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Epidemiology and Risk Factors 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



1 

Epidemiological and Clinical Aspects in a 
Developing Country 

Ana Mayra Andrade de Oliveira 
Department of Health, State University of Feira de Santana, Feira de Santana, Bahia, 

Brazil 

1. Introduction 
There is growing prevalence of cardiovascular diseases (CVD) and diabetes mellitus type 2 
(DM2) in the child and youth population, and particularly in young adults, secondary to an 
increase in their risk factors, which present themselves at very early stages of life. Among 
these, the most prevalent is obesity, which may increase rates of dyslipidemia, arterial 
hypertension (AH) and carbohydrate metabolism disorders, which are also recognized risk 
factors for cardiometabolic diseases (CMD). 
High prevalence of obesity has also been found in the pediatric population worldwide. An 
epidemiological study conducted in Feira de Santana, a city in the northeast of Brazil, 
including children from 5 to 9 years old showed rates of 9.1% and 4.4% for overweight and 
obesity respectively, confirming the finding of obesity at early stages of life. 
The literature has pointed out to the relationship between obesity in youth and premature 
death due to endogenous causes of cardiac/metabolic origin. It is therefore fundamental to 
know how and when the risk factors for CMD begin to affect vascular function and 
structure, and particularly, how to detect them early in order to enable the development of 
truly primary preventive strategies. This would make it possible to change the 
epidemiology of these chronic diseases, with consequent reduction in psychosocial and 
economic cost to the population and Health System, which is especially important in factor 
in developing countries. 

2. Impact of obesity on cardiometabolic risk factors in youth 
Obesity (defined as body mass Index [BMI] > 95th percentile, or BMI score z > 2.0) is a well 
defined and very complex disease of which overweight is merely one of the signs. 
Increasing obesity prevalence in youth over the last three decades has led to growing 
evidence of its implications for human health. Based on longitudinal studies, overweight has 
been shown to be an important risk factor for the development of atherosclerotic CVD, 
carbohydrate metabolism disorders, obstructive sleep apnea, cancers, intellectual 
deterioration, among others, therefore presenting elevated cumulative morbid-mortality. 
A follow-up study of American indigenous children over a mean period of 23.9 years, 
demonstrated that factors such as obesity, particularly the abdominal type (defined as waist 
circumference [WC] > 75th percentile), diminished glucose tolerance, and childhood AH are 
involved in the development of premature death and DM. In addition to obesity being the 
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earliest event in this chain of morbidity, the deregulation of glycemic homeostasis is 
probably the most important mediator between overweight and death. 
Nevertheless, a significant proportion of obese individuals may attain longevity without the 
previously mentioned comorbidities. This is due to the fact that the determinant of 
individual metabolic risk associated with accumulation of adipose tissue (AT) is not 
represented by its excess only, but above all, by its distribution, which can be determined by 
means of simple and available techniques such as WC measurement, as previously 
mentioned. 
AT is recognized as the largest energy store of free fatty acids (FFA) and triglycerides (TG), 
and more recently as an endocrine organ that regulates the secretion of adipokines, which 
coordinate energy metabolism, insulin sensitivity and feeding behavior, not only in adults 
but also in pediatric populations. Imbalance between visceral and subcutaneous AT is 
capable of altering its physiology.  In obese individuals, especially those with abdominal 
obesity, there is an increase of cytokines, such as interleukins (IL), tumor necrosis factor-
alpha (TNF-α), c-reactive protein (CRP), plasminogen activator inhibitor (PAI-1) and 
fibrinogen among others, known for their proinflammatory, prothrombotic and 
proatherogenic actions, and a decrease in a cytokine with opposite characteristics, called 
adiponectin. In addition, the adipocytes that constitute visceral AT present intense lipolytic 
activity and when in excess, promote an increase of FFA circulanting levels that contribute 
to the presence of ectopic fat deposition. 
These two basic mechanisms (imbalance in cytokine production and increase in FFA) favor 
both fat deposition in non habitual sites essential to the maintenance of glucose homeostasis, 
such as pancreas, liver and muscle, among others. This may lead to the development of 
insulin resistance (IR) and states of chronic inflammation with significant impact on 
carbohydrate metabolism and vascular system, promoting endothelial dysfunction. The 
inflammatory state is recognized by the increase in some cytokines (CRP, IL-6, TNF-α, etc) 
and is a great predictor of CVD. Therefore, it is rational to include CRP, especially high-
sensitivity CRP (hs-CRP), in screening for the risk of CVD, also in the pediatric population 
at risk of these diseases. 
Fatty liver deposition or hepatic steatosis (HS) is considered a hepatic component of the 
metabolic syndrome (MS) by the International Diabetes Federation (IDF), and in adult 
population it is an established predictor of dysglycemia and DM2. In youth, an association 
between obesity, particularly abdominal obesity and HS has been confirmed. Furthermore, 
the degree of steatosis in the liver has a decisive influence on the development of alterations 
in glycidic metabolism, with an important increase in hepatic glucose production, due to 
increase in gluconeogenesis. 
It is thus imperative to conduct studies on ectopic fat deposits in youths with excessive 
weight in order to diagnose individuals with this alteration and calculate a risk score for 
CVD and DM. This screening may be done by means of simple techniques such as hepatic 
enzyme measurements (aspartate aminotransferase [AST], alanine aminotransferase [ALT] 
and hepatic ultrasound and/or sophisticated techniques (not always available in developing 
countries) such as nuclear magnetic resonance (NMR) with spectroscopy or hepatic biopsy, 
which is an invasive method, especially for children. Research in intramyocellular fat using 
NMR is also fundamental for determining peripheral muscle insulin sensitivity however the 
technique is not available for clinical use. 
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2.1 Cardiovascular system 
Cardiovascular screening is normally recommended for adults, especially those with a 
family history positive for CVD. Nevertheless the combination of atherogenic diet, 
sedentary lifestyle and genetic have resulted in overweight and atherogenic dyslipidemia 
(decrease in high-density-lipoprotein cholesterol [HDL-C], increase in low-density-
lipoprotein cholesterol [LDL-C] and TG at very early stages of life, thus anticipating the 
need for screening the cardiovascular system. 
Although the vascular pathology in children with obesity and DM has been described, the 
course of development of these abnormalities has not yet been fully explained. In adults, 
abnormalities in vascular function precede the development of the anatomic or structural 
pathology. Vascular dysfunction, including reduction in endothelial function and vascular 
complacency and increase in inflammatory markers are therefore the initial findings in 
subjects with obesity, dyslipidemia, AH and carbohydrate metabolism disorders. 
Inflammation and maintenance of these risk factors subsequently lead to the development of 
atherosclerosis with alteration in vascular structure and increase in its rigidity. 

2.2 Mechanism of atherogenesis 
When elevated, LDL-C infiltrates the arterial endothelium, producing fat striae, even at very 
early ages in life (1st and 2nd decades) and if dyslipidemia persists, various subtypes of 
white globules, similar in shape, infiltrate the vascular wall and secrete inflammatory 
cytokines and oxidative molecules, with development of an inflammatory state and 
oxidative stress (OS). 
OS, defined as imbalance between the concentrations of reactive oxygen species (ROS), such 
as superoxide and antioxidants (superoxide dismutase and catalase, among others), are 
essential for the development of endothelial damage, representing the initial and 
fundamental stage that is interposed between the formation of atherosclerotic plaque and 
the thrombus. Signaling pathways that regulate cytokine expression, such as the nuclear 
factor kappa B transcriptional pathway (NF-kB), is also activated by OS, resulting in the 
induction of adhesion molecule expression and inflammation on the vascular wall, 
contributing to the atherogenic process. In association, the clotting cascade and platelet 
aggregation are activated in an effort to repair the atheromatous lesion. This process can 
induce occlusive thrombi, infarctions and generalized micro and macro-vascular disease. 
Some systemic markers that represent OS have been identified in youngsters, confirming 
early onset of the atherosclerotic process. 
In various studies, including our study in adolescents, inflammation markers, such as the 
simple overall leukocyte count and high-sensitivity CRP (hs-CRP) have been shown to be 
elevated in this group with clear demonstration of the relationship between inflammation 
and obesity, MS and a number of its components. The clinical usefulness of monitoring 
these markers in the pediatric population has not been well studied, nevertheless, some 
authors recommend that it should be measured, based on the hypothesis that the subclinical 
inflammation present in MS results from a silent and progressive atherosclerotic process 
that started in the first decade of life that could be stopped or at least delayed if identified. 
In addition, thrombosis markers, such as fibrinogen, IL (6,8, 1 B), TNF-α, monocyte 
chemotactic protein-1 (MCP-1) and PAI-1 have elevated levels in  obese youngsters with MS. 
Up until very recently, only necropsy studies warned about the beginning of atherogenesis 
early in life, and non invasive techniques have attested to this sequence of events. 
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Ultrasound of the neonatal and fetal aorta have indicated that retardation of fetal growth, in 
utero exposure to hypercholesterolemia and maternal smoking habits, in addition to diabetic 
macrossomia may also contribute as risk factors for CVD. 
Endothelial function may be investigated invasively or non-invasively by means of various 
techniques, in several vascular sites and by diverse pharmacological or mechanical stimuli. 
The non invasive technique most frequently used clinically, involves capturing images by 
high resolution ultrasound after stimulation determined by ischemia induced by brachial 
artery occlusion (reactive hyperemia test). A similar non invasive ultrasound technique is 
used to evaluate the vascular structure by measuring the thickness of the intima media layer 
of the common carotid (IMCC). Larger IMCC thickness has been observed in youngsters 
with traditional risk factors for CMD, such as obesity, dyslipidemia and hypertension. 
Another study of our group was conducted in 128 adolescents (age 14.6 ± 2.7 years, BMI z 
score 1.9 ± 0.8).  The IMCC thickness was measured and the reactive hyperemia test 
performed. We found a statistically significant positive correlation between BMI and 
reactive hyperemia test. Levels of soluble intercellular adhesion molecule (sICAM-1), 
soluble vascular cell adhesion molecule (sVCAM-1) and PAI-1 was also measured and the it 
was found positive association between abdominal obesity and sVCAM-1 and also with 
adiposopathy (defined as the presence of three or more adipocitokines such as IL-6, FNT-α, 
CRP, leptin and high molecular weight adiponectin) and sICAM-1 confirming the 
hypotheses of early onset of the atherosclerotic process. 
Although atherosclerosis is clinically manifested in adult life, it is clear that a long and 
asymptomatic phase precedes its development. Apparently it begins in childhood and there 
are evidences in populations of developed and developing countries that the proinflammatory 
state and OS are triggers for atherogenesis. Therefore, in order to be effective, primary 
prevention of CVD must occur in this age group, especially in those with excessive weight. 
Even more important is the fact that the major determinant of both inflammation and OS is 
abdominal obesity, which constitutes a risk factor believed to be modifiable, therefore, 
intervention is recommended, and with adequate control its consequences are reversible. 

2.3 Insulin resistance and carbohydrate metabolism disorders 
Insulin plays a vital role in glucose metabolism and energy homeostasis. Its action depends 
on two basic factors: pancreatic secretion and tissue sensitivity. Peripheral insulin sensitivity 
is responsible for glucose uptake (by the muscle) and for suppression of glucose production 
(by the liver). 
IR occurs when a defined quantity of insulin produces a subnormal biologic response, more 
specifically, it is characterized by reduction in the ability of insulin to stimulate the use and 
uptake of glucose by peripheral tissues and suppress hepatic glyconeogenesis. As an 
anabolic and mitogenic hormone, insulin acts on stimulating the synthesis of glycogen, FFA, 
TG and proteins and also in reducing proteolysis and lipolysis. 
One of the major consequences of obesity is IR, and is almost a consensus that it represents 
the link between some cardiovascular and metabolic risk factors in both, adults and 
youngsters. There is also association between this state and the polycystic ovary syndrome, 
nonalcoholic fatty liver disease, obstructive sleep apnea and some specific types of cancer. 
Fasting insulinemia is not a good marker for IR diagnosis, due to the lack of standardization 
among the tests and non definition of normal values, particularly for youngsters. The gold 
standard method for the diagnosis of insulin sensitivity in adults as well as children and 
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youngsters is the hyperinsulinemic-euglycemic clamp, however it is difficult to use 
clinically. One simple and validated index is the homeostasis model f insulin resistance 
(HOMA-IR) ([fasting insulin (U/mL)] x [fasting glycemia (mg/dL)]/405). Nevertheless, 
there is no consensus about the cut-off point for the pediatric population. Keskin and 
collaborators, after a study with adolescents proposed the value > 3.16. 
Glycemia per se is an important risk factor for adverse cardiovascular events, and its control 
leads to cardioprotection, particularly when early intervention is provided. Several studies 
with strict glycemic control, such as The Diabetes Control and Complications Trial (DCCT) , 
The Epidemiology of Diabetes Interventions and Complications Study (EDIC) among others 
confirmed this hypothesis. Various mechanisms have been proposed to explain this 
relationship: 1. Protein glycation: this process leads to the production of advanced glycation 
end products (AGE) which, after activation of their receptor (RAGE) in endothelial cells, 
smooth muscle cells and macrophages, determine both increase in the activation of 
transcription factors in the vessel that favor atheroma plaque formation, increase in 
adhesion molecule expression and cytokine secretion; 2. Circulating lipoprotein glycation: 
potentiates the atherogenicity of LDL-C, thus contributing to atherogenesis; and 3. Direct 
effect glucose on the vascular wall: contributes to endothelial dysfunction by increasing 
adhesion molecule expression, reducing plasminogen activator production and increasing 
PAI-1 production, generating a hypofibrinolytic and inflammatory state 

3. Metabolic syndrome 
3.1 Epidemiology 
Since 1970, in the United States, the prevalence of overweight among children from 2 to 5 years 
of age has doubled, and among children and adolescents from 6 to 19 years of age, tripled. At 
present 17% of the pediatric population is overweight. In Brazil the panorama is no different, 
with growing rates ranging between 4.4% and 33.6%, depending on the methodology used for 
defining obesity and the characteristic of the sample studied. It is always important to 
remember that biological, social, cultural and economical factors are involved in the 
development of obesity and Brazil is a country with heterogeneous characteristics in terms of 
these factors. The  Brazilian Institute of Geography and Statistic in 2012 showed rate of 10% of 
overweight and 7.3% of obesity among children and adolescents. An epidemiologic study 
conducted with 699 children in Feira de Santana, BA, has confirmed this fact by finding 
prevalence of 8.6%, 9.1% and 4.4% of underweight, overweight and obese children, 
respectively as already mentioned. 
In this same population blood pressure levels were analyzed and even at a mean age of 7.1 
years, 3.6% of the sample presented elevated arterial pressure, with an odds ratio of 4.4 and 
13.0 higher for those who were overweight and obese respectively. 
Data obtained from the four largest regions in the world (United States of America, Latin 
America, Europe and Asia) reinforce the importance of MS in the pediatric population because 
it affects individuals of both sexes, in the major ethnic groups, but above all, those who are 
overweight. 
The estimated prevalence of MS among individuals aged 2 to 19 years is ~10% (1,2% to 
22,6%), from ~2% among children and adolescents with normal weight and ~32% among 
the obese, but with prevalence of up to 60% in this special group. Thus the odds of 
presenting MS is 15 times higher among overweight youngsters when compared with 
individuals of normal weight. The information with regard to sex is conflicting, but there is 
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a trend towards higher prevalence among men, because they have greater predisposition for 
abdominal obesity. Age is another factor that must be taken into consideration, and 
adolescents are affected to a larger extent than children. 
The National Health and Nutrition Examination Survey (NHANES) was the population 
study that analyzed ethnic differences, and it pointed out a higher rate of MS among 
Caucasians, and a lower rate among Afro-Americans. This fact is surprising, since the 
outcomes of MS (acute myocardial infarction and DM2) are more frequent among Afro- 
Americans, probably due to greater IR found among the youngsters in this ethnic group. 
Nevertheless, this IR is initially compensated by increased insulin secretion and clearance, 
consequently with less risk of MS. As the increased insulin secretion probably precedes the 
state of IR, this high level of insulin, plays a fundamental role in the physiopathology of the 
syndrome. Hyperinsulinemia and IR are linked to endothelial dysfunction (ED) in adults, a 
relationship between HOMA-IR and IMCC thickness. 
In Brazil the prevalence of MS among youngsters is very similar to that in developed 
countries, particularly among the obese. A study conducted with 548 school children in Feira 
de Santana, BA, with a mean age of 11.1 years, showed a prevalence of 31.3% among those 
who were overweight (BMI z score > 1.5). Abdominal obesity was the most frequent 
traditional component of MS found in the total sample (68.3%) confirming the fundamental 
role of visceral AT accumulation in development of the syndrome. This was followed by 
hypertriglyceridemia (29.3%), reduction in HDL-C (28.4%) and elevation of arterial blood 
pressure (17.4%). Interestingly, no alteration in carbohydrate metabolism was detected, in spite 
of the oral glucose tolerance test having been performed for diagnosis of carbohydrate 
metabolism disorders. Another study, also conducted in the Brazilian northwest confirmed the 
association between overweight and diagnosis of the syndrome, with rates of 22.6% and 59.3% 
in the total sample and in the obese subgroup, respectively. An analysis of 99 adolescents in 
the southeast of Brazil demonstrated a lower prevalence of the syndrome (6%) and also no 
cases of it were observed among those with normal weight and overweight (BMI z score > 1.5 
and < 2.0). Nevertheless, among the obese (BMI z score > 2.0), the rate increases to 26.1% and 
once again, no cases of carbohydrate metabolism disorders were detected. Thus, the Brazilian 
data with regard to the component "glucose metabolism disturbance" of MS, diverge from 
those in the literature, particularly the North American data, which point towards and increase 
in the rates of pre-diabetes and DM2 in the obese pediatric population. The possible causes of 
this divergence, apart from the non uniformity of diagnostic criteria for the syndrome, would 
be the lower severity of obesity in the Brazilian population, which is a recognized factor for the 
development of alteration in glycid metabolism, in addition to the probable presence of 
protective genetic and environmental factors. 
This epidemiologic profile indicates that obese youngsters must be considered at risk for 
cardiometabolic diseases and therefore considered targets for preventive and therapeutic 
strategies. However, in developing countries it has been suggested that screening for MS 
should also be done in normal weight individuals if the objective is prevention of CVD and 
DM2, because, in the same way as with obese individuals, this population may present 
disorders linked to metabolism and the cardiovascular system. 

3.2 Definition, diagnosis and clinical importance 
MS is defined as a constellation of specific anthropometric, physiological and biochemical 
abnormalities that predispose affected individuals to the development of CVD and DM2, 
described in adults in 1988 by Reavan and collaborators. 
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In youngsters the non existence of a universally accepted definition for the diagnosis of the 
syndrome is recognized, probably because of the dynamic aspects related to growth and 
development, and it is a real barrier. For example, individuals develop IR during puberty, 
and the normal levels of lipids and arterial blood pressure vary according to age and sex. 
Another complicating factor is the absence of standardization of the measurement of 
abdominal obesity, as well as its cut-off points. Thus, the criteria used for defining MS in the 
pediatric population are adaptations of criteria used for adults, and none of them are widely 
accepted. Nevertheless, the majority of them include the following elements: 1. Elevation of 
TG; 2. Reduction in HDL-C; 3. Increase in arterial blood pressure; 4. Alteration in plasma 
glucose; and, 5. Increase in abdominal obesity. 
Based on data from NHANES III (1988 - 1994), Cook and collaborators have suggested a 
definition adapted from the criteria defined by the National Cholesterol Education Program 
- Adult Treatment Panel III, NCEP/ATP-III), since Ferranti and collaborators, in spite of 
proposing definition also based on the NCEP/ATP-III criteria, used different cut-off points 
for each criteria. A study conducted at the School of Medicine of Yale University by Weiss 
and collaborators, used another criterion, replacing WC used in the previously described 
definitions, by the BMI, because they proved this index to be less subject to variations 
resulting from age and ethnic group (Table 1). 
 

Epidemiological and clinical aspects in developing country 
Criteria / 

components
Cook et al. de Ferranti et al. Weiss et al. 

Abdominal obesity WC1 > 90th percentile WC1 > 70th percentile z (BMI)6 > 2 

Glycid metabolism FG2 > 110 mg/dL FG2 > 110 mg/dL 
TG3 > 110 mg/dL 

Glycemia (OGTT7) of 
140 to 200 mg/dL 

Dyslipidemia TG3 > 110 mg/dL or
HDL4 > 40 mg/dL 

or 
HDL4 > 45 mg/dL 

(men) and < 
50mg/dL (women) 

TG3 > 95th percentile 
or 

HDL4 < 5th percentile 

Arterial hypertension BP5 > 90th percentile BP5 > 90th percentile BP5 > 95th percentile 
*WC = waist circumference; 2FG = fasting glycemia; 3TG = triglycerides; 4HDL-C = high density 
cholesterol; 6z BMI = z score of body mass index; 7 OGTT = oral glucose tolerance test; 8 BP = blood 
pressure. 
Source: Adapted from Pergher et al (2010). 

Table 1. Criteria for classification of the metabolic syndrome in children and adolescents, 
proposed by Cook et al., de Ferranti et al. and Weiss et al. in the presence of at least three of 
the five criteria 

The organizations, NCEP/ATP, World Health Organization and IDF have suggested criteria 
for the child and young population based on the criteria proposed for the adult population 
(Table 2). The new IDF definition is interesting as it divides the groups according to age: from 
10 to 16 years and over 16 years, children under the age of 10 years being excluded due to the 
non existence of data related to this age range. The authors also suggested that in children 
under the age 6 - 10 years the syndrome should not be diagnosed, but that the need for weight 
reduction must be emphasized in those with abdominal obesity. For children over the age of 
10 years, the syndrome is diagnosed by the presence of abdominal obesity, defined by the WC 
measurement, associated with two or more clinical criteria (hypertriglyceridemia, low levels of 
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HDL-C, AH and hyperglycemia). For the other factors, cut-off points were established by 
means of a fixed value, which in truth, is contrary to the other proposals for child and young 
populations. Nevertheless, the use of percentiles is also criticized, particularly in the transition 
to the adult stage, since the cut-off points for the criteria for this population are fixed and not 
based on percentiles. Thus, when an individual aged 18 years is analyzed using the fixed cut-
off points and those based on the percentile tables, there may be a difference in the diagnosis. 
As there is increasing prevalence of childhood obesity, as well as other risk factors for CVD 
and DM2, it has become necessary to conduct studies for standardizing criteria that are 
simple to apply for the diagnosis of MS in the child and young populations. Early diagnosis 
followed by treatment, which up to now has been directed towards individual components 
of the syndrome, particularly intervention in lifestyle, is fundamental for reducing the 
progression of MS rates in children and adolescents. 
Over the last decade questions have arisen about the real existence of the syndrome, 
especially in the child and young populations, in terms of whether the syndrome represents 
a distinct clinical entity, or only a constellation of factors linked to obesity, occurring in the 
same individual, since its diagnosis does not aggregate greater risk of cardiometabolic 
disease than its components evaluated individually (visceral obesity, dyslipidemia, AH, 
alteration in carbohydrate metabolism and IR). In a concrete manner, however, there are: 1. 
Alarming data on the prevalence of the syndrome and the relationship between its 
components and cardiometabolic complications at a very early age, with thickening of the 
IMCC layer and atherosclerotic lesions in the arterial network; 2. Information that confirms 
that the diagnosis of overweight and MS in childhood are predictors of MS and its 
consequences in the adult population; 3. Relationship between MS and DM2 in adult life 
and similar association in children and adolescents; 4. Association between this syndrome in 
childhood and other disorders, including hyperuricemia, HE, polycystic ovary syndrome 
and obstructive sleep apnea; and 5. That it has been accepted as a simple clinical instrument 
for the early detection of DM2 and ACVD and individuals at risk for these conditions. 
In addition to all these affirmations, the recognition of a probable physiopathological basis 
linked to visceral obesity/IR as a link between the components of MS, enables the clinician 
to have a broader vision of the risks of excess AT, even in very young individuals, thus 
changing his/her practical conduct, by systematic investigation of the factors that constitute 
the syndrome and its consequences. Thus, preventive and therapeutic measures are adopted 
earlier, thereby reducing the chance of development of cardiovascular outcomes. 
Nevertheless, it is worth emphasizing that there is no consensus about the benefits of 
diagnosing MS in the pediatric population, and future studies will probably be developed 
with the aim of establishing which individual component of MS creates the greatest future 
risk and should be the target for therapy. 
1. National Cholesterol Education Program - Adult Treatment Panel III: modified criteria 
for children and adolescents 

Definition of MS: presence of three or more of these conditions (A-B-C-D-E): 
 
A FG1 > 110 mg/ dL (6.1 mmol/L) or >100 mg/ dL (5.6 mmol/L) 
B WC2 > 90th percentile of sample distribution 
C TG3 > 110 mg/ dL (1.13 mmol/L) 
D HDL-C4 < 40 mg/ dL (1.04 mmol/L) 
E BP5 > 90th percentile of sample distribution 
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2. International Diabetes Federation (IDF) criteria for children and adolescents 

Definition of MS: presence of central obesity (A) in addition two or more of the conditions 
(B-C-D-E) 
Criteria according to age 
 

  6 to <10 years of age 10 to 16 6 to <10 16 years of age   years of age 
A WC2  > 90th percentile  

B TG3  > 150mg/ dL  
MS cannot be (1.7mmol/L)  

C HDL-C4 diagnosed, < 40 mg/dL (1.03  
but future evaluation mmol/L)  

  must be made if Systolic BP5 >130 Use existing 

D BP5 there is presence of mmHg or IDF criteria 
family history of MS, Diastolic BP5 > 85 for the adult 

  DM2, dyslipidemia, mmHg population 
 FG1 cardiovascular   

E or previous diagnosis 
of 

disease, 
hypertension and / >100 mg/dL (5.6 

mmol/L) 
 

 diabetes mellitus or obesity.  
 type 2 (DM2)    

3. World Health Organization (WHO) criteria modified for children and adolescents 

Definition of the MS: presence of three of more of these conditions (A-B-C-D-E): 
 

A BMI6 > 95th percentile 
B Abnormal Glucose Homeostasis Hyperinsulinaemia or IFG7 or IGF8 
C BP5 > 952th percentile 

D TG3 > 105/136 mg/dL (1.2/1.5 mmol/L) for children 
aged <10 years and > 10 years respectively 

E HDL-C4 < 35 mg/ dL (0.9 mmol/L) 
1FG = fasting glycemia 2WC = waist circumference; 3TG = triglycerides; 4HDL-C = high-
density cholesterol; 5BP = blood pressure, 6z BMI = z score of body mass index. 
Source: Adapted from Tailor et al. (2009). 

Table 2. Summary of the Metabolic Syndrome (MS) definitions used in the studies. 

4. Conclusions 
The prevalence of obesity among youngsters presents epidemic proportions with significant 
implications for cardiovascular and metabolic health at a very early age in life. There are 
increasing rates of MS in children and adolescents, which points towards the premature 
development of CVD and DM2 in the next generation of adults. IR, determined by 
abdominal obesity appears to represent the link between the components of MS in this age 
range, and functions as a predictor for CVD and disturbances in carbohydrate metabolism. 
Therefore, the WC measurement should be considered a screening instrument for the 
identification of youngsters with a cardiometabolic disease phenotype. 
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As a consequence of this abdominal obesity-IR binomial, a systemic inflammatory state is 
produced, which functions as a trigger for the atherogenic process. The earlier the onset of 
overweight, the more prematurely this will manifest clinically. Therefore, in order to 
implement primary prevention of CMD, investigation/prevention/treatment of risk factors, 
such as obesity, dyslipidemia, AH and disturbances in carbohydrate metabolism and its 
consequences must begin in the initial stages of life. 
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1. Introduction 
Childhood obesity has become a major health concern in nearly every country in the world. 
In the United States, the number of overweight children aged 2 to 5 years has more than 
doubled in the past 30 years. Overweight and obesity, already epidemic among the world’s 
adults and children in both developed and developing countries, is escalating.  While 61% of 
U.S. adults and almost 12% of U.S. children were overweight in 2001, a decade later, over  
two thirds of U.S. adults and almost  one-third of U.S. children and adolescents were 
overweight or obese (Satcher, 2011).  A 2010 estimate by the World Health Organization 
(WHO, n.d.[a]) indicated 42 million overweight children under five years of age worldwide, 
with 35 million living in developing countries. However, 2010 estimates provided by the 
International Association for the Study of Obesity International Obesity Taskforce 
(IASO/IOTF, n.d.) indicated one billion overweight (and another nearly half billion obese) 
adults internationally, with even higher estimates if adjusted for Asian-specific obesity 
measures. Moreover, the IASO International Obesity Taskforce’s 2010 estimated 200 million 
obese or overweight school-aged children (IASO/IOTF, n.d.[b]).  
Global trends toward childhood overweight or obesity have been attributed to two major 
factors: 1) increasing intake of energy-dense foods, high in sugars and fats and nutrient-poor 
(low in beneficial nutrients, such as minerals, vitamins, and healthy micronutrients); and 2) 
increasingly sedentary lifestyles, with low physical activity (Corvalan et al., 2009; Satcher, 
2011; WHO, n.d.[b],). However, though primarily associated with unhealthy nutrition and 
limited physical activity, WHO (n.d.[b]) suggests that increased childhood obesity rates are 
related to child  behaviors and numerous economic or social changes, as well as 
environmental,  educational, urban planning, agricultural, transportation, and food policies.  
Polhamus et al. (2009) reported that data from 1998−2008 Pediatric Nutrition Surveillance 
System indicate prevalence of overweight/obese preschool children as 14.7%, and this 
prevalence is higher among Hispanic preschoolers (18.5%). Infant and toddler stages are a 
time of transition from dependent feeding to independent feeding. During early life, weight 
trajectories and food preferences predict trends and preferences throughout life (Allen & 
Myers, 2008). Early childhood is a crucial stage for monitoring growth and BMI and the 
most opportune time to prevent obesity in children by promoting healthy dietary and 
physical activity behaviors (Hawkins & Law, 2006a; He, 2008; Story et al., 2002). Many 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



  
Childhood Obesity 

 

16

factors contribute to the alarming rates of childhood obesity. Childhood obesity has a strong 
hereditary tendency (American Academy of Pediatrics [AAP], 2003; Barsh et al., 2000); 
however, there is evidence that a child’s size (height, weight, and BMI) is influenced by 
factors in the family’s environment. Many researchers have examined the relationship 
between childhood obesity and individual and family risk factors (Hawkins & Law, 2006b), 
such as parental BMI (Burke et al., 2001; Wardle et al., 2001), childhood television use 
(Adachi-Mejia et al., 2007; Dennison et al., 2002; Faith et al., 2001), and diet (Dennison et al., 
1997; Welsh et al., 2005). 
Sturm (2002) is among the many researchers who have noted that obesity has the same 
association with chronic health conditions as does 20 years of aging, and the cost of obesity 
exceeds the costs of smoking and drinking for national health care use. According to a study 
of costs attributed to adult overweight (BMI 25–29.9) and obesity (BMI > 30), these expenses 
accounted for 9.1% of the total U.S. medical expenditures in 1998 and reached $92.6 billion 
in 2002 dollars. In 2008 dollars, these costs totaled about $147 billion (Finkelstein et al., 2003, 
2009). Some investigators predict that adolescent obesity may result in up to 1.5 million life-
years lost, with total costs of $294 billion if lost productivity is counted along with medical 
costs (Inge & Xanthakos, 2010; Lightwood et al., 2009). Being overweight or obese carries 
considerable consequences.  Substantial research has linked child obesity/overweight to 
increased risks for serious health outcomes, which include adverse physical, 
psychological/behavioral, or social consequences (AAP, 2005; Levi et al., 2011; Monasta, 
Batty, Cattaneo, et al., 2010; Monasta, Batty, Macaluso et al., 2010). Overweight or obese 
children tend to remain overweight or obese as they become adults, and these children also 
tend to develop illnesses, such as cardiovascular diseases, hypertension, or diabetes, at 
younger ages (Horta et al., 2007; WHO, n.d.[a],). Barker (1990) has been credited with first 
relating infant birth weight with adult illness such as hypertension, cardiovascular disease, 
and diabetes.  Since then a number of studies, some of which are reviewed below, have 
examined relationships between obesity and these or other illnesses. 
Recent studies have indicated that obesity has negative outcomes on very young children 
and contributes to health problems as obese children age. Investigators found that 3-year-
old children who were very obese at < 2 years had multiple markers of inflammation 
associated with numerous chronic diseases (Skinner et al., 2010). Rising BMIs in childhood 
are also associated with increased risk for coronary heart disease in adulthood. Obese 
children have higher rates of asthma (Al-Shawwa et al., 2007;  Rodriguez-Artalejo et al., 
2002), hepatic steatosis (fatty degeneration of the liver; Dietz, 1998), sleep apnea (Kaditis et 
al., 2008), and type 2 diabetes (Must & Anderson , 2003). Risks of developing diabetes by the 
late teens can be predicted as early as age six based on blood pressure, BMI, fasting glucose, 
insulin and lipid values (Morrison et al., 2008, 2010). Most researchers now realize that by 
the time a child is 5, the prime years for prevention of obesity have passed. By this age, 
many children and families are set in patterns of eating and activity that are difficult to 
modify. Infancy and early childhood are now viewed as the prime ages for preventing 
obesity (Birch & Ventura, 2009; McCormick et al., 2010; Taveras et al., 2010).  
Several systematic reviews have examined the relative contributions of a host of factors that 
contribute to childhood obesity. Hawkins and Law (2006b) reported on 59 studies (out of 
1,923 originally identified) that met the inclusion criteria of accurate body-size measures and 
including children between the ages of six months and five years. Their review was 
organized as an ecological model with concentric circles expanding outwards to represent 
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the spheres of influence on the development of child obesity. They identified the levels of 
child characteristics (infant feeding, weaning, bottle use, diet, snack foods, physical activity 
and sedentary behavior, amount of screen time and use); family characteristics (parental 
factors, maternal pre-pregnancy weight, maternal smoking during pregnancy, maternal 
employment, social disadvantage); community-level factors (neighborhood, day care); and 
policy implications (dietary intake, opportunities for physical activity). These factors were 
largely reiterated in a systematic review by Monasta, Batty, Macaluso et al. (2010), who 
conducted a systematic review of 22 systematic reviews but in a different arrangement of 
factors. Monasta’s et al. systematic review reported strong evidence from the constellation of 
reviews for the following factors as contributors to child obesity: genetics, maternal factors 
(including gestational diabetes and smoking), infant birth weight; size; and rate of growth; 
infant feeding, sleep duration, abuse/neglect and other negative social experiences, physical 
activity and sedentary behavior, and society and the built environment. A recent systematic 
review of interventions to prevent obesity in children birth to age five examined 18 studies 
and reported that few showed any evidence of effectiveness regardless of the location or 
components of the study. The authors concluded by stating that prevention of obesity and 
early intervention at its earliest sign is the most effective means to combat child obesity, as 
interventions later in childhood are not very effective (Hesketh & Campbell, 2010). 
Whincup et al. (2008) conducted a systematic review examining the relationship between 
birth weight and type II diabetes in adults. The authors reported an inverse relationship 
between birth weight and risk for Type II diabetes (pooled OR, adjusted for age and gender: 
0.75; 95% Confidence interval (CI): 0.70-0.81). Harder et al. (2009) conducted a systematic 
review and meta-analysis of studies examining relationships between diabetes and birth 
weight or weight gain during an infant’s first year of life.  The authors reported a significant 
association between higher birth weight (e.g., >4,000 grams) and increased risks for 
subsequent later development of Type I diabetes (OR:  1.17; 95% (CI): 1.09- 1.26). Harder et 
al. (2009) also noted studies supported a relationship between rapid weight gain in early life 
and later Type II diabetes development, though a meta-analysis was not possible due to 
differences in studies’ time measurements and parameters for weight gain.  
Recently, Monasta, Batty, Cattaneo, et al. (2010) conducted a systematic review of 22 
published systematic reviews examining determinants of overweight/obesity in children in 
early life (e.g., conception to 5 years). Monasta, Batty, Cattaneo, et al. (2010) concluded that 
breastfeeding may be protective against later overweight/obesity and identified multiple 
factors that may affect risks for obesity. The researchers noted difficulty extricating “the 
complex web of associations and of reciprocal influences of all these factors” (Monasta, 
Batty, Cattaneo, et al., 2010, p. 703) and called for early-life intervention studies to 
substantiate protective and risk factors.   
Hurley et al. (2011) conducted a systematic review of child obesity and responsive feeding 
(caregiver recognition and response to a child’s hunger or satiety cues) in high-income 
countries. The majority of studies reviewed (24/31) reported significance between child BMI 
z-scores and nonresponsive feeding (e.g., caregiver lack of recognition of or response to 
child hunger/satiety cues; Hurley at al., 2011). This could be an interesting area to explore in 
breastfed children, where babies are much more “in charge” of their breast milk intake.  
Along with birth weight and parental body size, infant feeding is recognized as one of the 
most influential biological and environmental factors that affect weight gain during infancy 
(Griffiths et al., 2009). Parental feeding practices have a strong impact on children’s food 
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availability (Keller et al., 2006), eating behaviors, and weight (Birch & Fisher, 1998, 2000). 
Parental involvement in feeding is essential for children to grow, and parental knowledge, 
parenting style, modeling of food choices, and eating environment all have a strong impact 
on an infant’s and child’s weight (Campbell et al., 2008). Johnson and Birch (1994), for 
example, reported that parental over-control of child eating was associated with poorer 
eating regulation by the child and increased BMI. Helping parents acquire health-promoting 
parenting techniques is thus a key component in addressing the growing epidemic of 
childhood obesity in infants and toddlers (Anderson & Whitaker, 2010; Olstad & McCargar, 
2009), yet systematic reviews have recognized that opportunities for prevention of obesity 
are plentiful but poorly recognized (Monasta, Batty, Macaluso et al., 2010) by health care 
providers and parents.   
This chapter will review the current research on gestational programming of growth, 
maternal factors, and early infant feeding and the subsequent impact on the development of 
overweight, obesity, or both. As the earliest infant feeding is milk based, the review will 
discuss the research on breastfeeding as to whether the evidence shows a clear link between 
breastfeeding and obesity and present issues concerning maternal obesity and 
breastfeeding. The problems of early and rapid weight gain will be discussed. We will also 
discuss the factors associated with the development of overweight/obesity among a specific 
population, namely low-income Hispanic children in the southwest United States, as that is 
the first author’s field of expertise. Recommendations for health care providers, researchers, 
and parents on ways to prevent the development of overweight/obesity among infants and 
young children will be presented for clinicians.  

2. Programming of growth 
Although the focus of this chapter is not on fetal growth and development, it is necessary to 
briefly review the contributions of fetal nutrition on infant growth and development. The fetal 
environment can set in motion developmental changes in metabolism to promote the survival 
of a fetus and neonate, so that his/her postnatal life will be enhanced. The developmental 
origins of disease, or developmental programming as it is also known, were popularized by 
the work of Barker and colleagues two decades ago (Barker et al., 1989, 1990; Hales et al., 1991). 
They proposed that developmental changes in key tissues and organ systems at critical 
periods of fetal growth can influence the long-term risk of metabolic and cardiovascular 
diseases (Warner & Ozanne, 2010). Fetal malnutrition from poor maternal diet or impaired 
placental blood flow can “program” the fetus to spare the development of the nervous system 
to the detriment of the endocrine system, for example. The poorly fed fetus results in a small 
for gestational age (SGA) or low birth weight (LBW) infant. If these infants are born into a poor 
nutritional environment, they are equipped through fetal development to grow appropriately 
for the available food and to survive through abdominal storage of fat. If however, the SGA or 
LBW infants have been born into an abundant nutritional environment, they rapidly gain 
weight (experience catch-up growth) and have been shown in numerous epidemiological 
studies to be at higher risk for hypertension, cardiovascular disease, insulin resistance and 
type 2 diabetes, renal disease, skeletal muscle alterations, and increased fat storage (Warner & 
Ozanne).  A recent systematic review of 22 studies examining 40,000 deaths among 400,000 
people reported that  for deaths from all causes, there was a 6% lower risk per kg higher birth 
weight for men and women (adjusted HR = 0.94; 95% CI: 0.92-0.97, Risnes et al., 2009). The 
association was stronger for deaths from cardiovascular diseases (HR =0.88; 95% CI: 0.85-0.91). 
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The hazard ratio was increased for men and cancer mortality but not significant for women.  
These results from a strong systematic review show that birth weight is an indicator of in utero 
developmental processes that influence long-term health. However, the available data do not 
allow us to determine whether sociocultural factors, genetic factors, the intrauterine 
environment or life course exposures are more influential in explaining the observed 
associations.  The type of nutritional support for appropriate catch-up growth that will allow a 
SGA or LBW infant to thrive without becoming at risk for later metabolic disease is still 
unknown. 
While maternal undernutrition has received the most attention for its contribution to 
metabolic programming for infants and children, maternal overnutrition is now recognized 
for its role in creating detrimental health outcomes. Infants who are born large for 
gestational age (LGA) are also at risk for developing metabolic and cardiovascular diseases 
similar to infants born SGA and exposed to plentiful postnatal nutrition (Warner & Ozanne, 
2010). Infants born to mothers who have gestational diabetes often are LGA and at risk for 
adult disease, due to the higher glucose maternal blood levels they are exposed to during 
gestation.  In fact, researchers now believe that a U-shaped curve of risk exists for both ends 
of the birthweight spectrum, as SGA and LGA infants are both at risk for developing 
metabolic disorders later in life (Curhan, Chertow et al. 1996; Curhan, Willett, et al. 1996). 
Overfeeding and accelerated postnatal (catch up) growth appears to be the trigger that 
establishes the trajectory for at-risk status for SGA infants (Eriksson et al., 1999; Cheung et 
al., 2000) while the link between accelerated postnatal growth and metabolic disease for the 
LGA infants has not been as clearly identified (Cottrell & Ozanne, 2008).   
Maternal smoking is a factor other than maternal diet that can influence a fetus’s growth and 
impact the infant’s risk of becoming overweight or obese. Maternal smoking during the first 
trimester and through the entire pregnancy has been associated with childhood obesity at age 
5 (Toschke et al., 2003a), with more than twice the odds (OR 2.22; 95% CI: 1.33-3.69) for obesity 
at 5 years of age for maternal smoking in the first trimester and nearly twice (OR 1.70; 95% CI: 
0.1.02-2.87) for smoking throughout pregnancy. Mizutani et al. (2007) reported that maternal 
smoking habits were associated with overweight in the 5-year-old children (OR 2.15; 95% CI: 
1.12-4.11) among children of Japanese mothers who smoked during pregnancy. Mangrio et al. 
(2010) found that smoking worked synergistically with maternal obesity in that the odds for 
obesity were greater when the mothers were obese and smoked (OR 3.12; 95% CI: 1.13-8.63), 
while smoking did not appear to increase child obesity if the mother was not obese.  
The reasons for the association of smoking and obesity are not well understood. Smoking 
can reduce blood flow to the placenta, which in turn can promote development of SGA or 
LBW. Magee et al. (2004) found that LBW was 58% more common among smokers than 
among non-smokers, and LBW can lead to accelerated postnatal growth, which itself can 
lead to obesity (Institute of Medicine [IOM], 2011). It has been demonstrated in animal 
models that maternal under-nutrition leads to LBW offspring who have altered leptin levels, 
hyperphagia, and increased weight gain (Plagemann & Harder, 2009). Smoking in 
pregnancy is implicated in appetite control and impulse control among offspring 
(Montgomery et al., 2005). Toschke et al. (2003b) described self-reported appetite among 
adults who were 42 years old and had been followed from birth. The proportion with poor 
appetite increased with levels of maternal smoking during pregnancy: from 4.5% with 
maternal non-smoking to 7.7% with maternal heavy smoking. BMI or levels of obesity 
among the adults were not reported. Montgomery et al. (2005) reported that compared with 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



  
Childhood Obesity 

 

20

non-smoking mothers, the adjusted odds ratios (95% confidence intervals) for bulimia in 
offspring were 0.74 (0.25-2.21) for those who gave up before pregnancy, 3.04 (1.16-7.95) for 
giving up smoking during pregnancy and 2.64 (1.47-4.74) for smoking throughout 
pregnancy. Smoking during pregnancy was not associated with anorexia nervosa in 
offspring. Neither BMI nor variation between childhood and adult BMI explain the 
association. If the association of smoking during pregnancy with bulimia in offspring is 
causal, then it may operate through compromised central nervous system development and 
its influence on impulse or appetite control. The increased risk associated with mothers who 
gave up smoking during pregnancy emphasizes the importance of smoking cessation prior 
to conception.  
The Millennium Cohort Study (a longitudinal study of 11,653 preschool children) Child 
Health Group reported significant factors that impacted rapid weight gain at age three 
included parental weight status (maternal and paternal), pre-pregnancy maternal obesity, 
and maternal smoking; they were highly significant in predicting high BMI at age three 
(Griffiths et al., 2010) The BMI at age three was also a risk factor for subsequent excessive 
weight gain.  However, how smoking may also affect the activity levels, appetite, or 
metabolism of the infants is currently unknown but may be through neurobehavioral 
changes in the developing neural system of the fetus. 
Moran and Phillip (2003) reviewed studies of leptin, a hormone involved in human food 
intake and energy expenditure and nutritional balance, which is produced primarily by fat 
cells and elevated in obesity. They concluded a growing body of evidence linked leptin and 
diabetic pathophysiology.  Some researchers have suggested that increased obesity rates are 
related to earlier puberty onset (precocious puberty), as both trends occurred over a similar 
time period. A review by Kaplowitz (2008) reported linkages between higher BMIs and 
earlier onset of puberty, especially in girls, identifying leptin as the key connection between 
body fat and early puberty.  
Maternal prenatal behaviors such as diet and rest also contribute to infant obesity. The odds 
of obesity among children whose mothers did not eat breakfast was 1.78 (95% CI: 1.14-2.77), 
but if the mothers had a long sleep duration during pregnancy, the odds of obesity were 
0.37 (95% CI: 0.15-0.88), showing a protective effect of maternal rest (Mizutani et al., 2007).  
Poor maternal diet among women who are normal or underweight at conception 
contributes to LGA and LBW infants (Fall, 2009; Scholl, 2008), and the link between maternal 
intake, LBW infants, and later development of metabolic disease in adults was the basis for 
the theory of metabolic programming, discussed earlier. Maternal rest and sleep has not 
been as well established as a contributor to LBW, but was linked to LBW by Abeysena et al. 
(2010) who studied paid employment, sleep, and levels of psychosocial stress, and found 
that standing more than 2.5 hours per day and sleeping less than 8 hours at night were 
significantly associated with LBW, while levels of psychosocial stress were not. 

3. Early infant feeding 
Although the link between infant feeding and overweight/obesity is established for 
preschoolers and younger school-aged children, not all studies have established a link 
between infant feeding and overweight/obesity at later age. Michels et al. (2007) examined 
the relation between infant feeding and the development of overweight/obesity throughout 
the life course. They utilized the Nurses’ Health Study II, a prospective cohort of 116,678 
female nurses. The mothers of the nurses in the study were contacted and queried about the 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



 
Early Infant Feeding Influences and Weight of Children 

 

21 

type of feeding given to the nurse subject when she was an infant. The mothers reported if 
they had breast-fed and if so, for how long, and if the subject was bottle-fed, the type of milk 
used in the bottle. Breastfeeding, regardless of its duration, did not influence the adult BMI 
of the nurse subjects, and there was also a lack of relationship between breastfeeding and 
the recalled weight of the nurse subjects at age 18. Although the feeding was reported as 
exclusively breast-fed or not, the type of associated food (liquid or solid) that was provided 
if the infant was not exclusively breast-fed was not addressed. 
The type of formula fed to infants is also studied for its relation to later obesity risk. Breast 
milk has lower protein content than does formula that is based on cow’s milk (Alexy et al., 
1999) and formula fed infants have been found to have higher postprandial insulin than 
breast-fed infants, which enhances growth and stimulates adipocyte activity (Lucas et al., 
1981) and results in earlier adiposity rebound and higher childhood BMI (Scaglioni et al., 
2000). This is known as the early protein hypothesis (Koletzko et al., 2009) and was tested in 
the European Childhood Obesity Trial. Infants whose mothers chose to formula feed were 
randomly assigned to infant formula with higher protein content or lower protein content 
(Grote et al., 2010). Infants whose mothers chose to breast-fed were also followed as the 
standard growth group to which the growth of the formula fed infants was compared. All 
three groups of infants were followed for 2 years for growth. Significant differences in 
weight and weight-for-length emerged by 6 months in the 2 groups of formula fed infants 
and remained stable, with the higher protein-fed infants having a .20 higher z-score for 
growth than the lower protein-fed infants (Grote et al.). There was no difference in length at 
2 years of age. Compared to the breast-fed group, the lower protein formula-fed infants had 
similar growth, while the higher protein infants had significantly higher weight and weight-
for-length z-scores at 2 years of age. The researchers note that the lower-protein-formula 
group still had a higher intake of protein than did the breast-fed infants, and that the 
difference in protein content between the higher-protein-formula infants and the breast-fed 
infants would produce a 13% higher risk for later obesity.  

3.1 Rapid growth 
The growth rate of infants in the first six months of life has been suggested as an early 
indicator of risk status for becoming overweight/obese or as a cause of later obesity. A 
population-based study in the Netherlands (Generation R Study) examined the 
development and health of 1,232 infants. Their mothers consented during pregnancy, and 
the growth of the infants was examined from fetal life until six months of age. Body 
composition was ascertained through skinfold thickness. The investigators found that 
infants who had the greatest increase in weight from birth to six months of age had the 
highest percentage of body fat, regardless of their BMI, and concluded that rapid postnatal 
weight gain represents the early onset of adiposity (Holzhauer et al., 2009).  Rapid weight 
gain during infancy of Chilean SGA children was associated with insulin resistance which 
preceded the weight gain, although the overall body weight was similar to children who 
had been born at normal weight (Mericq et al., 2005). 
Several systematic reviews have been conducted on the issue of rapid weight gain, rapid 
growth, or both in infancy and the later development of overweight/obesity. Monteiro and 
Victora (2005) conducted a systematic review of 15 articles on rapid early growth and its 
association with obesity in later life. They reported that 13 of the studies found strong 
associations between rapid early growth and the occurrence of overweight, obesity, and 
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increased adiposity in spite of the ages at which the children were measured for follow-up 
of early growth. In their systematic review, Baird et al. (2005) reported on 24 studies out of 
27,949 references originally identified. All studies were observational in design. The studies 
were remarkably consistent, in that they found that infants who were defined as obese in 
infancy were more likely to be obese in childhood, adolescence, or adulthood. Rapid growth 
was especially predictive, with odds ratios of 1.06 to 5.70 for rapid early growth and later 
obesity. They did not find an association between the timing of the rapid growth; any 
periods of rapid growth in the first or second year led to later obesity. Ong and Loos (2006) 
conducted a systematic review of 21 articles reporting on weight gain during infancy and 
risk for obesity in later life. They defined rapid infant weight gain as >0.67 SD in weight, as 
this SD represents the change from one centile line on the standard infant growth charts 
(e.g., 2nd, 10th, 25th, 50th, 75th, 90th, 98th centiles). All examined studies showed evidence of a 
positive association of infant weight gain that crosses percentiles upwards and a subsequent 
risk of obesity. They found that weight gain very early in life is a critical time for later 
obesity risk and that increasing weight gain from 1 to 2 years of age presents a 60% 
increased risk of obesity. They also reported that the effects of rapid early weight gain are 
similar in normal birth weight infants and LBW infants, demonstrating that rapid weight 
gain and catch-up growth are both important contributors to obesity development. 
Owen et al. (2005) conducted a systematic review of published studies examining influences 
of types of initial infant feeding (breast vs. formula) on later development of obesity.  
Breastfeeding was associated with lower obesity risk, compared with  formula feeding (OR: 
0.87; 95% CI: 0.85, 0.89); this effect was stronger in smaller studies (<500 participants) but 
also apparent in larger studies (Owen et al., 2005).  In another study, Owen et al. (2006) 
conducted a systematic review of published research examining relationships between 
initial infant feeding (breast vs. formula) and type 2 diabetes and glucose and insulin 
concentrations.  Breastfeeding was associated with lower risks for type 2 diabetes in later 
life, compared to formula (OR:  0.61; 95% CI: 0.44, 0.85: p = 0.003, Owen et al., 2006). 

3.2 Breastfeeding 
There are many conflicting research studies about the effects of breastfeeding on later 
childhood obesity. Many studies acknowledge that breastfeeding is beneficial in reducing 
morbidity and mortality from gastrointestinal and respiratory infections, necrotizing 
enterocolitis in preterm infants, sudden infant death syndrome, and results in reduced 
atopic eczema, and higher IQ and academic performance (Kramer, 2010). However, the 
studies that also examine the risk for obesity have had conflicting results. This is partially 
due to the high level of confounding inherent in examination of the effects of breastfeeding 
on infant outcomes, as it is not possible to randomly assign infant feeding methods to 
mothers and infants. The choice to breast-feed is highly associated with education, income 
level, culture, influence of family and friends, and these variables are also associated with 
risk for adult obesity. This brief review of the conflicting studies will present the research 
that supports the effect of breastfeeding on lower risk for obesity initially and then present 
the studies that indicate that breastfeeding is not protective against later obesity risk. 

3.2.1 Breastfeeding trends 
Numerous international and national health organizations and professional groups have 
supported and continue to support  breastfeeding as the optimal infant nutrition, for a 
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variety of  psychological, development, nutrition, immunological, environmental, and 
economic reasons ( [AAP], 2005).  WHO for many years  has endorsed exclusive 
breastfeeding (e.g., the infant receiving only breast milk, though vitamins, medicine, and 
minerals may also be received) from birth to six months of age in both developed and 
developing countries (Kramer & Kakuma, 2002) or longer.  UNICEF (n.d.) also has 
promoted exclusive breastfeeding for the first six months of life, with continued 
breastfeeding for two or more years, as well as responsive, appropriate complementary food 
added at six months of age. 
Despite this support and endorsement, global breastfeeding rates, especially for exclusive 
breastfeeding, are still less than optimal.  U.S. breastfeeding rates have increased recently, 
with infants reported as ever breastfed rising from 60% to 77% of infants born (1993-94 vs. 
2005-2006; McDowell et al., 2008). Moreover, U.S. breastfeeding rates remained significantly 
affected by race/ethnicity (80% for Mexican American, 79% for non-Hispanic white, and 
65% for non-Hispanic black infants), family income (74% for higher income v 57% lower 
income infants), and maternal age (43% for women less than 20 years old v 65% of mothers 
20-29 and 75% of mothers 30 or older; McDowell et al.).  While recent data indicated that 
about three-fourths of U.S. infants were ever breastfed (Centers for Disease Control and 
Prevention [CDC], 2010), rates for exclusive breastfeeding for six months (e.g., only breast 
milk, with no other liquids or foods) were much lower at 13.3% (Levi et al., 2011). Moreover, 
only 35% of infants in the 94 countries monitored by WHO or 65% of global infant 
population) are exclusively breastfed for the first 4 months of life (WHO, 2006). 

