptive statistics for the seventeen individual country samples.

. Percent Percent Percent Percent Percent . Percentage of
GNI in Survey Sample | Percent . ; . ; Breastfeeding mothers with no
Country . a » | homeswith children children children mothers bt
2002 Dates Size Urban L g o S S duration™ formal
television overweight stunted underweight overweight oy
education
NORTH AFRICA
Egypt 1470 2000 3998 40.7 85.6 9.0 18.7 4 70.4 3.6 432
Morocco 1170 2003-2004 2236 436 56.3 49 18.2 10.2 444 2.0 50
SUB-SAHARAN AFRICA
Benin 380 2001 1239 32.7 17.3 10 304 22.8 19.1 29 64.1
Burkina Faso 250 2003 3195 16.8 9.5 2.2 38.6 37.6 7.6 7.2 80.3
Ethiopia 100 2000 3440 16.2 33 0.3 51.2 47.1 38 42 75.2
Ghana 270 2003 1148 254 14.2 21 294 21.8 232 5 28.2
Kenya 350 2003 1696 219 16.8 14 30.6 19.8 212 0.9 12.7
Malawi 160 2000 3136 18 2 29 49 254 134 2.7 27
Nigeria 300 2003 1535 36.1 29 22 385 28.7 21.8 3.7 41.6
Uganda 240 2000-2001 1796 20.8 6.2 14 38.6 225 15.1 3.8 219
Zambia 340 2001-2002 1897 256 15.6 16 46.8 28.2 11.2 3.7 12.1
The AMERICAS
Boalivia 920 2003 3836 54 55.9 42 26.4 74 522 38 6.2
Colombia 1810 2000 1590 67.6 81.9 2.8 135 6.7 448 1.6 33
Guatemala 1750 1998-1999 1492 24.1 34.9 2.2 46.4 24.2 44.8 13 253
Haiti 440 2000 2044 26.8 11.6 0.9 21.9 16.8 24.4 15 28.9
Nicaragua 730 2001 2277 432 41.2 5.6 20.1 9.7 49.1 15 14.4
Peru 2020 2000?? 4773 46.8 54.7 5.6 254 7.1 48.5 4.4 51

"o ap o

Based on number of children included in the samples used to build our model: country survey samples were much larger.
Based on total country sample (estimates provided by country at www..measuredhs.com).
Based on the limited samples used to build our model.
Based on total country survey sample aged 0-60 months, using >2 SD. Source: www.meaduredhs.com.
Based on total country survey sample, aged 0-60 months, using <2 SD. Source: www.meaduredhs.com
Median duration, in months.
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frames can be found at the Marco International website (www.measuredhs.com). The basic
sampling strategy is to produce a nationally-representative sample of households through a
multiple-stage cluster design that begins with a selection of primary sampling units then
randomly selects household within each (ORC Macro 1996). The primary participants in the
surveys are all women aged 15-49 in the selected households, with al their children under
five years then aso targeted for anthropometric data collection. The sample size and
collection dates for the included country surveys, along with some basic descriptive statistics,
are presented in Table One.

The Variables and Model

A logistic regression model was employed to determine which of the predictors were
significantly associated with the overweight status of the child. Because the relationships
proved to vary substantially by region, we modeled each separately. In the final models for
each region, all predictors and two-way interactions were considered; standard model-
building techniques were employed to construct the “best” model, i.e., al predictors that
remained significant (p<0.01) in the presence of other predictors, and there was no lack-of -fit
as determined by the Hosmer-Lemeshow statistic. The dependent variable of interest was
children’s overweight status, which was derived from their weight-for-height measures,
following World Health Organization recommendations (World Health Organization 1995).
This was dichotomously coded based on whether weight-for-height was (1) or was not (0)
more than two standard deviations (>2 SD) above the CDC growth reference curves derived
from the NCHS/FELS/CDC reference populations. The predictor (independent) variables
were:

A. Absolute household assets/wealth. The DHS surveys collect categorical information on
selected household amenities, such as water source, toilet type, housing materials, and
ownership of durable goods. In other studies considering health-socioeconomic relationships
using DHS data it has been proposed that these variables can, via scoring of items followed
by afactor analysis, be used to create a “wealth index” that is a reasonable and usable proxy
for expressing summary household variation in income and expenditure (Rutstein and
Johnson 2004, Filmer and Prichett 2001). Factor analysis is generally applicable for variables
with values on a continuous scale, creating a smaller set of variables that are also on a
continuous scale. Using a continuous variable in logistic regression is often leads to lack of fit
because a very specific functional form for the probability curve is assumed. Categorical
predictors are much less subject to lack of fit. Thus, we created an absolute household wealth
variable with three levels: (1) bare floors, no electricity, and no flush toilet available (66.75%
of the households of sample children in sub-Saharan Africa, 36.19% in the Americas and
5.47% in Northern Africa), (3) homes with flush toilet, electricity, finished floors, and either a
television and/or a car (2.73% in sub-Saharan Africa, 21.07% in the Americas, and 60.20% in
North Africa), and (2) al other households (i.e., the middle wealth category). This seemed a
reasonable categorization, given that over half of children’s households had essentially no
basic services (that is, were classifiable as level 1). It is thus important to also note that being
classified in the more affluent category in this sample in fact simply indicates a relative
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absence of poverty. Theinclusion of a household social status variable (below) was intended
to capture some different aspects of the variation in income beyond this.

B. Household social status. This variable was based on parental occupation and education.
For the same reasons we outlined in considering household wealth, we found that creation of
a standardized index based on factor analysis was not justifiable. Instead we identified six
levels of the variable, which is feasible given the very large size of the sample. Paternal
education and occupation tends to display far more heterogeneity than that of women (Fotso
and Kuate-Defo 2005), so we built categories of socia status with this in mind. The
categorizations a so recognize that many households, especialy in the Americas, are female-
headed, so that social status was assigned on the basis of either husband or wife's education
and/or occupation (husband or dual-headed households) or wife's status alone (female
headed-households). The six levels were;

(1) Professionals: Woman or her partner works in professional, technical, or managerial
position or either has some tertiary education.

(2) Educated agricultural self-employed: Woman or her partner is self-employed in the
agricultural sector, and either completed primary school.

(3) Educated service employed: Woman or her partner works in sales, clerical, skilled
manual, or services industry, and at least one attended primary school.

(4) Educated unskilled laborer: Either woman or husband completed primary school and is
employed as domestic, unskilled, or agricultural 1aborer.

(5) Unschooled agricultural self-employed: Woman or partner is agricultural self-employed
and neither completed primary school.

(6) All others: unskilled labor or agricultural employment where either woman or partner did
not attend school, or both the woman and partner are unemployed or the women does not
have a partner and is unemployed.

C. Region. Separate logistic regression models were developed for each region. We
categorized countries into the following regions: Northern Africa (Morocco and Egypt), Sub-
Saharan Africa (including Ethiopia), and the Americas (including Haiti). See Table 1.

D. Urban-rural residence. This was entered into the model as a two-level variable based on
women's de facto residence at the time she was interviewed. A strict urban/rural distinction
can hide much heterogeneity in living conditions and so in related risk factors; particularly
there can be important differences between living in an urban core versus the peri-urban
surrounds of large cities versus a rura town and the countryside (McDade and Adair 2001).
For most of the cases (N=37,071) we had data further distinguished into four categories:
capital city or city over one million people, small cities (population over 50,000), town, or the
countryside. When we ran the model based on these cases, we found the results were
essentially the same (i.e., the differences were between small town/countryside and
small/large city). We thus completed the model using the two level urban/rural categories.

E. Mother’s weight status. This was classified based on mother’s body mass index (BMI =
kg/m?), whereby overweight was BMI of greater than 25, underweight was BMI of less than
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18.5, and normal weight was anything between these. Overweight entered into the model as 3,
normal weight as 2, and underweight as 1.

F. Mother’s (a) age and (b) total number of other children in the household. Mother’s risk of
overweight tends to increase both with her age and parity, so these were aso entered into the
model. The number of other young children in the household (highly associated with maternal
parity) should also directly impact the availability of food to the target child, especially under
extreme poverty conditions. Mother’'s age was entered into the model in the following three
categories. 15-24 years, 25-34 years, and 35-49 years. The number of siblings under age five
currently living in the household was entered into the model in following categories. no other
children, 1-2 others, or more than 2 others.

G. Child’s breastfeeding history. This was based on mother’s reports of age in months at
weaning and was categorized as follows: target child was breastfed for 0-11 months, 12-35
months, or 36 or more months.

H. Growth stunting (very low height-for-age) has been observed to place developing country
children at increased risk of overweight, especially in middle income nations (e.g., Popkin et
a., 1996, Sawaya et a., 1998), so was included in the model. This was entered as a dummy
variable categorized on the basis of whether the child was below two standard deviations (<-2
SD) of height-for-age (1) or not (0), based on comparison with reference curves derived from
the NCHS/FELS/CDC reference populations. Of the total sample, 37.6 percent of children
were classified as stunted: the range was from 14.5 percent in Colombia to almost 60 percent
in Guatemala. Stunting was more common than overweight in al the country samples,
although some children in al regions were affected by both (see Table 2).

I. Other Variables: We intended to enter country wealth (per-capita gross national income
[GNI]) into our model. The per-capita GNI of countries in our sample ranged from $100 to
$2,020 (Table 1), which is classified by the World Bank as very low to lower-middle income
(World Bank 2005). We found that because most of the countries we are sampling are very
low income or low income, the range was fairly narrow and the levels in weath were
distinguished mostly by region; region and country wealth are thus strong proxies for each
other in the model. Children’s gender was not a significant predictor of overweight status
either as a main effect in combination with other variables; it was removed from the mode!.
We aso had available birth weight data for a subset of the children (N=14,847). Based on
analyses of these children, we found low birth weight (<2500 grams) did not predict
overweight status, and thus could reasonably be removed.

Table 2: Percentage of Children Stunted and Overweight by Region

Overweight Stunted Both Overweight and Stunted

Total Urbanonly | Rural only
Sub-Saharan Africa 1.7% 47.3% .9% 0.5% 1.0%
Northern Africa 7.7% 17.4% 2.2% 2.2% 2.2%
The Americas 4.2% 31.5% .9% 0.7% 1.1%
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Results

We find that that absolute household wealth, household socia status, mother’s overweight
status, breastfeeding, and urbanism have different effects for early childhood overweight risk
in different world regions. Particularly, the patterns in the Americas are generally distinct
from those observed for Africa, so the associations between household wealth, social status,
and urban status in predicting child overweight risk need to be considered particular to each.
The results of the logistic regression are presented in Tables 3, 4, and 5, differentiated by
region. The first three figures illustrate the differences in risk of overweight for children in
each region, and the plots show different patterns of overweight by some of the mgor
predictors. North Africa has the highest prevalence of overweight children, and sub-Saharan
Africathe lowest. Note that in reporting of the regional patterns, we do not discuss variables
that proved to have no interactional or independent effect on children’s overweight risk once
other variables were taken into account.

Table 3: Results for the Model for Sub-Saharan Africa. All comparisons for household social
status were made against the final category (6), which represented those househol ds with the
under or unemployed and least educated parents.

Predictor Odds Ratio 95% Confidence Interval p-value
Overweight mother 2.08 (1.47,2.96) <0.0001
Household social status (category 1 versus6) 2.46 (1.32,4.58) 0.0003
(2versus6) 2.64 (1.55,4.48)
(3versus6) 3.09 (1.91,4.97)
(4versus6) 1.81 (0.86,3.08)
(5versus6) 213 (1.16,3.92)
Stunted 1.46 (1.12,1.91) 0.0025

Table 4: Results for the Model for the Americas. All comparisons for household social status
were made against the final category (6), which represented those households with the under
or unemployed and least educated parents. Urban residence results are compared to rural with
the same household wealth categories.

Predictor Odds Ratio 95% Confidence Interval p-value
Overweight mother 2.05 (1.72,2.44) <0.0001
Small family 142 (1.18,1.70) 0.0001
Household Social Status (category 1 versus6) 148 (1.10,2.00) 0.0003
(2 versus6) 1.86 (1.35,2.55)
(3versus6) 1.78 (1.26,2.52)
(4 versus6) 111 (0.80,1.54)
(5versus6) 121 (0.89,1.64)
Urban and lowest household wealth 0.30 (0.11,0.80) <0.0001
Urban and middle household wealth 1.49 (1.17,1.90)
Urban and highest household wealth 1.96 (1.52,2.53)
Breastfeeding 12 -35 months 0.76 (0.64,0.91) 0.0025
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Table 5. Results of the Model for Northern Africa. All noted categories report significantly
different odds than their comparison categories.

Predictor Odds Ratio 95% Confidence Interval p-value
Overweight mother 244 (1.91,3.12) <0.0001
Highest household wealth category 153 (1.20,1.95) 0.0007
Urban residence and breastfeed 12 -35 months 0.59 (0.45,0.76) <0.0001
Stunted, rural residence 1.79 (1.34,2.38) <0.0001
Stunted, urban residence 3.74 (2.63,5.33) <0.0001
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Figure 1: Percentage of Overweight Children by Urban/Rural Residence by Developing Country
Region. Thelines on al the figures are for visual purposes only.
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Figure 2: Percentage of Overweight Children by Level of Household Wealth by Developing Country
Region.
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Figure 3: Percentage of Overweight Children by Household Status (based on parental education and
occupation) by Developing Country Region. Note: the categories are not necessarily ordered, although
group 6 is definitely the lowest status (mostly unemployed or unskilled with no education) and group 1
the highest (at least one parent is professionally employed and better educated).
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Figure 4. Percentage of Overweight Children by Household Socia Status and Overweight Status of
Mothersin Sub-Saharan Africa. See the Figure 3 legend regarding the social status categories.
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Figure 5: Percentage of Overweight Children by Household Wealth Level and Overweight Status of
Mothers in Sub-Saharan Africa.
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Figure 6: Percentage of Overweight Children by Urban/Rural Residence and Overweight Status of
Mothersin Northern Africa.
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Figure 7: Percentage of Overweight Children by Household Wealth and Overweight Status of Mothers
in Northern Africa.
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Figure 8: Percentage of Overweight Children by Rural/Urban Residence and Household Wealth in the
Americas.
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Figure 9: Percentage of Overweight Children by Household Wealth and Overweight Status of Mothers
in the Americas.

The Pattern in Sub-Saharan Africa. Rates of overweight in early childhood are very low in all
the sub-Saharan African countries. The strongest predictor of child overweight is the
overweight status of the mother. The logistic regression model results (see Table 3) indicate
that the odds of child being overweight is slightly more than two times higher for children of
overweight mothers compared to children of mothers who are not overweight. Of course, this
may be a surrogate for household social and economic conditions, as presumably these are
predictors of mother’s overweight, but the number of overweight children in the sampleistoo
small to be able to detect any more precision if this is the case. Stunting (representing prior
chronic under-nutrition) also places Sub-Saharan children at increased risk: stunted children
have odds of overweight about 1.5 times higher than those who are not stunted. The
household social status is a significant predictor of child overweight, with the first five
categories having higher odds of overweight than the sixth. In particular, categories 1-3 have
odds of overweight at least 2.5 times higher than category 6, and these differences are highly
statistically significant.

The Pattern in Northern Africa. The strongest predictors of child overweight in the two
Northern African countries are the mother’s overweight status, whether the child’'s home is
urban or rural, and whether the child is stunted. We see a 144% increased odds of child
overweight if the mother is overweight. The type of residence strongly interacts with stunting
and with long breastfeeding. The effect of stunting on risk of overweight in North Africais
different for urban and rural children. Urban children’s odds of overweight are 3.7 times
higher if the child is stunted, and rural children’s odds of overweight are 1.8 times higher if
the child is stunted. If the child is not stunted, the risk of overweight is not significantly
different by type of residence (Figure 6). If the child’s household wealth is of the highest
level, the child has 53% larger odds of overweight compared with children in the less affluent
categories (Figure 7). Finally, if an urban child is breastfed for at least 36 months, the odds of
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overweight are 41% lower than otherwise, but there is no breastfeeding effect for rural
children.

The Pattern in the Americas. There are many highly significant predictors of child overweight
in the developing countries of the Americas. Socia and wealth status of the child’s household
are strong predictors, with wealth interacting strongly with the urban/rural location of the
residence. The interaction effect isillustrated in Figure 8: we see that for urban children there
is a strong relationship between family wealth and risk of overweight, with children from
more wealthy families showing higher probability of overweight. For rural children, the risk
of overweight does not vary significantly with family wealth. The logistic regression output
(Table 5) dlows us to quantify the risk of overweight by family affluence and on the
urban/rural residence indicator. Because risk of overweight for rural children does not vary
significantly by family affluence, we compare urban affluence groups to rural. Children in the
urban, poor group have 70% lower odds of being overweight compared with rural children,
while children in the urban, middle wealth group have 49% higher odds, and children in the
urban, affluent group have 96% higher odds, compared with rural children. Family size is a
predictor of overweight, with children from smaller families having larger risk of overweight.
Specifically, the odds of overweight for children with zero or one sibling is 42% higher than
the odds for children with 2 or more siblings. Children with parents with the lowest education
and occupational status (category 6) have the lowest risk of child overweight. Compared to
this group, children in groups 1, 2 and 3 (children of professionas, and educated skilled
workers and self-employed agriculturalists) have significantly higher risk: odds are 48%,
86%, and 78% higher, respectively. The risk of overweight for children in groups 4 and 5
(children with less skilled and less educated parents) do not vary significantly from those in
group 6 (the least skilled and educated). Breastfeeding duration is found to be associated with
risk of overweight, with children that were breastfed for a year or more having 24% smaller
odds of overweight, compared with children that were breastfed less than a year. Notably,
stunting did not predict any increased risk of achild also being overweight.

The “Global” Pattern. Placing the regional patterns in the context of each other we find that
controlling for household social and wealth categories, it is rural children in the Africas who
are more at risk of overweight (although the effect is not a particularly strong one) and it is
urban children in the Americas. In the Americas, rura children show no difference in
overweight risk based on household wealth, but in urban contexts this has a substantial effect
— whereby, the more affluent the household, the higher the risk of being overweight. In all
regions, children are more likely to be overweight if their mothers are overweight: in sum, it
is the strongest predictor of all. In sub-Saharan Africa, where almost al the households are in
the very poor category, mother's overweight status is the only very strong significant
predictor of child overweight risk. In this situation, it is likely that mother’s nutritional status
isaproxy for some aspects of household wealth and/or socia status factors we have failed to
capture, but we cannot observe this variation because the number of overweight children is so
few (even with this very large sample size). For Northern Africa, the predictors are much the
same, but there is a much higher prevalence rate of child overweight overall, and children
from most affluent households are more likely to be overweight, controlling for differencesin
household socia status. In the Americas, we observe that household socia status exerts an
influence on child overweight risk that was independent of household wealth (and vice versa).
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That is, in rural households risk of being overweight varies by social status but not with
wealth, but in urban households it varies by wealth even once social status is controlled for.
Breastfeeding only predicts overweight status in the Americas, in which case it is protective:
where children are breastfed for at least one year they are more likely to be overweight once
household location, wealth, and socia status are taken into account. Overweight risk was also
higher where there are not other young siblings in the home. The finding that child stunting
increases the risk of child overweight, at least in Africa, and that this effect is strongest in
urban settings (at least in Northern Africa, where child obesity was much more common), is
consistent with what has been observed in the few studies that have been done in middle
income developing countries (e.g., Sawaya 1998). It is particularly important to note that the
risk of child stunting in this sample, if we run it as an outcome variable, is very strongly
predicted by household wealth: meaning that it is in the poorer households that we can
observe stunting emerging as a critical predictor of childhood overweight risk, even at these
very young ages.

Conclusion

Once we control for social status, household wealth, and such factors as children’s prior
under-nutrition (stunting) and maternal weight status, urbanism plays a limited role in
constructing children’s risk of being overweight. Household economics do have a significant
role: the wealthiest families in Africa, and the wealthiest urban families in the Americas have
the greatest risk of early childhood overweight. Aslow income countries continue a trajectory
of economic growth, however, rising rates of child overweight are predicted. Stunting, which
is much more common in this sample of developing country children than overweight, does
place children in both sub-Saharan and North Africa (but not the Americas) at an elevated
risk of potentially unhealthy levels of weight gain, even when you control for such other
factors as income and even mother’s weight status. However, we also detected an interaction
between urban residence and stunting, in that children in urban settings have considerably
greater risk of being overweight if they are stunted, compared to their stunted rural
counterparts. Overall, however, it is the weight status of mothers independent of all these
other factors that appears to best predict young children’s risk of being overweight.

What implications does this have as we consider emerging risks for child obesity in the
poorer developing countries? First, the model suggests that women’s obesity rates are the
harbingers of an emerging risk of early childhood obesity, indicating both the possible scale
and where it is most likely to occur. It also suggests that increases the absolute wealth of
households among the very poor, tied to the economic development of countries, will increase
children’s risk of over-nutrition, possibly very rapidly. Given the prevalence of stunting in
many of these populations and ongoing urbanization, it means that childhood overweight and
stunting will likely increasingly course together to amplify risk — perhaps most especialy in
Africa. Thus, child obesity may well emerge as an embodiment of relative poverty, just as
stunting reflects the manifestation of absolute poverty. Moreover, the goa of a healthy
‘normal’ weight could prove as elusive and transitory for many of the world’s least affluent,
children, just as it now increasingly appears to be for their mothers.
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Chapter 3

CHILDHOOD OBESITY IN THE EASTERN
MEDITERRANEAN REGION

Roya Kelishadi
Preventive Pediatric Cardiology, |sfahan Cardiovascular Research Center,
Isfahan University of Medical Sciences

Abstract

The potential increase in non-communicable disease (NCD) is escalating much more
rapidly in developing than industrialized countries. In this regard, a potential emerging public
health concerning developing countries may be the increasing incidence of childhood obesity
and as a result , an enormous socioeconomic and public health burden for poorer nations in
the near future. However, little is known about its prevalence because of limited number of
national studies, various definitions used and different age groups studied that make the
comparisons difficult.

In the last decades, the countries |ocated in the Eastern Mediterranean region (EMR) have
experienced a transition from a traditional to a Westernized lifestyle and has undergone a
rapidly occurring epidemiologic transition. The Middle- East located in this region has the
highest dietary energy surplus of the developing countries. As a result, a rapid rise in NCD
risk factors is according in different age groups, but very limited data exists about children
living in this part of the world.

Through a systematic review, the present study compares surveys on the prevalence of
overweight and obesity among children and adolescents living in the EMR, not only to review
the differences, but aso to assess the quality of methodologies, to explore the most important
environmental influences, and to scrutinize the variations among sub-groups of the
population.

The prevalence of overweight (based on WHO definition) among preschool children
varies from near 3% in United Arab Emirates (UAE), Iran and Pakistan to 8.6% in Egypt.
Among older children and adolescents (6-18y), the prevalence of overweight among girls
ranges between 6.3% in Bahrain to 31.8% in Kuwait; among boys, it ranges between 4.9% in
Saudi Arabiato 30% in Kuwait. The prevalence of obesity in girlsis reported from near 3% in
UAE and Iran to 35.1% in Bahrain; among boys, it ranges from 2.1% in Iran to 21% in
Bahrain and 14.7% in Kuwait.

" E-mail address: kroya@aap.net , kelishadi@med.mui.ac.ir, Tel: +98 311 33771-8,Fax:+98 311 3373435, Address:
PO.B0x81465-1148, Isfahan,Iran
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Overdll, the prevalence of childhood overweight and obesity in Iran is reported much
lower than in Arab countries of the EMR that is suggested to be because of underlying genetic
and lifestyle differences. However, the recent national survey in Iran found a higher
prevalence of obesity among the younger than older children, and is alarming for the rapid
increase in childhood obesity.

Few studies performed in the EMR have assessed the environmental influences on
childhood obesity, but the few studies addressing this matter emphasized that sedentary
lifestyle, especialy in girls and in urban residents, along with low nutrient but energy dense
foods consumed, as well as the public belief considering fatness as a sign for heath and
beauty are the major factorsin the high prevalence of obesity in thisregion.

It should be acknowledged that many of reviewed studies do not reflect national data, and
include various age groups with different cutoffs used for overweight, making the comparison
difficult.

Nevertheless, in spite of these limitations, the findings of the present study provide
alarming evidence-based data for health professionals and policy makers about the
considerable prevalence of childhood obesity in the EMR countries, many of them till
grappling with the public health effects of malnutrition and micronutrient deficiencies.

Introduction

The developing world is experiencing an upcoming epidemic of childhood obesity but little is
known about its prevalence because of limited national studies, and different definitions used
that make the comparisons difficult.[1] According to the World Health organization (WHO)
estimates, by the year 2020, non-communicable diseases (NCD) will account for
approximately three-quarters of all death in the developing world[2]. In this regard, a
potential emerging public health concerning developing countries may be the increasing
incidence of childhood obesity and as a result , new cases of children with the metabolic
syndrome, which in turn is likely to create an enormous socioeconomic and public health
burden for poorer nations in the near future. [3]

Childhood obesity is becoming as an increasing public-health problem of different
developed and developing countries [4-5]. The tracking of obesity from childhood to
adulthood and its contribution to adult obesity-related morbidity and mortality is of great
health significance [6-7]. Given difficulties in changing established eating and exercise
behaviors, identifying the modifiable environmental factors is of great concern to prevent
obesity during devel opment.

In Western countries, the incidence of childhood obesity has more than doubled over the
past generation.[8] A similar pattern is now emerging in developing countries, but has been
largely ignored in health strategies developed at national and international levels.[9] This is
partly because generally, the prevalence of this medical condition is not recognized and the
different cut-offs used make the geographical comparisons difficult.

Data bases used for electronic search of literatures to find relevant studies were as
follows:

AMED (Allied and Complementary Medicine) 1985 to 2005

CINAHL ( Cumulative Index to Nursing & Allied Health Literature) 1982 to 2005
EMBA SE (1980 to 2005)

Ovid MEDLINE(R) (1966 to present with daily update)

Ovid MEDLINE(R) in process and other non-indexed citations ( 2005)

gk wbdhpE
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6. Ovid OLDMEDLINE(R) (1950 to 1965)
7. CAB Abstracts (1973 to 2005)
8. Glabal Health (1973 to 2005)

Childhood Obesity Comorbidities

Obesity is a chronic disorder that has multiple causes.Overweight and obesity in childhood
have significant impact on both physica and psychological health. Childhood obesity is
multisystem disease with potentially devastating consequences [10], most of these
complications warrant special attention.

As with adults, obesity in childhood causes hypertension, dyslipidemia, chronic
inflammation, increased blood clotting tendency, endothelial dysfunction and
hyperinsulinemig[11].This risk factor of chronic disease is known as metabolic syndrome or
insulin resistance syndrome, and has been identified in children as young as 5 years of
age.[12] Among adolescents and young adults who died of traumatic causes, the presence of
such risk factors correlated with asymptomatic coronary atherosclerosis and lesions, and were
more advanced in obese individuals.[13]Furthermore, in a British cohort, overweight in
children increased the risk of death from ischemic heart disease in adulthood by two fold over
57years.[14]

Clinically significant obesity related morbidities are rare in children and are generally
restricted to severely obese children. Such morbidities include Pick-Wickian syndrome,
orthopedic disorders like genu varum and respiratory disorders like upper respiratory
obstruction.[15] The most prevalent immediate consequence of obesity in children are social
isolation and peer problem.[16] Type2 diabetes, once virtually unrecognized in adolescents,
now account for as many as half of all new diagnoses of diabetes in some populations.[17]
This condition is virtually entirely attributable to the pediatric obesity epidemic, though
heredity and lifestyle factors affect individual risk.[18]Of greater concern, a peripatetic
condition, consisting of glucose intolerance and insulin resistance, seem to be highly
prevalent among severely obese children irrespective of ethnic group, even before formal
diagnostic criteria for diabetes have bee met.[19] The emergence of type 2 diabetesin children
represent an ominous development, in the view of the macro- vascular(heart
disease,stroke,limb amputation) and microvascular(kidney failure, blindness) sequelae.

Frequent pulmonary complications include sleep disordered breathing (sleep apnea) [20],
asthma[21] and exercise intolerance[22]development of asthma or exercise intolerance in an
obese child can limit physical activity and consequently further weight gain. Moreover
serious hepatic, renal, musculoskeletal ad neurological complications have been increasingly
recognized.[24-27]

Findings of many studies indicate substantial psychosocial consequences of childhood
obesity. obese children are stereotyped as unhealthy ,academically unsuccessful, socially
inept, unhygienic and lazy.[28] Healthcare providers with expertise in obesity treatment share
these stereotypes to some degree.[29] Overweight children as young as 5 years can develop a
negative self-image[30] and obese adolescents show declining degrees of self-esteem
associated with sadness,|oneliness,nervousness,and high risk behaviors.[31]

Risks of obesity-related complications differ by ethnic region and as a result of cultural
factors.[32-33] However obesity only explains part of this raised disease risks, since fasting
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serum insulin concentration and prevalence of insulin resistance syndrome remain much
higher in minority youths after statistical adjustment for body mass index or adiposity.[34-35]
By contrast, adverse psychosocial effects are often more severe in white children particularly
girls, than in other ethnic groups.[36] Researchers have shown an association between
childhood obesity and high prevalence of blood pressure[37], diabeteq38], respiratory
disease[39] and orthopedic and psychosocial disorders. [40]Of greater concern though is the
tracking of obesity from childhood to adulthood and its contribution to adult obesity related
morbidity and mortality.[40] The risk of adult morbidity and mortality that may follow
childhood obesity is potentially of great public health significance, therefore signifying the
importance community based health strategies designed upon a firm, accurate and reliable
data base.

Etiology of Childhood Obesity

Although the mechanism of childhood obesity is not fully understood, it is well documented
that obesity occurs when energy intake exceeds energy expenditure. Since there are multiple
etiologies for this imbalance, the rising prevaence of obesity cannot be explained by a single
etiology. Body weight is regulated by numerous physiological mechanisms that maintain the
balance between energy intake and energy expenditure.[41] Genetic factors can have a great
effect on individual predisposition; however, rising prevalence rates among genetically stable
population s indicate that environmental and possibly, perinatal factors must underline the
childhood obesity epidemic. Obviously overweight in any population is the result of a long-
term positive energy balance. Energy balance in human beings must follow the rules of
thermodyamics. The general equation for energy balance in men can be stated as follows:
energy intake=energy expenditure+energy stored. Excessive storage in adipose tissue
(obesity) isthe final result of four general mechanisms:

An increase in energy intake without proportionate increase in energy expenditure

A decreasein energy expenditure without a decrease in intake

A combination of 1 and 2

Greater decrease in energy expenditure than in intake. diverging trends in energy
intake(falling)and obesity prevalence(rising) in both united states and Europe,
suggested that there must be a dramatic decrease in total energy expenditure
exceeding the decrease in total energy intake(4th mechanism).[42-43]

~PODE

Our previous study comparing the differences in energy intake and expenditure of obese
and non-obese siblings revealed that the obese children had both lower energy intake and
lower energy expenditure than their non-obese sibling.[44]

However energy intake data are by no means concordant .The main components of
energy expenditure are resting metabolic rate (60-70%), thermic effect of food (10-15%) and
thermic effect of physical activity. while the former two components are relatively constant,
thermic effect of physical activity isthe most variable of all and may comprise from 0%(total
inactivity) to 50%(elite athletes) of total energy expenditure in humans. Therefore it was
suggested that decreased physical activity is probably the main factor accounting for
reduction of total energy expenditure leading to positive energy balance and decreased
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prevalence of obesity. In 1997 two severely obese Pakistani children of consanguineous
parents were found to have leptin gene mutations.[45] Leptin is produced by adipose tissue
and its quantity is related to the amount of body fat[46] Up to now five genetic mutations that
cause obesity during childhood have been identified[47] ,additionally, many candidate alleles,
such as those in variable nucleotide tandem repeat region of the insulin gene, have been
discovered that seem to affect risk of early-onset obesity.[48] Although genetic loci of some
obesity syndromes like Prader-Willi, Bardet-Biedel, Cohen and Astrom syndrome have been
mapped, molecular base of these syndromes are not as clear.[49]

However small gene defects account for only a small proportion of human obesity,
conversely, predisposition to obesity seems to be caused by a complex interaction between
over 250 obesity-associated genes and perhaps perinatal factors.[50]

Whitaker and Dietz advanced the intriguing hypothesis that prenatal over-nutrition might
affect lifelong risk of obesity. [50] According to this hypothesis, maternal obesity increases
the transfer of nutrients across the placenta and induces permanent changes in appetite, neuro-
endocrine functioning or energy metabolism. Observational studies revealed a direct relation
between maternal obesity, birth weight and obesity later in life; however, the relative
contribution of shared maternal genes versus intrauterine factors are difficult to differentiate
studies in animals have shown the possible long-term consequences of maternal obesity. It
can be concluded that the obesity epidemic could accelerate through successive generations
independent of further genetic or environmental factors[51]. However under nutrition in some
important stages of fetal development can also lead to permanent physiological changes that
may induce obesity[52],therefore, nutrition transition described by Popkin could lace children
of developing countries at higher risk of obesity.[53] According to these findings, the best
time for prevention of obesity may be before conception. There are some other risk factors
such as bottle feeding, probably because of some physiological changes related to unknown
intrinsic characteristics of human milk during early childhood[54]. BMI normally decreases
until age 5-6 years and then increase, which is termed adiposity rebound.[55] It is shown that
children with early adiposity rebound, is associated with increased risk of obesity, later in
life[56-57], however biological and clinical value of thisfinding is not clear[58]

Some studies have revealed that obese children have less moderate to vigorous physical
activity than their non-obese counterpartg59].Ancther study revealed association of low
vigorous physical activity and TV watching with obesity. [60]

Familial environment and parental habits can have influence in this regard. Parents
provide both the genes and eating environment for their children, familial patterns of
adiposity are the result of gene-environment interactions.[61]In our previous study, we found
a significant inverse relationship was found between the education level of both parents, as
well as maternal employment and obesity in their children. Overal, 72.3% of mothers and
39.5% of fathers reported that before their children become fat, they believed that an obese
child is healthier than low- or normal weight peers; 79.2% of mothers reported a history of
using pressure in child feeding. The BMI of mother was associated with food habits of their
daughters and sons, and the BMI of fathers had significant association with the frequency of
activities of their sons. [62] These finding emphasize that in addition to community-based
lifestyle modification, culturally relevant family-based interventions especialy focusing on
mothers beliefs and behavior are needed to prevent and/or to treat childhood obesity and its
long-term consequences; special emphasis should be directed at families that are affected
and/or concerned with obesity. As suggested by the review of published data, effective
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interventions for prevention and treatment of overweight should be approached from a health-
centered rather than a weight- centered perspective, with the parents as central agents of
change. [63]

» Prevalence of childhood obesity in developing countries
There is strong evidence that childhood obesity is becoming increasingly prevaent in
developing countrieg64-65]. In such societies, the rapid progress of urbanization and
demographic trends is associated with a cluster of NCD and unhealthy lifestyle described as
the “Lifestyle Syndrome” or the “New World Syndrome”. This is suggested as the most
important etiology for the very high rates of obesity and its consequent morbidity and
mortality in developing nations. In addition, in such communities, childhood obesity still is
considered as a sign of healthiness and high social class. Among developing countries, the
prevalence of childhood obesity is highest in the Middle East, Central and Eastern
Europe[66].

The analysis of one hundred sixty nationally representative surveys from 94 developing
countries showed an increasing prevalence of overweight and obesity from childhood to
adulthood, although rates of early childhood malnutrition remained relatively high[67].

The study of Mia and colleagues showed a high clustering of risk factors of chronic
diseases including obesity among Indian adolescents with a possible genetic and dietary
interaction as causative factor.[68]A study performed in Turkey revealed that 47.7% of school
children, ages 7-18 had at least one of these risk factors and 11.7% of them exhibited two or
more risk factors.[69]

» Prevalence of childhood obesity in the Mediterranean region

In arepresentative sample of adolescents living in urban and rura area of central Edrine,
Turkey, data concerning the height and weight of 989 adolescents, aged between 12 and 17
years were collected. The prevalence of overweight and obesity were based on the cut off
points of the IOTF values. The prevalence of overweight and obesity among adolescent girls
was 10.6% and 2.1%, respectively, while it was 11.3% and 1.6% for adolescent boys. In the
urban area the prevalence of overweight and obesity among adolescent girls was 10.3% and
2.1%, while it was 11.6% and 1.6% for boys, respectively. In the rural area; the prevalence of
overweight and obesity among adolescent girls was 12.4% and 2.2%, while it was 9.6% and
1.2% for boys, respectively. Analyses of data collected during these studies support that
adolescents living in Turkey carry relatively lower further risk of overweight and obesity than
adolescents in other countries do[70].

In Greece, data concerning the height and weight of 2,458 schoolchildren aged 6 to 17
years (1,226 6-10 years, 1,232 11-17 years) of 27 primary and secondary public schools were
collected. . In the analyses, the estimations of the prevalence of overweight and obesity are
based on recently established international BMI percentile curves and cut-off points from 2-
18 years. To investigate the secular trends in obesity in Greece, data of schoolchildren from
four successive surveys were used. In the younger group (6-10 yr), the prevalence of
overweight and obesity were 25.3% and 5.6%, while for adolescents (11-17 yr) they were
19.0% and 2.6%, respectively. The prevalence was 25.9% and 5.1% for all males, and 19.1%
and 3.2% for all females, respectively. Asfar as trends are concerned, an increase of BMI was
found among males when the results of our survey were compared with those of the previous
three. However, the trends for girls are different. An increase was found when the results of
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our study were compared with 1942. A decrease of BMI at most ages was found when the
results of our study were compared with those of the 1982 survey, while an increase was
recorded only for younger girls below 13 years compared to the 1984-5 study. This study
demonstrates that the prevalence of overweight and obesity among schoolchildren is 22.2%
and 4.1%, respectively, and has been increasing in the last decades, especially among
boyg[71].

Another study, which was part of the Health Behavior in School Aged Children (HBSC)
study, was to provide national estimates for overweight and obesity in Greek school-aged
children and adolescents. A total of4299 student, 51.3% girls and 48.7% boys, aged 11.5,
13.5 and 15.5 y consisted of. Self-reported weight and height data were used. According to
the body mass index cutoff points adopted by the International Obesity Task Force (IOTF),
9.1% of girlsand 21.7% of boys were classified as overweight, and 1.2% of girls and 2.5% of
boys as obese. Corresponding values using CDC growth charts were 8.1% of girls and 18.8%
of boys for overweight, and 1.7% of girls and 5.8% of boys for obese. Compared to most
other western countries, the prevalence of obesity is lower in Greek children aged 11-16
yearg[72].

» Prevalence of childhood obesity in the Eastern Mediterranean region(EMR)

According to the divisions of the World Health Organization, in addition to some Asian
countries, the Eastern Mediterranean region (WHO/EMRO) includes some African countries,
aswell. As every large scale preventive strategy needs valid and strong data-base, we studied
anumber of researches in the Eastern Mediterranean region. Studies performed in this region
are limited in this regard, but show a high prevalence of risk factors of chronic diseases
notably obesity in children and adolescents. In Tunisia- as one of these countries with a rapid
epidemiological transition- a high prevalence of NCD risk factors is demonstrated in urban
population of school children.[73] Hakeem et al. have evaluated the prevalence of certain
NCD risk factors in 10-12 year old school children living at different levels of urbanization
and have compared the Pakistani; British Pakistani, British Indian and British Caucasian
children and found that the proportion of children having high NCD risk increased with
urbanization rank. They have suggested that in addition to genetic predisposition, the
environmental factors like undernourishment in early life, adoption of urbanized lifestyle or a
combination of both could be the mgjor determinants of this high NCD rate.[74] The study of
Baddrudin et a. in Pakistan found a high prevalence of NCD risk factors among school
children from low and middle- income families.[75]

As the Middle East has the highest dietary energy surplus of the developing countries,
and considering the rapid changes in the demographic characteristics of the region, large
shifts in dietary and physical activity patterns, a rapid rise in NCD risk factors especialy
obesity is according.[76] Most of the surveys in this region are performed in adult population;
in addition, the cut-offs used and the age groups studied differ between studies, making
comparison difficult; however, the few studies evaluating obesity among youth living in these
countries have shown considerably high prevalence especially among adolescents. The
prevalence of obesity in Kuwait is among the highest in the Arab Peninsula[77] The recent
study performed among 10-14 year old adolescents in this country revealed a very high
prevalence of overweight (31.8% of girls and 30% of boys) and obesity (13.1% of girls and
14.7% of boys)[78]. A review on data extracted from the Ministry of Health annua health
report, as well as, the 1981 and 1991 censuses in Bahrain revealed a high prevalence of
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obesity among different age groups[79]. The recent study among 506 Bahraini school
students found that according to the |IOTF criteria, the overall prevalence of obesity was 15%
in boys and 18% in girlg80]. A study among 898 adolescent girls in the United Arab
Emirates revealed that 14% of subjects were overweight and 9% were obese according to the
CDC criteria[81]A survey in Saudi Arabian male school children, aged between 6 to 18
showed a prevalence of 11% of overweight and 15.8% of obesity.[82] This finding a higher
prevalence of obesity than overweight is contrary to most other studies.

The prevalence of overweight and associated characteristics has been assessed in a
representative sample of pre-pubertal children in Lebanon. A total of 234 children aged 6-8
yearsincluding 131 boys and 103 girls were tested. Prevalence of overweight and obesity was
based on the internationa cut-off points for body mass index (BMI) by age and gender
proposed by the International Obesity Task Force. Prevalence of overweight and obesity was
26% and 7% respectively in boys, 25% and 6% in girls. Overweight was significantly
associated with low physica activity and mother's BMI. This study identified a high
proportion of overweight in 6- to 8-year-old children in Lebanon[83].

A cross-sectional survey of a representative sample of 2104 individuas, 3 years of age
and older was performed in Lebanon. Overweight and obesity (classes | to I11) were defined
according to internationally standardized criteria for classification of BMI. For children 3 to
19 years of age, prevaence rates of overweight and obesity were higher overall for boys than
girls (22.5% vs. 16.1% and 7.5% vs. 3.2%, respectively). For adult men and women (age > or
= 20 years), the prevalence of overweight was 57.7% and 49.4%, respectively. In contrast,
obesity (BMI > or = 30 kg/m(2)) was higher overall among women (18.8%) than men
(14.3%), a trend that became more evident with increasing obesity class. BMI, percentage of
body fat, and waist circumference increased to middle age and declined thereafter. Whereas
lack of exercise associated significantly with obesity among children, obesity in older adults
was more prevalent among the least educated, nonsmokers, and those reporting a family
history of obesity. The results showed high prevalence rates of overweight and obesity
comparable with those observed in devel oped countries such as the United States[84].

