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Introduction

Childhood obesity, sometimes just referred to as overweight, is increasingly becoming a
global public health concern (Kelishadi 2007; Kuczmarski et al. 2002; Reilly et al. 2003;
World Health Organization 2010). Childhood obesity has debilitating consequences
which may be short-term (for the obese child) or long-term (for the adult who was obese
during childhood years). This review presents an overview of the definition and
measurement of child obesity, development and factors associated with development of
childhood obesity, magnitude of child obesity, consequences of child obesity and link to
disability, and prevention and control of childhood obesity.

Definition and measurement of child obesity

Obesity reflects an imbalance between energy intake and expenditure, with the excess
energy being stored as fat. Obesity in children is often measured using body mass index
(BMI), defined as weight in kilograms divided by height in metre squared; as both weight
and height, which are used in determining BMI are easy to measure. The International
Obesity Task Force (IOTF) has recently come up with recommendations for determining
obesity in children. This is based on data from six countries in both developed and
developing countries: US, UK, the Netherlands, Hong Kong, Singapore and Brazil. The
IOTF recommends absolute age and sex specific cut-offs for BMI in children defined to
pass through a BMI of 25 and 30 kg/m2 at 18 years, for overweight and obesity
respectively (Cole et al., 2000). Weight-for-height z-scores have also been used in
defining child obesity. Other measurements may include waist circumference, skinfold
thickness, and percentage of body fat using techniques such as multi-frequency
bioelectrical impedance analysis (BIA) underwater weighing (densitometry), and
magnetic resonance imaging (MRI).

Development of child obesity

The mechanism through which obesity develops is not fully understood and it is
understood to be a condition with manifold causes (Davison and Birch 2001; Grundy
1998). It is generally believed that obesity results from caloric and fat intake increase,
and decline in physical activity levels. Obesity arises when energy intake exceeds
expenditure. Nutrition transition is believed to be the driving force behind the global
obesity epidemic (Food and Agriculture Organisation (FAO) of the United Nations 2004,
2006; Popkin 2003; Popkin 2002). Nutrition transition refers to changes in diet
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composition, commonly accompanied by changes in physical activity levels. Specifically,
it refers to a shift from traditional diets mostly derived from plant-based food sources, to
high energy dense foods and higher reliance on processed foods. The plant-based foods
are low in fat and are high in fibre and their production is labour intensive. The modern
high energy dense foods are high in fat and sugars, are often processed and prepared
outside of the home, requiring less labour.

Developmental programming leading to the development of obesity and critical stages
during which obesity develops, have been described. Genetic factors predispose
individuals to the development of obesity. However, lifestyle preferences, environmental
factors, and cultural environment are believed to play fundamental roles in the rising
prevalence of obesity globally (Davison and Birch 2001; Grundy 1998). The system
through which the different contextual factors interact to influence development of
obesity in children has been described using Ecological Systems Theory (EST) (Davison
and Birch 2001).

Developmental factors

Critical periods for the development of obesity and related complications include the
early life period (prenatal and perinatal), the period of adiposity rebound during mid-
childhood years; i.e. between the age of 5 and 7 years and adolescence period. (Dietz
1994)

Early life period

Prenatal and perinatal undernutrition or overnutrition influences adiposity later in life.
Based on follow-up studies of infants (Braddon et al. 1986; Seidman et al. 1991), Dietz
strongly hypothesised that low birth weight related to exposure to undernutrition during
the first trimester confers a higher risk of later adiposity and hypertension or diabetes to
the child. On the other hand, exposure of infants to maternal overnutrition may confer a
higher risk of obesity but a reduced risk of subsequent morbidity to infants (Dietz 1994).
In a later review, Martorell (2001) (Martorell et al. 2001) also concluded that
overnutrition, represented by gestational diabetes or high birth weight is associated with
subsequent fatness. On the other hand, association between poor nutrition during early
life and later adiposity was inconclusive; with some studies indicating that children with
a low birth weight were more likely to have higher adiposity than children with normal
birth weight. Transition from nutritional scarcity to abundance or from rural to urban
areas during early childhood and later life respectively, has been linked to the association
between low birth weight and obesity (Martorell et al. 2001).

Developmental programming during the prenatal and perinatal period that may have
implications for the development of obesity and obesity-related health risks later in life, is
well illlustrated (Cripps et al. 2005; Gardner and Rhodes 2009; Gillman et al. 2008; Oken
et al. 2008). Early life insults, for example exposure to prenatal maternal smoking,
gestational undernutrition or overnutrition, inadequate breastfeeding duration and
inadequate infant sleep duration may result in a child’s programming that may lead to
energy imbalance. A famous hypothesis with regards to developmental programming is
the “thrifty phenotype hypothesis” also known as the “Barker hypothesis”, proposed by