3.2.2 Breastfeeding and child health  
Although multiple factors have been examined for their relationship to overweight/obesity 
(Lamb et al., 2010), a large body of evidence has established linkages between breastfeeding 
and breastfeeding mothers’ and children’s health outcomes (Metzger & McDade, 2010).  
Breastfeeding benefits for the infant are thought to be both short term, such as protection 
from infection and morbidity (Horta et al., 2007; UNICEF, n.d.), and longer term (Horta et 
al.). A stunning amount of research has examined breastfeeding and child health outcomes. 
A comprehensive summary of breastfeeding is beyond the scope of this chapter.  
Breast milk has long been viewed as the ideal infant food (AAP, 2005; Kramer, 2010; 
McDowell et al., 2008).  Nevertheless, past debate focused on weighing exclusive 
breastfeeding benefits and concerns that exclusive breastfeeding might be insufficient to 
meet infants’ energy and micronutrient needs after four months of age (Kramer & Kakuma, 
2002).  Kramer and Kakuma conducted a systematic review of studies that compared 
maternal or child health outcomes for exclusive breastfeeding > six months of age vs. 
exclusive breastfeeding between three to four months as well as complementary liquids or 
foods through six months of age or longer.  The authors concluded that evidence failed to 
support increased risks in infants exclusively breastfed for six months in developed or 
developing countries.   
Druet and Ong (2008) examined the early childhood predictors of adult body composition, 
and support the view that breastfeeding has a protective effect against later obesity. They 
believe that the effect may be due to the slower weight gain that breastfed infants maintain 
compared to formula fed infants and reduced protein intake. The WHO has identified 
breastfeeding as the normal feeding for infants and the growth of breastfed infants as the 
norm to which the growth of formula fed infants should be compared. The WHO 2006 
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Growth Standards are based on the growth of breastfed infants worldwide whose mothers 
were provided with lactation support for exclusive or predominant breastfeeding (de Onis 
et al., 2004).  

3.2.3 Breastfeeding reduces childhood obesity 
Breast milk contains many biologically active substances, some of whom have functions as 
yet unknown. The composition of milk varies throughout the feeding, throughout the day, 
and from day to day. Leptin, a hormone released by adipocytes to regulate energy balance 
by decreasing food intake and increasing energy expenditure, is present in breast milk 
(Palou & Picó, 2009). It allows for the body to maintain fat stores within a certain range but 
appears to lose its effect with weight gain, in that most obese individuals are resistant to 
leptin (Ahima & Flier, 2000). The effect of leptin on breastfed infants may regulate their 
feeding, although this remains unknown. Palou and Picó examined the effects of leptin 
provided to suckling rats and found that these rats as adults were more resistant to age-
related weight increases and less likely to gain weight when provided with a high-fat diet. 
They conclude that leptin plays a critical role in assisting with the development of brain 
regions that regulate body weight. 
Since so many of the confounding variables that accompany infant feeding choices cannot 
be controlled through random assignment, researchers have attempted to control these 
variables through intra-family studies of feeding choices and through large scale, nationally 
representative cohort studies. An interesting study, conducted by Metzger and McDade 
(2010), examined breastfeeding effects on obesity prevention, using a sibling difference 
model. The children of women who chose different feeding methods for their infants 
(formula feeding or breastfeeding) were studied as part of the Panel Study of Income 
Dynamics (PSID), a longitudinal examination of representative families in the United States 
on child development. Children who were not breastfed had lower birth weights and were 
more likely to be preterm; their mothers were more likely to be teens at the time of birth and 
their income lower. There were 118 children who differed by feeding method within 
families and they were much more similar to each other than the overall comparisons of 
formula fed or breastfed children. The breastfed children, when compared to their formula 
fed siblings, were 0.4 SD thinner, which amounts to 14 pounds for a 14 year old boy, and the 
breastfed children were less likely to be at the upper end of the BMI distribution (Metzer & 
McDade).  
The growth velocities of 2 cohorts of infants in Germany were examined (Rzehak et al., 
2009) as part of the GINI and LISA birth cohort studies. Infant feeding method was noted, 
along with many socioeconomic variables and was studied in 7,643 infants. The 
investigators found that the velocity of weight gain was lower for exclusively breastfed 
infants than formula fed infants, and the larger difference between velocities was between 3 
and 6 months. The velocity of length gain did not differ between infants with different 
feeding methods. For each time period, exclusively breastfed infants had lower velocity of 
monthly weight-for-length (BMI) gain than did formula fed or mixed (formula- and breast 
milk–fed) infants.  
The growth of 10,533 children from birth to age 3 was examined as part of the Millennium 
Cohort Study in the United Kingdom in which parental confounding factors were adjusted 
in the analyses (Griffiths et al., 2009). The researchers noted that infants who received no 
breast milk gained weight most rapidly and infants who were breastfed for fewer than 4 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



 
Early Infant Feeding Influences and Weight of Children 

 

25 

months gained weight more quickly than those who were breastfed longer than 4 months. 
These differences in weight gain were significantly associated with BMI z-score at age 3, 
although there was no significant difference in height z-score. The researchers also reported 
that early introduction of solid foods was not associated with greater BMI at age 3 in 
contrast to earlier research. The researchers from both the U.S. cohort study (PSID), the U.K. 
cohort study, and the German cohort studies conclude that their finding are consistent with 
the early programming hypothesis that breast milk and breastfeeding have biological and 
physiological effects on brain development that impact on the risk for later weight gain and 
development of obesity. The mechanisms that foster the effects remain to be determined but 
may also be due to infant self-regulation of hunger and satiety.  
Kramer was credited with first proposing that breastfeeding provides a protective effect 
against childhood obesity (Arenz et al., 2004; Horta et al., 2007). In 1981, Kramer conducted 
an epidemiological case-control study including 639 children 12-18 years of age attending a 
clinic at which obesity was a frequent reason for care and 533 high school students of similar 
age, where lower rates of obesity were deemed likely.  In the study, participants were first 
classified as non-obese, overweight, and obese based on anthropomorphic measurements 
(height, weight, and subscapular and triceps skinfold thickness), then demographic, family 
history, and feeding history were obtained by phone interviews with participants’ mothers.  
The school participants’ obesity prevalence rate was lower than that of clinic participants 
(11.3% vs. 20.3%), and school participants’ breastfeeding rates were higher (36.2% vs. 
21.6%). Kramer (1981) concluded that breastfeeding significantly reduced subsequent 
obesity through adolescence, with a slight increase with duration greater than two months. 
There was little additional benefit from delaying solid food introduction, and findings 
remained significantly protective after controlling for several confounders, including race, 
socioeconomic status, and birth order    
Harder et al. (2005) completed a meta-analysis of studies examining breastfeeding duration 
and risk for later overweight. Breastfeeding duration was significantly negatively associated 
with risk for overweight in later life (regression coefficient: 0.94, 95% CI 0.89, 0.98).  
Categorical analysis of five breastfeeding duration categories (<1 month, 1-3 months, 4-6 
months, 7-9 months, and >9 months) confirmed a dose-response association between 
duration and risk of later overweight, beginning at one month and plateauing at nine 
months. Each month of breastfeeding was associated with a 4% decrease in risk for later 
overweight (OR=0.86, 95%CI: 0.50, 0.91).  

3.2.4 Breastfeeding has no impact on childhood obesity 
In contrast to mechanistic and cohort studies that conclude that breastfeeding is protective 
against childhood obesity, some researchers have found no effect of type of infant feeding 
on obesity using samples from different cohort studies than described above. Kramer et al. 
(2009) recently published the effects of their large randomized intervention trial of a breast-
feeding promotion intervention in Belarus.  The PROBIT (Promotion of Breastfeeding 
Intervention Trial) design randomized lactation support interventions by hospital and was 
conducted in Belarus from June 1996 to December 1997 with a sample size of 16,491 infants. 
The exclusive breastfeeding rate at 3 months of age among infants born at the intervention 
hospitals was 43% compared to 6.4% among infants born at control hospitals. The mothers 
in the study were not significantly different by group. At age 6 there were no significant 
differences between the children in the intervention group and the children in the control 
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group for height, BMI, waist circumference or skinfold thickness. The children in the 
intervention group had significantly improved cognitive ability (higher IQ and academic 
performance) at age 6 and reduced atopic eczema in infancy (Kramer et al., 2009, 2010). 
Though the intervention was effective in producing exclusive breastfeeding at 3 months of 
age (43.3 % v. 6.4%, P <0.001) and higher rates of breastfeeding throughout infancy, they 
observed no significant intervention effects of their breast-feeding promotion intervention 
on  measures of height, blood pressure, BMI, or adiposity.   However, one critique of this 
study is that it appeared not to have originally been designed to examine 
overweight/obesity outcomes (Monasta, Batty, Macaluso, et al., 2010).The children who 
were breastfed were not compared to the children who were bottle-fed regardless of their 
group membership and so this was not a true comparison of the effect of breastfeeding on 
obesity; rather it was a test of the effectiveness of hospital-based lactation support on 
increasing rates of breastfeeding. The PROBIT study provides information for policy 
changes on lactation support as it demonstrated that lactation support can increase 
breastfeeding rates among postpartum hospitalized mothers.  
A sample of 2,291 Kuwaiti 3 to 6 year old children were examined for height and weight and 
were taken from the larger Kuwait Nutrition Surveillance System (Al-Qaoud & Prakash, 
2009). The children’s early feeding histories were obtained by questionnaire and were 
categorized by breastfed or never breastfed, and duration of breastfeeding. The investigators 
found no significant differences between the children who were breastfed regardless of 
duration and children who were not breastfed after adjusting for confounding variables 
such as time of introduction of solid foods, mother’s socio-economic status, and child’s birth 
weight and gestational age. The majority of the infants were breastfed for fewer than 4 
months. The investigators note that Kuwait has undergone a nutrition transition that has 
resulted in increased high-fat food consumption and a more sedentary lifestyle and that 
these environmental impacts may also affect infants’ and young children’s size and growth. 
The Copenhagen Perinatal Cohort, consisting of 9,125 individuals, was begun in 1959. 
Information on the infants’ feeding history was collected when they were 1 year old and 
rates of breastfeeding were high, with only 9% of infants not receiving breast milk during 1st 
week of life. Data on the timing of solid food introduction and the type of solid foods were 
also measured at age 1. The participants’ BMIs were measured longitudinally throughout 
their lives, and the relationship between early infant feeding and BMI was examined at age 
42 (Schack-Nielsen et al., 2010).  A longer duration of breastfeeding was associated with a 
lower BMI at age 1, but no effect was seen at older childhood or in adulthood. A later 
introduction of solid food was associated with a lower BMI at age 42 but no effect was seen 
at earlier ages. The authors conclude that early introduction of solid food is related to adult 
obesity, and adult obesity is not related to breastfeeding in infancy.  It is possible that a 
longer duration of breastfeeding is related to a later introduction of solid foods. Mothers 
who determine that their breastfed infants are satisfied with breast milk and are growing 
adequately may not introduce solid foods as soon as mothers who perceive that their infants 
are not getting full with breast milk and want more to eat.    
A similar cohort study examined the relationship of early infant feeding and adult BMI 
among the participants of the Nurses Health Study II, a prospective cohort of 116,678 female 
registered nurses ages 25-42 in 1989 and residing in the US. In 2001, the mothers of the study 
participants were asked about the infant feeding their daughters received. The data 
collected from the mothers included type of feeding (breast or bottle), duration of 
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breastfeeding and bottle feeding, and use of formula or evaporated milk. The ages of 
introduction of solid food and cow’s milk was also obtained. There were 41% of nurse 
participants who were breastfed for longer than 1 week and no effect type of infant feeding 
was found in adulthood for overweight or obesity (Michels et al., 2007). The duration of 
breastfeeding was also not associated with adult BMI as women who were breastfed for 9 
months had the same risk of obesity as did women who were exclusively bottle-fed, 
although the women who were breastfed had a lower risk of being overweight during early 
childhood.  
Though a number of reviews in this paper have agreed that breastfeeding has a protective 
effect again later obesity, others have been less conclusive (Monasta, Batty, Cattaneo, et al., 
2011). Neutzling et al. (2009) studied relationships between breastfeeding duration, 
introduction of complementary solid/semi-solid foods before age four months, and 
overweight/obesity at eleven years of age in adolescents born in Pelotas, Brazil. They 
reported that the lowest prevalence of overweight or obesity was observed in participants 
breastfed one-three months, noting that their findings did not indicate consistent 
relationships between breastfeeding and introduction of complementary food or risks for 
later obesity. However, they recommended caution in interpreting their findings, due to 
several limitations, including a very short duration of breastfeeding in their participants.   

3.2.5 Impact of maternal obesity on breastfeeding 
An association between maternal obesity and reduced breastfeeding incidence and duration 
has been known since 1992 (Rutishauser & Carlin, 1992); subsequently, other researchers 
have found lower rates of breastfeeding among women who are overweight or obese 
(Donath & Amir, 2008). The reasons suggested for the association are cultural, physiological, 
and physical (results of pregnancies and deliveries complicated by obesity). The Third 
National Health and Nutrition Survey (Li et al., 2002) and the Pediatric Nutrition 
Surveillance System and the Pregnancy Nutrition Surveillance System (Li et al., 2003), 
established that obese women were less likely to have ever breast-fed. Two factors, both 
independently associated with reduced breastfeeding incidence, are higher maternal BMI 
before pregnancy and higher gestational weight gain. A dose-response was evident from the 
Longitudinal Study of Australian Children (Donath & Amir), with increasing rates of 
obesity among women associated with reduced incidence of breastfeeding. The women least 
likely to breastfeed are obese women with a BMI > 40. Danish women also demonstrated 
this dose response relationship between increased obesity and a lower incidence of 
breastfeeding (Baker et al., 2007). Finding this association in societies that are very 
supportive of breastfeeding (Denmark and Australia) suggests that the association may be 
due to physiological factors, in addition to psychological or cultural factors.   

3.2.6 Physiological factors impacting breastfeeding 
Lactogenesis II, the postpartum onset of copious lactation, is also known colloquially as 
when the milk “comes in” and usually occurs between 48 and 72 hours postpartum. 
Delayed lactogenesis II occurs when copious milk is not available more than 72 hours after 
delivery.  Delayed lactogenesis II is associated with a high maternal pre-pregnancy BMI, 
and a delay in copious milk production may predict shorter breastfeeding duration. The 
negative effects of greater maternal BMI can, however, be overcome if in-depth 
breastfeeding support is present (Chapman & Perez-Escamilla, 2000). 
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The discrepancy between normal weight and obese postpartum women in lactogenesis II 
may be due to several factors. First, lower levels of prolactin in the first 48 hours after 
delivery are found in obese new mothers (Rasmussen & Kjolhede, 2004). Release of prolactin 
is reduced in obese women more than in lean women, and it is connected to the numerous 
hormonal changes that occur postpartum (Rasmussen, 2007). Obese women have reduced 
prolactin response to an infant’s sucking at 2 and 7 days postpartum, and this may reduce 
the mother’s confidence that her milk is sufficient for her child and lead to early cessation of 
breastfeeding. In addition, obese women have a less steep decline in insulin concentrations 
from the end of pregnancy to the initiation of lactation, perhaps leading to less glucose 
available for milk synthesis (Lovelady, 2005).  Higher leptin levels, which have been found 
in obese women postpartum, can inhibit oxytocin’s effect on muscle contractions in vitro, 
leading to an increased incidence of dysfunctional labor and higher cesarean section rates 
among obese women (Moynihan et al., 2006). Oxytocin is also necessary for the milk ejection 
reflex, which allows milk to be available to the sucking infant. 
An interesting hypothesis related to the interaction of early feeding and life course 
development may also partially explain why obese women have lower rates of 
breastfeeding initiation and duration (Rasmussen 2007). Studies in domesticated animals 
(such as cows, pigs, sheep, and laboratory animals) have shown that a high-energy intake 
during early development and gestation can lead to reduced growth of the mammary 
glands and reduced milk yield. This has been extensively studied in dairy cows and has the 
name of “fat cow syndrome” (Morrow, 1976). However, the ways in which early feeding 
contributes to development of connective, adipose, and epithelial tissue, all of which 
constitute human breasts, remains unclear. It is not yet known if breast development in 
obese women mimics the reduced mammary development that occurs in overfed animals. 

3.2.7 Medical/physical factors impacting breastfeeding 
Obese women are more likely to have comorbid conditions and to develop certain 
pregnancy-related diseases such as preeclampsia, gestational hypertension, and gestational 
diabetes, leading to higher rates of complicated labor, higher rates of cesarean delivery, and 
more postpartum complications such as hemorrhage (Hadar & Yogev, 2011; Rasmussen & 
Kjolhede, 2008). Recovery is longer after difficult labors, cesarean deliveries, or both than 
after spontaneous labors and vaginal deliveries. Women with difficult labors and deliveries 
experience more infections, pain from incisions, and greater delay in putting the infant to 
breast (Sebire et al., 2001). Delays in putting the infant to breast can result from the need to 
attend to the health of the mother after the complicated delivery, pain from incisions, or 
from separation of the newborn from the mother for observation in the newborn nursery. It 
is also more difficult to hold an infant in the traditional “Madonna” position (a common 
breastfeeding position) after a cesarean section because of pain from an abdominal incision. 
In addition, the mechanical difficulties of latching an infant onto a large breast may require 
specialized lactation expertise unavailable to the new mother (Jevitt et al., 2007). Kitsantas 
and Pawloski (2010) found that obesity impacts the initiation and duration of breastfeeding 
only among mothers who experienced medical complications during pregnancy or labor 
and delivery complications. They reported that obese women who had no pregnancy, labor, 
and delivery complications initiated breastfeeding at the same rate as women who were not 
overweight/obese. Lactation education and assistance can make a difference in 
breastfeeding initiation and duration among obese women. 
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3.2.8 Sociocultural factors impacting breastfeeding 
Sociocultural factors may exert an indirect effect on lactation, while physiological or medical 
factors among obese women can have direct effects on lactation. The National Immunization 
Survey conducted by the Centers for Disease Control and Prevention (CDC, 2007) revealed 
that rates of exclusive breastfeeding were lowest among infants of mothers who were under 
20 years of age, with a high school education or less, unmarried, living in rural areas, and at 
the federal poverty level or below.  In population-based studies, obese women have been 
found to be more likely to be lower income, with less education, and with higher rates of 
smoking than women of normal weight (Donath & Emir, 2008; Eriksson et al., 2003). Even as 
obesity has been found to be an independent risk factor for low rates of breastfeeding (Oddy 
et al., 2006), the constellation of obesity, low levels of education, rural residence, poverty, 
smoking, and being unmarried combine to predict a high risk of not breastfeeding. Women 
with these risk factors will need special lactation education, counseling, and support to 
overcome the risk of failing to breastfeed. 

3.2.9 The impact of breastfeeding on maternal obesity 
Breastfeeding can have short- and long-term effects on the weight of postpartum women 
(Walker et al., 2004). It is important to include these effects in this review because retained 
weight from each pregnancy is a risk factor for maternal obesity, which perpetuates the 
cycle of LGA infants.  Breast milk contains varying amounts of calories based on the child’s 
age, the mother’s diet, and the amount of milk produced by the mother. Calories in milk can 
range from 53 to 75 kcal/100 ml, also depending on the mother’s dietary intake and the 
timing of the feeding as milk produced later in the feeding is higher in fat (hindmilk). 
Mothers in developed countries produce breast milk with higher calories than mothers in 
developing countries (Lauber & Reinhardt, 1979), probably because women in developed 
countries are better nourished. The mother whose infant consumes a liter of breast milk a 
day may use 600 kilocalories a day in milk production and in the content of the milk. If the 
breastfeeding woman does not increase her dietary intake by a corresponding number of 
calories, postpartum weight loss can result. Araujo et al. (2006) found that in Brazil, 
postpartum weight retention was lowest in women who breast-fed for 4 to 12 months and 
highest for mothers who breast-fed for less than 1 month or more than 12 months. In a 
related study, Gigante et al. (2001) reported that 5 years after the birth of their children, BMI 
did not significantly differ between women who had breast-fed and those who had not. 
Brazilian researchers also found that breastfeeding did not have a significant effect on 
postpartum weight retention in obese women, although it did on women with a normal pre-
pregnancy BMI (Kac et al., 2004). It may be necessary to include the maternal pre-pregnancy 
weight status when examining the effect of breastfeeding on postpartum weight loss. 
Studies from the Danish National Birth Cohort have shown that if obese women breastfeed 
as recommended (exclusively to 6 months, and continuing in addition to solid food to 12 
months) postpartum weight retention could be eliminated and BMI could be reduced by 18 
months postpartum (Baker et al., 2008). The Stockholm Pregnancy and Weight Development 
Study provided 15 years of follow-up of women who delivered in 1984-1985. Women with a 
higher BMI at the 15-year follow-up had a higher pre-pregnancy BMI and more gestational 
weight gain (Linne et al., 2003); women who remained normal weight had breast-fed longer 
and more exclusively than women who became overweight across the 15 years of follow-up. 
In a related study, the long-term impact of lactation on women’s health was examined in the 
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Women’s Health Initiative (WHI). Thirty-five years after childbearing, women who had 
breast-fed for cumulative lifetime duration of 12 months or longer were less likely to have 
hypertension, diabetes, hyperlipidemia, or cardiovascular disease (Schwarz et al., 2009). In 
summary, breastfeeding can promote postpartum weight loss depending on breastfeeding 
intensity (exclusive or supplemental), duration in months, the woman’s pre-pregnancy BMI, 
and the woman’s dietary intake. Breastfeeding can thus be beneficial not only for the infant 
but also for the breastfeeding mother.   

3.2.10 Recommendations for promoting breastfeeding among obese women  
Given the findings that breastfeeding is beneficial to women’s and infants’ health, that obese 
women are at more risk to deliver LGA infants who are at risk to develop cardiovascular 
disease as adults, and that obese women are less likely to breastfeed, it is important for 
obstetric care providers to assist obese postpartum women to breastfeed (Reifsnider, 2011). 
Many clinicians are unaware of the research showing that obese women have lower rates of 
breastfeeding or of the reasons for the lower rates (Rasmussen et al., 2006). Thus, clinicians 
need to be aware of the risks of lactation failure in obese women and target these women for 
additional education and support during pregnancy and after delivery. It may be more 
difficult for an infant to latch onto the breast of an obese mother, and obese women will 
benefit from specific counseling on latching on and from breast support with a towel placed 
under the breast (Jevitt et al., 2006; Rasmussen et al.). Pumping from both breasts using a 
double-pump system between infant feedings can increase milk production and promote 
the woman’s sense of accomplishment in feeding her infant (Jevitt et al.).  
 
Encourage skin-to-skin contact and put newborn to breast as soon after birth as possible 

Limit maternal-newborn separation, encourage mother-baby in same room 

Carefully observe latch-on and correct any incorrect placement of infant’s jaw and assist 
with latch-on until mother is competent 

Encourage frequent sucking and ad lib newborn feeding at breast 

Demonstrate variety of nursing positions to relieve pressure on nipples 

Assist mothers with flat or inverted nipples to use shields to allow for nipple protrusion 

Support large breasts with towel placed under breast 

Teach mothers how to use breast pump and encourage pumping between feedings to 
increase  milk supply 

Teach mothers how to wake a “sleepy baby” and encourage the neonate to nurse 

Teach mothers how to recognize neonate swallowing of breast milk 

Teach mothers to recognize signs of adequate infant intake (to 5-6 stools per day and first  
appearance of yellow stool by Day 6)   to reassure her that her milk is sufficient for her 
infant. This can promote breastfeeding duration and exclusivity (Shrago et al., 2006). 

Refer to lactation specialist if needed 

Table 1. Clinical Lactation Support for Obese Breastfeeding Mothers 
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4. Timing of weaning/introduction of solid foods 
The age at which an infant is introduced to foods other than breast milk or formula has been 
examined as one factor influencing the risk for obesity.  The American Heart Association 
(AHA) has released dietary recommendations for children and adolescents, and the 
recommendations have been endorsed by the American Academy of Pediatrics (AHA, 
2006). The recommendations recognize that the period from weaning (introduction of solid 
foods) to consumption of a mature diet, occurring from 4 to 6 months to 2 years of age, 
represents a major developmental time point for children, but there has been very little 
research on the best methods to achieve optimal nutrition during this transition. Transition 
to solid foods and sources of nutrients other than breast milk or formula should begin at 4 to 
6 months of age to ensure sufficient nutrition in the diet, but the best methods for 
accomplishing this task are essentially unknown. A recent examination of the timing of solid 
food introduction and obesity at three years of age was reported by Huh et al. (2011). The 
children were in a prospective cohort study from birth and the primary outcome was 
obesity at age three. The exposure to solid foods at < 4 months, 4-5 months, or ≥ 6 months 
was examined along with the type of feeding (breast-fed or formula fed). Infants who were 
breast-fed for less than four months were categorized in the formula-fed group. Among 
breast-fed infants, 9% were obese at three years of age, and the timing of solid food 
introduction was not associated with obesity. Among formula-fed children, introduction of 
solid foods before four months was associated with a six times higher increase in the odds 
ratio for obesity (OR 6.3; 95% CI: 2.30-6.90).  Only 8% of breast-fed infants were introduced 
to solid foods before four months, compared with 33% of formula fed infants. Introduction 
of solid foods between four and six months did not increase the odds for obesity at age 3.  
These finding are similar to those reported almost two decades ago by researchers with the 
DARLING study, who found that solid foods displaced milk intake in breast-fed infants but 
not in formula fed infants, who consumed the same amount of formula while adding solid 
foods as well (Heinig et al., 1993). A prospective cohort followed from birth in the United 
Kingdom found that energy intake at four months was higher in formula fed or mixed 
feeing (formula and breast milk) infants who were fed solid foods earlier (some starting at 1-
2 months). The higher energy intake at four months predicted greater weight gain from 
birth to age 1, age 2, and age 3, and resulted in larger BMI at age 3. No effect of early feeding 
on BMI at age 3 was found in breast-fed infants. In the formula and mixed-feeding group, 
each 100 kcal increase in energy intake at age four months was associated with increased 
risk of obesity at age three (OR 1.46; 95% CI:1.20-1.78) and at five years of age as well (OR 
1.25; 95% CI: 1.00-1.55). The authors noted that the larger energy intake and the increased 
weight gain from year to year contributed to the risk of obesity at age three (Ong et al., 
2006). A prospective cohort study from Australia enrolled 620 pregnant women and 
followed their children until they were 10 years old, when their BMI was assessed (Seach et 
al., 2010). The duration of breastfeeding (whether exclusive or mixed) was not associated 
with BMI, but the age of solid food introduction and parental smoking were both 
significantly associated with higher BMIs. Healthy-weight children started solid foods on 
average at 20.5 weeks of age, while the obese children started solid foods at 18.7 weeks of 
age.  The prevalence of obesity in the group that started solids before 20 weeds was 34.7%, 
while it was 19.4% among the children who started solid foods at 24 weeks or later. The 
researchers did not find any interaction effects with duration of breastfeeding and 
introduction of solid foods, as opposed to the findings of Huh et al., discussed earlier. 
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However, they recommend that solid foods not be introduced until the infant is six months 
of age to provide the strongest protection against obesity, both as an infant and as a child. 
Adiposity rebound is the time when the fatness of children accelerates and usually occurs 
between the ages of 4 to 6. Children’s growth rate slows after age 1 and the children become 
thinner, but with the advent of the adiposity rebound, the fatness and the weight increase. 
Children who become obese have an earlier rebound (approximately age 3) than those who 
do not (ages 4 to 6). The Raine prospective cohort study followed 1,330 children from birth 
to adolescence and collected detailed infant feeding data during their first year. The 
investigators conducted repeated anthropometric measurements (Chivers et al., 2010) and 
found that at 14 years of age, BMI was consistently higher for the group breast-fed less than 
four months. Adiposity rebound occurred on average at age 5.3 years for the normal weight 
group, age 3.8 for the overweight group, and age 2.6 for the obese group. Adiposity rebound 
was earlier and the BMI at the nadir was earlier for the group that was breast-fed less than 
four months. The impact of other feeding (besides formula) on the adiposity rebound or 
later obesity was not reported in this study, while the authors concluded that the early 
introduction of formula is associated with accelerated growth and later obesity. 
In a retrospective study in Brazil of 566 children, investigators collected data on infant 
feeding from their parents along with types of feeding and dates of weaning (Simon et al., 
2008). The children were between the ages of two and six, with the older children being 
significantly heavier than the younger children. The duration of exclusive breastfeeding was 
found to be protective of being obese as a preschooler as infants who were exclusively 
breast-fed for six months having nearly half the odds of being obese (OR .57; 95% CI: 0.38-
0.86). In addition, the duration of breastfeeding also contributed to the reduction of obesity, 
as being breast-fed until 24 months results in OR of 0.13; 95% CI: 0.05-0.37) for obesity. 
There were no significant differences between rates of obesity and the timing or the type of 
solid foods given to the infants. The foods the infants were given included tea, fruit, non-
maternal milk, cold cuts, sugar, meat, and eggs. 
An interesting examination of how infants consume their food revealed that infants who 
were breast-fed less than 20% of milk feedings (included pumped breast milk and formula) 
were two times more likely to have excess weight between 6 to 12 months, and infants who 
often emptied their bottles were 70% more likely to have excess weight (Li et al., 2010). 
Maternal encouragement to finish the bottle was not significantly associated with excess 
weight; only the infants’ own initiated bottle-emptying behavior predicted later obesity. 
Nursing from the breast was not associated with excess weight. The authors recommend 
that mothers be taught to recognize satiety in infants and provide less formula in bottles to 
reduce the amount of intake at each bottle feeding. Parenting education is also needed to 
recognize signs of infant temperament and use other soothing techniques besides providing 
a bottle of formula or juice. Wasser et al. (2011) found that among mothers and infants in the 
Special Supplemental Nutrition Program for Women, Infants, and Children (WIC program), 
infants were introduced to solids and juice by the first and second months. The most 
common sources of nutrition other than formula were juice and cereal in formula bottles. 
Mothers who perceived that their children were “fussy” were twice as likely to be fed solid 
food before six months. The formula fed infants who received solid or juice consumed 
approximately 100 kcal more than infants who consumed only formula. This amount 
mirrors the amount of extra kcal reported by Ong et al. in the U.K. (see above). Clearly, 
parenting education is needed to promote delaying introduction of solids and juice until six 
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months, to provide appropriate amounts of formula, and to use techniques other than bottle 
feeding when a child is fussing or crying. 

5. First author’s research with obesity and low-income Hispanic families in 
the southwest United States  
The toddler stage is a time of transition from dependent feeding to independent feeding. 
During this early time in life, food preferences develop, and often they predict preferences 
throughout life (Allen & Myers, 2006). Not only is this a crucial stage for monitoring growth 
and BMI, it is the most opportune time to prevent obesity in children by promoting healthy 
nutrition and increased physical activity behaviors (He, 2006; Story et al., 2002). The 
majority of intervention studies on pediatric obesity have been conducted with white, 
middle-class samples (Ward-Begnoche et al., 2009), thus providing scant knowledge for 
intervening with low-income, Hispanic populations. Hispanics of Mexican American origin 
are at an increased risk for obesity, particularly among those in the lower socioeconomic 
level (Fisher-Hoch et al., 2010). Treviño et al. (2008) found rates of obesity of 33% among 
low-income, school-aged Hispanic children in rural south Texas.  McCormick et al. (2010) 
have documented that 16% of infants in their practice in Galveston, Texas are obese, as 
measured by weight for length calculations. More Hispanic infants were obese than were 
children of other ethnicities with no significant differences in sex or financial status. Only 
14% of the obese infants and 23% of the obese 24 month olds were diagnosed as obese by 
their primary care provider, demonstrating that obesity may not be acknowledged by 
parents or health care providers. The first author’s work has focused on the causes and 
elimination of these health disparities in growth.  
The ecological model of growth (EMG; Reifsnider & Ritsema, 2008) has been used as the 
framework for all the first author’s studies and directs the choice of conceptual and 
operational variables to measure. The EMG is a heuristic model that explains the levels of a 
child’s environment that contribute to a child’s growth (Reifsnider, 1995; Reifsnider et al., 
2005). The EMG is a combination of Human Ecology (Bronfenbrenner, 1979) and 
epidemiology and illustrates influences at the host (child) and agent (food) levels as they 
interact in the environment (microsystem and mesosystem). The host variables are those 
that are characteristics of the child, such as a child’s anthropometric measurements, a child’s 
diet, and level of activity or inactivity. The agent is viewed as the proximate cause of the 
problem, in this case, nutrition that is not balanced with the child’s needs. The ecological 
environment is conceived as a set of connected structures, each influencing the other 
structures within the set. The microsystem is the immediate setting containing the parent 
and child. In the studies reviewed below, the family, the family’s home situation, other 
children in the family, and the interaction between parent and child are all considered 
characteristics of the microsystem. 
Since first noticing the rising rates of obesity among the WIC population, the first author has 
worked extensively with low-income, predominately Hispanic families on issues of 
maternal child nutrition and growth. The samples have been drawn from the population of 
women and children who qualified for food subsidies from WIC, a program funded by the 
U.S. Department of Agriculture for families who are at 185% of the federal poverty level or 
below. The WIC program provides to pregnant and breastfeeding women and children up 
to the age of five with nutritional needs, specified foods to be purchased using vouchers that 
include (for pregnant women) milk, cheese, fresh fruits and vegetables, whole wheat breads 
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(including brown rice and corn tortillas), eggs, peanut butter, breakfast cereals that are low 
in sugar and high in vitamins and minerals, fruit juice, and for breastfeeding women, tuna 
and salmon.  Infants are provided vouchers for baby fruits and vegetables, cereal, and infant 
formula. If infants are breast-fed, they can also receive vouchers for infant canned meat. 
Multiple studies have found that the rates of breastfeeding are lower and the early 
introduction of cow’s milk is higher if pregnant women receive WIC. These differences 
persist after the women receiving WIC are compared with women in similar socioeconomic 
situations (Ziol-Guest & Hernandez, 2010). Overall, breastfeeding rates of initiation and 
duration are lower in low-income women than are the rates in middle- and higher-income 
women, although the reasons for the lower rates have not been clearly elucidated.  
The first author conducted studies on breastfeeding promotion using qualitative methods 
with Hispanic families who were WIC clients, consisting of pregnant and postpartum 
women, the mothers of the women receiving WIC, and male partners of the women 
receiving WIC. The findings revealed that all participants viewed breastfeeding as the 
healthier choice for the infant, and some perceived it also as a cheaper choice than formula 
feeding. The women chose breastfeeding without input from their partners. All the 
respondents felt that breastfeeding in public, with its attendant risk of an exposure of a 
breast, to be unacceptable. The women believed it was appropriate to breastfeed around 
their intimate partners and perhaps other female relatives. Other barriers to breastfeeding 
concerned nipple pain and inconvenience, in that no one could feed an infant other than the 
mother (Gill et al., 2004).  A similar study was conducted with staff at WIC clinics (clerks, 
educators, nutritionists) who were WIC providers (92% Hispanic) of the subjects described 
in the previous study. They were asked similar questions and encouraged to share what 
they had heard about breastfeeding from their WIC clients. The WIC staff reported that their 
WIC clients did not breastfeed because of work, lack of family support, or misinformation 
about diet during lactation. They believed that they would encourage a WIC client to 
breastfeed, and that after delivery, she would be exposed to bottle-feeding in the hospital, 
and would choose not to breastfeed. They felt that the hospitals could make a better effort 
with teaching and supporting a new mother to breastfeed (Reifsnider et al., 2003).  
These qualitative studies laid the groundwork for intervention studies on supporting 
breastfeeding among the WIC population, and a study was conducted with 200 low-income 
pregnant women who were followed for six months after delivery. The intervention group 
received telephone support and, if indicated by concerns elicited during the phone calls, 
home visits from lactation educators and lactation consultants. The home visits consisted of 
observation of breastfeeding, weighing of the infant, and discussion of any other problems 
the new mothers were having. Often, receiving reassurance that the infant was gaining 
weight and growing was enough to encourage the women to continue to breastfeed. The 
control group received regular WIC support, which included WIC peer counseling for 
breastfeeding if requested by the new mother. The results showed that the intervention 
group had twice (OR 2.31) the odds of starting breastfeeding, twice (OR 1.84-3.15) the odds 
of continuing to breastfeed for 6 months, and only half (.50-.54) the tendency to quit at any 
one time than did the control group (Gill et al., 2007). 
The first author and research team also conducted qualitative studies on Hispanic mothers’ 
perceptions of their children’s growth, health, and body size (Reifsnider et al., 2000a, 2000b, 
2006). These studies revealed that mothers perceived their children’s growth as determined 
by heredity, over which they had little influence. Growth charts that demonstrated their 
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children’s BMI, or pictures of children of differing sizes, were not useful to mothers when 
considering their children’s own sizes. Hispanic mothers relied more heavily on comparing 
their children’s sizes with other children of their acquaintance to determine if they were 
underweight, normal weight, overweight, or obese. Another method used by mothers to 
monitor size and growth was the size labels on the children’s clothing. Both of these 
methods have flaws, as individuals tend to have affiliations with others of their similar size 
(Valente et al., 2009), and clothing sizes vary depending on the type of garment and its 
maker. The mothers’ views of health did not consider a child’s size but rather focused on a 
child’s mood, activity level, and appearance. The first author found that Hispanic mothers 
defined a healthy child as one who has chubby legs and arms with round cheeks, and an 
unhealthy child as one who is thin. If a child is chubby, happy, active, and appears well-
cared for, the child is considered healthy. An unhealthy child is described as thin, unhappy, 
lacking in energy, and unkempt. When asked directly if an overweight child is a healthy 
child, the mothers denied this but used descriptions such as “plump, dimples, rolls, round” 
to describe health in children. A thin child was evidence that the mother was not “doing a 
good job caring for her child.” This theme was corroborated by Sussner et al. (2009), who 
documented that Hispanic mothers described how providing a lot of food to children is 
consistent with good parenting. Hispanic mothers and grandmothers traditionally are the 
primary health caretakers for their families, and altering their views of appropriate child 
weight may have long-term benefits for the child as well as other siblings and family 
members.  
The first author also conducted descriptive and quantitative studies of low-income 
Hispanic children who received food assistance through the WIC program. The sample 
size was 100 children ages 12 to 24 months in each of three conditions (stunted, normal 
sized, and obese) and their mothers (N = 600), and a cross-sectional design was used. The 
WIC program in this health district had an average monthly enrollment of 50,000 women 
and children, and the clinic where the data collection occurred was its largest site. By 
virtue of qualifying for WIC, all the families were at 185% of federal poverty level or 
lower. All children had documented residence in the city. To be included in the study, the 
children had to fit anthropometric criteria for being stunted, normal-sized, or obese. In 
addition, they had to live with a parent or guardian (no foster children), not have any 
metabolic or major illnesses or any neurological or developmental delays, and not have an 
organic cause for stunted growth or obesity. No inclusion or exclusion criteria existed for 
the children’s mothers. 
Data were collected from children and their mothers on weight and height (weight for 
height for children and BMI for mothers), 24-hour diet recall of child’s diet from mothers, 
social and demographic variables from mothers (income, educational level of parents, 
parental employment, number and relation of people in the household, receipt of food 
stamps and monthly amount, receipt of free or reduced lunches for any siblings in the 
family, length of residence in current house, generation of residence in United States, 
ethnicity, and language spoken at home). Acculturation was measured by the Acculturation 
Rating Scale for Mexican Americans-II (ARSMA-II; Cuéllar et al., 1995).  The variable of 
parent–child interaction was measured by the Nursing Child Assessment Teaching Scale 
(NCATS; Barnard et al., 1989). The mother’s activity level was measured by the Baecke 
Questionnaire, which is designed to measure three aspects of an adult’s daily activities: 
work, leisure, and sports (Baecke & Frijters, 1982). 
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The child-focused agent variables that showed significant differences between the groups 
were dietary intake, as well as length of time breast-fed and daily ingestion of fluoride. The 
normal-weight group was breast-fed the longest and the obese group the shortest length of 
time. The stunted group received fluoride more often than did either of the other two 
groups. The obese group had significantly higher daily intakes of Mexican rice and Kool-
Aid and showed a trend to significance for higher intakes of water and bread, while the 
normal-weight group had the highest daily intake of American cheese, raw apple with peel, 
and pancakes and showed a trend to significance for Vitamin C. The stunted group showed 
a trend to significance for the highest daily intake of vegetables. 
Analysis of the food intake indicates that diets featuring dairy protein (American cheese) 
and fruit (apple with peel and Vitamin C) are a characteristic of the normal-sized group, 
while diets featuring starches (Mexican rice, breads) and sweetened beverages (Kool-Aid®) 
are characteristic of the obese group. Dairy consumption has been inversely associated with 
components of the metabolic syndrome in adults in several studies (Pfeuffer & 
Schrezenmeir, 2007). Zemel (2005), in a review on the role of dairy foods in weight 
management, postulated that high-calcium diets reduce fat accumulation and play an 
important role in maintenance of normal weight and management of overweight. Ariza et 
al. (2004) found that overweight Hispanic children (ages 5-6 years) were more likely to 
consume sweetened beverages (including Kool-Aid®) daily. Vegetables are generally low in 
calories, and the finding that the stunted group ate the most vegetables could indicate their 
lower caloric intake. The diet differences are only suggestive at this time but do lend 
support to advising mothers to provide dairy protein and fresh fruit to encourage normal 
growth and discouraging intake of many servings of starches and sweetened beverages to 
prevent overweight. In one of the largest studies (N=428, children aged 4-5 years) to 
investigate appetite and activity preferences in children at risk of becoming obese, Wardle et 
al. (2001) found that children of obese or overweight families had a higher preference for 
fatty foods in a taste test, lower preference for vegetables, and a more “overeating-type” 
eating style. In addition, children of overweight or obese families had a stronger affinity for 
sedentary activities. Similarly, in a longitudinal study of older children, Burke et al. (2001) 
found that obese or overweight parents had children with higher BMIs.  
The differences in the parent variables, regarding size of parents, are consistent with 
previous findings. The BMI of the parents of the obese children was significantly larger than 
the BMI of the parents of the normal-sized children. Of note is the finding that the mean 
BMI for parents in both groups, both mothers and fathers, was in the range considered 
overweight (BMI >25), and the BMI of the mothers of the obese children was in the obese 
range (BMI > 30). The finding that the mother’s participation in activity during leisure time 
decreased as the children’s BMI increased has not been previously reported. The finding 
that more leisure-time physical activity is associated with a lower BMI was expected 
because Mouton et al. (2000) have shown that leisure-time physical activity was inversely 
associated with obesity among repeated samples of Mexican American adults from family 
practice clinics in South Texas. Increasing a mother’s leisure-time physical activity could be 
one way to promote normal child size and decrease risk of overweight in children 
(Fogelholm et al., 1999).  
Our finding that as more parents and grandparents are born in the United States the  
children’s BMI increases mirrors the finding of Duerksen et al. (2007), who noted that 
parental overweight is associated with eating at American restaurants, while child and 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



 
Early Infant Feeding Influences and Weight of Children 

 

37 

parental BMI were lowest in families that ate predominately at Mexican restaurants. 
However, Ariza et al. (2004) found no association between children’s overweight and the 
mother’s score on the acculturation scale in their study of 250 kindergarten children who 
were primarily Mexican American. The effect of acculturation and generation in the United 
States on health and weight gain is complex, and it calls for models that examine the 
patterns of health and disease outcomes for distinct ethnic and cultural subgroups, 
according to Castro (2007). 
The children in the original cross-sectional study were followed for six months while they 
remained clients of the WIC Program. The differences between the normal-weight and obese 
groups on dietary intake were grouped into fluids, fat, protein, carbohydrates, and total 
calories. The differences occurred between the normal-weight and obese groups, across time 
from time 1 to time 2 (six months apart), and in some cases, resulted in significant group by 
time interaction effects. There were significant differences between the groups at Time 1 in 
their water intake and within the normal-weight group across time as they significantly 
increased their intake of water. These differences also resulted in a significant group-by-time 
interaction effect. The obese group significantly increased their juice intake across time but 
did not differ from the normal-weight group in total intake. Both groups significantly 
decreased their intake of soda across time. Both groups also significantly increased their 
intake of fat, meat, and protein across time, but the intake did not differ between groups. 
Both groups significantly increased their intake of bread across time, with the obese group 
eating significantly more bread and other carbohydrates at Time 1 and Time 2. The obese 
group consumed more calories than the normal-weight group at Time 2 and also had higher 
rate of calorie increase than did the normal-weight group. This resulted in a trend to 
significance for an interaction effect.   
The dietary intake of the groups revealed areas of significant differences between the groups 
in fluid, fat, bread and carbohydrate intake, and total calories, with the obese group 
consuming more servings. These differences, however, resulted in an alarming increase in 
calories, with the overweight group consuming a mean of 300 more calories per day by 
Time 2. Across time, the overweight group increased significantly in water, juice, meat, and 
protein. Both groups significantly decreased their soda intake across time. Adjustments to 
dietary intake such as a reduction in fruit juice intake may alter weight at an early age. 
These dietary changes may reflect the emphasis on the food pyramid when it included 
breads and carbohydrates as its bottom tier, encouraging consumption of 6-11 servings a 
day. The increase in fruit juices and the decrease in soda may reflect the impact of nutrition 
education since all the children were in WIC and their mothers were receiving nutrition 
education every six months. 
The first author found both clinically and statistically significant differences in various 
aspects of the microsystem such as (home), agent (food), but not in the mesosytem 
(neighborhood) of normal and obese preschoolers. A variety of factors influence the 
development of obesity in young children. The greater BMI measures of the obese group at 
time 1 and time 2 were expected and support the view that the microsystem influences body 
size. The mothers of the overweight participants had significantly higher BMIs at time 1 and 
remained higher across the six months of measurement. If children reflect or imitate 
parental behavior in diet, activity, or both, then it appears that obese children in this study 
could be destined to follow their mothers. It would thus be important to follow these 
mothers and children to see whether the trend continues or whether reversals in both occur. 
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For example, a child may be encouraged to consume more when accompanied by a parent 
than when eating alone.  Those who sit with children tend to influence their intake at meal 
time. At both time 1 and time 2, more of the overweight children did not eat alone. One 
feature of the home environment was that mothers of both groups at Time 1 were twice 
more likely to sit with their children at mealtime than were fathers (p=.00); however, this 
difference was not significant at Time 2. The obese children more often ate with someone at 
mealtime (100%) while 93% of the time the normal-weight children (p=.02) had someone 
sitting with them at mealtime. This suggests that both groups received attention at meals (by 
mothers most often), even though the obese group received attention more often. 
The parent-child interaction scores overall indicated that mothers of the obese group had 
more positive interactions with their children in all areas except for response to distress. 
Mothers of normal-weight children responded more to their children’s distress than did 
mothers of obese children. The mothers of both groups significantly increased in their 
responsiveness to their children. However, in all the subscales except clarity of cues, the 
mothers of obese children had a greater increase in being responsive to their children than 
did the mothers of the normal-weight children. We hypothesize that in this sample, the 
mothers of the obese children viewed feeding their children as an important way to interact 
with their children and show them affection. Findings from the earlier qualitative studies 
suggest that Hispanic mothers may view a thin child as an unloved or uncared for child, 
and the mothers took pride in caring for their children. The mothers of the obese children 
were more likely to be overweight themselves, and perhaps they associated food with 
positive emotion and were repeating that pattern with their children. It is important to 
educate mothers of overweight children to interact with their children in more active ways 
that do not involve food, such as reading stories, going on walks, and paying attention to 
their children at other times than mealtimes. This will also help the children learn that there 
are other positive ways to receive attention and affection than through meals and food. 
The studies by the first author, reported above were limited to Mexican American, low-
income children participating in a WIC program in a large city. Generalization to other 
Hispanic populations may be possible, but similarities in acculturation and economic 
situations must be taken into consideration.  

6. Conclusions and recommendations 
It is important to recognize that childhood obesity is a complex systems problem that has 
resulted from environmental changes and biological dispositions. For millennia, parents 
had to struggle to obtain sufficient food for their children, and a ‘plump’ child was 
evidence that the parents were good providers. In times of food scarcity, the children at 
either end of the growth spectrum would be more likely to survive; those born LBW/SGA 
as they were prenatally programmed to use nutrients efficiently, and those who were 
large with extra adipose tissue. Society has now changed from times of food scarcity to 
the easy provision of calorie–dense food and elimination/reduction of daily activities that 
could consume calories. Biology and culture have not adapted as rapidly as humans are 
still programmed to gain weight for survival and large children are a sign of successful 
parenting in many cultures. We need to create and encourage interventions that integrate 
multiple levels of influence, and note the intervention effects on social and environmental 
change as well as behavioral and clinical changes at the individual and family level 
(Huang & Story, 2010).  
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Though a number of studies have studied prevention of child obesity, great gaps exist in 
identifying effective interventions.  Three issues related in general to child obesity 
prevention are worth mentioning as appropriate considerations when conducting studies of 
obesity prevention. First, a Cochrane Review examined evidence related to intervention 
effectiveness of obesity prevention in children and found insufficient evidence to prove that 
any single program could prevent child obesity (Summerbell et al., 2005). On a positive note, 
Summerbell et al.  reported a trend for more recent interventions to include communities.  
Second, Saunders’s (2007) literature review of studies examining prevention of obesity in 
children less than 5 years of age pointed to overall poor study quality, inconsistencies in 
research themes and findings, and absence of comprehensive evidence related to 
intervention effectiveness. Finally, a systematic review of randomized control trials of 
overweight or obesity prevention interventions for preschool children (<5 years of age) 
reported that none of the reviewed interventions demonstrated effectiveness (Monasta, 
Batty, Macaluso, et al., 2010). Reviewers recommended more rigorous examination of 
interventions and of social/environmental factors affecting lifestyle (Monasta, Batty, 
Macaluso, et al.). 
Although many studies have been conducted on prevention and treatment of pediatric 
obesity, the prevalence remains high, especially among populations affected by health 
disparities. Family-based treatment is effective yet time-consuming and requires adherence 
by parents, while population-based efforts require political will that can be easily diverted 
to other pressing problems. Epstein and Wrotniak (2010) propose a multi-pronged approach 
from numerous fields of science to address the epidemic of childhood obesity. They 
recommend contributions from the fields of molecular genetics, basic behavioral science, 
educational science, developmental science, decision science, and sociology (social 
networks). Findings from each of these fields can be integrated into culturally-competent, 
community-specific interventions. Each culture and community must be considered and the 
persons affected by the issue of childhood obesity must be included when interventions are 
created with the community. 
The IOM’s recent report (2011) recommended 5 areas of focus to reduce childhood 
obesity. They recommend that all children be screened, monitored, and have their 
growth tracked from birth to age 5 to detect and treat obesity as soon as the child’s 
growth begins to accelerate. They recommend that children increase physical activity 
and reduce sedentary behavior, and that parents be helped to find ways to accomplish 
this. All children should consume a variety of nutritious food and breastfeeding should 
be supported during infancy. Access to affordable healthy foods is a priority. Parents 
need to be taught how to recognize children’s cues of hunger and satiety. Children’s 
screen time should be monitored and limited to 2 hours a day or fewer, depending on 
the age of the child. Age appropriate sleep durations are important for healthy growth, 
and parents can be assisted with creating restful environments for their children. These 
recommendations are family  and community focused and have been supported through 
clinical trials. 
Based on findings briefly reviewed, several recommendations appear relevant for future 
studies. Among these are: 
1. Increase study quality and rigor, with improved design and data analysis;  
2. Consider prenatal, infancy, and early childhood periods when examining development 

and prevention of obesity and obesity consequences (Taveras et al., 2010);  
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3. Emphasize intervention studies focused on obesity determinants (Monasta, Batty, 
Macaluso, et al., 2010);  

4. Approach child obesity as a social problem, using population-based, multisectoral, 
culturally appropriate, and multi-disciplary approaches (WHO, n.d.[b]); 

5. Use community-based participatory research and other models that view community as 
active participants in research; and 

6. Emphasize bench-to-bedside/community research that links study of complex bio-
physiological factors, such as leptin and other adipocyte-produced compounds, to 
clinical outcomes. 
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1. Introduction 
Over the last two decades, rates of childhood obesity have  increased to a point where the 
World Health Organization (WHO) has described it as “globesity” to indicate the 
“escalating global epidemic of overweight and obesity” (WHO, 2011). A number of factors 
have been identified that increase the risk of childhood obesity, including: high birth weight 
(Apfelbacher et al., 2008), mother’s pre-pregnancy Body Mass Index (BMI) (Catalano et al., 
2009; Gibson et al., 2007; Vos & Welsh, 2010), weight gain through pregnancy and diabetes 
in mother (Boney et al., 2005), mother’s/father’s BMI (Moens et al., 2009; Whitaker et al., 
1997), early introduction of solid foods (Huh et al., 2011) and screen time (Fulton et al., 2009; 
Sisson et al., 2009), lower educational level, smoking in the home, and breastfeeding for less 
than three months (Apfelbacher et al., 2008). In some studies, low socioeconomic status 
(SES) and household income levels are seen as predictors (Veugelers & Fitzgerald, 2005; 
Vieweg et al., 2007); conversely, other studies have reported high socioeconomic status as a 
predictor (Cui et al., 2010). In addition, living in a single-parent family has been cited as a 
predictor of childhood obesity (Gibson et al., 2007), while maternal psychopathology has 
been shown to be an inconsistent predictor of childhood obesity (Gibson et al., 2007; 
McConley et al., 2011).  
Childhood obesity can have very serious short and long term adverse health consequences 
on quality of life, performance achieved and long term health and life expectancy. It is 
estimated that the obesity epidemic will increase both direct and indirect costs to society 
and the health care  and social insurance systems. One major concern is that obesity has 
been shown to track through the lifecycle. Obese children most often become obese 
adolescents (Deshmukh-Taskar et al., 2006) and obese adolescents have a 33% increase in the 
probability of having a life threatening event before the age of 60 (Baker et al., 2007).  
There are few proven treatment options for either obese children or obese adults and those 
that do exist tend to be costly (Flodgren et al., 2010; Summerbell et al., 2004).  Many feel the 
emphasis must be on the primary prevention of childhood obesity. It has been suggested that 
early infant nutrition may be one important factor in  this pursuit. There are many well-
evidenced reasons to support breastfeeding as it relates to the improved health of the mother 
and baby, but  research that exists on breastfeedng as a public health obesity intervention  is 
equivocal. The objectives of this chapter are to 1) describe the epidemiology of childhood 
obesity and its related comorbid conditions 2) discuss the biology of breastmilk and to explain 
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how it differs in constituents and method of delivery from infant formula and 3) to summarize 
the high level research (i.e., systematic reviews and meta analysis) that examines the 
relationship between breastfeeding and childhood obesity.  

1.1 Definition of obesity/childhood obesity 
Obesity is defined as excessive accumulation of fatty tissue that can hinder the effective 
functioning of the human body (WHO, 2000). As a result, health problems may ensue, 
leading to a poor quality of life and decreased lifespan. When seen in childhood, the issues 
of obesity can be far more extensive, as health problems occur earlier in life and place a 
burden on the child, family, community and health care system.  
The calculations that determine obesity in children are not as clear-cut as one might think. It 
has been suggested that the standard BMI (weight (kg)/height (m2)) should not be used as 
the sole measurement, since children’s height and weight vary greatly during major growth 
spurts (Logue & Sattar, 2011). In addition, waist circumference should be included in the 
calculation, as central obesity is considered a major risk factor for Type 2 Diabetes Mellitus 
(DM) and Coronary Artery Disease (CAD) (Kovacs et al., 2010; Steene-Johannessen et al., 
2010; Stevens et al., 2010).  
Currently, the classification of  overweight and obesity varies among major agencies (Table 
1). The US Centre for Disease Control (CDC), International Obesity Task Force (IOTF) and 
WHO base their determinations on different populations during different time periods. The 
CDC surveyed American children from 1963-1994 (National Centre for Health Statistics, 
2002). In 2000, the IOTF based their criteria on children from US, Brazil, Great Britain, Hong 
Kong, Netherlands and Singapore (Cole et al., 2000). In comparison, in 2006, the WHO 
collected data on children from US, Brazil, Ghana, India, Oman and Norway (WHO 
Multicentre Growth Reference Study Group, 2006) who lived in optimal health conditions, 
and were exclusively/primarily breastfed for up to 4 months, with some breastfeeding 
extending until 12 months of age.  Using information and extrapolating for children, the cut-
off points are given below. These guidelines should be considered when reviewing data on 
obesity rates in various reports, as different definitions provide varying prevalence 
estimates. For example the CDC cut-offs tend to report a much higher prevalence of obesity 
compared to the other growth references (Twells & Newhook, 2011). 
Another point to consider is whether or not growth charts for infants (based on age) 
should be modified based on infant feeding method. Formula fed children grow faster 
than those who are breastfed (Dewey, 1998; Kramer et al., 2004; Victora et al., 1998), 
possibly due to the higher protein content of formula versus breast milk, which should be 
considered when referring to patterns of infant growth (Alexy et al., 1999; Koletzko et al., 
2005). Even with guidelines, such as those from CDC, IOTF, and WHO, it is suggested 
that childhood overweight and obesity are often underdiagnosed. The development of a 
better diagnostic tool may be beneficial, since it is within childhood that interventions 
might prove to be more effective (Benson, 2009). 
 