A total of 12,701 children (6,281 boys and 6,420 girls) with ages ranging from 1 to 18
years were enrolled during a household screening program in different provinces of Saudi
Arabia. The overall prevalence of overweight was 10.68 and 12.7 percent and that of obesity
was 5.98 and 6.74 per cent in the boys and girls, respectively. In the different provinces the
prevalence of overweight ranged from 8.8 to 27.4 percent and from 9.3 to 27.6 percent and
obesity ranged from 4.7 to 10.4 per cent and from 4.3 to 13.8 percent in the boys and girls,
respectively. In general, girls have a higher prevalence of both overweight and obesity
compared with boys. When grouped according to age, overweight and obesity tended to
increase with age.[85]

The study conducted in 1996 in Saudi Arabia assessed 9061 male school children,
attending public schools. Their ages ranged from 6-18 y and covered the entire 12 grade
levels of school. The percentage of body mass index (BMI) of expected BMI at the 50th
percentile for each age group was computed. The 50th percentile of The National Center for
Health Statistics/Center for Disease Control reference population was used as the expected
standard population values for defining childhood overweight and obesity. The overal
prevalence of overweight was 11.7% and obesity 15.8%. There was a statistically significant
variation in the regional distribution of overweight and obesity (P < 0.01).[86]
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The prevalence of overweight and obesity and its correlates among Saudi male
adolescents in Riyadh was studied during a 5-month period, September 2001-January 2002. A
sample of 894 Saudi male adolescents (age 12-20 years) was selected through the multi-stage
sampling technique. Adolescents with a BMI age-specific percentile of > or = 85th-< 95th
were considered overweight and > or = 95th were considered obese. RESULTS: The
prevalence of overweight was 13.8% and obesity was 20.5%. Family history (odds ratio,
2.49; 95% confidence interval, 1.72-3.61) and lack of physical activity (odds ratio, 1.63; 95%
confidence interval, 1.01-2.62) were associated with adolescent obesity. Twenty percent of
overweight participants did not think they were overweight.[87]

A cross-sectional study was to assess the levels of overweight and obesity among
Kuwaiti intermediate school adolescents aged 10-14 y. The study comprised a multistage
stratified random sample of 14659 adolescents (7205 males and 7454 females), which
congtitutes approximately 17% of the target population of this school level. Overweight and
obesity were defined as BMI >85th and >95th centiles, respectively, of the National Center
for Health Statistics (NCHS) reference data. The overal prevalence of overweight and
obesity among males were 30.0 and 14.7%, respectively (P<0.001). The overall prevalence of
overweight and obesity among females were 31.8 and 13.1%, respectively (P<0.001 and
P<0.01). There was no consistent rise or decline in overweight and obesity in both genders
with respect to age. However, the overall prevalence of overweight was lower in males than
in females but obesity was higher in males than in females. When compared to the NCHS
reference population, the BMI of Kuwaiti adolescents exceeded that of the Americans in each
centile category > or = 50th centile.[88]

A cross-sectional sample of 3473 3to5 year old Kuwaiti pupils (1748 boys and 1725
girls) was selected for the other study from kindergartens using a multi-stage random
sampling technique. Overweight and obesity were defined as weight-for-height (W/H) > or =
90th-< 95th and > or = 95th centiles of the NCHS/CDC reference population, respectively.
Factors that were found to be significantly associated with overweight and obesity were
gender, age, region (governorate), parents education, birth order, dental status, eating regular
meals and SES. Factors that were significantly associated with overweight and obesity males
were age, governorate eating regular meals, number of persons living at home and SES.
Among females these factors were governorate, dental status, number of servants and SES.
The logistic regression anaysis showed that the same factors shared by both genders
significantly contributed to the development of overweight and obesity except father's
education. This study concludes that ecological factors play an important role in the
development of overweight and obesity, especially those related to affluence; Kuwait has
been undergoing modernization and increasing affluence and changes to sedentary lifestyle
and increased food consumption may have contributed to changes in overweight and obesity
among the children.[89]

Another Cross-sectional prevalence study was conducted in intermediate and secondary
schools of Bahrain and included a population-representative sample of 506 Bahraini students
(249 males and 257 females) between 12 and 17 y of age. The overal prevalence of obesity
among Bahraini boys and girls was high, especialy in girls. Obesity was highest (21% in
males and 35% in femaes) when the WHO recommended criteria of BMI for age and
skinfolds for age percentiles were applied and lowest (15% in boys and 18% in girls) when
the age and sex specific BMI cut-off values of Cole et a were used. This study revealed a
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much higher prevalence rate of obesity in the Bahraini adolescent population than was
previously reported, especially among girls. [90]

Another study conducted in 2005assessed the national prevalence of obesity among
schoolchildren in the United Arab Emirates (UAE).A stratified 10% random sample of 16,391
children was drawn from 145,492 pupils in the UAE. BMIs for UAE were compared to
international standards. Comparison of BMIs to international reference data revealed that
UAE children are at increased risk for overweight (>25 kg/m® and >30 kg/ m/%) and obesity
(>30 kg /m%. For instance, 10-year-old male UAE children had 1.7 times the rate of
overweight compared to international standards and 1.9 times at 18 years. Similarly, female
UAE children have 1.8 times the rate of overweight compared to international standards at 10
and 18 years of age. Obesity was 2.3-fold higher among UAE males at 14 years compared to
international standards, and increased to 3.6 times at 18 years of age. Among UAE femae
children, obesity was same as males at 14 years, 2.3 times than the international standards. At
18 years of age, UAE female obesity was 1.9-fold higher than the international standard,
nearly one-half the rate of obesity among UAE males at the same age. The frequency of
obesity among UAE youth is two to three times greater than the recently published
internationa standard.[91]

» Prevalence of childhood obesity in African countries of the EMR

A study compiled about the prevalence of obesity and its determinants in Morocco and
Tunisia. Results from the authors two surveys on nutrition-related disease among
reproductive-age women (sample size: 2800) and their children (1200 children under 5y and
500 adolescents) were combined with data from four national income and expenditure
surveys (dating from 1980) to assess obesity trends and development in Morocco and Tunisia.
Overall levels of obesity, identified by body mass index (BMI) > 30 kg/m(2), were 12.2% in
Morocco and 14.4% in Tunisia. Obesity is significantly higher among women than among
men in both countries (22.7% vs. 6.7% in Tunisia and 18% vs. 5.7% in Morocco) and
prevalence among women has tripled over the past 20 y. Half of all women are overweight or
obese (BMI > 25) with 50.9% in Tunisia and 51.3% in Morocco. Overweight increases with
age and seems to take hold in adolescence, particularly among girls. In Tunisia, 9.1% of
adolescent girls are at risk for being overweight (BMI/age > or = 85th percentile). Prevalence
of overweight and obesity are greater for women in urban areas and with lower education
levels. Obese women in both countries take in significantly more calories and macronutrients
than normal-weight women. The percentage contribution to calories from fat, protein and
carbohydrates seems to be within normal limits, whereas fat intake is high (31%) in Tunisia
and carbohydrate intake (65-67%) is high in Morocco.[92]

In Tunisia,a survey based on a representative sample of 1569 urban schoolchildren of
Sousse in Tunisia was conducted. The main results showed that girls had significantly higher
levels of body mass index (BMI), diastolic blood pressure (DBP), total cholesterol, low-
density lipoprotein (LDL) cholesterol and high-density lipoprotein (HDL) cholesterol than
boys, who however had significantly higher levels of systolic blood pressure (SBP). Total
cholesterol was significantly correlated to BMI and decreased with age. Obesity (BMI = 27)
was found in 7.9% of the study population and was significantly higher in girls than in boys
(9.7% vs, 6%, P=0.01). Overweight (BMI = 25) was aso significantly higher among girls
than in boys (16% vs,11.1%, P = 0.004).[ 73]



Childhood Obesity in the Eastern Mediterranean Region 79

In a study among female adol escents in Egypt,35% of the girls were overweight and 13%
were obese. Overweight was more prevalent in urban than rural girls and in those with higher
s0cio-economic status than in lower socio-economic status girls.[93]

» Prevalence of childhood obesity in Iran

Similar with many other developing countries, Iran is rapidly moving aong
epidemiologic, demographic and nutrition transitions, that is suggested to be secondary to the
rapid change in fertility and mortality patterns and to urbanization which have led to a
considerable imbalance in food consumption with low nutrient density characterizing diets,
over-consumption evident among more than a third of households.9[94-95] The other
suggested underlying factor for the increasing rate of childhood obesity in Iran is that still in
our community; plumpness is considered as a sign of the child healthiness.Limited regional
studies have been performed in Iran. The study performed in Kerman (South-East) among
1000 high school female students, ages 14-21, found a preva ence of 4.6% for overweight and
0.7% for obesity.[96]A study among 1516 female students, aged 14-20 year, in Tabriz
(North-West) showed that 10.1% and 3.9% of the subjects were overweight and obese,
respectively.[97]The study performed on 3-18 year-old children and adolescents in
Tehran(capital city) showed that 5.1% of subjects were obese.[98] Another study among 2321
students aged 11-16 years in Tehran showed that according to the CDC criteria, 21.1% of
subjects were overweight and 7.8% were obese.[99] Our previous study among 2000 students
aged between 11 to 18, living in three counties in central Iran showed that according to CDC
cut-offs, 10.7% of girls and 7.4% of boys were overweight and 2.2% of girls and 1.9% of
boys were overweight.[100] Our study evaluating the trend of overweight among 2-18 year
old children and adolescents ,according to the NCHS criteria revealed a double fold increase
in the prevalence of overweight from 4% in 1993 to 8% in 1999.[101]The differences
between the age groups studied, the subjects’ living area (urban/rural) as well asthe BMI cut-
offs used make the comparisons difficult. In general, these studies show that the prevalence of
childhood obesity in Iran is much lower than Arab countries in the region, which is suggested
to be due to both genetic and lifestyle differences between Iranian and Arab nations.

The only national survey performed for assessment of the risk behaviors and risk factors
of chronic diseases among Iranian children and adolescents was performed in 2003-2004 as
the baseline survey for implementation of a school-based surveillance system entitled:
“Childnood & Adolescence Surveillance and Preventlon of Adult Non-communicable
disease’: CASPIAN™* Study.

This multi-centric study was performed among 21,111 school students (96% participation
rate), aged 6-t0-18 years, living in urban and rural areas of 23 provincesin Iran (Figl).

The samples were selected as a representative sample of near 16,000,000 Iranian school-
students (from near 67,000,000 total population of the country)with different ethnicities
(Persian 51%, Azeri 24%, Gilaki and Mazandarani 8%, Kurd 7%, Arab 3%, Lur 2%, Baoch
2%, Turkmen 2%, other 1%). The mean (xSD) age of students was 12.2+ 3.3 years, 84.6% of
them were from urban and 15.4% from rural areas and 90% were from public and 10% from
private schools. The prevalence of underweight was 13.9% (8.1% of boys and 5.7% of girls)
according to the CDC[11] percentiles, and 5 % (2.6% of boys and 2.4% of girls) according to
the obtained percentiles. The prevalence of normal weight was 72.7% (36.6% of boys and

" Caspian is the name of the world largest lake in North, Iran
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36.2% of girls) according to the CDC percentiles, and 80.1% (41.3% of boys and 38.9% of

girls) according to the obtained percentiles (Fig 2).
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Figure 1. The counties studied by the CASPIAN Study in Iran
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Fig 2. Distribution of different BMI categories according to the percentiles of CDC and the percentiles
obtained from a national sample of 6-18 year-old Iranian children and adolescents (n=21,111):

CASPIAN Study

According to the CDC, I0TF and national cut-offs, the prevalence of overweight was
8.82%, 11.3% and 10.1%, respectively; and the prevalence of obesity was 4.5%, 2.9% and
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4.79%, respectively.Significant difference was found between various counties, the lowest
prevalence (according to CDC criteria) being in Zahedan (3.1% overweight and 0.6%
obesity), and Shahrekord (6.2% overweight and 2.3% obesity), respectively, and the highest
prevalence being in Rasht (18.8% overweight and 7.4% obesity) and Qom (18.4% overweight
and 7.3% obesity), respectively.[102]

Based on the extrapolation of our findings, it can be estimated that among the
approximate 16 million school students in Iran, over 2 million currently are overweight and
obesg, illustrating the necessity of an enormous effort to educate the general population and
health professionals will to identify and properly control thislarge number of cases.

The prevalence of childhood obesity in some countries located in the EMR (with
available data among boys and girls) is presented in Figure 3.
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Fig3.Comparison of the prevalence (%) of childhood obesity in some countries in the Eastern
Mediterranean region

Conclusion

Childhood obesity is becoming as an emerging health problem in the Eastern Mediterranean
region. Till now, in this region most national public health programs and policies, as well as
national-level researches on children and adolescents focused on under-nutrition and its
effects on survival, mortality and development of mothers and children. The findings of
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recent studies in this region provide alarming evidence-based data for health professionals
and policy makers about the considerable prevalence of childhood overweight and obesity in
our and other countries still grappling with the public heath effects of malnutrition and
micronutrient deficiencies. This also warrants the necessity of paying special attention to the
elevated future risk of chronic diseases, and to establish a surveillance system for monitoring
the time-trends in child obesity based on uniform definitions, as well asto design programs to
prevent and control associated factorsin an action-oriented manner.
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Chapter 4

ADOLESCENT OBESITY: AN INCREASING PROBLEM.
TURKEY AND OTHER COUNTRIES’ STATUS

Naci Oner”
Trakya University Faculty of Medicine, Department of Pediatrics

Abstract

Introduction: Obesity is currently regarded as a chronic and recurring disorder and it is
closely associated with various chronic disorders such as cardiovascular diseases, metabolic
syndrome, anxiety and mood abnormalities. Adolescence appears to be high risk period for
the development of obesity and obesity in this period is more likely to track into adulthood.
The prevalence of childhood and adolescence obesity in Europe and the USA has doubled
during the last 10 to 15 years. There are only a few conducted studies related to adolescent
obesity in Turkey, therefore, we tried to evaluate the features that represents our region. We
also aimed to evaluate the last obesity and overweight prevalence status of the adolescents
throughout Europe and the world.

Methods: This was a cross-sectional study, including a representative sample of 928
adolescent girls and 1004 adolescent boys in rural and urban area of Edirne, Turkey. For this
study, the body weight and height of adolescents were measured using standard procedures.
BMI (kg/m?) was calculated as the ratio of the body weight to square body height. Prevalence
of obesity and overweight was defined as age and gender specific BMI in excess of the 95"
and 85" percentiles, respectively.

Results: The prevalence of overweight and obesity among adolescent girls of in our
region was found to be 9.6 % and 3.8 %, respectively, while it was 7.8 % and 0.7 % among
adolescent boys. Adolescent obesity prevalence was found to be higher in girls than in boys
(p<0.05), although there was no gender difference in overweight prevalences between
adolescent girls and boys. In the urban area, the prevalence of overweight and obesity among
adolescent girls was 9.3 % and 0.9 %, while it was 8.6 % and 0.6% among boys, respectively.
In the rural area; among adolescent girls, overweight and obesity prevalence was 9.9 % and
3.4 %, while it was 6.0 % and 0.6 % among boys, respectively.

Conclusions: This study has showed that obesity prevalence of our adolescent population
was lower than European adolescents and this difference is even higher when it was compared
to the adolescents in the USA. The reason for the lower rate of obesity among our adolescents

“ E-mail address: nacioner@yahoo.com, nacioner@trakya.edu.tr, Fax: 090 284 235 23 38, Fatih Mahallesi, 28.
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are largely unknown. However, one of them may be Mediterranean type of diet which
contains more vegetables and less meat and carbohydrate.

Key words: prevalence, overweight, obesity, adolescents, BMI

Introduction

Children and adolescents are needed urgently to provide information on the long-term effects
of childhood obesity. Because, overweight and obesity during childhood and adolescence is
associated with overweight and obesity during adulthood and those adults are at increased
risk for morbidity and mortality associated with many medical conditions, including
hypertension, dyslipidemia, coronary heart disease, diabetes mellitus, gallbladder disease,
respiratory disease, some types of cancer, gout and arthritis and has been associated with
increased use of medical services [1-5].However, most of these medical complications do not
become clinically apparent for decades. Rarely, severe childhood obesity is associated with
immediate morbidity result from conditions such as slipped capital femoral epiphysis,
steatohepatitis and sleep apnea syndrome [6-8]. Besides the wide number of later medical
complications which lead to increased morbidity and mortality, obesity is associated with
labeling and negative consequences in psychosocial areas, e.g. social marginalization,
decreased self-esteem and decreased quality of life [9]. For this reason, every effort should be
made effectively to deal with this problem.

Recent concerns have been raised regarding to the increasing prevalence of overweight
and obesity in children and adolescents in the higher income countries [10,11]. However,
overweight and obesity as a worldwide phenomena, affecting the rich and middle income
countries in similar manners and also affecting countries to be poor [12-15].

Until the last years, there has been limited availability of data for Turkish population,
especially for adolescents, which allows to evaluate a local and national prevalences of
overweight and obesity. Edirne is in the north-west corner of Turkey where the three Thracian
nations, Turkey, Greece and Bulgaria meet and is a bridge between Asia and Europe. The aim
of this study was to determine the overweight and obesity prevalence in a representative
sample of adolescents living in urban and rural areas of Edirne. We also aimed to evaluate the
latest obesity and overweight prevalence status of the adolescents throughout Europe and the
world.

Methods

Data were derived from current studies, namely “The Prevalence of Anemia Among the
Adolescent Girls Living in Edirne” and “ Evaluation of the nutritional status of adolescent
boys living in rural and urban areas of Edirne, Turkey” in which height and weight were
measured simultaneously as blood samples and questionnaires were collected. These cross-
sectional studies covered representative samples of the 12-17 years old Turkish (Edirne)
adolescents. Written informed consent was obtained and a questionnaire to get demographic
data was sent to the parents a day before the measurements. The participation was voluntary
and consents from both the parents and the adolescents were obtained. These two studies
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were approved by the local Ethics Committee of the University of Trakya, Faculty of
Medicine.

Adolescents were selected with the cooperation of the Public Health Department of the
University of Trakya, Faculty of Medicine. The data were obtained from all the primary,
secondary and high schools of urban and rural areas of the Edirne. At the end of the year
2000, the entire population of the Edirne was determined to be 380000, with 30000
adolescents (49% qgirls, 51% boys) aged between 12 and 17 years [16]. The percentage of
adolescents, aged between 12 and 17 years, attending schools was 91.4% for girls and 91.6%
for boys. In both studies, the sample size was determined by the following weighing steps.
First, the number of adolescents in the different age groups was determined according to their
percentages in the whole population. Second, the number of subjects living in rural and urban
areas was determined (while 17.4% of them lived in rural areas, 82.6% lived in urban areas).
The number of students that were selected from each school was determined according to the
total number of the student population of each school. Finally, the classrooms were chosen in
systematic random basis, and each adolescent was determined randomly from the selected
classrooms. In these studies, we selected substitutes that represented half of the selected
adolescents in each classroom and those individuals were used in case of non-participation of
the main list members.

Anthropometric Measurements

The measurements of body height and weight were carried out by two trained pediatricians in
the morning when the adolescents were in fasting state. Body weight (in kilograms) was
measured to the nearest 0.1 kg with an electronic scale (SECA 762; Vogel and Hakle,
Hamburg, Germany). Body height was measured to the nearest 0.5 cm as the adolescents
stood erect against a vertical wall mounted scale with heels, buttocks, and occiput in the
Frankfort plane with anthropometric square. The adolescents were dressed with light
underclothing and wore no shoes throughout the measurements. BMI (kg/m2) was calculated
as the ratio of the body weight to the square of body height.

Statistical Analysis

Descriptive statistics on BMI, weight and height measurements were performed. The
estimations of the prevalence of overweight and obesity were based on the cut off points of
International Obesity Task Force (IOTF) values (in excess of the 85th and 95th percentiles,
respectively) [17]. Qui square test was used to compare overweight and obesity prevalence
between adolescent girls and boys, between adolescents living in rural area and urban area
and between adolescents with and without smoking habits. All statistical analysis was
performed using Minitab Release 13, reference number: wcp 1331.00197 (Trakya University,
Faculty of Medicine, Data Processing Center).
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Results

The sample, representing adolescents aged between 12 and 17 years, consisted of 2029
subjects (991 girls, 1038 boys, 6.7% of the target population). From these records, 92 of them
(60 girls, 32 boys) were excluded because of lack of important demographic data such as date
of birth. We also excluded 3 adolescents (2 girls, 1 boy) who had growth disturbances due to
primary diseases (renal failure, diabetes and malignancy) and 2 adolescents (1 girl, 1 boy)
who were receiving high dose steroid therapy for severe asthma. The final sample of this
study included 1932 adolescents, representing 95.2% of the original sample (928 of them
were girls, 1004 of them were boys) and 6.4% of the target population. While 36.1% of the
1932 adolescents lived in rural area, 63.9% lived in urban area.

In the adolescent girls, the prevalence of overweight and obesity were found to be 9.6%
and 3.8%, respectively, while those were 7.8% and 0.7% for adolescent boys, respectively.
Overweight and obesity prevalence for different ages of Turkish adolescents are shown in
Table 1.

Table 1. Underweight, overweight and obesity prevalence for different ages of Turkish
adolescents

Adolescent girls Adolescent boys

Age (years) Overweight Obesity Overweight Obesity
12 24 (9.1%) 2 (0.8 %) 19 (10.1%) 0
13 25 (12.4%) 14 (6.9 %) 0 1 (0.6 %)
14 14 (7.8%) 8 (4.4 %) 17 (10.4%) 3 (1.8 %)
15 13 (10.5 %) 4 (3.2 %) 16 (10.7 %) 1 (0.7 %)
16 7 (8.0 %) 5(5.7 %) 13 (8.4 %) 0
17 6 (8.6 %) 2(1.9%) 13 (7.6 %) 2(1.2%)
Total 89 (9.6 %) 35 (3.8 %) 78 (7.8 %) 7 (0.7 %)

Table 2. Overweight and obesity prevalence among Turkish adolescents with respect to living

areas
Adolescent girls Adolescent boys
Overweight Obesity Overweight Obesity
prevalence prevalence prevalence prevalence
Urban 9.3% 0.9 % 8.6 % 0.6 %
Rural 9.9% 3.4% 6.0 % 0.6 %
Total 9.6 % 3.8% 7.8% 0.7%

In our study, adolescent obesity prevalence was found to be higher in girls than in boys
(p<0.05), although there was no gender difference of overweight prevalence between
adolescent girls and boys. In the urban area, the prevalence of overweight and obesity among
adolescent girls was 9.3% and 0.9%, while it was 8.6% and 0.6% among boys, respectively.
In the rural area; the prevalence of overweight and obesity among adolescent girls was 9.9 %
and 3.4 %, while it was 6.0 % and 0.6 % among boys, respectively. Overweight and obesity
prevalence among Turkish adolescents with respect to living areas are shown in Table 2.
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Smoking habit was not found to be different adolescents with and without obesity or with
and without overweight (p>0.05 for both).

Discussion

Obesity is currently described as one of the major health problems for all ages [18].
Adolescents, appears to be high risk period for the development of obesity, particularly in
girls. Moreover, adolescent obesity is associated with increased morbidity and is more likely
to track into adulthood [2,3]. Approximately 10-15% of all obese people were obese during
their adolescent period [18]. In the past 10-15 years, the prevalence of overweight and obesity
in European and US children has doubled, consequently, it is expected that the prevalence of
overweight and obese people will increase up during the next coming years [10,11].
Therefore, prevention and treatment of these co-morbid disorders in adolescence represent a
considerable workload for the health system and addressing this public health problem
requires intervention at international, national and, local levels [1].

The results of this study indicate that adolescents living in this region of Turkey, have
lower obesity prevalence rate than other countries’ adolescents have. The reasons for the
lower prevalence of obesity among our adolescents are largely unknown. However, it may be
mainly due to the genetic factors. Mediterranean type diet which contains more vegetables
and less meat and carbohydrate may also contribute these hopeful results.

The prevalence of overweight and obesity in children and adolescents have recently been
investigated in different countries. However, there are only a few studies, concerning the
prevalence in Turkish adolescents, most published in Turkish Medical Journals. Obesity
prevalence was similarly reported to be 0.9 % in adolescent boys and 3.8 % in adolescent
girls, in Elazig, Middle East of Turkey and 6.7% and 2.6, respectively, in Ankara, central
Turkey [20,21]. Contrary to these low prevalence rates, Neyzi et al. [22] found higher obesity
prevalence such as 11.2 % in adolescent boys, and 9.4 % in adolescent girls in 9-17 years old
school children in Istanbul, northwest of Turkey.

The obesity prevalence of children and adolescents in Europe increase gradually when
traced towards east and south [11]. Dutch, Belgium and Swedish adolescents are slimmer
than Middle and Eastern European adolescent populations [10,23]. On the other hand,
Hungarian, Austrian, Croatian adolescents have higher overweight and obesity prevalence
[24,25]. Bellizzi et al. [26] compared prevalence of overweight and obesity in 15-year-old
boys and girls in different Asian and European countries. Among these populations, the
prevalence of total overweight (obesity and overweight) in boys ranged from 5.8% (in the
Netherlands) to 30.5% (in Taiwan), and in girls from 6.3% (in Hong Kong) to 21.1% (in
Taiwan). In Asia, higher obesity prevalence were found among the Taipei and Saudi Arabian
adolescents [4,15]. The prevalence of overweight and obesity in Saudi Arabia among 15-20
years of age subjects were 12% and 7% for boys and 15% ad 9% for girls [4]. In Taiwan, Chu
et al. [15] investigated 1366 children, aged 12-15 years and they reported that the prevalence
of overweight and obesity were 11.8% and 16.3% for boys and 10.3% and 11.8 for girls,
respectively. Similar to our data, the prevalence of overweight and obesity among 17-year-old
Israeli conscripts was reported as 11.4% and 3.3% for females and 12.4%, 4.1% for males,
respectively [27]. However, their study was performed in the Israel army and it did not have
Arabic and orthodox adolescents.
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Data from the most recent prevalence studies show that large proportions of the
adolescent populations of the America continent are highly overweight or obese and overall,
the prevalence of overweight and obesity in American adolescents is relatively high compared
to European adolescents [10,11]. The prevalence of overweight in a low-income Mexican
American adolescents was reported as high as 40% [28]. In a later study, American National
Heath and Nutrition Examination Survey Ill was determined that 16.3% of the Black, 14% of
Hispanic and 9.6% of White, Non-Hispanic adolescent girls are obese. In the same survey, the
obese proportion of the US adolescent boys are 15%, 12.5%, 11.6% for Hispanic, Black and
Whites, respectively [10]. These high values showed that serious precautions against obesity
have to be taken in the USA. In another report, Neutzling et al. from Brazil [5] determined
that overweight and obesity prevalence were 6.5% and 1.2% among all adolescents in
America continent. He also reported that total overweight prevalence was found to be 10.4%
among adolescent girls while 4.8% among adolescent boys. The estimated prevalence of
overweight among Australian children and adolescents was also reported to be very high
(20%) [29].

Some countries showed significant gender differences in overweight and obesity
prevalence of adolescents. In particular, some studies which were performed in Asia and
Europe (Taiwan, Finland, Austria and Greece), showed higher rates among adolescent boys
than girls [15,23,24,30]. On the other hand, Saudi Arabian and Brazilian adolescents have
been demonstrated to have the opposite trend [4,5]. We observed higher obesity prevalence in
adolescent girls vs. adolescent boys, like Saudi Arabian and Brazilian adolescents. During
puberty, the adolescent girls gain fat storage even during the growth spurt in height. The
adolescent boys probably lose fat during the fast pubertal growth. The gender differences for
the obesity prevalence in our study could be explained by the more prominent increase of
body fat storage in our adolescent girls than in adolescent boys. Differences regarding
physical activities may also explain the variation in the prevalence of obesity between the
sexes. Longitudinal studies in Europe demonstrated that physical activities drop by 50%
between the ages of 12 and 18, when the boys are consistently more active than the girls [31].
A similar decrease occurred in the prevalence of regular, vigorous activity among US
adolescents [32].

Recent studies in India and other countries revealed that obesity is becoming a big
trouble, especially in urban children and adolescents [27,33,34]. Mamalakis et al. [35]
revealed that one reason for the high overweight and obesity prevalence in children and
adolescents throughout the world may be attributed to ‘‘post-World War 1l overfeeding
syndrome’’. Starvation during the World War Il created of the model of the overprotected
mother who overfeeds her child. Decreased the physical activity and increased of passive
entertainment such as television and computers, contribute to their immobility and this results
in obesity.

As overweight and obesity are increasing worldwide, it is important that countries should
monitor weight status of their children and adolescents. The critical issue is which definition
is used? Although, BMI is a measure of relative weight rather than adiposity, it is
recommended widely to determine overweight and obesity among children and adolescents
and currently it is preferred by many scientists [36-42]. IOTF recommended the use of BMI
percentiles, which have been supplied by the results of the studies conducted on the children
2-18 years old in four continents (Asia, Europe, North and South America), with the aim of
bringing an international definition for obesity into use [17]. In the international community,
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the standard definition was introduced firstly by Cole et al. [17]. It is the most accepted
definition and increasingly used by other scientists in the prevalence based studies. Krassas et
al. [30] from Thessalonica which is very close to Edirne, used also IOTF standards and he
reported high overweight and low obesity results, primarily in adolescent boys. However,
there are some suspicions about IOTF standards. Ramachandran et al. [43] reported that the
criteria of Cole et al. [17] are not appropriate for determining overweight in Asian-Indian
adolescent populations.

Our study emphasize that the prevalence rate of the adolescent obesity throughout the
world was alarming. This finding indicates that there is a need for defined strategies and
additional resources for obesity management in adolescent clinics. A possible decrease in
obesity prevalence among adolescents would depend on two main modifications in food
intake and physical activity [44]. Educational programs of intervention aimed to adolescents
should encourage regular physical activity and adequate dietary habits. Increased access to
fast food habit, high fat and low fiber foods should be restricted.

This article provides descriptive information on the current prevalence of overweight or
obese adolescents in the city of Edirne, Turkey. However, it had some limitations. This study
was performed cross-sectional and the measurements of the subjects could be performed only
once. Therefore, it has not been provided direct indication of the chronology of overweight
and obesity development. Despite the limitations, the data described in this study still
provides a valuable profile for the physical characteristics of a major segment of the
adolescent population of Edirne. New longitudinal studies are needed for better estimation of
adolescents’ body fat status in the future.
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Abstract

This chapter is intended to propose potential strategies and programmes based on the
magnitude of overweight and obesity problem among Iranian children as well as an analysis
of its possible contributing factors. The chapter includes four sections. In section one, we
present international and (sub) national evidence on the prevalence of overweight and obesity
in children and adolescents. This will allow us 1) to show the magnitude and trend of the
problem; 2) to conduct a comparative study between current figures and the corresponding
results reported from other countries (both developing and developed); 3) to make comparison
between Iranian children and the reference population; and 4) to draw a geographical map of
childhood overweight in Iran. In section two a brief discussion on possible contributing
factors of overweight and obesity found by different studies is presented. In the third section,
based on the facts and findings presented in the section two as well as available studies and
statistics on biological and socio-economic variables and characteristics in Iran, an analysis
towards determination of the most relevant contributing factors for overweight and obesity
among lIranian children is discussed. Finally in the last section, we briefly suggest potential
strategies and programmes aiming at prevention of childhood and adolescence obesity.

Introduction

Overweight/obesity, as one of the main features of epidemiological transition, has emerged as
a serious health problem first in developed and nowadays in developing countries during
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recent decades. This phenomenon, whether simply considered as a pathologic condition
and/or a normal physiologic response to a pathologic environment, can not only increase the
incidence and prevalence of many common chronic non-communicable patho-physiological
as well as patho-psychological conditions (see below), but also can significantly result in
economic consequences, including lower productivity (through decreased work capacity and
increased work absenteeism), and increased ill health- and therapeutic-related expenditures
[Wang G & Dietz WH, 2002; Anderson et al., 2003; Andreyeva et al., 2004; Raebel et al.,
2004; Wee et al., 2005].

Available evidence suggests that increased prevalence of obesity has been a major factor
in decreasing the onset age of type 2 diabetes mellitus and therefore its increasing burden on
children. In addition, a vast humber of studies show that diabetes has the biggest share in
increased prevalence of CVD in both developed and developing societies. Similarly, many
investigators have shown that the risk of asthma, stroke, hypertension, dislipidemias and
some types of cancers are significantly increased by obesity [Dietz, 1998; Young et al., 2001;
Eisenstein et al., 2002; Sorof & Daniels, 2002; Goran et al., 2003; Caterson et al., 2004;
AIHW/NHFA, 2004; Hope et al.,, 2005]. Psychological problems such as shame and
depression caused by discrimination and stigmatisation of obese individuals should also be
added to this list [Puhl & Brownell, 2001; Sjoberg et al., 2005].

Finally it could be concluded that the problem of obesity and its complications in a
developed country like US are so serious that can threaten all health achievements in terms of
quality of life and life expectancy in recent decades [Olshansky et al., 2005].

1 Prevalence of Childhood Overweight and Obesity
in the World

An estimated 17.6 million children under five are overweight worldwide. The prevalence of
obese children aged 6 to 11 years old has more than doubled since the 1960s [WHO/FAO,
2003]. It has been appeared that the number of overweight and obesity among children living
in less-industrialised world, due to their population, is a main component of the above-
mentioned figure. Causes of this epidemic will be discussed in detail later in this chapter. In
the present section, results obtained from a few representing countries have been mentioned
to discuss more in detail the extent and trends of overweight and obesity problem among
children living in developed as well as developing countries and Iran.

1.1 Industrialised Countries

The United States is the unique example of a country where has been geared in a massive
overweight epidemic among its children. Trend studies show that the number of 6-11 yr
children and adolescents who are overweight has more than doubled and tripled, respectively,
in the past 20 years (Table 1) [Ogden et al., 2002]. It has been appeared that boys and girls are
equally affected.
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Table 1. Trend of overweight prevalence in the U.S. children/adolescents

Age group (y) Prevalence of overweight
1976-1980 1984-1988 1999-2000
2-5 na 7.0 10.5
6-11 6.5 115 155
12-19 5.0 10.5 15.7

na: not available

Overweight is more common among ethnic minorities in the United States. Prevalence
proportions in 2-5, 6-11 and 12-19 yr African-American children are 8.4, 19.5 and 23.6%,
respectively. Among Mexican American children, the corresponding values are 11.1, 23.7 and
23.4%, respectively. African-Americans and Mexican Americans have experienced more
dramatic increases in the prevalence of obesity during the last 20 years than white Americans
[Anjali, 2004; Chopra et al., 2002].

The same phenomenon, however milder than that is seen among the American children,
has occurred over the last 20 years in European countries. In the majority of these countries,
the prevalence of obesity increased by 10-40% between 1980 and late 1990s. Current
prevalence of obesity in European countries is in the range of 10-20 and 10-25% among male
and female population, respectively. The United Kingdom has had the fastest growth of
obesity in Europe [Anjali, 2004; Garrow et al., 2002].

Since increase in the prevalence of overweight among children mirrors the pattern in
adults, these general observations provide equal concern for the younger generation [Chinn et
al., 1994]. For example, a study among under-five children in the UK showed a significant
increase in childhood obesity within 10 years (1989-98). There was a 60 and 70% increase in
the prevalence of overweight and obesity (defined respectively as BMI above the 85™ and 95"
percentiles of reference population) among British children aged 3 to 4 years. It was found
that the proportion of children who were overweight increased from 15% in 1989 to 24% in
1998; the corresponding figures for obese children were 5 and 9%, respectively [Bundred et
al. 2001].

Different studies from 1980s onwards conducted in European countries have shown that
prevalence of overweight is higher among the populations living in southern countries (e.g.
Hungry, Italy, and Greece), especially those outside the former eastern bloc [Bir6, 1993;
Beccaria et al., 2000; Kafatos et al., 1981; Elmadfa et al., 1993; De Spiegelaere et al., 1998;
Power et al., 1997]. The formerly non-eastern bloc countries surrounding the Mediterranean
show prevalence proportion of childhood overweight in the range of 20-40%, while those in
northern areas are in the range of 10-20% [Anonymous, 2002; Lobstein & Frelut, 2003].

The number of children affected by overweight and obesity is now rising at more than
400,000 a year across the EU, including accession countries in 2002. The prevalence of 24%
in 2002 is already higher than the predictions for the year 2010. Presently it is estimated that
14 million children are overweight [IOTF, 2004].

In Australia, between 1985 and 1997, the prevalence of overweight and obesity was
doubled among young people [Booth et al., 2003].
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1.2 Developing Countries

No longer confined to well-fed, high-income countries, the epidemic of obesity is spreading
rapidly among developing nations [Friedrich, 2002]. Consistent data have shown the
increasing prevalence of childhood overweight and obesity in almost all developing countries
in the Latin America, Asia and Africa.

de Onis and Blossner reviewed 160 nationally representative cross-sectional surveys on
overweight and obesity from 94 countries. The global prevalence of overweight was 3.3%.
Some countries and regions (e.g., northern and southern Africa and South America; Qatar,
Uzbekistan, South Africa, Kuwait, Morocco, Malawi, Egypt, Costa Rica, Bahrain and
Armenia) had considerably higher rates. Overweight was shown to increase in 16 of 38
countries with trend data [de Onis & Bldssner, 2000].

Martorell et al. using national surveys conducted in 13 Latin American countries during
1980s and 1990s showed that the prevalence of overweight (defined as >1SD of mean
weight-for-height) among 1-5 yr children ranged from 6 (Haiti) to 24% (Peru), with higher
prevalence among urban and richer households [Martorell et al, 1998].

A recent survey in Cuba has shown that overweight in preschool children is the most
frequent nutritional problem within the country, with a prevalence of 5.2 % (Pafizkova &
Hills, 2001).

In Chile, Kain et al. have shown that the prevalence of obesity (>95" percentile of BMI;
CDC Reference) among 6 years old male and female children increased, respectively, from
5.1t0 14.7% and 4.0 to 15.8% between 1987-2000 (Kain et al., 2002).

Rio-Navarro et al. using data from the Mexican National Health Survey 2000 showed that
overweight prevalence varied by age from 10.8 to 16.1% among 10-17 yrs boys and 14.3 to
19.1% among girls within the same age range; obesity prevalence were between 9.2 to 14.7%
in boys and 6.8 to 10.6% in girls [Rio-Navarro et al., 2004].

Childhood obesity is also a fast emerging problem in Asia [Hara, 1988]. The prevalence
of obesity in Chinese children increased from 2.1 to 5 % during 1986-98 [Patizkova & Hills,
2001]. The prevalence of childhood obesity in China reached 7.1 and 8.3% in Beijing and
Shanghai, respectively, in year 2000 [WHO, 2000]. A population study on 6-12 year old
children of Bangkok (Thailand) showed a fast increase of obesity from 12.2% in 1991 to
15.6% in 1993 [Patizkova & Hills, 2001]. In Malaysia, obesity has increased from 1% in
1990 to 6% in 1997 among 13-17 year-olds [Ismail & Vicknewar, 1999].

Among west Asian countries, Arab states have also encountered the problem of
childhood obesity during recent past 2 decades. For example, EI-Hazmi and Warsy showed
that the prevalence of overweight among 1-18 yr olds Saudi children was 10.7 and 12.7%
among boys and girls, respectively; obesity was found in 6 and 6.7% of boys and girls,
respectively [EL-Hazmi & Warsy, 2002]. The maximum prevalence of obesity was seen
among 2-3 yrs old children in both genders. Similar evidence has been provided from other
Arab countries such as Bahrain, Kuwait, United Arab Emirates, and Lebanon (Table 2).

Although Africa is the continent with the highest prevalence of under-nutrition, it seems
that even in this region the problem of overweight and obesity is increasing. For example, in a
Yaoundé population, 18.2 % of girls and 1.7 % of boys aged 12-19 years were obese [Oppert
& Rolland-Cachera, 1998]. Coexistence of wasting with an emergent obesity among 3 to 6
year old children in Cape Town population has been shown [Bourne et al, 1994].
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Table 2. Prevalence of overweight and obesity among children in some countries in the
Middle East

Prevalence (%0)
. x Sample Index/
Country/City | & | Age Size _ . Reference Reference
Overweight ~ Obesity
Lebanon/ M| 6-8 131 26 7 BMI/ Jabre et al
Beirut F| 68 103 25 6 IOTF 2005
Turkey/ M | 12-17 538 11.3 16 BMI/ Oner et al.
Central Edime | F | 12-17 526 10.6 2.1 IOTF 2004
. M | 10-14 7205 30 14.7 BMI/
Kuwait F| 1014 | 7454 31.8 13.1 NCHS Al-Isa 2004
United Arab BMI/ Al-Hourani et
Emirates |18 898 14 9 NHANES al. 2003
Bahrain M| 12-17 249 21 BMI/ Al-Sendi et al.
F | 12-17 257 35 WHO 2003
Saudi Arabia/ Al-Rukban
Riyadh M| 12-20 894 13.8 20.5 BMI 2003
. M| 05 3749 75 Weightfor 1 1o &
Kuwait F| o5 3670 9.0 Helght/ 1 1 oussa 1998
' NCHS/CDC

Ansa et al. reported the prevalence of obesity among 6-12, 13-15 and 16-18 yr Nigerian
children as 2.3, 4 and 3 %, respectively [Ansa et al. 2001]. Salzar-Martinez et al. has recently
reported the prevalence of overweight and obesity as 12.1 and 6.2%, respectively among
children and adolescents in Egypt [Salazar-Martinez et al. 2006].

1.3 lran

Overweight and obesity among Iranian children and adolescents have been recently
considered as a public health issue [Mohammadpour-Ahranjani et al., 2004; Mirmiran et al.,
2003]. During last decades, investigators mainly focused on thinness, underweight and
stunting. In spite of evidence which suggest that energy-protein undernutrition, and
micronutrients deficiencies still exist among Iranian children [Mohammadpour-Ahranjani et
al., 2004; MOH/NNFTRI, 2001; NNFTRI, 2002], epidemiologic and nutrition transition
phenomena [Ghassemi et al., 2002] have persuaded researchers to carry out over-nutrition-
related studies [Mohammadpour-Ahranjani et al., 2004; Dorosty et al., 2002; Kelishadi et al.,
2003].

In this section, studies have been divided to 2 categories based on their coverage (i.e.
national and sub-national). We reviewed those studies which have been published in 2000
onwards using age-specific BMI to define overweight and obesity. In 2 national studies on
under-5 and 6 yr children, described below, underweight and overweight were defined as
weight-for-age <2SD and >2SD of NCHS reference values, respectively. In all other studies
overweight, pre-obesity, and obesity were defined as BMI >85" 85™-95" and >95"
percentile of age and sex-specific BMI values, respectively.



Table 3. Prevalence of pre-obesity and obesity among 5-19 yr Iranian children

Boys Girls
Weight Status Pre-obese Obese Pre-obese Obese
Age group (yr) N (%) N (%) N (%) N (%)
Urban Rural Urban Rural Urban Rural Urban Rural
5-10 82(6.9) 46(4.8) 68(5.8) 18(1.9) 68(6.1) 35(3.8)  36(3.2) 19(2.1)
11-14 100(8.9)  26(3.5) 42(3.7) 18(2.4) 107(9.1) 54(6.6)  43(3.6) 21(2.6)
15-19 99(6.9) 31(4.2) 65(4.6) 12(1.6)  175(10.8) 87(9.1) 66(4.1) 30(3.2)

Ref. NNFTRI, 2001-03.

Table 4. Prevalence of pre-obesity and obesity among 14-20 yr Iranian adolescents

Code Region Boys Girls
Pre-obesity Obesity Pre-obesity Obesity
1 Tehran Province 10.1 4.7 9.1 2.1
2 Gilan and Mazandaran 8 4 15.5 5.8
3 East and West Azarbayejan and Ardebil 4.6 2.3 8.8 3
4 Charmahal-and-Bakhtiari, Isfahan, Yazd and north of Kerman 3 0.8 7 2.3
5 Zanjan, Qazvin, Qom, and Markazi 4.2 2.5 8.7 1.7
6 Hormozgan, Boushehr and south of Khouzestan 4.7 2 95 4.3
7 South of Khorasan, Sistan-and-Balouchestan and south of Kerman 25 25 6 3.8
8 Golestan and north of Khorasan 5.3 15 7.8 2.8
9 Semnan and centre of Khorasan 5.3 2 8 2
10 Kordestan, Hamedan, Lorestan, Kermanshah, Illam and north of 58 15 8.7 25
Khouzestan

11 Fars, Kohkilouyeh and Boyerahmad, and centre of Kerman 4 0.8 5.8 2.8
- Total 5.3 2.4 8.7 2.8

Ref. MOH/NNFTRI, 2005
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1.3.1 National Studies

In the “National Comprehensive Study on Household Food Consumption Pattern and
Nutritional Status in Iran (2001-2003)”, height and weight were measured in all household
members in a nationally representative sample [NNFTRI2, 2001-03]. The results are shown in
graph 1 and Table 4 (figures of underweight are also included to emphasise that this type of
malnutrition is still of great importance among under-5 Iranian children, especially in rural
areas).

14- 12.7

Boys Girls Urban Rural Total

|% underwt DCdoverwt |

Ref. NNFTRI, 2001-03
Figure 1. Prevalence of under- and overweight among under-5 children in Iran

Another recent national survey was “National Assessment of Iron, Zinc, Vitamin A and
Vitamin D in Different Age Groups, 2001” in which data on the prevalence of overweight
among 6 yr as well as 14-20 yr children were collected [MOH?/NNFTRI, 2005]. In this study,
28 provinces of Iran were classified to 11 regions based on their health and nutritional
profiles. Relevant findings are presented in figures 2 and 3 and Table 4. Significant inter-
regional and gender differences are seen in the prevalence of overweight.
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Figure 2. Prevalence of overweight among 6 yr Iranian children by region and gender

Region

Sub-national Studies
In table 5, prevalence of pre-obesity and obesity among Tehrani children and adolescents

Figure 3. Prevalence of overweight among Iranian 6-yr children by region and place of residence.
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Definition of region numbers (codes) is given in Table 4. Ref. MOH/NNFTRI, 2005

Household Food Consumption Pattern and Nutritional Status in Iran (2001-2003)”)

by gender are presented (based on data collected in the “National Comprehensive Study on
[NNFTRI, 2001-03]

the level of physical activity), and environmental design, result in a considerable distinct

higher food availability, easier access to facilities, air pollution (which significantly decrease
pattern of behaviours and diseases compared to other geographical locations in the country.

Studies in Tehran. Tehran, as the biggest and most populated district in Iran, has its special
characteristics which make it different from all other districts. Adoption of modern life style,

Definition of region numbers (codes) is given in Table 4. Ref. MOH/NNFTRI, 2005

13.2
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Table 5. Prevalence of pre-obesity and obesity among Tehrani children and adolescents by
gender

Total Girls Boys Age group
Obesity ~ Pre-obesity = Obesity  Pre-obesity  Obesity Pre-obesity
6.5 9.8 4.9 7.6 7.9 117 5-10
5.8 11.7 5.4 12.3 6.3 111 11-14
4.4 9.4 35 11.1 55 7.3 15-19

Ref. NNFTRI, 2001-03

Another recent study in Tehran city (2000-01) showed that 21.1 and 7.8% of adolescent
students (11-16 yrs) were overweight and obesity, respectively. Prevalence of overweight in
girls (23.1%) was significantly (p<0.001) higher than boys (18.8%) [Mohammadpour-
Ahranjani et al., 2004].

Dadkhah et al. in 2003 reported that prevalence of overweight among 15-17 yr female
students in one of the representative educational zones in Tehran city was 20.5% [Dadkhah et
al., 2004].

Results of an analysis in a selected population (n=421) of a cohort study which has been
performed in one of the municipal zone in Tehran city, showed that prevalence of overweight
in 10-19 yr boys and girls were 10.7 and 18.4%, respectively. Prevalence of obesity was
reported as 5.1 and 2.8%, respectively [Azizi et al., 2001].

In another recent study, prevalence of overweight and obesity among 6-14 yr male
students (n=3782) was in the range of 5-12 and 3-5%, respectively [Ashrafi et al., 2001].

Studies in other cities/provinces. Ghavamzadeh conducted an overweight prevalence
study in a representative sample of 7-18 yr primary, secondary and high school students in
2002 in Urmia city (north-west Iran) [Ghavamzadeh, 2004]. The study methodology was the
same as Mohamadpour-Ahranjani’s study in Tehran city (see above) which made the
between-city comparisons possible. Prevalence of overweight among 7-10, 11-14, and 15-18
yr boys were found to be 13.3, 13.6, and 12.9%, respectively. Corresponding figures among
girls were 15.4, 14.4 and 15.7%, respectively.

In another study among 1518 girl students aged 14-20 in Tabriz city (north-west Iran),
prevalence of overweight was found to be 14.6% (with 11.1% pre-obesity) [Gargari et al.,
2004].

Prevalence of overweight and obesity in 14-17 yr girl students (n=400) in Lahijan city
(north Iran), was 14.8 and 5.3%, respectively [Bajan, 2002].

In a survey conducted among 4315 2-5 yr children using IOTF reference to define
overweight and obesity in two provinces of Iran with totally different socio-economic status,
i.e. Sistan-and-Baloochestan (as a poor province; south-west Iran) and Gilan (as an affluent
province; north Iran), prevalence of overweight and obesity among 2-3 yr children were 23.5
and 10.9%, respectively. In 4-5 yr children, prevalence reported as 18.3 and 7.5%.
Differences in overweight and obesity prevalence were not significant between provinces
[Dorosty et al., 2002].

Results of a study performed in 3953 children and adolescents between the ages of 6 and
17 years in Ahwaz city (south-west Iran), showed that 18 and 17% of boys and girls were
overweight, respectively. Prevalence of obesity in boys and girls were 9.2 and 5.7%,
respectively [Veisi & karandish, 2002].
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The prevalence of overweight was reported as 7.4 and 10.7% in male and female
adolescents aged 11-18 yr in Arak and Isfahan cities (central Iran), respectively.The
prevalence of obesity was 1.9 and 2.9% among girls and boys, respectively [Kelishadi et al.,
2003].