Hales and Barker in 1992 (Hales and Barker 1992). It states that adverse influences
during early life, especially during the intrauterine period, can lead to permanent changes
in metabolism and physiology which may further result in heightened risk of disease later
in the life-course. In response to poor prenatal nutrition, the compromised foetus adopts
survival strategies to maximize survival during the postnatal period. Metabolic
programming occurs in a way that enhances survival in conditions of poor postnatal
nutrition. If the foetus is born to conditions of poor nutrition, it adapts well to the
environment. On the other hand, if the foetus is born to conditions of nutritional
abundance, this conflicts with earlier programming leading to adverse consequences
including obesity, Type 2 diabetes and other metabolic syndrome features. (Hales and
Barker 1992)

Various mechanisms through which programming occurs have been suggested. These
include disruptions in organ function which may result in alterations in the secretion and
sensitivity of insulin; disruptions in appetite regulation due to dysfunction of the central
nervous system and increase in the size and/or number of fat cells or changes in adipose
tissue function (Gardner and Rhodes 2009; Muhlhausler et al. 2008; Whitaker and Dietz
1998). In response to its environment, a foetus may make physiological adaptations in
preparation for postnatal life. For example, early insults may programme appetite
regulatory mechanisms and may result in long-term consequences with regards to intake
of food and food preference in later life. Developmental programming also has
implications for energy sensing and the regulation of energy expenditure. Therefore, in
individuals who are developmentally programmed, excess energy is progressively stored
rather than sensed and regulated, increasing the risk of obesity and obesity-related
morbidity in the life course (Gardner and Rhodes 2009).

Period of adiposity rebound

The time of adiposity rebound, between the age of 5 and 7 years represents another
critical period for subsequent development of adiposity (Dietz 1994; Rolland-Cachera et
al. 1987; Siervogel et al. 1991). BMI increases in the first year of life but reduces in
subsequent years. However, from about five years of age, BMI begins to increase again.
This period, where BMI begins to increase again is referred to as the period of adiposity
rebound. The time when this adiposity rebound occurs may have significant implications
on obesity later in the life course. The risk of increased BMI and adiposity in adolescence
and adulthood is higher if adiposity rebound begins at an early age (before 5.5 years) than
if it is average (6-6.5 years) or late (after 7 years) (Rolland-Cachera et al. 1987).

Adolescence

The final proposed critical stage for the development of obesity is during adolescence
(Braddon et al. 1986; Dietz 1994; Mossberg 1989; Must et al. 1992). Obesity that has its
onset during adolescence will persist in approximately half of the adolescents into
adulthood (Dietz 1998a). The risk of obesity development is seemingly higher and
persists longer in females than in males (Braddon et al. 1986). Adolescence also appears
to be a critical period for the onset of obesity-related morbidity (Dietz 1998a; Mossberg
1989; Must et al. 1992).



Ecological factors

In a review of literature, Davison (2001) has described an ecological model of predictors
of paediatric overweight/obesity (Davison and Birch 2001), (Figure 6), using the
Ecological Systems Theory (EST) (Bronfenbrenner and Morris 1988). Under EST,
human development is conceptualised to occur when interaction occurs within and
among contexts. It emphasises the importance of consideration of the context(s) in which
a person lives, in understanding the emergence of a characteristic. With regards to
childhood development, its context(s) include the family/home and the school, which are
found in larger social contexts that include the community and wider social and political
environments. In addition to these contexts, child characteristics including gender and
age, interact with familial and societal characteristics to influence child development
(Bronfenbrenner and Morris 1988; Davison and Birch 2001).

As shown in the model (Figure 1), behavioral patterns of a child include dietary intake,
sedentary behaviours and physical activity, referred to as child risk factors in the model,
may predict child’s weight status. Child characteristics including gender, age and
susceptibility to gaining weight moderate the impact of child risk factors on the
development of overweight/obesity. Additionally, parenting styles including restrictions
and encouragement and family characteristics, including the dietary patterns of the
parents, child feeding practices and sibling and peer interactions, shape the development
of child risk factors. Further, school environment characteristics, for example structured
activity periods and school-feeding programmes, and community and the wider societal
and environmental factors including availability of recreational space and facilities,
influence the weight of the child. They influence a child’s weight status through
influencing the child risk factors and family factors.



Figure 1: Ecological model of predictors of childhood overweight
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Dietary patterns

Excessive energy intake without reciprocal energy expenditure may lead to high fat
storage in the body - hence the risk of overweight/obesity. Energy intake has been
associated with increased BMI in children in various studies (Berkey et al. 2000).

The association between dietary patterns and child weight status may depend on child
characteristics such as age, gender, rate of growth and familial susceptibility to weight
gain. The energy needs of children differ for boys and girls as well as in relation to rate of
growth. Furthermore, the timing of growth spurts differs by sex, especially during
adolescence. Overweight/obesity increases with age, particularly during adolescence
(Cameron and Getz 1997; Kruger et al. 2006), and may reflect the effect of sexual
maturation or other factors such as increased sedentary behaviour with age (Hardy et al.
2007). Many studies document the higher prevalence of overweight/obesity among girls
rather than boys, particularly during adolescence (Cameron and Getz 1997; Jinabhai et al.
2007; Kelishadi 2007). Studies have further documented a positive association between a




child’s overweight/obesity and parental BMI or fatness (Gibson et al. 2007; Mihas et al.
2009), which may reflect genetic susceptibility.