 US CDC IOTF WHO 
Overweight >85th ≥91st >84th 

Obese ≥95th ≥99th >97.7th 

Table 1. Childhood obesity rankings (percentile) 
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1.2 Global prevalence of childhood obesity 
The prevalence of obesity is increasing throughout the world, particularly among  children. 
In 2008, 1.5 billion adults (20 and older) were overweight; comparatively in 2010, 43 million 
children under the age of 5 were overweight (WHO, 2011a). 
Human obesity develops as a result of interactions between genes, environmental factors, 
and behaviour. It has been found that genetic disorders such as Bardet-Biedl and Prader-
Willi syndromes can directly cause obesity and, as a result of the study of twins and 
adopted children, heritability estimates of 40–70% have been reported (Farooqi & O’Rahilly, 
2006). The relatively recent rise in global obesity rates over the last 25 years however suggest 
that mainly environmental factors are involved.  Current environmental and lifestyle issues 
(social, behavioural, cultural and community) which promote an imbalance between energy 
intake and energy expenditure are purported to be the main causes of increasing obesity 
rates. The sedentary lifestyle and high-caloric diet seen in many populations have led to 
alarming rates of childhood obesity. As shown in Figure 1, since 1976 the United States has 
seen a surge in obesity rates among all age groups of children; particularly, obesity rates 
among preschool children aged 2-5 increased from 5.0% to 10.4% over the 1976/1980 to the 
2007/2008 time span (Ogden & Carroll, 2010). Similar increases have been reported in 
regional populations in Canada (Canning et al., 2007). 
 

 
Fig. 1. Prevalence of obesity among children and adolescents: United States, Trends 1963-
1965 through 2007-2008 (Ogden & Carroll, 2010).  
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Geographical differences in childhood obesity are also being observed. As can be seen in 
Figures 2 and 3, the 2010 worldwide prevalence varies among countries. Obesity rates are 
rising in low and middle income countries, a trend which had been previously seen in high 
income countries (WHO, 2011b). Although in the early 2000s Scandinavian countries had 
lower childhood obesity rates than Mediterranean, their rates (along with those of the US, 
Japan, United Kingdom, Spain, France and Greece) showed major increases throughout 
(Dehghan et al., 2005). Interestingly, more recent studies indicate that in France, 
Switzerland, Sweden, the US and UK, the childhood obesity trends appear to be stabilizing 
(Stamatakis et al., 2010; The Health and Social Care Information Centre, 2010). It has been 
suggested that in developed countries, the childhood obesity epidemic may be slowing as a 
result of increased awareness and policy programs that have been put in place in very recent 
years (Stamatakis et al., 2010). 
Additionally, there is discussion regarding rural versus urban childhood obesity rates. 
Several authors (Bruner et al., 2008; Ismailov & Leatherdale, 2010; Simen-Kapeu et al., 2010) 
found that rural Canadian children were more likley to be overweight/obese; however, the 
WHO stated in 2011 that obesity is rising in urban settings (WHO, 2011a). 
 
 
 
 
 

 
 
 
 
 
 

Fig. 2. Estimated Obesity Prevalence in Females 15 years and over, 2010 (WHO, 2011b). 
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Fig. 3. Estimated Obesity Prevalence in Males, 15 years and over, 2010 (WHO, 2011b). 

1.3 Health consequences of obesity 
Overweight and obesity are responsible for 2.8 million adult deaths per year and add to the 
burden on the healthcare system, in particular, 44% of Diabetes Mellitus, 23% of Ischemic 
Heart Disease, and 7-41% of certain types of cancers (WHO, 2011a). Even more alarming is 
that childhood obesity puts the child at risk for disease in most of the body systems (see 
Figure 4) even before it predisposes the person to future adult obesity/ disability and 
premature death. As adiposity and age increase, if the child’s body mass does not 
normalize, the obesity will track into adolescence and then adulthood (Biro, 2010). This may 
result in cardiovascular effects (raised systolic blood pressure and structural cardiac 
enlargement) (Logue & Sattar, 2011) and a potentially life threatening event. Interestingly, it 
was found that being an obese adolescent increased one’s risk for adult morbidities, even if 
the person achieved normal weight during adulthood (Biro, 2010).  
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Fig. 4. Complications of childhood obesity (Ebbeling et al., 2002).  

There is extensive evidence to suggest that obesity in children adversely affects most body 
systems, as outlined in the following sections. 

1.3.1 Endocrine 
Even though the definition of Type 2 Diabetes Mellitus (DM) has recently been updated to 
include an elevated glycated haemoglobin of at least 6.5 (Abrams & Levitt Katz, 2011), obese 
children are being treated for ketoacidosis as a result of an inadequate insulin response and 
before receiving a diagnosis of DM (Abrams & Levitt Katz, 2011; Stamatakis et al., 2010). 
When you add central abdominal obesity, hypertension, and dyslipidemia (lowered High 
Density Lipoproteins and raised triglycerides) to DM, a metabolic syndrome is identified in 
the child (Nyberg et al., 2011;  Philippi-Hohn, 2010). This has been recognized as a predictor 
for higher cardiovascular morbidity/mortality in adults (Abrams & Levitt Katz, 2011).   
Leukocyte telomere lengths (LTL) are DNA-protein complexes, found at the end of linear 
chromosomes, that protect those chromosome ends from degradation. In adults, shortened 
LTLs are associated with cardiovascular disease, Type 2 DM, insulin resistance, impaired 
glucose tolerance, and hypertension. In a large case controlled study of LTLs in obese 
children, prepubescent and pubescent males and females (< 9 years of age) were found to 
have significantly shorter lengths, putting them at greater risk to develop these health issues 
during adulthood (Buxton et al., 2011).  
Androgen (male) hormones are present in adipose tissue. In the presence of obesity, these 
levels increase leading to hyperandrogenism, a medical condition characterized by excessive 
production and/or secretion of androgens. In women, these high levels of the male hormone, 
along with irregular menstruation and obesity, can lead to polycystic ovarian syndrome, 
which can subsquently develop into female subfertility (Abrams & Levitt Katz, 2011). 
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1.3.2 Renal 
Obesity is linked to end-stage renal disease (ESRD) and chronic kidney disease (CKD) 
(Savino et al., 2011). Obese children have shown a significant positive correlation between 
microalbuminemia and BMI (Savino et al., 2011), waist circumference, systolic and diastolic 
blood pressure (Savino et al., 2011), insulin resistance and fasting glucose level (Sanad & 
Gharib, 2011). Subjects who had microalbuminemia were found to have a lower High 
Density Lipoprotein (HDL) cholesterol, and higher Low Density Lipoprotein (LDL) 
cholesterol and triglycerides (Sanad & Gharib, 2011). This is significantly associated with 
metabolic syndrome. Metabolic syndrome, alone, is an independent risk factor for ESRD 
and CKD (Sanad & Gharib, 2011; Savino et al., 2011) in adults.   
Nitrous oxide (NO) is an important modulator of renal function and structure and, when 
impaired, renal complications may ensue. An inverse relationship was seen between NO 
levels and obese children (Savino et al., 2011). 

1.3.3 Cardiovascular 
Excessive inflammation and oxidation, which are possible biochemical links between 
obesity and cardiovascular events in adults, have been found in young obese children. 
Additionally, left ventricular (LV) mass and hypertrophy, LV dysfunction, and a three-fold 
higher risk of early development of arterial hypertension have been found in obese children 
(Philippi-Hohne, 2010). These disorders predispose obese children to future cardiovascular 
disease (Oliver et al., 2010). 

1.3.4 Gastrointestinal 
Increased Gastrointestinal (GI) disturbances such as constipation, gastroesophageal reflux 
(Philippi-Hohne, 2010), Irritable Bowel Syndrome, and abdominal pain (Abrams & Levitt 
Katz, 2011) have been found in obese children. Also, in pediatric autopsies of overweight 
and obese children between the ages of 2-19 years, Schwimmer et al. (Abrams & Levitt Katz, 
2011) found non–alcoholic fatty livers in the majority of cases. Twenty-three percent of 
those cases had progressed to steatohepatitis, which can develop into fibrosis and cirrhosis 
of the liver.  

1.3.5 Pulmonary 
With the exception of adeno-tonsillar involvement,  significantly more obstructive 
apnea/hypopnea events per hour of sleep have been found in obese children (Abrams & 
Levitt Katz, 2011). This chronic nocturnal hypoxemia can lead to pulmonary hypertension 
(Philippi-Hohne, 2010), which is a precursor to lung damage. Researchers have found a 
significant correlation between obesity and current asthma among children and adolescents. 
This relationship was stronger in nonatopic (non-allergic) children as compared to atopic 
(allergic – positive response to at least 1 allergen) (Stamatakis et al., 2010; Visness et al., 
2010). 

1.3.6 Musculoskeletal 
Orthopedic complications such as poor balance, pain (especially in knee joints), impaired 
mobility, lower extremity malignancy,  and fractures requiring surgical interventions 
(Abrams & Levitt Katz, 2011) have all been documented in obese children. 
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1.3.7 Psychosocial 
Interestingly, in countries considered the ‘happiest’ in the world, the rates of adult and 
childhood obesity are low (Goran & Ventura, 2011). People in Denmark, Sweden, 
Norway, Finland, and the Netherlands ranked their country high in meeting their 
psychological, social and basic needs. Childhood overweight and obesity were 17% 
(combined) in these countries. In Griffith et al.’s (2010) review of 42 studies, self-esteem 
and quality of life were significantly lower in obese youth. Physical competence, 
appearance, and social functioning were also compromised (Goran & Ventura, 2011). 
Lower self-esteem was also found in overweight and obese children (Cornette, 2008). 
Females who were very overweight reported lower self-esteem than females classified as 
moderately overweight (Cornette, 2008). Overweight/obese children were more likely to 
be victims and perpetrators of bullying than ‘normal’ weight children. Bullying 
experienced by overweight/obese children was generally name-calling related to their 
size; however, when the overweight/obese child was the bully, racial, color or religious 
slurs were used against the other person (Janssen et al., 2004). As well, a lower quality of 
life was experienced by obese children. Schwimmer et al. (2003) found that obese children 
rated their quality of life to be comparable with that of young cancer patients on 
chemotherapy. In particular, teasing at school, difficulties playing sports, fatigue, and 
sleep apnea greatly decreased the quality of life in these children.  

1.3.8 Cancers 
Although cancers do not develop until later in life, several are more prevalent in obese 
individuals when compared to their normal weight counterparts. Eesophageal, thyroid, 
colon, and renal cancers are more prevalent in obese men while endometrial, gall bladder, 
esophageal, adenocarcinoma, and renal cancers are more common in obese women (Biro, 
2010). 

2. Biology of breastmilk 
In humans, early infant nutrition appears to be critically important in determining long-
term positive or negative health effects. A complex fluid, breastmilk is the optimal source 
of nutrition for infants and appears to be a crucial factor in determining health and 
preventing chronic disease. The following section reviews the process of breastmilk 
production, the protective components of breastmilk purported to be linked with the 
prevention of childhood obesity, and the relationship with metabolic programming. It 
also contrasts breastmilk and breastfeeding with infant formula and associated methods 
of feeding. 

2.1 Process of production 
During pregnancy, the breast prepares anatomically and physiologically for infant feeding. 
Lactogenesis is the the production of human milk and occurs due to a complex interplay of 
pituitary, ovarian, thyroid, adrenal, and pancreatic hormones. Lactogenesis occurs in stages. 
The initiation of lactogenesis results from a fall in plasma progesterone and high prolactin 
levels during the post-partum period. Lactogenesis stage 1 occurs in the latter stage of 
pregnancy. The breast produces thick yellow colostrum and at this stage high progesterone 
levels inhibit milk production. Lactogenesis 2 occurs at or soon after birth progesterone 
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levels drop and prolactin levels remain high. This results in milk production. Upon 
stimulation of the breast, prolactin levels in the blood rise, peak in about 45 minutes, and 
return to the pre-breastfeeding state about three hours later. The release of prolactin triggers 
the cells in the alveoli to make milk. During lactogenesis stage 3, the more that milk is 
removed from the breasts, the more the breast will produce milk. Milk supply depends 
strongly on how often the baby feeds and how well it is able to transfer milk from the breast.  
At two-three days post-partum, when mothers usually feel their milk “coming in”, secretion 
of milk rapidly increases and major changes in milk composition occur over the next ten 
days. The changes over this period subsequently result in the establishment of mature milk 
(Lawrence, 1999). The volume of milk increases gradually, starting at about 100ml/day 
increasing to about 600 ml/day by day four (Lawrence, 1999) adapting to the new infant‘s 
energy needs.  

2.2 Nutritional components and properties  
Human milk is not a uniform body fluid but a heterogeneous secretion of the mammary gland. 
Its composition is frequently changing throughout the day and throughout feedings. 
Breastmilk contains many bioactive factors (lactoferrin, oligosaccharides, long-chain 
polyunsaturated fatty acids, glycoproteins and antibodies) that do not function primarily as 
nutrients but may control nutrient use or play a role in regulating metabolic pathways(Labbok 
et al., 2004). Breastmilk also contains other biologically active factors, which include hormones, 
growth factors and cytokines. These are all involved in energy balance regulation and seem to 
be important for infant nutrition and growth(Savino et al., 2009). 
Milk composition changes during a feeding period, as well as throughout the day. 
Concentrations of protein, fat, carbohydrates, and minerals change, in addition to 
osmolarity and pH. There are more than 200 components of human milk which include an 
assortment of several molecules, many of which have yet to be specifically determined. 
There are differences in foremilk and hindmilk, and colostrum differs from transitional and 
mature milks.  
Colostrum is the first mammary secretion of lactation, and  consists of a thick, yellowish 
fluid that is small in volume and is high in protein . Secretory immunoglobulin A (sIgA) is 
particularly plentiful and prominent. Transitional milk occurs next from approximately 
seven to ten days to two weeks postpartum. During this time the concentration of 
immunoglobulins and total protein decreases whereas lactose, fat, and total caloric content 
increases. In mature milk, water is the largest constituent. The main fats in human milk are 
triacylglycerols, phospholipids, and their component fatty acids. Fat concentration changes 
depending on many different factors and conditions. Fat provides about 50 percent of the 
infant’s calories. Human milk also consists of casein and lactalbumin (whey) proteins. The 
principal carbohydrate in human milk is lactose. Human milk also contains minerals, 
electrolytes, trace elements, vitamins, enzymes, hormones, bile salts, and growth 
factors(Lawrence, 1999). 
Other important compounds in breast milk are leptin, ghrelin, adiponectin, resistin. Synthesis 
of leptin occurs in adipose tissue (Zhang et al., 1994). Leptin production occurs in mammary 
glands, and epithelial cells secrete leptin in milk fat globules (Smith-Kirwin, 1998). Milk-borne 
leptin has been implicated not only in growth, but also in short-term appetite regulation in 
infancy, especially during lactation(Savino et al., 2009). Leptin in breastmilk could exert a long-
term effect on energy balance and body weight composition(Savino et al., 2009).   
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Ghrelin is a protein produced primarily by the stomach, involved in both short-term 
regulation of feeding and the long-term regulation of weight and energy metabolism(Savino 
et al., 2009). It has many endocrine and non-endocrine functions, including energy balance 
regulation (Hellstrom, 2009). As a component of breastmilk, ghrelin plays a role in both 
short-term regulation of food intake (by stimulating appetite) and in long-term body-weight 
reduction (by inducing adiposity). Considering these effects, ghrelin could be one of the 
factors through which breastfeeding may influence infant behavior and body 
composition(Savino et al., 2009).  
Adiponectin is the most abundant adipose-specific protein. It has multiple identified 
functions(Scherer et al., 1997 ) and a reduction in its expression is associated with insulin 
resistance(Savino et al., 1997). It has been shown that adiponectin levels correlate negatively 
with the degree of adiposity in children between five and ten years of age(Nader et al., 
2002). It is present in human milk(Martin et al., 2006) and may influence infant growth and 
development.  
Resistin is a cytokine that is secreted by adipocytes(Steppan, 2001). It is expressed in the 
human placenta and may play a role in the regulation of energy metabolism during 
pregnancy. It has also been identified in human milk(Ilcol et al., 2008) and may be important 
for the metabolic development of infants(Savino et al., 1997). 

2.3 Learned self-regulation 
One hypothesis regarding the association of breastfeeding and obesity prevention relates to 
the ability of breastfed infants to self-regulate their energy intake to match their energy 
needs (Owen et al., 2005). Infants fed directly at the breast must actively suckle to draw milk 
out, whereas infants are passive when being fed from a bottle. The control of caregivers in 
bottle-feeding could lead to infants' poor self-regulation on the basis of internal cues of 
hunger and satiety. Infants who are bottle-fed in early infancy are more likely to empty the 
bottle or cup in late infancy than those who are fed directly at the breast. Bottle-feeding, 
regardless of the type of milk, is distinct from feeding at the breast in its effect on infants' 
self-regulation of milk intake (Fein & Grummer-Strawn, 2010). 
Infants who are fed from the breast can control milk intake, because they decide when to 
start and when to stop sucking. Mothers who breastfeed often develop a feeding style that is 
less controlling, thereby allowing their infants to maintain their natural ability to regulate 
their energy intake (Taveras et al., 2006). Also, infants fed at the breast need to suck 
nonnutritively until the milk-ejection reflex occurs, and it is known that as sucking pressure 
decreases, the duration of each suck lengthens, and suckling frequency decreases from 
nonnutritive sucking (NNS) to nutritive sucking (NS) (Richard & Alade, 1992). This 
transition from NNS to NS may play an important role in establishing infants' self-
regulation of milk intake (Mizuno & Ueda, 2006).  
The taste and smell of breastmilk changes from meal to meal, depending on what the 
mother has consumed, which exposes the breastfed infant to a wider array of sensory 
experiences than the formula- fed infant. It is possible that the breastfed infant may be 
programmed to accept a different food selection which may affect dietary habits later in 
life(Koletzko, 2009). These factors regarding taste and smell remain constant during bottle-
feeding. For example, breast milk fat content toward the end of the feeding episode is much 
higher than that at the start of the feeding, which might signal to the infant that the feeding 
episode is coming to an end. In contrast, bottle-fed infants are not exposed to such 
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“physiologic signaling” during the feeding episode. Research on regulation of food intake 
by chemosensory receptors suggests that bottle-fed infants who had no exposure to the 
varied flavors of breast milk may miss the important oropharyngeal sensory experience that 
is needed for the development of physiologic regulation of food intake later in life  
(Poothullil, 1995). 

2.4 Differences from formula 
Infant formula tends to have a higher average caloric density compared to breast milk with 
higher energy supplies per kilogram of bodyweight (Heinig et al., 1993). It has been 
suggested that a higher protein intake in formula-fed infants could increase the risk of 
obesity later in life by causing an earlier adiposity rebound(Taylor et al., 2005). Adiposity 
rebound refers to the period of increasing body mass index after the early childhood nadir, 
usually at about 6 years old (Medlexicon International Limited, 2011). 
Also,  a higher protein intake during  infancy may promote the stimulation of insulin release 
and the programming of higher long-term insulin concentrations. Consistent with this 
occurence, formula-fed infants have been found to have higher plasma insulin levels  and 
insulin-like growth factor 1, than those who were breastfed(Lucas et al., 1981). The growth 
acceleration hypothesis suggests that the protective benefits of breastfeeding on the 
development of long-term obesity may be due to a slower pattern of growth in breastfed 
infants when compared with formula-fed infants(Singhal & Lucas, 2004).  

3. Breastfeeding as a prevention strategy for childhood obesity 
It has been suggested that the choice of early infant feeding method may impact the growth 
trajectory of an infant and how that infant develops through childhood, adolescence and 
into adulthood. A large number of primary studies and several systematic reviews and 
meta-analyses have compared breastfeeding to formula feeding and the subsequent 
development of overweight and/or obesity overtime.  Many of these studies have reported 
an inverse relationship between breastfeeding and childhood obesity. The prevalence of 
childhood obesity continues to increase in most developed countries and there is evidence it 
tracks through the life cycle. As there are a very limited number of effective treatment 
options available for either obese children or adults, the emphasis must be put on 
identifying, evaluating and implementing effective methods of primary prevention for 
obesity.   
Due to the nature of the relationship and the inability to feasibly or ethically assign infant 
feeding choice via a randomization process, researchers have had to rely on observational 
studies to provide empirical evidence for what may be a causal protective relationship. The 
previous section described the plausible mechanisms by which breastfeeding can influence 
early growth and development. The final section in this chapter will summarize the 
systematic reviews and meta-analyses on breastfeeding and obesity conducted over the last 
10 years and provide some thoughts on future research.   
The protective effect of breastfeeding against childhood obesity was initially proposed by 
Kramer in 1981 (Kramer, 1981) and since then numerous studies have been conducted in 
order to examine the relationship between breastfeeding and childhood overweight and 
obesity (Twells & Newhook, 2010; Bergmann et al., 2003; Hediger et al., 2001, Buyken et al., 
2008; Dewey, 1998; Kramer et al., 2007; Metzger & McDade, 2010; Savino et al., 2009; Singhal 
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& Lanigan, 2007; Victora et al., 1998; Araujo et al., 2006; Burdette et al., 2006; Gummer-
Strawn & Mei, 2004). More recently, a number of systematic reviews and meta-analyses on 
this topic have been conducted (Arenz et al., 2004; Harder et al., 2005; Owen et al., 2005; 
Owen et al., 2005, Horta et al., 2007). Four of these reviews suggest that breastfeeding 
provides a small but significant protective effect (Arnez et al., 2004; Harder et al., 2005, 
Owen et al., 2005, Horta et al., 2007) against the development of overweight and/or obesity 
while one study  suggests there is no effect of breastfeeding on differences in mean BMI 
between groups that were breastfed compared to those formula- fed (Owen et al., 2005).  

3.1 Evidence from observational studies 
The first systematic review and meta-analysis on the association of breastfeeding and 
childhood obesity  was conducted by Arenz et al. in 2004. This review included studies 
published in English, French, Italian, Spanish and German from 1966 to December 2003.  
The researchers examined the relationship between breastfeeding and childhood obesity in 
children at least one year of age. Obesity was defined as a BMI greater than the 90th, 95th or 
97th percentile(s). Only studies that adjusted for at least three potential confounding or 
interacting factors (e.g., birth weight, parental overweight, parental smoking, dietary factors, 
physical activity and socioeconomic status (SES) or parental education) and reported an 
odds ratio (OR) or relative risk (RR) with the last follow-up between 5 and 18 years of age 
were included in the meta-analysis. Nine of 28 eligible studies met the inclusion criteria 
including two prospective cohort studies and seven cross-sectional studies totalling more 
than 69,000 children from developed countries.  
The meta-analysis used both fixed and random effects models and pooled crude and 
adjusted odds ratios (AOR) from the individual studies. Definitions of breastfeeding and 
other infant feeding methods were not always consistent across studies, especially the 
definition of exclusive breastfeeding. Sensitivity analyses were carried out to identify 
potential sources of heterogeneity by testing the strength of the findings stratified by study 
design, exposure ascertainment and the selection of study participants.  
The combined crude odds ratio comparing any breastfeeding to no breastfeeding was 
calculated for six of the nine studies and was 0.67 (95%CI 0.62-0.73). The AOR calculated for 
the nine studies was 0.78 (95% CI 0.71-0.85) for both fixed and random effects models. The 
protective effect of breastfeeding was more pronounced in studies with adjustment for less 
than seven potential confounding factors (AOR 0.69 95%CI 0.59-0.81) compared to 
adjustment for seven or more potential confounding factors (AOR 0.78 95%CI 0.70-0.87). The 
evidence for duration of breastfeeding was inconsistent. Four studies demonstrated an 
inverse association between breastfeeding duration and the prevalence of obesity in the 
crude and adjusted analysis. One study reported a dose-response relationship in the crude 
analysis that lost significance after adjustment. Three studies reported no significant effect of 
duration of breastfeeding.  
These results suggest a significant protective effect of breastfeeding against obesity. 
Although there was no indication of heterogeneity between the individual studies and 
several confounders were adjusted for in the analysis, there was some evidence of 
publication bias with smaller studies tending to report higher protection against obesity. 
Residual confounding could not be ruled out.  
The second systematic review and meta-analysis was published by Owen et al. in 2005 who 
also published another meta-analysis in the same year. The first of Owen et al.’s two meta-
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analyses included studies from the same time period as Arenz et al., (1966-2003) but 
involved a broader search strategy. The objective was to examine the relationship between 
breastfeeding and obesity  assessed at any age. The definition of obesity was flexible, 
although most studies used a cut-off of >95th or 97th percentiles.  Only those studies that 
reported crude OR’s were included. Of 61 studies reviewed, 28 provided 29 AOR’s 
including a total of 298,900 subjects aged 0.5-33 years of age. A fixed effects model was used 
and meta regression and sensitivity analysis examined the influence of a number of 
confounding factors that included parental body size, SES, and maternal smoking.  
Twenty-eight of the 29 studies reported that breastfeeding was associated with a lower risk 
of obesity including four estimates for infants, 23 for children and two for adults. The fixed 
effects model indicated that breastfed infants were less likely to be obese than those 
formula-fed: OR 0.87 (95% CI 0.85-0.89). Six studies allowed for the adjustment of the 
following confounders: SES, parental BMI, and current maternal smoking or maternal 
smoking in early life. The pooled OR in these studies was reduced but breastfeeding 
remained a significant protective factor. Adjusting for birth weight in ten studies had no real 
effect on the OR and there was no clear evidence that the protective effect of breastfeeding 
changed with increasing age of outcome assessment.  
In 14 studies that provided data on breastfeeding duration, the protective effect of 
breastfeeding over formula-feeding was greater among subjects breastfed for at least 2 
months OR 0.81 (95% CI 0.77-0.84), compared with those never breastfed.  The smaller 
studies reported a greater protective effect (OR 0.43 95% CI 0.33–0.55) and the larger studies 
reported a less protective effect (OR 0.88 95%CI 0.86–0.90) providing some evidence for 
publication bias and selective reporting. There was evidence of heterogeneity among the 
studies (p<.001) and residual confounding could not be ruled out.  
Although the results demonstrated a protective effect of breastfeeding against the 
development of later obesity, the authors suggested that a protective effect may be due to 
confounding by SES and parental body composition and suggested that a further review 
was required that included large unpublished studies (the subject of the second Meta-
analysis by Owen et al).  
Harder et al. (2005), published a third systematic review and meta-analysis in the same year. 
Unlike the previous two reviews, Harder et al., attempted to assess the effect of duration of 
breastfeeding on the risk of overweight in order to examine whether a dose-response 
relationship existed. Study eligibility included any original report comparing breastfed 
subjects with exclusively formula-fed subjects at any age. Studies were included if the 
findings used OR’s and/or contained data for the calculation of an OR for the risk of 
overweight with reference to feeding history. In addition information on the duration of 
breastfeeding had to be reported.  All definitions of overweight and obesity were included. 
At risk of overweight was defined most often as BMI > than the 85th and >90th percentiles 
and obesity was defined most often as BMI > 90th, 95th and 97th percentiles.  
The final analysis included 17 studies published between 1966 and December 2003 including 
120,831 subjects from Great Britain, United States, Canada, Germany, Australia, New 
Zealand and Czechoslovakia. Fourteen studies provided results on more than one category 
of breastfeeding duration. 
Using a random effects model, the duration of breastfeeding was inversely associated with the 
risk of overweight: OR 0.94 (95% CI 0.89-0.98). The odds of overweight were reduced by 6% 
per month of breastfeeding. In addition, a pooled OR for overweight calculated for five time 
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periods (<1, 1-3, 4-6, 7-9 and >9months) indicated that the risk of overweight continued to 
decrease by breastfeeding duration reaching a plateau at 9 months. For nine months or more of 
breastfeeding the OR was 0.68 (95%CI 0.50-0.91). A supplementary trend analysis of 11 studies 
demonstrated that a dose-response relationship existed between breastfeeding duration and 
the risk of overweight with an OR of 0.96(95%CI 0.94-0.98)  per month of breastfeeding.  
The age at examination had little influence on the effect of breastfeeding duration on the risk 
of overweight. The pooled OR from five studies that investigated subjects up to five years of 
age was 0.97 (95% CI 0.94-0.99) while for six studies on subjects six years of age or older, 
was 0.96 (95% CI 0.93-0.99). A sub-group analysis demonstrated that varying definitions of 
overweight and obesity influenced the estimate of the OR only marginally. 
The authors reported that the duration of breastfeeding was inversely and linearly 
associated with the risk of overweight. In addiition the risk of overweight was reduced by 
4% for each month of breastfeeding up to a duration of breastfeeding of 9 months. This 
finding was independent of the definition of overweight and obese and age at follow-up, 
suggesting a dose-response relationship. The authors concluded that although the result 
was relatively small in size, the association, if causal, may be an important factor from a 
population health perspective. There was no evidence of publication bias.  
A critique of this meta-analysis was published as a letter (Quigley, 2006) suggesting a 
number of methodological concerns existed that included: non-consideration of ethnic 
background or SES as confounders, inconsistent definitions of both breastfeeding and 
overweight/obesity, and the reliance on crude OR’s. A response was published by the 
authors (Harder & Plagemann, 2006) suggesting that irrespective of how the subgroups 
were defined as overweight, the pooled adjusted OR‘s did not differ from the unadjusted 
OR inferring a high stability of effect size despite heterogeneity in exposure and/or outcome 
definition, thus strengthening even more the validity and conclusions of the study. 
In 2007, the USA Department of Health and Human Services Office on Women's Health 
requested that the Agency for Healthcare Research and Quality (AHRQ) summarize the 
literature and report on the relationship of breastfeeding and various infant and maternal 
health outcomes including childhood obesity (Ip et al., 2007). Due to restrictions of resources 
and time, the AHRQ relied primairly on a review of the exiting systematic reviews and 
meta-analyses, and based on a scoring system (discussed below), provided a grade for each 
review that assessed the strength of methodological rigor. A, B or C grades were given. 
Studies given an A grade (good) were described as those having the least bias and 
consequently results that were considered valid. A grade A study was considered high in 
quality in that it included; a rigorous systematic review and/or meta-analysis; a clear 
description of the population, setting, interventions and comparison groups; a clear 
description of the content of the comparison groups; appropriate measurement of outcomes; 
appropriate statistical assumptions and analytic methods. In addition the study authors 
demonstrated; appropriate consideration and adjustment for potential confounders; 
rigorous assessment of individual study quality; no reporting errors; and well-reasoned 
conclusions based on the data reported.  
Studies given a B grade (fair/moderate) were considered susceptible to some bias, but not 
sufficient to invalidate the results. B grade studies did not meet all the criteria in category A 
because of some deficiencies. Grade B studies for example may have demonstrated 
suboptimal adjustment for potential confounders and be missing information, making it 
difficult to assess limitations and potential problems.  
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Studies given a C grade (poor) had significant biases that could invalidate the results. The 
study either did not consider potential confounders or adjust for them properly. Grade C 
studies had serious errors in design and analysis and had large amounts of missing 
information and discrepancies in reporting.  
The AHRQ scheme for grading reviews was supplemented with the MOOSE guideline 
(Meta-analysis of  Observational Studies in Epidemiology) and an additional checklist of 
items that were used to evaluate the quality of the systematic reviews specific to 
observational studies (Stroup et al., 2000; Ip et al., 2007).  
Based on the search criteria by the AHRQ, the meta-analyses by Arenz, Harder and the first 
of two by Owen were reviewed. After careful appraisal and evaluation Arenz et al., was 
given an A grade and both the meta-analyses by Harder et al. and Owen et al. were given B 
grades, primarily due to the suboptimal consideration for potential confounding.  
The fourth and second meta-analysis by Owen et al. was also published in 2005 and 
included both published studies from the previous meta-analysis and unpublished data. In 
contrast to the previous analyses, studies were included that examined the influence of 
infant feeding on obesity measured as mean BMI throughout life from 6 weeks after birth. 
Observational studies of cross-sectional and longitudinal cohort design were included and 
case-control studies that could not provide reliable data for comparisons based on mean 
BMI were excluded. Seventy studies were reviewed providing a total of 414,750 subjects in 
the age range from 1 to 70 years of age. Mean differences in BMI were required for analysis.   
Using a fixed effects model, the mean difference in BMI between those initially breastfed 
and those formula-fed was examined. Meta-regression was used to examine: influence of 
study size, quintiles of age at outcome measurement, year of birth and the collection method 
of infant feeding status on the study outcome. Meta-regression and sensitivity analyses were 
also used to examine the influence of exclusive feeding, or duration of breastfeeding 
adjusting for study size. 
In this meta-analysis, breastfeeding was associated with a slightly lower BMI compared 
with formula- feeding; mean difference -0.04 (95%CI -0.05, -0.02). The mean difference was 
larger for small studies: -0.12 (95%CI -0.29, 0.04) and smaller for larger studies: mean 
difference -0.03 (95%CI -0.04,-0.01) suggesting some publication bias. If the meta-analysis 
was restricted to 11 studies that adjusted for age, SES, maternal smoking and maternal BMI, 
the mean difference was reduced to non-significance between the groups from a mean 
difference of -0.12 ( 95% CI: -0.16, -0.08) to a  mean difference of -0.01 (95%CI -0.05,0.03) 
demonstrating both the impact and the need to adjust for relevant confounders.  
The authors concluded that the potential effect of breastfeeding on mean BMI was small and 
non-significant after controlling for confounding factors. Differences in BMI may be strongly 
influenced by publication bias.  Therefore in contrast to the three previous meta-analyses, 
Owen et al. concluded that the promotion of breastfeeding although important for other 
reasons was not likely to reduce mean BMI.  
In 2007, the WHO published a report summarizing the literature on the “Evidence of the 
Long-Term Effects of Breastfeeding: Systematic Reviews and Meta-Analysis” 
(http://www.ahrq.gov/downloads/pub/evidence/pdf/brfout/brfout.pdf) conducted by 
Horta et al. This report included a section on the long-term effects of breastfeeding on 
obesity. Previous published meta-analyses were briefly summarized and a new meta-
analysis was conducted that considered all the papers included in previously published 
meta-analyses, and those papers newly identified by two independent literature searches at 
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the WHO. The analysis included 33 studies providing 39 estimates on the effect of 
breastfeeding on the prevalence of overweight/obesity with follow-up from 1 to 66 years of 
age. In a random effects model, breastfed individuals were less likely to be considered 
overweight/obese OR 0.78 (95% CI 0.72-0.84).  In spite of the evidence of publication bias, a 
protective effect of breastfeeding was observed among the larger studies (>1500 
participants). Studies that controlled for SES and parental weight reported that 
breastfeeding was associated with a lower prevalence of obesity. Therefore, according to 
Horta et al., the evidence suggested that breastfeeding may have a small protective effect on 
the prevalence of obesity.  
In 2008, Cope and Allison published a critical review of the WHO report (Cope & Allison, 
2008). The authors argued that due to the limitations of the empirical evidence currently 
available and the major shortcomings of these studies (e.g., publication bias, confounding, 
residual confounding, self-selection) there was insufficient evidence at this time to suggest 
that breastfeeding protects against either obesity in childhood or adulthood.  The authors 
questioned the overall conclusion of the WHO report and concluded that “while 
breastfeeding may have benefits beyond any putative protection against obesity, and 
benefits of breastfeeding most likely outweigh any harms, any statement that a strong, clear 
or consistent body of evidence shows that breastfeeding causally reduces the risk of 
overweight or obesity is unwarranted at this time” (pp.594).   
In summary, four of the five meta-analyses published in the last 10 years demonstrate a 
modest protective effect of breastfeeding against the risk of overweight and obesity. These 
analyses conducted by different groups of investigators using different inclusion criteria 
and varying methodologies demonstrated independently a significant association. The 
findings have remained consistent despite the different settings and populations studied, 
the use of crude and adjusted data and the varying definitions of infant feeding and 
overweight. In addition the evidence of a dose-response relationship was observed in some 
analyses. As a result, there is evidence to support a causal protective relationship between 
breastfeeding and later risk of overweight; however these conclusions must be placed in the 
context of the limitations of the study designs currently being used to examine this 
relationship. There are several weaknesses that limit the validity of meta-analyses of 
observational studies on the association between breastfeeding and risk of overweight and 
obesity. Tthese include: publication bias, heterogeneity between studies, the lack of 
adjustment of confounders and issues of residual confounding. Breastfeeding is associated 
with many other factors that can influence a child’s weight status (e.g., maternal BMI, 
education, and smoking during pregnancy) and other family lifestyle habits that may be 
difficult to assess and adjust for in non-experimental study designs. It must be 
acknowledged that failing to limit the impact of these factors may result in spurious 
conclusions. (Berylein & Von Kries, 2011). 

3.2 Randomized controlled trials 
The doubled-blinded randomized controlled trail (RCT) is the gold standard in study 
design for minimizing biases and increasing the internal validity of the research (Sackett 
et al., 1991). Although interventional or experimental studies based on random 
assignment of the mother–infant pair to infant meeting method (breastfeeding or formula-
feeding) would provide strong evidence for the association between breastfeeding and 
risk of overweight/obesity, they are for obvious reasons not feasible or ethical. However, 
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one large RCT conducted in Belarus in 1996-1997 randomized mother-infant pairs to a 
breastfeeding promotion intervention(Kramer et al., 2001). The Promotion of 
Breastfeeding Intervention Trial (PROBIT) was a cluster-randomized trial in which a total 
of 16,491 healthy mothers of full-term singletons with birth weights ≥ 2500g were 
randomly assigned to a breastfeeding promotion intervention and followed for 12 
months. A total of 13,889 children were followed up at 6.5 years. The intervention based 
on the Baby Friendly Hospital Initiative (BFHI) and developed by the World Health 
Organization and the United Nations Children’s fund was to promote and support 
breastfeeding, especially in mothers who have chosen to initiate breastfeeding. The 
control maternity hospitals and polyclinics continued the practices and policies in effect at 
the time of randomization (Kramer et al., 2001).  
The intervention was successful in increasing the breastfeeding rates in the intervention 
group compared to the control group (43.3% versus 6.4%, P < 0.001), duration and 
exclusivity of breastfeeding; however evidence from the PROBIT study failed to 
demonstrate an effect of a breastfeeding promotion intervention on children’s BMI. For 
children followed up at 6.5 years, there were no significant differences in mean BMI (i.e., 
15.6kg/m2 in both arms of the trial) or in the prevalence of overweight; OR 1.1(95%CI 0.8-
1.4) or obesity; OR 1.2 (95%CI 0.8-1.6) between the two groups. (Kramer et al., 2007). The 
authors concluded that the PROBIT trial did not provide conclusive evidence for or against 
a potential effect of breastfeeding on body composition.  
There have been a number of limitations of the PROBIT trial discussed regarding its ability to 
draw conclusions on the relationship between breastfeeding and childhood overweight and 
obesity. First, the study was not designed to study childhood overweight/obesity directly but 
rather to study the effects of the BFHI on breastfeeding exclusivity and duration. It may be that 
the study had insufficient statistical power to assess the outcome of childhood obesity. Second, 
only women who initiated breastfeeding were enrolled in the study and therefore there was no 
comparison group of formula-feeding mothers, therefore a self-selection bias existed. Third, 
the authors examined mean BMI and differences in mean BMI between the intervention and 
control groups but did not examine any changes in percentage overweight or obese (Berylein, 
2011). If breastfeeding is affecting mainly the tail end of the distribution and not the mean BMI 
as has been suggested it might have been useful to examine the percentages of overweight and 
obese in both groups(Grummer-Strawn, 2004).  

3.3 Future research  
Observational studies will remain the primary study design used to collect information on 
the relationship between breastfeeding and obesity. As has been discussed, challenges arise 
in that observational or non-experimental studies (i.e., cohort, case-control and cross--
sectional) are inherently biased with issues of misclassification of exposure (i.e., self-
reported breastfeeding duration), confounding (i.e., mothers/family lifestyle, SES, maternal 
smoking), residual confounding and self–selection that are difficult to fully adjust for in 
analysis. However, the validity and reliability of these studies can be improved significantly 
by: defining careful subject selection criteria; using common and consistent definitions of 
infant feeding especially that of “exclusive” breastfeeding; ensuring the reliable collection of 
duration of infant feeding data by trained research personnel; guaranteeing the use of 
standard cut-off criteria for measuring childhood overweight and obesity such as the WHO 
criteria (WHO Multicentre Growth Reference Study Group, 2006) as well as blinding 
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assessment of the outcome. A well-designed observational study should provide high 
quality evidence upon which to draw valid conclusions.  
In the context of these limiations, future prospective cohort studies may attempt to include, 
if data is available, a sibling analysis that provides an opportunity to control for hereditary 
and confounding factors (e.g., household/family/environmental factors) that are often 
difficult to adjust for in other studies (Metzger & McDade, 2010). In addition although 
RCT’s are unlikely to be conducted in this area, there is the opportunity to randomize and 
evaluate the effectiveness of breastfeeding promotion interventions such as the one 
conducted in Belarus. A well-designed and performed RCT that includes randomization, 
allocation concealment, clear definitions of breastfeeding exposure compared with non-
breastfeeding, and blinded assessment of outcomes could provide the best evidence in 
supporting the causality of breast milk in affecting the risk overweight and obesity.  
Analysing the differences in the degree of breastfeeding between the two groups as a result 
of the intervention will provide researchers with the opportunity to investigate differences 
in health outcomes such as the development of childhood overweight or obesity between 
the two groups.  This may be the strongest study design available assuming  the study is 
sufficiently powered to evaluate this secondary outcome. 

3.4 Conclusion 
In conclusion, the prevalence of childhood obesity has increased dramatically in many 
developed countries over the last few decades and its association with increased morbidity 
and mortality is of great public health concern. The tracking of childhood obesity and the 
lack of available effective treatment options suggest that areas of primary prevention must 
be the focus if we want to curb and reduce this epidemic. Although there are many 
limitations of the type of study design currently used to explore this relationship, the 
research evidence that does exist supports a modest but significant protective effect of 
breastfeeding against the  development of obesity with some evidence of a dose-response 
relationship.  It is recognized that breastfeeding is only one of many factors that impact 
body composition, but as the many benefits of breastfeeding are well-evidenced, continuing 
to promote and encourage breastfeeding may have the additional benefit of helping to 
protect against the obesity epidemic.  
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Germany 

1. Introduction 
In their Bulletin 2001; 79 the World Health Organisation (WHO) had published: “The last 
two decades have witnessed the emergence and consolidation of an economic paradigm 
which emphasizes domestic deregulation and the removal of barriers to international trade 
and finance. If properly managed, such an approach can lead to perceptible gains in health 
status.”  
Globalization in the last two decades influenced lifestyle and especially food patterns all 
over the world (Bauchner H, 2008 and Hu FB, 2008). In a “Nutrition transition” the 
consumption of dietary fat and/ or  high -caloric meals and sweetened drinks has been 
increased, in developed countries as well as in developing ones (Hawkes C, 2006). At the 
same time overweight and obesity just as increased and diet- related chronic diseases like 
diabetes mellitus II, hypertension or lipid disorders or cardiovascular diseases known from 
elder adults are observed in children and adolescents. 
Waist circumference (WC) is a generally accepted measure of central obesity that is a 
traditional risk factor for cardiovascular disease (CVD). A worldwide standardization of 
WC is warranted because of considerable differences between different ethnicities. For 
adults pragmatic ethnic-specific cut-off values for WC were defined between >85 cm and 
>94 cm for men and between >80 cm and >90 cm for women (Alberti et al., 2005). For 
children and adolescents from different ethnicities no uniform definition of WC cut-offs 
exists because of physiological growth and development. 
The aim of this study is to develop age- and gender-specific reference curves of WC for 
German children and adolescents, to define cut-off values, to collect percentile curves from 
other ethnicities, and to compare global findings. Calculation of our cut-off values is based 
on conventional anthropometric and non-anthropometric cardiovascular risk factors.  
WC is obligate for the definition of the metabolic syndrome already in youths. Early 
detection and intervention by lifestyle change are mandatory to prevent adult adiposity and 
its multiple complications. Thus, precise diagnosis is prerogative for the estimation of the 
worldwide prevalence of the metabolic syndrome and global intervention. 

2. Subjects and methods 
For the PEP Family Heart Study representative samples of 3531 German children (1788 boys, 
1743 girls) aged 3-11 years and of 3024 German adolescents  (1633 males, 1391 females) aged 
12–18 years participating in yearly cross-sectional surveys between 1994 and 2004 
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respectively between  2000 and 2007 were studied (Schwandt et al., 2008; Haas et al., 2011). 
The CASPIAN Study was performed in 2003-2004 and contributes representative samples of 
1616 Iranian children (757 boys and 859 girls) and of 2608 Iranian adolescents (1216 males 
and 1392 females) in these age groups. The Belo Horizonte Heart Study contributes 464 
Brazilian children (241 boys and 223 girls) and 545 Brazilian adolescents (255 males and 290 
females) to this large data set of the BIG study consisting of 11,788 youths from three 
continents. All the three studies followed the Declaration of Helsinki and the same 
methodology.  
The ethical committee of the medical faculty of the Ludwig- Maximilians- University 
Munich, the Bavarian Ministry of Science and Education, and the local school authorities 
approved the Prevention Education Program (PEP). Written informed consent together 
with oral consent from children and adolescents was obtained from all parents, 
assessment of the pubertal status was not accepted. Exclusion criteria of the PEP Family 
Heart Study were non-German ethnicity (2.6% of children from 17 non-German ethnicities 
to avoid ethnic bias), incomplete data sets, apparent cardiovascular, metabolic, endocrine 
and malignant diseases, extreme physical activities, special nutrition habits and taking 
any medication. 
Continuously trained research assistants performed all measurements along the study 
manual as previously described   (Schwandt et al., 1999, 2009, 2010). Physical examination 
included measurements of weight, height, body mass index  (BMI), waist circumference 
(WC), waist-to-height ratio (WHtR), skin fold thickness (SFT), percent body fat (%BF) and 
blood pressure (BP). Lipids, lipoproteins and glucose were measured in fasting venous 
blood samples, processed and stored at -20°C every year during November and December. 
Definition of risk factors is shown in Table 1. 
 
 Overweight:    85th to 95th percentile of BMI (kg/m²) 
 General obesity:    ≥95th percentile of BMI (kg/m²) 
 Central obesity:    WC≥ 90th and/or waist to height ratio ≥0.5 
 Hypertension: SBP and/or DBP  ≥95th percentile 
 Fasting hyperglycemia:    ≥100 mg/dL plasma glucose 
 Hypertriglyceridemia:    ≥150 mg/dL 
 Increased LDL-Cholesterol:   ≥130 mg/dL 
 Decreased HDL-Cholesterol:  <40 mg/dL 
 Increased Non HDL-Cholesterol:   ≥123 mg/dL 
 Increased ratio of LDL-C/HDL-C:   ≥ 3.0 
 Increased ratio of TG/HDL-C  ≥3.5 

Table 1. 

Statistical analyses were performed with PASW 17.0 version for Windows (SPSS, Illinois, 
USA) according to a predefined analysis plan and program. Continuous variables are 
presented as the mean ± standard deviation (SD). Smoothed age- and gender-specific curves 
were constructed for WC, WHtR, SFT and BMI (Schwandt et al., 2008; Haas et al., 2011) 
using the software package LMS Chart Maker Pro, version 2.3. The associations between 
anthropometric measurement and cardiovascular risk factors were calculated by 
multivariate logistic regression using the backward Likelihood Quotient Model. All of the 
tests were 2-sided, and p values of <0.05 were considered to be statistically significant.   
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3. Results 
3.1 Age- and gender-specific percentiles of waist circumference in German children 
and adolescents 
The anthropometric characteristics of healthy German children are demonstrated in Table 2 
 

 
Table 2. Weight, height, waist circumference (WC), hip circumference (HC), body mass 
index (BM), waist to hip ratio (WHR) and waist to height ratio (WHtR) by age and sex in 
3531 German boys and girls (mean± SD) (Schwandt et al 2008)    

Among boys and girls, WC increased continuously from 3 years to 11 years at all percentiles, 
steepest at the 97th percentile in both genders (Figure 1). At the 50th percentile, this corresponds 
to an increase of WC by 14 cm in boys and by 13 cm in girls from age 3 years to age 11 years 
(Table 2). However, in adolescents WC increased less, by 11 cm in males and only by 5 cm in 
females with even slight decreases between 15 years and 18 years (Table 3). 
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Fig. 1. Smoothed reference curves for the 3rd, 10th, 25th, 50th, 75th and 97th percentiles for waist 
and body mass index in 3 years to 11-years old German boys and girls (Schwandt et al. 2008) 
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Table 3. Age- and sex-specific WC percentile values (cm) for German children 3-11 years of 
age in the PEP Family Heart Study (Schwandt et al. 2008)  

The prevalence of severe obesity (WC>97th percentile) was significantly (p<0.05) higher in 
boys than in girls (4.1% vs. 2.8%) corresponding to similar gender differences for BMI >97th 
percentile (6.3% vs. 4.9%) in this cohort children.   
 

Age (y) n Weight 
(kg)

Height 
(cm) Waist (cm) BMI 

(kg/m²) Hip (cm) WHR WHtR 

Boys   
12y 361 46.4±9.8 155.3±7.6 69.3 ±8.4 19.1±3.0 82.0±7.8 0.84*±0.05 0.44*±0.05 
13y 317 51.8±10.6 162.0±8.1 71.3 ±8.2 19.6±3.1 85.2±7.6 0.84*±0.05 0.44±0.05 
14y 277 58.2*±11.0 169.1*±8.2 73.8*±8.7 20.3±3.0 89.2±7.7 0.83*±0.05 0.44±0.05 
15y 222 64.4*±11.4 174.7*±7.7 70.1 ±8.9 21.0±2.9 92.1±7.4 0.83*±0.05 0.44±0.05 
16y 186 68.6*±10.7 177.9*±6.6 77.6*±8.6 21.6±2.9 94.6±6.9 0.82*±0.05 0.44±0.05 
17y 162 70.8*±11.8 178.8*±7.0 79.1*±8.4 22.1±3.3 96.2±7.5 0.82*±0.05 0.44±0.05 
18y 108 72.3*±12.0 179.5*±8.2 80.4*±8.6 22.3±2.9 97.0±7.2 0.83*±0.05 0.45±0.04 

Total 1633 58.5*±14.2 168.1*±11.8 74.0*±9.3 20.5±3.2 89.0±9.2 0.83*±0.05 0.44±0-05 
Girls   
12y 315 47.4*±10.4 156.5*±7.4 68.0±8.9 19.2±3.4 84.9*±8.5 0.80±0.06 0.43±0.05 
13y 269 52.6±10.6 161.0±6.8 70.2±8.9 20.2±3.6 89.4* ±8.0 0.78±0.06 0.44±0.05 
14y 231 54.8±8.8 163.9±6.7 70.9±8.5 20.4±2.9 91.6*±6.6 0.77±0.06 0.43±0.05 
15y 197 58.5±11.2 165.7±6.5 73.5*±9.8 21.3±3.7 94.3*±7.6 0.78±0.07 0.44±0.05 
16y 144 58.7±11.9 165.6±6.5 73.9±8.3 21.1±2.8 95.0 ±7.9 0.78±0.06 0.45*±0.05 
17y 131 59.2±8.7 166.3±6.4 74.4±8.0 21.4±2.9 95.3±6.4 0.78±0.06 0.45±0.05 
18y 104 58.9±7.0 166.1±6.2 73.7±8.1 21.4±2.4 95.3±5.6 0.77±0.07 0.44±0.05 

Total 1391 54.3±11.0 162.5±7.7 71.4±9.2 20.5±3.4 91.0*±8.5 0.78±0.06 0.44±0.05 

Table 4. Age dependent mean values (SD) of waist circumference, body mass index, hip 
circumference, waist-to-hip ratio and waist-to-height ratio in male (n=1633) and female 
(n=1391) adolescents aged 12-18 years; *p<0.05 between genders 
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Females were significantly taller and heavier than males at age 12 y, whereas from age 14 to 
18 years males were significantly taller and heavier than females. Female adolescents 
reached their maximal weight and height at age 17 years one year earlier than males. 
As demonstrated in Table 5 the increase of WC in males was twice of that in females (11.4 
cm respectively 6.0 cm)    
 

Males 
(n=1634) Age 

-2.0001 
3 rd 

-1.3334 
10th  

-0.6667 
25th  

0 
50th  

0.6667 
75th  

1.3334 
90th 

2.0001 
97th 

 12 56.6 59.7 63.4 67.8 73.3 80.4 90.2 

 13 58.9 62.0 65.7 70.1 75.7 82.9 92.7 

 14 61.0 64.2 67.9 72.5 78.1 85.3 95.0 

 15 62.8 66.1 70.0 74.6 80.3 87.4 96.7 

 16 64.3 67.7 71.7 76.4 82.1 89.1 98.0 

 17 65.9 69.3 73.3 78.0 83.7 90.6 99.5 

 18 67.2 70.6 74.6 79.2 84.9 91.8 100.8 

Females 
(n=1392)         

 12 51.4 57.0 62.6 68.2 73.8 79.4 85.0 

 13 52.8 58.5 64.3 70.0 75.8 81.5 87.2 

 14 53.7 59.5 65.4 71.2 77.0 82.9 88.7 

 15 54.9 60.9 66.8 72.8 78.8 84.7 90.7 

 16 55.6 61.7 67.7 73.8 79.8 85.9 91.9 

 17 55.8 61.8 67.9 74.0 80.0 86.1 92.2 

 18 55.3 61.3 67.3 73.3 79.3 85.4 91.4 

Table 5. Percentile values of waist circumference in 3026 German adolescents aged 12-18 
years 

3.2 Cut-off points of waist circumference in adolescents 
Since the International Diabetes Federation (IDF) proposed that the metabolic syndrome 
should not be diagnosed in children younger than age 10 years (Zimmet et al. 2007) we 
calculated cut-off points only for the group of adolescents. 

3.2.1 Cut-off points in terms of seven anthropometric variables     
Receiver operating characteristic (ROC) curves were calculated from <90th percentiles of 
skin fold thickness (SFT) from biceps, triceps and sub-scapular areas, SFT sum, percent body 
fat, waist-to-height ratio and waist-to-hip ratio. In both genders WHtR at the >90th 
percentile was closest to 1 in terms of an area under the curve (AUC) of 0.974 in males and 
0.986 in females, followed by BF% (0.937) in males respectively by WHR (0.935) in females. 
(Figure 2). 
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Fig. 2. ROC curves and AUC values calculated at and above the 90th percentile in 3026 
German adolescents 

3.2.2 Cut-off points in terms of eight non-anthropometric CVD risk factors   
The WC cut-off points in children were 93.5 cm for hypertension, increased LDL-
Cholesterol, low HDL-Cholesterol, increased triglycerides (TG), non-HDL-Cholesterol and 
TG/ HDL-Cholesterol ratio and not different for boys and girls except for fasting 
hyperglycaemia and an increased LDL-Cholesterol/HDL-Cholesterol ratio (Table 6). 
However, in adolescents the age-adjusted cut-off values were much more different between 
males and females than among children.. 
 