Map of overweight in 5-19 yr Iranian children produced based on data collected in the
“National Comprehensive Study on Household Food Consumption Pattern and Nutritional
Status in Iran (2001-2003)” is shown in figure 4.

Ref. NNFTRI, 2001-03

Figure 4. Distribution of overweight among 5-19 yr children and adolescents in Iran

2 Determinants and Risk-Factors for Overweight and Obesity

2.1 Food and Nutrition Transition: Popkin’s Hypothesis

Using food and nutrition data from developed countries, Barry Popkin in 1993 coined the
term “Food and Nutrition Transition (FNT)” to explain the dramatic changes happened in
food and nutrition situation among populations over time [Popkin, 1993]. The phenomenon
has simultaneously occurred with other well-known transitions, i.e. “epidemiologic” and
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“demographic” transitions as well as the *“technologic revolution”. The concept of
epidemiologic transition, proposed by Abdel Omran [Omran, 1971], describes the shift from a
pattern of high prevalence of infectious diseases and nutritional deficiencies, resulting from
pestilence, famine, and poor environmental sanitation, to a pattern of high prevalence of
chronic and degenerative diseases strongly associated with lifestyle. Demographic transition
describes the shift from a pattern of high fertility and high mortality to one of low fertility and
low mortality, typical of modern industrial nations [Popkin et al., 2001]. Migration from rural
to urban areas is also part of the latter transition. Finally, technologic progress has not only
decreased the amount of energy needed for typical rural activities, but also changed the
activity pattern into a much more sedentary one (e.g. by introducing cars and motorbikes, TV
and computers, lifts, etc.)

In the first paper on FNT, Popkin explained the changes in diet and other lifestyle
characteristics in five patterns of collection of food, famine, receding famine, degenerative
diseases, and behavioural change [Popkin, 1993]. The “earlier” patterns are not restricted to
the periods in which they first arose, but continue to characterise certain geographic and
socioeconomic subpopulations [Popkin, 2001]. From the available evidence it could be seen
that changes similar to those have occurred in developed countries are rapidly happening in
most developing countries.

The FNT itself is marked by a shift from relatively monotonous diets based on
indigenous staple grains or starchy roots, locally grown legumes, other vegetables and fruits,
and (except for prosperous subpopulations) limited foods of animal origins, toward more
varied diets that include more pre-processed food, more foods of animal origins, more sugar
and fat, especially in processed drinks and foods, and often more alcohol. The most
immediate result of the combination of such relatively energy-dense diets with physically
inactive lives is a rapid increase in overweight and obesity. This is a usual, though not
inevitable, consequence of urbanisation [Popkin et al., 2001].

Many researchers seeking to explain the worldwide increases in childhood obesity
emphasise similar basic dietary changes within the developing world as a result of rapid
globalisation and urbanisation [Brody, 2002]. With replacing industrialised agro-food systems
for local subsistence farming, massive population move to urban areas has taken place
[Cleves, 1993]. Demographic trend studies show that the number of Asian mega-cities (>8
million population) will increase from 2 in 1970 to 19 by 2015 [Popkin, 2001]. Other
accompanying changes related to physical activity levels are inexpensive public
transportation as well as communication systems [Schneider, 2000; Sobal, 2001], lack of safe
play-grounds for children [Schneider, 2000], and dependence on mechanised transportation
from suburbs to cities [Brody, 2002]. These factors can increase the risk of overweight and
obesity in all population groups, including children.

Detailed reviews on FNT at global level [Popkin & Caballero, 2002; Popkin et al., 2002;
Popkin, 2004] are recommended for interested readers.

2.2 Genetic and Biological Determinants of Overweight/Obesity

2.2.1 Genetic Factors
Evidence supports genetic predisposition to obesity. Children of obese parents have a higher
risk of becoming obese. Many researchers showed that adopted children as adults had greater
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similarity in BMI and other features with their biological than their adopting parents [Maffeis
et al., 1994]. Genes can contribute to obesity in a variety of ways: variations in metabolism,
fat cell number, and how excess fat is distributed in the body (fat location). Resting metabolic
rate (RMR) is also under genetic control. RMR is associated with the amount of energy
expended during inactivity. It accounts for approximately 70% of daily energy expenditure in
sedentary individuals [Ravussin & Bogardus, 1992] and can vary greatly between individuals
(by as much as 1,000 Calories per day) [Foster et al., 1988]. Although the main determinant
of RMR is the amount of fat-free mass, the RMR of individuals with the same fat-free mass
and of the same age and gender can differ greatly [Brownell & Wadden, 1992]. Astrup et al.
conducted a meta-analysis to investigate this relationship further. These authors found that
formerly obese individuals had a 3-5% lower RMR than a never-obese control group of
individuals [Astrup et al., 1999]. It is however difficult to determine if those previously obese
individual had a lower RMR because of their weight loss (i.e. adaptive response) or because
of their biological make-up. Several other physiological characteristics that may be
genetically determined can mediate the regulation of body weight; some of these include
neurotransmitters, the endocrine system, the gastrointestinal tract, adipose tissue,
thermogenesis, and appetite and satiety [Beamer, 2003; Clark & Goldstein, 1995]. A genetic
predisposition towards anxiety or depression can also contribute to obesity in some
individuals. The genetics of obesity and the various studies of twins, families, adoption and
populations have been well documented [Bouchard & Perusse, 1993].

It seems that the genetic effects account for at least 25-30% of obesity in the overall
population [Bouchard & Perusse, 1993]. More recently estimates however run as high as 50-
70% [Beamer, 2003]. Several single-gene mutations have been shown to cause obesity in
animal models, however, the situation in humans is considerably more complex [Comuzzie &
Allison, 1998]. As yet, no specific genes have been found that are associated with obesity in
all cases. Beamer asserted that it is unlikely that all people who are obese have a single gene
mutation that has a major effect on their body weight [Beamer, 2003].

It should be however noted that while genetic factors may help explain some inter-
individual differences in BMI from a population perspective, genetic mutation is unlikely to
explain the recent epidemic of overweight and obesity in children [Bray, 2003].

The theory that emphasises the role of biological processes in regulating an individual’s
weight is set-point theory. According to this, there is a specific weight range, called set-point,
at which the body tends to remain. An individual with a weight above or below his/her set-
point range will experience physiological and psychological pressure to return to the set-point
range. The set-point can be compared to other relatively constant physiological mechanisms
such as body temperature, blood pressure, or blood glucose level. The body will defend
against a change in weight by making compensations in the mechanisms that govern the set-
point. For example, one study revealed that overfed rats increased their metabolic rates,
whereas the metabolic rate of underfed rats decreased [Keesey, 1986]. On the other hand,
opponents to the set point theory simply point to the increase in obesity rates in the last three
decades. Obviously, factors other than biological ones must play a role when it comes to
weight regulation since a sharp increase in the rates of obesity has occurred [Wadden et al.,
2002]. It may be logical to accept the fact that while set point theory may applicable to many
individuals, there might be other factors such as exercise, diet, binge eating, and eating to deal
with negative states which can cause a person’s weight to move outside of this range
[Garrow, 1978].
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There are several genetic disorders where obesity is nearly always present. These include
Prader-Willi syndrome, Laurence-Moon-Biedl-Bardet syndrome and Albright’s hereditary
osteodystrophy. Rare syndromes with genetic abnormalities of leptin or the leptin receptor
have also been found recently. Usually, in these disorders obesity is expressed almost
regardless of the environment. Indeed, these disorders probably have little to do with the
current epidemic, although the study of individuals with these disorders can help us to
understand the complex pathways that result in obesity [Anjali, 2004].

Differences in the prevalence of overweight and obesity between different races may also
confirm the important role of genetics in determination of response to dietary energy intake,
energy expenditure and regulation of body weight [Kimm & Obarzanek, 2002].

2.2.2 Early Programming of Later Overweight and Obesity: Barker’s Hypothesis
Early nutrition and growth, reflected in birth weight, can determine later occurrence of many
health outcomes, especially those related to the development of common non-communicable
diseases. David Barker has coined the concept of “foetal origin of adult diseases” or
“developmental origins of health and disease (DOH&D)” for the first time in mid-1980s to
explain the whole process of maternal under-nutrition leading to obesity and its main non-
communicable complications such as glucose intolerance and type 2 diabetes, coronary heart
disease, stroke, hypertension, dyslipidemias, and some types of cancer in offspring. Since
these conditions mostly show and impose themselves during adulthood, we just briefly touch
the issue in this section.

Low birth weight (LBW) is still a serious public health problem in less-developed and
developing world [UNICEF, 2005]. Intra-uterine growth retardation, mainly due to maternal
under-nutrition, is the major cause of LBW in developing countries [Pojda & Kelly, 2000].
Evidence show that key body organs (e.g. hypothalamus) of full-term neonates who were
LBW, are structurally and metabolically programmed to support life in a scarce environment
in terms of dietary energy and nutrients. In fact, adaptations associated with foetal
malnutrition become detrimental to health of the offspring, if they experience a period of
adequate or plentiful nutrition leading to postnatal obesity [Stocker et al., 2005]. This
phenomenon is increasingly happening in developing world due to coincidence of high
prevalence of LBW and FNT in these countries.

It is important to mention that the relationship between birth weight and adulthood
obesity is U-shape. It means that not only with low, but also with high birth weight, the risk
of obesity will increase later in life [McMillen et al., 2004].

2.3 Non Biological Factors

Although many authors have emphasised on the importance of genetic susceptibility to
obesity, it seems that such a factor will not act unless a suitable environment is provided. Non
biologic determinants of overweight and obesity are the main part of such an environment.

It has been shown that several environmental factors including television watching, low
physical activity, lower socioeconomic status in white adolescents, consumption of sugar-
containing beverages, skipping breakfast and unstructured meals are associated with obesity
among U.S. children [Stettler et al., 2004].
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2.3.1 Socioeconomic Factors

It seems that the social class difference in the prevalence of obesity were negligible during
childhood, but were quite marked in early adulthood, with a greater percentage of overweight
and obesity in lower social classes [Paiizkova & Hills, 2001].

Gerald et al. pointed out that lower social class position, lower level of social support,
and unmarried primary care-giver were all associated with high food intake and higher
weight-for-height among children [Gerald et al., 1994]. Strauss & Knight showed those
children from obese mothers, low-income families, and who had exposed to less cognitive
stimulation, had an increased risk of obesity, independent of other demographic factors
[Strauss & Knight, 1999].

Social beliefs and preferences is a major determinant of nutritional practices among
mothers which can ultimately determine childhood overweight and obesity.

While before 1990s it was the general opinion that obesity is essentially a disease of
socioeconomic elite in developing countries, more recent reviews have shown that obesity
can no longer be considered solely a disease of groups with higher socioeconomic status. In
fact the burden of obesity in each developing country tends to shift towards the groups with
lower socioeconomic status as the country’s GNP increases. A very important finding is that
the shift of obesity towards women with low socioeconomic status apparently occurs at an
earlier stage of economic development than it does for men [Monteiro et al., 2004].

A clear inverse U curve has been observed in the relation between household income as
well as education and the prevalence of obesity in Brazil [Monteiro et al., 2001]. In fact,
obesity among poor household with lowest education can be justified by the fact that there is
an inverse relation between energy density and energy cost. Poverty and food insecurity are
associated with lower food expenditures, low fruit and vegetable consumption, and lower-
quality diets. A reduction in diet costs in linear programming models leads to high-fat,
energy-dense diets that are similar in composition to those consumed by low-income groups.
Such diets are more affordable than are prudent diets while having high palatability because
of more sugar and fat. [Drewnowski & Specter, 2004]

2.3.2 Sudden Changes in Lifestyle
In some cases, the starting of obesity in childhood life may accompanied by sudden changes
like recovery from illness or accident, when parents or care-givers allow increased food
intake (particularly delicious high fat and sugar items), while the child has still limited
physical activity.

Some investigators reported that obesity might appear in children, who had adapted to a
high level of energy expenditure, but due to whatever reason, decrease their energy
expenditure, for example young athletes, who stop their sport training [Gutin, 1998].

2.3.3 Physical Activity
In spite of the recent trend towards decreased dietary fat consumption, the increased
prevalence of obesity might reasonably be considered to have increased due to the lack of
health and dietary instructions, including inadequate physical activity and exercise [Hills,
1995; Hills & Byrne, 1998].
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3 Potential Determinants and Risk Factors of Overweight
and Obesity in Iran

Available evidence show that a rapid nutrition transition is happening in Iran. Ghassemi et al
have recently documented this transition by systematic analysis of available information on
socioeconomic, demographic and nutritional variables in the country [Ghassemi et al., 2002].
Significant socioeconomic and demographic changes (e.g. increased number of towns from
186 to 615 in the period of 1955-95) as well as nutritional changes (e.g. high proportion of
households with “over-consumption” of dietary energy, double burden of malnutrition, etc)
can be observed. Mohammadpour-Ahranjani et al have also recently reported significant
increase in the prevalence of adolescent overweight in Tehran city during 1990s
[Mohammadpour-Ahranjani et al., 2004].

According to the recent National Food Consumption Survey (2001-03), 35.6% of Iranian
households consume more than 120% of their energy requirement, and fat provides 25% of
total energy intake [NNFTRI, 2001-03]. Considering inter-provincial differences, it might be
concluded that in some provinces and population segments, the intake have been much higher
than these average figures. While the relationship between dietary fat and obesity is less
consistent within populations [Willett, 1998], experimental studies have shown a mechanism
through which fat may be associated with an increased risk of obesity [Poppitt &
Prentice,1996]. Moreover, ecological analyses demonstrated a positive association between
the proportion of energy from fat and the prevalence of overweight and obesity [Bray &
Popkin,1998].

Over consumption of simple sugars is a potential risk factor for overweight [Jebb, 2005].
Therefore, current intake at the level of 9% of total energy among Iranian households
[Houshyar-Rad et al., 2005] which is at the upper limit of the current recommendation (i.e.
10%) [WHO/FAO, 2003], may be added to dietary risks of overweight in Iranian population.

Average intake of dietary energy in urban areas has increased as about 65 Kcal/d from
1990-95 to 2001-03 [MOA¥NNFTRI 2003; NNFTRI, 2001-03]. This extra energy intake
with constant physical activity level can lead to about 3 kg weight gain per year. It seems that
with access to modern technology, the level of physical activity has also decreased during
past decade. If so, both key components of lifestyle, i.e. diet and physical activity, have
simultaneously acted in favour of weight gain at population level.

In a study among 10-19 yr adolescents in Tehran, Azizi et al showed that
overweight/obese boys had an apparently higher energy intake than their normal weight
counterparts [Azizi et al., 2001]. The composition of diet was however not different between
overweight/obese and normal weight subjects. This observation is not consistent over all
studies. For example findings of a study among adolescents in Isfahan and Arak cities (central
Iran) found no difference in mean total energy intake between overweight or obese and
normal-weight individuals. However, percentage of energy derived from carbohydrates was
significantly higher in overweight or obese group (P<0.05). Among the same group of
adolescents, investigators found a direct linear association between BMI and the frequency of
rice (6.8 vs 11.6 times), and bread/pasta and an inverse relationship for fruit (6.2 vs 4.2 times)

® Ministry of Agriculture
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and vegetable consumption [Kelishadi et al., 2003]. Increased satiety and decreased risk of
obesity with diets high in vegetables and fruits have been shown elsewhere [Jebb, 2005].

Fast food/Ready-to-eat. In a study which was carried out among Tehrani high school
students, the investigators found that adolescents from high socio-economic class consumed
significantly more fast/ready-to-eat foods compared to those who were belonged to medium
or low classes [Omidvar, 2002]. High-energy high-fat foods as well as soft drinks usually
offered in fast food shops are an important feature of an obesity-promoting environment
especially for the young.

Availability is another important factor which should be taken into consideration. Fast
food establishments have become more ubiquitous in large cities, especially in capital city,
Tehran. About 5 years ago, there was no fast food chain restaurant in Tehran, but nowadays
these establishments may be seen less than every 2 kilometres and one may find websites
which advertise fast food chains in Iran or even assess consumers preferences for different
fast food establishments through voting systems.

In Iran, there are numerous types of traditional mixed dishes which are nutrient-dense,
tasty, and diverse. Many years ago, all mothers/housewives used to cook mixed dishes for
lunch and dinner spending couple of hours to prepare each meal. These kind of foods were
usually made from fresh materials. Over the past two decades, home environment has been
changed tremendously. Nowadays, there are more families having working mothers and time
limitation has become an important issue. Beside this, industrial production of ready-to-
eat/cooked foods, expansion of fast food restaurants, heavy marketing on junk foods, as well
as heavy traffic jam and long rush hours in large cities makes women to spend fewer hours in
the kitchen. As a result, housewives may preclude preparation of healthy meals and family
members tend to eat less traditional dishes or eat the same dishes which are not as fresh and
nutrient-dense as were in the past.

Socio-economic factors. In a study among Iranian households, investigators revealed
that in higher quintiles of socio-economic status, consumption of bread and cereals, sugar and
sweets significantly decreased and meats, vegetable and fruits increased [Abdollahi et al.,
2005]. While this dietary pattern is regarded as beneficial to optimum body weight, intra-
household food allocation can not be analysed by the methodology used to collect the data.

On the other hand, we showed that more years of formal education among mothers may
lead to overweight in 14-17 yr Tehrani boy students [Mohammadpour-Ahranjani et al., 2004].
However, we did not find such a difference in girls [Mohammadpour-Ahranjani et al., 2001].
A similar association was found for fathers’ educational level in boys. We demonstrated that
obesity among boys whose fathers had academic degrees was 3.2-fold of those who had
illiterate father (25 vs 7.7%). In the same study, overweight was more prevalent among boys
who had working mothers. These findings may suggest that earning more money by mothers
enables them to purchase more high-calorie foods; on the other hand, time limitation is an
obstacle for working mothers in caring their children. It is possible that adolescent girls are
more independent in terms of preparing and eating homemade meals, so less supervision by
mothers may have a greater impact on boys.

At the same time, Kelishadi et al. showed that a BMI>85" percentile among Isfahani
adolescents (centre Iran) was more prevalent in families with an average income than in high-
income families (P<0.05) and in those with less-educated mothers [Kelishadi et al., 2003].

As mentioned earlier, social preferences can act as determinants of childhood overweight
and obesity. In a study in centre of Iran, it was shown that mothers of overweight or obese
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adolescents preferred an overweight child and adolescent and agreed with the belief that these
children would outgrow their obesity or overweight more often than mothers of adolescents
with normal weight [Kelishadi et al., 2003].

Findings of a study carried out among high school girl students in Tabriz city (north-west
Iran), revealed an inverse significant correlation between family size (r=-0.12, p<0.05), parity
(r=-0.13, p<0.01), and birth order (r=-0.12, p<0.05), and BMI [Eizadifar et al., 2004].

Role of advertisements as a powerful marketing strategy should not be ignored when
analysing the risk factors for overweight and obesity among adolescents. A number of
experimental studies support the notion that young children’s preference for a food increases
as exposure to the food increases [Birch et al., 1982; Birch et al., 1987; Amini, 2002]. In a
study among Tehrani school-aged students aimed at evaluation of the food advertisements on
children’s TV programmes and their recalled, demanded, and consumption, Amini et al.
showed that the most frequent advertised brand was reminded more than others and the
students’ demand for the mentioned brand was ranked second. On the other hand, they
revealed that the students, who reminded a brand name, consumed it about twelve times
compared to those who did not remember the same brand [Amini, 2002]. Considering the
increasing share of snack food advertisements on Iranian broadcast (currently the 3rd rank
with 10% share of all advertisements) [Dibaji & Aghakiant, 1996], this factor has to be dealt
with in future preventive strategies. Pournorouz in a content analysis study on the children
targeted advertisements demonstrated that the most frequent advertisement was snacks/junk
foods (42%). They also found that 12% of the advertisements were misleading [Pournorooz &
Naghibossadat, 1996]. Through a content analysis study of Iranian newspapers, 17% of
messages identified as ambiguous [Mohammadpour-Ahranjani et al., 2003]. However, it
should be taken into consideration that 45% of Tehrani school students believed that only few
of the food advertisements transferred true facts and 22% thought that all of the messages
were false [Amini, 2002]. Amini did find that 37% of the food advertisements relied on
nutrition related issues and half of these messages were incorrect or confusing [Amini et al.,
2005].

Physical activity. Having adequate physical activity, as a main component of healthy
lifestyle, needs its own pre-requisites. Designing our big cities, especially the capital city
Tehran, has focused on facilitating automobile transportation. Most of our streets, especially
in downtown, do not have wide sidewalks, and pedestrians do not feel safe while walking.
Moreover air pollution is known as a major threat to health and a barrier to physical activity
in the capital city and other big cities. While green areas is a limitation especially in the
capital city, in most other big provinces vast green areas are accessible which may suggest
that we can benefit green areas in physical activity programmes.

As we suggested elsewhere, type of climate/geographical characteristic of our country,
i.e. long warm season in some parts of Iran may be considered as an important limiting
determinant for physical activity [Rashidi et al., 2005]. The absolute maximum temperature
may reaches than 50 degree centigrade in August in some cities in Iran [Iran Statistics Centre,
2001].

Nowadays, because of factors such as striking number of car accidents and air pollution,
parents prefer to find home-based entertainments for their children. Road traffic accidents are
considered to be the second highest cause of mortality in Iran [Montazeri, 2004]. Since streets
are tremendously crowded and motorways have been extended largely, students have to go to
school by car. Nearly all young families who have school students live in small flats and there
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is no room for children to spend their energy. As a result, children have to use their extra time
by replacing energy consuming activities with sedentary manner. For example, in a study
among Tehrani adolescent students, we found that 11-16 yr students reported watching
television for 2.8+1.6 hours/day while they exercised for about half an hour daily
[Mohammadpour-Ahranjani et al., 2001]. Moreover, we demonstrated that overweight boys
and girls spent more hours on computer than their non-overweight counterparts (P=0.002 and
0.06, respectively). In a study carried out on 7-18 yr school students in Urmia (north-west
Iran), students reported to watch television for 2.2 hours/day and to exercise for less than one
hour per day. It may be interesting to mention that exercise duration among girls was about
half of the boys [Ghavamzadeh, 2002]. In another study among 15-17 yr female students in
Rasht city (north Iran), investigators found that about 15% of students walked more than 45
minutes/day, while about 27% of them reported to watch television for 3-5 hours/day
[Maddah, 2005]. In some other big cities, however, a more traditional pattern of lifestyle
might be seen. For instance, findings of a study carried out among school children in Ahwaz
city (south-west Iran) revealed that 36.7 and 61.3% of 6-17 yr school children go to school by
car and on foot, respectively [Veisi & Karandish, 2001]. Moreover, about 47% of the children
reported that they performed physical activity regularly. Not surprisingly, only 23.8% of the
children had PC (personal computer) at their home [Veisi & Karandish, 2001]. In a study
among adolescents in Isfahan and Arak cities, it was reported that regular extracurricular
physical activity during the school year and participation on sport teams was lower in girls
than boys and also inversely associated with BMI [Kelishadi et al., 2003]. They also reported
that time spent watching television was significantly greater for subjects with BMI>85"
percentile.

4 Preventive Strategies for Childhood Obesity

Undoubtedly, the best strategy to prevent childhood overweight and obesity is promotion of a
healthy lifestyle which involves eating healthy and being more physically active [Ebbeling et
al., 2002]. We may classify strategies according to 1) Setting, i.e. home, school, home and
school-based programmes to which we may add even community/local, national and global
campaigns; 2) Coverage, i.e. universal and selected; and 3) Level of intervention including
community (overall reduction of BMI), at-risk children (those who have obese parents), and
secondary prevention (treatment of childhood obesity).

Since our knowledge on prevention of childhood overweight and obesity comes from
other societies, there is an urgent need to develop specific causal webs for overweight and
obesity among Iranian children, preferably by each province.

According to Muller et al., risk factors for childhood overweight may defer from obesity
[Muller et al., 2005]. However, it should be stated that many strategies, programmes or
guidelines which have been adopted or developed so far by others, can be of use in Iranian
society. For example, all 11 tips for parents towards prevention of obesity in Malaysian
children [Sidik & Ahmad, 2004] seems to be fitted to our society; and from all 16 approaches
suggested for prevention and treatment of childhood obesity, 14 approaches seems
appropriate for our country [Ebbeling et al., 2002].

It has been argued that conventional weight loss programmes developed for adults is not
sustainable, and after 5 years nearly all weight looser reach their initial weight [Anonymous,
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1993]. Since children and adolescents are more susceptible to environmental factors/pressure
and being less mature, most efforts to reduce obesity in children have used either family-
based or school-based programmes rather than individual treatments [Ebbeling et al., 2002].

It has been suggested that health promotion within a school setting, as a measure of
universal prevention, is necessary, but not enough. Regarding “selected” prevention,
interventions aimed at children within higher limits of normal weight as well as overweight
children from obese parents and low socio-economic level seem to be promising [Mdller et
al., 2005].

Dietary strategies. There is sufficient evidence to develop clear dietary guidelines for
preventing weight gain. Such a guideline is strongly consistent with cardio vascular disease
and cancer prevention guidelines. If these guidelines are to be translated into sustainable
changes in eating habits, coordinated actions across multiple stakeholders are also required
[Jebb, 2005].

Findings of the latest two consumption surveys in Iran show that energy intake as
Cal/capita has slightly decreased during the past decade [MOA/NNFTRI, 2003; NNFTRI,
2001-03]. We may deduce that recent dramatic increase in the prevalence of overweight and
obesity in Iranian population might not be attributable to excess dietary energy intake. The
share of energy comes from dietary fat is however gradually increasing.

Physical activity. Physical activity oriented approaches need a broad range of changes
from transport expenses to environmental design to being well established in a community.
Therefore, for adopting such strategies we have to consider all relevant factors/links.
However, Wareham et al. in a review of physical activity and obesity prevention evidence
suggested that it is not amenable to determine effective approaches according to current
evidence on physical activity and obesity. They noted that if trials are based on an explicit
causal model with a clear theoretical foundation, it would be possible to analyse different
aspects of an intervention and assess the effectiveness of each part separately [Wareham et
al., 2005]. Yet they concluded that current suggestion of 45-60 minutes activity with
moderate intensity should be advised for obesity prevention on a daily basis.

Past experiences. “Planet health” is a famous and successful school-based programme in
this field. It was carried out among the 6"-g" grades American students for 2 years aiming at
evaluating the impact of a health behaviour intervention “an interdisciplinary, integrated
health education curriculum” on obesity. Regarding obesity relevant outcomes, results
indicated a decrease in obesity and a greater remission of obesity among female subjects
[Gortmaker et al., 1999].

There are however many less to moderately efficient programmes in developed countries.
The NSFS (National School Fruit Scheme) in England showed a short-term positive effect on
fruit consumption among 4-6 yr children, but the difference disappeared after 3 years [Wells
& Nelson, 2005]. Other programmes such as CATCH (Child and Adolescent Trial for
Cardiovascular Health) [Luepker et al., 1996] and APPLES (Active Programme Promoting
Lifestyle Education in Schools) [Sahota et al., 2001] were not successful in BMI reduction. It
has to be mentioned however that these programmes were not specifically designed for
overweight and obesity.

It was shown that 11-14 yr Tehrani students spent the greatest amount of their pocket
money for buying snacks and they reported school buffets as the main supplier (52.7%)
[Amini, 2002]. An implication of these findings would be to educate students and increase
healthy choices through school buffets. However, such an alteration may lead students to
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provide their desirable junks outside schools. This may confirm the idea that it would be
better to use a holistic approach which covers school and home simultaneously [Muller et al.,
2005].

Actually, despite genetic predisposition to obesity, parents are able to build a healthy
environment in which their children get used to appropriate eating behaviours and physical
activity. It seems that the close relation between school educational curriculum and family
support lead to designing school and family-based interventions. KOPS (Kiel Obesity
Prevention Study) is an 8-year example of such a combination in Germany. The aim of the
project was to improve health-related behaviours among 5-7 yr school children. The
researchers found a significant age-dependent increase in median triceps skinfold of the
whole group and percentage of fat mass in overweight children [Muller et al., 2001].

In the mean time, it should be taken into consideration that intervention setting is a key
determinant of success for a given strategy. For example, it has been documented that
increasing physical activity levels through physical education sessions and behavioural
change are most likely to be achieved by implementation of comprehensive school-based
programmes [Wareham et al., 2005].

Conclusion

Currently, while overweight and obesity is going to be a major public health problem among
Iranian children and adolescents, we lack required analytical data to adopt evidence-based
childhood overweight and obesity prevention strategies in the country. Immediate,
underlying, and basic risk factors of childhood overweight and obesity in different age- and
sex-groups of Iranian children and adolescents as well as information about relevant
characteristics of all stake-holders’ knowledge and attitudes towards childhood overweight
and obesity as a public health problem shall be explored and addressed. Communication and
advocacy for the issue seems to be a very important strategy to prevent childhood overweight
and obesity.

Since efforts have to be focused mainly on primary prevention of overweight and obesity,
community nutritionists and other health professionals are expected to obtain adequate
knowledge on both biological and social aspects of obesity and understand the existing
biosocial link through their educational curriculum. This will need a strong and efficient
capacity-building programme within the country.

To strengthen positive aspects of the traditional behaviours and technologies is an option
when designing community-based programmes. For example, we do not have any vending
machines in schools. As another instance, we may refer to our usual consumption of raw
green leafy vegetables like watercress, mint, and parsley with main dishes. Mean daily intake
of these kinds of vegetables in Iranian households is presently about 42 grams [NNFTRI,
2001-03].

Improving nutritional knowledge of mothers has been highlighted as an important
component of nutrition security achievement in Iran [Ghassemi, 1998]. Since we have
encountered under-nutrition for many years, parents’ views are mostly in favour with their
children’s weight gain. This traditional belief should be modified based on stages of nutrition
transition in different parts of the country. It will be very important to devise educational
programmes at family level when dealing with childhood overweight and obesity. According
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to available evidence, it seems that specific educational programmes should target parents and
caregivers especially grandparents who play an important role in taking care of children in
Iran.

At the same time, it should be noted that in a country like Iran where the double burden
of under- and over-nutrition exist, much emphasis on prevention of overweight and obesity
might result in aggravation of under-nutrition among vulnerable subgroups such as adolescent
girls because of fearness of fatness [WHO/FAO, 2003]. Therefore, potential undesirable
effects should also be taken into account when adopting any preventive strategy for
overweight and obesity problem.
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Abstract

Introduction: Obesity etiology is multifactorial, including genetic and environmental
factors. Traditionally, obesity is classified as endogenous (due to genetic syndromes and
endocrine diseases) and exogenous (due to excessive intake in relation to energy expenditure).
It has been related that endogenous obesity is responsible only for a small percentage of the
total of obesity cases. We defend the idea that this approach is too much simplistic and
reflects a gap between clinical and research settings. We believe that this small endogenous
obesity percentage is actualy due to our still limited knowledge about the energy balance
regulation and the several obesity causes. Objective: to review the literature concerning
energy balance regulation, genetic and neuroendocrine factors involved in obesity etiology
and future perspectives for obesity treatment. Sources of data: articles published in indexed
scientific journals, books, dissertations and thesis. Most articles were obtained from Medline
and Scielo databases using the keywords “obesity”, “energy balance”, “genetic”, “hormone”,
“treatment”, for the period between 1985 and 2005. Results: here we discuss the following
topics. energy balance regulation, obesity genetics and gene — environment interactions,
metabolic imprinting and future perspectives for obesity treatment. Conclusion: The recent
advances in our understanding of neuroendocrine energy balance regulation, obesity genetics
and gene — environment interactions demand a paradigm shift in obesity classification and
therapeutic approach. In the future, patients previously classified in the same group, as having
exogenous obesity, may have their obesity cause identified and individualized at the
endogenous level. An individualized approach of the different obesity causes may lead us to
safer and more effective treatments.
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Introduction

Obesity etiology is multifactorial, including genetic and environmental factors. Traditionaly,
obesity is classified as endogenous (due to genetic syndromes and endocrine diseases) and
exogenous (due to excessive intake in relation to energy expenditure). It has been related that
endogenous obesity is responsible only for a small percentage of the total of obesity cases.

We defend the idea that this approach is too much simplistic and reflects a gap between
clinical and research settings. We believe that this small endogenous obesity percentage is
actually due to our still limited knowledge about the energy balance regulation and the severa
obesity causes.

The energy balance is regulated by a complex neuroendocrine system, only partly
understood. The leptin discovery, in 1994, marked a revolution in our energy balance
understanding. White adipose tissue is now recognized as an important endocrine and
secretory organ, releasing a wide range of protein factors termed adipokines. Other important
discoveries came, like the gut hormones ghrelin and peptide YY 3.36.

In addition, it has been shown that genetics can modulate the response to environmental
aterations, like dietary changes and physical activity programs. On the other hand, it has been
related that early nutritional experiences can alter gene expression. We agree with other
authors that obesity is a phenotype of different diseases, some of them still don’t identified.

In this article, our objective is to review the literature concerning energy balance
regulation, genetic and neuroendocrine factors involved in obesity etiology and future
perspectives for obesity treatment. Our sources of data included articles published in indexed
scientific journals, books, dissertations and thesis. Most articles were obtained from Medline
and Scielo databases using the keywords “ obesity”, “energy balance”, “genetic’, “hormone”,
“treatment”, for the period between 1985 and 2005.

Energy Balance Regulation

The energy balance of the human body is under the regulation of a complex and still poorly
understood neuroendocrine system. This network is composed by an afferent system, a
processing unit located in the ventromedia hypothalamus in the central nervous system, and
an efferent system [1].

The afferent system brings information about the hunger and satiety balance, as well as
on the body energy reserves. The afferent signals may be of short or long term duration, and
of peripheral or central origin [1].

Peripheral factors signaling hunger include low glucose plasma levels, cortisol and
ghrelin, a recently described hormone produced in the stomach [1-3]. Ghrelin was first
identified in 1999, initially as a stimulatory agent for the growth hormone secretion and, later
on, as a regulator of the energy balance. Fasting results in increased secretion of ghrelin,
whereas feeding decreases its secretion [1-3]. The hormone has also been identified in
umbilical cord blood, although its role on the feeding behaviour of the newborn is still not
clearly established [4].

Peripheral signs for satiety include gastrointestinal distension, the activity of nutrients
and several hormones, such as insulin, cholecystokinin and the peptide Y'Y 3.35 (PY Y3.36) [1],
[5]. Theintestinal hormone PY'Y 3 3¢ is secreted postprandially and in amounts proportiona to
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the caloric value of the meal. Infusion of normal postprandial concentrations of the hormone
decreases appetite significantly and reduces food ingestion in around 33% during 24 h [5].

Leptin, first described in 1994, is along-term peripheral afferent factor which inhibits the
appetite and anabolic pathways, stimulating catabolic pathways [6], [7]. It is mainly produced
by adipocytes, and informs the hypothalamus on the availability of stored energy represented
by the adipose tissue [1], [6], [7]. Other sources of leptin have been identified, such as the
liver, stomach and placenta[7]. Vatten et a [8] observed a positive association between leptin
levels in umbilical cord blood and weight and length at birth. A review by Sandova & Davis
[9] describes the integrated regulation of leptin and insulin, suggesting that alterations in
leptin levels could be involved in the physiopathology of diabetes.

Besides these peripheral signals, the ventromedial hypothalamus receives information
from other portions of the brain concerning the energy baance regulation. Dopamine,
gammaamino butyric acid, neurotensin and corticotropin-releasing hormone provide
information related to stress, alert state and pain, which exert an inhibitory effect on appetite.
Serotonin and norepinephrine have also been suggested to have an important role in inducing
satiety. The activity of serotonin over satiety seems to have a central as well as a peripheral
component, with intestinal secretion of serotonin [1], [10]. Metenkephalin, orexin-A and -B,
the melanin-concentrating hormone and galanin, on the other hand, stimulate food intake and
energy storage[1].

Peripheral and central afferent signals reach the neurons on the ventromedial
hypothalamus, where they are integrated by a “central processing unit” designed for the
stimulation or inhibition of food intake and energy expenditure. This central processing unit
has an anorexigenic branch which includes neurons expressing the POMC
(proopiomelanocortin) peptide, with its clivage product alpha-MSH (aphamelanocyte-
stimulating hormone) and the CART (cocaine-anphetamin-regulated transcript) peptide. The
orexigenic branch, on the other hand, contains neurons expressing the NPY (neuropeptide Y)
and AgRP (agouti gene-related protein) peptides. These two branches compete for
melanocortin receptors [1].

The synthesis of POMC e adpha-MSH is stimulated by overfeeding and leptin infusion.
Alfa-MSH binds to the melanocortin receptor and induces anorexia. The synthesis of CART
isalso induced by leptin, and reduced by fasting [1].

NPY is the main orexygenic peptide, and has specific receptors. Its expression is
stimulated by fasting and weight loss and inhibited by leptin. The AgRP peptide is a
competitive antagonist of the melanocortin receptors, blocking the binding of alpha-MSH to
the receptor and thus preventing the induction of satiety [1].

According to Kara et a [11], rhythm and synchronism in the secretion of leptin, ghrelin
and NPY are important for the daily feeding pattern. The authors suggest that subtle and
progressive disturbances of this mechanism result in a positive energy balance, leading to
excessive weight gain and obesity.

The efferent system relates to appetite and energy storage versus energy expenditure. The
sympathetic nervous system induces energy expenditure, whereas the parasympathetic system
stimulates storage [1]. The total energy expenditure has three components. resting energy
expenditure (representing in general 50 to 65% of total expenditure), thermogenesis (around
10% of total expenditure) and voluntary energy expenditure (which ranges between 5 to 50%
of total expenditure) [1]. Bachman et a [12] showed that rats submitted to ablation of the
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three known kinds of adrenergic receptors become obese due to a deficiency in the food-
induced thermogenesis mechanism.

Obesity Genetics and Gene — Environment Interactions

Obesity etiology is multifactorial, with genetic and environmental factors involved [13-22]
(Figure 1- Obesity Causal Model). Persons with obese parents have increased risk for
developing obesity, evidencing afamilial trait in the disease [16]. The relative role of genetics
and environment, however, is difficult to establish since, besides genetic factors, feeding
habits and physical activity are aso shared among parents and children [16], [18], [19].
Furthermore, that is evidence that genetic factors can modulate body response to
environmental changes such as those involving diet and physical activity [22].

Metabolic
Imprinting
. . chological
Genetic Environmental PSyAspeC?s
Factors Factors
Cultural and
||  Socioeconomic
| Hormones Aspects
| Neurotransmitters Neuroendocrine
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| Enzymes Food Accessto Accessto
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Figure 1 — Obesity Causal Model.
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A significant individual variation in lipid plasma concentration in response to
modifications in the amount of ingested fat and cholesterol, for instance, has already been
reported. Some individuas are less sensitive to diet modifications, whereas others respond
more easily to these interventions [22].

Studies with monozygotic twins have also indicated a role for genetic components in the
response to environmental changes [22]. An investigation involving 12 pairs of monozygotic
twins submitted to a hypercaloric diet showed considerable variation in weight gain, increase
in body fat and in visceral fat among the individuas, with larger between-pair than within-
pair differences. In a study with monozygotic twins submitted to a negative energy balance,
reached through a program of physical exercise, greater within-pair concordance was
observed for weight variation, and body, subcutaneous and visceral fat.

While a genetic modulation of the response to environmental changes is apparent, on the
other hand, some evidences suggest that environmental conditions can, during critical
developmental periods, induce modifications on the pattern of expression of specific genes, as
discussed below (see metabolic imprinting) [23],[24]. It is believed that the initial nutritional
experiences of an individua may influence his’her susceptibility for particular chronic
diseases in adulthood, including obesity [23-33].

Hoffman et al [33], for instance, reported results showing that children with a history of
malnutrition and classified as stunted (with a deficit in the height/age index) present deficient
processes of lipid oxidation, and are thus more susceptible to obesity. It was suggested that
this mechanism could explain the increased prevalence of obesity in developing countries.

Increased energy intake and decreased energy expenditure have been pointed as the main
causes of obesity [13], [34], [35]. Some studies, however, have not detected differencesin the
energy intake patterns of obese and nonobese individuals. It is possible that the information
provided by the person about his’her energy intake is not a valid measure [13], [36]. The
interaction between genetic and environmental factors described above can aso explain these
results[22].

Obesity has been classified as endogenous (secondary to genetic syndromes and
endocrinopathies, such as the Prader-Willi or Down syndromes, hypothyroidism, etc...) or
exogenous (resulting from excessive food intake in relation to energy expenditure). Currently,
endogenous obesity is considered to account for only around 1% of the cases [37].

Recent advances in the understanding of the neuroendocrine regulation of the energy
balance, the genetic factors responsible for obesity and the interaction between genetics and
environment, however, suggest that this classification should be reviewed in the future, and
that the frequencies observed today will be significantly altered. It is probable that the small
frequency of cases diagnosed as endogenous obesity is actually due to our incomplete
understanding of these phenomena. As new hormones, neurotransmitters, receptors and genes
are identified, the etiology of obesity acquires new dimensions. Patients now assigned to a
single group, such as the so-called exogenous obesity, may have the cause of the disease
particularized and identified at the endogenous level.

Lustig [1] described childhood obesity as a phenotype of several diseases, most of them
not yet identified. According to Warden & Warden [38], around 15 chromosome loci related
to weight, body fat and other characters associated to obesity have been identified in humans,
and over 90 of them in animal models. Seven of these genes were aready identified as
responsible for obesity in humans, and in most cases obesity results from the interaction of
multiple genes and not from one gene alone [38].
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Cases of childhood obesity due to leptin deficiency have been reported, but human
obesity is more frequently associated to resistance to the activity of this hormone than to its
deficiency [38].

Mutations of the gene coding the melanocortin receptor MC4R have been suggested as
the most frequent known genetic cause of obesity in humans [38]. Children presenting a
syndrome characterized by obesity, adrenal insufficiency and red hair, assigned to mutations
on the gene coding proopiomelanacortin resulting in inhibition of alpha-MSH production,
have been reported. Alpha-MSH affects hair colour by binding to the MC1R receptor in the
skin, and food intake and energy expenditure by binding to the MC3R and MC4R receptorsin
the hypothalamus. Adrenal insufficiency in these children can be explained by the fact that
alpha-M SH is composed by the first 13 aminoacids of the adrenocorticotrophic hormone [38].

An association between mutations in the MC4R receptor and some mental disorders
characterized by behaviour disturbances and obesity has been suggested [39].

Obesity caused by mutation of the gene coding the prohormone convertase 1, an enzyme
involved in the conversion of POMC into active components, including alpha-M SH, has aso
been identified [38].

Metabolic Imprinting

Epidemiologic studies as well as experiments with animal models have suggested that the
first nutritional experiences of an individua may affect hisher susceptibility for chronic
diseases of adulthood, such as obesity, hypertension, cardiovascular disease and type 2
diabetes [23-33], [40-42]. The term metabolic imprinting or metabolic programming
describes the phenomena that an early nutritional experience, occurring during a critical
developmental stage (opportunity window), results in a permanent effect predisposing to
specific diseases throughout the life [23].

The investigation reported by Ravelli et al [27] with 19-year old Dutch youngsters, who
had been prenatally exposed to hunger and deprivation between 1944 and 1945, is classica
among epidemiologic studies. Individuals whose mothers had been deprived during the first
two trimesters of pregnancy presented an overweight prevalence 80% higher than those who
had not been exposed to these conditions. The phenomena can be explained, according to the
authors, by the fact that these individuals were submitted to nutritional deprivation during a
critical period of hypothalamic differentiation, affecting the development of the centres
regulating appetite. On the other hand, for youngsters exposed to deprivation during the last
trimester of pregnancy, or during the first five months of postnatal life, the overweight
prevalence was 40% lower than among nonexposed individuals. The phenomena was, in this
case, attributed to nutritional deprivation during a critical period for adipocyte proliferation.

Waterland & Garza [23] suggested some mechanisms for the metabolic imprinting. They
include induction of modifications in the structure of some organs (affecting vascularization,
innervation or the distribution of the different types of cells), or in the number of cells and
metabolic differentiation (alterations in the expression of particular genes, resulting in
variations in the production of enzymes, hormones, hormone receptors, transmembrane
transporters, etc...).

Breastfeeding represents one of the earliest nutritional experiences for the newborn, in
continuity to the nutrition process began during intrauterine life. The nutrients present in
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breastmilk are qualitative and quantitatively different from those contained in formulas.
Furthermore, many bioactive factors present in the human milk, such as hormones and growth
factors, have a role in growth, differentiation and functional maturation of specific organs,
influencing different aspects of development [43-45].

Wagner [43] points out that the amniotic fluid and breastmilk share some characteristics,
such as hioactivity, emphasizing the concept of a continuity between the intrauterine and
extrauterine growth processes. Hirai et a [44] showed the importance of some growth factors
present in the amniotic fluid as well as in breastmilk for the process of perinatal
gastrointestinal adaptation.

The unique composition of breastmilk could thus be involved in the establishment of
metabolic imprinting, affecting for instance the number and/or size of adipocytes or inducing
metabolic differentiation. A great number of potential mechanisms could be suggested by the
complexity of the neuroendocrine network regulating the energy balance, with its multiple
components and the great number of bioactive factors present in breastmilk. Many studies
have investigated the possibility of a protective role of breastmilk against obesity, with
controversial results[46-65].

Insulin, adrenal steroids, T3 and T4 are among the hormones present in breastmilk [45].
Casabiell et al [66] identified leptin in human milk, with a possible regulatory effect in the
newborn due to its role in inhibiting appetite and anabolic pathways and in stimulating
catabolic pathways[8].

Lucas et a [67] described different endocrine responses, concerning the secretion of
pancreatic and intestinal hormones, among breastfed and formula-fed newborns.

Some groups have reported a greater consumption of protein by newborns fed with baby
formula than by those who are breastfed, a possible mechanism to explain increased risk for
obesity. The increased ingestion of protein would result in increased secretion of IGF-1
(insulin-like growth factor type 1), which would stimulate adipocyte proliferation. This
hypotheses, however, has not been confirmed and demands more detailed investigation [31].

