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Preface

 In this volume in our series ‘Pediatric and Adolescent Medicine,’ probably the most 
common and most urgent clinical problem in pediatrics and adolescent medicine is 
being covered by experts from around the world. The volume discusses pertinent and 
prevalent topics such as the definition and clinical aspects of obesity. Additionally, 
novel viewpoints and ideas for the future are presented; these will facilitate both in-
teraction with obese children and adolescents in a fair and appropriate way and col-
laboration with the individuals affected to seek appropriate and effective prevention 
and treatment measures. 

 In section number one, definitions and clinical aspects are covered.   Martin 
Wabitsch from the University of Ulm, Germany, and Antje Körner from the Univer-
sity of Leipzig, Germany, discuss different definitions and the basic clinical aspects 
of obesity in childhood and adolescence. They describe obesity as part of metabolic 
syndrome and indeed as one of the causes leading to the full-blown clinical picture 
of metabolic syndrome. Abdullah Bereket from Istanbul, Turkey, and his co-workers 
report on the following in their chapter on the clinical entity of hypothalamic obe-
sity: obesity caused by injury or trauma to or surgery on the hypothalamus as well as 
the fact that inborn genetic diseases affecting nuclei and regions of the hypothalamus 
can cause obesity in a very severe and extreme way. Abdullah Bereket and his col-
leagues emphasize that hypothalamic obesity is still resistant to traditional therapeu-
tic measures, that prevention should be mandatory but is also difficult, and that new 
clinical trials with new treatment protocols are urgently required.

  In section two, Yvonne Böttcher and Peter Kovacs from the University of Leipzig, 
Germany, first present a very nicely written chapter on the genetics of obesity in 
childhood and adolescence. They focus on DNA and methylation and the biology of 
the disease. Second, Hermann Kalhoff and Mathilde Kersting from Dortmund and 
Bonn, Germany, outline all aspects of nutrition in relation to metabolic syndrome 
and obesity in childhood and adolescence.   Third, sedentary behavior has been identi-
fied as a public health issue for the last 10 years. This is being pointed out in the ex-
cellent chapter from France, in which Maïthé Tauber and her colleagues from Tou-
louse rightly argue that preventive interventions should focus on changing the seden-
tary lifestyle, even and especially at a young age. In this fine contribution they also 
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report on why people adopt a  sedentary lifestyle.   Fourth, Sandra Plachta-Danielzik 
and Manfred James Müller from the University of Kiel, Germany, review their own 
data and perform a meta-analysis of all available information on socio-economic as-
pects as causes of metabolic syndrome and obesity. It is actually their contribution via 
the ‘KOPS’ study in Kiel that has drawn our attention to the socio-economic aspects 
of metabolic syndrome during the last decade.

  In section three, the consequences of obesity in childhood and adolescence are 
discussed. Martin Wabitsch and Christian Denzer from the University of Ulm, 
 Germany, review the impact of obesity on carbohydrate metabolism. They especially 
refer to insulin resistance, glucose intolerance, and the long-term development of type 
2 diabetes early in life. Falk Thielemann, Klaus-Peter Guenther, and Maik Stiehler 
from the University of Dresden, Germany, discuss the orthopedic aspects of obesity 
in children and adults. In fact, back pain, hip and knee pain, and a vast array of or-
thopedic complications that are typical of severe obesity are already present in child-
hood. A very often neglected aspect of obesity at all ages, namely, urogenital compli-
cations, is summarized in the chapter by Anita Morandi and Claudio Maffeis from 
the University of Verona in Italy. In fact, renal disease, even including terminal renal 
failure as well as urolithiasis in the long term, and lower urinary tract symptoms such 
as itching, painful urination, and cystitis are already related to obesity in childhood 
and adolescence. The last chapter in this section deals with the putative consequenc-
es of obesity in childhood on pubertal development; it is still unclear whether obesity 
has led to an earlier onset of puberty in affected populations or whether the phenom-
ena of the prevalence of obesity and an earlier age at menarche and puberty are mere-
ly coincidental. Our groups from the University of Leipzig in Germany and the Uni-
versity of Melbourne in Australia (authors Isabel V. Wagner, Matthew Sabin, and 
Wieland Kiess) summarize the available data.

  In section four, the societal aspects and prevention of obesity are discussed. In-
deed, during the last couple of years, it has become clear that societal aspects and in-
deed the social sciences have to be addressed much more when one wants to speak 
about obesity in childhood and adolescence. In fact, Ulrike Igel and Gesine Grande 
(University of Applied Sciences (HTWK), Leipzig, Germany) discuss the relationship 
between neighborhood characteristics and obesity in children and adolescents. This 
topic is very new, very pressing, and indeed innovative. Robert H. Lustig from the 
University of California, San Francisco, USA, writes about the role of food industries 
and the role of a ‘Western’ diet as causative factors in the development of obesity. He 
sets science and politics, as sometimes conflicting and sometimes counterproductive 
entities, as the focus of this chapter. Currently, the most talked about societal aspect 
in our lives seems to be economics; it is therefore understandable that an economic 
perspective on childhood obesity is also presented in this section. Rolf Holle and his 
colleagues from the University of Munich, Germany, do this in a very comprehensive, 
innovative, and diligent way. Finally, two chapters on new ways to think about 
 prevention are presented by two young investigators from the University of Leipzig, 
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Germany. Jana Markert identifies barriers that are obstacles to families’ participation 
in childhood obesity prevention programs. She draws from a large body of data that 
she and her co-workers have assembled and already partially published on this mat-
ter. Since electronic data usage and electronic communication means are now so prev-
alent in our lives, it is important to investigate e-health approaches and their effects 
on obesity prevention. Can electronic communication means and social networks be 
used for obesity prevention and even treatment (chapter by Sabine Herget, University 
of Leipzig)?