 Boys 6 – 11y Girls 6 - 11 y Boys 12 – 18y Girls 12 – 18 y 

Hypertension ≥ 95th 
percentile 93,5 93,5 93,5 82,5 

LDL ≥ 130 mg/dL 93,5 93,5 93,5 62,5 

HDL ≤ 40 mg/dL 93,5 93,5 93,5 93,5 

TG ≥ 150 mg/dL 93,5 93,5 82,5 93,5 

Non HDL ≥ 123 mg/dL 93,5 93,5 62,5 93,5 

Glucose ≥ 150 mg/dL 62,5 93,5 82,5 93,5 

Increased LDL/HDL-C 
ratio ≥ 3.0 82,5 62,5 82,5 62,5 

Increased LDL/HDL-C 
ratio ≥ 3.0 93,5 93,5 93,5 93,5 

Table 6.   
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3.3 Comparison with other ethnicities 
3.3.1 Iranian and German children 
The study population comprised 2076 (991 boys) Iranian and 1721 (851 boys) German 
children aged 6-11 years (Kelishadi et al 2008). Except height, the Iranian children had 
higher anthropometric measures than German children did (Table 7).  
 

 Girls Boys 

 Iranian German Iranian German 

Height (cm) 123.15±10.45 124.90±11.35 124.57±11.54 125.62±11.48 

Weight (kg) 26.81 ±7.64 25.29±7.29 27.08 ± 7.12 25.51±7.03 

Body mass index 
(kg/m²) 17.28±2.81 15.93±2.28 17.35± 2.84 15.89±2.08 

Waist 
circumference (cm) 58.14 ±8.32 56.55±6.19 58.72± 8.34 57.46±6.20 

Hip circumference 
(cm) 69.25± 9.12 66.17±7.78 68.81± 9.8 65.53±7.30 

Waist-to-hip ratio 0.86±0.05 0.72± 0.06 0.88±0.07 0.71± 0.006 

Table 7.  

The age-specific reference curves of WC demonstrate a continuous increase in Iranian 
children from 6 years to 11 years whereas at 9 years the increase levelled off in German 
children (Figure 3). 
 

IRANIAN CHILDREN   GERMAN CHILDREN 

 
Fig. 3. LMS percentile curves of Iranian and German children (age 6-11) 

The comparison of increased WC in German and Iranian adolescents mean age 12.2± 1.7 
respectively 12.6±1.7 years reveals a significantly (p<0.05) higher prevalence in Iranian 
subjects than in German adolescents (Table 8).  
Accordingly, the prevalence of the metabolic syndrome as defined by IDF was higher in 
Iranian (2.1%) adolescents than in German adolescents (0.5%).   
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German 
Total 

n 
3647 

High 
WC 

Iranian 
Total 

n 
2728 

High 
WC 

10 y 742 6.1 10 y 215 4.4 
11 y 715 5.7 11 y 237 6.8 
12 y 677 3.5 12 y 273 9.4 
13 y 586 4.3 13 y 254 11.6 
14 y 508 4.3 14 y 281 15.9 
15 y 419 4.8 15 y 225 16.9 

Table 8. Prevalence (percentage) of increased waist circumference in German and Iranian 
adolescents  

3.3.2 Comparisons of Bazilian Iranian and German (BIG study) 
The Brazilian-Iranian-German (BIG) Study compared 4473 children ( 6 to <10 years) and 
6800 adolescents (10 to <16 years) participating in the Belo Horizonte Heart Study in Brazil, 
the CASPIAN Study in Iran and the PEP Family Heart Study in Germany (Schwandt et al. 
2010). Table 9 shows the mean values of WC and the prevalence of increased WC (>90th 
percentile) for males and females of these age groups. Males from the three countries had 
higher mean values of WC than females. Iranian children and adolescents had lower mean 
values compared with Brazil and Germany. The prevalence of increased WC was lowest in 
Brazilian children but highest in Brazilian adolescents. 
 

 Brazil Iran Germany 
 Males Females Males Females Males Females 

Age 6-<10 y       
N 241 223 757 859 1220 1173 

Mean age 7.9±1.0 7.9±0.9 7.7±1.0 7.7±1.0 7.6±1.1 7.7±1.1 
Mean WC cm 59.2±7.2 58.0±6.8 58.6±7.3* 57.0±7.2 59.3±6.0* 58.3±6.2 

WC >90th  

percentile 4.4%*† 0.9%† 10.9*¶ 8,0%¶ 8,7%† 9.3%† 

Age 10-<16 y       
N 255 290 1216 1392 1938 1709 

Mean age 13.0±1.7 13.2±1.7 12.6±1.7 12.6±1.7 12.2±1.7 12.2±1.7 
Mean WC cm 68.4±10.0* 65.7±8.1 67.5±9.8* 66.3±9.1 69.9±8.9* 68.0±9.1† 

WC >90th 
percentile 16.1%* 8,9% 10.5%¶ 9,0% 8.8% 9,7% 

Legend *p<0.05 for gender, †p<0.05 for Germany vs. Iran, ¶p<0.05 for Iran vs. Brazil 

Table 9. Comparison of WC values and prevalence of increased WC in children and 
adolescents from Brazil, Iran and Germany  

3.3.3 Turkish and German children 
Comparing 2473 Turkish and German first graders (mean age 6.4 years) participating in the 
PEP Family Heart Study in Nuremberg Turkish boys (58.5±8.9 vs. 56.9±6.1) and Turkish 
girls (57.6±9.2 vs. 55.8±5.8) girls had significantly higher values than German children did 
although living in the same town. These differences might be due to different lifestyle as 
well as to genetic factors (Haas et al. 2008).  
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Age- and gender-specific percentile values are shown in table 10 and table 11 for 320 
Turkish (155 boys and 165 girls) and 3531 German (1788 boys and 1743 girls) children 
participating in the PEP Family Heart Study. 
 

 
Table 10. Percentiles for waist circumference in 3 – 11 y old boys 
 

 
Table 11. Percentiles for waist circumference in 3 – 11 y old Girls 
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The WC differences between Turkish and German boys decreases from age 3 to age 11 
whereas the mean differences in girls increases from age 3 to age 11 years.  
Figure 4 and Figure 5 demonstrate the importance of choosing the percentile for 
comparisons. At the 50th percentile the difference of increasing WC between years 3 and 11 
in German and Turkish children is only slight whereas the curve in Turkish girls is much 
more steeper compared with the other three curves. 
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Fig. 4. 50th percentile of LMS waist circumference for German and Turkish children 3 – 11 y 
 

 
Fig. 5. 90th percentile of LMS waist circumference for German and Turkish children 3 – 11 y 
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Figure 6 demonstrates these differences at four different percentiles 
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Fig. 6. 50th , 75th , 90th and 97th percentiles of waist circumference in 11 y old Turkish and 
German girls participatin in the PEP Family Heart Study 

3.3.4 Ethnic comparisons of WC form children from literature  
Table 12 and Table 13 compare the mean WC values from 6 respectively 11 years old 
children from 11 countries in boys and in girls. The continuous increase of waist 
circumference in these countries is shown in figure 5 and figure 6 (Schwandt et al. 2008).  
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6. Zannolli R, 1996   11. Inokuchi M, 2007  
7. Kelishadi R, 2007   12. Hatipoglu N, 2007  
8. Fernandez JR, 2004  14. Eisenmann JC: 2005  
9. Savva SC, 2001    15. Sung RY, 2007 
10. McCarthy HD, 2001   16. Gómez-Diaz RA, 2005 

Table 12. Mean values (cm) of waist circumference in 6 years old children from 11 countries 
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** Mexico (10 years)* by curve  
6. Zannolli R, 1996   11. Inokuchi M, 2007  
7. Kelishadi R, 2007   12. Hatipoglu N, 2007  
8. Fernandez JR, 2004  14. Eisenmann JC: 2005  
9. Savva SC, 2001    15. Sung RY, 2007 
10. McCarthy HD, 2001   16. Gómez-Diaz RA, 2005 

Table 13. Mean values (cm) of waist circumference in 11 years old children from 11 countries 
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90th Percentile LMS Smoothed for Waist Circumference of girls
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Fig. 7. Waist circumference (cm) at the 90th percentile in girls from 11 countries 

90th Percentile LMS Smoothed for Waist Circumference in boys
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Fig. 8. Waist circumference (cm) at the 90th percentile in boys from 11 countries 

4. Conclusions 
In 4473 children and 6829 adolescents from Germany, Iran and Brazil the mean prevalence 
of increased waist circumference (≥ 90th percentile) was 7.0% respectively 10.5%. Increased 
waist circumference (≥ 90th percentile) is a clinically accessible diagnostic tool and a measure 
of central obesity that is essential for the global IDF definition of the metabolic syndrome 
(Zimmet et al. 2007). For adolescents aged 10 years and older  increased WC and two or 
more other features like hypertension, hyperglycaemia, hypertriglyceridemia, and low 
HDL-Cholesterol are diagnostic.  
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The relatively homogeneous WC mean values in adolescents of the three different 
ethnicities in the BIG Study (Schwandt et al., 2010) are far lower than WC mean values of 
adolescents from USA describing 79.6±12.5 cm in males and 78.8±11.7 cm in females 
(Jolliffe and Janssen, 2007). These considerable differences between 2906 male and 3116 
female US adolescents and 3409 male and 3328 female BIG adolescents might be explained 
by different age ranges (12-20 years vs. 10-<16 years), different periods of data collection 
(1988-2002 vs. 2000-2008) and/or different measure points (iliac crest vs. mid-point 
between lowest rib and iliac crest). Furthermore, heterogeneity of the study populations 
might have affected the outcome since The National Health and Nutrition Examination 
Surveys NHANES are nationally representative cross-sectional including Hispanic, Black 
and White participants.  
This comparison of two large cross-sectional studies demonstrates the outstanding 
importance of comparable design and methodology of the studies. The main strength of 
the BIG study is that original data of a very large number (11,273) of children and 
adolescents from Germany, Iran and Brazil of youths from three continents were 
measured and evaluated by the same methodology. One limitation of the study is that 
genetic and environmental effects (e.g. physical activity, nutrition and second hand 
tobacco smoke exposition respectively active smoking) on anthropometric measures are 
not included. 
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1. Introduction  
The mother's nutritional and metabolic environment is critical in determining not only the 
success of reproduction but also for the future health of the newborn. Maternal genetics, 
maternal diet during pregnancy, lactation and infant feeding in the early stages of life can 
have long-term effects on children's health and may predispose to diseases such as 
obesity. The term "programming“ has been used to describe the process by which stimuli 
or manipulations applied during critical or sensitive periods of development and 
organogenesis can cause changes in the long term in structures and functions of the body, 
compromising the future health of the individual (Barker, 1994; Lucas, 1994; Symonds et 
al., 2007). The concept “programming” defines the genetic, diet, nutrition and habits in the 
early stages of life for the pregnant mother and child, which are main factors influencing 
the optimal neurological and psychological development of children (Dunstan et al., 2008; 
Helland et al., 2003; Hibbeln et al., 2005; Wells, 2007) and the development of diseases in 
adulthood (Lucas, 2005; Wells, 2007) such as diabetes (Fernández-Twinn & Ozanne, 2006), 
obesity (Budge et al., 2005; Koletzko, 2006), cardiovascular disease (Feldt et al., 2007), 
some types of cancer (Key et al., 2004) and bone diseases (Sayer & Cooper, 2005) (Figure 
1). 
 

 
Fig. 1. The different factors that can affect the long-term health of the newborn 

Studies have shown that maternal nutrition during pregnancy (Krauss-Etschmann et al., 2007; 
Lucas, 2005), breastfeeding (Koletzko, 2006) and complementary feeding can influence 
children's development and long-term health (Demmelmair et al., 2006). It has also been 
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demonstrated that birth weight can have a significant effect on the interaction between fat 
and muscle metabolism (Symonds et al., 2006).  

2. Programming of obesity from early stages in life 
In the early 50's, Widdowson & McCance, 1963, began to study in animal models the 
influence of pre- and postnatal diet on the development of obesity. These researchers found 
that rats born with low weight and subsequently overfed during postnatal life, developed a 
large size and body weight in adulthood; the rats overfed during early lactation, showed 
high concentrations of insulin and cholesterol. Since then, numerous studies have shown 
that obesity, a plague in Western countries, may have its roots before birth (Cottrell & 
Ozanne, 2008). However, much remains to be elucidated about how the human body 
records these impressions. Given that obesity is primarily a disorder of energy balance, 
where energy intake exceeds energy expenditure, its mechanisms may involve the 
regulation of appetite and a disruption of energy expenditure together with an alteration of 
tissue metabolism and physical activity (Taylor & Poston, 2007). 
Currently there is scientific evidence from both epidemiological and animal studies 
suggesting that programming of obesity is caused by environmental influences that occur 
from the embryonic stage to neonatal life and childhood. Studies in animal models show 
that the foetus and newborn may be receiving different hormonal and dietary insults that 
converge in a common phenotype of hyperphagia, obesity, impaired adipocyte function and 
alteration of physical activity. Although the programming of obesity is clearly a 
multifactorial process, the diversity of models with a common goal allows suggesting some 
common metabolic pathways. The change in adipocyte development and the stimulation of 
the secretion of glucocorticoids seems to play an important role in the plasticity of the 
hypothalamus at the end of gestation and early postnatal life and is also clearly involved in 
programming appetite and metabolism to establish a higher body weight, which may or 
may not be adjusted over time (Taylor & Poston, 2007). 
Different mechanisms during critical stages of development may be involved in the early 
programming of adult obesity, including:  
1. Impairment of placental function, 
2. Formation of foetal adipose tissue and regulation of leptin synthesis and secretion 

before birth (McMillen et al., 2006; Singhal et al., 2002),  
3. Some genes related to the development of obesity: FTO, INSIG 2, MC4R, Pro12AlA and 

PPARγ2 Ala12Ala, LEP, POMC polymorphisms C8246T and C1032G, ... (Creemers et al., 
2008; Hinney et al., 2007; Loos et al., 2008) and epigenetic alteration of the foetal genome, 

4. Prenatal nutrition, birth weight and growth rate in postnatal life (McMillen et al., 2006).  
5. Programming the neuroendocrine network that regulates appetite (Breier et al., 2001; 

López-Soldado et al., 2006; Ozanne & Hales, 2002).  

2.1 Impairment of placental function 
The placenta is the first of the foetal organs to develop and has several fascinating and critical 
functions by which it plays a direct part in foetal programming. Pre-pregnancy obesity is 
related to established hypertension and in some cases undiagnosed type 2 diabetes (“Diabesity”) 
and it is associated with increased risk of placental dysfunction and foetal death as gestation 
advances. Epidemiological evidence has linked low birth weight and low placental weight to 
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foetal programming. So, foetal growth and the long-term determination of the future offspring 
are intimately linked to the regulation of the main functions of the placenta.  
There is some evidence which suggest that a child of an obese or diabetic mother may suffer 
from exposure to a sub-optimal in uterus environment and that these early life adversities 
may extend into adulthood. Also, the development of gestational diabetes (GDM) is 
associated with a shift in the concentration of several hormones, cytokines, metabolites, and 
growth factors that may subsequently alter placental morphology and function with very 
serious consequences (Hiden & Desoye, 2010). One primary mechanism that linked 
maternal nutritional status and the predisposition of metabolic disease is related to altered 
placental functionalities (Farley et al., 2009). Maternal obesity in humans determines an 
increase of placental and adipose tissue macrophage infiltration, and also an increase of 
CD14+ expression in maternal peripheral blood mononuclear cells (PBMC) and maternal 
hyperleptinemia. It seems that chronic inflammation state of pre-gravid obesity is extending 
to in uterus life with accumulation of a heterogeneous macrophage population and pro-
inflammatory mediators in the placenta (Challier et al., 2008). The resulting inflammatory 
milieu in which the foetus develops may have critical consequences for short and long term 
programming of obesity (Farley, 2009).  
Foetal nutrient delivery depends on the complex interaction of maternal uterine and foetal 
umbilical blood flow, nutrient supply, placental microstructure and transport capacity.  
The placenta is an important regulator of foetal growth, due to its roles in nutrient supply to 
the foetus, removal from the foetus of metabolic waste and hormone production (Higgins et 
al., 2011). The role of the trophoblast (both amount and function), in placental transporter 
activity, hormone production and substrate metabolism is being recently investigated. There 
is evidence that changes in the activity and expression of trophoblast nutrient and ion 
transporters are fundamental in determining foetal growth and the molecular mechanisms 
regulating trophoblast transporters, which are directly related to the development of 
pregnancy complications and foetal programming of cardiovascular and metabolic disease 
(Roberts et al., 2009). The concept of the placenta as a “nutrient sensor” has been reported by 
Jansson and Powell, 2007, introducing the idea about how the placenta coordinates nutrient 
transport functions with maternal nutrient availability. Thus the ability of the maternal 
supply line to deliver nutrients (i.e. placental blood flow, maternal nutrition, substrate and 
oxygen levels in maternal blood, etc.) regulates key placental nutrient transporters. With this 
perspective, placental transport alterations represent a mechanism to match foetal growth 
rate to a level which is compatible with the amount of nutrients that can be provided by the 
maternal supply line, making the placenta a key player in the regulation of foetal growth and, 
as a consequence, foetal programming.  

2.2 Foetal adipose tissue formation  
The period covering uterine implantation and rapid placental growth is a critical window of 
organogenesis. During this period there is a marked cell division within developing 
organelles preceding the structural development of many foetal tissues. Adipogenesis, 
which begins in uterus and accelerates in the neonatal period, is the leading candidate for 
the development of programming. In humans, after a short period of fat deposition during 
childhood, there is a rapid acceleration around 6 years, which will be relevant in case of a 
premature development of fatty tissue mass (before 5.5 years) in children, because it is 
associated with an increased adult obesity (Eriksson et al., 2002). 
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Currently there is evidence from studies both in humans and in sheep, that the synthesis 
and secretion of hormones produced by adipocytes such as leptin already have regulatory 
mechanisms in foetal life (Symonds et al., 2003). Small perturbations in the foetal adipose 
tissue growth and endocrine sensitivity may have important long-term effects (Symonds et 
al., 2004). The magnitude of these and subsequent changes in adipose tissue are determined 
by the maternal and foetal nutritional environment. The consequences depend on the stage 
where the change occurs, either in embryogenesis, the formation of the placenta or during 
foetal development. All three are critical windows and it has been shown that neural 
development and cardiovascular function are more sensitive to the influences during the 
embryonic period, whereas the renal system is more affected during placental development 
and adipose tissue is more affected in the stage of foetal development (Symonds et al., 2007). 
In humans, adipose tissue has its origin during the early stages of foetal life; during normal 
foetal development two adipocyte cell lines, white and brown (brown) will develop (Moulin 
et al., 2001). Foetal fat exhibits characteristics of both cell lines, showing an ontogenetic 
increase of the specific uncoupled protein (UCP-1) of brown adipose tissue (Clarke et al., 
1997), along with a modest increase in leptin synthesis, produced primarily by white 
adipocytes. Foetal adipose tissue is formed by the combination of multilocular and 
unilocular cells (Yuen et al., 2003), of which the latter have few/ no mitochondria (Figure 2).  
 

↑ Circulating Leptin OB-Rb

unilocular multilocular ↓unilocular ↓Leptin RNAm

↑Protein UCP-1↑ multilocular

Foetal adipose tissue

 
Fig. 2. Schematic diagram with a summary of the potential effects of increased circulating 
leptin concentrations on the structural and functional characteristics of foetal adipose tissue 
(modified from Yuen et al., 2003).  

However, the proportional concentration increases after birth to have white adipose tissue 
as dominant. In lambs, after birth, there is an important endocrine stimulation that inhibits 
the synthesis of UCP-1 to undetectable levels at a month of life (Symonds et al., 2004). The 
decrease in UCP-1 is parallel to an increase in plasma leptin and the mRNA for the leptin 
synthesis for around the first week of life (Bispham et al., 2002) (Figure 3). The increased 
deposition in adipose tissue after the first week takes place independently of any change in 
leptin.  
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EARLY NUTRITION 
PROGRAMMING

PRENATAL LIFE
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Deposition in adipose 
tissue

NUTRITION

ENVIRONMENT  
Fig. 3. Changes in the production of UCP1 and leptin during foetal and postnatal life. 

It has been observed in sheep that a reduction in caloric intake of 50% during the period of 
implantation and placental development profoundly affects placental growth and 
morphology to a reduction of placental weight (Clarke et al., 1998). This takes place together 
with a low capacity for inactivation of maternal cortisol by the enzyme 11 hydroxysteroid 
dehydrogenase type 2 (11 β -HDS-2) (Whorwood et al., 2001), which occur in response to 
declining maternal plasma cortisol (Bispham et al., 2003). Gene expression in the placenta of 
both glucocorticoid receptors and uncoupled mitochondrial protein 2 (UCP-2) increases and 
this could partly contribute to the reduction that accompanies the decreased proliferation of 
placental cells after nutritional restriction (Gnanalingham et al., 2007). Birth weight, 
however, is not altered by this dietary manipulation and, although it has more fat, this 
adaptation does not persist into adulthood even though obesity is developed. It is unclear 
how the mother may influence foetal adipogenesis and determine the time of the "fat 
rebound," but there is evidence of programming of the morphology and metabolism of the 
adipocyte. Like many other type of tissues, adipose tissue has the potential to grow 
limitlessly. But this diet-induced growth increases the number of fat cells in an apparently 
irreversible manner (Corbett et al., 1986). It should be expected a direct influence on the 
development of hyperplasia or fat hypertrophy in the baby after a maternal hipernutritive 
diet, because glucose is the major metabolic precursor of lipid synthesis; the direct infusion 
of glucose in the foetus is accompanied by a parallel increase in fat mass (Stevens et al., 
1990), but the persistence of this effect into adulthood is not defined. Adipocyte hypertrophy 
also occurs in rats after weaning when the mothers were subject to pleasant diets during 
pregnancy and lactation (Bayol et al., 2005).  

2.3 Genetic factors 
Any molecular mechanism that justifies the programming of obese adult phenotype 
development must explain how early environmental stress can determine persistent 
molecular changes that give rise to profound damage that will affect health in adulthood.  
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2.3.1 Epigenetic programming of mitochondrial and nuclear genome 
One of the molecular mechanisms by which maternal nutrition and metabolic status can 
influence foetal programming is the epigenetic alteration of foetal genome. These alterations 
may involve chromatin remodelling and regulation of gene expression. The characteristics 
of mitochondria in development are particularly suited to translate the early stress 
associated with development programming in the form of cellular dysfunction that can be 
observed in later periods of life. The levels of mitochondrial DNA (mtDNA) are exquisitely 
sensitive to environmental stress, and a suboptimal environment can produce a reduction in 
the quantity and quality of mtDNA by increasing the rate of mutations (Graziewicz et al., 
2006; Taylor et al., 2005). Recent publications from human studies (Ruiz-Pesini et al., 2004; 
Wilson et al., 2004) and in experimental models of obesity and diabetes (Wisloff et al., 2005) 
imply that altered mitochondrial function at least contributes to the development of obesity 
and related conditions. MtDNA mutations are tolerated for many years before exceeding the 
threshold level of damage (Chinnery et al., 2002), which would explain the long-term 
influence of mitochondrial function with implications, in particular, on energy expenditure 
(Taylor et al., 2007; Wisloff et al., 2005).  

2.3.2 Altered state of methylation 
Persistent epigenetic changes in methylation status of nuclear DNA (nDNA) can deeply 
influence the programming of obesity (Blewitt et al., 2006; Lillycrop et al., 2005; Ollikainen et 
al., 2010; Waterland, 2006). In addition, the potential neurotrophic action of leptin can 
programme the genes involved in regulating centres of appetite and energy expenditure in the 
developing hypothalamus (Bouret et al., 2004). The alteration of methylation status in very 
early embryonic development may also contribute to the obese phenotype observed in embryo 
transfer and cloning processes. (Sakai et al., 2005). There is evidence that early nutrition has an 
effect on DNA methylation. Studies have shown that promoter DNA methylation of 
PPARGC1A, PPARG, and Tfam genes may be associated with newborns’ anthropometric and 
laboratory variables, and with their mothers’ pre-pregnant BMI. This suggests that maternal 
obesity may influence the offsprings’ metabolism throughout several mechanisms, among 
them epigenetic regulation of many genes, such as PPARGC1A promoter methylation, and so 
the baby might be at risk of becoming obese in later life (Gemma et al., 2009). Early 
malnutrition (both under nutrition and overweight) with respect to methyl donors can cause 
what is known as “epigenetic aging”, contributing to increased susceptibility to diseases present 
in adult life (Waterland & Jirtle, 2004). There is convincing data from animal models 
(Champagne et al., 2006; Lillycrop et al., 2008) and experimental data in human studies 
(Bjornsson et al., 2008; Christensen et al., 2009). The results of human studies strongly suggest 
an effect of prenatal exposure to adverse environments (such as exposure to famine or dietary 
supplementation) in determining the level of DNA methylation present in the offspring, 
specifically at imprinted genomic regions implicated in regulating foetal growth (Tobi et al., 
2009). Rapid growth may lead to postnatal changes in programming the expression of some 
genes that had been predetermined in uterus. It has been shown that increased expression of 
insulin receptors is present in the offspring of rodents subjected to protein restriction (Martin-
Gronert & Ozanne, 2005). The genetic susceptibility to insulin resistance or β cell dysfunction 
causes changes in foetal growth mediated by insulin, which results in a low birth weight and 
increased risk of developing type 2 diabetes in adulthood (Hattersley & Tooke, 1999). Insulin is 
a hormone promoter of foetal growth; insulin concentrations are positively related to glucose 
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levels in the foetus and birth weight. Since insulin acts both as a signal for normal energy 
balance and as antilipolytic agent, changes in the signs of insulin may have an effect on 
appetite and obesity. Three genes or DNA common loci have been identified and can be 
replicated as candidate genes regulators in the development of obesity: FTO, INSIG 2, MC4R 
(Hinney et al., 2007). Still, 4 of the most studied genes are involved in the development of 
foetal and postnatal adipose tissue, of which two are receptors, glucocorticoid receptor - GR, 
and the activated receptor for proliferation of peroxisome - PPAR (Robitaille et al., 2004), and 
two are metabolic enzymes, the 11 β-dehydrogenase type I hidroesteroide or 11 β-HSD-1 (Itoh et 
al., 2004) and 11 β-dehydrogenase type II hidroesteroide - 11 β-HSD-2 (Nuñez et al., 1999).  
Persistent alteration in the expression of any of the many proteins that influence the 
development of adipocytes and lipolysis (i.e. PPAR-γ) can exert a permanent influence on 
adipocyte proliferation and cell hypertrophy processes. PPAR-γ proteins are the main 
regulators of adipocyte differentiation and have been considered important factors in 
controlling insulin sensitivity throughout the body. The PPAR-γ 1 and PPAR-γ 2 are generated 
from the same gene by alternative promoter usage and mRNA (Fajas et al., 1997). However, 
little is known about the regulation of PPAR-γ gene expression in human tissues (Rosado et al., 
2006). The PPAR-γ are members of a nuclear receptor super family that heterodimerize with 
acid receptor 9-cis-retinoic acid (RXR) and is linked to specific response elements in promoter 
regions of target genes to change their rate of transcription (Kliewer et al., 2001). In humans, it 
can be differentiated in 28 amino terminals, but have the same binding domain. PPAR-γ 1 is 
preferentially expressed in adipocytes, but also in other cell types and tissues such as colon, 
epithelial cells of the gastrointestinal tract (Lefebvre et al., 1999), kidney, macrophages (Ricote 
et al., 1998) and, at a smaller extent, in skeletal muscle. In contrast, the expression of PPAR-γ 2 
mRNA is largely restricted to adipocytes. PPAR-γ proteins are the main regulators of 
adipocyte differentiation (Lowell, 1999) and have been considered important factors in 
controlling insulin sensitivity throughout the body. The altered expression of adipocyte 
proteins has been demonstrated in mothers suffering from malnutrition {(adipocytes of lambs 
subject to a restrictive diet in prenatal life show an increase in the expression of 11 β-HSD-1 
and GR}, which leads to increased exposure to cortisol and increased proliferation of 
adipocytes (Reynolds et al., 2001; Gnanalingham et al., 2005). Human studies have shown that 
the expression of 11 β-HSD-1 in subcutaneous fat is correlated with BMI, suggesting a potential 
therapeutic role of selective antagonists in humans (Wake &Walker, 2004). The programming 
of PPAR-γ has been demonstrated in the liver of children exposed to a diet deficient in protein 
during foetal life and has been linked to an altered state of methylation (Lillycrop et al., 2005). 
These are potentially important molecular targets in programming the development of obesity 
and have yet to be explored in depth.  

2.3.3 Mutation in the leptin gene.  
Leptin is an adipocyte-derived hormone that suppresses food intake and increases energy 
expenditure by binding to and activating its specific receptor in the hypothalamus. 
Monogenic mutations in the leptin gene (LEP) and the leptin receptor gene (LEPR) have 
been shown to cause morbid obesity in mice (Oswal & Yeo, 2007) and humans (Beckers et 
al., 2009). The leptin gene is positioned in the chromosome 7q22-35 and is the most 
prominent candidate gene linked to body mass index (BMI). The leptin receptor, also 
identified as the diabetes gene product, is a single transmembrane protein that is established 
in many tissues and has several alternatively spliced isoforms. 
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There is little epidemiological evidence for an association between circulating leptin and 
obesity. It has been shown that small-for-gestational age and preterms have lowered leptin 
levels. Family history of obesity has been correlated with high umbilical cord levels of leptin 
(Hanley et al., 2010). Several studies investigated the impact of single nucleotide 
polymorphisms (SNPs) in the LEP or LEPR genes on adiposity markers, but the results are not 
conclusive (Paracchini et al., 2005). In addition, the association between these SNPs and body 
size at birth has been little studied (Souren et al., 2008), and whether body size at birth 
interacts with LEP and LEPR polymorphisms and later adiposity is unknown. There are 
however some SNPs of LEP gene involved in obesity physiopathology, such as A19G, A2548G 
in LEP gene, and Q223R in LEPR gene. It seems that mutations in the leptin gene lead to 
defective leptin production and cause recessively inherited early onset obesity (Mammes et al., 
1998). Obese individuals homozygous for the G-allele showed significantly lower leptin 
concentration compared to obese patients either heterozygous or homozygous for the A-allele 
after correction for BMI (Jiang et al., 2004). Recently, it has been shown that LEP -2548GG 
genotype appears to be important in regulating leptin levels, whereas the LEPR 223R allele 
might predispose healthy subjects to develop metabolic disturbances (Constantin et al., 2010). 
Mutations of the promoter or the regulatory sites could affect the expression of LEP and 
explain the linkage of obesity with the microsatellite markers (Mammes et al., 1998). The 
frequencies of the LEP G/G homozygote (with Mendelian recessive and codominant models) 
were showed to be higher in the extremely obese subjects (BMI 35 kg/m2) (Wang et al. 2006). 
The common G allele of G-2548A is overtransmitted in the obese offspring (Jiang et al. 2004b). 
G-2548A was associated with a difference in BMI reduction following a low calorie diet in 
overweight women (Mammes et al., 1998). The G−2548A substitution either is located in a 
regulating site specific for LEP and a mutation created probably correlates with regulating of 
the promoter regions. It must be confirmed that genetic variations at the LEP locus induce 
changes in leptin levels or metabolism, and that these changes are associated with differences 
in the predisposition to obesity or in the response to a low-calorie diet. None of these variants 
were associated with BMI in subjects on spontaneous diet (Mammes et al., 1998). The protein 
encoded by LEPR gene belongs to the gp130 family of cytokine receptors that are known to 
stimulate gene transcription via activation of cytosolic STAT proteins. This protein is a 
receptor for leptin and is involved in the regulation of fat metabolism, as well as in a novel 
hematopoietic pathway that is required for normal lymphopoiesis. Mutations in this gene have 
been associated with obesity and pituitary dysfunction. Alternatively spliced transcript 
variants encoding different isoforms have been described for this gene. In the 223 codon in 
mRNA sequences the mutation CAGCGC was detected, that corresponds to GlnArg 
change in peptide molecule. In humans, Gln223Arg polymorphisms of LEPR have been 
associated with higher blood pressure levels, hyperinsulinaemia, glucose intolerance and 
higher BMI. Gln223Arg polymorphism is within the region encoding the extracellular domain 
of the leptin receptor and may change functional characteristics of this molecule This mutation 
results in abnormal splicing of leptin-receptor transcripts and generates a mutant leptin 
receptor that lacks both transmembrane and intracellular domains. The mutant receptor 
circulates at high concentrations, binding leptin and resulting in very elevated serum leptin 
levels (Lahlou et al., 2000). The association of the LEPR p.Q223R polymorphism with obesity 
was related to the co-dominant and dominant model, but not with the recessive model. There 
is the hypothesis that the p.Q223R LEPR variant is associated with a BMI increase. It has been 
proposed the hypothesis that variation of LEPR is participating in the union with leptin and 
influence on leptin serum levels. Therefore, leptin levels can influence on iron metabolism.  
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2.4 Impact of prenatal nutrition and birth weight on programming and the 
development of obesity  
Changes in nutritional intake for both mother and foetus may have a profound effect on a 
range of metabolically important tissues. These mechanisms have the potential to protect the 
newborn against the adverse effects on the development of later obesity and its 
accompanying complications (Sébert et al., 2008). There is a potential impact of the prenatal 
nutritional experience on the development of endocrine and neuroendocrine systems that 
regulate energy balance, with particular emphasis on the role of hormones produced by 
adipocytes, especially leptin. In rodents, maternal leptin exerts a strong influence on the 
development of the appetite-regulating neural network and the consequent regulation of 
leptin synthesis and the risk of obesity in children. Recently, there is evidence, both in 
humans as in lambs, that the synthesis and secretion of the hormones produced by 
adipocytes like leptin already have regulatory mechanisms in foetal life (Symonds et al., 
2003). Furthermore, hypothalamic neuropeptides that regulate food intake and energy 
expenditure in adulthood, are also present in the foetal brain and may regulate, through 
maternal reference levels, the foetal nutrient uptake and hormonal signals, including leptin. 
These results are important to determine what mechanisms are developed in the "fat tissue-
brain axis' at the beginning of life, which will precede the development of adult obesity 
(McMillen et al., 2006).  
The effect of maternal diet on the basal metabolism of children is still largely unknown and 
it has only been studied superficially in models of malnutrition. Yura et al., 2005, have 
demonstrated conclusively the dietary induction of thermogenesis in adult mice born from 
mothers with nutritional restriction during gestation (Yura et al., 2005), verifying a 
reduction in oxygen consumption and carbon dioxide production compared with control 
animals when a diet high in fat is maintained. The administration of leptin during 
pregnancy and lactation in pregnant rats subjected to protein restriction determines 
offspring with increased metabolic rate resistant to obesogenic diets (Stocker et al., 2004). It 
has also been shown in lambs that protein restriction during pregnancy program abnormal 
thyroid function in the offspring, which influences basal metabolic rate (Rae et al., 2002). In 
addition, this animal model has also shown that changes occur in fat mass and 
mitochondrial function in foetal adipose tissue, associated with an alteration of 
thermogenesis (Symonds et al., 2004). Polyunsaturated fatty acids of the n-3 series, especially 
docosahexaenoic acid (C22: 6 n-3, DHA), play an important role in the prevention of certain 
diseases including type 2 diabetes, insulin resistance, hypertension, cardiovascular disease, 
and so on. (Simopoulos, 1999). The n-3 fatty acids ingested in diet can alter the composition 
of the phospholipids of the cell membrane, determining the synthesis of eicosanoids and 
regulate their activity. Recent studies suggest that these fatty acids are important mediators 
of gene expression through activation of PPARs by controlling the expression of genes 
involved in lipid metabolism, glucose and adipogenesis (Jump, 2002; Lombardo et al., 2006). 
The increase of palmitic acid and saturated fatty acids in plasma triglycerides in newborns 
of diabetic mothers, along with the decrease in polyunsaturated fatty acids n-3 series and n-
6, suggest metabolic pathways in this population may program obesity.  
It has been seen in studies with pigs that birth weight has important implications on the 
development of skeletal muscle and adipose tissue (Mostyn et al., 2005). An important 
regulator of the metabolism of these tissues is the transport of fatty acids from the plasma 
membrane to intracellular organelles. This process of fatty acid utilization is carried out by the 
family of fatty acid binding proteins (FABP) that regulate the range of cellular processes. It has 
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been observed a profound alteration of gene expression of FABP4 and FABP3 in adipose tissue 
and skeletal muscle between normal newborns and small and large for gestational age, 
indicating impaired fatty acid utilization. These adaptations are related to differences in the 
size of adipocytes and could be indicators of the degree of metabolic disease appearing in 
adult life due to differences in deposition and fat metabolism in infants that are not in the 
normal weight percentiles for gestational age (Sébert et al., 2008). Moreover, few studies have 
investigated the activity of newborns prenatally exposed to maternal obesity or a state of over 
nutrition; however malnutrition during gestation followed by a nutritionally rich postnatal 
state, determines the children's programming appetite showing hyperphagia and reduced 
locomotor activity, associated with obesity (Vickers et al., 2000, 2003). An animal model where 
mice were fed a diet rich in polyunsaturated fatty acids through gestation determined an 
increase in motor activity in the offspring (Raygada et al., 1998). In another animal model in 
which mothers were fed a diet saturated in fats, it was observed the programming of reduced 
locomotor activity (Khan et al., 2003). These studies suggest that the fatty acid composition of 
maternal diet is crucial in programming activity levels and therefore energy expenditure.  

2.4.1 Birth weight and obesity in adults 
The relationship between birth weight and adiposity, measured in childhood and 
adulthood, is generally positive, although some studies have shown a parabolic relationship 
with J or U shape between birth weight and adult fat mass, with high prevalence of obesity 
that would occur in individuals with low or high birth weight (Parsons et al., 2001). A 
determinant factor for health and longevity is the index “placenta / foetal size”. Foetuses 
with a placenta disproportionately large or small have increased standardized mortality 
rates. In newborns it has been demonstrated the presence of a positive correlation between 
plasma leptin concentrations in cord blood and birth weight or neonatal adiposity. In 
pregnancies complicated by maternal diabetes, the foetus is hyperglycemic and 
hyperinsulinemic and hiperleptinémic (Cetin et al., 2004). Alterations in the programming of 
leptin synthesis, its secretion or its mechanisms of action, may be decisive in the early 
origins of obesity on nutritional exposure after both above and below the requirements in 
the foetal or neonatal early life. It has been suggested that the influence of maternal weight 
on the relationship between birth weight and increased BMI may operate through the 
impact of high maternal nutrient intake and high foetal uptake.  
The hypothesis of teratogenesis mediated by the passage of energy substrates to the foetus 
(Freinkel, 1980), suggests that in women with gestational diabetes, uterine foetal exposure to 
excess energy nutrients such as glucose will determine a permanent change in foetal 
metabolism, causing malformations, increased birth weight (macrosomy or neonatal obesity), 
and an increased risk of developing type 2 diabetes in adulthood (Boney, 2005; Silverman et al., 
1995). However, despite considering the theory of excess maternal nutritional intake as a cause 
of foetal macrosomy in children of diabetic mothers, the current diagnostic criteria for 
gestational diabetes may not be sufficient to differentiate between diabetogenic and non-
diabetogenic pregnancies (Simmons et al., 2002 ). In the case of obese mothers with glucose 
intolerance, especially in diabetics, the maternal and foetal plasma levels of glucose are higher, 
causing higher birth weight in children and higher BMI in adulthood with a high risk of 
developing obesity and glucose intolerance (King, 2006; McMillen et al. 2006) (Figure 4). 
Therefore, the genetic base and the intrauterine/neonatal nutritional environment will 
condition a hormonal response that can lead to the development of morbidity from overweight. 
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Fig. 4. Potential mechanisms explaining the relationship between high birth weight and 
adult obesity (Modified from McMillen, 2006). 

The manipulation of both metabolic and hormonal environment in the mother as a result of 
decreased dietary intake at the end of pregnancy may act by determining the reduction of 
adipose tissue deposition in the foetus. Exposure to a reduced supply of nutrients during 
the first trimester of pregnancy, as occurred in the Dutch Winter Famine in 1944-1945, also 
determines an increase in fat mass in adulthood (Ravelli et al., 1976). Infants born small for 
gestational age (SGA) also show a marked reduction in body fat mass at birth, which mainly 
reflects the decrease in lipid accumulation in adipocytes (Levy-Marchal et al., 2004). While 
plasma leptin concentrations are low at birth in infants with intrauterine growth retardation, 
it increases to a high level compared with infants with normal birth weight (Jaquet et al., 
1999). Children with low birth weight and malnourished at birth, and subsequently 
experience a period of very rapid growth during the first months of life, are more vulnerable 
to developing obesity, insulin resistance and cardiovascular disease (Eriksson et al., 2002 ) 
(Figure 5). Newborns with low birth weight for gestational age tend to have a lower BMI in 
adulthood than those who were large at birth; furthermore, the latter show a more central 
distribution of obesity, a significantly reduced muscle mass and a high body fat in 
adolescence and adulthood (Loos et al., 2001, 2002).  
It is now known that infants with low birth weight are candidates for the development of 
obesity from age five. This fact directly related to a relative oversupply of nutrients in the 
neonatal period "economic-saver phenotype" of Barker (Gluckman et al., 2004; Hales & Barker et 
al., 2001). As a result, small perturbations in the foetal adipose tissue growth and endocrine 
sensitivity can have important long-term consequences. When in uterus, the foetus has been 
subjected to nutritional restriction and postnatal exposed to an obesogenic environment the 
baby will show an amplified insulin response that is not accompanied by other physiological 
or metabolic adverse responses for the development of obesity; It has even been observed that 
the kidneys seem to be protected against the adverse effects after induced obesity like 
glomerulosclerosis (Williams et al., 2007). One of the factors that seem to be important in renal 
protection is the magnitude of cellular adaptation to the cell stress of the perivisceral fat, which 
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is upregulated in newborns of mothers who had nutritional restriction during gestation. 
However, during adolescence, fat mass increases and these children are insulin resistant even 
though basal insulin is not impaired (Mostyn et al., 2005). Potentially adverse effects do not 
seem to be amplified after exposure to an obesogenic environment.  
 

 
Fig. 5. Potential mechanisms explaining the relationship between low birth weight and 
obesity and metabolic syndrome in adults (Modified from McMillen, 2006). 

The growth rate during early postnatal life may also influence the long-term health of an 
individual. The increase of the growth rate in the early postnatal period, also called "catch-up 
growth" is present in 30% of all children in any population well fed and occurs primarily in 
those who were underweight and had low length at birth. It has been suggested that the 
"catch-up" that occurs in the first 2 years is a mechanism that aims to restore the size that the 
child was supposed to have genetically. However, even though it presents short-term benefits, 
this situation is not positive in the long term because these children are going to exceed their 
genetic established target and will develop elevated body mass index and fat accumulation in 
the trunk. Levels of IGF-1 at 5 years of age are directly related to weight gain between 0 and 2 
years (McMillen et al., 2006). Sayer, et al. have shown that infants suffering from intrauterine 
growth retardation and low birth weight develop alterations of body composition in adult life 
(Sayer et al., 2004). There is scientific evidence that nutrition in early postnatal life plays a role 
in the ability of leptin synthesis by adipocytes. It has been observed that the leptin / fat mass 
indices in teenagers is significantly higher in those who received enriched formula in 
comparison with those who received standard formula or human milk (from milk Banks) after 
a preterm birth. (Singhal et al., 2002). The protective effect of maternal milk on the 
development of obesity has also been widely tested (Koletzko et al., 2005; Li et al., 2003).  

2.5 Programming of appetite 
The action of the hypothalamus in controlling food intake is widely recognized, but only 
recently it has been shown to be an essential part in development programming associated 
with neonatal exposure to high-caloric diets (Cripps et al., 2005; McMillen et al., 2005; 
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Plagemann, 2005, 2006). In rodents, the hypothalamic nucleus continues to differentiate until 
day 20 of postnatal life (Grove et al., 2005); this period is therefore critical for studying the 
expression of key regulatory neuropeptides and receptors in the hypothalamus, the 
expression of which is permanently programmed through maternal-foetal dietary factors. 
The investigation of postnatal neuronal development in these animal models is directly 
relevant and applicable to other species, even for humans, since the extent of neuronal 
development also occurs in breast-feeding with hypothalamic maturation that begins at the 
uterus and continues in early postnatal life.  

2.5.1 Central regulation of appetite 
Neural circuits that mediate homeostatic functions such as eating patterns are distributed by 
various brain structures. Within these there are specific regions of the hypothalamus like the 
arcuate nucleus (ARC), ventromedial nucleus (VMN) and the lateral area. The solitary tract 
nucleus (STN) is also involved in food regulation. Neurons in this nucleus receive signals 
from vagus nerve with satiation stimulus. STN neurons have reciprocal connections with 
the forebrain areas such as the paraventricular nucleus (PVN) and the substrates have to 
respond to hormonal central effector peptides involved in energy homeostasis {(MC4 
receptors, leptin receptors, and neurons containing propiomelanocortin (POMC)}. The 
hypothalamus is part of a system which integrates the regulation of body composition with 
food intake and energy expenditure. A series of stimuli in different systems related to the 
metabolic state are received in the hypothalamus, which modulate the release of 
hypothalamic peptides that regulate food intake and hypothalamic pituitary axis. 
The main hypothalamic areas involved in the regulation of eating behaviour are: 1) The 
VMN, where a possible lesion produces voracity and obesity. 2) The lateral hypothalamic 
area (LHA), whose injury produces decreased nutritional intake and anorexia. 3) The PVN, 
which receives information from other brain nuclei related to intake. 4) The ARC, whose 
neurons produce peptides that regulate food intake, stimulating it - as the neuropeptide Y, - 
or inhibiting such as POMC / transcript regulated by cocaine and amphetamine (CART). The 
two circuits send their signals primarily to PVN and also to other hypothalamic nuclei 
which directly modulate eating behaviour. Both circuits are influenced by peripheral 
hormones that can cross the hematoencephalic barrier. These cores are interconnected and 
the circuits generated in this brain area have a specialized role in energy homeostasis. The 
hypothalamus also receives different stimuli from the central nervous system (vagal and 
catecholaminergic), hormonal stimuli (insulin, leptin, cholecystokinin, and glucocorticoids) 
and gastrointestinal hormonal stimuli (ghrelin, peptide YY) (Schwartz & Brain, 2001). 
The ARC is a critical component in the regulation of body weight located adjacent to the 
base of the 3rd ventricle in the mediobasal hypothalamus. Contains neurons that have axon 
terminals in direct contact with blood flow, although protected by the blood-brain barrier; 
these neurons are known as "the first-order neurons." They are able to sense and respond to 
hormonal ranges and nutrient signals such as insulin, leptin, ghrelin and glucose (Schwartz 
& Brain, 2001). There are 2 distinct groups of neurons in the ARC that will regulate energy 
balance. A group of them co-express neuropeptide Y (NPY) and related peptide agouti 
(AgRP), and another group of neurons co-expressing the POMC and CART (McMillen et al., 
2005). The ARC is projected onto other second-order neurons, and these in turn project to 
other neurons of the solitary tract nucleus. Afferents related to satiety are transmitted to the 
STN in turn connected to ARC, via the vagus nerve and sympathetic fibres from the liver 
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and the gastrointestinal tract by peptides such as cholecystokinin (CCK). The connections 
between the ARC and other key sites in the central nervous system are known to regulate 
the dietary intake and energy balance in early postnatal life. Innervations between the ARC 
and PVN are present in the human foetus at 21 weeks gestation, although the density of 
these projections is greatly increased in the postnatal period (Grove et al., 2003).  
Appetite and energy balance are regulated primarily by hypothalamic neuropeptides 
expressed in the adult. Neurons co-expressing NPY / AgRP are part of the energy balance 
anabolic pathway. Both NPY and AgRP are inhibited by leptin and insulin. The increase in 
NPY signals as a result of a decrease in energy balance not only determines hyperphagia 
and weight gain, but also contributes to systemic insulin resistance and glucose intolerance. 
By contrast, AgRP exerts an anabolic effect through antagonism of neuronal melanocortin 
receptors (MC3-R and MC4-R) that are involved in regulating appetite. Prolonged inhibition 
of melanocortin receptors determines weight gain and insulin resistance. The MC4-R 
mutations in humans are associated with obesity phenotypes (McMillen et al., 2005). In 
overfed newborn rats it has been observed an increase in adiposity (Davidowa & Plagemann, 
2004). It has been shown that the overfeeding of rats with small amounts in the neonatal 
period, determines the development of hyperphagia, fat deposition and accelerates weight 
gain associated with hyperleptinemia and central leptin-resistance at the level of the arcuate 
nucleus (Velkoska et al., 2005). These studies suggest a bad programming of the 
hypothalamus that would take place during lactation. Kozak et al. (2000) have shown a 
direct involvement of the hypothalamus in the programming of obesity, having observed 
that adult offspring of rats fed a diet rich in fat (55% margarine) show an exaggerated 
response to food after injection of Neuropeptide Y (NPY) in the lateral ventricle, eating 
twice more than control animals (Kozak et al., 2000). Prenatal over nutrition in sheep also 
led to a change in appetite regulation in the early postnatal period (Muhlhausler et al., 2006).  

2.5.2 Leptin 
It has been suggested that high concentrations of circulating leptin determine a 
misalignment of the action of leptin and its receptors in the hypothalamus, thus there would 
be a disruption on the route of signal transduction that is required for suppression of 
appetite (Ahima & Flier, 2000). Leptin is synthesized in adipose tissue, with the size of 
adipocytes the determinant factor of this synthesis. Adipose tissue secretes the protein ob 
(leptin) that circulate in the blood reaches the ventromedial nucleus of the hypothalamus 
where it binds to its receptor, encoded by the gene db. This results in a decrease of NPY 
from the ARC, which suppresses appetite and increases the levels of norepinephrine from 
sympathetic terminals that innerve adipose tissue and affect other hormone actions, such as 
insulin secretion (Figure 6).  
Sex is also important; there are higher levels of leptin in women compared to men, for an 
equivalent in mass (Martin-Gronert & Ozanne, 2005). The leptin receptor (ObRb) activates 
the Janus kinase (JAK), which phosphorylates some members of the pathway of signal 
transduction and transcription (STAT). Activation of the leptin receptor also induces the 
expression of suppressor of cytokine signalling--3 (SOCS-3), which in turn inhibits the 
subsequent signal transduction of leptin. The SOCS-3 can also potentially inhibit signals 
from Ins-Rb. In addition, sensitivity to insulin and leptin increases in the SOCS-3 of rats, 
giving them protection against the development of diet-induced obesity. Moreover, SOCS-3 
is a key candidate for the regulator of diet-induced leptin as well as in the case of insulin 
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resistance. The presence of functional leptin receptors in pancreatic β cells and the 
observation that leptin directly inhibits insulin secretion, leads to the concept of "axis 
adipoinsular" (Kieffer & Habener, 2000) by which insulin stimulates adipogenesis and 
synthesis of leptin and leptin inhibits the production of insulin in the pancreas. It is 
proposed that the pancreatic resistance to leptin may be a mechanism that promotes obesity 
often associated with hyperinsulinemia and may contribute to later development of diabetes 
in obese individuals (Seufert et al., 1999). 
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Fig. 6. Adipose tissue secretes the protein ob (leptin) that reaches the blood circulating 
through the hypothalamic ventromedial nucleus where it binds to its receptor, encoded by 
the gene db.  

It has been shown a pivotal role of leptin in the programming of hypothalamic obesity after 
a study where leptin administered subcutaneously in the postnatal period (3-13 days) 
reversed the hyperphagia and obesity in adult rats born of rats with low dietary intake 
(malnutrition) (Vickers et al., 2005). A similar effect has been demonstrated by Yura et al. in 
normal rats observing that the early injection of leptin (8-10 days postnatal) determines an 
obese phenotype in the adult rat (Yura et al., 2005). A study in the developing hypothalamus 
in rats has shown that leptin promotes neuronal growth from the ARC to the 
paraventricular nucleus (PVN) during lactation, promoting a very close connection in 
neuronal hypothalamic regulatory system of appetite. Leptin appears to take part in the 
differentiation of 2 opposing pathways that control energy intake, promoting the 
development of the appetite stimulant NPY and agouti-related peptide projection (AgRP) 
from the ARC to the PVN by neural connections from melanocyte stimulating hormone-(α-
MSH) - appetite suppressant derived from the POMC and present in all neurons (Bouret & 
Simerly, 2006; Horvath & Bruning, 2006).  
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Some programming models have shown evidence of impaired control of the sympathetic 
system (Khan et al., 2003), and a specific programming in neonatal hypothalamus by 
hyperleptinemia may also contribute to increased sympathetic tone that is intended for the 
development of hypertension-related obesity. In established obesity, there is a high level of 
circulating leptin, a selective resistance to leptin at the hypothalamic level that determines in 
part the attenuation of the anorectic leptin actions and of weight loss, and on the other hand, 
the preservation of vase-pressure actions of leptin at the central level that contribute to 
elevated blood pressure (Haynes, 2005). The selective leptin resistance causes a reduced 
availability of leptin to activate signalling mechanisms in the areas of appetite regulation of 
the ARC, keeping the sympathetic excitatory action of leptin in the cardiovascular system, 
related to the ventromedial nucleus (VMN) and dorsomedial (DMN) of the hypothalamus 
(Marsh et al., 2003). Given the neurotrophic role of leptin during the neonatal hypothalamic 
plasticity period, it seems that maternal hyperleptinemia and / or neonatal in the immediate 
postnatal period could program the selective resistance to leptin and thus the propensity for 
obesity and obesity-related hypertension (Howard et al., 2004).  

2.5.3 Insulin: Glucose control and peripheral regulator of appetite 
Insulin is secreted by pancreatic β cells in response to increased circulating glucose, amino 
acids or glucagon, as well as after stimulation of sympathetic nerve pathways () and 
parasympathetic (cholinergic). In adults, the β-cell mass is controlled by at least four 
independent mechanisms: a) β cell replication, b) β cell hypertrophy c) β cell neogenesis, d) 
β-cell apoptosis. The rate and type of response used depends on the adaptation of β cell 
mass to metabolic changes throughout adult life (Bonner-Weir, 2000). Insulin is the primary 
circulation factor involved in the control of body weight by the central nervous system 
(CNS). Insulin circulates in plasma at levels proportionate to the size of energy stores and 
enters the CNS in proportion to the plasma concentrations by a carrier linked to a specific 
receptor. Exogenous insulin administered directly into the brain, determines the reduction 
of food intake and body weight. The action of insulin in the brain is necessary for the 
upkeep of glucose homeostasis. The insulin receptor (Ins-Rb) is expressed in the ARC and 
the VMN and in the striatum and in the choroid plexus. Prolonged or chronic actions of 
insulin signalling will result in hyperphagia, increased plasma insulin and decreased 
sensitivity to insulin (Taylor & Poston, 2007).  