Future Perspectives for Obesity Treatment

The successfully use of recombinant leptin to treat leptin deficiency related obesity was
already described in humans [68] . Vickers et a [69] reported that neonatal leptin treatment
reverses developmental programming in rats. According to these authors, adult offspring of
rats subjected to undernutrition during pregnancy develop obesity, hyperinsulinemia,
hyperleptinemia, reduced locomotor activity, hyperphagia and increased fat mass, especially
in the presence of a high fat diet. The authors found that leptin neonatal treatment (day three
to thirteen) resulted in a transient slowing of neonatal weight gain and normalized caloric
intake, locomotor activity, body weight, fat mass and fasting plasma glucose, insulin and
leptin concentrations in contrast to saline treated offspring. Klebanov et a [70] reported that
adipose tissue transplantation protects leptin deficient mice from obesity and normalizes
insulin sensitivity. Boghossian et al [71] reported that a stable increase in leptin availability in
the hypothalamus with the aid of leptin gene therapy suppresses fat accretion for nearly the
lifetime of laboratory rodents.
Gurwitz [72] suggests that nicotinic agonists may play arole as anti-obesity drugs.
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It has been reported that after bypass surgery used to treat obesity, ghrelin levels are
lower and there is elevation in PY'Y 336, suggesting that the success of bypass surgery may be
as much hormonal as mechanical, as induced malabsorption is usualy only temporary
whereas the loss of appetiteis permanent [2], [73-76].

Future therapeutic targets against obesity include cholecystokinin, PYY33s or their
analogues and ghrelin antagonists [1], [11], [76], [77].

Yanovski [ 78] enphazaises that as obesity is a chronic condition that requires continuous
treatment, both the immediate and long-term risks and benefits of pharmacotherapy must be
carefully weighed.

Conclusion

The recent advances in our understanding of neuroendocrine energy balance regulation,
obesity genetics and gene — environment interactions demand a paradigm shift in obesity
classification and therapeutic approach. As new hormones, neurotransmitters, enzymes,
receptors and genes are identified, obesity etiology takes another dimension.

In the future, patients previously classified in the same group, as having exogenous
obesity, may have their obesity cause identified and individualized at the endogenous level.
An individualized approach of the different obesity causes may lead us to safer and more
effective treatments.
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Chapter 7

CHILDHOOD OBESITY. THE VIEW
FROM THE FAMILY

Anders Lindelof”
Socia Anthropology

Abstract

The current article is based on a qualitative study exploring overweight and obese
children and their families' perceptions and understandings of the child’s obesity. The study
involved 60 obese children and 40 parents. Three analytical areas of interests are elaborated.
1) Which factors do the child and his or her family believe initially to have caused the child's
obesity? 2) How does the child's obesity influence the daily life of the obese child and its
parents? 3) How does the family try to help and support the child towards weight 10ss?

The results showed that many families either partly or not at all believed that factors
related to diet and exercise had caused the child's obesity. However, these families were
aware of the medical explanation of obesity but believed that their child was an exception
from this. As these families did not associate the obesity with diet or exercise they believed
that external and non-adjustable factors had caused the obesity. Compared with families
associating the child’s obesity with diet and exercise these families were less affected by the
child's obesity and were thus less willing to achieve weight loss by changing their way of
living.

| relate the empirical findings to the currents Danish ways of treating childhood obesity. |
show that these weight reducing strategies are characterized by a goa of changing the child’'s
eating and exercising habits regardless of the perception of the family. | propose that this
imbalance between the families' perception of the obesity and the strategies focus on diet and
exercise might explain the depressing results weight reducing strategies are generating.

This leads to my final supposition that future intervention programs aiming at reducing
the child’s weight must deal with the perceptions of the family simultaneously or even prior to
traditional focus on diet and exercise.

" E-mail address: A_lindelof @hotmail.com, Ny Munkegade 12,3, 8000 Arhus C, Denmark
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Introduction

It is amost commonplace to begin an article on childhood obesity with mentioning the
increasing prevalence of overweight Childhood Obesity: New Research and obesity among
children, youth and adults nearly al over the world [1]. However, the situation is now so
alarming that a recent report estimated that for the first time in a century future generations
are likely to die before their parents due to obesity in the United Kingdom [2] and it isonly a
matter of years before obesity has exceeded smoking of tobacco as the leading cause of death
[3]. We are, as the WHO [4] has pointed out, facing one of the most serious threats to public
health in modern time and it is of great importance that we fight the obesity problem by
preventing people from becoming overweight and obese, and reduce the number of already
overweight and obese individuals™.

There is a genera acceptance that two of the major factors contributing to the so-called
obesity epidemic are increased levels of sedentary activities and a diet with increased levels
of fat and sugar [5]. In explaining these phenomena it has been suggested that we live in an
obesogenic environment [6], [ 7], which encourages a minimum level of physical activity, and
which provides a host of cheap and unhealthy foods and drinks heavily marketed by the
respective industries.

However, this till leaves us with two important questions that this article will try to
address: First, why do some children become obese while others do not? Second, why can
some obese children lose weight while others cannot? There are no easy answers to these
guestions and although growing research has focused on childhood obesity much still needs
to be investigated. Especially qualitative research is lacking and it is widely accepted that
insights into knowledge, perceptions and behaviour surrounding the traditional fields of
nutrition and exercise [8], [9] are much needed if we are to understand the obese and thereby
be able to create effective ways of preventing and treating childhood obesity.

In 2003 I conducted an anthropological and qualitative study of obese children and their
families exploring their shared and individual perceptions of the child’s obesity.

My research showed that many families did not associate their child’s obesity with causes
directly related to food or exercise. However, they were very well aware of the medical or
physiological explanation of obesity but believed that their child was an exception from this,
and that his or her obesity was caused by non-adjustable factors, which made them believe
that the child’s weight could not be reduced. Because the family believed that the child’'s
obesity was permanent the child did not receive any home based support towards weight
reduction and hence, the child did not lose weight.

One might argue that a scientific understanding of these perceptions is of little
importance since the treatment of obesity is the same regardless of what the child and family
believe. However, my argument is that knowledge exploring these perceptions is essentia
when establishing effective intervention strategies aiming at reducing childhood obesity. It is,
| propose, of great importance when treating childhood obesity that the child’'s and the
family’s perceptions of the child’s obesity are dealt with simultaneously or even prior to the
attempt to change the child' s eating and exercising behaviour.

1 In the rest of this article there will be no further distinction between overweight and obesity and the latter term
“obesity” will be used synonymously with overweight.
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To support this argument | first focus on the current ways of treating childhood obesity,
primarily focusing on Danish weight-loss programs for children and youth. Secondly, |
present my own research findings. These lead meto a critique of the way childhood obesity is
mostly dealt with regarding lifestyle intervention. | argue that the strategies used are focusing
on atoo narrow goal of changing the children’s eating and exercising habits regardless of the
attitudes and perceptions of the child and its family. | then propose that future intervention
strategies must pay attention to these perceptionsif a greater rate of successis achieved.

Current Ways of Preventing and Treating Childhood Obesity

Due to the dramatic increase in the prevalence of overweight and obese children and youth, a
growing focus on preventing and treating childhood obesity has appeared. It is of course
preferable to prevent children and other age groups from growing obese compared to treating
the aready obese. The reason for this is both associated with the personal consequences
(physiological, psychological and sociological) that obese people suffer from either as child,
adolescent [10], or adult [11] and on the societal economical perspectives. It has been
estimated that in direct health care cost (preventing, diagnosis, treatment) obesity counts for 5
— 7 % of the total annual medical expenditures in the United States [*4]. Due to the still
increasing number of obese individuals this number will rise. Finaly, early prevention is
important due to the life long persistency of obesity and the relation between late
childhood/adol escent obesity and adult obesity [13].

However, if preventing people and especially children from becoming obese at al, a
societal change encouraging healthy eating habits and physical activity is necessary. This
cannot be carried out solely by the health professionals, and it is of great importance that
many different institutions and departments working with children participate in creating
favourable surroundings. Lissau and colleagues [14] have argued that besides hedlth
professionals this includes families, schools, governments as well as the relevant industries
and one could add the media. Although some changes in this direction are beginning to occur,
for example healthier food in schools or safer bicycle tracks, there is still along way to go if
we are to write off the obsogenic society. Therefore, effective strategies aiming at reducing
the already obese need to be established.

In the remaining part of this chapter focus will be on the treatment of childhood obesity,
asit is practised today®. However, to limit my focus | will only discuss lifestyle modification
as practiced in Denmark in 2005.

In order to understand one of the most common intervention strategies of treating
childhood obesity, it is useful to consider the aetiology of obesity. Simply stated obesity is the
result of a positive energy balance caused by an excess of calories in the diet compared to
energy expended on physical activity. Logically the way to lose weight is to reverse the
equation and create a negative energy balance, where the body uses the stored fat as energy
and thereby reduces body fat. Therefore, to introduce a healthier diet and reduce sedentary
activities are key elementsin current ways of treating childhood obesity.

2 The following are only addressing intervention strategies aiming at reducing childhood obesity and not national
campaigns or other strategies targeting the whole population.
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In Denmark (2005) 94 projects aiming at reducing childhood and youth obesity are listed
on an online published database by Learning Lab Denmark [15]. The following analysis is
based on athorough reading on the standardized online information of these projects.

Although different in scope al the intervention programs have a common denominator,
namely diet and exercise. All projects have some sort of nutritious focus. Either as one-way
information about healthy meals and foods or more participatory based activities like food
shopping excursions, cooking or other food-related activities. The projects also focus on
physical exercise either by encouraging participation in non-formalized exercise like walking
or biking to school or more formalized activities like joining a sports club or specia sports
events for obese children only. In al projects, these two areas are considered the focal points
of the intervention programs.

Depending on the scope and intentions of the project there may be secondary focus areas
guided by a specidist. Eighteen (19 %) of the projects did involve a psychologist and 1
project (1 %) did involve an anthropologist. The rest of the projects did not involve other
subject boundaries than those concerning knowledge about nutrition (e.g. dietician, scientist
of food technology, nutritionist) or physical activity (e.g. physiotherapist, instructor of
gymnastics or fitness).

Although children are the primary targets of the programs it is widely accepted that the
family must be involved at some level and the mgjority of the programs do in fact involve the
child’s family (81 projects, 86 %). Unfortunately no further specialisation is given in what
these projects do to involve the families.

The duration of the different intervention projects varies. The vast mgjority (58 projects,
61 %) is under one year. Eleven (11 %) projects are planned for one year and six (6 %)
projects for more than one year. Eighteen (19 %) projects did not inform about the duration or
their program.

All projects had as their primary aim to promote a hedlthier lifestyle by reducing the
child’s weight or stop further weight gain. As a secondary aim the projects worked to create a
positive environment for the child and thereby increase the level of self-perception, self-
esteem and other psycho-socia areas. Regarding the promotion of a healthier lifestyle and a
permanent weight loss the effect is not fully known. Thisis partly because the majority of the
projects are still running and the long term effects have not been obtained and partly because
those projects that have been running for alonger time has not been evaluated in a sufficient
and satisfactory manner.

The lack of sufficient evaluation is not only a Danish issue but reflects an overall
problem of the various intervention strategies used when aiming at reducing childhood
obesity [16]. However, even though the exact quantitative effect of many intervention
strategies is unknown, the global history of treating childhood obesity is depressing [17], [18]
and effective strategies generating and securing along term weight loss are much needed.

Although a host of different strategies of intervention has been established to promote
and secure a hedlthier lifestyle, a far too common pattern is that the obese lose weight when
beginning to participate in the program but when finishing the involvement the obese regains
the lost pounds [19]. Therefore, the different task is not to help the children lose weight per
se, but to make sure they stay slimin the future.

But how is this ensured? The following will argue that if a higher rate of success,
measured as long term and permanent weight loss, is to be achieved the strategy used must
involve a high degree of patient involvement [20] where the obese child is empowered in
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respect to his or her own treatment. This means, that the strategy of intervention must target
the family’s resources (both financial and non-physical), perception and knowledge of the
child’s obesity. Similar thoughts have been proposed by Funnel and colleagues [21] in
relation to postoperative care after obesity surgery.

Based on empirical data, the following will give an insight into these areas. Later | will
return to the current ways of treating obesity and point out some of the problems we are
facing.

Investigation

The academic field involving childhood obesity is dominated by results of quantitative
research rather than qualitative.

However, recently quditative studies exploring different topics like, for example,
teenagers’ perceptions of their own and others’ bodies [22], children and parents’ perception
of the barriers towards a healthy diet and physical activity [23] and parents’ views about their
children’ stelevision viewing behaviours [24] have been published.

This growing interest in qualitative data reflects the need for new strategies in treating
childhood obesity with an increased focus on other areas than the traditional fields of nutrition
and exercise. In other words it is not enough to know how many hours obese children watch
TV per day or how many calories he or she consumes. The important issues are why the
children watch so much TV, or why he or she consumes so many calories.

The present study was qualitative. The thesis and main question were broadly defined;
how does an obese child and his or her parents understand and perceive the child' s obesity?

| did not operate with pre-decided minor research questions since this could have limited
the information to topic areas aready decided upon by the researcher. In addition, by
operating with a narrow thesis or too many minor research questions it is assumed that the
informants have an opinion about these matters, and that their opinion reflects their view on
the problem under investigation. For example He et al. [25] focused on parents’ views on
their children’s TV behaviour and Hesketh et al. [26] explored children and their parents
view on physical activity. Despite the relevance and importance of these studies the narrow
research questions of these two researchers assumed that the informants associate the child's
obesity with behaviour related to either watching television or physical exercise. Hence, the
informant is not encouraged to elaborate on other aspects of obesity that they might find more
or equally important.

My study involved 60 children equally divided between boys and girls. The average age
was 11 ranging between six and 18 years of age. The children’s weight and other
measurements were not recorded. Thirty-seven parents of the children were also involved.
Twenty six parents were divorced and in all except three cases | had contact with the child's
mother only.

The children and their parents were located from 3 settings within Denmark:

1) Fifteen children and parents were recruited from a locally based weight loss program
for children and youth. The informants were contacted by letter by the program, which
besides information from the program included my project description and a stamped
addressed envelope for those who wanted to participate. Forty two % answered.
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2) Ten children and parents were recruited from schools in Arhus. These informants were
contacted by the school nurse who asked, if they wanted to participate in the study. All asked
agreed to participate.

3) Thirty five children and 12 parents from a " Julemagkehjem”>. In Denmark there are
four " Julemagkehjem”, which function as free boarding schools for socialy troubled and
mostly obese children for 10 weeks. At the " Julemazrkehjem” the children are given regular
school education, but are al'so exposed to a wide range of physical activity and a healthy diet
which result in weight losses for nearly everybody.

My data were gathered primarily through qualitative interviews [27]. The children from
the Julemaakehjem” were interviewed on the school grounds whereas the rest were
interviewed at the children’s homes. Separate interview guides for children and parents were
created focusing on topics like social surrounding, school relations, the child’s diet and
exercising habits and so on.

At the "Julemagkehjem” the children were interviewed first individually and later in
smaller groups alowing the children to inspire and exchange ideas with each other. The
interviews conducted at the children’s homes were primarily done separately for both the
child and the parents without the other(s) being present. If this could not be achieved the
parents were asked to remain quiet while the child was being interviewed.

Apart from the interviews | conducted a two-week fieldwork [28] at the
" Julemagrkehjem” interacting with the children in their daily life.

The interviews were recorded and later transcribed. In average they lasted 73 minutes.
The data from the fieldwork were written down later and added to the transcript.

After finishing the empirical research all data were analyzed according to the principles
initially developed by James Spradley [29]. First different themes that carried common
meanings were identified and categorized. These themes were then compared and related to
each other trying to establish a pattern related to the child’'s obesity. Finally areas of specific
interest were pointed out for detailed discussion.

Three areas will now be summarized and elaborated upon.

1. Which factors do the obese child and his or her family believe to have caused the
child's obesity initially?

2. How does the child’s obesity influence the daily life of the obese child and its
parents?

3. How doesthe family try to help and support the child towards weight |oss?

1, Which factors do the obese child and his or her family believe to have caused the
child’s obesity initialy

To start with, al children and parents were aware of the physiological understanding of
obesity. All families knew that in general obesity is the result of an imbalance between diet
and exercise. This has been demonstrated elsewhere [30] and Murphy and colleagues [31]
even showed that children

down to the level of kindergarten have a thorough understanding of healthy vs. non-
healthy food.

® The free translation goes " an institution financed by selling Christmas stamps”.
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However, when analyzing data from the empirical research, a pattern related to the belief
of how the family* believed the obese child initially became obese emerges. Although the
following analysis suggests a clear distinction between two groups the complexity should not
be ignored as the families obviously cannot be divided into two homogenous groups.
Therefore, these two groups represent either end in a continuum.

One group of families believed that their child’s obesity was caused by factors related to
an imbalance between nutrition and physical exercise. These families thought that either the
child or the whole family had had an unhealthy diet and/or a sedentary lifestyle.

The other group of families had a different view. They believed that the child and the
family had lived a relatively active life and had enjoyed a hedthy diet. This made them
believe that the primary cause of the child's obesity could not be associated with factors
related to food and exercise. These families then believed unique and individual factors to
have caused the child's obesity. Although different explanations were revealed many were
related to earlier events in the child's life or congenital characteristics. For example some
families believed that the child had had an illness as infant or had lived a rough early
childhood which somehow had caused the obesity. Other families believed that the child was
born “big-boned” or with “low metabolism” or “weak nerves’ which had caused the obesity.
Explanations varied from being very specific like the family who believed it was the
abnormally high amount of carrots the child ate, which caused the obesity to more non-
specific explanations like “this is the way we look in our family”.

However, as | will show later my point is not what the family believes, but that they
believe something which is not directly related to factors associated with an unhealthy diet
and a sedentary lifestyle.

There was a socia stratification which divided these two groups. Although | did not
collect data about the families’ financial positions and the educational level of the parents, |
visited the homes of the families and asked the children at the " Julemagkehjem” to describe
their home. The following is therefore based on a subjective account.

The families who believed the child was obese due to an imbalance between food and
exercise were generally from a higher societal level. In comparison to the other group they
held more prestigious jobs, and their housing situation was better with the majority living in a
house with a closed garden. Furthermore and in comparison to the other group, it was in the
most cases only the obese child, who was obese in the family. Finally, the children in this
group had more friends and liked school better than the children of the other group.

The group of families who held an explanation not directly related to food and exercise
generally came from a lower societal level. The parents were often unemployed and they
lived in large apartment complexes with no closed garden the child could use for play. In
comparison to the other group there was a tendency towards the whole family being obese.
Also, in comparison with the other group there were far more divorced parents in this group,
and it was the rule rather than the exception that the child’'s biological parents did not get
along very well. The children often expressed that they were bullied a school and the
majority of them disliked going to school at all. The children in this group had only a few if
any friends and often spent their free time alone.

*In the following “family” is synonymous with both child and parent since views and perceptions between child
and parent were alike.
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To summarize: one group of families believed their child's obesity was related to factors
associated with nutrition and exercise and one group of families believed that factors not
related to nutrition and exercise had caused the child's obesity. However these families were
aware of the medical explanation of obesity but believed that their child had had healthy
eating and exercising habits and hence, believed something out of their reach had caused the
obesity.

As the following will show the difference in perception of what causes the problem of
obesity generates a difference in the way obesity could be handled as well.

2, How does the child’s obesity influence the daily life of the obese child and its parents?

When interviewing the families | tried to get an understanding of how their child's
obesity affected their daily lives. A clear connection emerged between the two groups
described.

The group of families, who believed that factors related to food and exercise had caused
the child’s obesity, were generally much more concerned about the obesity. The parents often
felt directly responsible for the child’s weight and believed that they in some way had failed
in raising the child. The parents therefore tried their best to make up for past mistakes and
help the child achieve a weight reduction. In general these families considered their child's
obesity a major problem and they spent many resources thinking about how to support the
child.

The group of families who believed the child's obesity was caused by factors not
associated to food and exercise were in comparison to the other group far less affected by the
child’s obesity. These families did not feel a personal responsibility for the child’'s weight and
did not feel they had failed in raising the child. Naturally they were sorry for the child and
wished that the child did not have weight problems. However, they did not consider the
child’s obesity a major problem and they did not in any substantial way support the child in
reducing weight.

| was very interested in exploring the reason for this difference between the two groups
of families and especially why the latter group did not seem to be affected in any mgjor
negative way by the child’s obesity. It seems that because this group of families did not
associate the child’'s obesity with factors related to food and exercise but rather with non-
adjustable factors, they aso believed that the child’s obesity was inevitable and chronic. As
these families believed that their child's obesity was inevitable, they did not trouble
themselves by being affected by the child’sweight in their daily lives.

To summarize, the group of families who believed factors related to food and exercise
had caused the child’s obesity were also feeling a persona responsibility for the child's
weight problem and supported the child in losing weight. In all, this group of families were
very concerned about the child’'s weight. In contrast to this, the group of families who
believed that factors not related to food and exercise had caused the child’s obesity did not
feel a personal responsibility and did not in any major way try to support the child in losing
weight. These families were sad about the obesity and the related consequences the obesity
caused but believed that the obesity was an inevitable condition the child had to get used to
and live with.

Below | will show that there is a close relation between the families' levels of concern
with the child’s obesity and the practical support the child receives in order to lose weight in
the family.
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3, How does the family try to help and support the child towards weight reduction?

There was a difference in the way the two groups of families tried to help reduce the
child’sweight.

The group of families who believed that factors related to food and exercise had caused
the child’s’ obesity, and at the same time were affected by the complications of the child’'s
obesity, did more to make the child lose weight than the other group did. This is no surprise.
Since these families knew what to do to reduce the weight by introducing a healthier diet
and/or increase the level of physical exercise, and were highly motivated to reduce their
child's obesity, they were also willing to create a favourable environment for the child in
order for him or her to lose weight.

All families in this category had changed the child’s or the whole family’s diet primarily
by reducing the levels of fat and sugar or reduce the amount of food the child ate. The
majority of the families had aso made restriction on how much candy, junk food and other
non-healthy “extra’ meals the child was alowed to buy for him/herself. In other words, these
families did well concerning the diet.

All the families in this group had also tried to reduce the child’s sedentary activities by
increasing the amount of physical exercise. But in comparison to the success in changing the
diet only a few families succeeded in increasing the level of physical activity over a longer
period of time. The pattern was very often that the child had started to increase the level of
physical exercise like riding the bike to school or joining a sports club. However, for the
majority of the children this was only maintained for a short period of time just to be resumed
the next time the child experienced negative attention due to his or her obesity and wanted to
lose weight.

The other group of families who did not believe the child was obese due to causes
directly related to food and exercise and who were not in their daily life influenced by the
child’s obesity did not in any major way try to encourage the child to lose weight. Thisis not
surprising either. First of al they believed the child had healthy eating and exercising habits.
This made them believe that the obesity were inevitable and related to non-adjustable and
external factors. Thus, the families did not feel responsible for the obesity and did not believe
that weight could be reduced and hence were not motivated to support the child in reducing
his or her weight. Therefore the majority of the families in this category did not put any
serious effort into making the child lose weight.

However, many families in this group had tried and tried occasionaly to change the
family diet. To explain these initiatives | suggest that the reasons are grounded in the heavy
attention childhood obesity attracts. Both child and parents were often told by others what to
eat and what not to eat. Doctors, school nurses, teachers, and even unknown people at the
supermarket often tried to correct the family in buying and eating the right food. And of
course the family tried their best to live up to these expectations, but since they did not
believe the diet to be seriously responsible for the obesity the initiatives reflected this attitude
and were of no significance. As an example, a mother told me that the only diet related
problem she could think of was her child using too much sugar in his tea, which she had tried
to reduce.

This last section has described the way the two groups handled the child's obesity
practically. One group of families did try to help the child lose weight by primarily reducing
fats and sugars in the child’s diets. Being successful at this the majority of the families failed
in supporting the child in increasing the level of physical exercise over time. The other group
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did not do any serious attempt to reduce the child’s weight. Although thislast group’s lack of
intervention is problematic, it is understandable due to their belief in how the child initially
became obese. As they did not fed responsible for the weight, they were therefore not
motivated to make changesin the child’ s eating and exercising habits.

Comments

Before | go into detail with the practical implications of the results of the study a brief
discussion of some of the above findings is suitable to anticipate some common objections.
This is primarily related to the group of families who did not associate their child's obesity
with nutrition and physical activity since this group is the most difficult group to help and
support by intervention strategies, as one can easily imagine.

It is a common objective put forward by both health professionals and lay people that
even though some of the families mentioned in the above believe that their child's obesity is
caused by factors not related to diet and exercise, thisis not to be taken seriously but is rather
a poor excuse in the attempt to disclaim responsibility for the child’s weight problem. The
families themselves were certainly well aware of this way of understanding their explanations
and they often felt dismissed when explaining their point of view to others. For example
many families expressed in the interviews, that when visiting their medical practitioner they
were seldom taken seriously and listened to. Regardless of what they believed had caused the
obesity they were always informed about healthy nutrition and the importance of exercise.

Although this critical attitude towards the families' understanding of the child’s obesity is
understandable | am cautious in reducing the families understandings to poor excuses only,
and it is my conviction that we have to take their understandings seriously no matter how odd
they seem. The reason is, | believe, that whether a poor excuse or not, these understandings
and perceptions have shaped and still shape the families' handling of the child's obesity. As
shown, this means that since the families believed that the child’'s weight problem was a
chronic condition, they also believed that the success of changing eating and exercising habits
would be limited leaving the families with no motivation in trying to introduce a healthier diet
and reduce sedentary activities.

From this perspective the lack of motivation and action in supporting the child to lose
weight is rational. By reducing these beliefs to poor excuses we fail to understand the
families' logical association between motives and action and instead tend to dismiss the
families as lazy and ignorant; a view common among doctors and students of medicine, as has
been shown elsewhere [32], [33]. Therefore, if a positive relation to the families is to be
established it is of primary concern when dealing with obese children and their families that
their perspectives are taken serioudly.

This brings me back to the beginning of this article and the intervention strategies used
when trying to reduce childhood obesity.

Implications

As shown in the above a common way of treating childhood obesity reflects the agetiology of
obesity and focus is on nutrition and exercise. This, of course, is supported by science and
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cannot be denied. Y ou will without doubt lose weight if you consume a non-fattening diet and
exercise regularly. Therefore, as the brief description of the Danish intervention strategies
showed in the beginning of this article, current intervention strategies try to make the obese
lose weight by introducing a healthier diet and increase the level of physical exercise. The
implicit philosophy behind this strategy seems to be, first; that the obese is obese because of
unhealthy habits regarding diet and exercise and, second; that these habits can be changed by
increasing the knowledge of healthy nutrition and the importance of exercise.

But as shown in this material and supported by other studies obese individuals are not
obese due to a lack of knowledge about healthy dieting or because he or she does not know
that exercise is important. Hence, the result of educating about these factorsis limited asiit is
not a higher level of knowledge the obese are in need of, but, put simply, tools to implement
the already realized knowledge into action. In other words, the effect of using an intervention
strategy defining actions into right (us) or wrong (them) and perceive “them” as somehow
irrational and non-compliant just waiting to be transformed is not high. Unfortunately thisisa
common way of doing health promotion and has been criticised elsewhere [34], [35].

The point is, that far too much obesity intervention is based on the assumption that an
increased knowledge of diet and exercise will lead to a change in behaviour and a weight
reduction. It is as if a change of lifestyle is paralleled with a traditional disease and its
biomedical treatment. Like a hormone irregularity treated with pills. But instead of pills
weekly doses of exercise and information on healthy nutrition is given and, after awhile, it is
expected that the child and family can monitor their own treatment.

Although the above description may seem exaggerated my proposal is that the treatment
of childhood obesity needs to abandon its scientific and biomedical background. Instead, |
suggest, focus needs to be placed on a practical or phenomenological notion of obesity where
the complexity of everyday practice and reasoning is understood and integrated in the
intervention programs.

This means, that consideration has to be taken towards the families own perception of the
problem. As shown in the above many families believed that the child’s obesity was caused
by other factors than those directly associated with food and exercise and hence, these
families did not make any serious effort to reduce fat in the child's diet or increase the level
of physical activity. Although this attitude is problematic, it is logical seen from the families
perspective and a mgjor barrier to achieve weight reduction since it cannot be expected that
the family act in a non-logical way. Therefore, it is of central concern that intervention
programs address and aters these perceptions prior or simultaneously to the focus on
nutrition and physical activity. In other words, the family has to be ready to change their
behaviour before an actual change can occur, as described by Rhee et. al.[36]. Based on the
above empirical investigation this means, first, that the family has to understand that food and
exercise are connected with the child's obesity and second, that the family needs to change
their current ways of living in order to make the child loose weight.

The French sociologist Pierre Bourdieu's (1930 — 2002) notion of habitus might be
helpful in conceptualizing thig37].

Although habitus is a complex concept, the relevance in this context lies in the fact that
habitus is the product of earlier experiences and refers to the socia and material world a
subject has been and is exposed to. The point is that these earlier experiences functions as a
profound structuring principle that direct the choices people make in respect to the overal life
situation. In other words, habitus is the link between experience and practice. By introducing
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a concept as habitus two important issues appears, first, that behaviour and action does not
exist in avacuum but is formed by a more profound structure of cognition. And second, that a
permanent change of behaviour cannot be achieved without changing this structure of
cognition.

In the present context, it is of course well known that behaviour can be altered by
information. This is probably why the majority of obese children actually lose weight when
beginning a formalized program targeting childhood obesity. But it is also well known that it
is dubious whether this initial weight loss will lead to a permanent weight reduction. Related
to the concept of habitus this lack of permanent weight loss is understandable since habitus
has not changed and still influence the child's daily choices. Because habitus is a profound,
but not a static structure, it will not change by weekly information on diet and exercise. For
this to happen far more intensive and thorough intervention must be established. Compared to
the above mentioned strategies used by Danish intervention programs this means, that instead
of a weekly session the intervention must integrate as many aspects of the child’s and its
family's life as possible. It also means that the duration of the intervention must last for a
number of years, however, not necessarily with the same intensity. But perhaps must
importantly it means that the basis of the intervention must be related to the resources and
understandings of the child and family and not perforceto diet and exercise.

Only by along lasting, intensive, and interdisciplinary effort will it be possible to change
the underlying structure, what Bourdieu termed habitus, and only when thisis done, can it be
expected, that the family engage in a permanent weight reduction.

Conclusion

This article has attempted to demonstrate complexity of childhood obesity as it is experienced
by those who are obese as well as their families. Contrary to the majority of scientific
research in this field | have not per se focused on the traditional areas related to diet and
exercise. Rather, | have focused on the views expressed by the family concerning the child’s
obesity regardless of their opinion on diet and physical activity. | demonstrated that in a
continuum with the medically correct view (explanations involving diet and exercise) at one
end and more alternative views (explanations not involving diet and exercise) at the other end
the families could be placed at different spots on this continuum. Some families were very
aware that the child’'s obesity was caused by either an unhealthy diet and/or too many
sedentary activities and some families believed that the obesity was caused by other factors.
These factors could either be non-reachable, e.g. an early childhood disease causing a
permanent low metabolism, or they could be partly non-reachable, eg. socia or
psychological problems which caused the child to eat too much. However, it is important to
note that regardless of the families beliefs they knew the correct general medical
explanations to the origin of obesity.

Based on data from the families home, the parents educational background and a
personal view on the families | demonstrated that these views or believes had a social aspect.
The families believing that unhealthy diet and/or lack of sufficient physical activity had
caused the obesity were generally from the upper social levels of society. Whereas the
families who believed that these factors either did not or only partly involved exercise
generally came from alower societal layers.
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| then went on to show, that these believes shaped both the mental and practical handling
of the obesity. Families explaining the child's obesity with factors related to food and
exercise were very concerned and motivated to support the child towards weight reduction.
Hence, they carried out initiatives governing the child’'s weight. In opposition to this, the
families who did not believe the obesity to have been caused by unhealthy diet and/or
insufficient physical activity were not motivated for weight reduction and did not support the
child towards weight reduction. | argued that since these families believed that the origin of
the child’s obesity was out of their reach they also assumed that no change in diet or exercise
would reduce the weight. Hence, they did not carry out any initiatives of importance that
would benefit the child.

The implications above are important. If a permanent change of behaviour is to be
achieved it is of great importance that a family comprehend that a change in the child’s eating
and exercising behaviour has influence on the child's health and weight. | have argued that
serious effort to do this has to be made prior to or simultaneously with traditional intervention
strategies. This led me to a critique of the current Danish intervention strategies targeting
obese children. These intervention programs need to be far more intense than is the case
today. If a permanent change of lifestyle is to be initiated a weekly session involving healthy
diet and exercise is not going to work. It has to be realized that a change of behaviour is a far
more complex procedure or project, than, say, a more traditional disease which can be cured
with medicine.

Therefore, future intervention programs targeting obese children must integrate as many
institutions as possible (e.g. schools, medical practitioners, infra structure, media, and so on)
initiating a change in the daily life of the child and not just on the weekly meeting day. They
aso need to involve different levels of professiona expertise (e.g. psychologists,
anthropologists, behavioural experts and the like) and not just a dietician and a physica
therapist working with diet and physical activity. Another important factor is time. A
permanent change of behaviour is not changed in a few months but takes many years.
However, perhaps most important, al these initiatives must be made according to the child
and families' own perceptions of the problem problem. A change of lifestyle cannot be forced
but needs to be generated and maintained by the peoplein question.

Seen in thislight it is not merely the goal as the actual weight loss that is important but
rather the journey to reach the goal, as Cheryl Mattingly has shown [38] in her excellent
analysis of occupational therapists trying to support newly and severely injured patients. As
previously mentioned, the task is not to reduce the weight but rather to teach the child and its
family how to live a hedlthy life. The goal of permanent weight loss among obese children
will not and cannot be achieved until the journey to a healthy life has been realized.
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DEVELOPMENT OF CHILD FOOD PREFERENCES:
THE ROLE OF AGE, EXPERIENCE, AND EXPOSURE
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Abstract

The main objective of this chapter is to summarize the literature on early determinants
and development of child food preferences. The chapter begins with aliterature review of the
earliest flavor preferences for sweet, salty, and bitter tastes during infancy and the effect of
early exposure to infant formulas on the later taste preferences. The effects of exposure
frequency, food experience, role modeling, parenting styles, and mass media are followed by
behavioral techniques to modify children’s food preferences. The final section of the chapter
covers commonly used assessments of infant and child food preferences.

Introduction

Individuals food preferences are shaped early in life, possibly beginning in utero [1, 2] or
during early infancy [3]. Children’s food preferences play a critical role in determining their
eating patterns, eating habits, and overall diet quality, which may persist into adulthood.
Therefore, understanding children’s food preferences is important for developing child-based
nutrition education and intervention programs to improve children’s eating habits.

The main objective of this chapter is to summarize the literature on early determinants
and development of child food preferences. The chapter begins with aliterature review of the
earliest flavor preferences for sweet, salty, and bitter tastes during infancy and the effect of
early exposure to infant formulas on the later taste preferences. The effects of exposure
frequency, food experience, role modeling, parenting styles, and mass media are followed by
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behavioral techniques to modify children’s food preferences. The final section of the chapter
covers commonly used assessments of infant and child food preferences.

Innate Preferences for Taste

Sweet taste. A number of studies have demonstrated alarge acceptability of sucrose solutions
among newborn infants [4-6], which may have evolved from the need to obtain sufficient
energy from plant sources [7]. Beauchamp et a. [8] investigated whether early dietary
experiences could impact sweet taste preferences in 6-month-old human infants. In this study,
199 infants were tested for sucrose preference at birth and 140 of these infants were tested
again at 6 months of age. According to seven-day diet histories, infants who were regularly
fed sweetened water (sweetened with table sugar, Karo syrup, or honey) ingested a
significantly larger volume of sucrose solution at age 6 months compared to infants who had
no prior experience with sweetened water. In a subsequent study, Beauchamp et a. [9]
showed that maintenance of sucrose acceptability at age 2 years was also dependent on post-
natal exposure to sweetened water.

In contrast to these findings, another experiment by Beauchamp et al. [9] showed greater
consumption of sucrose-sweetened Kool-Aid compared to unsweetened Kool-Aid, regardless
of children’s prior experience with sweetened water. The fact that prior experience with sugar
water was not related to consumption of plain or sweetened Kool-Aid in this study could be
explained by the relatively unpalatable taste of unsweetened Kool-Aid, or infants prior
experience with other sweetened beverages such as fruit juices.

Salt taste. While humans seem to have an innate preference for sweet tastes, their
acceptance of salty tastes appears to follow a developmental shift with age. A study by
Beauchamp et a. [10] investigated infants' responsiveness to sucrose and saline solutions
between 2.5 and 6.7 months of age. Fifty-four infants were divided into groups based on age
(Group 1 = 2.5to 3.9 months, Group 2 = 4.0 to 5.3 months, Group 3 = 5.4 to 6.7 months), and
were administered feedings with two different sucrose solutions (0.2 M vs. 0.4 M sucrose
concentrations) and two different saline solutions (0.1 M vs. 0.2 M sodium chloride (NaCl).
Infants’ responses to each of the tastants was compared to their responsiveness following a
control of 30 ml of sterile water. The youngest infants did not differentially consume sterile
water and saline solutions. However, the two older infant groups ingested significantly more
saline solution compared to sterile water. There was no significant age effect for sucrose
intake. These results suggest an early developmental shift in salt taste preference, beginning
at about 4 months of age, in human infants.

Beauchamp et al. [10] reported a second developmental shift in saline solution
acceptance in older children, between ages 7-23 months and 31-60 months. Children were
presented with NaCl solutions (0.17 M and 0.34 M) and deionized water, and were
encouraged to drink ad lib during a 30-second time period. Infants 7 to 23 months of age
consumed significantly more of the 0.17 M NaCl solution compared to water, whereas
differential consumption between the 0.34 M NaCl solution and water was not significant. In
contrast, children 31 to 60 months of age rejected both NaCl solutionx relative to water.
There are no clear explanations for the increased preference for saline solutions in early
infancy or for the shift toward rejection of saline solution in older children. Beauchamp et al.
hypothesize that the early developmental shift may be secondary to the development of
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central and/or peripheral mechanisms for salt taste perception. Early experiences with salty
foods in more familiar contexts also may be responsible for the rejection of saline solution in
older children. Thus, context may have a critical role in determining taste preference.

Bitter taste. Compared to the literature on children’s acceptance of sweet and salty taste,
research for bitter taste is more limited. To investigate young children’s acceptance of bitter
taste, Kgjiura et al. [11] compared the responses of infants to experimentally manipulated
urea concentrations; infants were either 0-6 days old (newborns) or 14-180 days (older
infants). Bitter taste responsiveness was measured by several outcomes including: intake of a
diluent (0.07 M sucrose) vs. test solution (0.12, 0.18, and 0.24 M urea), infant sucking
pressure, and hedonic responses based on infant facial expressions and body movements.
Newborns tended to consume more of, and had a greater sucking response to, whichever
solution was presented first. In contrast, older infants consumed more of the diluent than urea
and responded with relatively more and stronger sucks for the diluent than urea, regardless of
the order of presentation. Compared to newborns, a significantly greater number of older
infants were classified as urea rejectors based on facial reactions and body movements.
However, among those newborns who reacted differentially to diluent and urea, the mgjority
rejected the bitter solution. This study suggests an early developmental shift in the acceptance
of bitter taste.

The effect of early exposure on food preference

It has been suggested that there are sensitive periods during which infants are likely to
develop flavor preferences and aversions [12]. Mennella et al. tested these potential critical
periods for flavor learning involving early exposure to the differential sensory characteristics
of commercially available infant formulas [13]. The three main classes of infant formulas
include milk-based, soy-based, and protein hydrolysates. Milk-based formulas were dlightly
sweet and ‘sour and cereal-type’, while soy based formulas were dightly sweeter, more sour
and bitter and with a ‘hay/beany’ odor [14]. Hydrolyzed protein-based formulas are
characterized by unpalatable bitter and sour tastes and an unpleasant aftertaste [15]. Previous
studies had shown that infants willingly accept feedings with protein hydrolysate formula if
exposed to it before, but not after, 4 months of age [13].

Mennella et a. [16] tested whether early exposure to infant formula affects later
acceptance of familiar and other formulas. Two groups of infants were exposed exclusively to
either a protein hydrolysate or a milk-based formula, while the other two groups were
assigned to both a protein hydrolysate and milk-based formula for specified periods of time
during the intervention. When tested at the end of the 7-month exposure period, a dose-
response acceptance of the protein hydrolysate formula was observed. Infants who were
exposed exclusively to the protein hydrolysate formula were most accepting of this formula at
7.5 months of age, while infants who were exclusively fed the milk-based formula strongly
rejected the protein hydrolysate at the end of the study period. Infants who were fed
aternately with the protein hydrolysate and milk-based formulas were more accepting of the
protein hydrolysate at 7.5 months compared to infants exclusively fed milk-based formula,
but were less accepting compared to infants who were fed exclusively with the protein
hydrolysate formula.

Mennella et al. [17] further explored the hypothesis that flavor learning during infancy
affects flavor preference in childhood by evauating the responses of 4-5 year-old children to
various flavors and odors. Children who were fed hydrolysate formula as infants were more
likely to prefer sour-flavored apple juice compared to those fed milk- or soy-based formula.
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In contrast, children who were fed soy formula were more likely to prefer bitter-flavored
apple juice compared to children who were fed milk-based formula. In addition, compared to
children exposed to milk-based formula, children who were fed hydrolysate or soy formulas
were more likely to rate the flavor of hydrolysate formula as pleasant. Children in the
hydrolysate formula group were also more likely to rate the odor of hydrolysates as pleasant
compared to those fed milk-based formulas. Interestingly, mothers whose children were fed
hydrolysate or soy formula were more likely to rank broccoli as one of their children's
favorite vegetables. Thus, early exposure to differential sensory characteristics may predict
children’ s food preferences at 4-5 years of age.

Liem et al. [18] investigated the effects of early flavor experience on sweet and sour
preferences in 4-5 year-old and 6-7 year-old children, reporting a significant interaction
between age and formula group (milk vs. hydrolysate) in their preferences for sour tastes, but
not sweetness. In this study, 4-5 year-old children who had been fed hydrolysate formula
during infancy preferred higher levels of citric acid (added to increase its sourness) in their
apple juice compared to older children who had been fed a similar formula. When presented
with sweetened apple juice, there was no significant interaction between age or formula group
in their preferences for juice with added sugar. Additionally, children whose mothers reported
regularly adding sugar to their children’s foods were significantly more likely to prefer juice
with added sugar compared to those children whose mothers reported that they never added
sugar to their children’s foods. Thus, flavor learning during early infancy and childhood may
influence taste preference in latter childhood and possibly beyond.

Effect of Frequent Exposure on Food Preference

Children’s acceptance of novel foods can be enhanced by repeated exposure [19, 20].
Sullivan et al. [21] found that 8-15 exposures to an initially novel food item was necessary to
achieve increased acceptance among 3-6 year-old children. However, it has been suggested
that infants may require fewer exposures to an initially novel food before increasing their
acceptance of that food, compared to older children [22]. Birch et al. [19] conducted one of
the first studies documenting that child food preference is a function of exposure frequency.
In Experiment 1, two year-old children received 2, 5, 10, 15, or 20 exposures to five initially
novel cheeses; and in Experiment 2, children were exposed to five initially novel fruits 0, 5,
10, 15, or 20 times. The experimental foods were presented as “paired consumption trials’ in
which children were asked to taste and compare foods, rating which of the foods they would
like to “eat more of.” Child food preference was positively associated with exposure
frequency in both experiments. These results are consistent with the exposure hypothesis [23]
that repeated exposures to a stimulus enhances attitudes towards it.

Exposure may also explain the positive correlation between parent and child food
preferences, as parents may only expose their children to parent-preferred foods. For
example, Borah-Giddens and Falciglia [24] reported a strong concordance between a food
that had never been offered to a child and maternal dislike for that particular food. In a study
by Vereecken et al. [25], the reported food consumption frequency by mothers was
significantly associated with that of their children, aged 2.5 - 7 years. Parenta food
preferences may influence child food preferences by providing home exposure to those items.
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Food Experience

The previous section discussed the relationship between food exposure frequency and
increased liking for those foods. However, the flavors with which the food is presented, or the
“food experience,” is also a determinant of children’s food preferences. Sullivan et al. [21]
recruited 39 preschool children, ages 3-6 years, to study the effect of repeated experience with
an initially novel food (tofu) on food preferences. Children were assigned to one of three
varieties of tofu: salty, sweet, or plain, for a total of 15 exposures over 9 weeks. On three
occasions during the exposure period, children’s food preferences were assessed for the three
versions of tofu aswell as a sweet, saty, and plain version of asimilar novel food (i.e., ricotta
cheese). As a post-assessment, children tasted and rated their preferences for the three
versions of tofu and the same versions of a completely novel food, jicama. Results indicated
that preference for the exposed version of tofu increased over time across the three groups,
confirming the exposure effect [19, 20]. However, experience with one flavor of tofu did not
result in a generalized liking of the other non-exposed flavors of tofu, nor did it translate to a
greater preference for ricotta cheese. Similarly, experience with one version of tofu did not
transfer to a generalized preference of the corresponding version of jicama. This suggests that
the flavors with which a food are exposed, or the food experience, play an important role in
shaping food preferences; although flavor preferences may not necessarily transfer to similar
foods.

Birch and colleagues [22] conducted a similar study of the effect of infants' experience
with a new food on their intake of similar foods. Infants were assigned to one of two target
novel foods, either bananas or peas, which they consumed on 10 occasions. As a pre-
assessment, infants were fed samples of their target food, the same food from a different
brand, a similar food (peaches and pears instead of bananas, or carrots and corn instead of
peas), and a different food (i.e., peas for infants receiving bananas as their target food, and
bananas or beef for those infants receiving peas). Following 10 exposures to their target food,
infants were given a post-assessment with those foods presented in the pre-assessment. As
expected, exposure to the target food increased acceptance of that food. Acceptance for foods
similar to the target foods also increased at post-exposure, while intake of the different foods
remained constant from baseline to post-exposure. The results confirm that infants have an
initial neophobic response to new foods, which can be overcome with increased exposure and
that experience with certain flavors or foods can enhance acceptance for similar foods.

The Effect of Role Modeling on Children’s Food Preferences

Children’s socia environment, including role modeling by parents, siblings, teachers, and
peers, as well as parenting styles, can shape children’sfood preferences.