Family characteristics including parenting styles may also influence a child’s dietary
patterns. Studies have found similar dietary patterns between children and their parents
(Davison and Birch 2001; Vauthier et al. 1996). Despite these similarities in familial
dietary patterns, a genetic explanation is not supported by research; individuals living in
the same household tend to exhibit similar dietary patterns irrespective of genetic
relationship (Vauthier et al. 1996). The similarities in child-parent dietary patterns may
therefore be reflective of environmental factors. The pathways through which parents
may shape their children’s dietary practices may include maternal nutritional knowledge,
types of food availed by the parent to the child, parental child feeding practices and
parental modelling of eating behaviour (Davison and Birch 2001; Gibson et al. 1998).
Maternal nutritional knowledge and general health awareness affects diet composition
availed to the child as well as portion sizes. Both are positively associated with the intake
of fruits and vegetables by the child, and negatively associated with total energy and fat
intake by the child (Gibson et al. 1998). Parents may act as role models for their children;
children may prefer to eat the foods taken by their parents (Fisher et al. 2001). Again,
parental feeding control may also affect a child’s feeding patterns (Fisher and Birch
1999). Parental overweight/obesity status is also associated with dietary patterns of the
child. Studies have found that mothers who are overweight/obese are more likely to feed
their children on snacks and high energy dense foods. A child’s feeding patterns may also
be shaped by peers and siblings (Davison and Birch 2001). Community, demographic, as
well as wider societal and environmental factors including ethnicity, socioeconomic
status, work status, and availability of convenience foods influence child-parent feeding
patterns. The participation of women in the workforce has reduced the time available for
meal preparation, resulting in more consumption of convenience foods. Foods available
in the community/environment including supermarkets is reflected in the types of foods
provided to children by their parents (Davison and Birch 2001).

Physical activity patterns

Many studies have associated lower levels of physical activity with increased
overweight/obesity in children (Davison and Birch 2001; Hernandez et al. 1999).
However, a few other studies have found no association (Davison and Birch 2001; Treuth
et al. 1998). Physical activity patterns in children are influenced by a combination of
child characteristics and family, peer and sibling physical activity patterns, which are in
turn influenced by community and wider societal and environmental factors including
school physical education programmes and availability of recreational facilities.

Child characteristics including age and gender influence a child’s likelihood of
participating in physical activities and sporting activities. Research indicates that boys are
generally more physically active, participate more in sports and are more physically fit
compared to girls (Lindquist et al. 1999; Sallis et al. 2000; Vilhjalmsson and
Kristjansdottir 2003). There is also a documented decline in physical activity with age,
from childhood to adolescence, in physical activity including participation in sports,
particularly in girls (Goran et al. 1998). This decline in physical activity with age may be



explained by pubertal onset and the accompanying physical, social and emotional
changes (Lindquist et al. 1999). The gender difference in the decline may be due to the
belief among girls that sports and physical activity are not feminine, which strengthens as
they approach puberty (Goran et al. 1998).

Family characteristics also shape children’s physical activity patterns. Evidence indicates
that the participation of parents in physical activity is positively associated with
children’s and adolescents’ physical activity (Vilhjalmsson and Thorlindsson 1998).
Physical activity patterns among siblings and peers may also influence a child’s activity
patterns especially during adolescence (Vilhjalmsson and Thorlindsson 1998). Family
influence on child’s physical activity is in turn influenced by community, wider societal
and environmental factors including ethnicity, socio-economic factors, work status,
accessibility to recreational facilities and security. School characteristics including
physical activity programmes and recreational facilities in school influence a child’s
physical activity patterns. Ethnic differences may be explained by differential socio-
economic status. Higher physical activity levels have been documented in higher socio-
economic groups as compared to lower socio-economic groups (Davison and Birch 2001;
Vilhjalmsson and Thorlindsson 1998).

Sedentary behaviour

Sedentary behaviours such as TV viewing, watching videos and playing computer games
may put children at risk of overweight/obesity as evidenced by several studies
(Hernandez et al. 1999; Lajous et al. 2009). On the other hand, there is also some
evidence suggesting that sedentary behaviour is not related to child’s obesity (Biddle et
al. 2004; Fogelholm et al. 1999). Sedentary behaviour may be associated with
overweight/obesity due to its association with reduced physical activity (Hardy et al.
2009; Sallis et al. 2000). However, several studies have found that the association
between sedentary behaviour and child weight status is independent of socio-economic
and physical activity (Davison and Birch 2001). This then indicates that the influence of
sedentary behaviours on child’s weight status is not merely the result of physical activity
displacement. The association of TV viewing to child’s weight status independent of
physical activity status may be associated with other factors including for example food
advertisement and the consequent request by children for the purchase of advertised
foods (Morgan et al. 2009). Length of TV viewing by children has been associated with
higher consumption of fast foods, and other high energy dense foods and lowered intake
of fruits and vegetables (Taveras et al. 2000).