3. Conclusions, public health messages and possible interventions  
Recently, it has been reported that obesity during pregnancy clearly increases the risk of 
successful pregnancy after the study of 150000 Swedish women (Villamor et al., 2006), but 
also endangers the health of children, and in terms of public health, the health of future 
generations. The long term ultimate goal should be to reduce the incidence of obesity during 
pregnancy and increase public awareness of the importance of a balanced diet before and 
during pregnancy. The Obesity Committee of the American College of Obstetricians and 
Gynaecologists, have suggested that obstetricians should give pre-conception counselling 
and education about potential complications and should strongly recommend to obese 
patients to participate in a weight reduction program before pregnancy (American College of 
Obstetricians and Gynecologists [ACOG], 2005). So far, no similar recommendations have 
been made in Europe.  
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Recent research suggests that it should be avoided weight gain between pregnancies, and 
women should try to reach the initial weight before pregnancy before becoming pregnant 
again (Villamor et al., 2006). The Public Affairs Committee of the Teratology Society has also 
recommended counselling women about appropriate caloric intake, exercise and education 
about infant nutrition and the importance of breastfeeding (Scialli, 2006). However, although 
the benefits of breast-feeding are widely recognized, long term breastfeeding may promote 
obesity (Harder, 2005), and also, the milk of diabetic mothers and obese may be obesogenic 
to the developing baby (Rodekamp et al., 2005). To avoid rapid growth during the first year 
of life, infant formulas must be optimized. From a nutritional perspective, future research 
should focus on the identification of maternal nutritional insults that can be vectors of 
"health programming in your child," for example, the role of fat vs. carbohydrates and the 
saturated fat vs. unsaturated fats. Medically, the most effective treatment of maternal 
obesity and gestational diabetes, and specifically the control of hyperglycemia, 
hyperinsulinemia and hyperleptinemia, both before and during pregnancy can help to 
prevent programming of obesity.  
In the future it is envisaged the use of pharmacological interventions with drugs that inhibit 
food intake but also peripheral acting drugs that modify the metabolism and energy balance 
as the antagonists of the 11β-HSD-1 (Wang et al., 2006). Agonists of PPAR-α and PPAR-γ, 
including the glitazones may improve insulin resistance (Guo & Tabrizchi, 2006) and enhance 
mitochondrial biogenesis in adipose tissue (Bogacka et al., 2005), offering a dual PPAR 
agonist therapy to treat risk factors of obesity (Gervois et al., 2004). There are also potentially 
effective new drugs acting on the cascade of signals related to adipocyte differentiation 
(Rodriguez et al., 2006). However, until the safety and efficacy of these drugs are proven, 
interventions on diet and lifestyle are the only resources available to fight obesity, especially 
during pregnancy. As for possible interventions in children, early identification of children 
at risk by measuring the rate of growth / BMI and early assessment of adiposity during the 
first years of life, and the identification of potential biomarkers of future obesity, could help 
to advise treatment with an early improvement of lifestyle and drug therapy in those at high 
risk. Research in this field offers a real chance to achieve strategies that can enable the 
effective prevention of obesity in future generations.  
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1. Introduction 
Overweight and obesity are rapidly increasing among children and adults. In 1998, the 
World Health Organisation recognized obesity as a major worldwide public health epidemic 
[1].  
In the World Health conference at Geneva called for specific action to halt this epidemic [2]. 
Overweight and obesity can lead to a wide array of health and social consequences. 
Childhood overweight appears to be associated with cardiovascular risk factors such a high 
blood pressure; hyperlipidemia, elevated insulin levels [3] and non-insulin-dependent 
diabetes mellitus (type 2 diabetes). Other comorbidities include asthma and orthopedic 
problems as well as a varity of more rare disorders [3,4]. Ultimately overweight in 
childhood is associated with premature mortality especially if combined with intrauterine 
growth retardation (small for gestacional age SGA). The psychological well-being and the 
quality of life can also be affected [3,5,6]. 
Furthermore overweight and obesity in childhood, particularly in adolescence tends to 
persist into adulthood. The risk of adult overweight is about twofold increased for 
individuals who were overweight as children compared with individuals who were not 
overweight [7,8]. Adulthood overweight are at increased risk of dyslipidaemia, 
hypertension and type 2 diabetes even if the extra weight was lost during adulthood [6]. 
Psychological  consequences include social and psychological stress, with increased risk of 
negative self- esteem, social isolation and negative influence on the career and family 
incomes [7]. 
There are wide geographical variations of overweight. Comparing reported prevalences 
of childhood overweight in Europe, Lobstein et al. [9] point out that children residing in 
central and Eastern Europe have a lower level of overweight than children from other 
parts of Europe, especially from Southern Europe. Average prevalences in Eastern 
Europe range from 10% to 18% among children aged 7 to 11 years, whereas values 
around 20% to 35 % have been reported from countries like Greece and Spain [9,10]. It is 
suggested that the low obesity prevalence in Eastern Europe is a consequence of the 
huge economic burden and the associated poverty following the political transition in 
the 1990s. 
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2. A new reality, a new global illness: Obesity in children 
Studies in industrialized countries show that children from families with lower socio-
economic status particularly suffer from excess weight [11,12]. In less industrialized societies 
excess weight is found predominantly among children from families with higher socio-
economic status [9]. 
The process of migration, with its economic, social and environmental consequences may 
also affect health and body weight among migrants. Several US studies show differences in 
body mass index (BMI) among ethnic minorities [13,14] but empirical data on BMI in 
children among different ethnic groups in Europe are scarce. In Europe children from non-
Europe ethnic groups nowadays make up a large percentage of children overall, more in 
countries such us Spain, Italy…. In some cities up to 50% of all children entering school may 
be first, second or third generation migrants [15]. There are several studies or health reports 
on overweight and obesity among migrant children at school entry [16-19]. Migrant children 
were consistently found to be more frequently overweight. Obesity was noted as a 
particular problem among children of Turkish origin [20]. 
However, since the assessment of migration status is not uniform, comparisons between 
studies are difficult. In addition, family socioeconomic status and duration of migration are 
not routinely evaluated. It will be important investigated the prevalence of overweight and 
obesity among migrant and  not migrant children at school entry and to assess the influence 
of duration of migration and socioeconomic status on overweight and obesity in childhood. 
We can found in papers same examples about this fact: among boys in Bavaria, Kalies [21] 
found that the frequency of overweight and obesity in non-German compared to German 
children was 1.9 times higher for overweight and 2.4 times higher for obesity.  
Results of one study that our city demonstrated in our city in Spain the obesity was more 
important and prevalence in children from Latino-America and East-Europe than not 
migrant [22]. We conclude that immigrant’s children have a higher rate of obesity; their 
obesity was more severe, leave to assists to the consult with more frequency and get poor 
results losing BMI than Spanish children. Difficulties with language, different culture and 
the lack of perception of illness in the problem of obesity make this collective more 
vulnerable for obesity.  
But the choice of reference and the definition of migrant status (see below) may also 
contribute to the slightly different results.  In Europe, only a few studies on Body Mass 
Index (BMI) examined the potential impact of ethnicity or migration status on overweight 
and obesity. In a UK survey [23] showed that Indian and Pakistani boys had a higher 
prevalence of overweight compared with boys in the general. 
UK population while Bangladeshi and Chinese boys had a lower overweight prevalence. 
Among girls, Afro-Caribbean and Pakistani girls more frequently were overweight while 
Indian and Chinese girls had a lower overweight prevalence compared to girls from the 
general population. 
In our study the obesity was more  prevalence in children from Latino-america and East-
Europe than not migrant [22]. In France, the children of Maghrebian immigrants were more 
obese than French children in cross-sectional surveys conducted in the 1970ies and the 
1990ies [30]. The overall prevalence of obesity increased from 8% to 13% over this period. 
Data from health surveys in 1992/93 and 1993/94 among children in the Netherlands 
showed that the average body mass index was higher among Turkish and Moroccan 
children than among Dutch children [24]. 
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Geographical differences in overweight in Europe were demonstrated by Lobstein et al. [9]. 
Children from countries in Central and East Europe generally showed a low prevalence of 
overweight. On the other hand, a higher prevalence of overweight was found in children in 
Southern European countries. Recent data from Edirne in Turkey demonstrate 
comparatively low prevalences of overweight and obesity among adolescents [25,26]. 
 

 

3. Other considerations  
The international variability of definitions concerning paediatric overweight and obesity 
implies methodological difficulties when comparing prevalences internationally. In adults, 
the BMI cut-points of 25 and 30 are widely used to define overweight and obesity. Unlike in 
adults, BMI in children varies substantially by age and gender during childhood and 
adolescence. Unfortunately no commonly accepted standard has yet emerged. Different 
reference systems have been proposed, so it is very difficult compare different studies of 
obesity in children. 
It appears disputable whether the use of national reference data is preferable when 
assessing overweight and obesity among migrant children. The comparison to reference 
curves from the country of origin would disregard the environmental  changes associated 
with migration in many instances. An international standard appeared the most suitable 
option in this situation (migrant children).  
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Additional indexes of social class, social capital, or social context are rarely obtained in 
research surveys on diets and health. Undoubtedly, the arbitrary choice of cut-points and 
other problems associated with BMI-based classification systems in childhood will require 
further debate [27-28]. 
An association of overweight among migrant children with a long duration stay in Europe 
has not been reported previously. Social and political circumstances as potential explanation 
needs to be considered. The possible impact of such changes, however in opposite direction, 
can be more clearly seen in data from Russia. The prevalence of overweight in Russia 
decreased from 26.4% in 1992 to 10.2% in 1998 in 6–9 y-old children [35] and the prevalence 
of underweight in children rose during same time [9]. Economical recession during this time 
plausible explanation of this finding. In Poland, Koziel al. found a slightly decreasing trend 
in overweight between 1987 and 1997 in 14y-old boys [27]. 
In general, studies on socioeconomic status and overweight suggest that overweight is more 
prevalent among children of low income families in developed countries. 
In contrast, the vast majority of studies in developing countries show a positive relationship 
between socioeconomic status and obesity among children [9,28].  
In other fact, Race/ethnicity may have underlying genetic components; however, self-
identified race/ethnicity is complicated by genetic admixture [29]. Whether genetic 
differences across populations are associated with obesity development also remains 
unclear. A “thrifty genotype” may confer an advantage in an energy-poor environment, 
which would become disadvantageous in an energy-dense environment because it would 
predispose to increased accumulation of adipose tissue. The genes or gene variants that 
would support this hypothesis have not been identified.  
One possible contributor to racial/ethnic disparities in the metabolic comorbidities of 
obesity may be related to different patterns of fat distribution. African American adults 
and children have less visceral and hepatic fat than white and Hispanic individuals 
(22,28). Another possibility is that there are fundamental metabolic differences by race or 
ethnicity. Racial and ethnic differences in resting metabolic rate have been found (28) but 
may partly be due to differences in fat-free mass or organ mass and have not been shown 
to account for weight gain over time within populations (28) Some differences in insulin 
secretion and response among racial/ethnic groups have been found. African American 
and Hispanic children have lower insulin sensitivity than white children. African 
Americans have higher circulating insulin levels than whites, due to not only a more 
robust β-cell response to glucose but also decreased clearance of insulin in the liver. 
Hispanics also have lower insulin sensitivity than whites, after controlling for BMI and 
body composition, and have higher insulin levels in compensation for their relative 
insulin resistance (29).  
There are differences in lipids and lipoproteins related to race/ethnicity (30). African 
Americans have lower rates of basal lipolysis than whites (30). This could be a metabolic 
risk factor for both the development of obesity and the risk of obesity-related 
comorbidities. African Americans also have lower levels of adiponectin than white 
subjects during childhood and adolescence, which may help explain their increased risk of 
diabetes and cardiovascular disease despite having less visceral adiposity (30). In 
summary, there is circumstantial evidence for biological differences in obesity 
development and the occurrence of comorbidities by race/ethnicity; however, the 
relationships are far from definitive (22).  
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4. A new social reality, new challenges 
The prevalence of obesity among immigrants depending on education level and the origin 
of their countries. While immigrants with Hispanic ethnicity appear to exhibit increase in 
obesity as their stay in the Europe (12-16) becomes longer, Asian and white immigrants do 
not experience any statistically significant increase.  
Another point that is important is the more time has passed since the time of arrival in the 
new host country, the incidence of obesity is higher (18-22) 
Same keys of this fact could be, Counseling on diet and physical activity in the early phase 
of their arrival may therefore help arrest the growing prevalence of obesity among 
immigrants. Such counseling is likely to be more effective if directed at low-educated 
immigrants and on those who arrived at a relatively young age since these two groups are 
most likely to experience increases in obesity after arrival in Europe.  
From another point of view, immigrants from low socioeconomic backgrounds are less 
likely to have access to quality healthcare (22). They also have limited or no counseling for 
diet and physical exercise. This research therefore suggests that resources for counseling on 
diet and physical exercise should be committed to help the most vulnerable populations, e.g. 
the low educated, those who immigrate when young and among ethnic groups, resources 
should be channeled toward providing counseling to Latino immigrants (26-30). 
A key of Europe healthy will be control the BMI of our children, in special the immigrant 
children. The number of born of immigrant’s families and the rate of immigrant in same 
countries of Europe will be a great role influence in our more nearest future. 
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5. Summary 
The increase of population in Europe in recent years at the expense of increased 
immigration is a fact. 
These new populations tend to maintain their eating habits but ill adapted to the new reality 
in which they live: easy and cheap access to food, many high-calorie, reduced physical 
activity, increased sedentary ...... is called the "syndrome of the new rich." 
There is also a human feeling to give the children what the parents have lacked, which often 
leads to overeating phenomenon of immigrant child population. 
 

 
On the other hand is the fact of the possibility that part of the immigrant population has a 
higher rate of "energy-saving genes," a fact that has led to a survival advantage in their 
countries of origin but a clear disadvantage in the "rich Europe". 
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These fact combined with a possible increased susceptibility to the development of 
metabolic disease is causing an increase in the prevalence of obesity and obesity-related 
diseases in child and adolescent population of immigrants. 
This is a major challenge for the future of European health systems. Coping with new social, 
economic and adjusting the existing health resources against a disease increasingly pressing, 
which, to do nothing, will lead to an unprecedented increase in health spending due to 
metabolic and cardiovascular diseases. 
Of the health conscious this problem depends on the current reality obese children, does not 
become a majority of young adults sick. 
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1. Introduction 
The epidemic of obesity is known to contribute annually to 2.6 million deaths worldwide. 
[1] Excessive adiposity is the primary etiology of major metabolic diseases and related 
mortality. These deaths are attributed mainly to the comorbidities associated with obesity, 
including hypertension (HTN), cardiovascular disease (CVD), and diabetes mellitus (DM). 
The global escalation of childhood obesity is a matter of grave concern. Recent data have 
demonstrated a nearly fourfold rise in the prevalence of childhood obesity, making the 
pediatric age group the fastest growing subpopulation of obese individuals in this country. 
[1] Corresponding data examining global obesity trends demonstrate similar patterns 
worldwide with rates of overweight—defined as having a body mass index (BMI) greater 
that 25 kg/m2—occurring in 40% of men and 30% of women and rates of obesity (BMI≥30 
kg/m2) at approximately 25%. [2] This condition can have far-reaching consequences on the 
physical and mental health of the young obese patients with many of these chronic diseases 
surging in childhood rather than adulthood.  
The normal BMI values used for defining overweight and obesity in adults cannot be 
extrapolated to the pediatric population as BMI is known to change with age and gender 
during childhood and adolescence. Center for Disease Control (CDC) BMI-for-age growth 
charts for girls and boys provide standard translation of a BMI number into a percentile 
with age and gender specific normograms. [3] Children with BMI equal to or exceeding the 
age-gender-specific 95th percentile are defined obese. Those with BMI equal to or exceeding 
the 85th but are below 95th percentiles are defined overweight. [4] 

2. Risk factors 
An inter-relationship of genetics and the environment is central to the regulation of energy 
balance, and thus body weight. Hence risk factors of the pandemic of obesity can be 
stratified on the basis of genetic and environmental sources.  
Genetic influence of obesity is related to two primary processes: (1) susceptibility to 
overeating despite normal energy requirements, and (2) presence of a normal drive to eat 
despite low energy requirements. Appetite and the drive to eat may be impacted by 
several genetically programmed metabolic pathways, and this is demonstrated in the 
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specific but rare syndromes such as Prader–Willi and Bardet–Biedl. [5] Obesity caused by 
single-gene mutations has been well documented in mice and other rodents but is 
relatively rare and ill-defined in humans. [6] These include the agouti, leptin, and leptin 
receptor gene mutations. These mutations produce phenotypes of severe hyperphagia, 
obesity, DM, defective thermogenesis, and infertility. The polygenic mouse models of 
obesity more closely resemble the human obesity phenotypes than single gene models 
and have mutations that influence obesity, plasma cholesterol levels, body fat 
distribution, and propensity toward development of obesity on a high-fat diet. [4]  
The impact of the environment on the regulation of energy balance, and thus body weight is 
paramount. The changes in the macronutrient content of the diet (i.e., carbohydrate, protein 
and fat), energy density, sugar-sweetened beverages, and portion size have been associated 
with the soaring trend of obesity over the last couple of decades. In addition, the global 
trend of increasing technology, automation, motorized transportation and sedentary 
occupations contributes to a lifestyle that requires minimal physical activity. While once 
essential for survival, regular physical activity is optional in our modern, low energy-
demanding environment, thereby making its contribution to the escalation of the pandemic. 
Poor socioeconomic status with less consumption of more expensive fruits and vegetables 
and suboptimal cognitive stimulation at home mediate development of obesity in children. 
[7-9] The dietary habits of the parents significantly modify child food preferences and the 
degree of parental adiposity is a relatively direct measure of the child’s dietary preferences. 
[10-12]  

3. Pathophysiology 
A breakdown in the complex interplay of the central nervous system, the gastrointestinal 
system and the adipose tissue of the body culminates in obesity. The central nervous system 
provides the feedback control system for integration of energy expenditure and for 
digestion, absorption, transport, and storage of nutrients and mobilization and use of fuels. 
Signals regarding alterations in fuel usage are tightly regulated and come primarily from 
adipocytes and from the gastrointestinal tract. This interaction of the different systems is 
responsible for the weight and fat balance of the human body.  
Adipose tissue is now known to play a significant role in metabolic and immune 
function, possibly through the production of pro-inflammatory cytokines and other 
hormones secreted by adipocytes. [13-14] In the past decade, pro-inflammatory 
adipocytokines, including TNF-α, IL-6, and leptin, resistin, and many others, have 
received tremendous attention for their potential role in fuel metabolism, glucose 
homeostasis, insulin resistance, and perhaps atherosclerosis. [13-15] In contrast to the 
proinflammatory hormones, adiponectin, a 244-amino-acid peptide solely produced and 
secreted by adipose tissue, has been reported to improve insulin sensitivity and indeed 
could prevent diabetes mellitus and atherosclerosis. [16] Leptin, also produced by the 
adipocytes, circulates at levels proportionate to levels of body fat. It binds to receptors in 
the hypothalamus, activating signals to inhibit food intake and increase energy 
expenditure. In addition, leptin affects other hormones, both anorectic and orexigenic. 
[17-18]  
Previous research has implicated gut hormones or incretins in appetite regulation, 
gastrointestinal motility, satiety, and changes in glucose, and in this regard may possibly 
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play a role in the occurrence of obesity. [19] In the foregut, ghrelin, produced in the stomach 
and duodenum, increases before meals and decreases after meals. [20] Ghrelin is elevated in 
the setting of obesity and increased after diet-induced weight loss, suggesting a role in the 
compensatory changes in appetite and energy expenditure that make maintenance of diet-
induced weight loss difficult. [21] In the hind-gut, where the suppression of gastrointestinal 
motility is modulated by hormones, such as peptide YY (PYY), neurotensin, glucagon-like 
peptide −1 (GLP-1), and oxyntomodulin, perturbations in hormone release have been 
demonstrated with weight loss secondary to Roux-en-Y gastric bypass. Peptide YY is a 
hormone released after meals whose function is to reduce appetite. [22] Its postprandial 
levels have been found to remain markedly elevated after bariatric surgery. [23] Better 
understanding of the interactions of the gut hormones on appetite and fuel metabolism will 
hopefully provide important information on the development of future obesity management 
strategies. 

4. Co-morbidities related to obesity 
Obesity in children and adolescents appears to be identical to obesity in adults, in both 
pathophysiology and consequences of obesity-related co-morbidities. These can be 
categorized broadly into medical and psychosocial. The medical consequences can result in 
metabolic effects, involving the cardiovascular, endocrine, gastrointestinal and renal 
systems, and mechanical effects involving the pulmonary, skeletal and central nervous 
systems.  
 

 
 

Fig. 1. Categories of co-morbidities 
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4.1 Metabolic consequences  
4.1.1 Endocrine system  
4.1.1.1 Insulin resistance 

Obesity has a negative impact on multiple associated alterations in the glucose/insulin axis 
and on lipid metabolism. In particular, obese adults demonstrate reduced glucose disposal, 
primarily at the level of skeletal muscle (peripheral insulin resistance) [24] as well as 
impairment in insulin action on non-esterified fatty acid oxidation, [25] leading to insulin 
resistance and abnormal lipolysis. Yet it is unclear when these abnormalities occur in the 
setting of acute versus chronic obesity. Polonsky and coworkers [26] found that insulin 
secretory rates were significantly higher in the obese group when compared with the 
normal weight group. Furthermore, there was no difference in insulin clearance or hepatic 
insulin extraction between the groups. There was a diminished hepatic insulin extraction 
noted in a subset of the obese group that demonstrated a greater degree of 
hyperinsulinemia. To characterize this further, Monti and coworkers [27] examined obese 
children with normo-insulinemia to characterize early metabolic derangement and found 
peripheral insulin resistance in the obese children when compared with normal weight 
children but no significant differences in non-esterified fatty acids response to insulin 
infusion. Le Stunff and coworkers [28] found that the earliest abnormality in glucose 
metabolism in obese children (those with short duration of obesity) was an abnormal insulin 
response to a meal stimuli and that maximal glucose uptake decreased with age and obesity 
duration. Thus, it appears that one of the earliest negative effects of obesity is the 
development of insulin resistance. 

4.1.1.2 Metabolic syndrome 

The metabolic syndrome complex is comprised of hyperglycemia, HTN, dyslipidemia and 
obesity where truncal fat and insulin resistance are thought to be the primary problems. 
There is no consensus in the definition of this syndrome in children and its role in future 
cardiovascular events can only be extrapolated from corresponding adult studies. Goodman 
et al. [29] identified four groups of risk factors in adolescents and inferred that obesity had 
maximal influence on cumulative cardio-metabolic risk. Each of the components of this 
syndrome complex is found to aggravate with increasing obesity independent of age, sex 
and pubertal status. [30] 

4.1.1.3 Type 2 diabetes mellitus 

The prevalence of pediatric DM has increased significantly over the last decade with 
significant variability based on race and ethnicity. Obesity and DM have been tightly 
linked in both animal models and adult humans. Recently, data on increasing incidence 
and prevalence of DM in adolescents demonstrate that insulin resistance and increases in 
both total body fat and visceral fat play a role in DM development in adolescents, similar 
to that seen in adults. [31-32] Obesity is associated with increased TNF-α levels which 
lead to increased release of free fatty acids in adipocytes, blockade of the synthesis of 
adiponectin and activation of the insulin receptor. [33] Moreover, IL-6, released mainly 
by macrophages and adipocytes, influences glucose tolerance through antagonizing the 
secretion of adiponectin and by enhancing gluconeogenesis, glycogenolysis and 
inhibiting glycogenesis. [34] There are numerous other adipokines like resistin, adipsin 
and others which are believed to be the missing link between obesity and target tissue 
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resistance to insulin resulting in Type DM. [35-37] With early onset of obesity, the 
population is believed to be more susceptible to the disease and its inadvertent 
complications. 
4.1.1.4 Gynecological disorders 

4.1.1.4.1 Polycystic ovarian syndrome (PCOS) 

Polycystic ovarian disease is one of the most common endocrine abnormalities and 
typically begins in adolescence. It is often accompanied by hyperandrogenism and 
hyperinsulinemia. Although the exact mechanism for this relationship is unclear, it is 
postulated that high circulating levels of insulin play a role in ovarian cyst development 
due to the anabolic effect of insulin at the IGF receptors on the ovaries. Up to 30% of 
women with polycystic ovarian disease are overweight/obese. Obesity can worsen the 
picture of polycystic ovary syndrome (PCOS) by increasing insulin resistance, diabetes, 
and metabolic syndrome, thereby commencing a vicious cycle. This cycle may culminate 
in infertility . The prevalence of impaired glucose tolerance in obese young women with 
PCOS has been estimated to be as high as 30-40%, with an additional 5-10% having frank 
DM. [38] Yet, there remains debate in the literature about the nature of the relationship 
between obesity and PCOS.  

4.1.1.4.2 Menstrual abnormalities 

Body weight and body fat are considered to be significant physiological triggers of 
menarche. [39] Hence, obese girls often present with menarche before the age of 10 years. 
[40] Obesity can also lead to oligomenorrhea or amenorrhea at the other end of the 
spectrum, all leading to an increased risk of complicated pregnancies.  

4.1.2 Cardiovascular system  
4.1.2.1 Hypertension 

Multiple studies showed childhood obesity to be a major determinant of the 
cardiovascular risk factors in adulthood. [41-42] In addition to overall increased adiposity, 
truncal obesity is associated with increased atherothrombotic events and increased 
inflammatory markers. [43-44] Hypertension, especially systolic, in children and 
adolescents is closely associated with adiposity. [45-46] Intima media thickness (IMT), a 
noninvasive marker for early atherosclerotic changes, was found to be significantly 
increased in the obese children as compared with non-obese children of similar age, sex, 
and pubertal stage. [47-50] Reinehr et al. further demonstrated a significant association 
between these atherogenic changes and CVD risk factors, HTN, impaired glucose 
metabolism, and chronic inflammation. [51]  
4.1.2.2 Left ventricular hypertrophy and coronary artery disease 

The onset of left ventricular hypertrophy (LVH) was believed to date back to the adolescent 
years and developed into a formidable CVD risk factor by young adulthood in this sub-
population. [52] Maggio et al. showed the onset of this relationship between obesity and 
LVH in the pre-pubertal age group and proposed the initiation of prevention and treatment 
of obesity to prevent end-stage organ damage. [53] A prospective follow-up over 57 years of 
the landmark Harvard Growth Study of 1922-1935 revealed that being overweight in 
adolescence was associated with a greater than two-fold increase in the relative risk of  
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coronary artery disease mortality, independent of adult weight.[54] Hence, these patients 
with an advanced vascular age may need intensive management, including 
pharmacotherapy for risk factor modification, with the final goal of halting the progression 
of atherosclerosis and altering the lifetime risk of excess morbidity and mortality.  

4.1.3 Gastrointestinal system 
4.1.3.1 Non-alcoholic steatohepatitis (NASH) 

The incidence of hepatic steatosis is 38% in obese children. The underlying cause is 
unknown, but the condition is associated with DM, obesity, rapid weight loss, and 
hyperlipidemia—all of which are characterized by impaired fat metabolism. Non-alcoholic 
fatty liver disease (NAFLD) is the primary hepatic complication of obesity and insulin 
resistance, and may be considered the early hepatic manifestation of metabolic syndrome. 
[55] One study demonstrated that non-alcoholic fatty liver disease is associated with insulin 
resistance even in patients with normal glucose tolerance. In the pediatric population, 
results demonstrate increased adipose tissue lipolytic activity  with resulting increased rates 
of fatty acid release into plasma throughout the day. This continual excess in fatty acid flux 
supports the hypothesis that adipose insulin resistance is implicated in the pathogenesis of 
steatosis and contributes to the metabolic complications associated with NASH. [56] The fats 
accumulate largely in adipose tissue and, inappropriately, in muscle and liver. The sequence 
of events leading to the ectopic accumulation of triglycerides which cause development of 
insulin resistance has been referred to as the “overflow hypothesis”. [57] The severe cases of 
this disease are notorious to progress to hepatic fibrosis and cirrhosis. 
4.1.3.2 Gallstones 

The dyslipidemia induced by obesity is responsible for increased biliary excretion of 
cholesterol, thereby increasing the likelihood of gallstone formation. Unlike the majority of 
children, this subgroup of the population complains of gallstones without any underlying 
diseases like hemolytic disorders. Obesity is incriminated to cause 8% to 33% of gallstones in 
children, with insulin resistance and metabolic syndrome being other potential risk 
factors.[58-59] 

4.1.4 Renal system 
Obesity plays a major role in the development of chronic kidney disease (CKD). It 
predisposes the individual to diabetic nephropathy, hypertensive nephrosclerosis, focal and 
segmental glomerular sclerosis and urolithiasis. Even in the absence of other comorbidities, 
obesity has been found to cause structural changes such as glomerulomegaly and 
glomerular basement membrane (GBM) thickening resulting in obesity-related 
nephropathy. [60-61] The physiological modification in renal hemodynamics in the setting 
of obesity is comprised of hyperfiltration associated with hyperperfusion, which together 
play a role in renal injury. An increased glomerular filtration rate (GFR) was observed in 
overweight compared with lean subjects, being significantly positively related to BMI [62-
63] and insulin resistance. [64] However, pathologic changes within the nephron can be seen 
before overt proteinuria and renal disease. A recent study conducted in our institution 
revealed that bariatric surgery induced weight loss is associated with an improvement in the 
overall long term renal function in the morbidly obese adult. [65] Such data are lacking for 
the pediatric population. Recent European studies concluded that renal impairment may not 
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be an early manifestation of adiposity in childhood but may contribute to the development 
of the disease in the long term. [66]  

4.2 Mechanical consequences 
4.2.1 Pulmonary system 
4.2.1.1 Obstructive sleep apnea 

Although there is limited data on obstructive sleep apnea (OSA) in children, the published 
estimate of prevalence is 7% in obese children. Obese children are six times more likely than 
lean, age-matched children to have OSA. This condition is known to cause daytime 
somnolence and neurocognitive deficits like concentration and memory lapses secondary to 
poor quality of sleep. [67-68]  Sleep disturbance is linked to higher inflammatory biomarkers, 
such as CRP and IL-6. [69] Other hormone changes seen in OSA include a drop in leptin, an 
increase in ghrelin, increased insulin levels, and a decrease in insulin sensitivity. The etiology 
for these changes is unclear but felt to be related to the intermittent hypoxemia that may 
potentiate the inflammatory cascade which triggers systemic inflammation. [70-71] 
4.2.1.2 Bronchial hyperactivity and exacerbation of asthma 

Obesity is demonstrated to be significantly related to current asthma among children and 
adolescents with the association being stronger in non-atopic children than in atopic 
children. [72-73] The state of systemic inflammation, induced by adiposity, is hypothesized 
to result in this morbid condition. Overweight & obese children show a decreased response 
to inhaled steroids in the setting of asthma. [74] Childhood and adolescent adiposity is 
reported to be associated with significantly increased risk of asthma in the long term as well, 
thereby increasing the dependence on chronic medication. [75] Inability to exercise leads to 
the progression of obesity and the cycle continues.  

4.2.2 Musculoskeletal system  
Childhood obesity has been linked to increase frequency and severity of orthopedic 
problems in children. It appears that the orthopedic issues occur due to increased stress and 
strain on bone and cartilage that was not designed to carry excess weight. The more 
common orthopedic problems include bowing of the tibia and femurs that result in 
overgrowth of the medial aspect of the proximal tibial metaphysis or Blount syndrome and 
slipped capital femoral epiphysis due to increased weight on the growth plate of the hip. 
[76] Obesity during the growth spurt may increase the likelihood of fractures during falls as 
bone development does not adequately cope with excess weight.  This weight/bone mass 
imbalance also places high levels of stress on growing bones and joints that may result in 
joint damage and may contribute to osteoarthritis in later years. [77] The occurrence of more 
severe fractures and bone disorders lead to the increased requirement of complex surgeries 
and joint replacements, especially in the setting of pediatric trauma, thus amplifying the 
physical and financial load of the disease in this population. [78] 

4.2.3 Central nervous system 
Corbett et al reported increased incidence of idiopathic intracranial hypertension at a 
relatively young age of less than 20 years in 90% of patients who had childhood obesity. [79] 
Moreover, about 30%-50% of children with pseudotumor cerebri are obese and probably this 
subgroup accounts for the majority of cases that are not associated with infection or 
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medication. [80] It is thought that the increased intra-abdominal pressure due to obesity 
causes rise in intra-thoracic pressure which is transmitted to the head as increased resistance 
to venous return from the brain. [81] 

4.3 Psychosocial consequences 
Childhood obesity represents a dynamic process, in which behavior, cognition and emotional 
regulation interact mutually with each other. The interconnection between obesity and 
psychological problems seems to be cyclical, in that clinically meaningful psychological 
distress might precipitate weight gain and obesity may lead to further psychosocial problems. 
[82] Depression in adulthood has been found to be related to obesity in adolescence. [83] 
Females appear to have a stronger association than males. These patients are found to have 
obsessive concern due to social stigma about body image, low esteem and poor self-perception 
of physical appearance. The expectation of rejection leads to further progression of depression. 
Overweight adolescents frequently reported reduced health-related quality of life in physical, 
emotional and social aspects. [84-86] These factors tend to have a negative influence on these 
individuals. A vicious cycle ensues and some of these obese adolescents may consequently 
have less education, lower incomes and higher poverty rates. [87-88] 

5. Conclusion 
Despite the lack of full understanding of the pathophysiology of obesity, it is clear that there 
are consistent findings of insulin resistance and inflammation seen in both obese adults and 
children. These metabolic abnormalities play a role in the development of obesity-related 
comorbidities that are manifested early in the disease process.  Inflammation in the adipose 
tissue is the result of increased oxidative stress, possibly secondary to hypoxia. Hypoxia is 
precipitated by the overgrowth of adipose tissue during obesity. Adipose tissue is 
responsible for the production of a significant proportion of systemic interleukin-6 (IL-6) 
which may induce a degree of systemic inflammation in this population. Along with this, it 
is also believed to activate CD8+ T cells which promote the recruitment and activation of 
macrophages in the tissue. [89] The inflammatory markers secreted by the cells and oxygen 
free radicals resulting from oxidative stress increase vascular endothelial permeability and 
cause endothelial dysfunction. [90-91] These abnormalities lay the foundation for all the 
derangements associated with obesity. Unfortunately, there is very limited data on the 
progress of the various comorbidities from childhood and adolescence to their culmination 
in adulthood. A study reported that 43% of obese children persisted to be obese adults and 
another 29% were overweight as adults. [92] Early onset obesity is a risk factor for 
significant morbidity and mortality later in life, where the rates of DM, CAD, 
atherosclerosis, metabolic syndrome are increased.  A heightened degree of suspicion is 
warranted when confronted with adult and pediatric obese patients to avoid 
underdiagnosing of the various diseases. Given the negative short- and long-term impact of 
obesity on children, careful attention should be paid to the unique health issues of this “at-
risk” population with both prevention and aggressive early intervention strategies. 
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1. Introduction  
Obesity has been recognized as a major public health problem and one of the most 
important causes of the burden of disease worldwide (Ezzati et al, 2002). Its prevalence has 
escalated over the last two decades, reaching pandemic levels in the developed countries 
and also increasing in the developing world (Wang & Lobstein, 2006). In fact, in the 
newsletter of the World Health Organization/Europe, called The Bridge, published in 2010, 
it’s stated that “Paradoxically coexisting with under-nutrition, an escalating global epidemic 
of overweight and obesity – globesity – is spreading over many parts of the world” (p. 11). 
The pandemic of obesity originated in the United States of America and crossed to Europe 
and the world’s poorest countries (Prentice, 2006). 
The obesity phenomenon is observed not only in adults. Despite large differences among 
countries and regions, a global childhood obesity epidemic has also emerged worldwide. In 
many countries, including the United Kingdom, the United States, Australia, Brazil and 
China, child overweight is increasing at a faster rate than is adult obesity (Popkin et al, 
2006). Of particular concern is the upward trend in countries that have traditionally 
experienced low rates of overweight (Lissau et al, 2004). In fact, obesity in children and 
adolescents is well recognized as a major public health concern (Institute of Medicine, 2005) 
because of alarming trends in the prevalence, severity, and occurrence of adverse health and 
psychosocial consequences over the life cycle. Compared with the past two decades, the 
rates of children who are obese has doubled, while the number of adolescents who are obese 
has tripled. So, in the United States, according to the National Health and Nutrition 
Examination Survey [NHANES] (Odgen et al, 2010), almost 32% of children and adolescents 
aged 2–19 years were overweight (Body Mass Index [BMI] at or above 85th percentile), while 
almost 17% were obese (BMI at or above 95th percentile). NHANES data indicated 
disparities among racial/ethnic groups, with Hispanic boys and non-Hispanic black girls 
disproportionately affected by obesity.  
Childhood obesity also poses a serious problem in Europe. Studies conducted in Scotland 
(Craig et al, 2010) and England (Stamatakis et al, 2010) showed that in the United Kingdom 
there is a clear socioeconomic gradient with high prevalence of being overweight and obese 
in low socioeconomic strata. Mediterranean countries also present high levels of childhood 
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overweight in Europe. In Spain the nationwide enKid study reported prevalences of 12.4% 
for overweight and 13.9% for obesity among 2–24-year-olds, with the highest values 
observed between 6 and 13 years of age (Serra Majem et al, 2006). Spanish preadolescents 
(10–12 years) appear to be at particularly high risk, reaching prevalences of overweight and 
obesity of 29.9% and 8.9% respectively (Vázquez et al, 2010). Greece presents childhood 
obesity statistics as high as Spain (Lagiou & Parava, 2008). In Eastern Europe, rates are 
climbing substantially. Hungary has reported that 20% of children between the ages of 11 
and 14 years are obese; in Poland rates have increased from 8% to 18% from 1994 to 2000 
(World Health Organization, 2005).   
Childhood obesity also extends to other areas of the world besides the United States and 
Europe. In the Middle East, the situation is critical: Eighteen percent of all children are 
overweight and 7% obese (Lobstein & Frelut, 2003). In Israel, the rate of 13.9% is on the rise 
(Keinan-Boker et al, 2005). In the Oceania region, Australia’s current rates in children are 
among the highest in the developed world, with 20% of children overweight and 10% obese 
(Barnett, 2006). In New Zealand, 20% of children between the ages of 5 and 14 years are 
overweight, with another 10% obese. Approximately, 31% of Maori and Pacific Islander 
children are affected (Baur, 2006). 
Estimates of the prevalence of overweight and obesity in school-aged youth from 34 
countries (Janssen et al, 2005) showed a similar picture in prevalence rates to those noted 
above. The three countries with the highest prevalence of overweight youth were Malta 
(25.4%), the United States (25.1%), and Wales (21.2%). The countries with the highest 
prevalence of obesity were Malta (7.9%), the United States (6.8%), and England (5.1%). The 
three countries with the lowest prevalence of overweight and obese youth were Lithuania 
(5.1% and 0.4%), Russia (5.9% and 0.6%), and Latvia (5.9% and 0.5%).  
Given de current prevalence of childhood obesity and the wide geographic distribution 
throughout the world, the term pandemic is appropriated to describe the picture of the new 
millennium (Kimm & Obarzanek, 2002). The Healthy People 2010 Program in the United 
States sets the goals of reducing obesity prevalence to 5% in children (U.S. Department of 
Health and Human Services, 2006), which is unlikely to be met. 
It must also be noted that obesity is related to health problems in children, adolescents and 
adults. High BMI in children and adolescents may have immediate consequences on health, 
with particular impact on high cholesterol and high blood pressure, which are risk factors 
for cardiovascular disease (CVD). In one study (Freedman et al, 2007), 70% of obese children 
had at least one CVD risk factor, and 39% had two or more. Also, children with obesity are 
more likely to have increased risk of impaired glucose tolerance, insulin resistance and type 
2 diabetes (Whitlock et al, 2005). Psychological problems such as depression and worsening 
quality of life are also correlates of serious obesity (Daniels et al, 2005). In addition, obese 
children are more likely to become obese adults (Biro & Wien, 2010). In the analysis of three 
nationally representative cohorts of children (Van Cleave et al, 2010), it was reported that for 
all cohorts, 37% of children with obesity at the beginning of the study were so classified six 
years later. Both overweight and obesity also are major risk factors for a number of chronic 
diseases in adults, including diabetes, cardiovascular disease and certain cancers (National 
Institutes of Health, 1998). 
The high prevalence of overweight and obesity, and the many adverse impacts associated 
with them, provide evidence of the need for a clear understanding of its causes to guide 
effective prevention and treatment. Obesity is believed to be of multifactorial etiology, but 
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the mechanisms involved in its development are not well understood. This chapter will 
review the relevant literature concerning both behavioral and psychosocial factors involved 
in childhood obesity, and the impact of childhood obesity on mental health. 

2. The contribution of psychosocial and cultural factors to understanding 
childhood obesity 
Although the mechanism of development of childhood obesity is not fully understood, it is 
clear that obesity occurs when energy intake exceeds energy expenditure. There are multiple 
factors for this imbalance; hence the rising prevalence of childhood obesity cannot be 
attributed to a single etiology. The causes of childhood obesity are complex and 
multifaceted because it is a condition with many genetic, biological, environmental and 
psychosocial influences. Genetic factors influence susceptibility to obesity (Franks & Ling, 
2010; Lyon & Hirschhorn, 2005; Seal, 2011). However, behavioral and social factors seem to 
play significant roles in the rising prevalence of childhood obesity worldwide, rather than 
changes in biological or genetic factors (Dunton et al, 2009; Ferreira et al, 2006). These 
include, among others, dietary factors and eating habits, physical activity and social factors 
(Ben-Sefer et al, 2009). 

2.1 Dietary and eating behavior patterns 
Weight gain occurs as a result of energy imbalance, particularly when energy intake 
through food intake exceeds energy expenditure for body functions and physical activity. 
Recent research and reviews indicate that so-called energy balance related behaviors can 
contribute to the development of overweight and obesity, particularly a combination of 
increased fat intake, decreased physical activity and increased screen time (Ekelund et al, 
2004). Screen time is the amount of time that a child spends watching television, playing on 
the computer and with videogames. 
Factors that are named frequently as contributors to excess energy intake include restaurant 
food, sweetened beverages, large portion sizes, and the frequency of meals and snacks. 
Diverse eating patterns confound the understanding of the relationship between nutrient 
intake and chronic diseases, including obesity. These eating patterns seem to be related 
more consistently to increased total energy intake than to actual weight status (Krebs et al, 
2007). Some studies showed that children (Bowman et al, 2004; Paeratakul et al, 2003) and 
adolescents (French et al, 2001) who consumed fast food more frequently had higher energy 
intakes and poorer diet quality, compared with those who did not. Overweight adolescents 
are less likely than their leaner counterparts to compensate for the increased energy in the 
food by adjusting energy intake throughout the day (Ebbeling et al, 2004). It has also been 
reported that energy intake has been related positively to consumption of sweetened 
beverages by children and adolescents (Nielsen & Popkin, 2004). Research studies have 
consistently found that when adults and children eat out instead of eating at home, they 
consume more fat and calories, more fried foods, more soft drinks, fewer fruits and 
vegetables, and less fiber (French et al, 2000; Zoumas-Morse et al, 2001). 
The environment we live in has been described as obesogenic. The concept of an obesogenic 
environment has been defined as “the sum of influences that the surroundings, 
opportunities or conditions of life have on promoting obesity in individuals or populations” 
(Swinburn et al, 1999, p. 564). Many cultural and environmental factors are considered 
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obesogenic by having negatively influenced eating behaviors and the physical activity levels 
of children and adolescents.  Time and economic pressures force many parents to minimize 
food costs and meal preparation time, resulting in an increase in availability and 
consumption of high-calorie and high-fat convenience foods and beverages, fewer family 
meals, more meals eaten away from home, and greater portion sizes (Johnson et al, 2008; 
Newby, 2007).  
A school food policy to promote healthy eating behavior can also impact the food intake of 
children, reducing the intake of sugar and fat in food (Neumark-Sztainer et al, 2005). But 
other food policies and initiatives such us the presence of vending machines in schools 
(Belderson et al, 2003), the consumption of packed lunches at school (Whincup et al, 2005), 
or the use of breakfast clubs (New & Livingstone, 2003) can increase overweight/obesity. 
All of the factors described above are contributing to create a “toxic environment” that 
promotes in the population the consumption of unhealthy foods because they are better 
tasting, are highly accessible and are less expensive, as compared with healthy foods 
(Schwartz & Brownell, 2007). So, the increasing prevalence of obesity, particularly in the 
developed world, is partially explained by societal changes that promote both consumption 
of energy-dense foods and unhealthy eating patterns (Centers for Disease Control and 
Prevention, 2011). 

2.2 Physical activity and sedentary behavior 
Physical activity is an important factor of health and well-being for people of all ages. There 
is evidence supporting the link between physical inactivity and obesity in children 
(Tremblay & Willms, 2003) and adolescents (Janssen et al, 2006). Children who are 
physically active may gain immediate and long-term positive effects (Hartmann et al, 2010). 
However, low levels of fitness (Tomkinson et al, 2003) and recent declines in active 
transportation, such as walking and cycling to school (Carlin et al, 1997), have been reported 
among children in many developed countries.  
Physical activity patterns established during childhood may continue into adulthood 
(Friedman et al, 2008), but longitudinal studies show a decline in physical activity with 
increasing age (Telama et al, 2005), with physical activity tracking at low to moderate levels 
across the life span (Malina, 2001). Studies reveal a decrease in physical activity 
participation during adolescence (Kimm et al, 2002; Van Mechelen et al, 2000) and 
differences in patterns of physical activity participation for males and females (Sallis et al, 
2000). Moreover, perceived sports competency (females), and cardio-respiratory fitness, 
playing sports outside school and having active fathers (males) in childhood and 
adolescence were positively associated with being persistently active during the transition 
from adolescence to adulthood (Jose et al, 2011). 
There is evidence that decreased opportunities and participation in physical activity 
contributes to overweight. Opportunities for children’s physical activity include 
participation in structured activities, such as physical education at school and in organized 
sports teams, as well as less structured activities such as walking and cycling to school and 
active free-play (Pangrazi, 2000). School physical education programs have decreased 
because of the pressure to increase test scores, so children’s opportunities to participate in 
recess and physical education activities during school time are decreasing. And it seems that 
children are not compensating for the lost physical activity time by increasing their physical 
activity level after school or on holiday (Andersen & van Mechelen, 2005). In fact, 
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contemporary children may also engage in sedentary activities after school, and spend less 
time walking to school and playing outside. Moreover, sedentary behaviors, such as 
watching television, playing on the computer and with videogames have increased 
(American Academy of Pediatrics, 2006; Barlow & the Expert Committee, 2007). It has been 
reported that preschool children spend around 80% of their time in activities classified as 
sedentary (Reilly et al, 2004). However, the relationship between sedentary behavior and 
obesity is not explained solely by reduced physical activity. In a population of adolescent 
females, correlation between percentage of body fat and Internet viewing time persisted 
even after controlling for physical activity (Schneider et al, 2007). 
The Centers for Disease Control and Prevention (2003) recommended that children be active 
daily at least 60 minutes. In addition, the American Academy of Pediatrics (2003) 
recommended that children accumulate no more than two hours per day of screen time. 
Despite these recommendations, it seems that the real situation is quite different. In the U.S., 
in a nationally representative cross-sectional study of 2,964 children aged 4 to 11 years 
(Anderson et al, 2008), it was found that 37.3% had low levels of activity play, 65% had high 
screen time, and 26.3% had both those behaviors. 
Children spend more time with media than in any other activity except for sleeping—an 
average of more than seven hours/day (Rideout, 2010). Children and teenagers who use a 
lot of media may tend to be more sedentary in general (Jordan, 2007; Vandewater et al, 
2004). Children and teenagers who watch more TV tend to consume more calories or eat 
higher-fat diets, and to have poor eating behaviors (Barr-Anderson et al, 2009; Pearson et al, 
2011; Zimmerman & Bell, 2010). In a prospective study of 3-year-old children, TV viewing 
and physical activity measures at age 3 were better predictors of BMI at age 6 than eating 
habits (Jago et al, 2005). Moreover, TV viewing has been identified as the strongest 
connection between a specific behavior and childhood obesity (Whitaker, 2003). 
Undoubtedly media play an important role in the current epidemic of childhood and 
adolescent obesity. Screen time may displace more active pursuits, advertising of junk food 
and fast food increases children’s requests for those particular foods and products, snacking 
increases while watching TV or movies (Council on Communications and Media, 2011). 
Late-night screen time is known to displace or disturb children’s and teens’ sleep patterns, 
and there is evidence that later bedtimes and less sleep may be associated with a greater risk 
of obesity (Bell & Zimmerman, 2010; Taheri, 2006).  
Recently, a new generation of video games that requires interactive physical activity, known 
as exergaming, has become popular. These new video games have the potential to attract 
children to become more physically active and could have particular value for extremely 
sedentary individuals or those who may shun traditional forms of exercise. For example, a 
study of preteens playing Dance Revolution and Nintendo’s Wii Sports found that energy 
expenditure was equivalent to moderate-intensity walking (Graf et al, 2009). 
However, despite protective effects of physical activity on adiposity of childhood obesity 
(particularly in adolescents), significant methodological limitations related to the validity of 
the measurements of both physical activity and body fatness must be considered (Reichert et 
al, 2009).  

2.3 Socioeconomic and cultural factors 
One consistent epidemiological finding is the fact that, in highly developed countries at 
least, the prevalence of obesity is inversely associated with both socioeconomic status and 
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educational status (Mustillo et al, 2003; Prentice, 2006). Economic poverty and/or lack of 
education impair a person’s ability to resist the current obesogenic environment, so in 
highly developed societies, obesity may be a cause of economic disadvantage rather than 
simply a consequence (O’Rahilly & Farooqi, 2008). Data have suggested that in 
industrialized countries, excess weight gain in children was more prevalent among lower-
income families (Veugelers & Fitgerald, 2005; Wang et al, 2002). Low-income families face 
numerous barriers including food insecurity, lack of safe places for physical activity, and 
lack of consistent access to healthful food choices, especially fruits and vegetables (American 
Academy of Pediatrics, 2003).  
There are large disparities in obesity between socio-demographic groups. Findings from 
nationally representative surveys conducted by the Centers for Disease Control and 
Prevention, the National Health and Nutrition Examination Survey, and the Youth Risk 
Behavior Surveillance System in the United Sates (Wang, 2011) indicated that some 
population groups are affected more seriously than others. For example, Native American, 
Black and Mexican-American children have the highest prevalence of obesity, whereas 
Asians have the lowest rate among all ethnic groups; preschool age children have a lower 
obesity prevalence than older children; young people in some states and cities are twice as 
likely to be overweight or obese than those living in other regions; low socioeconomic status 
is associated with obesity only among some population groups. 
Beliefs about what foods are desirable or appropriate, what is an attractive or healthy 
weight, how families should share meals, and the authority parents have over children at 
different ages, as well as many other attitudes that affect lifestyle habits are influenced by 
cultural values and beliefs. For example, some studies have examined differences between 
identified racial, ethnic, or cultural groups; it has been pointed out that black girls are more 
satisfied with heavier bodies than are white girls (Kimm et al, 1997). A study of low-income 
minority parents of preschool-aged children showed that Hispanic parents had indulgent 
feeding styles more often than did low-income black parents (Hughes et al, 2005). 
Sociocultural factors in the household are the most investigated environmental factors for all 
energy balance related behaviors. It must be noted first that a systematic review of 
environmental factors of obesity-related eating behaviors in children and adolescents (Van 
der Horst et al, 2007) showed consistent evidence for relationships between parental and 
children’s fat, fruit and vegetable intake; for parental and siblings’ intakes with adolescents’ 
energy and fat intake; and for parental educational level with adolescents’ fruit and 
vegetable intake. In addition, a systematic review of studies on factors influencing physical 
activity level (Ferreira et al, 2006) identified fathers’ physical activity habits, school physical 
activity-related policies and time spent outdoors as potential determinants of physical 
activity in children. As we noted previously, the emergence of the technology revolution 
with handheld videogames and cell phones may also promote sedentary lifestyles and 
reduced children’s physical activity levels (McMurray et al, 2000). 

3. Behavioral and emotional problems associated with childhood obesity 
Overweight and obesity have received a great deal of attention in psychological and 
psychiatric research. It was postulated that obese people suffer from their weight situation 
given the fact that obesity is a highly visible condition meaning that everybody can evaluate 
the weight status of others and make commentaries about it (Warschburge, 2005). 
Consequently there are a wide range of behavioral and emotional outcomes that have been 
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studied in association with obesity in children and adolescents, particularly those related to 
stigma, psychological well-being, and mental health problems. 

3.1 Stigma 
It is generally agreed that being obese or even being overweight is one of the most 
stigmatizing and least socially acceptable conditions in childhood (Schwimmer et al, 2003). 
Modern societal prejudice against obesity and overweight is widespread, even toward 
children and adolescents.   
A stigma is defined as a mark or attributes that link a person to undesirable characteristics 
or negative stereotypes (Goffman, 1963). Stigma is part of a cultural system of shared 
meanings or schemas that allow people to control behavior, interpret the world, respond to 
differences, express disapproval or explain danger or inferiority (Jones et al, 1984; Page, 
1984). It can be seen as a relationship between an attribute and a stereotype (Jones et al, 
1984). There are three related concepts which comprise a set of issues to be considered in 
any stigmatized situation: Associative stigma, internalized stigma, and stigma management. 
Associative stigma, which Goffman (1963) called courtesy stigma, is ascribed to people who are 
voluntarily attached as caregivers or acquaintances to people who are stigmatized, such as 
dying or mentally ill patients. Internalized stigma, or accepting the discrediting of one’s worth 
conveyed by society, can occur without the experience of overt mistreatment and can lower 
a person’s sense of self-esteem and prestige because he or she is aware of the threat of 
censure and rejection (Jones et al, 1984). Stigma management is central to coping with carrying 
a stigma; that is, being aware of the real or potential negative reactions of others and 
attempting to minimize their effects (Jones et al, 1984; Page, 1984). The stigmatized person 
who strives to manage the stigma must consider the problems of concealment, disclosure, 
and “passing” as normal, secrecy, information management, and social visibility (Goffman, 
1963; Page, 1984). 
There are weight-related beliefs and attitudes that are expressed as stereotypes, prejudice 
and rejection toward children and adolescents because they are overweight or obese. In a 
society where slimness is valued and self-determination is emphasized, obese people are 
often viewed as undesirable, lazy and responsible for their condition. As a result, obese 
children are often subject to negative stereotyping, discrimination and social rejection. Often 
they encounter physical bullying by peers (such us pushing, hitting, or kicking), verbal 
teasing (name calling, being made fun of), and social exclusion (such us being excluded 
from peer activities, being avoided or ignored). Research on Canadian children aged 11–16 
years reported that overweight and obese boys and girls were more likely to be the victims 
of physical, verbal and relational bullying than their normal weight peers (Janssen et al, 
2004).  A study in the United States, found that, compared with average weight children, 
obese children reported being teased at least three times more often (Neumark-Sztainer et 
al, 2002). It was found that between a quarter and a third of those teenagers report being 
teased by peers for reasons of weight, with obese girls and thin boys showing the highest 
levels of teasing (Eisenberg et al, 2003). A review of gender differences found that 
overweight girls were stigmatized significantly more often than boys and they typically 
faced more teasing, bullying and social marginalization in both friendships and romantic 
relationships (Tang-Peronard & Heitmann, 2008). 
In addition, it appears that obese children and adolescents have difficulties with peer 
relationships. As many as one-third of obese children have no reciprocated friendships 
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(Zeller et al, 2008). Peers rank obese children among the least desirable playmates (Zametkin 
et al, 2004). Obese youngsters themselves report being less socially accepted (McCullough et 
al, 2009). 
Obese and overweight children are also susceptible to negative attitudes from teachers, 
parents, and even health professionals. The term civilized oppression was used to describe the 
pervasive pattern of ongoing, daily denigration and condemnation that constitutes living as 
an obese person (Rogge et al, 2004). Adults have been found to stigmatize obese children 
citing that they are untidy and lack self-control (Zametkin et al, 2004). Children as well as 
adults stereotype the obese as “lazy,” “ugly” and “stupid” (Latner & Stunkard, 2003). There 
are also current prejudicial beliefs well documented among health professionals that obese 
people are “gluttonous,” “lazy,” “bad,” “weak,” “stupid,” “worthless” and “lacking in self 
control” (Schwartz et al, 2003). Even obesity prevention initiatives for children often 
inappropriately label large numbers of children as “overweight” or “fat” (Szwarc, 2004–
2005). 