Family (parents/siblings). Borah-Giddens et al. [24] conducted a meta-analysis of seven
child food preference studies, which specifically addressed the association between parent
and child food preferences. They reported a significant correlation between the food
preferences of parents and their children, aged 25 years or younger. Skinner et al. [26] aso
found a positive relationship between young children’s food preferences and those of other
family members including the mother, father, and older sibling.
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Teachers, other role models. Teachers aso play an important role in shaping child food
preferences. Hendy and Raudenbush [27] performed a series of studies to investigate the
impact of teacher role modeling on child food preferences in a classroom setting using
guestionnaires and quasi-experiments. Preschool teachers reported modeling as the most
effective strategy in influencing child food preferences. “ Teacher silent modeling,” in which
teachers took bites of target foods (i.e., fresh mango and dried cranberries) without saying
anything, was ineffective at increasing food acceptance for both new foods and familiar foods
in the classroom setting. However, “enthusiastic teacher modeling” in which the teacher
tasted the foods and proclaimed “I love (novel food)!” or “These are delicious’ increased
child food acceptance across the five test meals.

Not only is teacher enthusiasm important in affecting child food preference, but the
socia-affective context of food presentation also has a large effect. In a study by Birch et al.
[28], teachers presented a food perceived as “neutral” to 4 year-old children in one of four
conditions: reward condition (i.e., children received food reward for good behavior), non-
contingent attention condition (i.e., child presented with food and adult attention, but not
contingent upon completing a task), nonsocia condition (i.e., child presented with food in
their locker twice a day), or the snack-time familiarity condition (i.e., control group). Foods
presented in reward conditions or non-contingently paired with adult attention were
associated with increased child preference of those foods. However, no changes in preference
were observed in the nonsocial or control conditions.

Peers. Children’s peers are also very important in the development of food preferences.
A series of experiments by Hendy and Raubenbush [27] found that teacher modeling was no
longer an effective influence on preschool children’s food preferences when used in
competition with a peer model; peer influence was especially strong among females. In
another experiment, Hendy [29] found that same age girl models were more effective than
boy models in increasing food acceptance among both sexes of children, contrary to previous
research suggesting that same sex models were more effective.

Effects of General Parenting Styles

Parents play a critical role in the development of their children’s food preferences beginning
with infant feeding practices and parental role modeling. However, general parenting styles
and parental education levels have also been identified as predictors of child food preferences.
Kremers et a. [30] explored the correlation between general parenting strategies and child
eating habits (mean age = 16.5 years). Parents were defined as either “authoritative” (firm and
supportive parenting), “authoritarian” (strict but less involved parenting), “indulgent”
(involved but not strict parenting), and “neglectful” (low strictness and low involvement
parenting) based on self-report questionnaires. Results indicated that an authoritative
parenting style was associated with child fruit intake and healthy attitudes toward eating fruits
and vegetables. The authoritarian parenting style was associated with low levels of fruit
consumption, while the indulgent parenting style was associated with greater fruit intake
compared to the authoritarian or neglectful styles.

Vereecken et a. [25] examined the link between maternal education level, parenting
styles, and child food preferences. Highly educated mothers praised their children more, and
increased verbal praise was a significant predictor of children’s vegetable consumption. In
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contrast, lower maternal education levels were found to be more permissive, which was
correlated with an increased consumption of refined sugars.

Mass Media Influences

A large percentage of commercials aring during children's programming are food
advertisements. An analysis of commercials scheduled during weekend children’s television
showed that 37% of advertisements on American television and 49% of commercias on
British television were food advertisements [31]. Most of these advertised products were
snack foods, breakfast cereals, and fast food restaurants. Until recently, there were no studies
that examined whether food advertisements directed at children had any effect on child eating
preferences or behavior.
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Fig. 1. The number of television advertisements recognized and the amount of food consumed after
viewing the advertisements ***p<0.001, **p<0.01, *p<0.05.

Haford et a. [32] explored the differences between norma weight and overweight
children in their ability to recognize television advertisements of food and non-food items as
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well as the total amount of food consumed after viewing TV ads. A total of 42 children, aged
9-11 years, participated in the study and were grouped according to their obesity status. On
two separate occasions, the children watched a series of food-related advertisements or
advertisements that did not pertain to food followed by a 10-minute cartoon video. Next, they
were given permission to eat ad lib from an assortment of food items including a low-fat
savory snack, alow-fat sweet snack, a high-fat sweet snack, and a high-fat savory snack.

When given alist of 16 food ads, from which 8 had been shown, overweight and obese
children recognized significantly more food ads compared to normal weight children (Figure
1a). Across all groups, the number of recognized food-related TV advertisements was directly
related to the amount of food consumed after watching those ads. In addition, participants ate
more of the high-fat high-sugar snacks after viewing the food ads and more of the low-fat
savory snack after viewing the non-food advertisements. These findings suggest that TV
commercials can affect food preferences and eating behavior, and may especialy encourage
unhealthy food choices among overweight children.

Changing Children’s Food Preferences

Behavior Modification. A number of studies have focused on strategies through which
parents can influence and modify child food preferences. The results of athree year project by
Hart et a. [33] on developing parent education programs suggest that behavioral techniques,
rather than nutrition facts alone, have a greater impact on increasing healthy feeding
behaviorsin children. Similar results were found in a study by Wardle et al. [34] investigating
the effects of parent-led exposure in influencing 2-6 year-old children’ s acceptance of atarget
vegetable rated marginally low on a pre-intervention test. Parents were randomized to the
parent-led exposure group, the nutrition education group, or a control group which did not
receive any instruction. Greater increases in liking and consumption of the target vegetable
were found in the parent-led exposure group, and nutritional knowledge alone was not
sufficient to influence target vegetable consumption. Wardl€e's results confirmed those from
previous studies that repeated exposure is key to increasing child food acceptance.
Restriction. Whereas frequent exposure and role modeling have been identified as
effective strategies to influence child food preferences, restrictive feeding practices may have
drawbacks. Many parents believe that the most effective way to control their children’s intake
of high-fat high-sugar foods is to restrict access to those foods. However there is evidence to
suggest that restricting children’s food intake may be counterproductive. Liem et a. [35]
conducted a study on kindergarten-aged children’s food preferences in the Netherlands and
reported that children whose intake of mono and disaccharides (MDS), or simple sugars, was
highly restricted by parents consume fewer MDS beverages and foods during breakfast and
lunch. However, 55% of these highly restricted children preferred an “orangeade” drink of
highest sucrose concentration compared to 33% of children who were slightly restricted.
Fisher and Birch [36] examined the behavioral effects of restricting 3-5 year-old
children’ s access to palatable foods for five weeks. Peach and apple-flavored fruit bar cookies
were chosen as the experimental foods, as these were neither highly liked nor disliked by the
children. Children were randomly assigned to receive one of the experimental foods as the
control and the other was restricted. Prior to the experimental phase, there were no differences
in children’s responses to the restricted food and the control food. During the restriction
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period, however, the restricted food received more positive comments, more requests, and
more attempts to obtain it compared to the control food.

In addition to restricting children’s intake of certain foods, pressuring children to
consume more food may aso have unintended effects on child food preferences. Fisher et al.
[37] assessed parental tendencies to pressure their 5 year-old daughters to eat more food.
They found that parents who more frequently pressured their daughters to eat had children
with lower fruit, vegetable, and micronutrient intakes. They also reported a negative
correlation between parents' own fruit and vegetable intake and the use of pressure to eat,
suggesting that role modeling may be more effective than pressuring children to eat or
restricting children’ sintake of specific foods for changing child food preferences.

Opportune ages to change food preferences. Skinner et al. [38] tested longitudinal
changes in children’s food preferences from ages 2-8 years. Mothers completed a 196-item
Food Preference Questionnaire at T1 (2-3 years), T2 (4 years), and T3 (8 years). Mothers
reported that children liked ~60% of the listed foods at T1. The number of liked foods only
increased by 3.7% at T3, whereas the number of disliked foods increased by 5.5%. Between
T1 and T2, foods that were never tasted decreased from 55 to 37 foods. These results suggest
that the majority of child food preferences are developed by the age of 2-3 years and that a
critical period for increasing acceptance of novel foods may exist around age 4 years.

Barriers to Changing Food Preferences: Neophobia

Research has shown that omnivores are neophaobic, or reluctant to try new foods, regardless of
our need for avaried diet. This conflict has been termed the “generalist’s dilemma’ [39]. One
possible mechanism responsible for the reluctance to try new foods is omnivores self-
protection against potentially poisonous substances. Individuals may learn to accept and
increase their preference for initially novel food items through “learned safety,” or after
repeated exposure to a food item, and in the absence of accompanying gastrointestinal
distress [40].

Cooke and Wardle [41] sent child eating behavior questionnaires to 564 mothers of 2-6
year-olds, and found no association between age, gender, or parental intake and neophobia
among children. High levels of neophobia were associated with lower intake of vegetables,
fruits, and meats, but did not affect consumption of high-fat, high-sugar snacks, starchy food
items, or eggs. These results may provide evidence for the evolutionary avoidance of
potentially toxic food items, as those foods associated with neophobia are the most potentially
dangerous. Toxins are found in many plants, and protein-rich foods are most likely to cause
food-borne illnesses.

Assessment of Children’s Food Preferences

The most significant predictor of children’s food intake is their liking of particular foods [42].
For this reason, it is important to develop reliable methods for the assessment of children’s
food preferences.
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Figure 2a: Infant facial expressions in response to sweet taste; initial negative facial reaction followed
by relaxation and sucking [43].

Figure 2b: Infant facial expression in response to sour taste [43].



Development of Child Food Preferences: The Role of Age, Experience ... 165

Figure 2c: Infant facial expression in response to bitter taste [43].

Infants. Infant facial expressions have been used to assess acceptance or rejection of
taste stimuli in some of the earliest studies on human taste development [43, 44]. Infant facia
expressions (Figure 2a-c) are fairly consistent in response to various taste stimuli such as the
sweet taste of sucrose (facial relaxation and mouth gaping), the sour taste of citric acid (lip
pursing and facial grimace), and the bitter taste of quinine and urea (tongue protrusion and
facial grimace). There are no distinctive facial expressions associated with exposure to salty
tastein infants[45].

Intake studies, which measure the amount of solution consumed during a brief time
period, are most commonly used to assess taste preference in newborns. Intake studies
typicaly use weaker concentrations of the taste solution compared to studies that measure
facial expressions. Presumably, the volume of consumption may be indicative of the infant’s
preference for the taste solution [45].

Children. The most commonly used measure of child food preferences is a “taste and
rate” procedure, in which children taste a food and describe how much they like the food on a
3-point scale (Figure 3). This method has produced reliable results in children as young as 3
years of age, but may not be practical to measure acceptance for a large number of foods.
Guithrie et al. [46] tested whether food photographs or realistic food models could provide a
reliable aternative to real foods in the evaluation of children’s food preferences. Results
suggest that high quality food photographs may provide areliable aternative to real foods in
the assessment of children’s food preferences.

Figure 3: Three-Point Hedonic Scale
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Summary

In summary, food preferences are learned in part through early exposure, exposure frequency,
and experience with foods. Given the high prevalence of fast food restaurants, convenient
marts, and the wide variety of snack foods, the present environment presents children
overexposure to high-fat high-sugar foods that may become further preferred through
learning. Once established, children’s food preferences can be chalenging to modify.
Implementing behavioral techniques, such as role modeling and reinforcement for healthier
food choices, in early childhood may help to establish healthier dietary choices by children
that may be more sustainable.
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Abstract

There is a worldwide epidemic of obesity, with prevalence rates reaching alarming
proportions in some western countries, but also in many parts of the developing world.

Hunger and weight gain are controlled by a complex group of interactions between the
gut and brain. Recent advances have highlighted some of the main appetite control hormones,
but these only help our understanding of the physiological processes controlling weight gain.
Although there are a few extremely rare medical conditions causing childhood obesity, the
main cause is a change in diet, with a high intake of energy dense, fatty and sugary food and
drink, coupled with a dramatic decline in the amount of exercise being taken.

The long-term effect of this increase in obesity is likely to be an increase in
cardiovascular mortality, as well as a massive rise in children with Type 2 diabetes, already
being seen in many overweight teenagers from some racial groups.

A number of treatment strategies have been designed. Most are a combination of dieting,
life style changes and family behaviour therapy. Medical and surgical interventions are
reserved for those children who are morbidly obese, and likely to suffer life threatening
events, such as sleep apnoea.

Unfortunately, intervention only has limited success, and the end result may well be a
decline in the current increasing longevity, especially in the developed world.

“Thou seest | have more flesh than another man, and therefore more frailty”
Falstaff: Henry IV Part 1: 111, 3
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Introduction

It appears that as long ago as the late 16" century in England there was some anxiety about
the consequences of obesity — William Shakespeare wrote the above words in 1596.
However, overall the historical view of obesity is a jolly, devil may care person, loved by
everyone and the life and soul of any gathering — in Victorian times, Mr Pickwick was a
popular figure written about by Charles Dickens. However, although there has been
increasing anxiety about obesity, particularly in the developing world for a number of years, it
is only with the rapid rise over the past 10 years or so that anxiety about the long-term
consequences of obesity has become more apparent. We now have to come to terms with the
potential long-term effects of obesity, as it is going to impact significantly on use of medical
services in the future, as well as perhaps effecting an individual’s survival.

At long last governments in the developing world are beginning to address the problem of
increasing obesity. In the UK obesity is now one of the British Government’s main priority
areas.

What Do We Mean by Obesity

There is still some debate on deciding what is meant by being obese in children. There is no
simple way to measure fat mass in children other than skin fold thickness, which can be used
as a screening tool in community paediatrics in the UK. It has been shown that triceps skin
fold is correlated with fat mass, and if this is combined with Body Mass Index (BMI), gives a
reasonably sensitive assessment of the percentage of body fat [1]. However, skin fold
thickness measurements have poor reproducibility and are dependent on individual observers,
and so can be considered as no more than a guide.

In the first 2 years of life, the traditional and probably still acceptable method of
assessing obesity is by weight for length measurements. If weight is two centiles above that
for length is over the 95" centile, then the baby is considered overweight. This is a purely
statistical definition, and it is important to measure head circumference, as a large head will
alter weight for length ratios.

BMI is more widely used, and is measured by weight in Kg/height in metre? and has for
some time been considered the gold standard for assessing obesity in adults, and more
recently in children. The accepted BMI for adults, both in the UK and internationally, for
being overweight is 25-30 kg/m® and for obese is 30 kg/m® or greater [2]. Cole et al [3]
extrapolated risk from adult experience to childhood by using data derived from six countries.
Although BMI is a good measure of childhood obesity, it does not measure the amount of fat
directly [4]. However, it has until recently been widely accepted as a guide in childhood.

One of the difficulties with BMI measurements is that it does not allow for the athletic
and muscular individual, who may have a high BMI. In addition, a child’s body fat depends
on age, gender and pubertal stage. The BMI decreases from 2 until 5, and then increases again
between the ages of 5 and 8. Ethnic variations, timing of growth spurts and higher normal fat
levels around puberty can cause further difficulties with the measurement of BMI [3].

Waist circumference or waist to hip ratios are used as indirect measures of intra-
abdominal adipose tissue. Although by no means clarified for children, there is some
evidence that in adult waist circumference measurements above 95cms are associated with an
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increase in mortality from cardiovascular and metabolic problems [5]. Visceral or intra-
abdominal adiposity does appear to be associated with similar risks in children. [6]. Of
concern, however, is the data from the large INTERHEART study showing that Waist-to-hip
ratio shows a graded and highly significant association with myocardial infarction risk
worldwide. The authors suggest that a redefinition of obesity based on waist-to-hip ratio
rather than BMI increases the estimate of myocardial infarction attributable to obesity in most
ethnic groups [7]. At the moment there is very limited data on waist-to-hip measurements in
children, and more is needed [8].

Other measurements of obesity such as DEXA scanning and imaging are expensive and
not appropriate for routine assessment of obesity in childhood.

Figures 1 and 2 are BMI and waist measurement charts currently in use in the UK. The
waist measurement charts are based on the data published by McCarthy et al [8]. There are at
present no waist-to—hip charts available for children.
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FIGURE 1. Girls BMI chart as used in the UK. Boy’s charts are also available



172

Roger J. Harris, Sophie Aubrey, Rebecca Gibbs et al.

EEBEBLSEBRTISTERRERSIIRIABEN

Because o high BMI by nsell may not be o
guarantor of cbesity/ overweldht, a high waist
wentile added 1o @ high BM1 centile will confirm
fatness mere conchisively. The shaded area
represents a healthy wass! range

Measuring the Waist
The waist ts defined as the mid-way poimt
between the lowest rib cage and the lliac crest
and should be measured. prelerably, with o
special tension tape |sce dhustranions belowl
When measunng her waist. the @rl shoukd
Ideally be wearing only underchothes. Ask ler 10
stand with her feet together and weyght cvenly
distributed with her arms relaxed. Ask her o
breathe normally and ke the waist
measurement at the end of a normal expiration
The waist can also be identified by asking her (o
bend 1o one side. Measurement is ke at the
peaing of Aexure.
I¥ she is weartng a shin or vest, deduct lom
before  recording and  plotting the waist
mesrement
There & o consenses about how fo define
edlitric DM[I\‘ using willst measurement.
‘or elinical use {he 3%.6ih or 96ih contiles are
suggested cut-cils for ity and the 9lst
ventile for overweighl, like the BMI |see chart
overieafl

cm

COLE CALCULATOR TO ASSESS GROWTH/TENSION TAFE
The tape and caleulator are both available from Hardow Printing. The caleulator is a pocket-sized slide
rule which allows pavdiatric height, weight and BMI centiles/ values for both genders 1o be casily and
quickly attained. In all, the calculator may be used to attain & height, weight and BMI predictions and
desired values for cinicians managing the treatment of patients with weight problems,

5 CauGULATUR PRETRCTION SHEXT

GIRLS WAIST

CIRCUMFERENCE
pos.womwen (J0]/00/0000

104 104
Tape 102 8 9 10 11 12 13 14 15 16 17 102
100 e ! 100
28 98.
E E
94 94
92 92
20 | 80
88 | 88
| 88
3 4 5 8 7 I —
| 82
- 80
a8in 78
L 76
- 74
| o ”a
| . — ﬂm.
| B68
66
64
62
60
58
. 58
| 54
52
| B0
e 3 | 48
O S o - - | a6
- e | 44
I 42
Data: 1877 | 40
years i
3 4 5 8 8 9 10 11 12 13 14 15 18 1‘7 36
T L —t e e— ! 34
The ol waist in Briish children aged 5-16.9 yrs: (McCarthy HO et al) Eurapean Journal of Clinical Nutrtion (2001): 55: 502-907,

FIGURE 2. Girl’s Waist circumference charts as used in the UK. Boy’s charts are also available.



Obesity: Current Research and Dilemnas 173

Obesity: A Worldwide Problem

Current estimates suggest that as many as 250 million people or 7% of the current world
population are obese. Two to three times more people are overweight [9]. An estimated 22
million children worldwide are obese. Despite differing international opinions as to what
constitutes obesity in children, the rate at which overweight and obesity have increased is
alarming. In 2002 The Lancet suggested that rates had increased 2.3-fold to 3.3-fold over
about 25 years in the USA, 2.0-fold to 2.8-fold over 10 years in England, and 3.9 fold over 18
years in Egypt [10]. Within these populations, rates vary between the sexes and racial groups.

Though obesity is usually seen as a problem of wealthy, first world countries, it appears
that the risk varies dramatically between ethnic and social groups within any population; a
problem of the affluent and of the indigent depending on which country is examined.

In developed countries it is the urban poor who are most at risk, possibly due to a
nutritionally imbalanced, fast-food rich diet and less opportunity for physical activity [10]. In
the USA the prevalence of childhood obesity has risen twice as fast among minority groups
(including those of Hispanic origin, Pima Indians and other Native Americans)[9] as in the
white population. A definite trend is that the distribution of body-mass index has shifted in a
skewed fashion, i.e. the heaviest children have become even heavier [10].

In Australia there has been a similar rise in childhood obesity to the rest of the world. By
1995 15% of boys and 15.8% of girls were overweight and 4.5% boys and 5.3% of girls were
obese [11].

However, in developing countries it is generally the children of the wealthy that are most
at risk of becoming obese. China is a prime example of a developing nation with sharply
rising levels of childhood obesity. In 2000 the prevalence rate reached 7.1% in Beijing and
8.3% in Shanghai, with an increased risk with age; 11.7% of six year olds were described as
obese by the WHO. Among the predisposing factors for this trend are the increased
availability and low price of fast food and high levels of physical inactivity amongst the
children of financially well-off families [12].

However, certain countries display both a high prevalence of wasted or malnourished
children alongside a burgeoning level of overweight and obesity. An example of this is in
Northern Africa, where at 8%, the level of overweight children exceeds that of wasted
children at 7%. A similar, though less extreme situation is found in the countries of Eastern
Asia and South America. Whilst the term *Childhood obesity’ often conjures up the image of
a child of wealthy parents eating convenience foods and engaging in little physical activity,
this may be an outdated idea; the children of Egypt, Argentina, Malawi, Nigeria, Uzbekistan,
Peru, Qatar, South Africa and Jamaica actually show a higher percentage of overweight
children than that of the USA.

The widespread interest in the prevalence of overweight and obesity in children and
young people across the world has produced many studies detailing these rising levels in
more local populations, on both small and large scales. These studies use various methods of
data collection and standards for defining obesity; the most commonly used being BMI and
those of the International Obesity Task Force (I0TF) [13].

A study in which a stratified 10% random sample of school pupils from the United Arab
Emirates were weighed and measured, allowing their BMI to be calculated. These results
were compared with international reference data, and the conclusion drawn was that the
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frequency of obesity among UAE youth is 2 to 3 times greater than the recently published
international standards [14].

Some studies focus on children in minority ethnic groups. A study of ‘Ethnicity, socio-
economic status, overweight and underweight in East London adolescents’ published in 2005
suggested that whilst obesity was prevalent in all ethnic groups studied, Indian males
appeared to be at risk of being both overweight and underweight [15].

In the United States, The National Center for Disease Statistics regularly publishes the
results of the National Health and Nutrition Examination Survey (NHANES), which regularly
records the heights and weights of American Children. Here, the standard for overweight is
viewed as children with BMI figures at or above the 95t percentile of the sex specific growth
charts. Table 1 shows a comparison of the results obtained across five decades of records.
There is an apparent 45% increase in the prevalence of children with a BMI above the 95"
percentile between 1988-94 and 1999-2002 [16].

TABLE 1. Percentage of children and adolescents with a BMI at or above the 95" percentile,
ages 6-19 years, for selected years 1963-65 through 1999-2002

NHANES NHANES NHANES NHANES NHANES
Age (years)* 1963-65

1966 707 1971-74 1976-80 1988-94 1999-2002
6to11 4 4 7 11 16
12 to 19 5 6 5 11 16

Excludes pregnant women starting with 1971-74. Pregnancy status not available for 1963-65 and 1966-70.
%Data for 1963-65 are for children 6-11 years of age; data for 1966-70 are for adolescents 12-17 years of age,
not 12-19 years.

Adding sex and ethnic groups to this shows that it is the minority groups in the USA that
display the highest levels of obesity. Non-Hispanic white children show lower rates of
overweight and obesity in almost every category. These figures are shown in Table 2 [17].

TABLE 2. BMI for age greater than or equal to 95™ centile, % prevalence + SE

Non-Hispanic Non-Hispanic Mexican
Sex Age, years Al White Black American
Both 2t05 10.3 (1.2) 8.6 (1.5) 8.8 (1.5) 13.1(2.0)
6to 11 15.8 (1.1) 13.5 (1.5)t§ 19.8 (1.4)% 21.8 (1.7t
12to0 19 16.1 (0.8) 13.7 (L.1)t8 21.1(1.2)f 225 (L.3)f
6to 19 16.0 (0.8) 13.6 (1.1)1§ 20.5 (0.8)f 22.2 (1.1t
Male 2t05 9.9 (1.6) 8.2 (1.9) 8.0 (1.8) 14.1 (2.1)
6to11 16.9 (1.3) 14.0 (1.5)t 17.0 (1.5)t 26.5(2.2)18
12t0 19 16.7 (0.9) 14.6 (1.3)1 18.7 (1.7) 247 (1.9)%
6 to 19 16.8 (0.8) 14.3 (L.1)t 17.9 (1.0)t 255 (1.3)1§
Female 2t05 10.7 (1.5) 9.1(2.0) 9.6 (1.8) 12.2 (3.4)
6to 11 14.7 (1.6) 13.1 (2.3)§ 22.8 (2.5)f 17.1 (2.0)
12t0 19 15.4 (1.2) 12.7 (1.8)8 23.6 (1.8)f 19.9 (1.9)
6 t0 19 15.1 (1.1) 12.9 (1.6)t8 23.2 (L1)f 18.5 (1.4)t

*BMI rounded to the nearest 0.1; pregnant girls were excluded from the study

t significantly different from Mexican Americans at P<0.05, with Bonferroni adjustment
1 significantly different from non-Hispanic Whites at P<0.05, with Bonferroni adjustment
§ significantly different from non-Hispanic Blacks at P<0.05, with Bonferroni adjustment
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As a contrast to the USA and Western Europe, height and weight were measured among
2161 primary schoolchildren aged 6 - 13 in Hat Yai province in Thailand, which is described
as a transitional society. The study suggested that 14.1% of the children in Hat Yai
municipality were obese. Statistically significant associations with obesity were found for
family history of obesity, low exercise levels and parental obesity. Significant trends of
increased risk were associated with higher family income and smaller family size, factors that
are illustrated almost universally when describing the “Westernisation’ of societies [18]

The problem of obesity is prevalent in both adults and children across Europe. Following
the global pattern, rising rates are seen in children, with as many as one in four children
affected in some regions. The European Association for the Study of Obesity currently
suggests that Greece has the highest levels of obesity in Europe, with 30% of adult women
described as obese. Figure 3 shows the data collected by the International Obesity Task Force
on overweight in European Children [13]. It appears to be the children who live in the
countries surrounding the Mediterranean who show the highest prevalence rates of
overweight, at between 20-40%, whereas the children of Northern Europe show much lower
rates [9].
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Figure 3. Number of overweight children in European countries

The highest levels of childhood overweight are currently experienced in Italy. However,
parental perception of a child’s weight is important, and a study in Milan, using 569 mother
and child pairs were weighed. 29% of the mothers and 35% of the children were found to be
overweight or obese. Only 10% of mothers underestimated their own weight, yet 28% of
women underestimated their child’s weight. Similarly, whilst 37% overestimated their own
weight, only 9% of mothers overestimated their child’s weight. When told of their results,
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57% of the mothers with an obese or overweight child were not concerned, and 44% of the
women with overweight or obese children believed that their child was eating correctly [19].

The rising level of obesity seen in children in the UK has received widespread coverage
in the national press, with Government reports and media headlines reinforcing the idea that
obesity (amongst both adults and children) is becoming a serious problem, not only for the
health of Britain’s children, but also due to the potential burden that a generation of obese
adults could place on the National Health Service. Seven years after the WHO described
obesity as a ‘Global Epidemic’, the House of Commons Select Heath Committee has
concurred with this by choosing ‘epidemic’ to describe the rapid rise in obesity throughout
the United Kingdom [20].

In 2002, using the International classification of obesity, the Health Survey for England
reported that for two to fifteen year olds 21.8% of boys and 27.5% of girls were either
overweight or obese [21] An earlier study looking at the prevalence of overweight and obese
children between 1989 and 1998, using population based cross-sectional studies suggested
that from 1989 to 1998 the proportion of overweight children rose from 14.7% to 23.6% and
that of obese children rising from 5.4% to 9.2% [22].

Childhood overweight and obesity prevalence trends in England have been studied
between 1974 and 2003, using school based and a general population health survey. The
prevalence of obesity in boys increased from 1.2% in 1984 to 3.4% in 1996 — 1997 and 6% in
2002 — 2003. In girls, obesity increased from 1.8% in 1984 to 4.4% in 1996 — 1997 and 6.6%
in 2002 — 2003. Children from manual classes and low-income households had a greater
increase in obesity than children from higher income households [23]. This may be related to
difficulties in obtaining healthier foods due to financial constraints [24]. Between 1974 and
1984 there was little change in the prevalence of obesity [25], and it seems that the main
increase in obesity started after 1984, accelerating more in recent years.

The rise in obesity is a worldwide phenomenon. In the developed world it is seen more
commonly in the poorer strata of society, whereas in the developing world it is very much a
reflection of the wealthy. Rates of rise are accelerating everywhere, and urgent action is
needed.

Although obesity is the main subject, it must not be forgotten that inner city, poor areas in
the developed world, as well as having a higher prevalence of obesity, also have high rates of
other nutritional problems, such as poor growth, iron deficiency anaemia and rickets [26].
There is clearly a major problem of nutrition in poorer communities in the developed world,
of which obesity is just one indicator.

The reasons for this preponderance of poorer and ethnic minorities are chiefly due to the
non availability of healthy foods on cost grounds, meaning that cheaper, energy dense foods
are eaten, coupled with a complete change of environment. Many immigrants come from a
background of hardship, where physical activity needs to be much higher to survive, together
with (often) poor sources of food. It is possible that in such parts of the world there is a
genetic tendency to obesity, kept at bay by poor availability of food and increased physical
activity. It may be a way of enabling populations to survive during periods of famine. When
these groups arrive in the west, with the promise of better living, does the adaptation to a
more comfortable lifestyle with more availability of inappropriate food and less opportunity
for physical exercise, form an additional reason for the high rates of obesity seen in
immigrant populations? This is an area that requires further research.
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Causes of Obesity

Although the main causes of obesity are inappropriate diet, with increasing consumption of
energy dense diets, poor in nutrients, with high levels of sugar and saturated fats, together
with lack of exercise, which will be considered later, genetic and medical causes need to be
looked at.

Genetic Influences

In the past, before the recent increase in the prevalence of obesity, there did appear to be
children who ate voraciously and yet remained slim, and those who became obese despite a
relatively low calorie intake. Until relatively recently these comments were considered as
nothing other than folklore, and that the obese children were just lazy. However, recent
advances in the genetic and hormonal understanding of appetite regulation and deposition of
adipose tissue have shown a scientific basis for these observations. There are a myriad of
small peptide hormones, mainly released from the gastro-intestinal tract that seem to
stimulate various parts of the brain responsible for appetite control and fat deposition.

Early interest focussed on leptin, which was the first specific gene recognised as
important in human body weight control. The leptin gene is an adipocyte hormone that is
involved with a variety of hormones and neurotransmitters to control appetite [9]. It has
important effects in regulating body weight, metabolism and reproductive function. It is
known to have high levels in obese subjects, which indicates that obesity is not related to
leptin deficiency, except in extremely rare cases.

Leptin is mainly found associated with adipocytes, which suggests that body weight is
sensed as the total mass of fat in the body. Smaller amounts of leptin are also found in the
stomach and placenta. Leptin receptors are known to be expressed in those parts of the
hypothalamus associated with regulating body weight. Leptin is encoded by the obese gene
(ob) and once encoded, this acts on the leptin receptors in the hypothalamus, providing
information about the levels of fat reserves. It influences changes in feeding behaviour
through suppression of appetite and an increase in metabolic activity and energy expenditure.
It has been suggested that leptin also stimulates the rate of lipolysis and the expression of
enzymes of the fatty acid oxidation in adipose and pancreatic cells, causing a reduction of
triglyceride content. It is possible that differences in the fats production rate of leptin,
resistance to leptin at its site of action, or a combination of these factors could influence
eating behaviours and energy used to cause obesity [27].

Mice given recombinant mouse or human leptin led to a dramatic reduction in food intake
and massive weight loss. It appears that weight loss resulting from administration of leptin in
this case results from:

o Decreased hunger and food consumption, mediated in part at least through
neuropeptide Y synthesis. Neuropeptide Y is a potent stimulator of feeding
behaviour.

e An increase in energy expenditure, measured as increased oxygen consumption,
higher body temperature and loss of adipose tissue mass [28].
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Overall, however, it is not clear exactly how leptin expression is regulated and indeed
how it interacts with the various other appetite regulating hormones now described. However,
there are extremely rare cases described of leptin deficiency and other monogenic deficiencies
that result in morbid obesity [29, 30]. Morbidly obese children given recombinant leptin
significantly reduced weight [31].

Although there are many other hormonal influences on appetite and weight described,
most interest has focussed on the peptide ghrelin and its more recently described opposite,
obestatin.

Ghrelin was initially identified as the peptide that stimulated the release of growth
hormone, but it was subsequently shown that ghrelin, together with several other hormones,
has an effect on appetite and energy balance. It is mainly found in epithelial cells in the
stomach, and is known to be derived from a prohormone usually referred to as proghrelin.
Although growth hormone release remains its main physiological function, it stimulates
appetite by acting on the arcuate nucleus area of the hypothalamus, which is known to control
food intake. It circulates in high levels in a fasting state, which indicates that it transmits a
hunger signal from the periphery to the hypothalamus [32].

Obese patients tend to have lower ghrelin levels than normal, but it is not clear whether
that is cause or effect. Food fails to suppress ghrelin levels in obese patients. Patients with
anorexia nervosa have high levels of ghrelin, which fall as the condition improves [33].
Humans injected with ghrelin exhibit a feeling of intense hunger [34].

Children suffering from the Prader-Willi syndrome (PWS), which is characterised by
excessive appetite with massive progressive obesity, short stature and learning difficulties
have been shown to have high levels of ghrelin [35]. Clearly, if PWS is in part related to the
high levels of circulating ghrelin, then possible ghrelin blocking mechanisms could be used to
try and improve the condition.

Obestatin has only recently been described and has caused much media speculation as to
its commercial use in the future in the treatment of obesity. It was discovered by a
bioinformatic prediction that another peptide derived from proghrelin existed. A ghrelin-
associated peptide was discovered and named obestatin [36]. It appears to act in an opposite
way to ghrelin, in that it decreases food intake and weight in laboratory animals, and in
addition slows down gastric emptying, which is the opposite of ghrelin. It is clearly far too
early to hail this peptide as the answer to obesity, as it has many as many of its effects appear
a little contradictory [37], but it highlights the media desire for a “quick fix” for obesity.

Large numbers of other appetite regulating hormones have been described, and it is clear
that much has yet to be learned about the interactions and the ways that they control appetite
and weight. They are summarised by Speiser et al [9] and Farooq [29].

Another important factor in the aetiology of obesity is when to stop eating. Meal
termination and satiety is believed to be controlled by another group of peptides. Peptide YY
is released into the circulation from the distal bowel in proportion to the calories ingested.
Administration of the active form of the peptide caused a marked inhibition of food intake
[38]. Obese individuals have lower fasting levels of this petide, but remain susceptible to its
inhibitory effects [39].

Glucagon-like peptide 1 and oxyntomodulin are also released into the circulation after
food intake, acting on different parts of the brain, and again when administered to humans,
cause a fall in food intake [40, 41].



Obesity: Current Research and Dilemnas 179

This is a rapidly expanding area of research, and new petides are being discovered all the
time [42]. Study of these peptides certainly adds to our understanding of the physiology of
hunger, weight gain and satiety, but whether any will lead to a successful management of
hunger and therefore obesity remains to be seen.

There have also been searches for possible genetic sites related to obesity, but most
chromosomes seem to have obesity related genes. A human obesity gene map exists, and
continues to expand as more genes and chromosomal regions are linked with human obesity.
The most recent evidence has 430 genes, markers and chromosome regions associated or
linked with human obesity [43].

The genetic and hormonal control of appetite regulation and obesity is a rapidly
expanding field of research. As indicated earlier, several monogenic causes of obesity have
been identified, and it is to be expected that the next few years will bring many more such
children to our attention.

The medical profession may learn more in the future about the physiology of hunger,
appetite and weight control, but what must never be lost sight of is the importance of
maintaining a healthy eating pattern and increasing the amount of exercise.

Medical Causes

There are rare medical causes of obesity in childhood. There are some syndromes that have
obesity as a component. PWS has already been mentioned; Bardet-Biedl syndrome is
characterised by variable amounts of obesity, learning difficulties, pigmentary retinopathy,
polydactyly and renal anomalies. Several chromosome regions, including genes involved in
cilial and centriole function have been identified [44, 45].

One of the more difficult questions that patients ask is whether the cause of a child’s
obesity is due to his/her “glands”. Endocrine causes are extremely rare, although growth
hormone and thyroid deficiency, as well as cortisol excess are associated with obesity. All are
associated with a combination of decreased energy expenditure and decreased growth.

However, increasingly the metabolic syndrome is being recognised in childhood and
adolescence [46]. This is the result of obesity, not a cause. It consists of obesity, especially
around the waist, elevated blood pressure, elevated lipids and cholesterol, and insulin
resistance.

Obesity is seen secondary to severe brain injury and in children who have brain tumours,
or following cranial irradiation. It is presumed that the cause is due to alterations in
hypothalamic neuropeptides [47], but the cause remains unknown.

Some medications are also associated with obesity in children. The best known of these
are corticosteroids, but also cyproheptadine, used often to stimulate appetite and sodium
valproate, used in treating epilepsy.

These causes are summarised in Table 3.
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TABLE 3. Medical cause of obesity

RARE NEUROLOGICAL
SYNDROMES ENDOCRINE CAUSES CAUSES MEDICATIONS
Prader-Willi Hypothyroidism Serious brain injury Corticosteroids
Bardet-Biedl Growth Hormone deficiency !Bralr_l tl_Jmours and/or Cyproheptadine
irradiation
Cushing’s syndrome Sodium valproate

What does a paediatrician do when confronted by a family insisting that their obese child
has a “gland” problem? Fortunately all of the clinical conditions referred to have a fairly
typical phenotype or other clinical features, and further investigation should seldom be
necessary. It may take time and patience to explain this to anxious parents, but this time is
well spent. In the obesity clinic at The Royal London Hospital metabolic rate is sometimes
measured to show both the child and the parents they are normal.

It must also be remembered that obesity may be a finding in disturbed teenagers and
younger children. Children who suffer neglect or emotional abuse often comfort eat, and as a
result become seriously overweight.

Environmental and Social Causes

However, despite our increasing knowledge of the genetic factors affecting obesity and
appetite, together with the rare medical conditions mentioned above, the overwhelming cause
of the increase in obesity worldwide is inappropriate dietary intake and lack of exercise.
There is clearly an association between environmental and genetic factors, but the genetic
factor has always been there as far as we can tell, and so the difference now is food intake and
lack of exercise.

The increasing BMI average of children is due to an imbalance between energy intake
and energy expenditure. Significant influences on a child lifestyle are parenting, schooling,
peers and the media.

Eating habits have changed significantly over the last 20 years. The total energy
expenditure consists of metabolic rate, thermic effect of food and physical activity. There is
no evidence to show the resting metabolic rate has changed in recent years nor has the
thermic effect of food altered [48, 49]. Accordingly, the major cause of obesity is related to
various aspects of lifestyle that have resulted in reduced physical activity.

The rapid rise in childhood obesity is mirrored by an increase in sedentary leisure
pursuits for children such as computers, video games, and television watching [50]. The
opportunity for physical activity has decreased with the increasing use of cars, television
watching and lack of space for active games, etc.

In the UK, very few schools in the state sector still have athletic or sports activities. In
fact, recently one of the best-known comprehensive schools in London has sold its sports
ground for a housing development [51]. During the 1950’s and 1960°’s, most schoolchildren
played soccer, rugby football, hockey or cricket regularly and in addition had regular physical
exercise sessions. All this has stopped in the majority of state schools, although it still exists
in private sector schools.
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Nowadays the “school run” is a feature of everyday life in British society. Parents take
their children to school in the car, sometimes for a journey of a few hundred yards only,
rather than children walking or cycling to school, as was the norm in the past.

The energy intake of preschool children has actually declined over the past 10 years, but
this has been outstripped by an increase in inactivity [52, 53]. A British report found the
growing percentage of obese individuals since 1950, paralleled with an increase in both
television viewing and the number of cars per household [54].

The relationship between television viewing and obesity has three aspects:

= Decreased energy expenditure (excessive inactivity while viewing);

= Increased energy intake (consumption of high-energy density snacks rich in sugar
and fat while viewing);

» Food advertisements

A cross-sectional US study found that children who did the least physical activity or
watched the most TV tended to be the most overweight [50]. A study in Mexico City
established that the obesity risk decreased by 10% for each hour per day of moderate to-
vigorous physical activity, and increased by 12% for each hour per day of television viewing
[55].

Another major factor in television viewing is the frequent advertisements for convenience
foods, mostly fast food, soft drinks, sweets, and sugar-sweetened breakfast cereal. British
children are exposed to about ten food commercials per hour of television time [56]. It has
been suggested that exposure to 30 second commercials increase the likelihood that 3-5 year
olds would later select an advertised food when presented with options. Healthy options, such
as fresh fruit and vegetables are less likely to be advertised. A study of the effects of
television viewing on obesity in two schools over an academic year showed that in the
intervention school where there was a reduction of 40% in television viewing time, BMI of
the children reduced significantly [57].

The Hastings Review [58], published in the UK by the Food Standards Agency in 2003,
concluded that advertising to children had an adverse impact on food preference, purchasing
behaviour and consumption. Unfortunately, its opinions were not widely shared, and an
attempt to introduce a bill in the British parliament calling for a ban on advertising of food
and drinks high in fat, salt or sugar during children’s television failed after running out of
parliamentary time. However, there is now a reduction in such advertising in the UK, in line
with many other European countries.

The National Diet and Nutrition Survey found that 40% of boys and 60% of girls
surveyed were failing to meet Health Education Authority physical activity recommendations.
Young people should participate in physical activity of at least moderate intensity for one
hour per day. The survey found that children’s consumption of fruit and vegetables has been
falling over the past 20 years, with more than half of those surveyed eating no fruit or
vegetables in a given week [52].

Diet is an important area of research in the fight against combating childhood obesity.
However, although diet is a contributing factor in childhood obesity, only a small reduction in
energy intake is recommended for overweight children. This is due to the adequate need for
both energy and nutrients required for normal growth and development.
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Recently, research has looked at milk, the first and main source of energy intake at the
start of life. Children who were bottle-fed seem to be more at risk of obesity later in
childhood than those who were breast-fed. Formula fed infants were heavier than those who
received no milk other than breast milk in the first 12 months of life, although they were of
similar length and head circumference. It was also found that the energy intake of breastfed
infants was lower than that of formula fed infants, even after the introduction of solids, and
suggested that relatively low energy intakes are a due to the self regulation in breastfed
infants [59]. In children aged 5 and 6 years a substantial, dose dependent, protective effect of
breast feeding on obesity and overweight was seen: three to five months of exclusive
breastfeeding was associated with a 35% reduction in obesity at the age of 5 to 6 years [60].

Fat has been the most topically and central to the dietary causes of obesity. Fat is the
most energy dense macronutrient, using the energy intake plus energy expenditure argument,
excessive consumption is often believed to cause weight gain. However, epidemiological
studies have shown inconsistencies between dietary fat and adiposity in children and young
adults. One study has shown the prevalence of obesity has greatly increased, despite an
apparent decrease in proportion of total calories consumed as fat in the diet of US children
[61].

Type of dietary fat could be of greater importance than total fat consumption in the cause
of obesity related morbidities. Saturated fat has a well-known risk of cardiovascular disease in
adults. Intake of partially hydrogenated Trans-fat, commonly found in commercial bakery
products and fast foods increase risk for cardiovascular disease and in contrast unsaturated
fats (from vegetables and marine sources) decrease risk of this [62].

The decrease in dietary fat has been accompanied by a compensatory increase in
carbohydrate consumption, especially in the form of refined foods (e.g., breads, cereals,
cakes, soft drinks). These foods have high glycaemic index and studies have shown
consumption of these kind of foods induce a sequence of hormonal events that stimulate
hunger and cause overeating in adolescents [63].

An additional problem with the change in dietary fat intake is the overall reduction in
omega-3 fatty acids, and the higher intake of omega — 6 fatty acids. In evolutionary terms, it
is believed that the ratio of omega-6: omega-3 fatty acids was around 1. Now it is of the order
of 15:1. These high intakes of omega-6 fatty acids also predispose to cardiovascular disease,
cancer, and inflammatory and autoimmune diseases, whereas a higher omega-3 intake
protects against these. Even reducing the omega-6: omega-3 ratio to 4:1 significantly reduced
the mortality from cardiovascular disease [64]. It follows that any dietary intervention must
take note of this and adjust the diet accordingly.

Consequences of Obesity

Health Consequences

Many good quality cohort or case control studies have addressed the relationship between
obesity in child and adulthood and adverse cardiovascular events. The main body of evidence
is from the United States of America. The main cardiovascular consequences of childhood
obesity that occur during childhood are sub clinical coronary artery disease and
atherosclerosis. Healthcare professionals should be aware of the risk factors. Increased blood
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pressure, adverse lipid profiles, hyperinsulinaemia and changes in left ventricular mass.
Coronary artery disease and atherosclerosis are relatively common in obese children and
adolescents (SIGN, 2003) [65].

In addition, childhood obesity is associated with a range of medical conditions, mainly
poor pulmonary function, advanced growth and early maturity, hepatic steatosis and
cholelithiasis, and a wide range of less common polycystic conditions such as pseudotumor
cerebri, sleep apnoea, polycystic ovary disease and orthopaedic complications [66]. Also the
increasing incidence of type Il diabetes previously unheard of in children is related to obesity.
Obesity in childhood is known to be an independent risk factor for adult obesity. The risk of
developing adult obesity (BMI >28) at age 35 is up to 80% in individuals who were obese
when they were children (older than 9 years.) [67]. Figure 4 is a diagrammatic summary of
the main complications seen.