Child characteristics such as age and gender may influence the relationship between
sedentary behaviour and risk of overweight/obesity. There is limited evidence on the
differential effect of sedentary behaviour on the risk of overweight/obesity by age, albeit
some evidence of decreasing risk by age during adolescence (Vicente-Rodriguez et al.
2008). Some studies indicate that girls exhibit higher rates of sedentary behaviour than
boys, particularly in the case of TV viewing (Davison and Birch 2001).

Parenting styles and family characteristics may influence sedentary behaviour in children.
Parents shape sedentary behaviour of their children by their own sedentary behaviour and



by controlling their children’s sedentary behaviour such as TV and video viewing
(Davison and Birch 2001). Community and wider societal level factors such as ethnicity,
socio-economic status and availability of recreation facilities may also influence
sedentary behaviour in children, particularly through their influence on parenting styles
and family characteristics. Research has found lower parental monitoring and control of
child’s TV viewing among lower socio-economic groups (Davison and Birch 2001).

Magnitude of child obesity

Child overweight/obesity is increasingly becoming a global public health concern. The
rate of increase in child overweight/obesity per year has been estimated at 0.5-07% per
year (Popkin 2008). Obesity has traditionally been associated with developed countries,
particularly the United States, but it is increasingly affecting many low- and middle-
income countries (LMICs), least prepared in coping with the consequences. It is
estimated that the number of overweight/obese children aged less than five years of age
globally is 42 million in 2010, while close to 35 million (over 80%) of these live in the
developing countries (WHO 2010).

Among preschoolers, de Onis et al. in 2000 (de Onis and Blossner 2000) reviewed 160
nationally representative surveys from 94 countries in developing countries collected
between 1970 and 2000. They indicated that the prevalence of overweight (defined as
weight-for-height > +2 SDs from the NCHS/WHO reference median) was 3.3% among
those developing countries included. Latin America and the Caribbean had the highest
prevalence (4.4%). With respect to UN sub-regions, North Africa had the highest
prevalence (8.1%). Southern Africa ranked second (6.5%), driven by South Africa
(6.7%). In some countries including Uzbekistan, Egypt, Peru, Argentina, Malawi,
Nigeria, Qatar and Jamaica, the prevalence of overweight exceeded that of the United
States (de Onis and Blossner 2000).

The prevalence of overweight/obesity is reported as higher in older children and
adolescents as compared to preschoolers in the developing countries (Kelishadi 2007). As
with younger children, in developing countries, there is variation across regions and
across countries. Overweight and obesity in older children and adolescents is reportedly
highest in children and adolescents in the Middle East and in Central and Eastern Europe
(Kelishadi 2007). In Africa, a high prevalence of overweight and obesity has been
reported in North Africa in countries such as Egypt (Jackson et al. 2003; Salazar-
Martinez et al. 2006) and in the Southern African region particularly in South Africa
(Jackson et al. 2003; Reddy et al. 2008).

Consequences of child obesity and link to disability

Child obesity has debilitating physical and psychological consequences which may be
short-term (for the obese child) and long-term (for the adult who was obese during
childhood years). Common short-term consequences of overweight/obesity during
childhood and adolescence include heightened risk of psychosocial morbidity; ashma;
orthopaedic difficulties; cardiovascular complications; type 2 diabetes; and to some
extent type 1 diabetes (Reilly et al. 2003; Zametkin et al. 2004).



Obesity signifies the most important risk factor for the development of insulin resistance
in children and adolescents (Caprio 2002). Childhood obesity is therefore the driving
force behind paediatric metabolic syndrome risk that is becoming highly prevalent
globally and within the LMICs (Kelishadi 2007). Studies have indicated that obesity in
children is positively and significantly related with cardiovascular disease (CVD) risks
(Berenson et al. 1998; Freedman et al. 1999; Reilly et al. 2003). Results of the Bogalusa
Heart Study indicate that close to 60% of overweight children had at least one CVD risk
factor while using overweight as a screening tool; while it identified 50% of children with
two or more risk factors (Freedman et al. 1999). Significant clustering of cardiovascular
risk factors in paediatric obesity has also been observed in many studies (Berenson et al.
1998; Reilly et al. 2003). Expert opinions have consistently reached similar conclusions
with regards to effects of childhood obesity on the cardiovascular system, pointing out
similarities between children and adults in lifestyle factors and biological mechanisms
through which obesity leads to CVD risk (Dietz 1998b; Williams et al. 2002).

The effects of child obesity on psychosocial morbidity are particularly important in
adolescents particularly girls. Obese children undergo teasing and stigmatization leading
to higher rates of anxiety disorders, low self-esteem, depression, and other
psychopathology (Zametkin et al. 2004). These may lead to other complications
including compromised academic performance and other longer term effects later in the
life course including lower productivity.