  In section five, new obesity treatments are presented. Thomas Reinehr from Dat-
teln, Germany, who has developed his own Obeldicks obesity treatment program and 
has successfully evaluated and institutionalized it, reviews available obesity pro-
grams, their efficacy, and their routine clinical use. Next, in one chapter, bariatric 
surgery in adolescents is reviewed: Paola Luca, Elizabeth Dettmer, Jakob C. Langer, 
and Jill K. Hamilton from Calgary and Toronto, Canada, report on the current status 
of adolescent bariatric surgery as an evolving field. Lastly, Geoff D.C. Ball and co-
workers from several Canadian Universities describe their vast experience and in-
sights related to working effectively with families and operating within the health-
care system to manage pediatric obesity. It is important that in this last contribution 
in our volume, Geoff D.C. Ball and co-authors in fact go far beyond mere ‘weight loss’ 
and describe the many aspects of metabolic syndrome and obesity in childhood and 
adolescence once more in a comprehensive and interdisciplinary manner.

   Wieland Kiess,  Leipzig
   Martin Wabitsch,  Ulm

   Claudio Maffeis,  Verona
   Arya M. Sharma,  Edmonton, Alta. 





 Definitions and Clinical Aspects 

Kiess W, Wabitsch M, Maffeis C, Sharma AM (eds): Metabolic Syndrome and Obesity in Childhood and Adolescence. 
Pediatr Adolesc Med. Basel, Karger, 2015, vol 19, pp 1–12 ( DOI: 10.1159/000368101 )

 Abstract 

 It has long been recognized that some classical risk factors for cardiovascular disease occur in clus-
ters. This combined presence of several risk factors has been termed metabolic syndrome. Neverthe-
less, the selection and definition of these risk factors with cut-off values is not without controversy. 
Particularly in children, the definition of metabolic syndrome is even more complicated, not only 
because children present with early stages of metabolic and cardiovascular alterations but also due 
to aspects of physical and pubertal development; thus, age-corrected cut-off values need to be 
 regarded.  © 2015 S. Karger AG, Basel 

 Introduction 

 The co-occurrence of the risk factors of (visceral) obesity, hypertension, dyslipidemia, 
insulin resistance and possibly disturbed glucose regulation in an individual is associ-
ated with significantly increased risks of cardiovascular disease and type 2 diabetes 
mellitus that contribute to increased mortality. Longitudinal studies have shown that 
the presence of these risk factors during childhood and adolescence leads to early-
onset arteriosclerosis. The clinical manifestation of arteriosclerosis is usually only rec-
ognized at the advanced stage because clinical symptoms typically only include 
marked stenosis (>70%) of the coronary arteries or of the cerebral (or leg) arteries. 
However, long before the manifestation of arteriosclerosis is clinically evident, there 
are frequently subclinical alterations of vessels that occur over many years and mani-
fest as endothelial dysfunction, fatty streaks, the swelling of the intima and media and 
plaques. This fact has been markedly demonstrated by autopsy studies (e.g. the PDAY 
study), which have shown the first fatty streaks in normal, healthy, young individuals 
who died as a result of an accident or homicide during the second decade of life. The 
occurrence and extent of these atherosclerotic lesions are significantly increased in 
overweight or obese individuals. 

 Definitions 

 Martin Wabitsch    a  · Antje Körner    b  

  a    Interdisciplinary Obesity Unit, Division of Pediatric Endocrinology and Diabetes, Department of Pediatrics 
and Adolescent Medicine, University Medical Center Ulm, University of Ulm,  Ulm , and  b    IFB AdiposityDiseases, 
Medical Faculty, University of Leipzig, Leipzig, Germany 
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 It is well recognized that several risk factors occur more often together and can 
cause diseases like myocardial infarction and stroke. Nevertheless, the term metabol-
ic syndrome (MetS) has found its way into clinical medicine only in the last years and 
has recently been established in pediatric and adolescent medicine  [1, 2] .