COMPLICATIONS OF OBSEITY

1. NEUROLOGICAL 6, RENAL
Pseudotumor Cerebi Glomerulosclerosis
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Poor Self-esteemn
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Polycystic Ovary Syndrome (girls)

3. PULMONARY Hypogonadism (baoys)
Sleep Apnoea
Asthma 8. MUSCULOSKELETAL
Exercise Intolerance Slipped capital femoral epiphysis
4. CARDIOVASCULAR Blount’s Disease
* Dyslipidaemia Foreaem Fracture
Hypertension Flat Feet

Coagulopathy
Chraonic Inflammation
Endothelial Dysfunction

5. GASTROINTESTINAL
Gallstones
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Figure 4. Main medical complications seen in obesity

The WHO has estimated the relative risks of a variety of complications associated with
obesity. These are indicated in Table 4

Table 4. Relative risks associated with obesity

Greatly increased risk Moderately increased . . . Lo
(relative risk x 3) risk(relative risk x2-3) Slightly increased risk (relative risk x 1-2)

Type 2 diabetes Coronary Heart Disease Cancer (breast, colon, endometrial)
Gallbladder disease Hypertension Reproductive hormone abnormalities
Dyslipidaemia Osteoarthritis (knees) Polycystic ovary syndrome
Insulin resistance Hyperuricaemia and gout Impaired fertility
Breathlessness Low back pain
Sleep apnoea Anaesthetic risks

Fetal abnormalities

(Source: WHO 1998)
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The most significant effect seen in children is the rise in Type 2 diabetes. In adults it has
been estimated that 20% of adults from South Asia are diabetic, and rising levels of Type 2
diabetes in children are now reflecting this. In Tower Hamlets, a poor inner city suburb in
East London, there is a very high population of Bangladeshi families, and many cases of Type
2 diabetes are now being seen in children as young as 10 and 11 years of age.

Many reviews have confirmed the rising prevalence of Type 2 diabetes in children. Most
commonly the children are of South Asian, Hispanics and Black racial origins, with a lower
rate in white Caucasians. All reports confirm the association with obesity [68, 69, 70]. There
is a preponderance of females, and many show acanthosis nigricans. It should be mandatory
as part of the management of obese children, especially those with acanthosis, to screen
regularly for insulin resistance and Type 2 diabetes.

Psychological Consequences

Obese children are more likely to show evidence or psychological distress than are non-obese
children and the effect is greater for girls than boys. Obesity in childhood and adolescence is
also associated with poor self-esteem, being perceived as unattractive, depression, disordered
eating, bulimia and body dissatisfaction [65]. Bullying is related in that obese pre-adolescents
are more likely to be bullied, and conversely, many obese children become bullies, taking
advantage of their superior physical size [71]. Therefore obese children showing signs of
distress should be considered for referral for psychological assessment and treatment. Two
good quality studies, from the UK and one from the USA show adverse associations between
childhood obesity and educational attainment and income in women [72, 73]. Girls
overweight at age 16 were compared with their lean peers 7 years later. They were found to
have completed fewer years of school, earned less, had higher rates of household poverty and
were less likely to be married. The same adult financial penalties of adolescent overweight
have been found in British women.

Children at High Risk of Developing Obesity

There appears to be a significant relationship between degree of deprivation and increased
prevalence of childhood obesity [72]. Obesity appears to be more prevalent with increasing
age in British children. There does, not appear to be a difference of obesity rates between
different genders. If one parent is obese there is a 3.4 fold increased risk of a child becoming
obese this increases to 8 fold if both parents are obese. [74]

Management of Obesity
Treatment is time consuming and can be very difficult both for the child, the parents, and the
professionals looking after obese children. Before considering the various treatment
strategies, prevention of obesity is clearly the most cost-effective way of management.
Prevention starts before birth. Low birth weight, the result of maternal under nutrition,
cigarette smoking or placental insufficiency, or a high birth weight, often associated with
diabetes mellitus in the mother, are both associated with obesity in later childhood and early
adult life [75]. It is possible that restricted fetal growth, accompanied by rapid postnatal



Obesity: Current Research and Dilemnas 185

growth, may be an important factor. Prevention means rigorous assessment of fetal growth,
pregnant mothers trying to maintain a normal BMI, meticulous glucose control for diabetic
mothers, encourage moderate exercise, and strictly no smoking in pregnancy. After birth,
breast-feeding may offer some protection and should be encouraged, even if the baby is
small- or large- for gestational age. Weaning should not be until 6 months of age, as earlier
introduction may well be associated with the development of obesity.

Prior to going to school, families should be encouraged to eat together at fixed times
avoiding fatty foods and sweet or fizzy drinks; television should not be allowed at mealtimes,
and should be rationed at other times. Advertisements for convenience foods and sugary
drinks should not be allowed. Even young children should be encouraged to walk or run
rather than travelling everywhere in a car.

When it comes to school, much work needs to be done and is indeed being done to
encourage schools to provide healthy meals rather than convenience foods, and to ban drink
vending machines and other tempting snacks. Games and PE to be encouraged and
compulsory for all except those with significant medical problems. Table 5 summarises the
main area of prevention required

Table 5. Summary of measures to prevent childhood obesity

Before Birth 1% year of life Pre-school School
Normalise BMI Breast feed Avoid fatty and Avoid vending machines
sweet foods

Avoid smoking

Avoid sugary
drinks

Ration television
and video games

No sweets or convenience foods
available

Moderate exercise

Don’t wean
before 6 months

Eat as a family at
fixed times

Encourage healthy eating

Rigorous fetal
growth assessment

Don’t skip meals

Games and PE to be compulsory

Strict glucose
control

Sensible amounts
of exercise

Walk or cycle to school where
possible

However, despite prevention being encouraged, there will still be many obese children,
and treatment has to be offered.

Four major evidence reviews of treatment have been recently published. These help
examine the evidence for treatment. [59, 76, 77, 78] The focus of this section is primarily
nutrition, however, behavioural and exercise approaches are also discussed as the evidence
dictates an approach with nutrition and exercise / reduction of sedentary behaviours and a
psychological component are most effective. Despite much recent work in the area there still
remains a lack of clarity in the evidence base to some of these recommendations. Where this
is the case consensus guidelines from a group of professionals who treat obese children and
adolescent have been consulted [66].

Advice should be considered where the child is defined as overweight or obese by the
Child Growth Foundation BMI charts (see Figures 1 and 2). The child and family should be
ready and willing to make necessary lifestyle changes.

There are many tools in the literature available to assess readiness to change [79, 80]. It is
vital that a child / family is ready to change before embarking on a treatment programme. A
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weight management programme for a parent or an adolescent who is not ready to change may
not only be futile but also harmful because an unsuccessful programme diminishes the child’s
self esteem and impairs future efforts to improve weight [66].

Barts and The London obesity clinic assesses readiness to change by 3 simple questions:

a) Is the child / family concerned about the child’s weight?
b) Do they feel weight loss / maintenance is possible?
c) What practices need to be changed to achieve Wt loss/ maintenance?

Treatment Advice

The Scottish Intercollegiate Guidelines Network [65] published guidelines for treatment of
childhood obesity in the community (Table 6). The SIGN guidelines also give guidance on
which children may need referral to a hospital or community paediatric consultant (Table 7).

Table 6. Treatment of the obese child in the community

e Treatment should only be considered when a child has a BMI > 91 centile, and
the child and family are perceived to be ready and willing to make the necessary
lifestyle changes.

e Inthe UK, no drug is currently licensed for the treatment of obesity in children.

e For most obese children, maintaining their present weight but not increasing it is
an acceptable goal. As the child grows taller their weight becomes right for their
height. This can be demonstrated to parents by charting weight over time on BMI
centile charts.

e Weight maintenance can only be achieved by sustained behavioural changes to
improve activity levels and eating habits. This involves:

- Increasing habitual physical activity to a minimum of 30 minutes/day

- Reducing physical inactivity (e.g. TV viewing and computer games) to
less than two hours per day.

- Eating a well-balanced and healthy diet.

e Possible approaches to implementing behavioural changes include:
- Encouraging children and families to make a few small, permanent
changes in behaviour at a time.

- Developing family awareness of eating, activity and parenting behaviours.

Encouraging the family to monitor eating and activity habits.
Source SIGN, guidelines (SIGN 2003)
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Table 7. Which obese or severe overweight children should be referred to a Consultant
Paediatrician or Physician in hospital or the community

e Any child who may have serious obesity-related morbidity such as sleep apnoea,
obesity hyperventilation syndrome, orthopaedic problems or psychological
morbidity.

e Children with a possible underlying medical cause (suspect this if children are also
short for their age), including all children under 24 months old who are obese
(BMI > 99.6" centile).

All children who are severely obese.
Source SIGN guidelines (SIGN, 2003)

Family Involvement

It is beneficial if the family and clinician can agree goals together. The family and all carers
should be involved in the treatment programme. If the child is the only family member who
changes eating habits or who must exercise the child may feel deprived, scapegoated or
resentful, and relapse is more likely. Involvement of the entire family and all carers will
create new family behaviours consistent with the child’s new eating and activity goals [66].

For children of primary school age there is evidence to support parents taking the primary
responsibility for the behaviour changes in the treatment of their child’s obesity [81] In
practice this means that in children under 13 years of age the parents need to ensure that
crisps / sweets / biscuits are ideally kept out of the house and only given in limited amounts.
Children are ideally given only healthy choices at mealtimes. Sugary drinks are substituted
with diet / sugary free drinks or water. Five portions of fruit and vegetables a day are taken
etc. All the family and children should be encouraged to eat the same healthy food. On a
practical level we find this is a key message to give to parents in our clinics. Therefore when
a parent asks us to tell their child not to eat so many crisps we will reiterate to parents that
they must take control of the child's intake - really younger children do not have the will
power given the choice. It is very important for primary school age children (and younger)
that parents (not children) are given the responsibility for ensuring sensible food choices are
made.

Assessment

Before giving advice to a family some assessment of current lifestyle / risk factors as well as
anthropometry is useful. Families must be treated sensibly with compassion and conviction
that obesity is an important medical problem that can be treated. Questions about food
consumption and activity should be framed in objective, non-accusatory language [66].
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History

To try and identify any possible “Trigger Factors’ it is useful to ascertain when the obesity
commenced. Children who are short for their age and any children who are obese under 24
months (BMI > 99.6™ centile) should be referred to a paediatrician to exclude an underlying
medical cause.

Activity

As the treatment is likely to include an increase in activity it is important to assess current
levels of activity and sedentary activities. We find it useful to ask how many hours per day
are spent watching television. In the USA children are thought to spend more time watching
television than at school.

A careful history of physical activity will uncover opportunity to increase energy
expenditure. Deterrents or barriers to increasing activity should also be recognised. These
include unsafe neighbourhoods and lack of adult supervision.

Previous Experiences with Weight Loss

Many families may have tried to control their weights or that of their children. It is useful to
find out if any tactics in the past have worked. If diets have not worked — why not?

Current Diet

It is often found patients tell health professionals what they think they want to hear; therefore
food diaries are useful to identify current dieting patterns and have the benefit of encouraging
self-monitoring. Otherwise general questions around whether regular meals are taken, where
meals are taken and what the parent / child feels the main problem are useful.

Psychological Factors

There is a greater incidence of binge eating disorders in the obese [82] it is therefore
important for the health professional to exclude any eating disorders. Also to try and elucidate
psychological triggers to eating. i.e. does the patient eat more when happy or sad?

Dietary Treatment

Counting calories can be tedious, difficult and inaccurate. Other strategies are easier and
therefore often more likely to succeed. Reduction or elimination of specific foods may reduce
calories without making children feel hungry or deprived. For example the family can
eliminate from the diet one or two high calorie foods, such as chips, chocolate or fried foods,
or they can replace all sugary drinks with diet / low calorie drinks. Other practical ways to
reduce calorie intakes are shown in table 8.
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For some children however a Calorie deficit diet (generally 600 kcal /day below
requirements) can prove useful. Adult literature has shown this treatment to be effective [83]
and for children it is also equally useful to have treatment options. It may be necessary to
hospitalise a child if this is considered until the diet is well established and the family
educated thoroughly.

Table 8. Practical ways to reduce calorie intake

e Ensure breakfast and regular meals are taken.

e Eat only at mealtimes and recognised snack periods.

e Eatif possible as a family.

e Discourage eating in front of the television or snacking when playing / working on
the video/computer.

e It is more time consuming to eat whole foods for example apples compared to
apple juice or puree. This helps satisfy as does eating slower and higher fibre
foods.

e Drink water or low calorie drinks only.

e Recognise that fruit juices are energy dense - There has been a link established
between soft drinks consumption and obesity.

e Use low fat margarines and spreads but still use sparingly, they are still energy
dense.

e Avoid sugared or chocolate-coated cereals - but remember some breakfast is better
than no breakfast.

e Avoid eating late at night.

e Discuss school dinners with the child and ideally the school, remember the plate
model. Aim for meat, carbohydrate and vegetables but avoid chips and fried foods.
Fresh fruit and yoghurts are useful as puddings.

e Avoid using food as a reward.

e Encourage the family and child to persist in dietary modification but supportively.

Plate Model (figure 1)

This is a useful concept for families. The DoH has suggested the ideal plate should be
covered two fifths by vegetables or salad (not including potatoes / without added butter or
high fat sources). Two fifths should be covered by a starchy / carbohydrate food such as bread
/ pasta / rice / potatoes and only one fifth covered by meat, fish, cheese, etc which tend to
have a high fat content.
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STARCHY
CARBOHYDRATES

PROTEIN FOODS

VEG AND SALAD

Figure 1. Plate model
Snacking

Snacking appears to be a major factor in childhood obesity. It is important to ensure that
children are eating enough at mealtimes to reduce the need to snack. Watch out for crisps,
chocolate bars and biscuits at break and other times. Changing snacks maybe the most
difficult aspect of the whole slimming effort and needs handling sympathetically, particularly
since peer group pressure to eat, or unkind teasing may accompany snack avoidance. Fruit is
the ideal snack - but toast, yogurts, breakfast cereals, plain popcorn and raisins are other
options.

Reduction of Sedentary Behaviours / Increase in Exercise

There is evidence supporting the use of laboratory based exercise programmes in the
treatment of childhood obesity. These programmes consisted of walking, jogging, cycling,
high repetition resistance, exercise combinations within a laboratory setting, as opposed to
free-living lifestyle activity interventions [80]

One school based RCT showed a reduction in television viewing corresponded with a
decreased BMI and triceps skin fold thickness. However 2 school based RCT's showed an
exercise only intervention failed to change BMI. In childhood there is increasing evidence
that restricting time spent doing sedentary activities is important in treating obesity. Two
RCT's compared exercise advice versus reduction of sedentary behaviour advice both with
diet at 1 year follow-up all groups lost weight however one study showed the reducing
sedentary behaviours group had a more significant reduction in percentage overweight [81].

The SIGN guidelines [65] and the Barlow and Dietz [66] recommendations both suggest
obesity in children may be prevented and treated by making lifestyle changes such as
increased physical activity and decreasing physical inactivity (e.g. TV watching). Time spent
doing sedentary behaviours should be under 2 hours / day.

Only 55% of boys and 39% of girls meet the Health Education Authority
Recommendation of 60 minutes of moderate activity a day. By the age of 15 just under half
(48%) of boys and around a fifth (18%) of girls attain the recommended levels.
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Behavioural / Parenting Interventions

Behavioural treatments have been the most studied approach to paediatric obesity. A
Cochrane review identified 10 family based behaviour modification programmes. These
included behaviour modification, dietary and exercise education, with a mix of sessions
involving the child parents and in some cases the entire family. The review concluded that
while some of findings appear promising, the small size of some of the studies and the
disparate advice of the interventions mean there is at present insufficient evidence to
recommend any specific programme [77]. The SIGN guidelines recommend lifestyle change
involving making small gradual changes to behaviour. Family support is usually necessary for
treatment to succeed.

Parents should be a role model and try to improve their own eating habits and lack of
activity. Parents should be consistent, determine what food is offered and when. The child
should then decide whether to eat. The parents should only offer healthy options - parents can
ask the child to choose between an apple or an oatcake not an apple or a cookie. Food should
never be used as a reward.

It is of interest that one study has shown that there is sometimes a better weight loss in an
obese child if the parents alone are targeted for intervention, both dietary and life style [84].

The reviews of obesity prevention and treatment all indicate that multifaceted treatment is
most effective.

Very Low Calorie Diets

Very low calorie diets provide 800 Kcal/ day or fewer [85].

The protein sparing modified fast (PSMF) is a high protein diet, which is supposed to
spare lean body, mass and has been the most widely used and reported very low calorie diet in
children. These may be followed for 2-3 months and then patients are advised onto diets
gradually returning to normal balanced diets [86]. Comparisons of the efficiency and safety of
these diets are hard to make as studies vary and particularly important long term follow up
data often does not exist, in practice these diets are rarely used in the U.K. Practically with the
morbidly obese child a short admission to hospital following a normal calorie diet — i.e.
(1500-2000kcal/d) will often induce rapid weight loss — it needs to be remembered that very
obese children often have very high calorie requirements to maintain that level of weight.

In all of the dietary interventions, it must be kept in mind that it is equally important to
adjust the balance of omega-3 and omega-6 fatty acids as discussed earlier. No reduction in
weight brought about by increasing activity will be successful in the long-term unless the
quality of food is also improved. A continuing high intake of omega-6 fatty acids will still
result in significant mortality and morbidity from cardiovascular disease.

Medical Treatment

There is rarely need for drug treatment of obesity as by far and away the most important
management is life style changes and appropriate food intake. However, for some of the rare
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medical conditions there may be a case for a pharmacological approach, and also for those
obese children who suffer from potentially life threatening episodes such as sleep apnoea.

In the past stimulant drugs such as amphetamines, fenfluramine were used, but these are
now known to have many dangers and are no longer used.

Sibutramine is a nonselective inhibitor of neuronal reuptake of serotonon, noradrenaline
and dopamine. It acts as an anorectic drug, and caused an initial fall in weight over 6 months
in a series of 43 obese adolescents, but no further weight loss following its use [87]. It has a
relatively limited use due to its side effects, especially rises in blood pressure and should
always be used in conjunction with lifestyle changes and diet. It is rarely used in adolescents
in the UK.

Orlistat inhibits pancreatic lipase and increases faecal losses of triglyceride. A trial in
Sweden to try and prevent diabetes showed a 37% reduction in Type 2 diabetes following the
use of orlistat [88], and a 3 month trial in another study caused significant falls in weight and
lipid levels [89]. This drug does appear to be effective in selected individuals, and is currently
the drug of choice in the UK for use in those very severe life threatened obese children.

Metformin acts by increasing glucose uptake in the liver, decreases gluconeogenesis, and
reduces hepatic glucose production. It does appear to result in reduced food intake, weight
loss, an improvement in lipid profiles and to delay the onset of Type 2 diabetes. In the United
Kingdom Prospective Diabetes Study (UKPDS), patients on metformin showed weight
maintenance but not weight loss over a 15-year period; more importantly long-term there was
a reduction in myocardial infarction mortality (90). However, whereas the metformin use in
this programme reduced the development of diabetes by 31%, lifestyle intervention reduced it
by 58% (91). Other trials have shown a weight reduction with metformin [92].

Metformin clearly has a use in the prevention of Type 2 diabetes, and as such would be
the medication of choice in overweight children who have a strong family history. This is of
particular relevance in East London, where the large Bangladeshi community has a very high
genetic risk of developing Type 2 diabetes.

Surgery

There is seldom if ever a place for bariatric surgery in childhood or adolescence. Gastric
banding or a gastric bypass has been used, but there are complications from the procedure. It
is more useful in extremely obese adults with severe co-morbid conditions, although has on
rare occasions been used in adolescents. It is suggested that it should only be used on those
children who have reached skeletal maturity and who have a BMI > 40 (defined as very
severely obese); in addition they should have co-morbidities associated with obesity that
might be remedies with a sustained weight loss [93]. However, its use in adolescence is
highly controversial, and in the UK it is extremely rarely performed.

The above treatments must never be used without lifestyle and dietary changes. The
danger is that many desperate parents will learn about them and may even be tempted to seek
them to self medicate their children, with potentially devastating effect. All of these
treatments should only be considered in a multi-professional setting where all other attempted
measures have failed. Under no circumstances should they be used indiscriminately by
paediatricians or general practitioners without reference to a specialist obesity service.
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Summary of Main Conclusions

The core principles appear to be reduce energy intake and encourage healthy eating, decrease
sedentary behaviours to less than 2 hours / day, increase activity to 60 minutes / day and give
primary responsibility for the behaviour change to the parents rather than the children in
under 13 year olds. Guidance for health professionals has been developed by four major
evidence reviews ([59, 76, 77, 78]. More good methodological quality research is needed to
improve treatment of paediatric obesity further.

Conclusion

Unless there is a major change in diet and lifestyle, the current epidemic of obesity will
continue to rise, with all its associated morbidity. Many governments are now beginning to
realise the economic cost and consequences of the obesity epidemic, and are taking measures
to improve matters.

A first step would be the total banning of convenience food adverts on television and on
advertising hoardings. The food industry must put its house in order by reducing the amount
of refined sugars and saturated fats in their food, in addition to a reduction in salt. Some of the
worldwide chains are beginning to offer healthy alternatives, but much more needs to be
done. Strenuous efforts should be made to provide all children with healthy school meals, and
to educate both children and parents about healthy eating.

Major attempts must be made to re-introduce compulsory PE and games sessions at all
schools. In London, as we are going to host the 2012 Olympic Games, it is to be hoped that a
major result of this will be to encourage younger people to take more exercise.

At present survival rates in the western world are high — but with this legacy of rising
obesity in our population, can we be sure that the survival rates of our current children will be
as good in the future? It has been estimated that obesity reduces life expectancy by an average
of 9 years (WHO figures), and so it is essential that all health professionals work together to
try and defeat this rising tide.
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Abstract

The purpose of this study was to investigate primary caregivers’ perceptions, attitudes
and behaviors related to physical activity and inactivity among 6-10 year old children in order
to better understand factors related to childhood obesity. This exploratory study used
qualitative methods to identify sociocultural and familial factors related to physical activity
and inactivity among different Asian/Pacific Island groups resident in the Commonwealth of
the Northern Mariana Islands. Results suggest that among caregivers there are distinct
sociocultural beliefs, attitudes, and behaviors related to physical activity and inactivity.
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Gender differences were observed with relation to caregivers’ perceptions of physical activity.
Benefits and disadvantages of physical inactivity were highlighted by the caregivers. An
important finding was the view held by caregivers that children need other children to stay
physically active. Additionally, different ethnic groups gave different meaning to weight
normalcy, physical activity and inactivity. Familial differences were also observed among
ethnic groups, with regards to preventive strategies related to childhood obesity and factors
that influence their understanding of weight status. With regards to community support for the
prevention of childhood obesity, caregivers perceived environmental changes as a necessary
condition for increasing physical activity among families. In addition, caregivers identified the
need for nutrition education programs that offer awareness and skill-building workshops in
bringing about food-related behavior modification among families.

Introduction

There is a growing concern globally for the increase in childhood obesity, a risk factor for
adult obesity (Guo, Roche, Chumlea, Gardner, & Siervogel, 1994). Childhood obesity is
increasing in many populations around the world (Drewnowski & Popkin, 1997; Troiano,
Flegal, Kuczmarski, Campbell & Johnson, 1995; O'Loughlin, Paradis, Meshefedjian & Gray-
Donald, 2000). The etiology of the increase has been studied in a number of different
populations and both genetic and environmental factors have been established as major
contributors with in these populations (Bouchard, 1997; Whitaker, Wright, Pepe, Seidel &
Dietz, 1997; Drewnowski et al., 1997; Whitaker, Pepe, Wright, Seidel & Dietz, 1998). In the
US, between 1991 — 1994, overweight and obesity among 9-year old children showed an
increase from previous studies (Dwyer, Stone, Yang, Webber, Must, Feldman, Nader, Perry
& Parcel, 2000). In a recent five-year Canadian study, an annual percentage increase of 0.5 -
1.7 in the prevalence of overweight and obesity was observed as compared to earlier studies
that showed a 0.8% annual increase. The Canadian study shows that the rate of increase was
most dramatic in the 1990s (O'Loughlin et al., 2000).

At the international level, urbanization has played a major role in the lives of children
growing up in the city, who may have fewer opportunities to engage in exercise (Drewnowski
& Popkin, 1997). BMI decreases were observed in children with higher baseline aerobic
activity and increased leisure activity (Klesges et al., 1995). In a study that examined
television viewing and vigorous activity among 8-16 year old children, BMI and index of
trunk fat measurements were more closely related to television viewing than vigorous
physical activity (Andersen, Crespo, Bartlett, Cheskin & Pratt, 1998).

In children, genetics and environment both influence body weight (Goran, 2001,
O'Loughlin, Paradis, Meshefedjian, Gray-Donald, 2000). There is a need for a better
understanding of familial and sociocultural perception, attitude and behavior related to
physical activity and inactivity among different ethnic groups. Research on the genetic origins
of obesity suggests that environment plays a major part in its development. With obesity
among children and adults increasing dramatically throughout the world over the past two
decades, a period of time too short to suggest that genetic changes might be responsible,
environmental causes become a likely cause (International Obesity Task Force, 1997). In
some communities there has been a more dramatic increase than others, especially among the
ethnic minority groups in the US, such as Hispanics (Goran, 2001). The changing US
demographics requires building a body of literature that provides an insight into the different
ethnic groups and to help establish differences and similarities in the sociocultural values,
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beliefs and practices related to childhood obesity in each of these cultures. This knowledge is
needed to build specialized programs that can effectively address individual needs rather than
generic prescriptions that may be ineffective for populations most at risk of childhood
obesity. There is limited empirical information about parental behaviors and sociocultural
factors that are associated with the development of childhood obesity among various ethnic
populations.

The purpose of this study was to explore primary caregivers’ perceptions, attitudes and
behaviors related to physical activity and inactivity among 6-10 year old children. In order to
explore these physical activity and inactivity behaviors associated with obesity, a stable
multi-ethnic population with distinct ethnic groups and high rates of obesity would be ideal.
The Commonwealth of the Northern Mariana Islands (CNMI) was selected because it has
many of these elements making it suitable for investigating factors related to childhood
obesity. Caregivers, primary contributors to environmental factors, play a major role in the
care and supervision of school-aged children. CNMI is a multiethnic society with two distinct
indigenous populations namely Chamorros and Carolinians with high rates of adult obesity
(CNMI Food and Nutrition Policy and Ten Year Plan of Action, 1996). Childhood obesity
has been linked to physical activity and inactivity (Klesges et al., 1995; Janz, Levy, Burns,
Torner, Willing & Warren, 2002). This exploratory study identified sociocultural and familial
factors related to physical activity and inactivity among these groups and the largest
immigrant population resident in the CNMI, namely Filipinos.

This study looked at behavior, value, and belief systems with regards to physical activity
and inactivity. It examined physical activity and inactivity among 6-10 year old children from
an ethnographic perspective. It investigated childcare giving practices within the social
context of families influenced by the social milieu of cultures. There are culturally based
characteristics including care giving perceptions, attitudes and practices that may influence
weight status of children. This study sought to identify these characteristics specifically in
regards to physical activity and inactivity among three identified ethnic groups. A review of
the literature suggested that there is insufficient empirical data in regards to sociocultural and
familial factors related to physical activity and inactivity in the prevention of childhood
obesity.

The CNMI was a suitable place for such a study. It offered a multiethnic population with
minimal migration, high rates of childhood obesity, a strong US food supply system and
economic resources. This study investigated cultural influences on the physical activity and
inactivity as it relates to childhood obesity. Because of the CNMI’s status as a US
commonwealth, the public health nutrition intervention strategies are often modeled on US
community health education programs. These programs have faced numerous challenges in
influencing behavioral change in this sociocultural setting. The strong connectedness of the
individual to cultural ways, beliefs and values may be a stronger influence on diet than the
knowledge of nutrition information disseminated through the formal health sector (Bruss,
Morris & Dannison, 2003).

According to the CNMI Food and Nutrition Policy (1996) thirty-three percent of the
school-aged children are considered overweight based upon body mass index (BMI).
Understanding the sociocultural characteristics of these children in relation to the
maintenance of normal BMI is necessary for designing effective intervention programs.
Primary care givers are most intimate with their children’s physical activity and inactivity
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habits, therefore this study used focus groups with primary care givers in the CNMI to
identify characteristics that are related to childhood obesity.

Qualitative research methodology (Krathwohl, 1998) was used to explore complex, wide-
ranging questions in order to create a framework for how care giving beliefs, attitudes, and
practices are related to physical activity and inactivity in a multi-ethnic community. In
addition, the study investigated and defined specific characteristics that are related to weight
status among 6-10 year old children. This method did not test specific hypotheses. Methods
used in this study can aid other researchers in investigating sociocultural and familial factors
in other ethnic groups especially those affected by high rates of childhood obesity.

Background Information

Sociocultural Factors

Social scientists have long been involved in the study of culture. Scott Coltrane (1998), a
sociologist has written, “Depending on personal histories, individual characteristics, social
experiences, environmental contexts and many other factors, people tend to ‘see’ the world
differently” (P. 1). According to Bubolz and Sontag (1993), “When studying a family
ecosystem, one must make explicit the values and goals that each individual holds, those that
are shared by the family as a unit, as well as those operative in the social-cultural
environment” (p. 436). Lee Cronk (1999), anthropologist, separates culture from behavior,
but describes the interaction of the two elements by offering this analogy, “Culture is neither
the act of baking a cake nor the cake itself, but the recipe, the socially transmitted information
that tells a person how to bake a cake” (P. 12). Therefore depending on the environment and
resources, the information may be modified to ensure cultural preservation. Dohrenwend &
Smith (1962) postulated two levels of cultural change; preservation or loss of traditional
cultural ways and adoption of new cultural behavior. This may be influenced by knowledge
of one’s group membership and emotional significance associated with it (Tajfel, 1981).

Familial Factors

A person's ability to associate and dissociate develops in the first decade of life and increases
with age (Aboud and Christina, 1970). This ability instills a sense of family membership
which supports the transmission of knowledge, attitudes and behaviors. For instance, families
may develop consensus around food, eating and exercise. Additionally, parenting styles may
influence dietary habits. In one study, parents endorsing authoritarian style of parenting, one
that uses control, prohibitive and anxiety inducing strategies reported more frequent
availability of sweets in the home (Gabel and Lutz, 2000).

Interaction between Sociocultural and Familial Factors

In order to live in a cultural context, individuals often retain certain aspects of their culture
while gaining skills and/or traits that allows them to function in the parameters of the
dominant culture. This is described as ethnic identity coupled with acculturation. Hraba
(1979) describe ethnic identity as a multidimensional and subjective construct. It is a
psychological experience that may be articulated or demonstrated in any display of identity.
Individuals develop ethnic identity based on ethnic origin and evolving personal cultural
components. This process usually begins in childhood with parents socializing their children
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and instilling a sense of group membership. Anchored in this group identity, children learn
cultural values and behaviors facilitating their self-definition (Rosenthal & Cichello, 1992)
and reinforcing group membership.

The development of ethnic identity, which is not merely transfer of ethnicity from parents
to children (Phinney, 1990) requires the presence of two or more competing ethnic groups. In
addition, because a person's ability to associate and dissociate develops during the first
decade of life and increases with age (Aboud & Christina, 1970) development of ethnic
identity may be seen as a process that begins in childhood, but continues until self-definition
has been achieved. Maslow's hierarchal theory of Belonging (1954) may be used to explain
the development of ethnic identity within the context of the family and community. Frideres
and Goldenberg (1982) suggest that ethnic identity helps members of a group recognize
acceptable behavior, while being aware of the outsiders’ behavior as either correct or
incorrect. Schonpflug (2001) in a study of 200 Turkish adolescent males living in Germany
and Turkey found that cultural transmission defined as social learning requires transmission
belts (conditions that are favorable for transmission of values). Relational indicators such as;
parenting styles and marital quality, and socio-developmental conditions, such as; father's
education, adolescent developmental phase and sibling position were found to interact with
transmission of values.

Sociocultural and Familial Factors: Examine Weight Normalcy, Diet, and Physical
Activity/Inactivity

Ethnic minority groups comprise more than 20% of the US population. As a group they are
experiencing increasing rates of overweight and obesity. The prevalence of obesity in the
different ethnic groups can range from 2 - 52%, which may suggest that obesity is more
acceptable in some populations than others. This attitude coupled with certain feeding
practices may increase the risk of childhood obesity (Kumanyika, 1993). Moreover, family
similarities in fatness suggest attitude toward food, eating, and physical activity habits may be
learned and reinforced within the home (Garn & Clark, 1976). Also, mothers’ personal
experience with obesity may influence parenting interactions in regards to weight, diet and
physical activity (Anjali et al., 2001).

Using sociocultural and familial factors to examine weight normalcy, diet and physical
activity/inactivity will provide a better understanding of the increasing rates of childhood
obesity among different ethnic groups in the US (Bruss, Morris & Dannison, 2003). The three
environmental mediators of weight normalcy, diet, and physical activity/inactivity are
described in the context of sociocultural and familial factors.

Weight Normalcy

Sociocultural Factors Related to Weight Normalcy

Perception of "weight normalcy" may be influenced by cultural beliefs and practices. There
are conflicting images of female attractiveness influenced by traditional culture and mass
media. Weight normalcy varies by socioeconomic status and dietary habits (Powdermaker,
1997). Among Mexican and White Americans in Texas, a positive association between
overweight and age, marital status, and social positioning of women was observed (Ross &
Mirowsky, 1983). In this study of Mexican and White American population resident in Texas,
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Ross & Mirowsky found that there is a positive association between overweight, older age,
marital status and social class positioning for women. Gender differences related to
overweight were observed among the two groups. White American women weighed less than
White American males, while Mexican women weighed more than the Mexican men (Ross &
Mirowsky, 1983).

In Guam, a multiethnic Pacific Island community, overweight and obesity are an
acceptable social norm. Pinhey et al. (1997) looked at the interaction between ethnicity, BMI
and happiness among Filipinos, Asians, Chamorros and Micronesians residents of Guam.
BMI levels for Chamorros of Guam and the Micronesian migrants to the island is 26.6, where
as it is 23.5 for Filipinos and 23.6 for Asians. When variables such as ethnicity, age, gender,
education, and income were included in the analysis, overweight Asian and Filipino
respondents expressed a significantly lower level of happiness than their Chamorro and
Micronesian counterparts. Among the Chamorros and Micronesians overweight and obesity is
less stigmatized and a more acceptable social norm (Pinhey et al., 1997).

Familial Factors Related to Weight Normalcy

In a longitudinal study boys with both overweight parents were more at risk for increased
BMI, while girls whose fathers were overweight demonstrated a BMI gain of 0.4 kg/m?2
(Klesges et al., 1995). In another study, heavier mothers tended to have heavier daughters;
and a positive correlation was found between the daughter's overweight status and maternal
disinhibition (Cutting et al., 1999). In this study, maternal disinhibition defined as the level to
which eating was prompted by emotional and environmental influences was studied in
relation to overweight and eating behaviors in seventy-five preschool children. Parents” BMI,
dietary restraint and eating disinhibition along with children's weight-for-height were
measured. Cutting et al., (1999) found that overweight parents were more likely to report the
influence of palatable foods or emotional factors on eating.

Familial influences associated with overweight in children were also observed in relation
to parent and child’s gender. The degree of overweight for mothers and children were
associated with mother's dietary disinhibition. The results showed that heavier mothers had
heavier daughters and that there was a positive relationship between maternal disinhibition
and daughter's overweight status. Higher maternal disinhibition was associated with higher
free access to food by daughters. This study confirms previous studies that mothers influence
their daughter's eating habits and weight status. Researchers also indicated that further
investigation is needed in looking at the influence of parenting styles along with parental
beliefs, attitudes and eating behaviors on childhood obesity (Cutting et al., 1999).

Also, larger studies have found a relationship between parental weight and child weight,
showing that two lean parents tend to have lean children, while two obese parents tend to
have obese children. One obese and one lean parent also affect the child’s weight (Garn &
Clark, 1976). For both obese and non-obese children younger than ten years of age, parental
obesity defined as BMI > 27 was found to double the risk of adult obesity. By age seventeen,
children of obese parents are three times as fat as the children of lean parents (Whitaker et al.,
1997).

In a qualitative study of eighteen participants in the Women, Infant and Children (WIC)
Program, mothers were found to use their own perception to determine their child's weight
condition (Anjali et al., 2001). Researchers found that mothers' definition of overweight and
obesity was not based on height and weight measurements or growth chart classification. In
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general mothers disregarded the weight status information offered by health professionals in
the WIC clinic and used their own perception to determine their child's weight condition.
Indicators such as limitation in physical activity and/or being teased by others were signs
associated with being overweight. The mothers did not consider children who were active and
those with a healthy diet and/or good appetite as overweight. Furthermore, mothers saw
genetic factors as an influence on weight status regardless of environmental conditions. The
results of this qualitative research indicate that mothers’ experiences strongly influence their
belief, attitude and practices with regards to their children's diet and weight status. Related to
weight normalcy, participants reported the following views and attitudes (a) dislike and
distrust for growth charts, irrelevance of growth charts in assessing children, (b) genetic
predisposition to a certain body size, (c) cultural acceptance of large frames, (d) overweight
status a contributing factor to inactivity in children, and (e) definition of obesity. Most
mothers felt that their children’s overweight status was out of their control with the exception
of some that recognized parental diet and activity habits as factors that may influence a child's
behavior. Also, most mothers in this study were considered obese by BMI definition. They
shared views regarding strengthening children's self esteem as a way to buffer the effects of
being teased about their weight. This suggests personal experience with obesity may
influence parenting interactions related to weight, diet and physical activity (Anjali et al.,
2001).

Low maternal education has also been associated with failure to perceive preschool aged
children as overweight. In a study of 622 children 2-5 years, 79% of the mothers did not
perceive their overweight children as overweight. Even when controlling for maternal BMI,
low maternal education was associated with a failure to perceive their children as overweight.
Mothers believed that a heavy infant was an indicator of a healthy infant and successful
parenting (Baughcum et al., 2000).

Sociocultural and Familial Factors Related to Weight Normalcy

In a prospective cohort study of 447 African Americans, anthropometric measurements and
socioeconomic data was collected at birth. The following variables studied at birth showed
independent association with adiposity or body fatness in young adulthood; pre-pregnancy
BMI, female sex of the baby, and first born status. When these three variables were
controlled, no relationship was seen for birth weight for gestational age and socioeconomic
status to adiposity in young adulthood. First-born status among African Americans was
identified as a risk factor for increased adiposity in adulthood. An association between
maternal BMI and female gender in increased adiposity in adulthood was also observed
(Stettler, Tershakovec, Zemel, Leonard, Boston & Katz, 2000).

According to Bruss & et al. (2003) cultural differences among Asian/Pacific Island
caregivers were observed in their attitude toward children’s overweight and underweight
status. These differences may positively or negatively influence the caregiver’s behavior
toward their child’s weight status. These differences were reported to create conflict within
families. In a study of predominantly Hispanic parents, researchers found that more than one-
third of those interviewed did not believe that their obese child was overweight. This belief
coupled with certain feeding practices may put children at increased risk for obesity (Myers &
Vargas, 2000).
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Physical Activity and Inactivity

Childhood obesity has been linked to physical activity and inactivity (Klesges et al., 1995;
Janz, Levy, Burns, Torner, Willing & Warren, 2002). Furthermore, the environmental
changes in society are increasing the likelihood of physical inactivity in populations around
the world (Stephens, 2002). For instance, on average American children watch 25-27 hours of
television per week, while spending only 14 minutes per day in physical activity (Stephens,
2002). In addition, Utter, Neumark-Sztainer, Jeffery & Story (2003) found high
television/video use with increased intake of soft drinks, fried foods, and snacks. They also
observed gender differences in physical inactivity in children. For instance, television/video
use and time spent reading/doing homework was positively associated with BMI for boys,
while television/video and computer use was positively associated with BMI for girls.
Similarly, Crespo, Smit, Troiano, Bartlett, Macera, & Andersen (2001) found that females
who watch television are most at risk for obesity. Crespo, et al. (2001) examined NHANES
111 data from 1988 — 1994 for 4,069 children between the ages of 8-16 years. Findings of this
study showed that children who watch one or less hours of television had the lowest
prevalence of obesity, while those with four or more hours of television viewing had the
highest prevalence of obesity. Non-Hispanic White males had the highest reported number of
physical activity sessions per week. Compared to males, females consumed fewer calories
and were less physically active.

In a review of 54 studies, Sallis, Prochaska, & Taylor (2000) identified five categories of
variables as correlates of physical activity among 3-12 year old children. These include
eleven demographic and biological variables, fifteen psychological, cognitive, and emotional
variables, eighteen behavioral variables, twenty-one social/cultural variables, and eleven
physical environment variables. For each category, researchers found individual variables that
are potential correlates with physical activity. For instance, within the context of the
demographic and biological variable category, boys were more active than girls and there
were no ethnic differences in activity level between non-Hispanic Whites and other groups. In
the psychological variable category, perceived barriers were negatively related to physical
activity, while preference for physical activity and intention to be active had positive
association. In the behavioral variable category, healthy diet and previous physical activity
were positively associated with physical activity. Results of the social/cultural variable
category analysis suggested that slightly over a third of the studies showed positive
association between parental physical activity and children’s physical activity. Finally, in the
physical environment variable category, there was a positive relationship between children’s
physical activity and access to facilities/programs and time spent outdoors. Sallis et al. (2000)
found that in general physical activity studies are limited in their analysis based on
differences in ethnicity, socioeconomic status, and urban/rural dwelling.

Sociocultural Factors Related to Physical Activity and Inactivity

In a study of television viewing among 8-16 year old children, 26% of all children reported
four or more hours of TV/day. Ethnic and gender differences were observed in television use.
Girls (23%) watched less TV than boys (29%), while 43% of Black girls and boys reported
watching four or more hours of TV/day. In this study BMI and index of trunk fat
measurements were highest for those who reported 6-8 sessions of vigorous activity/week and
lowest for those who reported three or less sessions of vigorous activity/week. Boys and girls
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with highest BMI watched four or more hours of TV, while those with the lowest BMI
watched less than 1 hour of TV. In this study BMI and index of trunk fat measurements were
more closely related to TV watching than vigorous activity (Andersen, Crespo, Bartlett,
Cheskin & Pratt, 1998).

Familial Factors Related to Physical Activity and Inactivity

In a study of 219 families, decrease in BMI was observed in 3-5 year old children with higher
baseline aerobic activity and increased leisure activity (Klesges et al., 1995). In addition,
Trost, Sirard, Dowda, Pfeiffer & Pate (2003) found no relationship between parents’
overweight status and parental influence on 3-5 year old children’s physical activity behavior.
In another study of 65 parent-child pairs using parent-completed surveys and children's BMI,
parental control of child eating showed a positive association with amount of TV viewing and
negative association with children's involvement in extracurricular activities. Researchers also
found that children who eat more junk foods and sugars tend to watch more television (Gabel
& Lutz, 2000).

In a national representative sample of 7-11 year old Canadian children (n=7,216),
organized and unorganized sports and physical activity were negatively associated with
children’s BMI (parental reporting). However, television viewing and video games were
positively correlated to overweight and obesity. In fact, physical activity reduced the risks of
overweight by 10-24%, while physical inactivity increased the risks of overweight by 17-
44%. Additionally, physical activity reduced the risk of obesity by 23-43% and physical
inactivity increased the risk of obesity by 10-61%. Physical activity and inactivity partially
contributed to the relationship between high socioeconomic status and two-parent household
and risk of childhood overweight and obesity (Tremblay & Williams, 2003).

In a population of 9-12 year old American military dependents, Arluk, Branch, Swain &
Dowling (2003) found a significant relationship between childhood obesity, maternal BMI,
and physical inactivity. Measures of physical inactivity included computer use, television
viewing and total hours spent in sedentary activities. In addition, fathers’ participation in
children’s physical activity and the presence of parents at home when the child arrives from
school were also related to children’s weight status.

Sociocultural and Familial Factors Related to Physical Activity and Inactivity
Lindquist, Reynolds, & Goran (1999) examined ethnic differences in childhood physical
activity with an attempt to study sociocultural predictors of children’s physical activity and
fitness levels. Television viewing used as an indicator of inactivity was measured as hours per
day reported by the subjects’ parents. Results showed that the only significant predictor of
television viewing was single parent home status. Hours per week of exercise were strongly
influenced by gender. Days per week of exercise were relatively uninfluenced by
sociocultural characteristics. Only single-parent home status emerged as a significant
correlate. Single-parent home and African American children reported less time in physical
education (PE) program exercises. Older children were more likely to participate, but children
with a higher stage of pubertal development were less likely to participate on a sports team.
Single-family children, males and Caucasians had higher levels of physical fitness. This study
shows the multidimensional nature of childhood physical activity and the influence of
sociocultural factors on children’s activity patterns (Lindquist et al., 1999).
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Researchers have also shown that physical activity levels among children declines with
increasing age (Kimm, Glynn, Kriska, Barton, Kronsberg, Daniels, Crawford, Sabry & Liu,
2002) mainly due to changes in children’s preference for physical activity and frequency of
parents transporting children to activity locations (Sallis, Alcaraz, McKenzie & Hovell,
1999). These changes call for reinforcers (incentives) that encourage children to engage in
physical activity, especially vigorous or high-intensity activities (Sallis et al., 1999). Also,
these findings suggest the need for identifying intrinsic and extrinsic motivation to increase
physical activity among children in different ethnic populations. Examining sociocultural and
familial factors related to physical activity that focus on intrinsic and extrinsic motivation
becomes increasingly important in childhood obesity prevention.

Csikszentmihalyi’s flow theory suggests that physical activity environments can be
created to support flow state experience, which is a state that can motivate children to
decrease their physical inactivity and increase physical activity (Mandigo & Thompson,
1998). Mandigo and Thompson (1998) suggest six strategies that promote flow state for
increasing physical activity. These include 1) recognizing developmentally appropriate
activity for children, 2) creating fun-filled activity, defined as balance between individual
skill and challenge of activity, 3) giving children a sense of control, by permitting them to
change the activity, 4) setting clear goals and objectives that can be evaluated through
feedback from the children, 5) avoiding giving negative feedback to the children or putting
pressure to achieve tasks, and finally, 6) promoting intrinsic versus extrinsic motivation.
Limited information was found in the literature with regards to ethnic and/or familial
differences in intrinsic and extrinsic motivation of children and the other above-mentioned
strategies for promoting physical activity among children.