Child obesity has been tracked into adulthood (Bibbins-Domingo et al. 2007; Dietz
1998a; Reilly et al. 2003). For example, in the Bogalusa Heart Study, 77% of overweight
children ((BMI >95th percentile), remained obese as adults (BMI >30 kg/m2) (Freedman
et al. 2001). Additionally, other risk factors for CVD associated with child obesity have
been tracked to adulthood (Eisenmann et al. 2004; Reilly et al. 2003). Common longer
term consequences, experienced during adulthood include heightened morbidity such as
from cardiovascular diseases and type 2 diabetes, heightened risk of premature death, and
impaired social, educational and economic productivity particularly for women (Dietz
1998a; Reilly 2006; Reilly et al. 2003).

Prevention and control of child obesity

Prevention and control of child obesity are critical given the debilitating effects of child
obesity. Given the confirmed enormous influence of child obesity on adult obesity
(Bibbins-Domingo et al. 2007; Dietz 1998a; Freedman et al. 2001), it is important that
interventions be initiated as early as possible to cub the global problem of obesity and its
consequences. Children are the priority group for interventions due to various reasons
including that weight loss in adulthood is difficult and there are more potential
interventions for weight management for children than for adults. Intervention programs
should focus on both energy consumption and energy expenditure. Research has
indicated that focusing on encouraging free play and reducing sedentary behaviour is
more effective than reducing food intake or focusing forced exercise in controlling
weight gain among obese children (Caterson and Gill 2002).



Addressing the problem of child obesity successfully requires a multilevel and multi-
sectoral approach directed to the multiplicity of the factors associated. With respect to the
ecological model of predictors of childhood obesity, interventions should take into
consideration the contexts in which a child lives including the familial context, the school
context, the community and the larger societal environment (Davison and Birch 2001).
Studies have shown that programmes that encourage weight loss among children and
their parents have bigger long-term achievement compared to those that focus solely on
child weight reduction (Brownell et al. 1983; Epstein et al. 1990). Familial factors such
as parents’ dietary practices, TV viewing practices, physical activity, nutritional
knowledge, and child feeding practices; parental influence on child’s physical activity;
and parental monitoring of child’s TV viewing need to be put in consideration.
Community and the wider societal factors which influence development of child obesity
such as availability of fast food outlets, regulation of food advertisement targeted at
young children, availability of recreation facilities, security in the neighbourhoods and
labour policies that influence time available for preparation of meals at home also need to
be considered (Davison and Birch 2001).

Children generally spend most of their days in school, usually five days per week.
Therefore schools, which act as central institutions for children socialization, are ideal
locales for instituting obesity-prevention programs. Schools may play an important role
in influencing children’s food and physical environment. Various studies have found
school-based interventions on physical activity knowledge and behaviour to be effective
(Stone et al. 1998). Increase in sports participation and time for physical education need
policy-based changes both at school level and at education sector level. Likewise,
increase in active modes of transport for children to and from school e.g. walking and
cycling require policy changes at school and government levels, as well as parental and
community support (Swinburn and Egger 2002).

Conclusion

This review has described child obesity, its causes, its consequences and its prevention
and control. Childhood obesity, is progressively becoming a global public health concern,
experienced both in the developed and developing world. Child obesity is associated with
incapacitating consequences, both physical and psychosocial, experienced during
childhood and carried over to adulthood. Causes of obesity are not fully understood, but
is believed to arise from a multiplicity of causes (Davison and Birch 2001; Grundy 1998).
Obesity occurs when energy intake exceeds expenditure. Though genetic factors may
predispose children to the development of obesity, contextual factors including lifestyle
factors, environmental factors, and cultural environment, linked to nutrition transition
occurring globally, are believed to play more important roles (Davison and Birch 2001;
Grundy 1998). Development of obesity in children is influenced by several contextual
factors including child characteristics and child risk factors, parenting styles and family
characteristics, and community demographic and social characteristics. Given the
contextual nature of factors associated with the development of childhood obesity,
prevention and control must be multifaceted, taking into account the different contexts in
which the child lives including the familial context, the school context, the community
and the larger societal environment (Davison and Birch 2001). School-based intervention



programmes may particularly be effective given that children spend most of their days in
school.

References

Berenson, GS, Srinivasan SR, Bao W, Newman WP, Tracy RE, Wattigney WA, Study
The Bogalusa Heart. 1998. Association between Multiple Cardiovascular Risk

Factors and Atherosclerosis in Children and Young Adults. New England Journal
of Medicine 338(23):1650-1656.

Berkey CS, Rockett HR, Field AE, Gillman MW, Frazier AL, Camargo CA Jr, Colditz
GA. 2000. Activity, dietary intake, and weight changes in a longitudinal study of
preadolescent and adolescent boys and girls. Pediatrics 105(4):E56.

Bibbins-Domingo K, Coxson P, Pletcher MJ, Lightwood J, Goldman L. 2007. Adolescent
overweight and future adult coronary heart disease. New England Journal of
Medicine 357(23):2371-2379.