3.2 Psychological well-being  
Psychological well-being is a relatively complex notion with a variety of components that 
may contribute to it. The elements of psychological well-being believed to be most seriously 
compromised in obesity are self-esteem, body image and emotional well-being (focused 
primarily on quality of life and social functioning).  
Studies on self-esteem in obese children and adolescents report inconsistent results.  
Martyn-Nemeth et al (2009) found that low self-esteem is clearly associated with overeating 
and weight gain in adolescents. Many other studies indicate that overweight and obese 
children and adolescents have moderately lower self-esteem than non-obese peers (French 
et al, 1996; Friedlander et al, 2003; Hesketh et al, 2004). Other studies reveal no differences in 
self-esteem between population-based groups of obese children and adolescents and non-
obese controls (Renman et al, 1999; Strauss, 2000). Furthermore, studies report that self-
esteem is not significantly lower in obese populations once body image is controlled for 
(French et al, 1995; Pesa et al, 2000). 
Clinical samples of obese children also report higher levels of psychosocial maladjustment 
and lower self-esteem than population-based samples of either obese or normal-weight 
children (Hill, 2005; Sjoberg, 2005). Obesity in children seeking clinical treatment is often 
more severe than in children in the general population (Flodmark, 2005). This may reflect 
the different characteristics of those who are seeking treatment because they are more 
negatively affected psychologically by their obesity or they feel unable to control it (Wardle 
& Cook, 2005).  
Self-esteem in obese children varies with gender, age and ethnicity (Walker & Hill, 2009; 
Wardl & Cooke, 2005). Obese females seem to be at greater risk for self-esteem problems 
because body image is an important component of their self-esteem; adolescents appear 
more at risk than younger children, and whites are more susceptible than Hispanics or 
African-Americans. But in a recent systematic review the differences between children and 
adolescents were not so clear (Griffiths et al, 2010). 
As for body image, the most consistently replicated finding is that obese children and 
adolescents have a more negative body image than their peers and often believe that they 
have been responsible for their obesity (Ben-Sefer et al, 2009). Overweight children as young 
as age 5 can also develop a negative body image (Pallan et al, 2011). A relationship between 
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increasing weight status and body dissatisfaction in older children has been observed in 
many different cultural communities (Crow et al, 2006; Duncan et al, 2006; Fonseca et al, 
2009; Mirza et al, 2005). However, it does not appear to be inevitable, and many obese 
children are not aware that they are overweight (Wardle & Cooke, 2005). Moreover, 
researchers of both American and Australian adolescents suggested that the perception of 
being obese appears to be more predictive of mental disorders than actual obesity status (Ali 
et al, 2010; Allen et al, 2006). 
Obesity in children also may correlate with poorer quality of life (Flodmark, 2005). A cross-
sectional study of children and adolescents between ages 5 and 18 years demonstrated that 
severely obese children and adolescents have lower health-related quality of life than 
children and adolescents who are healthy, and similar quality of life as those diagnosed as 
having cancer (Schwimmer et al, 2003). In addition, given the importance placed on body 
shape and size in occidental culture, overweight children may experience elevated peer 
problems and peer rejection compared to non-overweight children. The psychosocial 
burden of excess weight appears to be significant even in young children. A cross-sectional 
survey conducted in 100 primary schools of a large French region, with 2,341 children aged 
6–11 randomly selected (Pitrou et al, 2010) found that overweight was strongly associated 
with poor social functioning and with higher rates of peer difficulties.  
Other studies, however, have different findings to those already mentioned in relation to 
childhood obesity and psychological well-being. In an extensive review of the empirical 
evidence on the relationship between childhood obesity and psychological well-being 
(Wardle & Cooke, 2005), the authors concluded that obese children seem to have 
psychological resilience to the adverse consequences of obesity. In fact, after examining the 
most relevant studies in this area, they find that while levels of body dissatisfaction are 
higher in community samples of overweight and obese children and adolescents than in 
their normal-weight counterparts, few are significantly depressed or have low self-esteem. 
A number of potential moderators and mediators of the association between obesity and 
psychological well-being have been proposed. Emerging most strongly are gender, age and 
ethnicity, but future research has some way to go before the risk and protective factors are 
fully established. 

3.3 Mental health problems 
Bruch and Touraine (1940) were the first authors to show a particular interest in the 
emotional functioning of obese children and adolescents. Since earliest publication, the 
psychopathological features of children with overweight and obesity have been studied 
extensively. The understanding of the relationship between obesity and common mental 
health disorders in children and adolescents is less advanced, and results are inconsistent 
(Gatineau & Dent, 2011). In addition, it must be noted that research in this area is subjected 
to many limitations (Costello et al, 2005; Pitrou et al, 2010, Vila et al, 2004; Wardle et al, 2005) 
such as the use of clinical samples that may not reflect the general population, the infrequent 
inclusion of structured clinical interviews based on diagnostic criteria, the lack of use of 
control groups in the study design, etc.  
Despite these limitations, there are a number of interesting findings about childhood obesity 
in relation to mental health problems. Several studies have found mental health problems in 
young people with obesity. Higher rates of depression, anxiety, eating disorders, social 
withdrawal and behavioral problems have been found among obese children and youth 
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(Bosch et al, 2004; Zametkin et al, 2004). For example, a study carried out in 155 French 
children and adolescents referred and followed for obesity (Vila et al, 2004) reported that 
when administered diagnostic interviews with the Kiddie Schedule for Affective Disorders 
and Schizophrenia (K-SADS-R), 58% of obese children had at least one DSM-IV psychiatric 
diagnosis, and between 50% and 64% scored positive on questionnaire screening techniques. 
The most frequent disorder was anxiety disorder (32%), followed distantly by disruptive 
behavior disorder (16%), and affective disorder (12%). Psychopathology was particularly 
prominent in those children whose parents scored high on the General Health 
Questionnaire (GHQ-28; a screening questionnaire of psychiatric and non-psychotic 
morbidity). Compared with diabetic children, they displayed significantly higher 
internalized and externalized questionnaire scores and poorer social skills. Another study 
reported that a substantial number of referred obese youngsters suffered from mental 
disorders (Van Vlierberghe et al, 2009). In this research there were also differences in the 
prevalence of psychiatric disorders, and in the psychological symptoms between referred 
and non-referred overweight youngsters: Referred youth displayed significantly more 
eating disorders and binge-eating disorders than non-referred youngsters and exhibited a 
significantly greater severity of internalized symptoms.  
Related to eating disturbances, Stice et al (2002) found that emotional eating was positively 
associated with binge-eating disorder (BED), and BED was predictive of obesity (but 
negative affect alone was not related to BMI). However, BED has been rarely found in 
samples of obese children seeking inpatient or outpatient treatment (Decaluwé & Braet, 
2003). In fact, eating disturbances such as binge eating, episodic overeating and the use of 
inappropriate compensatory behaviors are more common in adolescents and young adults 
(Britz et al, 2000; Decaluwé et al, 2003).  
In contrast, some population-based studies did not report significant associations between 
overweight and psychopathology (Drukker et al, 2009; Erermis et al, 2004; Lamertz et al, 
2002; Wardle et al, 2006).  This contrasts with those studies using clinical samples that 
generally show a clear positive association between overweight and levels of depressive 
symptoms and anxiety disorders (Pine et al, 2001; Van Vlierberghe et al, 2009; Vila et al, 
2004), and  oppositional defiant disorders (Mustillo et al, 2003). One possible explanation is 
that people who suffer mentally from their elevated weight status, significantly more often 
seek professional help than those who do not, and thereby bias the clinical samples toward 
higher levels of psychopathology (Pitrou et al, 2010). 
Prospective studies in the literature also found an association between obesity and 
psychopathology. For example, in a community-based cohort of 820 youths, studied 
longitudinally at four occasions spanning childhood and early adulthood (Anderson et al, 
2006), it was found that DSM disorders of anxiety and depression were associated with 
higher BMIs in females but not in males.  
Moreover, childhood obesity has been associated with emotional and behavioral problems 
from a very young age, but findings are inconsistent. Results from the UK’s Millennium 
Cohort Study (Griffiths et al, 2011) indicated that at age 5, obese boys are at particular risk of 
hyperactivity and inattention problems, conduct problems, and peer relationship problems 
when the Strengths and Difficulties Questionnaire (SDQ) is used to screen psychopathology 
outcomes. But in a cross-sectional study of a national representative sample of 4- to 5-year-
old Australian children (Sawyer et al, 2006) it was found that differences in rates of SDQ 
mental health problems experienced by young children of different weight status appear 
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relatively small. It seems that higher rates of mental health problems experienced by many 
obese boys may reflect differences in their socio-demographic characteristics rather than 
their weight status per se.  
Related to hyperactivity and inattention problems, it has been suggested that the 
impulsivity and poor behavioral regulation often found in youth with Attention-
Deficit/Hyperactivity Disorder (ADHD) may lead to the development of eating patterns 
that put youth at increased risk for obesity. Research conducted in clinical samples 
(Holtkamp et al, 2004; Hubel et al, 2006; Lam & Yang, 2007) linked overweight and ADHD 
in children. And even a large cross-sectional study of children and adolescents aged 5 to 17 
years (Waring & Lapane, 2008) reported that unmedicated children with ADHD are more 
likely to be overweight.  
It was also reported that disordered sleep may be one of the many contributors to excessive 
weight during childhood (Beebe et al, 2007). Longitudinal studies have documented that 
shorter sleep times predict the later emergence of overweight (Agras et al, 2004). A cross-
sectional study of 383 youths ages 11–16 years (Gupta, 2002) indicated that overweight 
youths experienced less total sleep time than non-obese youths, although there were no 
significant differences between the groups in measures of sleep disturbance. Some studies 
also suggest that children and adolescents with major depression disorders and a high BMI 
have more fragmented sleep than healthy controls (Wojnar et al, 2010).  
The relationship of obesity and common mental health disorders is complex and multi-
factorial, especially with depression. Depression itself is often associated with abnormal 
patterns of eating and physical activity that could result in future obesity; however, obesity 
may also result in psychosocial problems that can produce depression. Evidence supports 
both hypotheses. Pine et al (2001) found that youths with depression are at greater risk to 
develop an increased BMI. Anderson et al (2006) found that depression in childhood 
predicted higher weight over time among female youths but not male youths. Results from 
longitudinal studies also suggest that depression precedes obesity in adolescents—girls, but 
not boys—and that obesity precedes depression in adults. In one study (Richardson et al, 
2003) 1,037 New Zealanders were assessed to determine the presence of obesity and major 
depression in early adolescence (ages 11, 13, and 15), late adolescence (ages 18 and 21), and 
adulthood (age 26). After controlling for sex, socioeconomic status, maternal obesity and 
depression, and baseline obesity, it was reported that depression in early adolescence was 
associated with a slightly lower risk of adulthood obesity in both boys and girls; but the 
relationship between late-adolescent depression and adulthood obesity differed across the 
sexes: Boys who were depressed at age 18 or 21 were less likely to be obese at age 26 than 
were boys without depression in late adolescence; girls with late-adolescent depression, 
however, were twice as likely to be obese at age 26 than were girls who were not depressed 
at 18 or 21. Furthermore, the prevalence of obesity among girls increased linearly with the 
number of assessment periods at which they were depressed.  
Results from the longitudinal Northern Finland 1966 Birth Cohort Study (Herva et al, 2006) 
indicated that obesity in adolescence may be associated with later depression in young 
adulthood, and being overweight/obese both in adolescence and adulthood may be a risk 
factor for depression among female subjects. Examining longitudinally by meta-analysis 
whether overweight and obesity increase the risk of developing depression, and whether 
depression increases the risk of developing overweight and obesity, bidirectional 
associations were found between depression and obesity, particularly in adults (Luppino et 
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al, 2010): Obese persons had a 55% increased risk of developing depression over time, 
whereas depressed persons had a 58% increased risk of becoming obese. In this study, the 
association between depression and obesity was stronger than the association between 
depression and overweight, which reflects a dose-response gradient. 
Several mediating and moderating factors must be considered in understanding the 
direction and strength of the relationship between obesity and psychopathology (Markowitz 
et al, 2008; Napolitano & Foster, 2008). The mediating factors are those that help to explain 
the relationship of the two conditions, while the moderating variables might influence the 
strength of such relationship. The main mediating factors for obesity causing mental 
disorders in children and adolescents include low self-esteem, body dissatisfaction, lack of 
physical activity, weight-based teasing and eating disorders (Gatineau & Dent, 2011).  As for 
moderating factors, gender and age could affect the direction and/or strength of the 
relationship between obesity and common psychiatric disorders in children and adolescents. 
Girls may be particularly vulnerable to the emotional costs of obesity (Cornette, 2008; Israel 
& Ivanova, 2002; Stradmeijer et al, 2000). A review of gender differences found that 
overweight girls were stigmatized significantly more often than boys and they typically 
faced more teasing, bullying and social marginalization in both friendships and romantic 
relationships (Tang-Peronard & Heitmann, 2008). The negative impact of obesity on mental 
health in children appears to increase as they get older, although research results in this area 
are contradictory. Some findings suggest that obese adolescents had a particular risk of 
emotional and psychosocial problems, while in younger children the emotional impact of 
overweight would be limited (Hill, 2005; Walker & Hill, 2009). However, recent findings of 
The Millennium Cohort Study (Griffiths et al, 2011) indicate that childhood obesity may be 
associated with emotional and behavioral problems from a very young age, with obese boys 
at particularly high risk. 

4. Conclusions 
This chapter reviewed the relevant literature concerning both behavioral and psychosocial 
factors involved in childhood obesity, and the impact of childhood obesity on mental 
health. The main conclusions of this review and some recommendations are summarized 
below: 
1. Epidemiologic trends in the prevalence and worldwide distribution of overweight and 

obesity in children and adolescents suggest the existence of a real new pandemic in the 
new millennium. 

2. Childhood obesity represents a dynamic process rather than a stable condition, in 
which genetic, psychosocial and environmental factors mutually interact as children 
grow and develop in different contexts. 

3. Weight gain occurs from an imbalance between energy consumed and energy 
expended. The impact of energy balance related behaviors, particularly the combination 
of increased fat intake, decreased physical activity and increased screen time, on the 
development of childhood overweight and obesity is mediated and moderated by 
socioeconomic and cultural factors.  

4. The disparities in obesity between different socio-demographic groups of children and 
adolescents indicate that obesogenic environmental changes may affect some groups 
more than others, which is also why different groups may have responded differently 
to the environmental conditions. 
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5. Obesity is well recognized as a major public health concern that can create tremendous 
social and emotional adversity both in children and in their families. 

6. Stigma related to overweight and obesity is pervasive, even in children. Although 
environmental approaches to prevent obesity are promising because they move away 
from the individual as the source of the problem, they are not without stigmatized risks. 

7. The relationship between obesity and psychological well-being (self-esteem, body 
image and emotional well-being) show inconsistent results. 

8. The most frequently implicated mental health conditions in obese children are 
internalized problems (depression and anxiety), behavioral problems, uncontrolled 
eating behavior, and attention-deficit/hyperactivity disorder. 

9. The relationship between obesity and mental health problems is complex and seems to 
be bi-directional in that clinically meaningful psychological distress might foster weight 
gain, and obesity may lead to emotional problems. 

10. Girls may be particularly vulnerable to the emotional costs of overweight and obesity. 
11. Despite the extensive current literature about the implications of childhood globesity, 

further research is needed, particularly long-term follow-up studies, for a better 
understanding of the developmental trajectories that may improve prevention and 
treatment efforts. 

12. The holistic treatment of childhood obesity should encompass psychosocial and 
emotional consequences as well as physical effects. 
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1. Introduction 
The prevalence of childhood overweight and obesity is increasing throughout the world, 
in both developed and developing countries (Wang & Lobstein, 2006). Based on available 
data, the prevalence of childhood overweight and obesity has increased in almost all 
countries with exceptions in Russia and Poland where the prevalence rates for overweight 
among school-age children decreased during the 1990s (Wang & Lobstein, 2006). Globally, 
obesity and overweight have risen more in economically developed countries and in 
urbanized populations (Wang & Lobstein, 2006). North America, Europe, and parts of the 
Western Pacific have the highest prevalence of overweight children while parts of South 
East Asia and much of sub-Saharan Africa have the lowest prevalence (Wang & Lobstein, 
2006). 
Socioeconomic status and ethnicity can affect overweight and obesity prevalence for adults 
and children, and may be modified by the economics of the country. Among middle-income 
countries, members of better-off households are more likely to be at risk than members of 
poorer households, and urban residents may be more at risk than rural ones (Wang & 
Lobstein, 2006). Comparing communities in South Africa, the overweight prevalence among 
young white (23%) and Indian populations (25%) were higher than that among young 
Africans (17%). In industrialized, economically developed countries, children in the lowest 
socioeconomic status groups and children in specific racial or ethnic groups may be at the 
greatest risk for overweight/obesity (Wang & Lobstein, 2006).  
The enormous direct and indirect costs of adult obesity in the United States have been 
well-documented (Wang & Lobstein, 2006; Finkelstein, Fiebelkorn & Wang, 2003). Adult 
obesity often begins during childhood and adolescence. The epidemic of childhood 
obesity, if not reversed, warns of increasing medical and financial obesity-related costs 
(Finkelstein, Fiebelkorn & Wang, 2003). The next generation of adults will have to 
confront these problems at an even earlier age (Wang & Lobstein, 2006), especially 
members of our most vulnerable populations. Obesity-related co-morbidities include 
dyslipidemia, obstructive sleep apnea, disordered sleep, joint pain, hypertension, insulin 
resistance, diabetes, erosive tooth wear, and depression (Barlow and the Expert 
Committee, 2007) and children living in ethnic minority or low-socioeconomic 
communities are at greatest risk. These conditions have the potential to adversely affect 
the quality of life for obese children.  
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Previous research has presented various conclusions regarding the prevalence of 
overweight/obesity among individuals living in ethnic minority and low socioeconomic 
communities. These conclusions have included such findings as: (1) obesity is viewed more 
positively by individuals living in ethnic minority and low socioeconomic communities than 
by individuals in more affluent communities; (2) overweight/obesity resulted in less 
adverse psychosocial influence; and (3) overweight/obesity was perceived to cause less 
undesirable health impact. These conclusions may be problematic as they may reflect 
culture values that may be difficult to change and could represent insurmountable obstacles 
to the development of effective interventions. They may also serve as defense mechanisms 
for warding off adverse psychosocial complications (Bennett & Wolin, 2006). 
Over the past decade public awareness of the adverse effects of obesity has increased and 
most individuals have become more knowledgeable of the benefits of healthier lifestyles. 
This increased awareness and knowledge should result in positive lifestyle changes, 
especially among at-risk populations. Therefore, the questions we must now ask are: (1) 
“Will more recent studies provide any new insight on the disparate prevalence of childhood 
obesity?’ and (2) Will the former conclusions about the at-risk communities require any 
modifications?”  
The specific aim of this chapter is to review some of the recent scientific evidence on the 
prevalence and impact of childhood obesity among communities of diverse ethnicity and 
low-socioeconomics and to review the changes associated with crucial factors that may 
affect the quality of life of overweight/obese children. By reviewing the prevailing data, we 
hope to answer the above questions. The chapter will look at (1) the prevailing obesity 
prevalence disparity; (2) the frequency of the misperception of weight status among adults 
in communities of diverse ethnicity/low-socioeconomics and its impact on their children; (3) 
the effect of the mother’s perceptions of their children’s weight ; (4) the role of behavioral 
and social factors such as family involvement, frequency of family dinners, television 
watching, physical inactivity and healthful eating; (5) the built environment concept, 
especially the role of parental perception of neighborhood safety and their willingness to 
allow their children to participate in outside physical activity; (6) the significance of “food 
deserts” and “food insecurity”; (7) the relationship between economics and attitudes toward 
health; (8) the critical medical and psychosocial consequences of childhood obesity that 
influence the quality of life for obese children; and (9) the self-image of obese children, 
especially data from recent studies among obese African American children. 
The chapter is based on a PubMed literature search conducted by focusing on the major 
topic of “childhood obesity”. Several different subtitles were incorporated including: 
“obesity disparity”, “misperception of weight among adults”, “mothers’ weight perception 
of children”, “behavioral and social factors”, family involvement”, “built community”, 
“food deserts”, “economics and health”, school environment”, “faith organizations”, and 
“psychosocial consequences”. The search was limited to English-language and foreign-
languages articles with English abstracts published between 2006-2011. In addition, a 
number of studies identified in the course of reading were included.  

2. Quality of life 
The quality of life (QOL) model consists of subjective evaluations of positive and negative 
aspects of life (http://www.cdc.gov/hrqol/concept.htm; http://en.wikipedia.org/wiki/ 
Quality_of_life). Quality of life refers to the personal satisfaction or dissatisfaction with the 
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cultural or intellectual conditions of our living conditions and is distinct from the basic 
tangible belongings we need for comfort (http://www.cdc.gov/hrqol/concept.htm; 
http://en.wikipedia.org/wiki/Quality_of_life). Key domains of the overall quality of life 
include health, job, housing, school and neighborhood. In addition, culture, values, and 
spirituality are vital aspects of overall quality of life (http://www.cdc.gov/hrqol/ 
concept.htm; http://en.wikipedia.org/wiki/Quality_of_life).  
Health-related quality of life (HRQOL) provides a measure of the burden of preventable 
disease, injuries, and disabilities (http://www.cdc.gov/hrqol/concept.htm; 
http://en.wikipedia.org/wiki/Quality_of_life). The concept of health-related quality of life 
and its determinants cover the features of overall quality of life that affect physical and or 
mental health (http://www.cdc.gov/hrqol/concept.htm; http://en.wikipedia.org/wiki/ 
Quality_of_life) and can offer a better understanding of the relationships between health-
related quality of life and risk factors. On the individual level, determinants of health-
related quality of life include physical and mental health perceptions and other correlates 
such as health risks and conditions, functional status, social support and, socioeconomic 
status. Health surveillance frequently includes health-related quality of life questions about 
perceived physical and mental health and function. These questions are important 
components of health surveillance and are commonly regarded as compelling markers of 
service needs and intervention outcomes (http://www.cdc.gov/hrqol/concept.htm; 
http://en.wikipedia.org/wiki/Quality_of_life).  
Intuitively, there should be general consensus that obesity affects the quality of life for 
adults and children. One health-related quality of life measurement tool is the Impact of 
Weight on Quality of Life-Kids. It is a 27-item questionnaire assessing weight-specific 
health-related quality of life. It provides scores on physical comfort, body esteem, social life, 
family relations, and a total score. Higher scores indicate better health-related quality of life. 
A study to examine the health-related quality of life in adolescents with extreme obesity, i.e., 
body mass index greater than 40 kilogram per meter-squared, concluded that generic and 
weight-specific measurement tools, as assessed by the Pediatric Quality of Life Inventory 
and Impact of Weight on Quality of Life-Kids, respectively, indicated global health-related 
quality of life impairment and that the impairment differed significantly by race (Modi et al., 
2008). Physical, emotional and social scores on the Pediatric Quality of Life Inventory and 
the physical comfort and body esteem scores of the Impact of Weight on Quality of Life-
Kids were significantly higher for black compared to white adolescents with extreme 
obesity. The authors acknowledged that although racial differences in adolescent body 
image/esteem had been previously reported it was unknown why black adolescent with 
extreme obesity reported less impact of weight on their physical functioning. Interestingly, 
health-related quality of life did not differ for extremely obese adolescents based on type of 
treatment sought as extremely obese adolescents seeking bariatric surgery reported similar 
health-related quality of life compared to adolescents requesting behavioral treatment. The 
data suggested that health-related quality of life was not homogenous in adolescents with 
extreme obesity (Modi et al., 2008).  
The association between obesity and obesity-related co-morbidities is well document 
(Barlow, 2007; Daniels, 2006) and we are witnessing the impact of these co-morbidities on 
health-related quality of life throughout the world. The overall prevalence of overweight 
and obesity in urban children in New Delhi increased from 16% in 2002 to 24% in 2006-2007 
with 29% of children in private schools and 11.3% of children in government funded schools 
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(Bhardwaj et al., 2008) affected. India has the highest number of patients with type 2 
diabetes mellitus globally and the rapid rise of obesity in children is the prime reason for 
increasing insulin resistance, the metabolic syndrome, dyslipidemia, polycystic ovarian 
syndrome and elevated C-reactive protein. (Bhardwaj et al., 2008). As compared to other 
ethnic groups, children with ancestral origin in South Asia manifest adiposity, insulin 
resistance and metabolic perturbations earlier in life; and the metabolic syndrome and 
obesity track into adulthood (Bhardwaj et al., 2008). 
The Treatment Options for Type 2 Diabetes in Adolescents and Youth cohort represents the 
largest and best-characterized national sample of American youth with recent-onset type 2 
diabetes (Copeland et al., 2011). Analysis of the cohort at baseline revealed that 64.9% were 
female; mean age was 14.0 years; mean diabetes duration was 7.8 months; mean body mass 
index Z-score was 2.15; 89.4% had a family history of diabetes; 41.1% were Hispanic; 31.5% 
were non-Hispanic black; 38.8% were living with both biological parents; 41.5% had a 
household annual income of less than $25,000; 26.3% had a highest education level of 
parent/guardian less than a high school degree; 26.3% had a blood pressure at the 90th 
percentile or great; 13.6% had a blood pressure at the 95th percentile or greater; 13.0% had 
microabluminuria; 79.8% had a low high-density lipoprotein level; and 10.2% had high 
triglycerides. Alarmingly, the clinical and biochemical abnormalities and comorbidities were 
prevalent within 2 years of diagnosis (Copeland et al., 2011). 
Adenotonsillectomy is the first-line treatment for sleep-disordered breathing (Amin et al., 
2008). Three clinical markers have been found to be independent risk factors for recurrence 
of sleep-disordered breathing after adenotonsillectomy: the velocity of increased body mass 
index, obesity, and being African American (Amin et al., 2008). In the children with 
recurrence of disordered-sleep, systolic blood pressure at 1 year post surgery was higher 
than baseline and higher than in children who did not experience recurrence (Amin et al., 
2008). Another study of health-related quality of life for children with sleep-disordered 
breathing who underwent adenotonsillectomy demonstrated similar findings in that it 
documented these children were more likely to be obese than children seen in a general 
pediatric clinic and that African American children who were obese were more likely to 
have sleep-disordered breathing (Rudnick et al., 2007). 
Among first and second generation United States immigrant children and adolescents from 
Central and South American and the Caribbean basin the prevalence of the metabolic 
syndrome was 29% overall (Messiah et al., 2009). Boys were significantly more likely than 
girls to have abnormal systolic blood pressure and Hispanics were significantly more likely 
than blacks to have abnormal triglycerides and HDL cholesterol (Messiah et al., 2009). 
Additionally, obese 13-19 year-old children have increased odds of erosive tooth wear 
compared to similar aged healthy weight children (McGuire et al., 2009).  
Weight-related teasing is an increasing problem, especially for children overweight or obese 
and negative outcomes have been associated with weight-based teasing (McCormack & Laska, 
2011). Specifically, body satisfaction was lower among children being teased by family or peers 
than those who were not teased. Stigmatization of overweight children is extremely prevalent 
and stereotypes about low intelligence may contribute to weight stigma (Latner et al., 2007). In 
2007 a study was completed to determine the weight-based stigmatization of Mexican 
overweight and non-overweight children by their mothers and peers (Bacardi-Gascon et al., 
2007). Four hundred and thirty-two fifth and sixth graders and 342 mothers participated. 
Children were given a questionnaire displaying six drawings; participants’ responses were 
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numbered in order of preference from 1 to 6 (most to least well liked). Participants were 
divided into categories based on socioeconomic status, ethnicity, and current body mass index. 
The majority of the children chose the child in a wheelchair as the preferred friend. Boys and 
girls, Indian and non-Indian, with and without risk of overweight chose the obese peer as the 
least-preferred friend. Non-overweight girls and their mothers liked the obese child less than 
non-overweight boys and their mothers. Based on their data, the authors concluded that the 
negative attitude of mothers toward the obese child was projected to their children and 
influenced their children’s decisions (Bacardi-Gascon et al., 2007). 
Chinese children’s perceptions of self-competence and their coping strategies varied based 
on gender and weight (Chen et al., 2007). Higher body mass index was related to lower 
athletic competency in boys and lower social competence in girls. Better behavioral conduct 
competence contributed to better global self-worth in boys while in girls, better behavioral 
conduct competence and physical appearance competence contributed to better global self-
worth (Chen et al., 2007). Eating and drinking were reported as one of the most frequently 
used coping strategies by children, but the children felt that this strategy was not effective 
(Chen et al., 2007).  
Ecological models of health suggest that lower individual and environmental socioeconomic 
status may be related to health attitudes and behaviors that contribute to obesity 
(McAlexander et al., 2009). After examining the role of social relationships and negative 
emotional traits in the development of central adiposity and arterial stiffness in healthy 
adolescents, it appears that psychosocial variables may be important in the development of 
central adiposity and arterial stiffness in adolescence and that adolescents with less 
supportive relationships and higher anger had increased waist-to-hip ratios, i.e., increased 
risk of central adiposity, overtime (Medie & Matthews, 2009).  
The question has been asked as to whether overweight and obesity may eventually be 
associated with premature death. Proportional hazards analysis and data from the National 
Health Interview Survey Linked Mortality Files were used to estimate life expectancies for 
each body mass index strata and quantified years-of-life-lost by comparing differences 
between age, race, smoking status and gender and the normal body mass index reference 
group (Finkelstein et al., 2010). The evidence suggested that overweight and mild obesity 
were not associated with a reduction in life expectancy. However, higher body mass index 
categories were associated with lower expected survival. In aggregate, excess body mass 
index is responsible for approximately 95 million years-of-life lost. White females accounted 
for more than two-thirds of the aggregate years-of-life-lost. The authors concluded that 
unless something is done to reduce the rising prevalence of those with body mass indexes 
greater than 35, or to diminish the impact of obesity or its correlates on years-of-life-lost, 
expected life expectancy for United States adults may decrease in the future (Finkelstein et 
al., 2010). This prediction is even more concerning when we recall that adult obesity begins 
in childhood/adolescence. Clearly, we must evaluate the impact on quality of life in the 
process of identifying effective weight management programs (Fullerton et al., 2007). 

2.1 Socioeconomic status or position 
Socioeconomic position has been shown to be related to obesity and weight gain (Baltrus et 
al., 2007). Specifically, (1) long-term weight gain in adulthood was associated with 
childhood socioeconomic position and education in women and education and income in 
men; (2) low childhood socioeconomic position was associated with increased weight 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



  
Childhood Obesity 

 

172 

among women 17-30 years old; (3) and low educational status was associated with increased 
weight gain among women 13-30 years and men 17-30 years (Baltrus et al., 2007). 
Socioeconomic status/race variable explains approximately 24% of geographic variability in 
childhood obesity and childhood obesity is significantly associated with lower household 
income, lower home ownership, less educated women, single parent household, and non-
white residents (Grow et al., 2010). Daily priorities are affected by the reality of household 
finances. Local community leaders in the south-side of Chicago felt awareness was higher 
for acute health conditions than for obesity, and though parents were concerned about their 
children’s health parents were stressed by competing priorities and constrained by lack of 
knowledge, parenting skills, time, and financial resources (Burnet & Plaut, 2008).  
Distinct socioeconomic status dimensions can differentially predict obesity across 
race/ethnicity (Scharoun-Lee M, Adair L et al., 2009). After studying the effect of social 
advantage, schooling, employment and economic hardship, the authors concluded that the 
association of social advantage and economic hardship factors with obesity differed by 
race/ethnicity in females (Scharoun-Lee M, Adair L et al., 2009). High social advantage was 
inversely associated with obesity in white and Hispanic females (9-20% lower) while high 
scores on economic hardship were positively associated with obesity in white and Asian 
females. In contrast, no significant racial/ethnic differences were observed in males. The 
schooling factor was significantly positive for females of all racial/ethnic groups (Scharoun-
Lee M, Adair L et al., 2009). 
The racial/ethnic disparities in obesity escalate from childhood to adulthood in the United 
States and may be attributed to the differences in socioeconomic status (Scharoun-Lee M, 
Kaufman J et al., 2009). Males with a disadvantaged background who experienced an early 
transition into the labor force, marriage and residential independence have the highest risk 
for developing obesity while females exposed to persistent adversity were at highest risk. 
Socioeconomic status has a stronger relationship with the persistence of obesity than its 
incidence and ethnic minorities have the highest obesity risk across socioeconomic status 
groups (Scharoun-Lee M, Kaufman J et al., 2009). 
Race/ethnicity, socioeconomic status, and behavior factors were independently related to 
childhood and adolescent obesity (Singh et al., 2008). Among children in the United States, 
aged 10-17 years, who participated in the 2003 National Survey of Children’s Health, ethnic 
minority status, non-metropolitan residence, lower socioeconomic status, lower social 
capital, higher television viewing and higher physical inactivity were all independently 
associated with higher obesity prevalence (Singh et al., 2008). Compared to affluent white 
children, the odds of obesity were 2.7, 1.9 and 3.2 times higher for poor Hispanics, whites 
and black children, respectively (Singh et al., 2008). 
While the social disparities in body mass index trajectories may vary across adulthood by 
gender, race/ethnicity and lifetime socio-economic position the body mass index scores are 
consistently higher for women, racial/ethnic minority groups and those from a lower 
socioeconomic position (Clarke et al., 2009). However, body mass index scores for socially 
advantaged groups in recent years are actually higher than those for their socially 
disadvantaged counterparts who were born 10 years earlier. Social status and socio-
economic resources are important for maintaining optimal weight (Clarke et al., 2009). 
Although those in advantaged social positions have experienced an increase in body mass 
index recently (Clarke et al., 2009) overall, poor children with a sedentary lifestyle have a 3.7 
times higher odds of obesity than their active, affluent counter parts (Singh et al., 2008). 
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2.1.1 Prevailing obesity prevalence disparity 
Pediatric obesity has reached critical levels and a worrisome trend has been identified 
worldwide (Lieb et al., 2009). There is a greater prevalence of obesity in ethnic and racial 
minorities than in non-Hispanic whites (Clarke et al., 2009; Lieb et al., 2009; Scharoun-Lee 
M, Kaufman J et al., 2009). The reason for this disparity is multifactorial, with culture, 
environment, and genetics playing a role (Calzada, Anderson-Worts, 2009). Of note, the 
higher availability of obesigenic diets and poor dietary behavior world-wide have created 
an increasingly urban Asian childhood obesity epidemic, which coupled with persistent 
undernutrition, present a complex double burden of malnutrition (Guldan, 2010). Some 
dietary patterns associated with overweight include snacking, eating out, fast food, 
sweetened beverages and excessive meat; unhealthy macronutrient energy proportions and 
a preference for refined grains (Guldan, 2010). Among White and South Asian children age 
5-7 years, born between 1991 and 1999, and included in the East Berkshire Child Health 
System, overweight and obesity among South Asian boys were significantly higher than that 
among South Asian girls and the boys may be at greater risk of morbidity and mortality 
(Balakrishnan et al., 2008). 
A cross-sectional study to examine factors associated with health behaviors, including 
physical activity and dietary intake of Chinese women who had immigrated to the United 
States and their children revealed that approximately 37% of the children were overweight 
with body mass index greater the 85th percentile (Chen, 2009). A high household income 
was related to low maternal body mass index, higher maternal fat intake, and high maternal 
intake of sweets while a high level of maternal acculturation was related to low body mass 
index in children (Chen, 2009). In contrast, among 3 to 5 years old Canadian Inuit children 
across the Canadian High Arctic the overall prevalence of overweight was 50.8% with 
significantly more boys (57.1%) than girls (45.2%) in the overweight category (Galloway et 
al., 2010). Yet, an examination of biological, socio-economic and dietary factors, including 
birth weight, breastfeeding, day care attendance, traditional and market food consumption 
and sweetened beverage intake revealed no significant associations that could explain the 
development of obesity in this population (Galloway et al., 2010). 
In a study of Norwegian adolescents, aged 15-16 years, the prevalence of overweight was 
11.8% and obesity was 2.4%, higher in boys (Groholt et al., 2008). Further analysis revealed 
that the northernmost counties were 70% to 90% more likely to be overweight and obese 
compared with adolescents in Oslo, the capital and southernmost county. Other factors that 
were significantly associated with overweight and obesity included lower educational plans, 
poor family economy and physical inactivity. Eating breakfast was positively associated 
with not being overweight or obese (Groholt et al., 2008). A nationwide representative 
survey of New Zealand schoolchildren demonstrated a 2.7% incidence of extreme obesity 
compared to 4% in the United States but ethnic differences in prevalence with 0.8% in New 
Zealand European, 5.1% in Maori, and 10.9% in Pacific Island groups (Goulding et al., 2007). 
Data from the Reports on School Health Survey, Ministry of Education, Culture, Sports, 
Science and Technology, revealed no evidence of any major rise in prevalence of obesity as 
expressed by mean body mass index for Japanese children 5-17 years old between 1948-2003 
(Hermanussen et al., 2007). The authors concluded that Japanese children and adolescents 
may be more resistant against environmental factors that have caused obesity in affluent 
western societies (Hermanussen et al., 2007). However, a previous study using data from the 
cross-sectional annual National Nutrition Survey, Japan, from 1976 to 2000 of children 
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between the ages of 6 and 14 revealed an increasing trend in obesity prevalence in Japanese 
school children (Matsushita et al., 2004). The prevalence of obese boys and girls increased 
from 6.1% and 7.1%, respectively, between 1976 and 1980, to 11.1% and 10.2% in 1996 to 
2000. The increasing trend was most evident among 9- to 11-year old children of both sexes 
living in small towns, whereas no changes were observed in girls in metropolitan areas 
(Matsushita et al., 2004). 
In the United States, one of the states with the highest prevalence rates of obesity is 
Mississippi. The prevalence and trends of obesity among Mississippi public school students, 
2005-2009 were published in 2010 (Molaison et al., 2010). The data revealed that in 2009 the 
prevalence of obesity for all students in K-12 was 23.9% as compared to 23.5%in 2007, and 
25.5% in 2005. However, the disparity between races appeared to be increasing over time 
with the prevalence remaining level for non-white students while decreasing each year for 
white students (Molaison et al., 2010). 

2.2 Misperception of weight status among adults  
Misperception of weight has been defined as viewing self as being about the right weight 
when actually overweight or obese (Bennett & Wolin, 2006). Adults frequently misperceive 
their weight and the level of misperception appears to vary based on ethnicity/race and 
gender (Bennett & Wolin, 2006). According to Bennett & Wolin misperception was present 
among 43% of overweight white men and 9% among obese white men versus 21% among 
overweight white women and 3% among obese white women compared to 66% for 
overweight black men and 26% for obese black men versus 41% for overweight black 
women and 11% for obese black women compared to 64% for overweight Hispanic men and 
17% for obese Hispanic males versus 29% for overweight Hispanic women and 7% for obese 
Hispanic women (Bennett & Wolin, 2006). The high level of misperception among blacks 
may be a function of several factors: (1) weight satisfaction versus a lack of awareness about 
the extent of their overweight; (2) lack of awareness about clinical thresholds for overweight 
and obesity; or (3) a reliance on social comparisons to make judgment about their weight 
status (Bennett & Wolin, 2006).  
Despite greater self-reported prevalence of certain risk factors for poor health, African 
Americans may have a more optimistic view of their overall health and weight status and 
lack of an awareness of their actual risk (Burroughs et al., 2008). Surprisingly, 72% of African 
Americans reported “good to excellent” health compared to 62% of Hispanics even though 
56% of African Americans compared to 34% of Hispanics who self-described as “slightly” 
overweight met criteria for obesity based on body mass index (Burroughs et al., 2008). 
Additionally, 33% of the African Americans reported high blood pressure, 20% arthritis, 
18% high cholesterol, and 15% diabetes compared to 17% of Hispanics who reported high 
cholesterol, 15% high blood pressure, and 12% sleep difficulty. Misperception of their 
weight may cause parents to misperceive the children’s weight and delay corrective 
intervention. 

2.3 Effect of the mother’s perceptions of their children’s weight 
Parents frequently define overweight in functional terms while children will define it based 
on physical appearance (Burnet & Blaut, 2008). In a study examining maternal perception of 
their overweight children among participants in an urban Special Supplemental Nutritional 
Program for Women, Infants and Children serving primarily Hispanic families, (Hackie & 
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Bowles, 2007), 61% of mothers did not recognize their children, ages 2-5 years, as 
overweight. Perception of the child’s overweight was independent of age and educational 
level of the mother. Fifty percent of mothers had taken no steps to control what their child 
ate. The authors concluded that Hispanic mothers of overweight children may not perceive 
their children as being overweight and interventions will need to be based on the mother’s 
belief system and cultural background (Hackie & Bowles, 2007).  
In a similar study, of 192 African-American and Hispanic 4-5 year old children, most 
mothers perceived their children to be thinner than actual size (Killion et al., 2006). 
Approximately 66% of mothers of overweight and obese children were satisfied with their 
children’s existing body size or wanted them to be heavier while 50% of the mothers of 
obese children wanted their children to be thinner (Killion et al., 2006). 
The agreement between adolescent and caregiver on body size satisfaction varies by body 
mass index category (Mitola et al., 2007). Among normal weight adolescents, 61% of 
adolescent-caregivers agreed that current body size was ideal. Among adolescents at risk for 
overweight, 38% of adolescent-caregivers agreed that current body size was ideal, and 38% 
were discordant with adolescents wanting to be thinner and caregivers satisfied with 
current body size. Among overweight adolescents, adolescent-caregiver agreement was 
67%; 52% agreed the adolescent should be thinner and 15% agreed current body size was 
ideal. Body size satisfaction is related to body mass index category for adolescents and 
caregivers, but adolescents have a lower threshold for satisfaction therefore, encouraging 
caregivers to discuss their adolescents’ views on body size satisfaction may allow caregivers 
to support their adolescents in addressing weight-related issues (Mitola et al., 2007).  

2.3.1 Body image discrepancy 
Body image discrepancy reflects the difference between ideal and current body images 
(Banitt et al., 2008). In a cross-sectional study to investigate the relationship between body 
image discrepancy and weight status among adolescents, participants were asked to select 
body imagines from a 13-figure rating scale. There was an increase in body image 
discrepancy with the increasing prevalence of obesity (Banitt et al., 2008). Overall, half of 
the females and one third of males wanted a thinner body (Banitt et al., 2008). Body image 
discrepancy was positively related to body mass index percentile. A one-unit increase in 
body image discrepancy was observed with a 4.84 unit increase in body mass index 
percentile among females and a 3.88-unit increase in males. Both male and female 
adolescents reported body image discrepancy at a body mass index percentile that 
corresponded to normal weight. While black and white differences existed in body image 
discrepancy, black female adolescents were similar to their white counterparts and 
reported body image discrepancy at a weight range that was within the normal range 
(Banitt et al., 2008). The authors stressed the need for interventions that will help 
adolescents develop a healthy and realistic body image and healthy ways to manage their 
weight (Banitt et al., 2008). 
Whether satisfaction with overweight and obesity contribute to greater weight gain in 
African American women than men remains debatable; yet little data is available for 
younger adult African Americans on their perceived and ideal body image (Gilliard et al., 
2007). In a survey of 509 self-identified African American freshmen in 2003 and 669 in 2006 
at a historically black university, the data did not suggest that greater weight gain in women 
than men is driven by a desire to be heavier. The high proportion of overweight women 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



  
Childhood Obesity 

 

176 

with a normal perceived body image may contribute to the greater weight gain. Of concern, 
nearly half of men with normal body mass index wanted to be heavier, while approximately 
5/8 of overweight men were satisfied with being overweight or wanted to be heavier 
(Gilliard et al., 2007). 

2.4 Role of behavioral and social factors  
Ethnicity is associated with differences in food-related beliefs, preferences, and behaviors; 
and cultural influences may contribute to the higher than average risk of obesity among 
children and youth in United States ethnic minority populations (Kumanyika, 2008). 
Evidence indicates that ethnic differences along several pathways may increase the risk of 
obesity. Development of useful interventions in the future requires a better understanding 
of which causes of obesity might be more prevalent or intensified in low-income and diverse 
communities; understanding of how the social, cultural and economic environments might 
magnify these factors; and determining which changes in those environments would help 
the most to reduce obesity (Kumanyika & Greer, 2006). Parents’ weight is among the 
strongest correlate for child weight (Elder & Arredondo, 2010). 
The social and structural environment in which Hispanic children are reared may play an 
essential role in uncovering their risk for obesity and related behaviors (Elder & Arredondo, 
2010). Overweight children were less active compared to normal weight children; parents of 
overweight children provided less instrumental support to engage in activity and set fewer 
limits on their child’s activities; parents of overweight children were less likely to control, 
but more likely to set limits on their child’s diet compared to normal weight children; 
parents who rated their health more positively and were less acculturated were more likely 
to have overweight children (Elder & Arredondo, 2010). Foreign-born Hispanic men and 
women have a substantially lower likelihood of being overweight or obese than Hispanics 
born in the United States; and the likelihood of obesity/overweight increases the longer 
foreign-born individuals remained in the United States (Akresh, 2008). 
Racial discrimination may be an important factor related to weight gain among ethnic 
minorities (Gee et al., 2008). Findings from an analysis of data from the 2002 to 2003 
National Latino and Asian American Study revealed that: (1) racial discrimination was 
associated with increased body mass index and obesity; (2) the association between racial 
discrimination and body mass index strengthened the longer the time spent in the United 
States (Gee et al., 2008).  
Cultural attitudes and belief are not the only potential sources of ethnic variation in 
childhood obesity prevalence and should not be studied in isolation (Kumanyika, 2008). 
Demographic, socio-structural and environmental variables must also be considered. 
Attitudes about and environmental contexts for physical activity are relevant. Individual 
behavior and lifestyle are responsive to the ecological contexts in which they are practiced 
(Kumanyika, 2008).  
A secondary analysis of cross-sectional data from the 2004-2005 School Physical Activity and 
Nutrition study examined the prevalence rates of five types of beverage consumption (fruit-
flavored drinks, regular sodas, diet sodas, milk, and 100% fruit juice) by sociodemographic 
factors among fourth, eighth, and eleventh grade public school students in Texas (Evans et 
al., 2010). The data revealed that the most commonly consumed beverage by all students 
was milk. More than 50% of students also had consumed regular soda and fruit-flavored 
drink during the previous day. Milk and fruit juice intake decreased with increasing grade 
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level. By the eleventh grade, the prevalence of any beverage consumption, including milk 
and juice was significantly greater among boys. Ethnic differences in sugar-sweetened 
beverage consumption were most prevalent in eighth and eleventh grades, with the highest 
estimated prevalence of sugar-sweetened beverages (fruit-flavored drink and regular soda) 
consumption among African Americans (Evans et al., 2010).  
Evidence linking restaurant food with overweight and the role of different types of 
restaurants among Latinos demonstrated that both child and parent body mass index scores 
were lowest in families selecting Mexican restaurants (Duerksen et al., 2007). The authors 
suggested that eating at fast-food chains and other Anglo-oriented restaurants may 
contribute to higher obesity rates linked to acculturation among Mexican Americans 
(Duerksen et al., 2007).  

2.4.1 Family involvement 
Home and family variables such as parenting styles, female-headed households, parental 
education, teen parenting, obese adults and economic insecurity may contribute to 
childhood obesity (Kumanyika & Grier, 2006). Parenting interventions have produced 
changes in factors associated with childhood obesity (Ayala et al., 2010). In 2008, researchers 
examined the intervention effect on (1) parenting strategies, including limit setting, 
monitoring, discipline, control, and reinforcement related to children’s diet and physical 
activity; (2) parental support for physical activity; (3) parent-mediated family behaviors 
such as family meals eaten together and television viewing during family dinners; and (4) 
perceived barriers and other parent cognitions related to children’s eating and activity. After 
2 years, significant improvements were observed in three of five parenting strategies, 
parental support, and two of four parent-medicated family behaviors among parents 
receiving monthly visits by the promotora and monthly mailed newsletters as compared 
with those in the interventions targeting the school and community environments via 
physical and social changes such as training school personnel to promote healthy eating or 
modifying child menus in local restaurants) and control conditions (Ayala et al., 2010).  
To determine the self-efficacy and dietary fat reduction behaviors in obese African-
American and white mothers recruited from the Special Supplemental Nutrition Program 
for Women, Infants and Children in Wisconsin, Chang et al., 2008 designed a study to 
examine the influence of weight management and education on five types of fat reduction 
behaviors mediated through three task-specific domains of self-efficacy (negative mood, 
positive mood, and food availability) among young, low-income obese African-American 
and white mothers. The study also investigated the interaction of race with the relationships 
between weight management, education, self-efficacy, and fat reduction behaviors. For both 
racial groups, weight management status predicted low-fat food substitution and meat 
modifications behaviors; education predicted meat modification behavior. Three task-
specific domains of self-efficacy predicted different types of fat reduction behaviors and 
differed by race. Weight management influenced behaviors of low-fat food substitution, 
meat modification and fried-food avoidance, mediated partially through self-efficacies of 
negative mood (African Americans), positive mood (African Americans, whites), and food 
availability (African Americans). Race affected the relationships between weight 
management, education, three task-specific domains of self-efficacy, and five types of fat 
reduction behaviors. Self-efficacies operated differentially for African Americans and whites 
(Chang et al., 2008). 
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The efficacy of an interactive, child-centered and family-based program in promoting 
healthy weigh and health behaviors in Chinese American children has been demonstrated 
(Chen et al., 2010) and significantly decreased body mass index, diastolic blood pressure and 
fat intake while increasing vegetable and fruit intake, actual physical activity and 
knowledge about physical activity. The authors concluded that interactive child-centered 
and family-based behavioral programs were feasible and effective and could be modified for 
other minority ethnic groups who are at high risk for overweight and obesity and have 
limited access to programs that promote healthy lifestyles (Chen et al., 2010). 
Ellis et al., 2010 conducted a pilot randomized clinical trial to determine whether 
participation in an intensive, home- and community-based 6-months intervention could 
increase family support for healthy eating and exercise in obese African-American 
adolescents. Results demonstrated that participation was associated with significantly 
greater improvements in family encouragement for healthy eating and family participation 
exercise and greatly decreased discouraging behavior from family members. Increased 
family participation in exercise was significantly related to lower youth body mass index, 
percent overweight, and body fat composition (Ellis et al., 2010).  

2.4.2 Frequency of family dinners 
The recommendation for reducing childhood obesity from the expert committee (Barlow et 
al., 2007) included limiting eating out at restaurants, particularly fast food restaurants and 
other kinds of restaurants that serve large portions of energy-dense foods. They also 
included encouraging family meals in which parents and children eat together. Studies have 
indicated that family meals may be a protective factor against childhood obesity (Rollins et 
al., 2010). As limited evidence is available for children with different racial, socioeconomic 
and individual characteristics, Rollins’ team (Rollins et al., 2010) examined data from the 
2003 National Survey of Children’s Health (n=16,770). This study revealed that: (1) non-
Hispanic white children who consumed family meals every day were less likely to be obese 
than those eating meals zero to a few days per week; (2) a moderate effect for sex was 
observed in non-Hispanic black children, as meal frequency was marginally protective in 
boys but not in girls; and (3) a higher frequency of meals was a marginal risk factor for 
obesity in Hispanic boys from low-education households but not in girls from similar 
households (Rollins et al., 2010). 
A similar study determined that for whites, higher frequency of family dinners was 
associated with (1) reduced odds of being overweight in 1997; (2) reduced odds of becoming 
overweight, and (3) increased odds of ceasing to be overweight in 2000 (Sen, 2006). No such 
associations were found for blacks and Hispanics. The author suggested that the reasons for 
racial and ethnic differences in the relationship between frequency of family dinners and 
overweight may include differences in the types and portions of food consumed at family 
meals. 