Rationale for Study

Recommendations for Physical Activity/Inactivity

A number of different national and international organizations recognize and promote
physical activity in children through specific recommendations. The focus of these
recommendations is mainly to help the development of life-long health promotion and disease
prevention behavior. With regards to childhood obesity prevention, the reduction of physical
inactivity along with diet and increased vigorous physical activity is often recommended. A
review of the recommendations by four national and international organizations suggests that
they are varied with regards to their focus on younger children and their caregivers in
promoting physical activity and limiting physical inactivity. This is especially important in
light of studies which show that physical activity patterns in older children is strongly
associated with previous physical activity experiences and episodes (Sallis, 2000).
Additionally, the Youth Risk Behavior Surveillance System (YRBSS), a major U.S.
monitoring system mainly, collects and reports physical activity/inactivity data for g™ 1M
grade students. A recent paper from the Journal of Pediatrics (Strong, W.B., Malina, R. M.,
Blimkie, C.J.R., Daniels, S.R., et al. 2005) discusses recommendations for physical activity
for school age youth based upon a systematic literature review. The stated purpose was to
develop recommendations for the appropriate amount of physical activity needed to ensure
adequate health and behavior outcomes. Many organizations have their own
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recommendations that are slightly different from one another (National Association for Sport
and Physical Education (NASPE), The World Health Organization (WHO), Pan American
Health Organization (PAHO), and Center for Disease Control (CDC). However, this paper
written by a panel of experts in the areas of physical activity, children and obesity explored
not only the research evidence, but organizational and governmental recommendations such
as the previous ones and came to a consensus as to what the recommendation should be based
on the best evidence. The recommendations state that children and youths should accumulate
60 minutes of moderate to vigorous physical activity daily. The panelists’ further state that
what physical activities are participated in should be based upon the age and motor ability of
the child. In addition, for those children and youth that are not habitually physically active the
“10% rule” should be followed in terms of increasing the amount of physical activity each
week.

Body Fatness and Physical Activity/Inactivity

In December 2000, the President’s Council on Physical Fitness and Sports published a report
entitled Physical activity protects against the health risks of obesity. The report identified the
role of physical activity and inactivity in obesity and suggested examining obesity as a multi-
factorial problem (Welk, 2000). Janz, Levy, Burns, Torner, Willing & Warren (2002)
conducted a study of 4-6 year old children. Results suggest that physically active children on
average had 1 kg less fat mass as compared to inactive children. In this study children had 4%
less body fat when they had thirty-five minutes or more of vigorous physical activity as
compared to those who had seventeen minutes or less. Children whose parents reported one
or less hours of television had 3% less body fat than those with more than three hours of TV
viewing. Researchers in this study investigated the relationship between physical
activity/inactivity and body fatness in children. Specifically, they looked at the relationship
between type of physical activity and excess adiposity and estimate of effect size among 4-6
year old children. Parental reports of television viewing, accelerometry-measured physical
activity, body mass index, and body composition measures derived from Dual-Energy X-Ray
Absorptiometry (DEXA)were collected on 467 healthy 4-6 year old children DEXA provided
fat mass, total body mass, percentage of body fat (fat mass/total body mass), fat-free mass
(sum of bone mineral and lean mass), and trunk fat mass (predominantly abdominal fat).
Physical activity was measured using accelerometry, which accumulates movement values
over a period of time, such as movement counts per minutes. Children wore the accelerometer
for four consecutive days including 1 weekend day. From the raw data the researchers
constructed three variables, 1) volume or total daily physical activity (total movement
counts/total minutes or time of measurement), 2) daily minutes spent in moderate through
vigorous physical activity (counting number of minutes in which accelerometry movement
count readings were >615 and <2,972 counts equivalent to 3-6 metabolic equivalents or
MET), and 3) daily minutes spent in vigorous physical activity (counting number of minutes
in which accelerometry movement count readings were >2,972).

The criterion variable was body composition measures and predictor variables were age,
height, vigorous activity and TV viewing. After adjusting for age and height, there was a
linear trend for vigorous physical activity and percent body fat, fat mass, and trunk fat mass.
There was an inverse relationship between physical activity and fatness and positive
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relationship between fatness and TV viewing. The study concluded that there is observed
positive relationship between vigorous physical activity and percent body fat, fat mass, and
trunk fat mass. For girls, television viewing was inversely related to body fat, fat mass, and
trunk fat mass, while for boys TV viewing was inversely related to percent body fat. Gender
differences were observed with regards to physical activity. In general, boys were found to
have greater levels of total physical activity, more moderate/vigorous physical activity and
more vigorous physical activity. No gender differences were found with regards to television
viewing.

Prevention of Childhood Obesity

The benefits of physical activity in children are well documented, especially the long-term
protective effect that it has on body fat in childhood (Moore, Gao, Bradlee, Cupples,
Sundarajan-Ramamurti, Proctor, Hood, Singer & Ellison, 2003). Moore et al. (2003) in a
prospective study of children that they followed from preschool to early adolescence found
that by age 11, the most active children had the lowest BMI and less subcutaneous fat.
Additionally, adiposity rebound (AR) was delayed in the more active children, reducing their
risk of obesity. Considering the benefits of physical activity, there are limited physical
activity interventions that have examined mediators of physical activity behavior in children
(Lewis, Marcus, Pate & Dunn, 2002). However, there are increasing numbers of intervention
studies that have looked at the impact of reducing physical inactivity on school aged
children’s BMI. One-hundred and ninety-two children in grades three and four in two socio-
demographically and scholastically matched public elementary schools in California,
participated in a study that targeted reduction of physical inactivity. The study was setup to
assess the effects in the reduction of TV viewing, videotape, and video game use on changes
in adiposity, physical activity, and dietary intake. Children in the experimental elementary
school received an eighteen-lesson, six-month classroom curriculum to reduce TV, videotape
and video game use. Changes in measures of height and weight, dietary behaviors and
parental report were measured. Compared with controls, children in the intervention group
had significant decreases in BMI. This study demonstrated that reducing sedentary activities,
maybe a promising, population-based approach to preventing childhood obesity (Robinson,
1999). In another school-based intervention study that involved classroom diet and physical
activity lessons gains in knowledge were significant among the treatment group (Gortmaker,
Cheung, Peterson, Chomitz, Cradle, Dart, Fox, Bullock, Sobol, Colditz, Field & Laird, 1999).
In this study, although researchers reported dietary behavioral changes with regards to intake
of fruits and vegetables and decrease in percentage of total energy from fat, no change was
measured in vigorous physical activity between the control and treatment groups.

These intervention studies suggest that although children may be influenced cognitively
to adopt dietary changes and reduce physical inactivity, they are less likely to increase
vigorous physical activity. Findings from the study by Sallis, Prochaska, & Taylor (2000)
suggest that in children the intention to be physically active may be positively correlated with
physical activity, even though in adults, knowledge of physical activity or health or the
intention to be active does not translate to physical activity behavior (Sallis & Owen, 1999).
Results of studies by Sallis et al. (2000) and Gortmaker et al. (1999) suggest that adopting
vigorous physical activity behaviors in children may need other factors beyond cognitive



Childhood Obesity: Caregivers’ Perceptions, Attitudes and Behaviors Related ... 211

influences. These important findings suggest the need to further explore sociocultural and
familial transmission of messages related to physical activity and inactivity among different
ethnic populations such as the Asian/Pacific Islanders who are affected by increasing rates of
childhood obesity.

The literature establishes that childhood obesity is multi-factorial with sociocultural and
familial factor mediators such as weight normalcy, diet, and physical activity/inactivity.
Because, weight normalcy and diet of Asian/Pacific children have been examined and
reported in previous studies, this study mainly examined physical activity/inactivity among
this population. This study explored sociocultural and familial factors related to physical
activity/inactivity of 6-10 year old children so as to better understand childhood obesity from
the perspective of Asian/Pacific Island care givers. Findings from this study will be used to
develop intervention programs intended to target childhood obesity prevention.

Methods
Demographics

The Commonwealth of Northern Mariana Islands (CNMI) is an archipelago consisting of 14
islands in the Western Pacific Ocean with a total land area of 176.5 square miles. The three
main populated and developed islands of the CNMI are Saipan, Tinian, and Rota. It has a
multiethnic population of 69,221 (CNMI 2000 Census) consisting of distinct ethnic groups of
Pacific Islanders and Asians. Chamorros and Carolinians are indigenous to the CNMI, while
Filipinos, Chinese, and other Micronesians (Palauans and Chuukese) are recent immigrants
(Table 1).

Table 1. Population of the CNMI by Ethnicity

Ethnicity by Ethnic Category Number Percent of Total

Pacific Islander

Chamorro 14,749 21.3
Carolinian 2,652 3.9
Chuukese 1,394 2.0
Palauan 1,685 24
Pohnpeian 640 0.9
Yapese 205 0.3
Marshallese 112 0.2
Kosraean 56 0.1
Other Pacific Islanders 509 0.7
Asian

Filipino 18,141 26.2
Chinese 15,311 22.1
Korean 2,021 2.9
Japanese 952 14
Bangladeshi 873 1.3
Nepalese 300 04

Other Asian 1,012 15
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Table 1. Continued

Ethnicity by Ethnic Category Number Percent of Total

Other

White 1,240 1.8

Black 41 0.1

Other Race 474 0.7
Mixed Ethnicitiest

Chamorro and Other 4,383 6.3

Asian and Other 3,016 4.4
Carolinian and Other 2,124 31

Source: CNMI 2000 Census
t People claiming 2 or more ethnic backgrounds

School System

The CNMI public school system enrolls 76% of all K-12 grade students in the CNMI. There
are thirteen elementary and junior high public schools in the three CNMI islands of Saipan,
Rota and Tinian. According to the CNMI Statistical Yearbook (1999), a total of 6,596 K — g
grade students were enrolled in 13 public schools. Majority of the private schools are
independently-run parochial systems with affiliation to different Christian denominations,
such as Catholics, Baptists, Seventh-Day Adventists, Protestants, and others.

Approach to Data Collection

Qualitative methods were used to collect and analyze data, which included four in-depth
focus groups and writing samples from each of the study participants. Validation of data was
performed utilizing triangulation methodology. Triangulation methodology provides the
researcher with the opportunity to verify data from multiple perspectives. Based on the review
of the literature and professional experience in the CNMI, this qualitative study utilized a set
of nine research objectives. These were developed and used to create culturally and
theoretically relevant questions. The objectives were explored in the focus group interview
protocol and the writing samples. These are (a) a culturally relevant definition of primary care
giver, (b) definition of weight normalcy, (c) knowledge of "weight control measures”, (d)
definition of weight control measures in regards to physical activity and inactivity, (e) attitude
towards "weight control measures”, (f) level of involvement in weight control measures, (g)
perception of child's experience in relation to weight control measures, (h) views on
childhood obesity preventive interventions, and (i) understanding (perception, knowledge,
attitude and behavior) of weight in children.
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Data Collections Methods

Study Participants

Selection of Schools and Ethnic Groups

Local CNMI collaborators from the Saipan Public School System assisted in the selection of
four schools for participation in this study, three of which were public and one parochial.
Although, all ethnic groups were included, majority of the study participants came from three
ethnic groups, Chamorro, Carolinian, and Filipino. Chamorros and Carolinians are the two
indigenous groups of the CNMI. Filipinos are the largest resident Asian group (Table 1) in
the CNMI and have considerable interaction within the community.

Selection of Study Participants

The local CNMI collaborators, through the school principals at the selected schools, invited
the children’s adult care givers to learn more about the research project. A general call was
made to the parents and other adult care givers. Thirty-two participants from three public
elementary and one private elementary school responded to the invitation to participate in the
study project. All thirty-two participants decided to participate in the study. Each participant
reviewed and signed the consent form at the beginning of their focus group sessions.

Study Group Composition

A total of four groups were formed for the study. Participants were all primary care givers
consisting of mothers, grandparents, and fathers. Ethnicity was recorded based on individual
self-report. Each participant had at least one school-aged child or grandchild (6-10 years of
age) in the household. The groups had the following makeup: Group 1 - majority Filipino
caregivers, Group 2 - majority Carolinian caregivers, Group 3 - majority Chamorro female
caregivers, and Group 4 - majority Chamorro male caregivers.

Focus Groups

As noted earlier at the beginning of each focus group session, each participant reviewed and
signed the consent form. Those who chose to sign the consent form to participate in the focus
group were assured of confidentiality. Participants in the focus groups were advised to keep
confidential all information about other participants in the study. A number was assigned to
each participant as an identifier to further protect confidentiality.

The focus group interview protocol was developed based on the review of the literature,
first author’s experience working in the CNMI and discussion with the last two authors who
served as local collaborators. Three researchers with previous experience conducting focus
groups used a semi-structured interview protocol to collect the data. Interviews were in
English, the common-spoken language in Saipan. The protocol included a set of eighteen
culturally relevant questions that were formulated based on the above-mentioned research
objectives. Care was taken in developing research questions that took into consideration
cultural intricacies of the community and would not be a potential risk to the focus group
participants. Participants were invited to answer questions as it related to their personal
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experience, their children’s experience, and behaviors that influence weight status among
school-aged children. Sessions were limited to ninety minutes.

Writing Sample

The writing sample protocol was developed based on the review of the literature. The
protocol asked participants to interpret and write their meaning for a set of words based on the
following specific objective: Primary care giver’s definition of weight control measures with
regards to physical activity and inactivity. Participants were presented with a list of words and
asked to write meanings for these words that are related to the different weight control
measures. These included but were not limited to (a) physical activity, (b) television viewing,
(c) computer games, (d) physical inactivity, and (e) school physical education program. The
consent form signed by the participants covered the use of data from both the focus groups
and the writing samples.

Data Analysis

Qualitative methodology was used to analyze the data from both the focus groups and the
writing samples, using methods described by Bogden and Biklen (1998). Focus group
interviews were audio taped and transcribed by a local Saipan agency that was not associated
with the study, but had familiarity with the local accents. The content of the transcripts were
verified for accuracy against the audiotapes by the researchers. The focus group transcripts
and the writing samples were read and a system of coding was developed. Initially a coding
system was developed that involved coding categories for all responses; making a list and
assigning each one a number; marking each comment with the appropriate humber(s); and
adding new codes as needed. The next step involved identifying the major concepts as a result
of the coding system. From the major concepts important themes were developed using
frequently mentioned ideas. Subsequently comparison of responses was made across the four
groups. Similar responses for the groups were combined and the main points of view within
each theme were highlighted with the use of direct quotation. Results are reported by focusing
on the distinctive areas of discussion from the groups, i.e. beliefs and attitudes related to
physical activity and inactivity, behaviors related to physical activity and inactivity
influencing weight status among school-aged children, and community support of families in
the prevention of childhood obesity.

Methods for Triangulation

As indicated earlier, triangulation or verification is a process used by qualitative researchers
to ensure authenticity through multiple methods of data collection and extensive interaction
time with the subjects (Creswell, 1998). This study employed two methods. The first method
involved conducting focus groups using questions that are were culturally relevant. The
second method was to obtain writing samples from each of the study participants using words
identified in the literature related to weight control measures. This method was used to obtain
caregivers’ views related to physical activity and inactivity using a different methodology.
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For this purpose, two types of data were used to support or contradict the interpretation of
findings (Creswell, 1998).

Interpretation of Data

Qualitative research methods were used to develop a system of categories. The goal was to
ensure that the analysis and categories are as close to the material as possible. This process of
inductive category development which is reductive in nature and has been used in psychology
was used for the analysis of the data. As a result of the literature review a set of criterion or
objectives were developed which guided the formulation of the study questions used in the
focus groups and the writing samples. Additionally, the framework that uses a sociocultural
and familial factor lens to examine physical activity and inactivity was used to analyze the
data. The content of the transcripts of the focus groups along with the writing samples
provided by the participants were analyzed looking for possible categories. When the research
question suggested quantitative analysis of the data such as frequency of coded categories,
then the data were analyzed and reported in that manner.

Additionally, when categories were defined, typical passages were found from the
transcripts and the writing samples to provide rich meaning for the categories. According to
Patton (1990), inductive analysis allows for categories to emerge followed by generating a
hypothesis, which can then be tested and examined for other possible explanations or
additional hypothesis. The data were differentiated based on categories that related to the
literature and those that emerged from the original data. This inductive and deductive process
was repeated with each step of the analysis. Inductive analysis which is usually post-hoc and
is based on the data was used to explore new ideas not previously considered, but were
identified by the study participants, while deductive analysis which was based on the
literature was used to examine the data looking for confirmation.

Because this study asks the parents to report physical activity and inactivity, it was
important to determine reliability of this information. With regards to physical inactivity,
research has shown that parental reporting of children’s television viewing has high reliability
when correlated with automated time-lapse video observations (Andersen, Field, Collins,
Lorch & Nathan, 1985). Although, parental reporting of children’s physical activity is the
most feasible community-based source of data, it is subject to parents’ bias and may not be as
reliable as logs and diaries (Sallis & Saelens, 2000). Also, different age children may engage
in different patterns of physical activity. For instance, 2-5 year old children are found to
engage in short 10 minute bouts of spontaneous physical activity with frequent rest periods
(Bailey, Olson, Pepper, Porszaz, Barstow, & Cooper, 1995).

Results

The findings from this study are from two data sources, which include results from four focus
groups and individual writing samples. The findings are organized according to the themes
that emerged from the data. These themes are broadly divided into four main topics: (a)
Physical Activity, (b) Physical Inactivity, (c) Weight Status, and (d) Intervention Strategies.
The first two topics will be presented in detail according to the following sub-categories: (a)
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caregiver’s views and perceptions of physical activity or physical inactivity, (b) caregiver’s
attitudes toward physical activity or inactivity, and (c) caregiver’s behavior toward physical
activity or inactivity. Views and perceptions include the caregiver’s definition and meaning of
research terminology, their determination of what adequate amounts of activity are and
appropriate limits of physical inactivity, their description of the patterns of physical activity
and inactivity, their assessment of these activities, and their explanation of children’s need for
other children being present to stay physically active. Additionally, a theme that emerged
from the data was the perceived benefits and disadvantages of physical inactivity for children.
This along with behavior related to physical activity and inactivity which include practice of
each along with parental involvement are presented. The third topic (weight status) presented
in detail is according to the following sub-categories: (a) perception of physical activity and
inactivity in relation to overweight and obesity, (b) factors influencing understanding of
weight status, and (c) cultural perceptions of weight normalcy. Finally, intervention strategies
as offered by the caregivers will be presented in three main sub-categories: (a) physical
activity intervention used by parents to normalize child’s weight, (b) physical activity and
dietary intervention in chronic disease prevention, and (c) community support of families in
the prevention of childhood obesity.

Findings suggest that among caregivers there are distinct sociocultural beliefs, attitudes,
and behaviors related to physical activity and inactivity. Gender differences were observed
with relation to caregivers’ perception of physical activity. Benefits and disadvantages of
physical inactivity were highlighted by the caregivers along with children needing other
children to stay physically active. Additionally, different ethnic groups gave different
meaning to weight normalcy, physical activity and inactivity. Familial differences were also
observed among ethnic groups, with regards to preventive strategies related to childhood
obesity and factors that influence their understanding of weight status. Finally, caregivers’
perception of community support for the prevention of childhood obesity was investigated.
Results indicated that caregivers perceived environmental changes as a necessary condition
for increasing physical activity among families. Additionally, a need for nutrition education
programs that offer awareness and skill-building workshops resulting in food-related behavior
change targeting families were identified.

Initial analysis of the data investigated culturally-based definition of primary caregiver
among the study participants. Among all groups, mothers were identified as the primary
caregiver. Participants in the Chamorro group indicated that the caregiver is also the one who
stays at home. The Carolinian group added that the caregiver is the person who makes the
decision and/or takes care of the children, while the Filipino group also identified fathers and
friends as the primary caregiver. Of interest is that the fathers identified aunts, uncles, older
siblings, and the entire family as caregivers, but did not identify themselves as the primary
caregiver, although they clearly saw the mothers as the one who has a distinct power and
responsibility within the family structure. As one father stated, “Mom, you don’t argue with
mom, we are just soldiers, they’re the admiral. Even up to now, my mom calls the shots you
know.”
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Physical Activity of Children

Perceptions of Physical Activity

Participants indicated that children are usually engaged in some sort of active play, whether it
is playing outside or indoors. Although, sometimes parents may have to ask their children to
go and play especially when the child is sitting around, the common perception is that
children only sit around when they are sick. Caregivers see illness as the only obstacle to
movement otherwise children are naturally seen as active. Additionally, Table 2 presents
direct quotes from participants regarding their views and perceptions of physical activity.
These data were derived from the content analysis of the writing samples. Individual
caregivers in all the groups emphasized the benefits of physical activity associating it with
health and/or strength, as indicated in these comments.

Table 2. Perceptions of Physical Activity and Types of Physical Activity

Participant Comments
Focus
Groups Perceptions of Physical Activity Types of Physical Activity
(n=6) (n=4)
“Child is very active in physical education” | “Walking, playing with kids, house work™
“Amount of exercise one exhibit” “Running, jogging, jumping, walking”
“Very active, healthy” “Sports, biking any extra curricular
Chamorro “Means an activity that 1 do out of my | (physical)”
normal schedule each day” “Playing sports, bike riding”
“Doing something that would make you
sweat”
“The activities for all parts of our bodies™
(n=3) (n=2)
““Spontaneous or moved a lot” “Daily movement, walking up/down stairs,
Fathers “Important, need to stay healthy” riding bike, baseball practice”
“To stay fit” “Playing bike with dad”
(n=6) (n=2)
“Good for your health” “Daily exercise such as playing ball,
“Healthy exercise” running, swimming, etc.”
Filipino “Physically healthy and strong” “Basketball”
“Make our body more strong and healthy”
*“Is for the exercise”
“Exercise”
(n=6) (n=1)
“Body movements, exercising, sports” “Playing sports and exercise”
“Exercise”
“Playful, actions in some kind of sports,
and habits”
Carolinian | “Healthy, well balanced, daily routine
activities that are fit”
“Things we do by moving our whole body”
“Able to do a lot of things at this age, child
that is not always sick, move, run, jump,
etc. all the time”
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Gender Differences in Perceptions of Physical Activity

Gender differences were observed among the focus group participants with regards to
perception of physical activity. Male participants differentiated between the various types of
physical activity such as team sports, dance programs, and outdoor play. Male participants
also emphasized the difference between sports program versus outdoor play indicating that
children do more when involved in sports program. The female participants on the other hand
did not make these distinctions and grouped all physical activity together including playing
outdoors, basketball, dancing, and even supervised Boy Scout activities. Female participants
focused on patterns of physical activity, such as children around the age of nine engage more
in play than any other activities, with some children being more active than others in their age

group.

Appropriate Levels of Physical Activity

Familial differences were observed among caregivers with regards to perceived appropriate
levels of physical activity for children. Participants reported that appropriate levels depends
on the child and is driven by the child’s nature and physical ability, as indicated by one
mother, “some children they do more than their age level. Others had specific time limits for
appropriate levels of physical activity. These included thirty minutes of daily outdoor racing
recommend by the doctor for weight control for an overweight child, forty-five minutes of
running around and playing basketball, and one-hour of biking for a ten year old child.
However, in the case of very active children, caregivers suggested that appropriate levels may
be defined by the child’s tolerance, although there is a need to prevent children from being
worn out or overly tired. Among the participants, the general perception of physical activity
for children was positive, as reflected in one mother’s comment, “The more the better”.

Types of Physical Activity

The types of physical activity for children were identified as supervised Boy Scout programs,
dancing, outdoor playing, and basketball. Caregivers indicated that although there are formal
activities such as team sports, boys and girls scouts program, and informal activities such as
neighborhood play, team sports for females in this age group are limited,

Like here, there are a lot of people on the beach side. It’s good. We always swim and
walk on the beach. There are a lot of sports going around, which we put our kids into,
but here, there is not much for girls.

Table 2 presents data from the content analysis with regards to the participants’ responses
related to types of physical activity.

Patterns of Physical Activity

Patterns of physical activity were reported to be unique to each child when compared with
other children within the neighborhood or immediate and extended family, as indicated by the
these comments,

My son is more active than our neighbors. He can run, he can play all through [the]
evening until shower time.
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I have a neighbor son, he’s 6 years old and I will tell him he’s doing more than my 8
and 9 year old daughters doing. He’s more active.

I have my brother in law, he has kids too, three girls, their age from 6 to 10, between
there. Their kids always sitting down, but my daughter climb, running around and
them they just sitting down so | think my daughter is doing more.

Caregivers also identified gender differences related to patterns of physical activity.
Specifically, girls that enter puberty were observed to present a tendency to be less active and
a desire to be different than younger children who are perceived as being interested in play
and toys.

Children Need Other Children to Stay Physically Active

Across all the cultures caregivers discussed the need for children to have other children to
stay physically active and to reduce television viewing. Caregivers noted the difficulty that
single children have with no one to play with, which impacts their activity levels, as indicated
by one mother,

See that is my problem, when my son doesn’t have anybody to play with and he
watches a lot of TV and | try to make him stop watch TV and go play, but nobody to
play with all he does is kill the plants outside, and throw rocks. It is kind of hard
because he has nobody to play with and we have a play station, he couldn’t wait to
play with it, but I have boxed it up, because I think what I should do is to try to find
friends for him. It is my problem.

The benefit of having siblings to engage children in play was noted by the fathers. One
father reported that during the weekends the children want to play with their cousins and
other playmates, which reduces their TV viewing, while another father noted that when he
takes his children out of the house, he notices the rest of the children follow.

One parent indicated that her child gained a lot of weight watching TV and staying
indoors. She tried to distract him by engaging him in the house chores. She indicated that she
is hopeful that her child will be more physically active because recently children have moved
into their neighborhood, and this seems to excite her son. Another parent indicated that her
son’s only activity is at school, since he is an only child and has no friends at home. In
response to the question of what caregivers do to help their children be more active, one
parent indicated having children around in the neighborhood helps. Caregivers recognize their
children’s natural desire for play and their readiness to always join other kids for outdoor
play, as reflected in one Chamorro mother’s comment,

She loves to play when it comes to play she can get up in the morning and play ball.
Once she hears the voice outside of the children, she’s all ready. If you don’t pull her
to come and eat lunch, she will just stay out all day.

One mother reported that her child is disinterested in watching TV, prefers to play
outdoors, only watches TV when she is alone and when there are no kids to play with her.
Another mother is challenged with the problem of her son watching a lot of TV when he has
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no playmates and sees the solution as finding friends for her child. This parent stays after
school for her child to play in the playground instead of coming home and watching TV. One
mother sighed and said my son could play computer games for 8 hours on average per week
when there are no kids to play with. Another Mother reported that her 6 year old son is an
only child and gets bored fast and waits for the parents to come home to play with him.

Assessing Physical Activity Levels

With regards to assessing children’s activity, caregivers reported that they monitor their
activity by questioning the children or by observing them, as reflected in this mother’s
comment,

My oldest son is slim and he loves to dance. And mostly | always see him calling the
neighbors and they would take the player and plug it and put it out to the yard where
the big tree is and they will dance. But | don’t mind for him to dance because you
know, dancing is also exercise.

Additionally, caregivers report children’s physical activity by day of week and time of
day, as indicated by one Carolinian mother,

During the week, it’s about a total of an hour, an hour and a half and then during the
weekends, like they have activities in the morning and then in the afternoon, yeah,
maybe they’ll watch about two hours in the afternoon, you know, some shows and
then they’ll go out and play again when it’s cool. You know, it depends on the time
of the day and what day it is. Sometimes it’s raining, so they stay inside ---- if
somebody’s on the game, and then the other one would watch TV.

Caregivers’ Perception of School-Based Physical Education (PE) Programs

Table 3 presents direct quotes from participants regarding their views and perceptions of
school physical education programs. The participants mainly focused on types of activities
and content of physical education programs. With regards to the latter, some caregivers
focused on the perceived learning components of physical education programs as reflected in
their comments.
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Table 3. School Physical Education (PE) Program Themes and Responses

Focus Participant Comments
Group
Activities and Content of Physical Education
““Any program that involves physical activity”
“Any program involving physical and mental alertness™
““Schedule PE activity for children”
Chamorro  «gyretching, exercising, extracurricular activities”
(n=7) ““Sports”
““Learning about health, sports and healthy food”
“Playing kick ball”
“Physical activities™
Fathers ) o o ) )
(n=3) “Regular physical training; activities that require lots of movement and exerting energy”
“School takes care”
“Program designed for kids for them to learn” “Healthy body and mind”
“Should be taken at least three times a week”
Filipino “Yes basketball™
= “We nee programs in the school for our exercise”
(n=7) We need PE he school f
“For physical needs that | or we need at least 30 minutes a day”
“Activity” (expressed independently by 2 participants)
“Physical activity at school - sports, etc.”
carolinian “Plaqug s:,!:)orts and exercising in school N
(n=6) Exercise™ (expressed independently by 2 participants)
“Exercise the body and evaluate™
“Activities done at school™
Attitude toward Physical Education
“Good for our kids™
Chamorro | ) .
(n=3) Good for the children
““Best for the kids™
Fathers “Important for kids”
(n=2) “To stay fit”
g\a_r;))llnlan ““Is important everyday, to exercise for children™

Missing Information for Physical Activity Filipino (n= 1)

Behavior Related to Physical Activity

Practice of Physical Activity

Current practice of physical activity includes children’s involvement in outdoor play and
sports programs. Children’s outdoor play takes place in school playgrounds and away from
the school. Caregivers were varied on their reporting of children’s physical activity. Fathers
reported that children are more active during the weekends with their relatives and when
involved in organized sports, “On the weekend, with the cousins, they want to play, so less
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TV”. Although, neighborhood outdoor play was reported by mothers, “After drawing, he just
go out and play with the neighbors”, children’s physical activity is likely to take place in
school playgrounds, as reflected in one Filipino mother’s statement,

Some of his physical activity he gets at school. It will be my husband, son, and | at
the house, there are no friends, so whatever activity he does is at school, after school
actually. He runs around on the playground until it is time to go, and that’s about it,
then we go home, he watches TV and does his school work.

Care giving Practices in Promoting Physical Activity

The role of parents in promoting physical activity was delineated by caregivers in all groups.
Participants from among the fathers group reported that parent involvement in physical
activity is likely to occur on the weekends, “the weekends you go to the beach. We love the
beach, but weekdays, we have nothing to do. He’s got to ride his bike.” Additionally,
participants in this group reported an observed increase in physical activity opportunities for
children in the CNMI over the past two decades and suggested that children’s lack of
involvement in such activities may be due to parents’ lack of support. One suggested reason
for this lack of support was the family’s socioeconomic status as expressed by one father,

I think in general, our kids are doing more than the average child does. The average child
would probably be in the house more. I think with us parents, we are around to have our kids
participate. And finish drop his kid at the other end of the island where the swimming is
taking place, but not some parents, like they can’t afford for their children to join some
programs. We try to go one step further.

Because, caregivers perceived children to be inherently active, they indicated that
children require active parental involvement mainly to keep them occupied and to organize
structured and unstructured activities for them,

Dancing every night is not enough. As soon as you sit down, they run around. They
go around, running around. We’re going to have to pick a time of activity and for
how long and then next day we’re going to have this. Try to make them busy with
any kind of activity that a parent can participate with them. So you try to keep them
busy and sometimes you do things with them and sometimes you just have them do
things on their own or walk with them at the pathway.

Engaging children in household chores was reported to be a common practice among the
caregivers. In some families, boys are also expected to engage in household chores before
they can play outdoors as reflected in one Carolinian mother’s comments,

He does house chores for me because | got only three boys, | don’t have daughters.
They get to help me out. So after school, that’s when | give him time to play outside.

Among the participants in the Chamorro group, strategies used by caregivers to help
children be more active were identified. These include racing outdoors with one’s children
and ensuring that children go out biking, walking in the park, or playing catch.



Childhood Obesity: Caregivers’ Perceptions, Attitudes and Behaviors Related ... 223

Physical Inactivity in Children

Perceptions of Physical Inactivity

With regards to caregivers’ perception of physical inactivity, with the exception of one
caregiver who defined physical inactivity as ““Not engaged in any outdoor activity” majority
of the participants in the Filipino group either offered irrelevant responses such as ““Basket
ball”, “P.E.”, or ““Exercise” or no response for physical inactivity, indicating unfamiliarity
with the word “physical inactivity”. Among all the other three groups, words such as “couch
potato” and “lazy” were associated with physical inactivity. Although more frequently
expressed by the participants in the Carolinian group, individual caregivers in the other two
groups also saw physical inactivity as a health-related condition, as indicated in these
comments, “Lack of energy, unhealthy”, “Become fat and lazy”, “Child that is not eating
right”, “Sick, not well fit””, and ““Not normal™.

Types of Physical Inactivity

With regards to types of physical inactivity direct quotes derived from content analysis of the
writing samples indicated that caregivers perceived physical inactivity as ”Watching TV”,
“Playing TV games™, and “Sitting playing game™. Additionally, participants offered their
perception of these two types of physical inactivity, i.e. (a) television viewing, and (b)
computer games presented in Table 4.

Table 4. Television Viewing and Computer Games

Focus Group Participant Comments

Television Viewing

“Watching a movie/video rental”
“Watching favorite show™
Chamorro (n=5) “Viewing cartoons or any other programs”
“Sitting down watching TV programs”
“Flipping through channels until you find what you like™
“Watching television™

Fathers (n=3) ““Cartoon”
“CNN”
Filipino (n=3) No television viewing

“Watching television” (expressed independently by 2 participants)
“Watching TV (expressed independently by 4 participants)
“Habit of watching TV”

““To scheme through a television program”

“To watch for a few minutes™

Carolinian (n=7)

Computer Games

“Nintendo 64, computer software”

“Nintendo, Sega, x-box, game by advanced”

“Electronic games such as Nintendo (Mario) play station, Sega, etc.”
“Any type of electronic games children/adults play”

“Playing Nintendo, PS2 and arcade games™

“Play station and Nintendo 64”

Chamorro (n=4)

Fathers (n=2)
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Table 4. Continued

Focus Group Participant Comments

“Yes computer games”™

Filipino (n=3) ““Games that you played in the computer or TV sets/ video™
“To play games like machines”
“Arcade or video games on the computer”
“Playing games”

Carolinian (n=5)  “Nintendo or anything on computer that has games™
““Games with control, | don’t have a computer at home™
“Any remote type of games”

Missing Information for television viewing and computer games Chamorro (n=1), Filipino (n=2)

Appropriate Limits of Physical Inactivity

With regards to appropriate limits of television viewing and computer use, majority of the
participants did not seem to have formulated restrictive views on this matter, although some
suggested one or two hours per day. Fathers suggested two hours of television and computer
use daily during the week. Although, reported use of television and computer was varied. In
general, participants reported one to two hours of television and computer use daily during
the week and as much as four hours on a weekend day.

Patterns of Physical Inactivity

Patterns of physical inactivity seem to depend on the child’s preference and culture of the
household. In regards to child’s preference, caregivers either reported that their children are
intensely interested in television and computer use or that they prefer to be physically active
or engaged in outdoor play,

Our neighbors come and watch TV in our house with our kids and play computer.
Whenever they come, my Kids are outside. She’s not interested in computer and TV.
Only seldom, sometimes she just watches and then that’s it. She’s not into it. But
sometimes if the neighbor’s kids come over, instead of watching TV, she watches
them.

During the week, [watch TV] for about one hour, once a day, because she likes to go
out and play.

In response to what parents do to limit television use, one mother expressed that she does
not have a problem with TV viewing, since her kids are disinterested in TV. Caregivers also
reported that children, who are usually disinterested in television, seem to have higher use of
TV when they don’t have playmates. In general, children seem to set their own limit for
television viewing. Factors that limit children’s television viewing and influence their choice
to engage in outdoor play is personal preference for outdoor play, personal preference for
other activities such as reading or math work, playmates, and weather conditions, as indicated
by one Filipino caregiver, ““She rather read or draw, we give her math, she rather enjoy
doing that than watching TV.”
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For school aged children weekends seem to be a challenge with regards to television
viewing and computer use. One Chamorro mother said that weekday’s use of computer games
is different than weekend days. Her children are not allowed to play computer games or
Nintendo during weekdays but there are no rules for the weekend days and evenings. One
Filipino mother indicated that she allows her child one-hour of daily use of computer games
following the child’s routines of homework, dinner and shower. With regards to the culture of
households, some families reported the use of discipline and structure to discourage television
viewing, as reflected in this mother’s comments,

Even me, I’m not working | just stay home and I have four children, I have two
daughters and two sons and they’re all going to school. They don’t watch TV on the
weekdays, only on the weekends. It’s their choice. So if they want to watch TV, they
can watch TV. But usually | don’t allow that. Even me, | don’t like to watch TV. |
rather do something else than sit down and just watch TV. | know I’'m not going to
learn something from the TV, especially since there’s too many violence on the
channels. And usually in my house there’s a schedule for my children. My six years
old daughter will also do chore in the house. It’s a simple chore. They can go out and
play. So my kids are not interested in watching TV. Every night | do the same thing
that | want my children to do. At eight o’clock, | switch off the light and that’s what |
do everyday.

Attitude Related to Physical Inactivity

Benefits and Disadvantages of Physical Inactivity

From among all the groups, Carolinian participants seemed to focus more on the advantages
and disadvantages of television viewing than any of the other groups. Caregivers seemed
concerned with excessive periods of time spent watching television, indicating that it may not
be healthy for children,

I got three kids at home. One is in sixth grade, and two haven’t gone to school yet.
The youngest one will rather play outside, he doesn’t bother. The second one, he can
watch TV like three hours in the morning rather than doing anything. And | guess
that’s not healthy, and in the afternoon again, watch like two hours. And the one at
school, when he finishes school, like three o’clock will be home, he can stay on the
computer for four hours.

Majority of the participants discussed the disadvantages of television viewing with the
exception of few caregivers, who focused on the benefits of television viewing,

A lot of kids who watch TV, you can tell that their language is very good, too. It
improves. But it depends on what they watch. Especially being here in Saipan, you
know, we’re not English speakers, English is our second language but you can really
tell by the children who watch a lot of TV.
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I think they get more appetite, you know, if they sit down. The food commercial, oh,
I’m hungry, you know, I’ll go get me a snack, or mom, can you get me that. | want to
go to McDonald’s.

With regards to the disadvantages of television viewing, caregivers in this group felt that
television may affect their child’s attention span, decrease their appetite, expose them to
violence, and teach them inappropriate words,

I think sometimes when kids watch too much TV, it affects their attention span.
Sometimes you’ll be talking to them and they can’t hear anything because they just
are focused on the show.

They could also loose their appetite.

Maybe the kids learn something we don’t want them to see, like some war, or some
actions.

You hear all those words, those bad words, but now, even in the cartoons, you can
hear.

Across all the groups, the one advantage of television viewing was in regards to the issue
of safety and supervision. Among the Filipino caregivers, it was noted that the culture
indicates that children need to be indoors before dark and therefore it is not unusual to have
them watch television in the evenings. Caregivers who expressed concern with safety and
supervision, believed that it is easier to have the children at home watching television so they
can keep track of them and offer parents peace of mind,

Before when | had only one child, | have control of him and now that I have four
kids, I rather them sit in the house and watch TV than one would go on one side and
one would go on the other side.

I go to work maybe about seven thirty, come home twelve O’clock for lunch, he is
still watching cartoons. Go back to work; come back in the evening, still there
watching TV. | mean they watch TV all day. But, at the same token, | prefer them
doing that than, you know my head is more comfortable knowing that they are in the
house doing something than outside playing with I don’t know what. It’s difficult,
but you know | feel more comfortable knowing that they are in a house playing, all
of them. And I go to work, thinking that, oh, one is in on the road.

Table 5 presents participants’ responses from the content analysis of the writing samples
related to conditions associated with television use
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Table 5. Condition Associated with Television Use

Focus Group Participant Comments

““Child's extra curricula to keep her sitting still, couch potato™
““Too much of anything is bad for you. Therefore controlling the length of time watching
TV is essential”
“Something | do if I do not have a good book™
““To put your whole self into it and not do the things that needs to be done”
“Leisure time”
““Like to do, however need to control amount”
“Watching to get information and entertainment”
Filipino (n=3)  ““One way of relaxing and influences our children”
““To learn some thing that happening around you™

Chamorro
(n=4)

Fathers (n=2)

Regarding computer games a similar theme emerged from the data that highlighted
caregivers’ perception of computer use. Table 6 presents participants’ responses related to
perception of computer use which focuses on views and attitudes toward this type of physical
inactivity.

Table 6. Perceptions of Computer Games

Focus Group Participant Comments

*““Can be an addiction”

“Entertaining, challenging”
Chamorro “Too much of anything is bad for you. Therefore controlling the length of time watching
(n=5) TV is essential”

“Fun, but I have put it away until school is out for summer”

“You play with it, but you can get hooked by it.”

“Extra activity”
Fathers (n=3)  “Important, changing times requires you to have”

“for fun”

“Brain exercise”
Filipino (n=3)  ““One way our children spend their time during their idle time”

“It helps to my children especially they just started to learn to use”
Carolinian *“Activities on the computer that don’t help much in learning”
(n=2) “Exercise of the mind”

Behavior Related to Physical Inactivity

Practice of Physical Inactivity

Among the Filipino group, caregivers reported one to two hours of television use daily during
the week, with higher weekend and holiday usage. However, based on observation, caregivers
reported that children’s TV use is within the purview of each family dynamic, “It depends on
the parents, some children watch more, and they stay late to watch TV, because their life is
watching TV.” Caregivers in the Chamorro group reported two or more hours of television
and computer use daily during the week. Additionally, caregivers noted that during weekdays
children are governed by different limits with regards to computer use than during the
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weekends, “At my house, Monday through Thursday no computer games, no Nintendo,
Friday, Saturday, and Sunday they could play.”

Among the Carolinian group TV and computer use was reported as one hour during the
week, with more time on the weekends. Fathers reported that during weekdays, children
typically watch about one hour of television. Additionally, it was noted that because of the
recent increased access to television and computer games there may be an increase in physical
inactivity among children, as observed by one father,

My brother’s kids who come over to the house, they do the same thing. You go to my
brother’s house, same thing, | mean you go to their house, there are computer games,
I mean, every household.

Caregivers reported that they find it difficult to limit their children’s television viewing
when away from home. Additionally, participants shared their concern with their children’s
use of internet and chat rooms, especially when children indicate that they are working on
their homework, as reported by one mother,

And my son has his own computer and it’s very hard, because sometimes when we
check him, he said, oh mom, I’m doing my homework, but | don’t know if he’s doing
something else.

Care Giving Practices in Limiting Physical Inactivity

The role of parents in limiting physical inactivity was delineated by caregivers in all groups.
With regards to activities that are physically inactive such as television viewing and computer
use, Carolinian participants along with the fathers reported that they try to maintain a
schedule during weekdays to control these activities. Participants also reported different rules
and limits for weekdays than weekends, as indicated by one Carolinian mother,

During school days, you know, | don’t make my children watch TV. But they watch
the news, of course we turn on the TV during news time and then they watch the
news with us and then after that we turn it to an educational learning channel or
sometimes they have an assignment from school, they have to watch biographies
about some people and they have to take notes or they have to watch Discovery
channel and just like an hour a day. But during the weekends they can watch, as
much as they want, or nowadays that they have computer games and those handheld
Nintendo and play stations.

Because children may have the tendency to watch television during their get-togethers,
there is a perceived need for parental intervention in limiting children’s viewing and
encouraging outdoor play as reflected in one mother’s comment,

If | would have visitors to come home and visit us, they will not sit in front of the
TV. My children is to call the children that came to visit, to go outside and either
play baseball or ride a bike or walk on the beach because we live by the beach.
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Additionally, caregivers also reported that either their children are disinterested in
television which does not require any action from them, “I don’t think | have many problems
with TV because my kids are not really into TV”, or that they are intensely interested in
television and will need very restrictive limits, “I rarely let them play now, because he could
play for eight hours a day, there is no way he can just turn it off after ten minutes”.

Although, caregivers recognize their role in limiting television viewing, they reported
their challenges with this task. Among the Carolinian participants, it was noted that working
parents may have difficulty in supervising their children’s television viewing,

It’s hard if the parents are working. | really know what my daughter is doing and we
keep track of where she goes or what she does. So | know what her daily activities
are and what she’s doing. For other parents, maybe they really don’t know how their
kids are with the TV because they are working.

Other issues raised were (a) children not following parent’s directions, (b) caregivers
having to take care of more than one child at a time, or (c) children in the same household
having different preferences and tendency for physical inactivity. Caregivers also reported
that they use different strategies to get compliance from their children with regards to
television viewing. These include (a) encouraging children to engage in other activities such
as reading books, or playing board games with siblings, (b) raising one’s voice, (c) setting
limits with monitoring to ensure compliance, (d) using rewards, or (e) spending time with the
children, as reflected in these comments,

Every night at eight o’clock in the evening, if it is 7:30, I tell them to stop watching
TV. | tell them to sleep before eight o’clock.

If they listen, then they get something. We give rewards, like we promise to buy
them a bike, because they really wanted a bike. Say a doll or watch a movie, or go
swimming, go picnic, family picnic.

Weight Status: Overweight and Obesity

Perception of the Relationship between Physical Activity and Weight Status

Caregivers recognized the psychological and physiological consequences of childhood
obesity and the need for medical referral and weight control measures. Participants identified
different environmental and societal factors related to overweight status among children.
Frequent social gatherings, time spent at school, food availability and accessibility, media,
cultural beliefs and practices, and physical activity are among factors that are perceived to
interact with childhood obesity. The relationship of weight and activity were emphatically
reported by all the focus group participants, indicating that more active children are less
overweight, “That boy is more overweight and my son is just the right weight, you know,
more active.” Fathers also noted the relevance of children’s activity in maintaining their
weight, especially with the changing time. Sociocultural beliefs regarding the importance of
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physical activity in childhood obesity was expressed by participants, as reflected in one
mother’s comment,

When you look at a child that is fatter, then our parents will tell us that your child
should exercise more, because he would not live longer.

Overall analysis of the data across all groups showed that participants recognized the role
of physical activity and inactivity in maintaining normal weight status. For instance, Filipino
participants identified a set of factors related to children maintaining normal weight status
which emphasized physical activity and inactivity. These include (a) genetics, (b) fondness
for activities, (c) ability to burn body fat, (d) higher activity level, (e) parental involvement in
ensuring that children play for at least 2 hours per day, (f) child’s preference for swimming,
(9) food choices, and (h) eating the right amount and type of food. In addition, caregivers in
the Carolinian group noted their observation of factors that may contribute to childhood
obesity. Specifically, the need for more attention and active parental involvement with
regards to increasing physical activity was indicated, as reflected in one Carolinian mother’s
comment,

Maybe they think there is nothing for them to do, they just sit around and eat and
watch TV. But if they have more attention and have someone to play with, | think
that’s what | mean when | say encourage them more, be involved as a parent. But
here, usually mostly parents are working.