Biddle SJ, Gorely T, Marshall SJ, Murdey I, Cameron N. 2004. Physical activity and
sedentary behaviours in youth: issues and controversies. Journal of the Royal
Society for the Promotion of Health 124(1):29-33.

Braddon FE, Rodgers B, Wadsworth ME, Davies JM. 1986. Onset of obesity in a 36 year
birth cohort study. British medical journal (Clinical research edition)
293(6542):299-303.

Bronfenbrenner U, Morris PA. 1988. The ecology of human developmental processes. In:
W Damon, N Eisenberg, editors. The handbook of child psychology. 3rd ed. New
York: John Wiley & Sons.

Brownell KD, Kelman JH, Stunkard AJ. 1983. Treatment of obese children with and
without their mothers: changes in weight and blood pressure. Pediatrics
71(4):515-523.

Cameron N, Getz B. 1997. Sex differences in the prevalence of obesity in rural African
adolescents. International journal of obesity and related metabolic disorders.
International Journal of Obesity and Related Metabolic Disorders 21(9):775-782.

Caprio S. 2002. Insulin resistance in childhood obesity. Journal of Pediatric
Endocrinology and Metabolism 15:487-492.

Caterson ID, Gill TP. 2002. Obesity: epidemiology and possible prevention. Best Practice
& Research Clinical Endocrinology & Metabolism 16(4):595-610.

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. 2000. Establishing a standard definition for
child overweight and obesity worldwide: international survey. British medical
journal (Clinical research edition) 320(7244):1240-1243.



Cripps RL, Martin-Gronert MS, Ozanne SE. 2005. Fetal and perinatal programming of
appetite. Clinical Science 109(1):1-11.

Davison KK, Birch LL. 2001. Childhood overweight: a contextual model and
recommendations for future research. Obesity Reviews 2(3):159-171.

de Onis M, Blossner M. 2000. Prevalence and trends of overweight among preschool
children in developing countries. American Journal of Clinical Nutrition
72(4):1032-1039.

Dietz WH. 1994. Critical periods in childhood for the development of obesity. American
Journal of Clinical Nutrition 59(5):955-959.

Dietz WH. 1998a. Childhood weight affects adult morbidity and mortality. Journal of
Nutrition 128(2 Suppl):411S-414S.

Dietz WH. 1998b. Health consequences of obesity in youth: childhood predictors of adult
disease. Pediatrics 101(3 Pt 2):518-525.

Eisenmann JC, Welk GJ, Wickel EE, Blair SN. 2004. Stability of variables associated
with the metabolic syndrome from adolescence to adulthood: the Aerobics Center
Longitudinal Study. American Journal of Human Biology 16(6):690-696.

Epstein LH, Valoski A, Wing RR, McCurley J. 1990. Ten-year follow-up of behavioral,
family-based treatment for obese children. JAMA 264(19):2519-2523.

Fisher J, Mitchell D, Smiciklas-Wright H, Birch L. 2001. Maternal milk consumption
predicts the tradeoff between milk and soft drinks in young girls' diets. Journal of
Nutrition 131(2):246-250.

Fisher JO, Birch LL. 1999. Restricting access to foods and children's eating. Appetite
32(3):405-419.

Fogelholm M, Nuutinen O, Pasanen M, Myohanen E, Saatela T. 1999. Parent-child
relationship of physical activity patterns and obesity. International Journal of
Obesity and Related Metabolic Disorders 23(12):1262-1268.

Food and Agriculture Organisation (FAO) of the United Nations. 2004. Globalization of
food systems in developing countries: impact on food security and nutrition. FAO
Food and nutrition paper 83. Rome: FAO.

Food and Agriculture Organisation (FAO) of the United Nations. 2006. The double
burden of malnutrition Case studies from six developing countries. FAO food and
nutrition paper 84. Rome: FAO.



Freedman DS, Dietz WH, Srinivasan SR, Berenson GS. 1999. The Relation of
Overweight to Cardiovascular Risk Factors Among Children and Adolescents:
The Bogalusa Heart Study. Pediatrics 103(6):1175-1182.

Freedman DS, Khan LK, Dietz WH, Srinivasan SR, Berenson GS. 2001. Relationship of
Childhood Obesity to Coronary Heart Disease Risk Factors in Adulthood: The
Bogalusa Heart Study. Pediatrics 108(3):712-718.

Gardner DS, Rhodes P. 2009. Developmental origins of obesity: programming of food
intake or physical activity? Advances in Experimental Medicine and Biology
646:83-93.

Gibson EL, Wardle J, Watts CJ. 1998. Fruit and vegetable consumption, nutritional
knowledge and beliefs in mothers and children. Appetite 31(2):205-228.

Gibson LY, Byrne SM, Davis EA, Blair E, Jacoby P, Zubrick SR. 2007. The role of
family and maternal factors in childhood obesity. Medical Journal of Australia
186(11):591-595.