2.4.3 Television watching 
The imbalance between energy intake and energy expenditure forms the foundation for 
childhood obesity (Cillero & Jago, 2010). There is escalating public health concern regarding 
the effects of sedentary lifestyles on children and adolescents (Marshall, Gorely & Biddle, 
2006). Many studies have proposed that the increased sedentary lifestyle among children 
and adolescents is associated with obesity (Crespo et al., 2001). Television viewing, playing 
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digital games and using computers constitute critical sedentary activities (Rey-Lopez et al., 
2008). It has been argued that not all forms of sedentary behavior contribute equally in the 
development of obesity. The effect of sedentary lifestyle on the risk for obesity may depend 
on genotype. For example, a higher risk of obesity was found among girls carrying the 
27Glu allele of the ADRB2 gene, even when they spent less than 12.5 hour per week viewing 
television (Ochoa et al., 2006); and blunting of meal-related changes in active ghrelin and 
PYY in obese Hispanic youth (Mittelman et al., 2010).  
Stamatakis and colleagues (Stamatakis, Hamer & Dunstan., 2011) demonstrated that 
recreational sitting, as reflected by television/screen time, is related to mortality and CVD 
risk in adults regardless of physical activity participation. Acknowledging that the precise 
pathways linking sitting and cardio-metabolic disease are unclear, they proposed that 
metabolic mechanisms e.g., disturbed lipid metabolism, might partly explain the links. A 
dramatic reduction of lipoprotein lipase activity by 80% to 90% during sitting compared 
with standing or ambulating has been reported (Stamatakis, Hamer & Dunstan, 2011). 
Lipoprotein lipase is a key enzyme for the catabolism of triglyceride-rich lipoproteins in the 
endothelium. A reduction in its activity might raise the possibility of other metabolic actions 
being impaired. It has been suggested that metabolic and inflammatory pathways may 
partially explain the association between sitting and CVD risk (Stamatakis, Hamer & 
Dunstan, 2011). C-reactive protein was 3-fold higher in participants spending more than 4 
hours per day in screen time. Similarly, 5 days of bed rest, which represents an extreme 
form of sedentary behavior, had profound effects on various metabolic risk (including 
insulin resistance and vascular dysfunction) but not on inflammation. Thus, low-grade 
inflammation might only result from chronic exposure to sedentary lifestyle (Stamatakis, 
Hamer & Dunstan, 2011).  
To develop effective strategies to prevent and treat obesity, we must delineate and 
understand the relationships among childhood obesity and health behaviors such as dietary 
intake and sedentary lifestyles. Sedentary lifestyle has been described as “the absence of 
health-enhancing physical activity” (Marshall, Gorely & Biddle, 2006). Increasing the 
percentage of activity for children and adolescents is important for at least two reasons: (a) 
reallocating small amounts of sedentary time to more active behavior significantly improves 
energy balance and fitness and (b) epidemiologic data suggest that some sedentary 
behaviors track better than physical activity from childhood to adolescence (Marshall, 
Gorely & Biddle, 2006).  
In 1985 the first assertion that television viewing may lead to obesity in some children and 
adolescents was published (Dietz & Gortmaker, 1985). The authors reported that the 
prevalence of obesity in adolescents increased 2% for each additional hour of television 
watched (Yen et al., 2010). They suggested that this relationship may be mediated by a direct 
displacement of physical activity, as well as, an increase in caloric consumption induced by 
food advertisements and snacking time (Dietz & Gortmaker, 1985). 
The displacement hypothesis suggests that sedentary lifestyle decreases physical activity as 
a result of the increasing availability of high-tech devices in an industrialized lifestyle (Yen 
et al., 2010). Some studies on the association between sedentary behaviors and adolescent 
obesity have demonstrated only a weak association or no association at all. Many of these 
studies are not comparative and the results are not conclusive (Rey-Lopez et al., 2008). The 
absence of consensus has been suggested to be due to the lack of controls for confounding 
variables such as socioeconomic status and age (Yen et al., 2010).  
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During the late 1950s, sedentary behavior included an array of activities such as listening to 
the radio/vinyl records, reading books/comics, and television viewing (Stamatakis, Hamer 
& Dunstan, 2011). Contemporary activities include television viewing, Internet, compact 
disc/MP3 players and cellular phones. Screen time, especially television viewing, seems to 
be the primary indicator of “non-occupational sitting” among adults (Stamatakis, Hamer & 
Dunstan, 2011) and aside from sleeping, television viewing comprises most of the “domestic 
setting” time (Stamatakis, Hamer & Dunstan, 2011).  
Previous studies have demonstrated that adolescents and young adults from racial and 
ethnic minority groups watch more television and are less physically active (Richmond et 
al., 2010; Kimbro et al., 2011). However, several studies of children and young adults have 
demonstrated that television viewing and weight were not statistically related in black girls 
(Richmond et al., 2010; Lowry et al., 2001). Limitations of previous studies include: small 
sample size, localized to a few cities, and study design inconsistency that prevented study 
comparison (Richmond et al., 2010). 
“Problematic sedentary behavior” has been defined as viewing television more than 2 hours per 
day, using the internet more than 20 hours per week; and using the cellular phone more than 1 
hour per day (Yen et al., 2010; American Academy of Pediatrics, 2001). Interestingly, not all 
sedentary behavior has the same potential to increase the risk of obesity. According to Yen (Yen 
et al., 2010) adolescents who had high television viewing had higher BMI after controlling for 
the effects of socio-demographic characteristics and exercise level. While the associations 
between BMI and television viewing and exercise level became insignificant, the interaction 
between television viewing and exercise level was significantly associated with BMI. Among 
adolescents who had a high exercise level, no significant difference in BMI was found between 
those with high and low television viewing (Yen et al., 2010). Among adolescents who had a low 
exercise level, those who had high television viewing had higher BMI than those who had low 
television viewing. Adolescents who had high Internet use had higher BMI after controlling for 
the effects of sex, age, residential background, parental education level and exercise level. 
Interactions between Internet use and sex, age, parental education and exercise level were not 
significantly associated with BMI (Yen et al., 2010). Among Internet use, visiting erotic websites, 
viewing online films and reading online news were significantly associated with increased BMI. 
The amount of cellular phone use was not significantly associated with BMI after controlling for 
the effects of sex, age, residential background, parental education level and exercise level. 
Adolescents who used cellular phones to play electronic games had increased BMI. However, 
sending text messages, taking pictures, accessing the Internet and transmitting music/images 
were not associated with BMI (Yen et al., 2010). 
Marshall and colleagues (Marshall, Gorely & Biddle, 2006) completed a systemic review to 
(a) estimate the prevalence and dose of television viewing, video game playing and 
computer; (b) assess age-related trends in television viewing; and (c) secular trends in 
television viewing among children 18 years old and younger. Their results suggested that 
over the past five decades children have not had a significant increase in the number of 
hours they watch television (Marshall, Gorely & Biddle, 2006). In 1948 US children and 
teenagers viewed television approximately 3.1 hour per day for 6 to 12 year olds and 2.6 
hours per day for 13 to 19 year olds. In 1949, the average viewing time was 3.4 hours per 
day. In 1950s the average time was 2.6 hours per day. The television viewing times 
increased between 6-11 years, decreased between 11 to 15 years and peaked between 9-12 
years (Marshall, Gorely & Biddle, 2006). 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



 
Obesity and Quality of Life in Communities of Diverse Ethnicity and Low Socioeconomics  

 

181 

Today, children and adolescents watch 1.8 to 2.8 hours of television per day; 66% are “low 
users” (less than 2 hours per day); 28% watch more than 4 hours per day; boys and girls 
with access to video games spend approximately 60 minutes and 23 minutes per day, 
respectively playing video games (Marshall, Gorely & Biddle, 2006). Computers are used an 
additional 30 minutes per day and, on average, television viewing decreases during 
adolescence. However, high television users at a young age tend to remain high users when 
older (Marshall, Gorely & Biddle, 2006). 
A meta-analysis found that a statistically significant relationship exists between obesity and 
television viewing among children and youth; but, the relation was too small to be of 
substantial clinical relevance (Gorely, Marshall, & Biddle, 2004). Television viewing is often 
associated with lower levels of physical activity among girls (Gorely, Marshall & Biddle, 
2004) and it appears to have an independent relationship with weight status even after 
controlling for levels of physical activity (Richmond et al., 2010; Eisenmann et al., 2008).  
After controlling for confounding variables Yen and colleagues (Yen et al., 2010) found 
adolescents with high television viewing or high Internet use had increased BMI. The 
relationship between BMI and television viewing and Internet use were statistically 
significant. Yet, they cautioned that similar to other studies, television viewing and Internet 
use only accounted for a very small variance in BMI. They also raised a provocative 
question as to whether the Internet and cellular phones may provide overweight 
adolescents who have low self-esteem alternatives through which they can reduce social 
interaction and feel more comfortable (Yen et al., 2010). 
There is evidence that adolescents and young adults from racial and ethnic minority groups 
watch more television and are less physically active than their white peers (Crespo et al., 
2001; Richmond 2010).  
Yet, some studies have found that television viewing and weight are not statistically related 
in preadolescent to young adult black females (Richmond et al., 2010). Richmond and 
colleagues suggested that the lack of a relationship between television viewing and BMI 
among black girls may be one reason why some studies using racially heterogeneous 
populations have had not demonstrated a positive association (Richmond et al., 2010). In the 
study by Richmond et al (Richmond 2010), black females reported watching television 15 
hours per week compared to 11 hours per week for both Hispanic and white females; BMI 
increased with greater time spent watching television; those who watched 8 to 14 hours per 
week had BMIs that were on average 0.8kg/meter-squared higher and those who watched 
greater than 14 hours per week had BMIs that were on average 1.2 kg/meter-squared higher 
than those who watched 7 hours of less per week. Having at least one obese parent was 
associated with a 3.7 kg/meter-squared increase in BMI relative to those without an obese 
parent. Overall all, black, Mexican-American, and Puerto Rican females were all 
significantly heavier than their white peers (Richmond et al., 2010). When data was stratified 
by race/ethnicity, they found similar results among white females between television 
viewing and BMI as in the overall population. Among both black and Hispanic females, 
they found no association between television viewing and BMI. They proposed that these 
differences may represent the fact that: (1) the majority of blacks are beyond some threshold 
effect for television exposure (Richmond et al., 2010); (2) blacks interact with television 
media differently than whites (Richmond et al., 2010); (3) blacks are less susceptible to the 
effects of television advertising than whites [16]; (4) the television is more likely to be on 
throughout the day in black homes so reported television viewing hours may not have their 
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full attention and thus have less of an impact (Richmond et al., 2010; Henderson, 2007); and 
(5) television is such a small factor in the lives of black Americans relative to other obesity-
prone aspects of their environment (Richmond et al., 2010). 

2.4.4 Healthful eating 
The childhood obesity expert committee (Barlow et al., 2007) recommended that families 
adopt and maintain healthy habits that may help prevent excessive weight gain. These 
recommendations included eating diets with the recommended quantities of fruits and 
vegetables, rich in calcium, high in fiber and with a balanced source of energy from fat, 
carbohydrates and protein as well as limiting portion size, limiting consumption of sugar-
sweetened beverages and eating breakfast daily.  
Breakfast consumption has been a frequent focus of studies exploring dietary intake among 
adolescents and overall health (Merten et al., 2009). Analysis of the relationship between 
breakfast and obesity over time and in relation to weight outcome in young adulthood 
(Merten et al., 2009) revealed that adolescent regular breakfast consumption significantly 
predicted young adult regular breakfast consumption and an important factor associated 
with adolescents eating breakfast was having at least one parent home in the morning. 
Regular consumption during both adolescence and young adulthood prevented obesity in 
both periods. Living in disadvantaged communities decreased the odds adolescents would 
eat breakfast during adolescence and increased their chances for chronic obesity (Merten et 
al., 2009).  
The role of sugar-sweetened beverages in obesity remains a source of research. In a 
representative sample of 365 low-income African-American preschool 3-5-year-old children 
investigators sought to determine the association between sugar-sweetened beverage 
consumption (soda, fruit drinks, and both combined) and overweight and obesity (Lim et 
al., 2009). After two years, the prevalence of overweight increased from 13% to 19% and the 
prevalence of obesity increased from 10% to 20%. The authors concluded that high 
consumption of sugar-sweetened beverages was significantly associated with an increased 
risk of obesity (Lim et al., 2009). 
The Memphis Girls health Enrichment Multi-site Studies tested the effectiveness of a 2-year 
family-based intervention to reduce excessive increase in body mass index by promoting 
healthy eating habits and increasing physical activity in 303 healthy African-American girls, 
ages 8-10 years old along with one parent/caregiver. It was a randomized, controlled trail 
conducted at community centers. The main outcome measure was the difference in body 
mass index between the control and intervention groups. At the end of the 2-year trial the 
body mass index increased in all girls and no significant treatment effect was noted. 
However, positive effects were observed with a reduction of daily consumption of 
sweetened beverages and an increased consumption of water and vegetables. Nonetheless, 
the authors concluded that this particular intervention alone was insufficient for obesity 
prevention (Klesges et al., 2008; Klesges et al., 2010). 

2.5 Built environment concept 
The built environment consists of the neighborhoods, roads, buildings, food sources, and 
recreational facilities in which people live, work, are educated, eat, and play (Sallis & Glanz, 
2006). The debate is ongoing as to whether recent changes in the built environment have 
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promoted sedentary lifestyles and encouraged less healthful diets (Sallis & Glanz, 2006). The 
physical design and quality of neighborhoods may determine where and how often children 
and adolescents participate in physical activity and parents may restrict their children’s 
outdoor activities if neighborhood safety is a concern (Kumanyika & Grier, 2006). 
Additionally, family work schedules, discretionary time, money, and car ownership may 
adversely affect the ability of parents and caregivers in low-income communities to 
transport children to sports and other activities (Kumanyika & Grier, 2006).  
While these arguments may be logical, research on the link between neighborhood 
socioeconomic status and obesity in child and adolescents is mixed, with some studies 
showing strong correlations among neighborhood, obesity, and physical activity and others 
showing little to no effect (Kimbro et al., 2011). Contrary to expectations, one study 
demonstrated some interesting findings among 5-year old children living in public housing 
(Kimbro et al., 2011). The authors showed that the poorest and wealthiest children had the 
lowest BMIs, while children in the middle of the socioeconomic distribution had the highest 
body mass indices; that the hours of outdoor play and television watching were both 
associated with body mass index, as was the ratio of outdoor play to television watching; 
that children living in public housing and those living in the neighborhoods with higher 
levels of physical disorder were playing outdoors more often than other children; and that 
children of mothers who perceived a high level of collective efficacy in their neighborhoods 
were playing outside for longer periods of time daily, watching television less and visiting 
the park or playground more often each week (Kimbro et al., 2011). Neighborhood safety 
may be modified by the mother’s perceived neighborhood cohesiveness and social support 
as neighborhood cohesiveness had little to do with the actual physical state of the 
neighborhood environment (Kimbro et al., 2011).  
Scientific evidence as to whether the built environment can directly affect childhood obesity 
and whether improvements to the built environment can encourage more physical activity 
and more healthful diets is limited (Sallis & Glanz, 2006; Kumanyika & Grier, 2006). 
Researchers have found many links between the built environment and children’s physical 
activity but have not provided conclusive evidence that aspects of the built environment 
promote obesity. Obviously, barriers such as an absence of sidewalks, living long distances 
from schools, and the need to cross busy streets can discourage walking and biking to 
school. However, while removing these barriers may increase rates of “active commuting”, 
there is no scientific evidence that more “active commuting” reduces the rates of obesity 
(Sallis & Glanz, 2006). Although research into the link between the built environment and 
childhood obesity is relative new, it is reasonable to assume that individuals who live in safe 
neighborhoods that enhance walking, and offer local markets with healthful food are likely 
to be more active and to eat more healthful foods (Sallis & Glanz, 2006). 

2.6 Significance of food deserts and food insecurity 
Food deserts describe areas that do not have easy access (within walking distance in cities or 
a reasonable driving distance in rural areas) to healthy foods, usually in the form of a 
supermarket. In urban areas, food desert also implies that the area is low income and 
residents may not own or have easy access to a vehicle, therefore, access to healthy foods 
must be within reasonable walking distance. Food security refers to the availability of food 
and one’s access to it. A household is considered food-secure when its occupants do not live 
in hunger or fear of starvation (http://en.wikipedia.org/wiki/Food_security). More than 
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23% of American households with children did not have enough money to buy food in 2010 
(http://www.upi.com/Health_News/2011/08/11).  
For parents poor food quality and discrimination affect parent’s food choices and their 
perceptions of food availability in their neighborhood (Sealy, 2010). Within communities 
with lower than average availability of healthful foods, higher than average availability of 
fast food restaurants, and increased exposure to ethnically-targeted food marketing may 
result in dependency on high calorie foods and beverages which are valued both socially 
and culturally. (Kumanyika, 2008).  
Food-related parenting attitudes may influence children’s dietary intake and weight. In 
food-insecure families, attitudes toward making healthful foods available were inversely 
associated with children’s daily energy intake and body mass index among fifth grade 
Mexican-American students (Matheson et al., 2006). In food-secure families, attitudes 
about making healthful foods available were positively associated with children’s fruit 
intake and percentage of energy from fats. Additionally, parental modeling of healthful 
food behavior was inversely associated with the energy density of foods (Matheson et al., 
2006). 

2.7 Relationship between economics and attitudes toward health 
An analysis of data from the National Survey of Children’s Health collected from 2003 to 
2004 revealed that poverty impacts body mass index in at least two specific ways: unsafe 
neighborhoods and the cost and availability of healthy foods in low income communities 
(Lutfiyya et al., 9220). Overweight children were more likely to be African American and 
Hispanic than white; be males; live in households with incomes below 150% of Federal 
poverty level; watch television three hours or more daily; and not have received preventive 
care in the past 12 months. Overweight children were less likely to get minimum levels of 
moderate physical activity or have participated on a sports team (Groholt et al., 2008). 
Utilizing data from the National Ambulatory Medical Care Survey and the National 
Hospital Ambulatory Medical Care Survey from 2001 to 2004, the frequency of clinician-
reported delivery of obesity-prevention counseling at well-child visits was assessed 
(Branner et al., 2008). The results revealed that of 55,695,554 (weighted) visits, 24.4% 
included obesity prevention counseling; 15.4% of Hispanic patients received obesity 
prevention counseling compared to 28.8% of non-Hispanics. Frequencies of counseling were 
similar between whites and blacks, 25% and 27.1% respectively. Disparity was noted 
between frequency of counseling and insurance as 26.9% of patients with private insurance 
received more counseling compared to 19.1% of Medicaid patients and 15.1% of self-pay 
patients (Branner et al., 2008).  

3. Conclusion 
Obesity should be addressed through a comprehensive approach across multiple settings 
and sectors that can change individual nutrition and physical activity behavior and the 
environments and policies that affect these behaviors. New and continued national, state, 
and community-level surveillance of obesity, its behavioral risk factors, and the 
environment and polices that affect these behaviors is critical (MMWR 2010; 59(30):951-955).  
Based on this review of several recent studies, some of the previously published findings on 
childhood obesity in communities of diverse ethnicity and low-socioeconomics must be 
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refuted, supported or recommended as areas for further reach. Specifically, this review did 
not identify any theories that can be unequivocally refuted for all low-income and ethnically 
diverse communities. The review supports the findings of the prevailing 
overweight/obesity prevalence disparity and has identified several areas where further 
research is warranted. The areas for future research include:  
1. Is there a “critical body mass index” at which the number of hours of watching 

television is no longer effective in preventing obesity? 
2. Are the adverse psychosocial effects of overweight/obesity in low-income and 

ethnically diverse communities age-independent? 
3. Would correction of the child-parent/caretaker body image dissatisfaction discrepancy 

be an effective means of reducing overweight/obesity? 
4. Does the frequency of family meals prevent overweight among blacks and Hispanics? 
5. Are child-centered, family based interventions effective in all low-income and 

ethnically diverse settings? 
6. As neighborhood safety is an important but not the only factor that will determine 

parental willingness to allow their children to participate in outdoor physical activity 
what other factors should be explored and enhanced? 

It was not the aim of this review to be an exhaustive review of the literature. We hoped to 
provide an up-to-date summary of some of the more recent studies and to stimulate 
discussion among researchers focused on the quality of life impact of childhood obesity for 
members of low-socioeconomic and diverse communities based on more recent data. The 
review confirms the need for ongoing research in several areas relative to childhood obesity 
and hopefully will be a useful resource for future researchers and funders. The primary 
limitation of this review includes the fact that the review was limited and utilized only one 
major data source, PubMed. Additionally, there may have been selection bias on the part of 
the author. As we continue to search for effective interventions to reduce the prevalence of 
overweight and obesity among children living in low-income and diverse communities, it 
will be critical to have evidence-based data generated from comparative studies using 
multiple data sources. 
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Childhood Obesity: The Need for Practice 
Based Solutions – A South African Perspective 

A.E. Pienaar and G.L. Strydom  
North-West University, Potchefstroom 

Republic of South Africa 

1. Introduction 
Obesity is a complex problem with no simple solutions. In the quest to find possible 
solutions for this growing problem among children, literature has already indicated a gap 
between evidence-based research and practice-based intervention (Robert Wood Johnson 
Foundation, 2008). This chapter will provide a focus on childhood obesity in South Africa, 
and will discuss the extent of this problem within the complex context of the South African 
demographics. It often happens that when researchers have published the results of 
intervention studies or clinical trials, they may walk away totally satisfied with positive and 
promising results. The challenge however, remains to translate these research results for 
practitioners to be used as “tools” in addressing the existing problem. This chapter, 
therefore, intends to deal with practice-based solutions and recommendations suggesting 
some strategies in this part of the world.  
In order to understand the problem of childhood obesity better in the context of this country 
(South Africa) it is important to shortly review the socio-economic conditions that currently 
prevail in this part of the continent as demographic background information. 

2. Demographic background 
Human growth and development do not take place in a biological vacuum, but in an 
environmental context where several factors, including genetic potential can affect the 
development of the child (Cameron, 2005). It is also proved that many so called “developing 
countries” around the world, of which South Africa is one, at present, are undergoing 
epidemiological transition (Goedecke et al., 2006). This process is associated with some 
typical health risks, not only for the adult population, but also for children (Cameron, 2005).  
Although South Africa is a country with high potential, and many efforts are made to 
improve the health and well-being of the people living here, many challenges exist to the 
health and optimal development of children growing up in this country. This country with 
50 million people is described as a developing and middle-income country with high socio-
economic disparities (46.3% low socio-economic, 53.7% in middle to high socio-economic) 
(Zere & McIntyre, 2003), where more than 14 million people were beneficiaries of income 
support in 2010 and 24.8% were living below the food poverty line in 2008 (Millenium 
Development Goals, Country Report, 2010). Statistics show that 40% (18.3 million) of the 
South African population are 18 years and younger. African children accounted for 84% of 
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the total child population, while white (5%) coloured (9%) and Indian (2%) children 
comprise the rest (South African Child Gauge, 2008/2009). In 2007, two thirds of these 
children lived in income poverty and about 40% in a household where no adult is 
employed.  
Another health burden is HIV, the epidemic that affects health, livelihoods, economic 
growth, demographic futures, as well as impacting on the lives of individuals, families and 
workplaces (Millenium Development Goals, Country Report, 2010). HIV and AIDS have 
had a significant negative impact on life expectancy in South Africa, and have left many 
families and children economically vulnerable and often socially stigmatized and continue 
to leave South Africa with a legacy of young adult deaths. AIDS orphans are socially and 
economically vulnerable children (South African Child Gauge, 2008/2009). The adult 
incidence of HIV and AIDS for sub-Saharan Africa was 5.2% compared to a global total 
incidence of 0.8% in 2008. The proportion of HIV positive babies in 2009-2010 was 9.4% and 
statistics further show that the HIV prevalence among pregnant women aged 15– 24 years is 
22.8%, with an overall national transmission rate of 11% of HIV to babies born to HIV-
infected mothers. HIV is also associated with other life threatening conditions, with 
tuberculoses being the most common opportunistic infection, with rates exceeding 70% 
(Millenium Development Goals, 2010). All of the above contribute to South Africa having a 
high <5 years child mortality rate that is reported to be still much higher than the set target 
for South Africa by 2015. It is, therefore, not strange that the main priorities of this country 
are to alleviate poverty and improve primary health care among children in an effort to 
decrease early childhood mortality.  

3. Obesity – A health burden 
Recent statistics obtained by the National Health and Nutrition Examination Survey in 
the USA indicate 21.5% overweight and 10.4% obesity among 2-5 year olds (Ogden et al., 
2010a), while increasing tendencies are also reported in this age group in Europe and 
Australia (Baur, 2001; Maffeis et al., 2006; Apfelbacher, 2008; Cretikos et al., 2008). Even 
bigger increases are reported in developing countries such as Thailand (WHO, 2010) and 
Chili (Kain et al., 2002). Although this disease is not life threatening during the 
childhood years, and mainly the result of lifestyle related habits, it is prevalent among 
affluent and less affluent families and has lifelong consequences with an increasing 
burden on the healthcare system of a country as the child grows older. This growing 
epidemic of childhood obesity can, therefore, not be ignored in the health care focus of 
any country. The Medical Research Council of South Africa (Steyn, 2007) reported that 
health services spend 8 billion rand per annum involving direct and indirect costs 
resulting from lifestyle related diseases such as heart disease and stroke (Steyn, 2007). 
Pienaar (2009) argues that disease prevention is as important as the treatment thereof 
and should receive high priority in the country. This researcher recommends that 
strategies should be put in place to prevent diseases from a very young age as research 
indicates that exposure to health risks due to physical inactivity, which is one of the 
main causes of childhood obesity, already start in childhood, although the consequences 
or clinical symptoms may only occur in mid- to later life when the individual reaches the 
clinical horizon (Rowland, 1990). Kruger et al. (2005) also highlight that obesity needs to 
be viewed as a disease in its own right and one that warrants intervention even when co-
morbidities are not present. 
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Furthermore recent data in the USA, where the national obesity rates have tripled among 
children and adolescents over the last 30 years, suggest that obesity is now responsible for 
more disability and activity limitations than smoking. As a direct result of this obesity 
epidemic, doctors are noticing a significant rise in chronic illnesses among children. Obese 
children are also more than twice as likely to develop type 2 diabetes than children of 
normal weight (CDPH, 2010). In California, cost attributable to physical inactivity, obesity 
and overweight in 2006 was estimated at $41.2 billion. This suggests, however, that a 5% 
improvement in each risk factor could result in annual savings of nearly $2.4 billion (CDPH, 
2010). This burden is also indicated in many other countries around the world, viz: Australia 
and UK. In South Africa it is estimated that 30% of ischaemic heart disease, 27% of colon 
cancer, 22% of ischaemic stroke and 20% of type 2 diabetes were attributable to physical 
inactivity (Joubert et al., 2007). Thus, considering the major burden/health concern of 
obesity in child and adulthood as well as the complex co-morbidities originated from 
obesity, it is imperative that more focus should be directed on the developing child to 
reinforce healthy lifestyles in order to reduce the burden of non-communicable diseases of 
adulthood. 
Kruger et al. (2005) indicated that obesity prevention initiatives should be focused on 
children to ensure the adoption of a healthy lifestyle from an early age. The challenge to deal 
with this epidemic should, therefore, rather be to prevent it, highlighting childhood as a 
critical developmental phase. It is agreed that besides genetic predisposition, lifestyle habits 
are determined in the first years of a child’s life. During this critical phase of human 
development some developmental “windows of opportunity” occur (Gabbard 1998). When 
optimal stimulation is not received during these critical periods, the opportunity passes, 
leaving the individual in many cases with some developmental restrictions. Intervention 
later in life can improve the situation but the individual may never reach his/her optimal 
potential in the specific area. The words of the previous Surgeon General of the USA, Dr. 
Everette Koop, sum up this situation viz. (1996): “Everything we have ever done in health 
education, as good as it might be, always has one fault:  It’s too late.”, again emphasizing that the 
period of childhood is a critical phase on which to focus.  

4. Prevalence of childhood obesity in South Africa 
A worldwide increase in childhood obesity is reported, including in South Africa. Kruger et 
al. (2005) reported in this regard that earlier South African studies (1996-1998) showed a 
prevalence of about 10% of overweight and obesity among children in this country. More 
recent statistics indicate higher incidences that are similar to that of developing countries a 
decade ago (Steyn et al., 2005; Armstrong et al., 2006). Differences are also reported between 
urban and rural environments, indicating that urbanisation plays a role in the prevalence of 
obesity, while ethnic and gender differences are also evident from reported statistics.  
The results of a nationally representative study (“National Food Health Consumption 
Survey” (Labadarios, 1999) of 1-9 year old children indicated that 6.7% of them were 
overweight and 3.7% were obese. When international BMI standards as proposed by Cole et 
al. (2000) were applied to these results, 17.1% of the children were classified as overweight 
and obese (Steyn et al., 2005). Another comprehensive study among 6 and 13 year old 
children and also based on the same cut-off values indicates a prevalence of 14% and 3.2% of 
overweight and obesity among boys, while 17.9% and 4.9% of girls were overweight and 
obese respectively (Armstrong et al., 2006). Statistics in a regional representative sample of 
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7-year old children in one of the nine provinces of South Africa, the North West Province, 
indicates an overweight and obesity prevalence of 11.64 % (overweight =7.84%; obesity 
=3.80%) (Kemp et al., 2011), with significant differences between gender and children 
growing up in different socio-economic environments. The prevalence of obesity is reported 
to vary between rural and non-rural communities (Monyeki et al., 1999) with higher 
percentages reported in the non-rural areas. Monyeki et al. (1999) reported the prevalence of 
overweight in 3 to 10 year old children in disadvantaged communities in the Limpopo 
Province as low (0% - 2.5% and 0% - 4.3% among boys and girls respectively) while Steyn et 
al. (2005) reported the highest prevalence of overweight (20.1%) in urban areas and the 
lowest in farming communities. 
Studies on overweight and obesity among boys and girls show a gradual increase as girls 
get older, with significant differences between genders. Statistics on 10-12 year old girls 
living in the North West Province of SA, indicating 16.52% to be overweight and 4.93% to be 
obese (Pienaar et al., 2007). The “International Obesity Task Force” reported that 25% of all 
SA girls in the 13-19 year age group are overweight, compared to 7% of boys (Somers et al., 
2006). Somers et al. (2006) further indicated that overweight among 10-16 year old girls 
(21.1%) was significantly higher than among boys (8.4%), with no significant differences 
with regard to obesity. A possible explanation is that girls are more prone to overweight and 
obesity, especially before the onset of the growth spurt at about 10-years of age and after 
menarche has commenced (Armstrong et al., 2006). 
Differences are also reported between ethnic groups and those living in different socio-
economic conditions (McVeigh et al., 2004 & Armstrong et al., 2006). These researchers 
reported that White boys and girls showed the highest BMI values, although after the age 
of 11 years, black girls presented with the highest BMI values. The incidence of 
overweight and obesity among Black girls increased from 12% at the age of 6-years to 22% 
at the age of 13-years, while a decreasing trend from 25% to 15% was found among White 
girls. The “South African Youth Risk Behaviour” study reported the incidence of 
overweight and obesity among Black, White and Indian girls in the 13-19 year old group 
as 30%, 34% en 41% respectively (Steyn, 2005). Pienaar et al. (2007) found ethnical 
differences in a representative sample of 10-12 year old girls living in the North West 
Province of South Africa, where White girls showed the highest percentage of overweight 
(21.28%), followed by Indian (17.39%), Black (15.81%) and Coloured girls (9.10%). Indian 
girls showed the highest prevalence of obesity (8.7%) followed by White (8.51%) and 
Black girls (4.35%), with no obesity found among coloured girls in this age group. Somers 
et al. (2006) investigated the prevalence of overweight and obesity among 10-16 year old 
children in rural environments in the Western Cape Province of South Africa, and found 
that 15.7% of the children were overweight and 6.2% obese. The prevalence of overweight 
was also much higher among Black children (21.8%) than Coloured children (13.7%), with 
similar trend regarding obesity in the two ethnic groups (5.8% versus 6%). Black girls 
showed the highest percentage (30.8%) of overweight especially in the 16-year old 
children. 

5. Causes of childhood obesity in South Africa  
The problem of childhood obesity is very complex in this country due to some historical, 
socio-economic and other circumstances. Kruger et al. (2005) suggested that various socio-
economic and cultural factors may contribute to the obesity epidemic in South Africa. It is, 
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therefore, not limited to a specific ethnic, age or socio-economic group, indicating that 
cultural, environment and genetic factors should also be taken into consideration when 
causes of childhood obesity are analysed. Further some of the major factors that may be 
relevant in this regard will be outlined briefly. 

5.1 Poverty 
Obesity in the general population is much more likely to result from excess calories 
consumption and sedentary lifestyle than from any other factors (Kimm, 2004). Most 
commonly, obesity (overnutrition) leads to an accelerated growth rate and tall stature 
during childhood with early achievement of normal adult height. Poverty and 
unemployment on the other hand, generally result in poor levels of nutrition, increased 
levels of food insecurity and incidences of malnutrition (Millenium Development Goals, 
2010). A reasonable proxy for income poverty and hunger is child under-nutrition. It is 
reported that 2.7 million children live in households that reported child hunger (South 
African Child Gauge, 2008/2009). The underweight-for-age incidence rate (a weight less 
than 60% of estimated 'normal' weight-for-age) is generally higher than the severe 
malnutrition incidence rates of a country. Severe malnutrition is reported to average over 
the period 2001 to 2010 to be between 4.4% and 13.3% for the <5 year old in the different 
provinces of South Africa (District Health Information System in the Department of Health). 
These poor levels of nutrition contribute to growth deficiencies such as stunting (retarded 
growth) and wasting (low weight-for- age). In this regard the Barker hypotheses implicates 
the fetal in-utero environment as a significant determinant of risk for major chronic diseases 
such as cardiovascular disease, hypertension, type 2 diabetes and obesity, later in life 
(Kimm, 2004). In a study done on a Fillipino group of children, low birth weight was 
associated with higher blood pressure and heavier bodyweight during adolescence (Kimm, 
2004). Small stature associated with obesity during child and adulthood can, however, result 
from a diverse set of conditions (Kimm, 2004). These include being born small for 
gestational age, postnatal malnutrition, hormone abnormalities such as deficiencies of 
growth hormone or thyroid hormone, late effects after childhood, cancer, certain 
medications, and genetic syndromes. Common features of growth disorders in the context 
of obesity include limited growth hormone or thyroid hormone or their action, or limited 
sensitivity to insulin. Abnormalities of leptin and newly identified appetite-regulating 
peptides may also lead to poor growth and overweight. Popkin et al. (1996) were the first to 
highlight that the prevalence of childhood obesity was greater in children who were stunted 
in communities undergoing nutritional transition. In this regard Naude et al. (2008) reported 
higher BMI, fat percentages and intra-abdominal fat storage among stunted children 
compared to non-stunted children in South Africa. From the previous discussion it is 
obvious that children born under these difficult conditions suffer a high risk of stunting 
during infancy, and that growth retardation during early childhood is associated with 
significant dysfunctional improvement during adulthood (Cameron, 2005) including obesity 
(Popkin et al., 1996). This phenomenon was also supported by a study of Ravelli et al. (1976) 
on the importance of adequate nutrition during the prenatal period in children born under 
famine conditions. The most famous of these was the “Dutch Hunger Winter” beginning in 
October 1944 when food suppliers to the Dutch cities were reduced due to German 
occupation of the Western Netherlands (Cameron, 2005). During this time the average per 
capita daily ratio of approximately 1800 kcal/day dropped to 600kcal/day. In the follow-up 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



  
Childhood Obesity 

 

198 

study of Ravelli et al. (1976) it was indicated that in men (Dutch military conscripts) exposed 
to famine in the first two trimesters of pregnancy, the prevalence of obesity was 
dramatically increased compared to those exposed to famine in the third trimester or post-
natally. A possible mechanism underpinning this phenomenon is not yet well established 
but may be linked to the so-called “intra-uterine programming” (Cameron, 2005). Following 
birth this programming caused them to respond adversely to changes in lifestyle that may 
result in obesity in later life (Cameron, 2005). 
Other indicators of overweight and obesity are mothers that smoke and the absence of 
breastfeeding (Burke, 2006). To minimize mother-to-baby transmission of the HIV virus, 
breastfeeding practices are not recommended among HIV positive mothers. A link was also 
confirmed between low educational level and a higher BMI in a group of economically 
active South Africans representing four different ethnic groups in the country (Senekal et al., 
2003). 

5.2 Urbanisation and diet 
Kruger et al. (2005) reported that the obesity epidemic in South Africa reflects globalization 
which is the primary driving mechanism towards nutritional transition. These researchers 
indicated that more freedom of movement of especially the black population and an 
increase in exposure to the global market economy led to a shift from traditional foods, low 
in fat and rich in fibre, towards meat and diary products containing high levels of saturated 
fats and more highly refined foods. Globalization may, therefore, increase the risk amongst 
the urban population by creating an evironment which is conducive to the consumption of 
food rich in fat and sugar (Bourne et al., 2002; MacIntyre et al., 2002). Urbanisation is also 
linked to a higher income which contributes to a higher fat intake and an increase in 
sedentary behaviour (Kain et al., 2004; Van der Merwe, 2004). It is further indicated that in 
townships and among street vendors, cheap fatty meat and snacks and few fruit and 
vegatables are sold (Kruger et al., 2005). 

5.3 Cultural differences 
The diverse culture of the 4 major ethnic groups in South Africa (Asian, black, coloured and 
whites/Caucasian) contributes to deepen the complexity of the problem. Kruger et al. (2005) 
indicate that culture shapes eating habits. In some cultures social gatherings encourage 
overeating and certain foods (luxurious foods rich in fat and energy) are associated with 
social status and become more acceptable among urban South Africans. In some of the 
groups, overweight (and obesity) reflects the “good” life viz, wealth, good standing, 
attractiveness and absence of HIV/AIDS, which is associated with respect, dignity and 
affluence, therefore, a bigger body size is more acceptable (Senekal et al., 2001; Puoane & 
Hughes, 2005). In this scenario a paradigm shift is necessary to convince individuals about 
the health consequences of obesity and overweight.  

5.4 Sedentary behaviour and physical inactivity  
Sedentary behaviour is identified as one of the most important contributing factors of 
childhood obesity (Steyn, 2005). Dodd (2007) reported that the increased prevalence among 
children can mainly be attributed to a decrease in energy expenditure and increased 
sedentary behaviour. Although South Africa has high percentages of children living in poor 
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socio-economic circumstances, 53.7% are brought up in middle to high socio-economic 
conditions (Zere & McIntyre, 2003). Children growing up in such households are more 
likely to participate in passive pastimes such as TV watching and computer games. 
Television viewing of more than 3 hours per day and the absence of Physical Education in 
SA schools are reported to contribute to more sedentary behaviour and obesity among 
school going children (Medical Research Council, 2002). In addition, Van der Merwe (2004) 
indicated that 40% of all advertisement during TV programmes for children, is about food 
products with a high fat and or suger content, which encourage a higher energy intake. 
Trends have also changed where in most households, both parents are working and 
children have to stay at daycare centres or in after-school programmes, which restrict them 
to participate in after school activity programmes (Pienaar, 2009). High crime rates, unsafe 
environments and stranger fear is a reality in South Africa with a profound effect on 
children moving freely and unrestricted around and playing outside (Bourne et al., 2002; 
Sabin et al., 2004). This contributes to parents being afraid of using public transport which 
decreases walking and bicycling activities among children.  
In South Africa 17% of primary school children and 29% of secondary school children have 
to travel more than 30 minutes to reach the school nearest to them. Many children in low 
socio-economic situations have to walk to school by necessity, and benefit from this activty, 
but this is associated with hardship and when such children have an option later in their 
life, they will choose easier options to commute, contributing to a more sedentary lifestyle 
(Lennox et al., 2007). Very high percentages of TV watching (especially watching soap 
operas) is also reported among adolescents living in poor socio-economic circumstances, 
especially girls. This behaviour provides an easy escape from their daily reality, but 
contributes to sedentary lifestyles (Lennox et al., 2007). This trend is similar in America 
which indicates the highest percentages of obesity among children living in poor socio-
economic conditions (Ogden et al., 2010b).  

5.5 Familial obesity  
Studies indicate that parental overweight and obesity are the biggest risk factor for 
overweight and obesity among children (Van der Merwe, 2004). The “American Academy of 
Child and Adolescent Psychiatry” indicates that when both parents are obese, the risk for 
the child to be also obese is 80%, and 50% when one parent is obese (AACAP, 2010). This 
relationship is also reported to be higher with the mother (Padez et al., 2005). The cultural 
perception of overweight and obesity as acceptable, make this factor an important 
contributing factor to overweight in this country.  

6. Evidence-based practice to intervention-based practice  
This part will focus on a summary of research findings regarding the success of different 
intervention strategies and the knowledge that practitioners can gain from these results in 
order to treat childhood obesity more effectively. Successful strategies, barriers and 
challenges will be further identified in the treatment process of childhood obesity.  
Before commencing with this discussion it is, however, important to provide a 
conceptualization of the health paradigms. In order to understand the roles of various 
health disciplines in illness, health and well-being, and to understand how the treatment of 
childhood obesity and the manifestations of this condition fits into the illness/well-being 
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continuum and health paradigm, it is important to discuss the illness/well-being continuum 
briefly and its position in the various health paradigms viz. the pathogenic and fortogenic 
paradigm. This will provide the reader with a better understanding of where practitioners 
that treat childhood obesity are positioned in this health paradigm and of the specialized 
training and skills that such practitioners need to treat this condition effectively. 

6.1 The health paradigms – A conceptualisation 
The World Health Organisation (WHO) already postulated a definition of health in 1947 
indicating that “Health is a condition of optimal physical, psychological and social well-
being and not merely the absence of disease”. From this definition it is clear that illness and 
well-being focus on two different entities in the individual’s health and well-being. This is 
clearly illustrated in the illness/well-being continuum as illustrated by Robbins et al. 
(1991)(Fig 1.). 
 

 
Fig. 1. The illness/well being continuum (Robbins et al., 1991) 

In the past the responsibility for the individual’s health was solely the responsibility of the 
doctor. When any signs, symptoms and illness occurred the patient went to the doctor for 
medical attention in order treat the signs/symptoms and to restore life to the neutral point 
where no signs of the illness is noticeable. However, in this scenario no effort is being made 
from the patient’s side to improve his own health and well-being by embracing a healthy 
lifestyle such as healthy eating habits and regular exercise.  
To combat the problem of obesity among children, the primary focus should be on the right 
hand side of the continuum (Fig. 1). This comprises of providing the child with the necessary 
developmentally appropriate motor skills and creating an understanding of healthy behaviour 
and convert the knowledge and behaviour into effective strategies for health enhancement 
(Crawford, 2008), hereby educating the child and allowing him/her to grow to eventually 
accept self-responsibility for his/her own well-being. It is in this respect that Dr Koop, former 
Surgeon General of the USA, suggested that this health and well-being “message” should 
reach the very young child in order to develop healthy lifestyle habits. It is, therefore, clear that 
the main focus of a profession dealing with childhood obesity should fall on the right hand 
side of the continuum, which is focused on health promotion and, therefore, primarily can be 
described in the fortogenic paradigm which seeks “strong” (healthy) points to be enhanced 
(‘Forte’ means ‘strong’). To understand the role of pediatric exercise science in the various 
health paradigms, the following conceptualisation (Fig. 2) may be useful.  
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Fig. 2. The role of kinderkinetics in the various health paradigms (Adapted from Strydom et 
al., 2009) 

In Fig. 2, the three constructs regarding health, viz, illness care, illness prevention and health 
promotion are arranged into the two paradigms namely the pathogenic and fortogenic 
paradigm. In the concept “illness care” it is suggested that a pathology is already present and 
the main focus is to cure the problem. In the case of illness prevention no pathology existed, 
only the threat of a pathology is present (immunisation against a certain illness such as polio 
is a typical example). In both constructs, because pathology forms the main focus of the 
treatment, the traditional health care professionals such as doctors, nurses and 
physiotherapists may be mainly responsible for treatment. In the health promotion construct 
no pathology or threat is present, and the aim is purely to improve health and well-being. 
This construct falls exclusively within the fortogenic paradigm where the aim is primarily to 
improve health and well-being by taking self-responsibility. As stated earlier the primary 
focus of Kinderkinetics falls in this paradigm. However, it is important to understand that 
the application of this discipline is also relevant in the pathogenic paradigm where the 
actions may be more of therapeutic value indicated by areas that overlap (Fig 2). 
Area A (Fig 2) would, therefore, suggest the rehabilitation or improvement of a pre-diagnosed 
condition. A child suffering from type 1 diabetes mellitus (which is associated with obesity) is 
a typical example in this scenario. While the pathology is medically treated and managed by 
the traditional health care professionals, the young child is motivated to participate in 
scientifically designed exercise programmes, tailored for his/her developmental needs, taking 
into account the barriers imposed on the child by the specific pathological condition. By 
participating in physical activity the pathology (type 1 diabetes) will not be totally cured but 
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the benefits of exercise for this condition are already well described. It may also motivates the 
child to lead a physically active life into adulthood, preventing various health threats 
associated with a sedentary lifestyle (hypokinetic diseases) and strive to improve quality of 
life. It may also be during this phase when the young child is introduced to physical activity 
that the perception that the illness which is present (diabetes) need not be an ordeal but that 
the child may lead a ‘normal’ and productive life and that it is his/her responsibility to follow 
the necessary precautions to manage the disability. In many cases the perception of the child 
being a “disabled” as a result of the illness is a major obstacle for the parents to overcome, as 
they tend to be overprotective of such a child. Participating in a specialized environment and 
in programmes conducted by specialised trained health professionals, the parents may have 
peace of mind that the person who is working with the child is adequately trained. 
Area B (Fig. 2) suggests a situation where the child may suffer from a pre-diagnosed 
condition that may be positively affected by physical activity so that it may lead to a 
possible improvement of the condition. An example here is the obese child. An increase in 
physical activity may improve the condition and also lead to improvement of the child’s 
well-being. In Area C no pathology is currently present but the threat existed, which may 
lead to health consequences if the problem is ignored. An example in this case is the clumsy 
child. If such children are not exposed to activity provided by a trained professional who 
can assess their developmental barriers and can treat them effectively by equipping them 
with appropriate motor skills, a love for activity and an understanding of the importance of 
an active lifestyle, the clumsy child may continue to withdraw himself from movement and 
physical activity, eventually suffering from various hypokinetic diseases later in life. 

6.2 Evidence-based intervention – Successes, challenges and principles 
6.2.1 Successes 
In this section the outcomes of different obesity intervention studies on children with regard to 
the nature, the extent, the successes and the challenges will be discussed briefly, after which 
important principles that can guide the intervention process will be highlighted. Campbell et al. 
(2001) reported a research environment that is still void of current statistical power to set clear 
guidelines for the prevention of obesity across a variety of risk groups. Obesity prevention is, 
however, recommended as the best strategy in the combatting of obesity among children (Bosch 
et al., 2004; Boon & Clydesdale, 2005), although in reality this strategy is not always possible. 
The literature describes obesity treatment in prevention or curative settings, and as treatment 
based on singular (physical activity, diet or behaviour modification) or multi-component 
aspects (combinations of the aforementioned three components). Furthermore, studies report 
the results of childhood obesity treatment in clinical, family or school based settings.  
A systematic review of 7 studies (4 shorter and 3 over a longer period) by Campbell et al. 
(2001) and 28 studies by Connelly et al. (2007) (11 successfull, 17 unsuccessful) indicated 
mixed success rates. However, it was concluded by Connoly et al. (2007) that the factor that 
contributed most to the effectivenes of the treatment was compulsory physical activity with 
a moderate to high intensity. An overview by Jerum and Melnyk (2001) of randomised 
controlled studies that focused on the prevention of childhood obesity indicated that health 
workers such as doctors and nurses should play a more prominent role in the prevention of 
obesity and that multi-component treatments are more successful than single component 
treatment. The importance of parent involvement is also highligted over the whole spectrum 
of obesity intervention (Jerum & Melnyk, 2001; Golan et al., 2006).  
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It seems that multi-disciplinary interventions that include physical activity, diet and 
behaviour modification, contributed to better results in comparison to studies that only 
focused on singular aspects. School-based programmes are found to be effective in 
combatting obesity by increasing the physical activity levels of the children and improving 
healthy eating habits. It can, therefore, be concluded that physical activity plays an 
important role in the prevention and treatment of overweight and obesity and the the type 
of treatment as well as the intensity and duration of the activity are very important. 
The treatment of established obesity is, however, more complex and needs more intensive 
treatment. Clinical intervention based on a multi-disciplinary approach seems to be 
succesful (Eliakim et al., 2002; Nemene et al., 2005; Sacher et al., 2005; Korsten-Reck et al., 
2005; Dreimane, et al., 2007; Eneli et al., 2008; Knöpfli et al., 2008; Weigel et al., 2008). It is 
also reported that interventions are more successful when the child is motivated to lose 
weight (Boon & Clydesdale, 2005), and that interventions on obese children with concerned 
parents are more successful than for instance school-based multi-disciplinary interventions 
where children sometimes are not even aware of the fact that they have a weight problem. 
Studies indicated that at least 12 weeks and a frequency of 3-5 times per week are required 
to provoke positive effects. Most studies use weight loss as a precursor of the success of the 
treatment. However, it is reported that obesity intervention has more advantages than only 
a positive change in body composition. An overall decrease of the metabolic syndrome was 
for instance reported among 10 to 17-year old children with a mean body fat percentage of 
37.5%, after an intensive 2-week in-patient intervention in which no changes were found in 
the body fat percentage (Chen et al., 2006). A literature review by Eneli et al. (2008) showed 
similar results with only a small change in BMI, although improvements were seen in the 
lipid profile, blood pressure and insulin resistance.  

6.2.2 Challenges 
Obesity treatment requires considerable lifestyle related modifications which has to be 
sustainable in order to be successful. The sustainability of the effects of childhood obesity 
treatment is however reported as poor. The maintenance of the effects after the treatment 
phase is therefor a major challenge to overcome (Crawford, 2008). It often happens that 
when a controlled treatment ends, which is usually in the form of research, children are 
expected to follow a home programme by themselves. A main challenge for obese children 
is then to stay committed to make time to participate in the prescribed regular daily physical 
activity of moderate to high intensity level for at least 30 minutes, on their own, and 
sometimes in an unsympathetic environment. In addition, their expectations and setting of 
realistic goals are usually unrealistic, and because of this they can easily become frustrated. 
A possible reason for this might be that children younger than 12 years are still in the pre-
operational and concrete mental-operations stages of cognitive development as described by 
Piaget (Sherrill, 2004). This implies less mature stages of thinking and reasoning without 
abstract thought. With regard to health behaviour, Crawford (2008) states that children in 
these stages of cognitive development will experience barriers to plan for the future because 
they cannot form mental images of the positive and negative consequences of certain health 
behaviours. These reasoning skills are in turn, needed to assume a more internal locus of 
control regarding their own personal health management choices. Children thus require 
different techniques to get them to take responsibility for their health. In addition they also 
tend to be more extrinsically motivated in general and it is not clear when they shift to a 
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more internal motivation with regard to health goals (Crawford, 2008). As obese children 
are often negative towards participation in physical activities, this is a major challenge to 
overcome because of the importance of physical activity in their treatment. The content of 
the physical activity program should therefore be scientifically grounded but delivered in 
such a manner that the child will associate movement with enjoyment in order for this part 
of their treatment to provide enough external motivation to them to persist with it. Without 
a positive attitude towards participation in physical activity, it will be hard to motivate 
obese children to increase their activity levels and to stay active.  
Furthermore, obese children with co-morbidities are at risk for contra-indications and 
should not participate in unsupervised physical activity programmes with high intensities 
which is required for weight loss. In addition, the development of age appropriate motor 
skills, strength, fitness and proper body posture are important goals in the treatment of 
obese children in order to equip them with the necessary motor repertoire based on their 
developmental level and abilities to be able to participate in sports programmes and 
recreational activities with their peers. They should therefore be assessed and a programme 
should be described to them based upon this assessment which is tailored to their specific 
needs. It is therefore imperative that the health care professional should have a thorough 
scientific background and understanding of the obese child regarding the physical, 
emotional, cognitive and physiological barriers these children have to deal with and which 
they have to overcome in order for an intervention to be sustainable and to contribute to 
permanent lifestyle changes. In this regard high levels of social support (network of family, 
friends, health professionals and community resources by providing appropriate 
information and encouragement) and self efficacy are indicated to be important predictors 
in adherence (Crawford, 2008).  

6.2.3 Principles of prevention programmes 
Kruger et al. (2005) provide important recommendations and discussed various principles 
for the treatment of obesity in South Africa. However, the applicability of some of the 
recommendations will be more challenging and will need some adaptations to be effective 
when applied to children. They reported that at the first WHO Expert Consultation on 
Obesity, the development and implementation of effective obesity prevention strategies 
were identified as an immediate action priority. To guide this process, these researchers 
indicated that South African researchers and health workers should take note of the 
proposed principles upon which obesity prevention should be based. These principles will 
be used as a guide in the discussion of the way forward. 
1. Interventions should focus on education and address environmental and social factors 

to promote and support behaviour change. 
2. Increased physical activity. 
3. Sustainability of programmes is crucial to ensure positive change in diet, activity and 

obesity levels over time. 
4. Political support, inter-sectoral collaboration and community participation are essential 

for success. 
5. Local actions within the context of national initiatives allow programmes to meet needs, 

expectations and opportunities. 
6. All parts of the population must be reached. 
7. Programmes must be adequately resourced. 
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8. Integration of new programmes within existing initiatives. 
9. Programme planning should be evidence-based. 
10. Programmes should be properly monitored, evaluated and documented to ensure 

dissemination and transfer of experience. 
Kruger et al. (2005) also report that the US Institutes of Medicine suggested three levels of 
prevention to ensure the correct focus for obesity prevention which include: 
1. Universal prevention interventions, focused on everyone in an eligible population 

irrespective of their current level of risk. This may be family-based, school-based, work 
site-based or community-wide. Secondly, selective prevention interventions, focusing on 
the prevention of obesity in selected high-risk groups, based on known biological, 
psychological or social/ cultural risk factors, which will focus on the development of 
lifetime behavioural patterns that will prevent obesity, and thirdly, targeted prevention 
that focuses on individuals who are overweight and aims to prevent weight gain, as 
well as the development of co-morbidities. 

Different modes of delivery of prevention programmes are also reported by Kruger et al. 
(2005). These include: 
1. Do-it-yourself in self-initiated or group settings. This self-help programmes are seen as low-

intensity, cheaper intervention methods, associated with better longer term compliance 
but poorer weight loss outcomes than higher-intensity methods. 

2. Non-clinical programmes provided to individuals/groups by trained professionals, not 
necessarily registered healthcare professionals. Information on diet, exercise and 
behaviour modification is provided at regular meetings. These programmes are popular 
and often commercially franchised. 

3. Clinical programmes provided by registered healthcare professionals with specialized 
training in weight management. These could involve a consultation with a dietician, 
medical doctor or a multi-disciplinary team. 

Kruger et al. (2005) finally stressed that all obesity treatment programmes should aim to 
empower individuals/groups to take responsibility for making permanent lifestyle changes 
towards healthy dietary intake and physical activity through behaviour modification, and 
recommend the inclusion of the following essential components in such programmes. 
 

Component Description/guidelines 
Reasonable weight goals 
Healthful eating 
component 

Individualised, realistic, maintainable, contribute to general 
well-being. Based on the 2004 South African food-based 
dietary guidelines. Limiting energy, fat and alcohol intakes. 

Physical activity 
component 

Accumulate 45–60 min of moderate-to-vigorous activity on 
most days – accumulating 10 min here and there is 
acceptable. 
Increased physical activity of daily living, fitness and 
recreational activity, strength and flexibility exercises. 

Behavioural and 
psychological component 

Long-term lifestyle (dietary and physical activity) changes; 
self-concept, body image, stress management, 
communication and environment management, cognitive 
behavioural skills necessary to bring about change. To ensure 
success the ‘stage of change’ of the individual/ target group 
needs to be considered. 
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For effective implementation of the above treatment principles among children, specific 
recommendations should, however, be added with regard to the weight goals and eating habits 
and physical activity components because children have developmental limitations on different 
levels. With regard to weight goals and healthy eating patterns, it should be remembered that 
children’s bodies are in a growing phase and that weight loss will not necessarily be the most 
suitable goal, depending on the extent of the obesity problem. Although individual differences 
and circumstances should always be taken into consideration, it is suggested that the eating 
habits and patterns of young children should rather be managed by lifestyle changes which 
incorporate changing of eating habits rather than they being expected to follow a strict diet. 
Steyn (2007) reports in this regard the National guidelines of the Department of Health which 
states that the weight of children aged between 2 and 7 years who have no complications 
should be maintained, because there will be weight loss as a result of an increase in length. If 
there are however, complications such as high blood pressure, insulin resistance or 
orthopaedic problems, weight loss will be necessary. In children over 7 years, weight loss 
should be started when the BMI of the child’ lies above the 95th percentile, or otherwise the 
international age specific cut-off values for obesity of Cole et al. (2000) can be used as a quick 
screening method. The AED (2011) also recommends that interventions should aim for the 
maintenance of individually appropriate weights, that is, that children will continue to grow at 
their natural rate and follow their own growth curve, underscoring that a healthy weight is not 
a fixed number but varies for each individual. The South African version of the stoplight 
(robot) diet is suggested for use among children towards healthier dietary intake (Steyn, 2007). 
Foods are categorised in this diet in categories of use, in limited, moderate or restricted 
amounts, and parents and children are asked to keep record of all that is eaten, which makes 
them aware of the quantity and quality of foods being consumed. The guidelines of the ACSM 
(2000) for the structuring of obesity programmes are also valuable with regard to the weight 
and eating management of obese children. This includes a recomendation of maintaining a 
minimal intake of about 1200 calories per day, and engaging in a daily exercise program that 
expends 300 or more calories per day. For weight-loss goals, exercise of long duration 
/moderate intensity is generally considered best (ACSM, 2000). The AED (2011) highlights 
that weight is not a behaviour and therefore not an appropriate target for behaviour 
modification in school and community based intervetions. They recommend that interventions 
should be weight-neutral, thus not have specific goals for weight change but aim to increase 
healthy living at any size. Children across the weight spectrum benefit from limiting time 
spent watching television and eating a healthy diet.Children therefore need education to 
understand what realistic goals are with regard to weight management and that they will have 
to make a commitment to adhere to their goals, also with regard to participating in physical 
activity. 
Regarding the guidelines for physical activity component of treatment programmes, the 
developmental needs of obese children regarding their motor skills development or the lack 
of it because of their overweight problem, should receive attention. This is a unique 
requirement of childhood treatment programmes in comparison to adult programmes. The 
activities included in a programme, therefore, need to focus on increased levels of 
participation in conjunction with opportunities to enhance basic motor skills that are needed 
for sport participation or recreational activities. Weight bearing activities which can improve 
bone health should also be included in the activity programme. Guidelines as suggested by 
Short et al. (1999) for aerobic functioning among 6-17 year old children can be use as a 
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guideline in determining the intensity level of the physical activity programme of obese 
children or with regard to daily physical activity that is expected from them, depending on 
their age (Table 1). Parizkova (2005) report in this regard that exercise must be vigorous 
enough to impose an adequate training load on the cardiorespiratory system, and stress that 
this part of a programme should be adequately monitored. 
Lastly with regard to the behavioural and psychological component of treatment programs, 
the immature cognitive understanding and reasoning skills of children as described earlier, 
might influence children’s commitment to changes in their personal health management. The 
Academy for Eating disorders (2011) recommend that the ideal intervention should be based 
on an integrated approach that addresses risk factors for the spectrum of weight-related 
problems, including screening for unhealthy weight control behaviours; and promotes 
protective behaviours, such as decreasing dieting, increasing balanced nutrition, encouraging 
mindful eating, increasing activity, promoting positive body image and decreasing  
weight-related teasing and harassment. Behavioural changes that are expected from them 
should, therefore, be carefully managed. The AED (2011) also recommend that interventions 
should also be created and led by qualified health care providers who acknowledge the 
importance of a health focus over a weight focus when targeting lifestyle and weight concerns 
in youth. In this regard, the modes of delivery of prevention programmes as suggested by 
Kruger et al. (2005), will also be challenging for children because they are mostly based on self-
help programmes and the implementation of knowledge gained from regular meetings. 
Delivery of programmes in this way will be challenging for children to comply with or to 
understand. Sustainable programmes, especially with regard to physical activity, managed by 
a trained health care professional who understands the limitations of children and who can 
adress it appropriately within a supportive family environment (Steyn 2007), might be the 
only workable solutions to adress these developmental deficiencies of children.  
 