However, with regards to underweight status among children, Carolinian participants
suggested that caregivers should seek medical assistance in diagnosing the problem.
Specifically, it was suggested that the following issues be carefully examined, quantity of
food consumed, genetic make-up, and/or potential health problems.

In addition to physical activity and inactivity caregivers also recognized the role of diet in
overweight and obesity. Among the Chamorro group, caregivers reported that medical
recommendations regarding the management of overweight children indicate limiting certain
foods and increasing physical activity, “limit soft drinks and do a lot of activities”. Similarly,
prevention strategies of childhood overweight among the Filipino participants included the
role of diet and exercise, as indicated by one mother, “Diet and exercise. At least fifteen
minutes per day.” Participants in this group also delineated the role of caregivers in
controlling the child’s food.

Factors Influencing Understanding of Weight Status

In general the extended family, health care providers, community members, and personal
experience all seemed to influence caregivers’ awareness and understanding of children’s
weight status. In understanding factors related to children’s weight status, it was noted that
caregivers are most intimately involved with their children’s issues and in the position to
assess their status, as reflected in one mother’s comments,
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Only you, the person, the caregiver of the child knows whether the child is healthy or
not because they know what food they give them and they know how often they get
sick, so you know you can’t judge other children because we don’t know what their
problem is.

There is a common belief that children’s individual characteristic determines their weight
status. This is reflected in one father’s perspective, “I have a son, and he eats a lot; but he
don’t get fat. | didn’t know why, but | didn’t eat that kind of a food when | was his age.”
Although, parents believe that individual characteristics determine their child’s weight status,
most recognize specific factors that interact with these characteristics. These include genetic
makeup, physiology and metabolism, as expressed in these comments,

Sometimes it runs in the family, like genes, you know.

So they tell me, oh your daughter takes after you and then your son takes after the
dad’s family because they are big.

You will see, you will compare, and some of those children eat a lot. They don’t really
observe the basic food groups, but still they’re normal. The body is normal, looks normal, you
know, not overweight. Just sometimes it is the genes.

Individual weight differences influenced by activity level were also reported by the
caregivers. These included children who are predisposed to being active or inactive, those
who are generally interested in activities, and those whose parents ensure daily play, as
indicated in these comments,

My daughter is also very thin, | think she is overactive.

I have an eight year and ten year old daughters and they’re like total opposite. The
ten year old would rather just sit and read and read and read and read all the way
until she sleeps. But the other one, she’d rather get up and move around, so | notice
their weight difference, too. The one that reads is bigger than the one that moves
around.

They’re fond of activities, they like to swim, they like to play and that’s why they’re
burning their fats.

Caregivers’ perception of dietary factors related to weight status was varied by the weight
status of the children and the parents’ views on diet. With regards to normal weight status one
mother stated, “Food makes a lot of difference. You eat the right food, right amount, then
that’s good”, while underweight status among children was seen as a result of food
restrictions in response to medical advice specifically in regards to management of chronic
diseases.
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Cultural Perception of Weight Normalcy

Sociocultural beliefs with regards to weight normalcy among participants were observed.
Although, fathers did not identify wealth as a reason for fatness, female participants in the
Chamorro group indicated that fat is perceived as wealth and being fat and large is a
representation of it. As for children, both Chamorro and Carolinian participants indicated that
culturally people prefer to see them as being fat. Underweight status among children seems to
be a more sensitive issue than obesity. One Carolinian mother in response to communicating
with a friend about their child’s weight status, stated,

It would be easier to tell a person or your friend that their child is obese than to tell a
friend who has a child that’s healthy and fit. You can be surprised; maybe the child is
very sick.

Analysis of data also suggests that different groups within the community reinforce
caregivers’ perception of weight normalcy. Differences were seen among the different ethnic
groups in communicating acceptable weight status. Informal network which involves the
immediate and extended family through a socially constructed conception of weight
communicate weight normalcy messages to caregivers. Moreover, certain ethnic groups rely
on the formal network which involves the doctors and nutritionists for weight status
information. Filipino participants recognized the doctor as a more accurate source of
information on appropriate weight status and advice than another parent. In addition to
doctors, Filipino participants also rely on nutritionists and regular annual medical check up to
learn about the child’s weight status. Grandmothers, aunts/uncles, and spouses were reported
as individuals that influence fathers’ perception of their child’s weight status. Additionally,
fathers reported that within the Chamorro culture there is a familial hierarchy that allows
them to feel comfortable in advising their nieces and nephews with regards to weight control
measures. However, advising their friends was seen as an intrusion. Carolinian participants
identified both the family and doctors in influencing their perception of their child’s weight
status. Among the Carolinians, husbands were also seen as influencing primary caregivers’
perception of child’s weight status. Chamorro female participants reported that their mother-
in-law and their husbands also influence their perception of their child’s weight status.
Carolinian and Filipino participants also identified their own personal judgment in this
process. Visual assessment of child’s weight, height and weight charts, personal feeling, and
child fitting into clothes were used by caregivers to formulate personal judgment on child’s
weight status.

Intervention Strategies

Intervention Used by Caregivers to Normalize Child’s Weight

Physical activity as an intervention in helping children normalize their weight was indicated
by caregivers, “If he’s big, then tell them to make him move more.” Among the participants in
the father’s group, the need to tell children to participate in physical activity, enrolling them
in gyms so they can be encouraged to be active, and promising them a reward for engaging in
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physical activity were reported. In this group, participants also enquired as to whether the
sports programs for children in the island teach them to prevent from becoming overweight.
Caregivers reported to use different strategies for overweight and underweight children.
Specifically in preventing a normal weight child from becoming underweight caregivers
indicated that they need to stay close to the child and play with him, while in preventing
children from becoming overweight caregivers need to monitor the child and tell him to
control his intake.

Participants in the Carolinian group, focused on parental involvement in increasing
children’s activity. Among the Chamorro group participants, intervention strategies included
encouraging overweight children to go to the gym to work out, and telling the child to do
more activities like jogging, running and walking. Caregivers in this group also delineated the
role of the parents in supporting children’s physical activity. However, when using medical
recommendations to help overweight children, adjustments were made to meet individual
family needs, as reported by one Chamorro mother, “Thirty minutes | think the doctor told
me. | can’t drive all the way from work to home and then take them over to walk. | just do it
around the house.” In addition to engaging children in sports to help children from becoming
overweight, caregivers also reported that they try to encourage children who are slightly
overweight to get into sports and work out. They encourage children to go out biking, limit
their dietary intake and offer them dinner far in advance of bedtime,

We try to encourage him to get into sports, work out, encourage him to go out biking
with his friends, limit his intake, and try to make sure he has dinner before six
o’clock so that he doesn’t go straight to bed.

Physical Activity and Dietary Interventions in Chronic Disease Prevention

With regards to chronic disease prevention, physical activity and dietary intervention were
also noted. The importance of exercise was emphasized by the participants in all the groups,
especially because physical activity was seen as a more culturally acceptable behavior to
adopt than restricting foods through dietary changes, “Give them something fun to do, like
take them to the beach, swim, and play some sports.” Among the fathers, strategies in the
prevention of chronic diseases focused on restricting children’s diet and monitoring
overweight children in families with a history of diabetes. Participants in this group also
indicated that everyone should take responsibility for this matter and work together to support
the child, “Another thing is cultural, stop bringing it all to them. Everybody be responsible.
Set an example.” The role modeling of adults in this regard was noted by another participant
in the Carolinian group, “I think that when we educate too, we should also practice what we
educate.”

Differences among fathers and mothers were observed with regards to instructing
children and helping them adopt health related behaviors especially in the prevention of
childhood obesity and chronic diseases. Fathers reported to use social control through verbal
messages and injunctions, while mothers reported to obtain compliance by active
involvement, control and training. Although, verbal messages were the primary manner in
instructing children, fathers also saw a role for older children in setting examples for their
younger siblings and engaging overweight children in more activities around the house.
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Fathers also reported that parents need to inform their overweight children about their weight
and teach them about the consequences of being overweight, “Educate; let him realize that
going from overweight to obese there is consequences in that. You have to let them know it
could be death or heart disease.” Mothers believed that overweight children would benefit
from parental involvement especially with regards to reducing the purchase of fatty foods. In
addition to diet, mothers also identified the role of caregivers in monitoring dietary intake and
promoting physical activity in preventing childhood overweight and obesity,

I think they need to watch what their child eats and to maybe do some activities with
their child, maybe exercise, or take a walk along the beach, just to encourage the kids
other than eating.

Community Support of Families in the Prevention of Childhood Obesity

Caregivers identified ways that the community might support them in preventing childhood
obesity. Specifically, the focus of these strategies was on education and environment. With
regards to environment, caregivers mainly focused on increasing physical activity
opportunities for families. These included (a) more public exercise places, such as gyms and
outdoor places that promote family activity, (b) government’s assistance with village-based
community centers specifically with obtaining donated exercise equipments from local gyms,
(c) making physical activity programs accessible and free to the public, and (d) ensuring
adequate advertisement of such activities for the public. Additionally, caregivers focused on
challenges faced with food related issues. One such issue was the perceived higher cost of
purchasing healthier foods, “I notice where | go out to the stores the healthy food is a lot like
three times more expensive and it is hard for families who can’t really afford it.”” Another
issue related to food was the sociocultural characteristic of the community which offers
frequently held social gatherings (parties) that involve generous food offerings and
hospitality. One Chamorro mother suggested a strategy to address such gatherings, “stop the
parties”.

In addition to making physical activity more accessible to the families, caregivers
identified the need for nutrition education topics related to children. These include (a) food
substitution, (b) amount of food needed by children, (c) additional knowledge of foods, (d)
nutrients, (e) strength building foods, and (f) food preparation. Furthermore, with regards to
education of families, caregivers identified four potential sources of information, (1)
community-based education sessions, (2) media, (3) published literature, and (4) health care
professionals. The venue and format of the community-based sessions were discussed by the
participants. The village-based community centers were identified as a place where classes
could be offered to families. Caregivers found the focus group format effective and suggested
using it in conducting nightly classes for the families in the village as indicated by one
mother,

I know that some of the parents will feel uncomfortable when the first time they tell
them to come but as soon as they sit down, those that were very quiet won’t stop
talking.
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For those unable to leave their home, it was suggested that educational programs be
offered on cable station. Participants in the Chamorro group also reported accessing nutrition
education information through US broadcast radio programs, while learning about
community-sponsored workshops through the local radio stations. Among the Filipino
participants nutrition information was accessed through newspapers, books, and government
programs.

Caregivers suggested offering free magazines with practical useful information for
parents such as information about vegetables and foods that are beneficial for health. It was
reported that such materials are currently distributed by the public health agency and may
only be available in the hospital for patient care. The need to make such published
information accessible to the community outside of health care clinics was identified by the
participants. Caregivers suggested churches, grocery stores and office waiting areas as places
were such information can be made accessible to families. Also, the schools were identified
as a place where information can be sent home to the children, as suggested by two mothers,
“Like a newsletter every month™ and “I think it will help when it is given out to the kids in the
schools”.

Filipino participants emphasized the importance of the health care professionals as a
reliable source of information for the families, as indicated by one mother, “I think when it
comes from your pediatrician it stands out stronger than others.” Because, doctors are
perceived as more accurate on diagnosing appropriate weight status and providing medical
advice, physicians were identified as sources of information for families who have concerns
with their children’s weight status. Additionally, participants stated that one way families
might access health care professionals is through community-based workshops that are
offered by the public health agency. Caregivers indicated that they find the information from
the public health sector helpful and accessible.

Finally, because of the devastating consequences of chronic diseases such as Type Il
diabetes, families in the CNMI are facing major lifestyle choices. Over the past two decades
the CNMI community has become more aware of these issues, as one mother recalled,

You know, a long time ago, | used to remember when | was small; nurses used to
come to the house and talk about what kind of food the old people at the house
should cut down on. That’s when they just found out, I guess, about diabetes. So they
told them, you know, the disease is coming here, you know, we’re receiving a lot of
these diseases and you want to avoid that.

Today, there is a general concern in the community regarding the effect of these nutrition
problems on individuals and families. Results of this study suggest that families may be
aware of the role of diet and activity in chronic diseases. However, they may need other
interventions, such as making home visits as indicated by one mother, “I think the best way to
reach out to the community is to visit them at their house.”” Caregivers also recognized that
information and awareness may not be adequate for bringing about lifestyle changes and
suggested the need for skill building and repeated follow-up activities,
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Caregivers’ Belief about
activity:

Children have natural
inclination to be active or
inactive

Caregivers’ Attitude about

activity:

e TV and computer use
allows for safety and
security of children

Caregivers’ Practice

about activity:

e Allow children to set
their own limits of
activity and inactivity

e  Children need other .
children to stay active

Physical activity is
important for children

Reported Care giving Practices in Promoting Physical
Activity and Limiting Physical Inactivity

Caregivers promote Physical Activity by:
e Verbally encouraging children to engage in

Caregivers limit Physical Inactivity (TV
and computer use) by:

activity e Giving incentive
e  Keeping children after school in playgrounds to e  Setting time limits
engage in activity e Removing children from physically
e Finding other children for their children to play inactive environments
with e Removing physically inactive
e Enrolling children in physically active distractions from child’s environment
programs

e Engaging children in household chores

A et

Challenges in the Prevention of Childhood overweight and obesity
e Potential conflict between caregivers’ beliefs, attitudes and practices and reported care giving
practices related to promoting physical activity and limiting inactivity

v

Strategies for Prevention of Childhood overweight and obesity

e Create and sustain physically active promoting communities where children have other children to
play with

e Engage families in learning how to set limits for TV and computer use

e Engage families in finding strategies to promote safety and security with limited use of TV and
computer use

e Engage families in giving incentive to children for being physically active

e Engage schools in monitoring and tracking 6-10 year old children’s physical activity and inactivity
at home and in school

Figure 1. Framework for Interpretation

I think they’re just educating, but I think if there’s a workshop to help them prepare
every meal, how to cook this kind [of food], maybe it’s going to be more than just
going around educating without action. Like, we’re just here, I’m going to do that,
but there’s no follow up on it. People will just go back to their old habit. But if you
go up and check what they’re doing, are they coming up with some changes or what,
instead of just talking, talking, talking and no movement, maybe there’s no change.
Go around and bring them together and bring somebody who knows how to cook to
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teach them that. We start doing that, change our bad habits of cooking with oil, fats
or whatever, then we have to start and like if we have a lot of people to go visit to
just evaluate and how to keep this menu going. It’s going to be very hard at first.

Other education considerations identified by caregivers were to offer information in the
vernacular. This was indicated by the participants in the Filipino group. Additionally, the
need for visiting schools and training the school community was also identified by caregivers.

Framework for Interpretation

Figure 1 presents a framework for interpretation of the data. This framework presents (a) the
general perception of caregivers related to activity, (b) reported care giving practices in
promoting physical activity and limiting physical inactivity, (c) challenges in the prevention
of childhood overweight and obesity, and (d) strategies for prevention of childhood
overweight and obesity.

The framework helps with understanding care giving beliefs, attitudes and practices related to
activity of 6-10 year old children and ways in which caregivers promote physical activity and
limit physical inactivity. Additionally, results of the study presented in the framework suggest
that beliefs, attitudes, and practices related to activity may have potential challenges for
achieving physical activity outcome for children. For instance, caregivers’ attitude of the role
of television and computer in promoting safety and security for children may present a
conflict with the ongoing practice of limiting physical inactivity. Caregivers’ strategies in the
prevention of childhood obesity are also presented in the framework, which suggests that
within each community there lie the answers to problems indicating the need to engage the
stakeholders in the process of investigation.

Discussion

Overview

The benefits of physical activity in children are well documented, especially the long-term
protective effect that it has on body fat in childhood (Moore et al., 2003). An increasing
number of intervention studies have looked at the impact of reducing physical inactivity on
school aged children’s BMI. Studies have demonstrated that reducing sedentary activities,
maybe a promising, population-based approach to preventing childhood obesity (Robinson,
1999). School-based intervention studies have also found significant gains in knowledge from
classroom diet and physical activity lessons among treatment groups (Gortmaker et al., 1999).
However, in such studies no actual change was measured in vigorous physical activity as a
result of the classroom lessons. Other studies have found that in children the intention to be
physically active may be positively correlated with physical activity (Sallis et al., 2000).
Results of these and earlier studies suggest that adopting vigorous physical activity behaviors
in children may need other strategies beyond cognitive influences (Gortmaker et al., 1999;
Sallis et al., 2000).
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Based on these important findings and the limited information that is available on
Asian/Pacific Island populations, this study examined caregivers’ perceptions, attitudes, and
behavior related to physical activity and inactivity of 6-10 year old children in the CNMI.
Although, a number of objectives were developed and a set of questions were created, the
exploratory design of this study allowed for the emergence of several themes that provide a
better understanding of the issues related to the problem under study. Analysis of the data
suggested that there are distinct sociocultural beliefs, attitudes, and behaviors related to
physical activity and inactivity among caregivers of 6-10 year old children. Additionally,
different ethnic groups based on their personal experience gave different meaning to weight
normalcy, physical activity and inactivity. Across different cultures, familial differences were
found with regards to specific views on preventive strategies related to childhood obesity and
factors that influence their understanding of weight status. Other findings included (a) gender
differences with relation to caregivers’ perception of physical activity, (b) safety of children
as a perceived benefit of television viewing, (c) caregivers’ perception of children needing
other children to stay physically active, (d) caregivers’ role in increasing physical activity and
limiting physical inactivity, and (e) perceived role of physical activity and inactivity in
overweight and obesity were important findings that emerged from the data. Additionally,
caregivers’ perception of community support for the prevention of childhood obesity included
changes in the environment to increase physical activity among families and increased
nutrition education programs to support food-related behavior change.

Implications for Praxis
Physical Activity

Findings from this study suggest that caregivers see illness as the only obstacle to movement,
otherwise children are naturally seen as active. With regards to physical activity, male
participants emphasized the difference in physical fitness achieved from sports programs as
compared to outdoor play, while female participants’ perception of this age group focused on
children’s preference for play over other activities. Recognizing gender differences among
caregivers in their perception of children’s activity is important when designing intervention
programs.

Physical activity for children is perceived as a positive element of their upbringing,
although familial differences were observed in regard to appropriate levels of physical
activity for children. Some participants perceived appropriate levels of physical activity as
child-dependent, while others had specific time limits for the different types of activities.
These included thirty minutes to one hour of physical activity for activities such as running,
playing basketball and bike riding. In the case of very active children, caregivers suggested
that appropriate levels might be defined by the child’s tolerance, although there is a need to
prevent children from being worn out or overly tired.

Gender differences were reported as it relates to patterns of physical activity among
children. Specifically, girls that enter puberty were observed to present a tendency to be less
active, while team sports for females in this age group might be more limited. This study
supports previous findings that girls are less active than boys (Ernst, & Pangrazi, 1999;
Hovell, Sallis, Kolody, & McKenzie, 1999; Lindquist et al., 1999; Mota, & Queiros, 1996;
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National Center for Chronic Disease Prevention and Health Promotion, 1999). These studies
indicate the need for special attention to females especially in pre-puberty and puberty stages
of development. Such considerations may require the need for intervention programs that can
increase physical activity among girls. An intervention study examined the impact of a
school-based program on physical activity levels and body mass index (BMI) of 606 fourth-
grade students. Results showed no difference in BMI between the groups; however,
researchers found that the treatment was effective at increasing the physical activity level of
children, especially among the girls (Pangrazi, Beighle, Vehige, & Vack, 2003).

An important finding in this study was that across all the cultures caregivers identified the
need for children to have other children to stay physically active and to reduce television
viewing. Caregivers perceived the benefit of having siblings and relatives to engage children
in play and the difficulty that single children have with no one to play with, which can impact
their overall activity levels. These findings suggest the need to consider caregivers’
perception of factors that impact children’s physical activity level in one- child family homes
when designing childhood obesity intervention programs. A study by Lindquist et al. (1999)
found that one child-families in the US had higher levels of physical fitness. The potential
difference between these two study populations suggests the need to further examine
scientific and lay definition of physical activity terminology when comparing qualitative and
quantitative data across studies in different cultures and societies.

Caregivers’ perception of current practice of physical activity included children’s
involvement in outdoor play and sports programs. Children’s outdoor play takes place in
school playgrounds and away from the school. Caregivers were varied on their perception of
children’s physical activity. Fathers reported that children are more active during the
weekends with their relatives and when involved in organized sports. However, mothers
reported on children’s neighborhood outdoor play and indicated that children’s physical
activity was more likely to take place on school playgrounds. A study by Gavarry (2003) in a
sample of one-hundred and eighty-two 6-20 year old children and youth found that
elementary school subjects irrespective of their gender were more inactive during their free
days than during school days. In line with these findings, caregivers in this study emphasized
the importance of school physical education programs for children. This recognition of the
value of physical education programs supports findings of Tsgadi et al. (2002), who found
that participation in physical activity was highest in school than before or after school.

With regards to assessing children’s activity, caregivers reported that they monitor their
activity by questioning the children or by observing them. Additionally, caregivers reported
children’s activity by day of week and time of day. Gavarry (2003) supports these findings,
specifically with regards to using type of day, i.e., school day versus weekend to obtain
information on children’s activity. This important finding has implications for design of
research in obtaining activity data from caregivers of young children.

According to Arluk et al. (2003) fathers’ participation in children’s physical activity and
the presence of parents at home when the child arrives from school were found to be related
to children’s weight status. In accord with this finding, this study found that caregivers in all
groups delineated the role of parents in promoting physical activity and limiting physical
inactivity. Participants from among the fathers group reported that parent involvement in
physical activity is likely to occur on the weekends. Additionally, participants in this group
reported an observed increase in physical activity opportunities for children in the CNMI over
the past two decades and suggested that children’s lack of involvement in such activities may
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be due to parents’ lack of support. One suggested reason for this lack of support was the
family’s socioeconomic status. Because, caregivers perceived children to be inherently active,
they indicated that children require active parental involvement mainly to keep them occupied
and to organize structured and unstructured activities for them. This finding suggests that
caregivers may have culturally-based views with regards to their role in promoting physical
activity, which may have implications for social marketing messages.

Physical Inactivity

Although caregivers’ definition of physical activity included types and nature of physical
activity along with its perceived benefits, the definition of physical inactivity focused more on
types of physical inactivity and perception of physically inactive individuals. Terms such as
“couch potato” and “lazy” were used to define physical inactivity. Although, these terms have
negative connotation, in contemporary society, they may be associated with individuals who
follow a more sedentary lifestyle. According to the US Department of Health and Human
Services (1996) a sedentary lifestyle involves little or no physical activity.

Because of the increasing hours of television use among children (Stephens, 2002), this
study explored caregivers’ perception and attitude toward children’s television use, and found
ethnic differences in the value placed on television viewing. For instance Filipino participants
focused on advantages of television viewing, while Chamorro participants focused on the
negative aspects of television viewing. Sociocultural differences among the caregivers with
regards to television viewing were also observed with computer use. The study found that
fathers and Filipino participants did not relay a negative attitude toward computer use;
however, among the Chamorro participants caregivers indicated a more negative attitude.
Content analysis of the writing samples suggests that Carolinian participants share both
negative and positive views about television use. This finding was further validated by the
focus group results, which suggest that from among all the groups, Carolinian participants
seemed to focus more on the advantages and disadvantages of television viewing than any
other group. Caregivers seemed concerned with excessive periods of time spent watching
television, suggesting that this practice may not be healthy for children. In regards to the
disadvantages of television viewing, caregivers in this group also felt that television may
affect their child’s attention span, decrease their appetite, expose them to violence, and teach
them inappropriate words. According to Bruss et al. (2003) children’s dietary intake is highly
valued in this society, therefore decrease in appetite may be perceived as a disadvantage of
television viewing.

Across all the groups, the one advantage of television viewing was safety and
supervision. Caregivers, who expressed concern with safety and supervision, believed that it
is easier to have the children at home watching television so they can keep track of them and
offer parents peace of mind. Childhood obesity intervention programs should consider this
finding as it might interfere with limiting television viewing of children.

As for appropriate limits of television viewing and computer use, majority of the
participants did not seem to have formulated restrictive views on this matter, although some
suggested one or two hours per day. Reported television and computer use was varied among
the different groups. In general, participants reported one to two hours of television and
computer use during the week and as much as four hours during the weekend. This practice is
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in line with CDC’s recommendation that suggests that children’s television viewing be
limited to two hours per day during school days
(http://www.cdc.gov/ncecdphp/dnpa/physical/recommendations/young.htm). Additionally,
participants in the different groups reported different practices. This finding suggests the need
for investigating culture-specific practices within communities prior to the design of
population-based intervention programs. For instance, among the Filipino group, although
children’s TV use is seen within the purview of each family dynamic, caregivers reported one
to two hours of television use daily during the week, with higher weekend and holiday usage.
Caregivers in the Chamorro group reported two or more hours of television and computer use
daily during the week.

With regards to pattern of television and computer use, caregivers noted that during
weekdays children are governed by different limits with regards to computer use than during
the weekends. Among the Carolinian group TV and computer use was reported as one hour
during the week, with more time on the weekends. Fathers reported that during weekdays,
children typically watch about one hour of television. Caregivers reported that they find it
difficult to limit their children’s television viewing when away from home. Additionally, it
was noted that because of the recent increased access to television and computer games there
may be an increase in physical inactivity among children. This finding suggests the need for
establishing a monitoring system that can collect longitudinal data of the patterns of physical
inactivity in this population for the purpose of tracking community-based intervention
programs. Such a system may employ parental reporting of children’s television viewing,
which has been shown to have high reliability (Andersen et al., 1985).

Results of this study also showed that patterns of physical inactivity might depend on the
child’s preference and culture of the household, which uses discipline and structure to
discourage television viewing. Caregivers either reported that their children are intensely
interested in television and computer use or that they prefer to be physically active or engaged
in outdoor play. Although, among those typically disinterested in television, higher TV use
may be observed when they don’t have any playmates. In general, children seem to set their
own limit for television viewing. The participants identified factors that influence children’s
television viewing and outdoor play. These included (a) personal preference for outdoor play,
(b) personal preference for other activities such as reading or math work, (c) playmates, and
(d) weather conditions. However, for some school aged children weekends seemed to be a
challenge with regards to television viewing and computer use. This finding was also
observed by Tsgadi, Taxildaris, Laparidis, and Michalopoulou (2002) who found that during
the weekend ten-year old Greek children’s physical activity and inactivity was varied among
the study participants. Some children were found to be more physically inactive, while others
were more physically active on the weekends.

Intervention Strategies to Promote Physical Activity and Limit Physical
Inactivity

This study found that although across all groups caregivers valued physical activity,
intervention strategies to increase children’s physical activity was employed by only a sample
of caregivers. For instance, among the Chamorro group, caregivers who were following
medical recommendations for overweight children indicated racing outdoors with their
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children. Other strategies reported by caregivers in this group included (a) having children go
out biking, (b) walking in the park, and (c) playing catch with the children. According to
Mandigo and Thompson (1998), six strategies may be used to increase children’s physical
activity. These include (a) recognizing developmentally appropriate activity for children, (b)
creating fun-filled activity, defined as balance between individual skill and challenge of
activity, (c) giving children a sense of control, by permitting them to change the activity, (d)
setting clear goals and objectives that can be evaluated through feedback from the children,
(e) avoiding giving negative feedback to the children or putting pressure to achieve tasks, and
finally, (f) promoting intrinsic versus extrinsic motivation. Intervention programs should
consider that valuing physical activity might not necessarily mean strategies are being
employed in increasing children’s physical activity. Also, differences among caregivers may
exist in the use of strategies to promote physical activity. In an effort to sustain regular
physical activity in children, caregivers may use strategies proposed by Mandingo and
Thompson (1998) to develop culture-specific approaches that are acceptable to the family.

With regards to strategies used by caregivers to reduce activities that are physically
inactive such as television viewing and computer use, Carolinian participants along with the
fathers reported that they try to maintain a schedule during weekdays to control these
activities. Additionally, they indicated that they maintain different rules and limits for
weekdays than weekends. Because children may have the tendency to watch television during
their get-togethers, there is a perceived need for parental intervention in limiting children’s
viewing and encouraging outdoor play. Among the Carolinian participants, it was noted that
working parents may have difficulty in supervising their children’s television viewing.

With regards to parental involvement in reducing physical inactivity, caregivers also
reported that either their children are disinterested in television, which does not require any
action from them, or that they are intensely interested in television and will need very
restrictive limits. Although caregivers recognize their role in limiting television viewing, they
reported their challenges with this task. Issues raised were: children not following parent’s
directions, caregivers having to take care of more than one child at a time, or children in the
same household having different preferences and tendency for physical inactivity. Overall
caregivers reported that they use different strategies to get compliance from their children
with regards to television viewing. These include encouraging children to engage in other
activities such as reading books, or playing board games with siblings; raising one’s voice;
setting limits with monitoring to ensure compliance; using rewards; or spending time with the
children.

Physical Activity and Inactivity in Prevention of Childhood Obesity

Caregivers recognized the psychological and physiological consequences of childhood
obesity and the need for medical referral and weight control measures. Participants identified
different environmental and societal factors related to overweight status among children.
Frequent social gatherings, time spent at school, food availability and accessibility, media,
cultural beliefs and practices, and physical activity are factors that are perceived to interact
with childhood obesity. Participants in all the groups identified the importance of physical
activity in preventing childhood obesity and reducing mortality.
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Filipino participants identified the following factors related to children not being
overweight (a) genetics, (b) fondness for activities, (c) ability to burn body fat, (d) higher
activity level, (e) parental involvement in ensuring that children play for at least 2 hours per
day, (f) child’s preference for swimming, (g) food choices, and (h) eating the right amount
and type of food. With regards to slim children, Carolinian participants suggested that
caregivers should seek medical assistance in diagnosing the problem. Specifically, it was
suggested that the following issues be carefully examined (a) quantity of food consumed, (b)
genetic make-up, and/or (c) potential health problems. With regards to obese children,
caregivers suggested that they might need more attention and active parental involvement.

Caregivers also recognized the role of diet and physical activity and inactivity in
overweight and obesity. With regards to physical activity and inactivity, Trembley and
William (2003) found that children’s BMI was negatively associated with organized and
unorganized Strategies identified by the Filipino participants emphasized the role of
caregivers in controlling the child’s food. Among the Chamorro group, caregivers who had
sought medical assistance for overweight children indicated that they manage overweight
children by limiting certain foods, while increasing physical activity. All the focus group
participants, indicating that more active children are less overweight, emphatically reported
the relationship of weight and activity. Fathers also noted the importance of children’s
activity in maintaining their weight, especially with the changing time.

In general the extended family, health care providers, community members, and personal
experience all seemed to influence caregivers’ awareness and understanding of children’s
weight status. There is a common belief that children’s individual characteristic determines
their weight status. Although parents believe that individual characteristics determine their
child’s weight status, most recognize specific factors that interact with these characteristics.
These include genetic makeup, physiology and metabolism, activity level, and dietary intake.
The caregivers reported individual weight differences were influenced by activity level. These
included children who are predisposed to being active or inactive, those who are generally
interested in activities, and those whose parents ensure daily play.

Physical activity as an intervention in helping children normalize their weight status was
indicated by caregivers. Additionally, participants in the Chamorro and Carolinian group
emphasized the role of parents in increasing children’s physical activity. According to Kimm
et al. (2002), physical activity levels among children declines with increasing age mainly due
to changes in children’s preference for physical activity and frequency of parents transporting
children to activity locations. Therefore, the need for reinforcers (incentives) that encourages
children to engage in physical activity, especially vigorous or high-intensity activities are
indicated (Sallis et al., 1999). Among the participants in the father’s group, the need to tell
children to participate in physical activity, enrolling them in gyms so they can be encouraged
to be active, and promising them a reward for engaging in physical activity were reported.

Arline, Salbe, Weyer, Lindsay, Ravussin, and Tataranni (2002) found that among Pima
Indians early childhood obesity at age five was the foremost predictor of childhood obesity at
age ten. Based on these findings, the researchers emphasized the importance of initiating
childhood obesity prevention strategies in early childhood. Sociocultural and familial
differences were observed in strategies used for the prevention and control of underweight
and overweight children among the caregivers in this study. Most strategies focused on
overweight status, even though caregivers seemed concerned with underweight status as well.
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With regards to preventing overweight status, participants in the father’s group suggested
monitoring and telling children to control their intake, while subjects in the Chamorro group
suggested engaging children in sports. The participants in the Filipino group emphasized the
role of diet and exercise in the prevention of overweight status in children. This knowledge of
the main theory of the law of thermodynamics that indicates energy intake should balance
with energy expenditure can help in understanding the role of physical activity and exercise
interventions in the prevention of childhood obesity (Roberts, 2000).

Caregivers had similar strategies for controlling overweight status in children. Among the
Chamorro group, strategies included (a) encouraging overweight children to go to the gym to
work out, (b) telling children to do more activities like jogging, running and walking, (c)
encouraging slightly overweight children to get involved in sports and fitness programs, (d)
encouraging children to go out biking, and (e) limiting their intake and offering them dinner
far in advance of bedtime. Additionally, caregivers noted that when using medical
recommendations to help overweight children, adjustments might have to be made to meet
individual family needs.

The emphasis on physical activity in the prevention and control of childhood obesity
among the study participants is supported by scientific research. Roberts (2000) suggests that
general endurance training and sustained activities that use large muscles are among strategies
that are recommended in the prevention and control of obesity. In a study of thirty-five
children, increases in maximal oxygen uptake (and indicator of aerobic fitness) was observed
as a result of a general endurance training program which included three, ninety-minute
weekly sessions at an intensity of more than 80% of the maximum heart rate (Obert,
Mandigouts, Nottin, Vinet, N'Guyen, & Lecoq, 2003). Furthermore, the effectiveness of
scheduled endurance training programs focuses on type, intensity, frequency, and duration of
the exercise (Roberts, 2000). With regard to type, sustained activities such as swimming,
jogging, aerobic dance, and other similar activities that use large muscle groups are indicated.
Because measuring children’s heart rate may not be feasible, there may be other ways of
measuring the intensity of exercise, such as the Borg Scale adapted to children. Borg Scale is
a rating system that the individual uses to indicate their perceived level of exertion. The scale
is from six to twenty with seven indicating very, very light exertion, and nineteen indicating
very, very hard exertion. However, a newer scale has been devised referred to as the
Children’s OMNI Scale that utilizes pictures, numbers (0-10) and different verbal descriptors
(not tired at all - very, very tired) of exertion. The use of this perceived exertion scale might
be more appropriate than using of the Borg scale that was developed to be used with adults
(Robertson, 2004). As for frequency and duration, Roberts (2000) recommends two to three
days of thirty to forty minute sessions per week. Additionally, as with other activities,
children’s physiological conditions, previous experience and ability to perform certain
activities should be taken into consideration prior to engaging in endurance training
programs.

With regards to chronic disease prevention, physical activity and dietary intervention
were noted. The participants in all the groups emphasized the importance of exercise,
especially because physical activity was seen as a more culturally acceptable behavior to
adopt than restricting foods through dietary changes. According to Bruss et al. (2003), dietary
intake of children elicits a strong emotional response among caregivers in this population.
Because of the perceived seriousness of the magnitude of chronic diseases, strategies
identified by fathers, in the prevention of chronic diseases focused on less culturally
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acceptable behavior such as restricting and monitoring the diet of overweight children in
families with a history of diabetes. Participants in this group also indicated that everyone
should take responsibility for this matter and work together to support and role model the
child.

Differences among male and female participants were observed in the instruction of
children and assistance provided in adopting behaviors related to the prevention of childhood
obesity and chronic diseases. Male participants reported to use social control through verbal
messages and injunctions, while females reported to obtain compliance by active parental
involvement through control and training. Although verbal messages were the primary
manner in instructing children, fathers also saw a role for older children in setting examples
for their younger siblings and engaging overweight children in more activities around the
house. Fathers also reported that parents needed to inform their overweight children about
their weight and teach them about the consequences of being overweight. Female participants
believed that overweight children would benefit from parental involvement especially with
regards to reducing the purchase of fatty foods. In addition to diet, mothers also identified the
role of exercise and physical activity in preventing childhood overweight and obesity

Among participants sociocultural beliefs related to weight normalcy were observed. This
is an important finding in the design of nutrition education intervention programs. For
instance, female participants in the Chamorro group indicated that fat is perceived as wealth
and being fat and large is a representation of it. Both Chamorro and Carolinian participants
indicated that culturally people prefer to see children as being fat. Underweight status among
children seems to be a more sensitive issue than obesity. According to Bruss et al. (2003),
these attitudes may positively or negatively influence caregivers’ behavior toward children’s
weight status.

Analysis of data also suggests that different groups within the community reinforce
caregivers’ perception of weight normalcy. Differences were seen among the different ethnic
groups in communicating acceptable weight status. Informal network which involves the
immediate and extended family through a socially constructed conception of weight
communicate weight normalcy messages to caregivers. Additionally, certain ethnic groups
rely on the formal network which involves the doctors and nutritionists for weight status
information. Filipino participants recognized the doctor as a more accurate source of
information on appropriate weight status and advice than another parent. In addition to
doctors, Filipino participants also rely on nutritionists and regular annual medical check up to
learn about the child’s weight status. Grandmothers, aunts/uncles, and wives were reported as
those that influence fathers’ perception of their child’s weight status. Additionally, fathers
reported that within the Chamorro culture there is a familial hierarchy that allows them to feel
comfortable in advising their nieces and nephews in regards to weight control measures.
However, advising their friends was seen as an intrusion. Carolinian participants identified
both the family and doctors in influencing their perception of their child’s weight status.
Among the Carolinians, husbhands were also seen as influencing primary caregivers’
perception of child’s weight status. Chamorro female participants reported that their mother-
in-law and their husbands also influence their perception of their child’s weight status.
Carolinian and Filipino participants reported to rely on medical sources of weight assessment
information in addition to using their own personal judgment. Visual assessment of child’s
weight, height and weight charts, personal feeling, and child fitting into clothes were used by
caregivers to formulate personal judgment on child’s weight status. With regards to
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caregivers’ source of information on children’s weight normalcy, Anjali et al. (2001) found
that WIC mothers used their own perception to establish weight normalcy with disregard to
weight status information offered by health professionals.

The potential for developing “health promoting” communities exists in most communities
as long as there is a process to develop and apply strategies suitable to that community
(Kickbusch & O’Byrne, 1997). Towards this process, previous research has shown the
importance of engaging community members in identifying their own needs and finding
solutions to their own problems (Matomora, 1989). Caregivers identified ways that the
community might support them in preventing childhood obesity. Specifically, the focus of
these strategies was on education and environment. With regards to environment, caregivers
mainly focused on strategies to increase physical activity opportunities for families, which is
in accord with recommendations from CDC (2003) and PAHO (2002). These included more
public exercise places, such as gyms and outdoor places that promote family activity;
government’s assistance with village-based community centers specifically with obtaining
donated exercise equipments from local gyms; making physical activity programs accessible
and free to the public; and ensuring adequate advertisement of such activities for the public.
Additionally, caregivers focused on challenges faced with food related issues. One such issue
was the perceived higher cost of purchasing healthier foods, while another issue was the
sociocultural characteristic of the community which offers frequently held social gatherings
(parties) that involve generous food offerings and hospitality. In addition to making physical
activity more accessible to the families, caregivers identified the need for nutrition education
topics related to children. These include (a) food substitution, (b) amount of food needed by
children, (c) additional knowledge of foods, (d) nutrients, (e) strength building foods, and (f)
food preparation.

Caregivers identified four potential sources of information in the education of families.
These include (a) community-based education sessions, (b) media, (c) published literature,
and (d) health care professionals. The participants discussed the venue and format of the
community-based sessions. The village-based community centers were identified as a place
where classes could be offered to families. Caregivers found the focus group format effective
and suggested using it in conducting nightly classes for the families in the village. For those
unable to leave their home, it was suggested that educational programs be offered on cable
station. Participants in the Chamorro group also reported accessing nutrition education
information through US broadcast radio programs, while learning about community-based
workshops through the local radio stations. Among the Filipino participants nutrition
information was accessed through newspapers, books, and government programs.

Caregivers suggested offering free magazines with practical useful information for
parents such as recommended vegetables and other nutritious foods. The need to make
published health information accessible to the community outside of health care clinics was
also identified by the participants. Caregivers suggested churches, grocery stores and office
waiting areas as places were such information can be made accessible to families. Also, the
schools were identified as a place where information can be sent home to the children.
Filipino participants emphasized the importance of the health care professionals as a reliable
source of information for the families. Because doctors are perceived as more accurate on
diagnosing appropriate weight status and providing medical advice, physicians were
identified as sources of information for families who have concerns with their children’s
weight status. Additionally, participants stated that one way families might access health care
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professionals is through community-based workshops that are offered by the public health
agency. Caregivers indicated that they find the information from the public health sector
helpful and accessible.

Finally, because of the devastating consequences of chronic diseases such as Type Il
diabetes, families in the CNMI are facing major lifestyle choices (CNMI National Food and
Nutrition Policy and Ten-Year Plan of Action, 1996). Over the past two decades the CNMI
community has become more aware of these issues. Today, there is a general concern in the
community regarding the effect of these nutrition problems on individuals and families.
Results of this study suggest that families may be aware of the role of diet and activity in
chronic diseases. However, they may need other interventions, such as home visits made by
health professionals. Caregivers expressed that information and awareness may not be
adequate for bringing about lifestyle changes and suggested the need for skill building and
repeated follow-up activities. This finding supports the intended purpose of public health
nutrition programs, which are designed to bring about a specific health outcome and/or
behavior change. Achieving such outcomes in most instances require long-term endeavors
with multiple influences. According to Center for Disease Control (CDC) guidelines,
intervention programs that work are not just a single episode such as a video or guest
speakers, rather they are complete programs (Collins, Robin, Wooley, Fenley, Hunt, Taylor,
Haber, & Kolbe, 2002). Also, intervention studies suggest that although knowledge
acquisition is necessary, it is not sufficient to promote behavior change. The literature further
suggests that effective interventions resulting in behavior change require a series of sessions
that include awareness, skill building and problem solving activities (Boyle, 2003). Therefore,
it can be concluded that behavior change in the context of public health programs require
knowledge along with adequate skill building activities in making informed decision and
bringing about the needed change (Miller, Edwards, Kissling, & Sanville, 2002). Other
education considerations identified by caregivers were to offer information in the vernacular
as indicated by the participants in the Filipino group. Additionally, caregivers also identified
the need for visiting schools and training the school community.

Conclusion

Childhood obesity is a growing epidemic and its prevention is beneficial to the individual,
family, and society (Dwyer, Stone, Yang, Webber, Must, Feldman, Nader, Perry, Parcel,
2000). The financial cost of overweight and obesity is a burden carried by the individual and
society (Wolf & Colditz, 1998). This growing global epidemic, poses a future challenge for
developing nations that do not have the economic resources to carry the burden of the health
complications from this preventable condition (World Development Indicators, 2001).
Identifying effective intervention strategies in the prevention of childhood obesity is a
necessary component of public health nutrition and health education program planning and
implementation. It requires investigation of the problems of obesity using different disciplines
to study the characteristics of the populations most affected by obesity. Collaborative
interdisciplinary approaches to the study of childhood obesity are more relevant today than
ever before. Gaining a deeper understanding of the sociocultural factors in influencing
primary care giver practices associated with childhood obesity is needed in developing target
nutrition intervention strategies in the prevention of this condition. The literature lacks
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information with regards to the sociocultural influences of the primary care giver on
childhood obesity. Understanding the relationship of the primary care giver’s level of cultural
identity or connectedness to a cultural set of norms, values and beliefs related to childhood
obesity and its different factors is necessary.

Over the past two decades, although, there has not been sufficient time for a major
genetic shift in the general population, there are dramatic increases in childhood and adult
obesity (Troiano et al, 1995), suggesting a more prominent role due to environmental factors.
However, it is not clear why some communities have seen a more intense increase than others
have. Of increasing concern is the marked presence of childhood obesity among African
Americans, Native Americans and Hispanics in the US (Jackson, 1993; Troiano et al., 1995;
Goran, 2001; Dwyer et al., 2000). Information on Pacific Islanders in the US is limited.
However, in general, more economically developed Pacific Island nations have experienced
an increase in overweight and obesity in their communities with rates similar to those in US
Native American populations (Popkin & Doak, 1998). Native American of North America
may have some of the highest rates of overweight and obesity (Potvin, Desrosiers,
Trifonopoulos, Leduc, Rivard, Macaulay, & Paradis, G., 1999). The increasing rates of
childhood obesity among ethnic minority populations in the US suggest the potential
influence of culture/ethnicity and family on childhood obesity.

This study used qualitative methods to present a fresh perspective on factors related to
childhood obesity. It examined value and belief systems of people with regards to physical
activity and inactivity and how they are revealed in sociocultural and familial factors related
to childhood obesity. Moreover, it offers an insight into caregivers’ perception, attitude and
knowledge of physical activity and inactivity, which are associated with childhood obesity.
Caregivers have an important role in promoting physical activity and limiting physical
inactivity in 6-10 year old children. In under-studied communities that have experienced
increasing rates of childhood obesity, it is necessary to obtain baseline information with
regards to sociocultural and familial factors in order to design more effective and targeted
programs.

Findings from this study offer practical theories for use by educators in designing
effective education programs for use in multiethnic settings. Despite an increasing number of
education intervention programs, epidemiological studies suggest a rapid increase in
childhood obesity. Historically, strategies have focused on treating obesity as a medical
disorder through prescriptions for less television viewing, more exercise, reduced fat intake,
and fewer high calorie snack foods. These findings have important implications for health
care professionals in the US and globally specifically in the prevention of childhood obesity.

In summary, findings from this study provides a rich point of analysis for scholars
interested in exploring issues central to health promotion, family dynamics, physical fitness,
and cultural studies. Major issues were identified that call for additional investigation. For
instance, the impact of the health care provider and the community in promoting and
supporting an environment that promotes physical activity in ethnically diverse populations
need further investigation. Also, because the goal of health promotion is behavior
modification, the level of cultural competence (sensitivity to sociocultural and familial factors
related to childhood obesity) among health care professionals in community-based
intervention programs needs further examination. It is important that communities begin to
follow physical activity recommendations (Strong et. al, 2005) made based upon the best
evidence currently available. However, in implementing these recommendations public health
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officials need to recognize the inherent and unique cultural influences that each community
may impose that might offer additional barriers to behavior change.
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