Gillman MW, Rifas-Shiman SL, Kleinman K, Oken E, Rich-Edwards JW, Taveras EM.
2008. Developmental origins of childhood overweight: potential public health
impact. Obesity (Silver Spring) 16(7):1651-1656.

Goran MI, Gower BA, Nagy TR, Johnson RK. 1998. Developmental changes in energy
expenditure and physical activity in children: evidence for a decline in physical
activity in girls before puberty. Pediatrics 101(5):887-891.

Grundy SM. 1998. Multifactorial causation of obesity: implications for prevention.
American Journal of Clinical Nutrition 67(3 Suppl):563S-5728S.

Hales CN, Barker DJ. 1992. Type 2 (non-insulin-dependent) diabetes mellitus: the thrifty
phenotype hypothesis. Diabetologia 35(7):595-601.

Hardy LL, Bass SL, Booth ML. 2007. Changes in sedentary behavior among adolescent

girls: a 2.5-year prospective cohort study. Journal of Adolescent Health
40(2):158-165.

Hardy LL, Dobbins TA, Denney-Wilson EA, Okely AD, Booth ML. 2009. Sedentariness,
small-screen recreation, and fitness in youth. American Journal of Preventive
Medicine 36(2):120-125.

Hernandez B, Gortmaker SL, Colditz GA, Peterson KE, Laird NM, Parra-Cabrera S.
1999. Association of obesity with physical activity, television programs and other
forms of video viewing among children in Mexico city. International Journal of
Obesity and Related Metabolic Disorders 23(8):845-854.



Jackson RT, Rashed M, Saad-Eldin R. 2003. Rural urban differences in weight, body
image, and dieting behavior among adolescent Egyptian schoolgirls. International
Journal of Food Sciences & Nutrition 54(1):1-11.

Jinabhai CC, Reddy P, Taylor M, Monyeki D, Kamabaran N, Omardien R, Sullivan KR.
2007. Sex differences in under and over nutrition among school-going Black
teenagers in South Africa: an uneven nutrition trajectory. Tropical Medicine &
International Health 12(8):944-952.

Kelishadi R. 2007. Childhood overweight, obesity, and the metabolic syndrome in
developing countries. Epidemiologic Reviews 29:62-76.

Kruger R, Kruger HS, Macintyre UE. 2006. The determinants of overweight and obesity
among 10- to 15-year-old schoolchildren in the North West Province, South
Africa - the THUSA BANA (Transition and Health during Urbanisation of South
Africans; BANA, children) study. Public Health Nutrition 9(3):351-358.

Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM, Mei Z, Wei R,
Curtin LR, Roche AF, Johnson CL. 2002. 2000 CDC Growth Charts for the
United States: methods and development. Vital and Health Statistics 11(246):1-
190.

Lajous M, Chavarro J, Peterson KE, Hernandez-Prado B, Cruz-Valdez A, Hernandez-
Avila M, Lazcano-Ponce E. 2009. Screen time and adiposity in adolescents in
Mexico. Public Health Nutrition 12(10):1938-1945.

Lindquist CH, Reynolds KD, Goran MI. 1999. Sociocultural determinants of physical
activity among children. Preventive Medicine 29(4):305-312.

Martorell R, Stein AD, Schroeder DG. 2001. Early nutrition and later adiposity. Journal
of Nutrition 131(3):874S-880S.

Mihas C, Mariolis A, Manios Y, Naska A, Panagiotakos D, Arapaki A, Alevizos A,
Mariolis-Sapsakos T, Tountas Y. 2009. Overweight/obesity and factors associated
with body mass index during adolescence: the VYRONAS study. Acta
Paediatrica 98(3):495-500.

Morgan M, Fairchild R, Phillips A, Stewart K, Hunter L. 2009. A content analysis of
children's television advertising: focus on food and oral health. Public Health
Nutrition 12(6):748-755.

Mossberg HO. 1989. 40-year follow-up of overweight children. Lancet 2(8661):491-493.

Muhlhausler BS, Adam CL, McMillen IC. 2008. Maternal nutrition and the programming
of obesity: The brain. Organogenesis 4(3):144-152.



Must A, Jacques PF, Dallal GE, Bajema CJ, Dietz WH. 1992. Long-term morbidity and
mortality of overweight adolescents. A follow-up of the Harvard Growth Study of
1922 to 1935. New England Journal of Medicine 327(19):1350-1355.

Oken E, Levitan EB, Gillman MW. 2008. Maternal smoking during pregnancy and child

overweight: systematic review and meta-analysis. International Journal of Obesity
(London) 32(2):201-210.

Popkin B. 2003. The Nutrition Transition in the Developing World. Development Policy
Review 21(5-6):581-597.

Popkin BM. 2002. An overview on the nutrition transition and its health implications: the
Bellagio meeting. Public Health Nutrition 5(1A):93-103.

Popkin BM. 2008. The world is fat—the fads, trends, policies, and products that are
fattening the human race. New York: Avery-Penguin Group.