Group Frequency Intensity Duration 

Adolescents (13-17) 3-5 days per week 

55-90% HR max 
(115-180 beats/min) 
12-16 RPE 
10-15METs 

20-60min per day 
(accumulated: >10 min 
per bout) 

Older children  
(10-12) 

4-7 days per week 

55-70% HR max 
(115-145 beats/min) 
12-13 RPE 
5-7METs 

30-60+min per day 
(accumulate, intermittent) 

Younger children (6-9) 4-7 days per week 
De-emphasized; 
participants is 
encouraged 

30-60min+min per day 
(accumulate, intermittent) 

Adjustments for 
youngsters with 
diabetes 

No change unless 
disability can be 
exacerbated by regular 
activity 

Reduced as a function of 
fitness level; adjust 
THRZ for individuals 
using arms-only activity 
and for individuals with 
SCI quadriplegia 

Accumulate more 
intermittent activity or 
reduce total time if 
necessary 

*These values represent moderate physical activity; ideally, this level will be exceeded to vigorous 
levels at times. 

Table 1. Guidelines for developing aerobic functioning 
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Reprinted, by permission, from F.X. Short, J. McCubbin, and G. Frey, 1999, 
Cardiorespiratory endurance and body composition. In The Brockport physical fitness training 
guide, edited by J.P. Winnick and F.X. Short (Champaign, IL: Human Kinetics). 

7. Practice-based solutions – The way forward  
As described, childhood obesity is a challenging problem to combat especially in a country 
like South Africa where the health care system is challenged with numerous complexities. 
From the above discussion it is clear that it is important to intervene at a young age in order 
to establish a healthy lifestyle among children. However, children cannot be treated as mini-
adults, because of their developmental needs and limitations on various levels that have to 
be taken into consideration when addressing this problem. Intervention of childhood 
obesity (prevention and treatment), therefore, calls for comprehensive and innovative 
strategies. A few practice-based solutions that are implemented successfully in this country 
will be discussed in the following section. 

7.1 Paediatric exercise science – The development of a new health care profession in 
South Africa 
In combating the obesity epidemic among children, an increase in physical activity plays an 
important role, both in primary and secondary intervention. A real challenge is to provide 
evidence-based physical activity intervention to children during early childhood (3-12 
years). For the very young child, a physical activity intervention should be age and 
developmentally appropriate. Therefore, the professional who administers the intervention 
during this stage should be thoroughly trained in childhood development and paediatric 
exercise science. The literature has already indicated a gap between evidence-based research 
and practice-based intervention (Robert Wood Johnson Foundation, 2008). It is often seen 
that when researchers have published the results of their intervention studies or clinical 
trials, they walk away totally satisfied with positive and promising results. The challenge, 
however, remains for somebody to translate these research results for practitioners to be 
used as “tools” in addressing the existing problem.  
The treatment offered should be based on an individual assessment of each child and then 
tailored to the requirements of the developmental stage and the severity of the problem. 
This should i.a include the following: obtaining a medical and family history, a physical 
activity profile and information about the eating habits of the child to determine possible 
reasons for his overweight problem. Situational influences relevant to the health behaviour 
such as cultural influences should also be taken into consideration. Secondly, his body 
composition (weight, height, hip and waist-circumferences, skinfolds and BMI), current 
motor and physical abilities (strength, strength endurance, cardiovascular endurance and 
flexibility) and basic motor skills needed for sport participation as well as his body posture 
should be assessed to determine individual goals for treatment. Thirdly, the baseline 
principles of intervention strategy with regard to frequency, duration, mode of delivery and 
type of activities should be followed (Parizkova, 2005). Older children may be requested to 
select preferred sporting activities that can be included as a part of their treatment regime in 
order to make it more enjoyable for them making them feel part of the decision making 
process of their treatment. Such a programme should be offered in a controlled and child-
friendly environment with considerable support from the health care professional who 
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conducts the programme. The basic and underlying philosophy of treatment in this regard 
is to expose the young child to physical activity adapted to his/her individual needs while 
creating a child-friendly atmosphere. In this environment professionally trained individuals 
have to support and motivate the child to participate and enjoy the prescribed activities 
within a scientifically based programme. If any health risks associated with obesity such as 
hypertension or other cardiovascular risks are identified during the initial screening process, 
such a child should be referred to a medical practitioner who has to clear the child clinically 
for participation in an exercise programme.  
This approach calls for a comprehensive strategy managed by an appropriately qualified 
professional. In South Africa a new field of study has developed over the past 2 decades, 
seeking to bridge the gap between research and implementation. From this field of study a 
“new health profession” has emerged, called “Kinderkinetics” – derived from the terms 
“kinder” as in “children” and “kinesis” as in “movement”. The focus of this profession 
primarily falls on the field of pediatric exercise science – using exercise/activity as a 
therapeuticum, profilaticum and health promotion modality. 
Students in this profession are trained at 4 South African Universities/tertiary institutions 
following a 4 year degree integrated with laboratory and practical experience in various 
centres, which requires hands-on experience in order to obtain professional registration. At 
present, qualified professionals are registered by a professional body, the South African 
Professional Institute for Kinderkinetics (SAPIK) to practice as Kinderkineticists. The scope 
of this discipline falls primarily within the health promotion paradigm (fortogenic), 
providing scientifically-based exercise programmes to stimulate the young child according 
to his/her psycho-physical developmental stage in order to obtain optimal development. 
However, the scope also includes children with pre-diagnosed clinical problems such as 
obesity, diabetes mellitus, HIV, Down Syndrome and other ailments where children may 
have special needs and/or barriers regarding their physical activity and motor 
development, hence overlapping in the pathogenic paradigm. 
This fairly new discipline (Kinderkinetics) has already gained substantial recognition as 
a potential health discipline and more than 150 practitioners are already working in this 
field, ranging from self-employment in private practices to employment in school and 
pre-school environment. In practice many referrals are received from other health 
professionals, such as paediatricians, general practitioners, occupational therapists, 
teachers and parents. The SAPIK is currently in the process of applying for official 
recognition of this profession from a Statutory Health Professions Council in South 
Africa in order to ethically legalise referrals from other health practitioners mentioned, 
as ethical rules of those health professionals prohibit mutual referral and cooperation 
between registered versus unregistered practitioners. These negotiations with the 
Statutory Health Professions Council are already in an advance stage and will hopefully 
be successful. 

7.1.1 Applied research  
The profession of Kinderkinetics is guided by applied research where the growth and motor 
development and physical activity of children, as well as interventions to improve 
shortcomings that are identified in this regard, have already been extensively researched 
within the field of pediatric exercise science. In this regard obesity among children of 
different age groups and from different perspectives for a better understanding of the 
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problem have been published. This i.a include the prevalence of childhood obesity in 
different age groups (Du Toit & Pienaar, 2003), relationship of childhood obesity with the 
motor (Du Toit & Pienaar, 2003); fitness, (Truter et al., 2010); psychological (Pienaar & 
Eggar, 2007; Kemp & Pienaar, 2010), physiological (Kemp & Pienaar, 2010) and academic 
abilities (Du Toit et al., 2011), as well as relationships of obesity with diagnosed motor 
delays such as Developmental Coordination Disorder among children (Pienaar et al., 2007). 
The most recent study that will be published shortly indicates significant relationships 
between hypertension, overweight and obesity among a representative group of 7-year old 
children in this country (Kemp et al. 2011, in press).  
After accumulating all this evidence, the next action taken was the planning of research in 
which an obesity intervention programme could be developed and assessed. A 
programme based on the principles of physical activity participation, behaviour 
modification and dietary guidelines was then compiled and the outcomes evaluated. The 
energy expenditure of the group was monitored by Actical software in order to determine 
the effectiveness of the intensity of the physical activity part of the programme, but also to 
analyse the activity patterns of the children during the week and weekend and to 
determine possible changes in their activity patterns resulting from the programme. This 
intervention on 9-12 year old children was conducted over a period of 13 weeks at a 
frequency of three times per week with a home program and parent meetings regarding 
school lunch boxes and physical activity guidelines. The physical activity intervention 
was delivered on two days of the week, while behaviour modification regarding their 
eating patterns, self perception and physical activity habits was the focus of the third day 
of the week. Dietary modification by means of empowering the children with knowledge 
of different foods, healthy eating patterns, improvement of self-perception and goal 
setting strategies to improve physical activity were addressed through play and activity 
themes on this day. A home program was provided to them that they had to follow for the 
two additional days of the week. Significant improvement was found in the children’s 
body composition (body fat percentage) while, waist- and upper arm-circumferences 
decreased significantly. A non-significant decrease of 2.9 kg was also found in body 
weight. The self-perception of the group improved significantly as assessed by the Harter 
Scale (Kemp & Pienaar, 2010). The compliance to the programme decreased when the 
supervised part ended, again highlighting the need for professional supervision and 
sustained motivation of children in obesity treatment regimens. This protocol is now 
implemented as an obese intervention by Kinderkineticists, with specific adjustments 
with regard to age appropriateness of the level, selection and inclusion of motor activities 
and the intensity level of physical activities. The treatment programme can also be used 
effectively for inactive children by only modifying the intensity of the programme, as it 
incorporates all the necessary fitness components such as strength and strength 
endurance, cardiovascular endurance, flexibility and the development of basic motor 
skills needed for sport participation. 

7.1.2 Implementation 
The need for the expertise, provided by this discipline in this country with its extreme 
diversity, not only in population and ethnic groupings, but also in socio-economic status, is 
substantial. Challenges to bring this service to the deep-rural and remote areas of the 
country still ask for innovative thinking. A first step in childhood obesity treatment will 
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have to be national initiatives acknowledging the severity of the problem, policy support 
and community engagement on the level of implementation. The training of mid-level 
professionals, who can assist the Kinderkineticist in the screening and recruiting process 
and in the sustainability of programmes by supervising and monitoring it is essential. The 
training of such workers is envisaged as a sub-register that will be part of the professional 
registration of Kinderkinetics in the future. The training of multi-skilled professionals who 
can work multi-disciplinary with the Kinderkineticists such as nurses in health care clinics 
or in the school system or of Life Orientation teachers who can do screening for 
abnormalities, is also a possibility to ensure early identification and referral of obese 
children, as well as of other children at-risk for developmental problems.  

7.2 Obesity prevention 
The important message of obesity prevention by embracing a healthy lifestyle should be 
echoed through the school system, as most children can be reached through the school 
curriculum. The AED (2011) recommends that interventions should not be marketed as 
“obesity prevention”, but rather interventions should be referred to as “health 
promotion,” as the ultimate goal is the health and well-being of all children, and health 
encompasses many factors besides weight. Physical education (PE) was, however, phased 
out of South African schools to make more time available for the “so-called” academic 
subjects, and with that, teachers with the necessary training to make children aware of the 
importance of a healthy lifestyle and to provide them with the necessary skills and 
physical activity, also declined. Since 2010 PE was reinstated in the school curriculum 
where this message can be portrayed, and screening for overweight can be done with the 
necessary education or referral for help. Interventions should focus on making children’s 
environments healthier rather than focusing solely on personal responsibility, which 
include serving healthy meals, providing opportunities for fun physical activities, 
implementing a no-teasing policy, and providing students and school staff with 
educational sessions about body image, media literacy, and weight bias (AED, 2011). 
However, this is going to be a long process as teachers for this profession have to be 
trained from scratch and schools have to be equipped with the necessary resources to 
teach this subject effectively.  

7.3 Improved sustainability of obesity intervention  
Kruger et al. (2005) report that lifestyle modification as an isolated tool for weight 
management has a high drop-out rate with less than 5% of patients remaining successful 
after 5 years. If lifestyle modification is this challenging to adults, young children will 
need much more encouragement, support and supervision to change their lifestyle 
because of their poorer cognitive understanding of the consequences of the problem of 
overweight and hence the lack of self-responsibility and commitment to do something 
about it. It can, therefore, hardly be expected from overweight and obese children to 
comply with a treatment programme which includes lifestyle modifications including 
physical activity, dietary and behaviour modification on different levels, on their own. 
Health promotion awareness campaigns that urge children to be more active because of 
the health consequences of physical inactivity will hence not be enough to motivate them 
to become more active and stay active. Practitioners need to design programmes and 
apply it in such a way that it is attractive to these children and thereby motivate them to 
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 participate as part of their understanding and commitment to a lifestyle change. Obese 
children are normally not keen to be active for various reasons such as physical 
discomfort, previous negative experiences, anxiety and a low self-esteem (Parizkova, 
2005). Obesity treatment also requires many changes on different levels which make it 
difficult for children to stay motivated while engaging in such programmes, especially the 
part that requires high levels of physical exertion. All these changes that are required 
from them, can thus be overwhelming and will require several emotional coping 
responses from the child to deal with it. Boon and Clydesdale (2005) recommend in this 
regard that changes should be introduced one at a time because the ability of children to 
concentrate on one change will then be easier as fewer rules have to be remembered. 
Continuous support of children by means of re-assessment and the setting of realistic 
goals is therefore imperative. The younger the child the bigger the challenge will be for 
results because of their developmental limitations and the higher the need for a ongoing 
and supervised treatment programme will be. Interventions should also focus on making 
children’s environments healthier rather than focusing solely on personal responsibility 
(AED, 2011). It is also recommended that obese children should participate in small 
groups as this is conducive to the need for group activities with peers of a similar size and 
shape, and provide support and opportunity for social interaction. In so doing such 
children do not feel isolated or different from their peers as they are matched with 
children with similar abilities and problems which make it easier to participate in 
activities that are strenuous.  
Research experience (Kemp & Pienaar, 2010; Truter et al., 2010) indicate that although many 
children were identified as obese and invited to participate in an obesity intervention, free of 
charge, parents were still hesitant to provide permission for their children to benefit from 
this opportunity. It is understandable that parents want to protect their children from 
unnecessary labels that could affect their emotional development or self-confidence 
negatively. Main obstacles are, therefore, the acknowledging of the problem of childhood 
obesity by parents as well as the urgency to address it, and further to support the child once 
overweight or obesity is established as a health concern that needs to be addressed. Family 
involvement on various levels is considered to be critical in the treatment of childhood 
overweight. Practitioners must remember that when parents provide informed consent for 
their child to participate in a treatment programme, it should not necessarily be considered 
as active involvement on the part of the parent. Parental involvement is considered to be 
critical to influence the home environment (dietary modification) and to monitor and 
motivate children to comply with programmes and to support them to change their lifestyle 
behaviour and physical activity modification. It is reported in this regard that if the family is 
not ready to support the programme, success will be unlikely (Kain et al., 2004; Crawford, 
2008).  
The accessibility of facilities where treatment programmes are offered is important for the 
sustainability of programs. In the USA it is already indicated that clinical options at 
hospitals are not effective in the challenge of childhood obesity among children living in 
poor socio-economic environments (California Department of Public Health, 2010). They 
claimed that the service should rather be delivered in the environment of the child living in 
lower socio-economic circumstances. Nearby community centres, churches or school yards 
are recommended as possible venues with mid-level workers who can assist in non-clinical 
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programmes. Health care facilities in remote areas can also be used for basic screening and 
to provide education and referral help for the parents. 
Specific knowledge of the target populations and the best way to engage them in change is 
essential, therefore, specific issues, and social and cultural values (cultural view of ‘ideal 
body image’) need to be taken into consideration. The question of what will increase the 
probability of the group to be motivated to participate or comply with changes is essential to 
be answered in this regard.  
Awareness campaigns that stress the urgency of dealing with this problem by taking action 
and the responsibility of the parent in this decision are, therefore, much needed priorities. 
Kruger et al. (2005) indicated that stakeholders from government (Departments of 
Education, Health and Safety and Security) need to understand the factors contributing to 
decreased physical activity among children and the effects of inactivity on health and 
should initiate programmes to increase physical activity among South Africans, while 
stakeholders from the health professions, non-government organisations and communities 
should also become involved in these efforts. 

7.4 Community engagement 
The majority of children in South Africa live in environments that are not conducive to 
their health and well-being and it is, therefore, a challenge to reach these children who are 
in many areas considered at-risk and in need of developmental help. Statistics show that 
nearly 40% of children live a long distance from their nearest primary health care clinic 
(South African Child Gauge, 2008/2009). Strategies to improve community engagement 
for the purpose of primary prevention should, therefore, be implemented. Expanding 
high quality preventative services in both clinical and community settings are, therefore, 
important for successful prevention. In this scenario it is anticipated that a qualified 
practitioner can make a significant contribution as he/she is specifically trained. Mid-
level workers that can assist this healthcare professional in providing more basic services 
for the obese child, and multi-skilled workers such as nurses who can be trained to do 
basic screening and risk field analysis and to refer the child for help in remote areas is 
recommended. In this regard it is indicated that in all interventions aimed at preventing 
and managing overweight and obesity, systematic assessment and evaluation should form 
a routine procedure. The incorporation of BMI and waist-circumference as part of a risk 
factor analysis to be used at primary healthcare level may be the first step in the 
recognition of chronic, non-communicable diseases by the Department of Health (Kruger 
et al., 2005). Traditional and community leaders should be involved in providing 
strategies and support. The AED recommend in this regard that representatives of the 
community should be included in the planning process to ensure that interventions are 
sensitive to diverse norms, cultural traditions, and practices. Furthermore, clinical 
training grants should be provided by the government for in-service training and non-
governmental initiatives should be seek to obtain resources, to ensure successful service 
delivery at community level. These also include commitments from the government to 
making neighborhoods safer, providing access to nutritious foods, constructing sidewalks 
and bicycle lanes, building safe outside play areas, and encouraging parents to serve 
regular family meals, create a non-distracting eating environment, and provide more 
active alternatives to TV viewing (AED, 2011). 
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8. Conclusion 
Pienaar (2009) stated that the 20st century will challenge movement specialists worldwide, to 
not only provide services and support to children who are diagnosed with serious 
activity/movement deficiencies and who meet the legal requirements to be classified as 
disabled, but also to address other individual needs of children that require professional 
help. Therefore, children who are not identified by government for special assistance, but 
who have individual needs that require specialized assistance, should also be able to acquire 
the specialised knowledge of trained health care professionals such as Kinderkineticists in 
SA. These will include children with poor fitness levels, overweight and obese, insufficient 
motor development, poor motor skills or individuals with poor functional posture, injuries 
or specific medical conditions. 
Childhood obesity will never be easy to address, but passionate and specialised 
professionals who understand the level of problems of children who battle with 
overweight and who can support them on a scientific and professional level in their quest 
to overcome the problem, may make a considerable contribution to improve the health 
burden. The need of children in South Africa for this important impetus in their overall 
development as a human being inspires professionals to keep on convincing government 
and other officials to take national action, and hopefully to get the necessary policies and 
resources in place, to ensure the implementation of a scientifically-based service to a very 
vulnerable population. 
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“Jugando a Ganar Salud”  
(“Playing to Gain Health”): A Summer-Vacation 
Physical Activity and Correct Eating Workshop 

for School-Aged Children – A Pilot Study 
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Marcela Pérez-Rodríguez2, Guillermo Meléndez2 and  
Ana Bertha Pérez-Lizaur1 

1Health Department, Universidad Iberoamericana (UIA), Mexico City, 
2FUNSALUD, Mexico City,  
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1. Introduction 
According to the most recent data on nutritional evaluation in Mexican population, one of 
every four children between 5 and 11 years of age (26%) presents overweight or obesity, 
dramatically surpassing the estimate calculated for 2010 for childhood obesity at the 
worldwide level of 6.7% (Olaiz-Fernández G, 2006). This problem acquires great relevance not 
only because of the prevalence of obesity, but also due to the consequences associated with 
this condition, such as high risk of adult-age obesity and chronic diseases such as diabetes 
mellitus, high blood pressure, dyslipidemias, obstructive apnea sleep disorder syndrome, and 
non-alcoholic steatosis (Pimenta AM, 2010; Elizondo-Montemayor L, 2010).  Conclusive 
evidence has been established that physical activity is a promoter of healthy lifestyle promoter 
and a preventer of excessive weight gain (Summerbell CD, 2005) and other diseases. In 
particular, habitual physical activity at early ages increases the probability of exerting an 
impact on the mortality and longevity of persons, as well as improving some cardiovascular 
risk indicators (Hills AP, 2007; Balas-Nakaxh M, 2010). Generality in existing consensuses for 
the prevention and treatment of childhood obesity cites the promotion of physical activity as 
an imperative strategy. The different guidelines that exist on physical activity in children 
recommend 60 min of physical activity daily of at least moderate intensity, including vigorous 
aerobic activity at least 3 days a week (Jasen I, 2010; O’Donovan G, 2010). Unfortunately, in 
Mexico, the reality concerning the time devoted to physical activity in children lies very far 
from these recommendations. An observational study conducted in Mexico quantified the 
physical activity engaged in within the school environment, identifying that children have few 
opportunities to participate in moderate- and vigorous-intensity physical activity, scarcely 
achieving one half of the time recommended by international guidelines for this age group  
(Jennings-Aburto N ,2009). A large proportion of the reports on studies examining the 
promotion of physical activity in this age group are hardly encouraging in terms of the results 
obtained regarding body weight modification, eating habits, and a sedentary lifestyle at the 
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long term (Jennings-Aburto N, 2009). The lack of available physical and environmental spaces 
that promote physical activity within the inter- as well as the extra-academic environment 
could also contribute to the problem. In addition, the amount of physical activity carried out 
by children in the school environment is diminishing over time; a study conducted with 
Mexican children reported that moderate-to-vigorous physical activity decreased 40% from 
kindergarten to second grade of primary school (Jáuregui A, 2011).   
The increase of overweight and obesity has been associated with multiple factors such as the 
genetic factor, the social factor, and those of behavior and ecology (Jennings-Aburto N, 2009). 
Only some of these factors can be modified at a certain percentage; the development of 
overweight and obesity are the consequence of changes in dietary patterns: the increase of the 
availability of food; the consumption of foods with greater energetic density, and less 
consumption of fruits and vegetables. In Mexico, in the last 14 years, the purchase of vegetables 
and fruits has diminished by 29.3%. The consumption of vegetables and fruits in Mexican 
children stands at one portion (100 g) (Ramírez-Silva I, 2009); this is considered insufficient for 
maintaining a healthy diet and for preventing chronic degenerative diseases. The purchase of 
high-energetic-.density industrialized foods has increased by 6.3% and the purchase of 
sweetened beverages has increased by 37.2% (Bonvecchio A, 2009). This demonstrated 
numerically the changes undergone by dietary patterns. The role of child-directed advertising, 
the constant bombardment of information on high-energy-value drinks, and the broad array of 
offers for this type of food has induced an important change in the childhood feeding pattern. 
Many interesting efforts have been made in applying marketing techniques to promote the 
consumption of fruits and vegetables and to revert in this manner the effects of the food-
consumption behavior adopted over the last 40 years (Domínguez-Vázquez P, 2008). 

2. Materials and methods 
Considering the previously cited findings, the Health Department of the  Mexico City-based 
Universidad Iberoamericana (UIA) took on the task of developing the Summer Course 
entitled “Playing to Gain Health”, a model for the promotion of a healthy lifestyle for 
school-aged children, focused on the skills, attitudes, and knowledge concerning correct diet 
and the practice of physical activity in a playful, carefree, and non-violent atmosphere to 
promote the consumption of three servings of fruits and vegetables, water, and skin milk 
and practicing 30 min of moderate and 15 min of light physical activity  and fruits during 3 
weeks of morning sessions at schools of community centers during the summer vacation 
period. The strategy can be adapted for utilization in children’s free time during the week or 
even on weekends in parks and schoolyards or open spaces in the community. 
Eating habits that are acquired during childhood may persist into adulthood (Branen L, 
Fletcher J, 1999); thus, factors that influence food consumption should be identified in order 
to carry out more effective interventions that will promote a healthy diet throughout the 
entire lifespan (Pérez, 2004). Also, the physical-activity level tends to decline and sedentary 
behavior tends to increase prior to adolescence (Basterfield L, 2011); reinforcement of an 
active lifestyle is crucial at this age. 
A number of behavioral theories are applied to eating habits research to describe the 
mechanisms by which attitudes and beliefs exert their influence on eating behavior (Jack I, 
2010). It is expected that the efficiency and efficacy of individual and community interventions 
in the form of health programs, particularly food programs, would increase as our 
understanding of basic behavioral mechanisms through these theories also increases. The 
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Social Cognitive Theory (Bandura, 1977) proposes that an individual’s behavioral and 
environmental conduct and personal characteristics interact in reciprocal relationship 
(reciprocal determination), explaining the subject’s behavior. These characteristics are defined 
as the following: accessibility (the ease with which students were able to find ready-to-eat 
vegetables and fruits [VF]); expectancy (the value that the person places on a given outcome); 
self-efficacy (the person’s confidence in engaging in a particular behavior and in overcoming 
barriers to that behavior); preference (what the child likes to eat), and knowledge (what the 
child knows about the function of VF in the body) (Baranowski T, 2002). Applying this theory 
to nutritional education has been successfully employed as the foundation in health education 
interventions in schools (Yngve A, 2005). Our model summer program and intervention were 
designed based on the social learning theory (Pérez-Lizaur AB, 2008) and constructivist 
pedagogy whereby summer-course participants construct their learning curve on the attitudes 
that they develop during the 3 weeks that the workshop lasts. The activities facilitate the 
knowledge and promote the skills and attitudes to comply with the program’s objectives 
written in terms of didactic strategies that define the following: name of the activity; session 
number; objective of the activity; purpose or principle of thee strategy; theme, subtheme; 
duration; procedure; sponsorship; resources, and time.    
“Playing to Gain Health” summer course has its pedagogical foundation on the 
constructivist teaching trend in which participants guide their learning process based on the 
activities that they develop during the workshop’s 3-week duration. We developed a 
manual in which the activities are described that facilitate knowledge and that promote 
skills and attitudes to comply with the objectives of the program and that are described by 
means of didactic strategies that define: 
 Name of the activity  
 Session number 
 Objective of the activity  
 Purpose or principle of the activity 
 Theme, subtheme  
 Duration, procedure, sponsorship, resources, time.  
The content of the Summer Course Manual was validated by a group of experts and the 
strategy has been evaluated on two occasions with respect to the eating habits and physical 
activity of the children. 
The program is designed to be carried out during 3 weeks in a period of 4½ h daily, 
including breakfast and a snack for the children to have access to correct eating (especially 
tasting and consumption of vegetables, fruits, plain water, and skin milk). The games are 
focused on developing light- and moderate-intensity physical activity as well as some 
minutes of vigorously intense activity in a playful and non-violent environment.  
In complementary fashion, we designed menus for the breakfasts and the snacks 
(refreshments) that were focused on compliance with the general guidelines established by the 
Ministry of Health and the Ministry of Public Education in Mexico for the sale or distribution 
of food and beverages in the school consumption establishments of basic-education centers 
(Secretaría de Educación Pública, 2010). With the purpose of providing access to a great variety 
of fruits and vegetables, we prepared and served raw and/or cooked vegetables and fruits, 
whether as an ingredient in a some typical dish (with zucchini squash “sopes”, and purslane 
and cheese “tacos”), or a the main ingredient of some snack (frozen pineapple popsicle). In 
order to draw the children near to vegetables and fruits and to familiarize the children with 
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these as part of the workshop’s activities, the children prepared some recipes such as fruit 
kabobs, vegetarian robots, and diverse figures such as a ship with vegetables; similarly, they 
prepared a certain recipe such as a fruit and veggie rainbow (Figures 1-3). 
 

 
Fig. 1. Fruit kabob 
 

 
Fig. 2. Vegetarian robot 

 

 
Fig. 3. Fruit and veggie rainbow  
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2.1 Subjects  
The physical-activity education program was piloted in 45 boys and girls aged 6-13 years, 
belonging to a low socioeconomic level (classification D1)(AMAI 200)(A.C., 2009), who 
regularly attend public schools in Mexico’s Federal District. We received informed 
consent form the children’s parents and the consent of the children themselves. For study 
participation, we requested a medical certificate as proof of the child’s good health. We 
utilized convenience sampling, selecting all children who accepted the invitation to 
participate in the program. For recruitment, the invitation was issued by means of posters 
distributed in the neighborhood where the study was carried out. Interested parents 
attended an informative meeting in which we explained the program procedures and 
requested their written consent concerning the participation of their children. An 
additional population (n = 21) with characteristics equivalent to those of the summer-
course attendee population was selected to make comparisons (age- and Body mass index 
[BMI]-paired) of the physical activity carried out in an environment designed for its 
promotion as a summer workshop, in contrast with the physical activity quantified in a 
common school environment. For selection of this population, we also had written 
informed consent from the children’s parents. 
For determination of the total vegetable and fruit consumption, we weighed the daily 
production of all fruits, vegetables, and prepared dishes, we weighed the leftovers of these 
dishes and the waste on the children’s plates). We determined the percentage of 
leftovers/waste and the total percentage of fruits and vegetables consumed. 
Water consumption was measured by the amount of large, plastic water containers 
consumed every day; this comprised free access and was offered at breakfast, during the 
practice of physical activity, and during snack time.   

2.2 Instruments and procedures 
The “Playing to Gain Health” program was carried out at the Santa María Comedores AC 
communal dining rooms and at public courts of the Colonia Tlapechico neighborhood in the 
Álvaro Obregón Delegation in Mexico’s Federal District; these sites complied with the 
requirements of being a physical space with a kitchen, a dining room, and public space for 
outdoor activities and to conduct the activities planned.    
A group of young people (cheerleaders (animadores) aged 18-22 years, at a 1:8 ratio of one 
youth per 8 children) trained in didactic strategies and coordinated by the program 
supervisor (see Figure 5) provided an emotionally and physically safe ambiance for 
development of the program. This tactic allowed for a dual function on providing activities 
for the youth population in contact with the children and the promotion of good health 
practices. 
                                                 
1Lower middle class (D+) – The head-of-household profile in these homes is one of individuals with a 
complete primary or secondary school academic level. The living spaces of this segment are, in the 
majority, owned by the family, while some persons rent their homes and some are social-.interest 
dwellings.  
Lower Class (D) – This is the mid-section of the lower classes. The profile of the head of household in 
these homes is one of individuals with an average primary-school educative level (complete in the 
majority of cases). The dwellings of those belonging to this sector are owned or rented (it is easy to find 
typical tenement houses), which are in their majority social-interest or fixed/controlled-rent housing.  
Source: AMAI16. 
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Fig. 4. Cheerleader Group 1. 

The main strategy for complying with the objectives was the involvement of the children in 
a non-violent environment, in traditional games (children’s songs and rounds, hoops, jump 
rope) and in sports such as soccer, basketball, volleyball, races, and rallies, which took place 
on the site’s public sports courts and playing fields (Figures 5 and 6). 
 
 
 
 

 
 
 
 

Fig. 5. Basketball. 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



“Jugando a Ganar Salud” (“Playing to Gain Health”): A Summer-Vacation  
Physical Activity and Correct Eating Workshop for School-Aged Children – A Pilot Study 

 

227 

 
Fig. 6. Children’s games and rounds. 

Additionally, we included activities with basic healthy-eating Concepts, including knowledge 
of the Healthy Eating Dish, the practical concepts of the complete and varied diet, as well as 
the importance of the consumption of fruits, vegetables, and water (Figures 7 and 8).   
 

 
Fig. 7. Coloring “The Healthy Eating Dish”. 

 
Fig. 8. Identifying foods on the “The Healthy Eating Dish”. 
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The children ate their breakfast and snack in the workshops; the menus were designed 
based on Correct Diet characteristics (Salud, 2005) (Bandura, 1977) and following the general 
guidelines for the sale or distribution of foods and beverages in establishments catering to 
school consumption at basic-education centers (Ministry of Public Education, 2010). In Table 
1, we are able to observe a nutrient-evaluation example of a breakfast and a snack. The 
requirement is that referred for children of Mexican population (Bourges et al., 2009), such 
as simple carbohydrates including lactose and sucrose (15 g); the remaining nutrients are 
covered on average at between 90 and 110% in all menus. 
 

 Kcal 
Simple 
carbo-

hydrates
Protein Lipids Carbo-

hydrates Sodium Calcium 

Requirement 760.00 29.00 28.50 21.00 114.00 927.20 400.00 

Water 0.00 0.00 0.00 0.00 0.00 7.20 0.00 

Fruit kabob 120.82 24.05 1.39 0.54 31.26 4.94 0.00 

Egg with corn 
tortilla 277.76 1.37 12.39 14.31 24.53 896.11 90 

Milk 84.24 0.00 8.23 0.39 11.66 123.43 295.84 

Watermelon with 
yogurt 229.79 13.02 6.20 7.46 38.09 36.51 54.32 

 712.61 38.44 28.20 22.70 105.54 1,068.19 440.15 

% of daily 
requirement 93.76 132.55 98.95 108.09 92.58 115.21 110.54 

Table 1. Evaluation example of the nutrient composition of a menu 

To evaluate the results of the program, we performed evaluations in week 1 and 3 (first and 
last weeks) of the workshop, including anthropometric variables (weight, height, BMI, waist 
circumference according to the technique proposed by Lohman) (Lohman TG, 1988), blood 
pressure, and physical activity measurement with accelerometers (ActiGraph GT3X). 
Anthropometric measurements of physical activity and blood pressure were carried out by 
nutritionists standardized for these measurements. Evaluations with accelerometers were 
performed in duplicate for each child, with measurement at the workshop’s beginning and 
end. Measurements were considered valid if they had at least a 4-h duration. The main 
success indicator explored was the achievement of performing at least 30 min of moderate 
and 15 min of light physical activity. We performed a descriptive analysis of baseline 
(initial) and endline (final)  conditions through calculation of central trend measurements 
and appropriate spread of variable type and distribution. Baseline-endline comparison of 
the workshop was conducted by means of analysis with the Wilcoxon test. In addition, we 
employed, by means of multiple regression analysis, the variables that could explain the 
physical activity carried out in the two measurements as well as the change between the first 
and second measurement. For comparison of physical activity performed by pilot-workshop 
participants, we paired them with a control group of 21 children (age- and BMI-matched) 
(Wilcoxon test).  
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3. Results 
We studied 45 children, 60% (n = 27) were girls attending between 1st and 6th grade of 
primary school, with ages between 6 and 13 years. Comparison between baseline physical-
activity measurements vs. those performed at endline show that there were no changes in 
anthropometric variables nor in blood pressure (Table 2). 
 

 FIRST WEEK 
Med (min-max) 

LAST WEEK 
Med (min-max) 

Signifi-cance* 
(p =) 

Weight (kg) 31.00 (18.00-54.00) 30.00 (18.00-48.00) 0.414 

BMI 17.00 (14.00-25.00) -17.00 (14.00-25.00) 0.317 

Waist circumference 
(cm) 59.00 (48.00-76.00) 57.00 (49.00-76.00) 0.323 

Systolic blood 
pressure 99.00 (77.00-142.00) 92.00 (77.00-133.00) 0.170 

Diastolic blood 
pressure 62.00 (43.00-110.00) 59.50 (36.00-85.00) 0.26 

*Wilcoxon test. Med = Media  ; min = minimun   ; max = maximun  .  

Table 2. Changes in anthropometric variables and blood pressure 

With regard to observations on physical activity, there was a global increase in the physical 
activity engaged in by the children, which we evaluated with total counts registered by 
accelerometer (Wilcoxon test; p = 0.000). Specifically, changes in the intensity of the activity 
carried out showed a significant reduction in sedentary-type physical activity, while 
activities of light and moderate intensity increased (Figure 9). 
Once the modifications were explored of the physical-activity amount and type carried out 
by the children, we evaluated the achievement of the main objectives of the study, which 
corresponded to engaging in at least 30 min of moderate- and 15 min of light-type physical 
activity. In terms of light physical activity, 95.5% (n = 43) of the participants had already 
covered the expected time in the baseline measurement and there was no modification 
under this heading in the final quantification, in contrast with  moderate-type activity, 
which no child carried out for 30 min or more at the beginning of the program and which 
only 9.5% achieved at the end of the workshop. We identified, by means of multiple linear 
regression analysis (Stepwise), which of the variables collected (age, weight, height, BMI, 
waist circumference, and systolic and diastolic blood pressure) explained the physical-
activity counts at the end of the workshop. We identified age as the sole predictor variable 
of the total counts registered for each child (p = 0.011).. On its part, change in physical 
activity at both dates (week 1 counts – week 3 counts) were not predicted in regression 
analysis by any of the variables analyzed (p = 0.983).  
With respect to comparison of the physical activity engaged in by the workshop children vs. 
that carried out by the children during a school day, we observed that from week 1, the 
energy expenditure was significantly greater in the former (p <0.05), because these children 
initiated their games and activities from day 1 of the intervention (Table 3). 
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Baseline vs. endline activity comparison; Wilcoxon test; p <0.05. 
Sedentaria base = Baseline sedentary 
Ligera base = Baseline light 
Moderada base = Baseline moderate 
Moderata, vigorosa base = Baseline moderate-to-vigorous     
Sedentaria final = Endline sedentary 
Ligera final = Endline light 
Moderata final = Endline moderate 
Vigorosa final = Endline vigorous 
Moderata, vigorosa final = Endline moderate-to-vigorous  

 
 
 
 
 
 
 

Fig. 9. Baseline and endline comparison of physical activity. 
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VARIA-
BLE 

Minutes 
(mins) 

SUMMER PROGRAM GROUP GROUP IN 
SCHOOL 

SIGNIFI-
CANCE* 

SIGNIFI-
CANCE* 

Initial week 
Med (min-max) 

Final week 
Med  

(min-max) 

Med  
(min-max)

(Intervention, 
baseline vs. 

control) 

(Intervention, 
(endline vs. 

control) 
Sedentary 
activity 
(mins) 

183.50 
(147.00-218.00) 

162.00 
(124.00-192.00)

213.00 
(150.00-
240.00) 

0.000 0.000 

Light 
activity 
(mins) 

50.50 (20.00-83.00) 64.00 
(37.00-85.00) 

27.00 
(0.00-77.00) 0.000 0.000 

Moderate 
activity 
(mins) 

5.00 (00-23.00) 16.50 
(0.00-38.00) 

1.00 
(0.00-13.00) 0.007 0.000 

Vigorous 
activity 
(mins) 

0.00 (0.00-2.00) 0.00 
(0.00-2.00) 

0.00 
(0.00-0.00) 0.102 0.038 

Moderate + 
vigorous 
activity 
(mins) 

7.00 (1.00-25.00) 17.50 
(0.00-38.00) 

1.00 
(0.00-13.00) 0.004 0.000 

*Wilcoxon test. Med =  Media ; min = minimun   ; max = maximun  .  

Table 3. Change of physical activity in workshop children vs. children in school 

To determine vegetable and fruit consumption, we weighed the total production of each 
dish or food programmed, and the waste (what was no longer good and that remained in 
the casseroles in the kitchen) and we additionally weighed everything left on the children’s 
plates (waste), separating vegetables and fruits from the remaining ingredients. 
Consumption of vegetables and fruits was determined by means of an average, which was 
91.69%; it is noteworthy that the children accepted fruits better than vegetables and that in 
general, they consumed more raw than cooked fruits and vegetables. It is interesting to 
observe, in Table 4, the increase of fruit consumption from week 1 to week 3, and that 
during the morning, the children reached a consumption during of  >60% of the World 
Health Organization (WHO) recommendation. 
 

Consumption of vegetables and fruit 
(g/child) Week 1 Week 3 

Monday 90 363 
Tuesday 313 221 
Wednesday 248 218 
Thursday 333 376 
Friday 207 390 

Table 4. Consumption of vegetables and fruits, total in grams (g) per child per day 
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Regarding water consumption, this was 52.66 l each day, which is equivalent to 0.612 l per 
child. It is important to remember that children had free access. 
It is important to mention some of the barriers that presented themselves for the correct 
development of the workshop. Some members of the community did not respect the space 
in which the activities were developed and they met every day from 10 a.m. to smoke 
marijuana next to the soccer field, little by little impinging upon the space for the 
development of the programmed activities (Figure 10). This is a real example of what occurs 
in the few spaces designed for the practice of physical activity. 
 

 
Fig. 10. Onlooking community members smoking marijuana.  

On the other hand, eating behavior is a set of actions that establish the relationship of 
humans with food. Eating behaviors are acquired through  direct experience with food, by 
imitating models, food availability, social status, affective symbolisms, and cultural 
traditions. It has been found that the most direct familial group, especially mothers, exerts 
an important influence on the way in which the child behaves in relation to eating; 
regrettably and although mothers and/or those charged with feeding children were 
invited to attend three, 2-4-h sessions at the installations where the workshop was offered, 
with the objective of their engaging in physical activity (dance, yoga) and diverse 
activities focused on food orientation, attendance of the mothers was very low (four 
mothers for 75 children); thus, lack of interest is considered a scarcely modifiable factor 
and impedes the prevention of childhood obesity and the change to a healthy individual 
and familial lifestyle.  
During the workshop’s 3-week duration, the children remain in direct contact with fruits 
and vegetables in diverse presentations, forming part of typical dishes, new, flavorful, and 
fun dishes. The children can touch textures and observe colors. At the same time, 
consumption of food in a non-violent, hygienic, and warm environment surely exerts a 
positive impact on the experience of the children with the foods prepared at the workshop. 
Availability of and accessibility to foods were factors that facilitated the consumption and 
acceptance of fruits and vegetables.  
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4. Discussion 
Diverse evidence-based reports have cited the benefits of physical activity for school-aged 
children. These data deal with considerations of the impact on musculoskeletal and 
cardiovascular health as well as details on the conditions related with the metabolic 
syndrome, such as overweight, high blood pressure, and dyslipidemias (Jasen I, 2010; Hills 
AP, 2007; Lohman TG, 1988; Strong WB, 2005).  In general terms, the majority of these 
benefits are visualized as long-term consequences and, in brief observations such as that 
which we report, they are hardly evaluable. In our study, the modifications in physical-
activity type and amount achieved by the children during the summer workshop were 
unable to be associated statistically with changes in clinical and anthropometric markers 
such as blood pressure, weight, or waist circumference, which is very probably due to that 
the follow-up time was very short for verifying this. However, weight, waist circumference, 
and systolic and diastolic blood pressure exhibited changes of -3.2, -3.3, -7.07, and -4.03%, 
respectively, which could have positive clinical repercussions if these were conserved at the 
long term. 
Other known benefits of physical activity can exert an impact on   the everyday 
characteristics of perception in the child, such as those that affect self-perception, feelings 
associated with anxiety and depression, non-violence, as well as success in academic 
performance; thus, it is important to explore this in future implementations of the program 

(Strong WB, 2005). 
International recommendations on physical activity tend to suggest that from the age of 
beginning school, children accumulate, on average, at least 60 min daily of moderate or 
more intense physical activity, although these recognize that certain benefits can be obtained 
from activities engaged in for 30 min daily (Jasen I, 2010; Services, 2008). In our study, we 
established as success parameter the achievement of 50% of this goal; despite that the 
children were involved for >4 h in an ambiance devoted predominantly to the promotion of 
physical activity, this was unable to be achieved in the majority of the children. It was 
expected that in the short term -3 weeks-, the children would achieve engaging in least 30 
min of moderately intense and 15 min of slightly intense physical activity. Additionally, we 
sought to evaluate whether the workshop’s activities achieved increasing physical activity 
performed under habitual conditions, taking as reference for this the physical activity 
engaged in within a school ambiance. These findings oblige us to reflect upon the difficulty 
of achieving physical-activity recommendations in daily surroundings, rendering it 
imperative to establish a very well-structured plan and with highly enthusiastic executors 
for its application in more daily ambits such as school. Examples of successes in Mexico 
have been reported; however, application at the long term appears to be a great challenge 
(Balas-Nakaxh M, 2010). Our comparative observations between children in a high-stimulus 
physical-activity environment and children in a daily school environment agree with other 
reports, evidencing the gravity of sedentariness in a large proportion of school-aged 
population in Mexico (Ciampa PJ, 2010).  
Another serious problem confronting similar populations to that studied here is the lack of 
spaces adapted for the practice of physical activity, as well as the lack of friendly spaces or 
physically active communities of neighborhoods, which taken together impede children from 
carrying out some type of physical activity safely. In the Summer-vacation Workshop, although 
the spaces and all of the equipment were focused on the children’s safety, the community did 
not offer an environment that adequately protected the children as team members.    
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Authors who are expert in fruit and vegetable consumption in children (Baranowski, 2002) 
conclude that in order to improve fruit and vegetable consumption, direct contact is 
important in diverse presentations, forming part of typical dishes, novel, tasty, and fun 
dishes that permit children to touch textures and to observe colors. At the same time, food 
consumption in a non-violent, hygienic, and emotionally warm environment surely exerts a 
positive impact on the experience of the children with the foods prepared in the workshop. 
Availability and accessibility were factors that facilitated consumption and acceptance of 
fruits and vegetables during the workshop, as witnessed by the increased consumption of 
these between weeks 1 and 3.   
We consider that conducting the workshop in a playful ambiance promotes greater long-
term adherence to better eating and physical-activity habits, because the children consumed 
adequate quantities of plain water, fruits, and vegetables and increased physical activity. 
The challenge for an intervention of this type is for the population in its milieu to maintain 
these habits and to adopt them as their own. The participation of parents and the 
community is basic for maintaining foods within the reach of the children and safe 
installations to encourage the practice of physical activity. 

5. Declaration on conflict of interests 
We declare that in the development of the present work, there was no conflict of interests for 
any of the authors. 

6. Acknowledgments 
The authors are grateful to the following persons who made execution of the program 
possible: LindaYafa EssesIdi; Adriana Flores-López; Carla Sosa-Alvarado; Elena Paola 
Kegel-Sánchez; Jessika Bukrinsky; Tania Tostado; Pamela Morales; Rita Shlam; Vanessa 
Camacho, and Sandra Olvera, and likewise to Comedores Santa María, A.C. for facilitating 
their installations. 
The present study was sponsored by the Universidad Iberoamericana (UIA), Mexico City, 
and the Fundación Mexicana para la Salud, A.C. (FUNSALUD). 

7. References 
American Heart Association. Policy Position Statement on the Treatment of Childhood 

Obesity in the Health Care Environment. American Heart Association. [Consulted 
January 18, 2011]. Available at: 
http://www.americanheart.org/downloadable/heart/1213386303597Treatment%
20of%20Childhood%20Obesity%20in%20the%20Health%20Care%20Environment%
20Position%20Statement%20with%20new%20logo.pdf 

Asociación Mexicana de Agencias de Investigación de Mercado y Opinión Pública, A.C. 
Índice de niveles socioeconómicos. México: AMAE, 2009. [Consulted February 
2011]. Available at: http://www.amai.org/niveles.php 

Balas-Nakash M, Benítez-Arciniega A, Perichart-Perera O, Valdés-Ramos R, Vadillo-Ortega 
F. The effect of exercise on cardiovascular risk markers in Mexican school-aged 
children: comparison between two structured group routines. Salud Publica Mex 
2010;52:398-405. 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



“Jugando a Ganar Salud” (“Playing to Gain Health”): A Summer-Vacation  
Physical Activity and Correct Eating Workshop for School-Aged Children – A Pilot Study 

 

235 

Bandura A. Self-efficacy: toward a unifying theory of behavioral change. Psychol Rev 
1977;84:191-215. 

Baranowski T, Perry C, Parcel G. How individuals, environments and health behavior 
interact. In: Glanz K, Rimer B, Lewis F, editors. Health Behavior and Health 
Education. Jossey-Bass, 2002.  

 Basterfield L, Adamson AJ, Frary JK, Parkinson KN, Pearce MS, Reilly JJ. Longitudinal 
study of physical activity and sedentary behavior in children. Pediatrics 
2011;127:e24-e30. 

Berenson GS, Srinivasan SR, Wattigney WA, Harsha DW. Obesity and cardiovascular risk in 
children. Ann N Y Acad Sci 1993;699:93-103. 

Branen L, Fletcher J. (1999) Comparison of college students’ current eating habits and 
recollections of their childhood food practices. J Nutr Educ 1999;31:304-310. 

Briggs M. Position of the American Dietetic Association: Individual-, Family-, School-, and 
Community-Based Interventions for Pediatric Overweight. J Am Diet Assoc 
2010;106(6):925-945. 

Ciampa PJ, Kumar D, Barkin SL, Sanders LM, Yin HS, Perrin EM, et al. Interventions aimed 
at decreasing obesity in children younger than 2 years: a systematic review. Arch 
Pediatr Adolesc Med 2010;164(12):1098-1104. 

de Onis M, Blössner M, Borghi E. Global prevalence and trends of overweight and obesity 
among preschool children. Am J Clin Nutr 2010;92(5):1257-1264.  

Domínguez-Vázquez P, Olivares S. Influencia familiar sobre la conducta alimentaria y su 
relación con la obesidad infantil Arch Latinoam Nutr 2008;58(3):249-55.  

Elizondo-Montemayor L, Serrano-González M, Ugalde-Casas PA, Cuello- García C, Borbolla-
Escoboza JR. Metabolic syndrome risk factors among a sample of overweight and 
obese Mexican children. J Clin Hypertens (Greenwich) 2010;12(5):380-387. 

Hills AP, King NA, Armstrong TP. The contribution of physical activity and sedentary 
behaviours to the growth and development of children and adolescents: 
implications for overweight and obesity. Sports Med 2007;37(6):533-545. 

Jack I, Grim M, Gros T, Lynch S, McLin C. Theory in Health Promotion Programs. In: 
Fertman C, Allensworth D, editors. Health Promotion Programs. Soc Public Health 
Education; 2010. 

Jansen I, Le Blanc AG. Systematic review of the health benefits of physical activity and fitness 
in school-aged children and youth. (Abstract). Int J Behav Nutr Phys Act 2010;7:40. 

 Jáuregui A, Villalpando S, Rangel-Baltazar E, Castro-Hernández J, Lara-Zamudio A., 
Méndez-Gómez-Humarán I. The physical activity level of Mexican children 
decreases upon entry to elementary school. Salud Publica Mex 2011;53:228-236. 

Jennings-Aburto N, Nava F, Bonvecchio A, Safdie M, González- Casanova I, Gust T, et al. 
Physical activity during the school day in public primary schools in Mexico City. 
Salud Publica Mex 2009;51:141-147. 

Lohman TG, Roche AF, Martorell R, editors. Anthropometric standardization reference 
manual. Abridged edition. Champaign, Illinois: Human KineticBooks; 1988. 

O’Donovan G, Blazevich AJ, Boreham C, Cooper AR, Crank H, Ekelund U, Fox KR, Gately 
P, Giles-Corti B, Gill JM, Hamer M, McDermott I, Murphy M, Mutrie N, Reilly JJ, 
Saxton JM, Stamatakis E The ABC of Physical Activity for Health: a consensus 
statement from the British Association of Sport and Exercise Sciences. J Sports Sci 
2010;28(6):573-591. 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )



  
Childhood Obesity 

 

236 

Olaiz-Fernández G, Rivera-Dommarco J, Shamah-Levy T, Rojas R, Villalpando-Hernández 
S, Hernández-Ávila M, et al. Encuesta nacional de salud y nutrición. 2º ed. 
Cuernavaca, Morelos, Mexico: INSP; 2006. 

Papandreou D, Rousso I, Mavromichalis I. Update on non-alcoholic fatty liver disease in 
children. Clin Nutr 2007;26:409-415. 

Pérez RC, Aranceta J, Brug H, Wind M. Estrategias educativas para la promoción del 
consumo de frutas y verduras en el medio escolar: proyecto pro children. ¿?? Arch 
Latinoam Nutr  2004;54:S14-S19. 

Pérez-Lizaur AB, Kaufer M, Plazas M. Environmental and personal correlates of fruit and 
vegetable consumption in low income, urban Mexican children. J Hum Nutr Diet  
2008;21: 63-71. 

Pimenta AM, Beunza JJ, Sánchez-Villegas A, Bes Rastrollo M, Martínez-Gonzalez MA. 
Childhood underweight, weight gain during childhood to adolescence/young 
adulthood and incidence of adult metabolic syndrome in the SUN (Seguimiento 
Universidad de Navarra) Project. Public Health Nutr 2010;17:1-8.  

Puyau MR, Adolph AL, Vohra FA, Butte NF. Validation and calibration of physical activity 
monitors in children. Obes Res 2002 Mar;10(3):150-157. 

Ramírez-Silva I, Rivera J, Ponce X, Hernández M. Consumo de frutas y verduras en la 
población mexicana: datos de la Encuesta Nacional de Salud y Nutrición 2006. 
Salud Publica Mex  2009;51(4. 

Secretaría de Salud (SSA). Norma Oficial Mexicana NOM-043-SSA2-2005, Servicios básicos 
de salud. Promoción y educación para la salud en materia alimentaria. Criterios 
para brindar orientación. 
http://bibliotecas.salud.gob.mx/gsdl/collect/nomssa/index/assoc/HASH0138/7
13924cd.dir/doc.pdf [Consulted August 15, 2011]. 

Secretaría de Educación Pública. Lineamientos para la venta o distribución de alimentos y 
bebidas en los establecimientos de educación básica. 
http://portal.salud.gob.mx/sites/salud/descargas/pdf/salud_alimentaria/progr
ama_accion.pdf  [Consulted August 15, 2011].  

Strong WB, Malina RM, Blimkie CJ, Daniels SR, Dishman RK, Gutin B, Hergenroeder AC, 
Must A, Nixon PA, Pivarnik JM, Rowland T, Trost S, Trudeau F. Evidence based 
physical activity for school-age youth. J Pediatr 2005;146(6):732-737. 

Summerbell CD, Waters E, Edmunds LD, Kelly S, Brown T, Campbell KJ. Interventions for 
preventing obesity in children. Cochrane Database Syst Rev 2005 Jul 
20;(3):CD001871. 

Tauman R, Gozal D. Obesity and obstructive sleep apnea in children. Paediatr Respir Rev 
2006;7(4):247-259. 

U.S. Department of Health and Human Services. 2008 Physical Activity Guidelines for 
Americans. Washington, D.C.: U.S. Department of Health and Human Services; 
2008. [Consulted January 18, 2011]. Available at: 
http://www.health.gov/paguidelines/pdf/paguide.pdf  

Yngve A, Wolf A, Poortvliet E, Elmadfa I, Brug J, Ehrenblad B, Franchini B, Haraldsdottir J, 
Krolner R, Maes L, Pérez-Rodrigo C, Sjostrom, M, Thorsdottir I, Klepp, KI. (2005) 
Fruit and vegetable intake in a sample of 11-year-old children in 9 European 
countries: The Pro Children Cross-sectional Survey. Ann Nutr Metab 2005;49:236-
245. 

DR.R
UPN

AT
HJI(

 D
R.R

UPA
K 

NAT
H )