Reddy S, Resnicow K, James S, Kambaran N, Omardien R, Mbewu A. 2008.
Underweight, overweight and obesity among South African adolescents: results of
the 2002 National Youth Risk Behaviour Survey. Public Health Nutrition:1-5.

Reilly JJ. 2006. Obesity in childhood and adolescence: evidence based clinical and public
health perspectives. Postgraduate Medical Journal 82(969):429-437.

Reilly JJ, Methven E, McDowell ZC, Hacking B, Alexander D, Stewart L, Kelnar CJ.
2003. Health consequences of obesity. Archives of Disease in Childhood
88(9):748-752.

Rolland-Cachera MF, Deheeger M, Guilloud-Bataille M, Avons P, Patois E, Sempe M.
1987. Tracking the development of adiposity from one month of age to adulthood.
Annals of Human Biology 14(3):219-229.

Salazar-Martinez E, Allen B, Fernandez-Ortega C, Torres-Mejia G, Galal O, Lazcano-
Ponce E. 2006. Overweight and obesity status among adolescents from Mexico
and Egypt. Archives of Medical Research 37(4):535-542.

Sallis JF, Prochaska JJ, Taylor WC. 2000. A review of correlates of physical activity of
children and adolescents. Medicine & Science in Sports & Exercise 32(5):963-
975.

Seidman DS, Laor A, Gale R, Stevenson DK, Danon YL. 1991. A longitudinal study of
birth weight and being overweight in late adolescence. American Journal of
Diseases of Children 145(7):782-785.

Siervogel RM, Roche AF, Guo SM, Mukherjee D, Chumlea WC. 1991. Patterns of
change in weight/stature2 from 2 to 18 years: findings from long-term serial data



for children in the Fels longitudinal growth study. International Journal of Obesity
15(7):479-485.

Stone EJ, McKenzie TL, Welk GJ, Booth ML. 1998. Effects of physical activity
interventions in youth. Review and synthesis. American Journal of Preventive
Medicine 15(4):298-315.

Swinburn B, Egger G. 2002. Preventive strategies against weight gain and obesity.
Obesity Reviews 3(4):289-301.

Taveras EM, Sandora TJ, Shih MC, Ross-Degnan D, Goldmann DA, Gillman MW. 2006.
The association of television and video viewing with fast food intake by
preschool-age children. Obesity (Silver Spring) 14(11):2034-2041.

Treuth MS, Figueroa-Colon R, Hunter GR, Weinsier RL, Butte NF, Goran MI. 1998.
Energy expenditure and physical fitness in overweight vs non-overweight
prepubertal girls. International Journal of Obesity and Related Metabolic
Disorders 22(5):440-447.

Vauthier JM, Lluch A, Lecomte E, Artur Y, Herbeth B. 1996. Family resemblance in
energy and macronutrient intakes: the Stanislas Family Study. International
Journal of Epidemiology 25(5):1030-1037.

Vicente-Rodriguez G, Rey-Lopez JP, Martin-Matillas M, Moreno LA, Warnberg J,
Redondo C, Tercedor P, Delgado M, Marcos A, Castillo M, Bueno M. 2008.
Television watching, videogames, and excess of body fat in Spanish adolescents:
the AVENA study. Nutrition 24(7-8):654-662.

Vilhjalmsson R, Kristjansdottir G. 2003. Gender differences in physical activity in older
children and adolescents: the central role of organized sport. Social Science &
Medicine 56(2):363-374.

Vilhjalmsson R, Thorlindsson T. 1998. Factors related to physical activity: a study of
adolescents. Social Science & Medicine 47(5):665-675.

Whitaker RC, Dietz WH. 1998. Role of the prenatal environment in the development of
obesity. Journal of Pediatrics 132(5):768-776.

World Health Organisation. 2010. Childhood overweight and obesity.
http://www.who.int/dietphysicalactivity/childhood/en/. Accessed June 2010.

Williams CL, Hayman LL, Daniels SR, Robinson TN, Steinberger J, Paridon S, Bazzarre
T. 2002. Cardiovascular Health in Childhood: A Statement for Health
Professionals From the Committee on Atherosclerosis, Hypertension, and Obesity
in the Young (AHOY) of the Council on Cardiovascular Disease in the Young,
American Heart Association. Circulation 106(1):143-160.



Zametkin AJ, Zoon CK, Klein HW, Munson S. 2004. Psychiatric aspects of child and
adolescent obesity: a review of the past 10 years. Journal of the American
Academy of Child and Adolescent Psychiatry 43(2):134-150.



	coversheet
	child_obesity.pdf
	Introduction
	Definition and measurement of child obesity
	Development of child obesity
	Developmental factors 
	Early life period
	Period of adiposity rebound
	Adolescence 

	Ecological factors 
	Figure 1: Ecological model of predictors of childhood overweight
	Dietary patterns
	Physical activity patterns 
	Sedentary behaviour 


	Magnitude of child obesity
	Consequences of child obesity and link to disability
	Prevention and control of child obesity
	Conclusion
	ReferencesBerenson, GS, Srinivasan SR, Bao 