  In the 1950s, Jean Vague  [3]  recognized that the co-occurrence of obesity with ab-
dominal body fat distribution, hypertension, diabetes and hyperuricemia leads to arte-
riosclerosis. In 1988, the American diabetologist Gerald M. Reaven  [4]  described the 
so-called syndrome X, which is a complex syndrome consisting of insulin resistance, 
hyperinsulinemia, hypertriglyceridemia, reduced high-density lipoprotein (HDL) cho-
lesterol, hypertension and disturbed glucose tolerance. Finally, Kaplan  [5]  spoke mem-
orably of a ‘deadly quartet’ consisting of abdominal obesity, hypertension, impaired 
glucose tolerance and hypertriglyceridemia. Considering that the first sequelae of obe-
sity that are part of the above-mentioned complex already occur during childhood and 
that the first vascular alterations are detectable during early adulthood, the existence of 
this complete symptom complex during childhood is likely. MetS was characterized in 
1991 in pediatric and adolescent medicine and was examined and discussed afterwards 
by physicians of national and international pediatric societies  [6] . Nevertheless, defini-
tions in pediatric populations are more complicated due to the age range that has to be 
covered and the limitations in the normal cut-off and reference values.

  Definitions 

 The symptom complex consisting of obesity with abdominal body fat distribution, dys-
lipidemia (hypertriglyceridemia and reduced HDL cholesterol), insulin resistance and 
impaired glucose tolerance as well as arterial hypertension is known in adults as MetS. 

 The corresponding symptoms occur in individuals in combinations (‘clustering’) 
more often than what would be expected by mere coincidence. A similar constellation 
of risk factors has been found in obese children.

  Additional typical findings associated with MetS that can occur during adolescence 
are non-alcoholic fatty liver disease, hyperuricemia, polycystic ovarian syndrome and 
microalbuminuria.

  Interestingly, a clustering of cardiovascular risk factors has also been often ob-
served in family members. In the parental and grandparental generations, secondary 
complications or endpoints (early-onset myocardial infarction and stroke) are fre-
quently present. This information about family history is important for the assess-
ment of the health risk of the affected child or adolescent, even though it is not an 
official criterion for pediatric MetS.

  The term ‘tracking’, which is often used in relation to MetS, means the persistence 
of individual risk factors from childhood to adulthood as well as the increasing ex-
pression of the risk factors with age. These correlations can be interpreted as follows: 
if evidence of MetS is found in a patient, symptoms will quite likely persist to later in 

Kiess W, Wabitsch M, Maffeis C, Sharma AM (eds): Metabolic Syndrome and Obesity in Childhood and Adolescence. 
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life, and individual clinical symptoms will develop with age. Nevertheless, physiolog-
ical variations in some parameters during development need to be considered. For 
example, during pubertal development, transient insulin resistance is also present in 
healthy lean children, even though the magnitude of this alteration is much lower 
compared to obesity-related insulin resistance.

  There is currently no generally accepted definition of MetS during childhood and 
adolescence with indications for limit values for the individual components. The aim 
to develop a definition for child and adolescent MetS with a preferably high clinical 
relevance is barely accessible at the moment because this syndrome describes a health 
risk, and there are no sufficient long term data on clinical endpoints that allow for the 
determination of individual reference values and their combinations to delineate a 
prognostic risk. In addition, in children and adolescents, it is not possible to indicate 
reference values for the individual components of MetS based on development be-
cause the presence of these components depends on age and puberty.

  In 2007, the International Diabetes Federation  [7]  proposed a definition of MetS 
in children and adolescents, which is shown in  table 1 a, b. This rather conservative 
definition is well applicable in practice and takes into account developmental aspects 
(tracking). Until better definitions of MetS are available, the International Diabetes 
Federation definition of this syndrome for children and adolescents is proposed for 
use in practice.

  The assessment of cardiovascular risk in children and adolescents in relation to the 
presence of MetS and possibly the indication of an effective therapy should be strati-
fied independent of an exact definition of this syndrome.

  Reference Values for the Individual Components of Metabolic Syndrome 

 The German Working Group of Obesity in Children and Adolescents guidelines  [8]  
recommend the use of the following reference values for the diagnostic assessment of 
cardiovascular risk factors, which are conjunct in MetS. 

 Visceral Obesity 
 In accordance with several national and international guidelines, obesity is defined by 
the reference values for body mass index (BMI), even though distinct cut offs exist for 
the definition of overweight and obesity in different countries ranging from the 80 th  
to the 97 th  percentile  [9] . 

 An assessment of abdominal fat distribution can be made by measuring waist cir-
cumference. For this, the patient should be lightly dressed (in underwear), upright, 
and standing in straight view with their arms hanging at the side of the body and the 
body weight evenly distributed on both legs. The patient should inhale and exhale 
quietly. For the measurement (measuring accuracy of +/– 1 mm), a non-elastic mea-
suring tape is applied to the area of the strongest medial indentation of the body side 

Kiess W, Wabitsch M, Maffeis C, Sharma AM (eds): Metabolic Syndrome and Obesity in Childhood and Adolescence. 
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Table 1.  Consensus definition of metabolic syndrome in children and adolescents as reported by the International Diabetes 
Federation

a Age groups

Age 6 to <10 years
Obesity is defined as a waist circumference of >90th percentile.
MetS cannot be diagnosed, but further measurements should be made if there is a family history of MetS, type 2 diabetes 
mellitus, dyslipidemia, cardiovascular disease, hypertension, or obesity.
The IDF suggests that a strong message for weight reduction should be delivered to patients with abdominal obesity.

Age 10 to <16 years
Obesity is defined as a waist circumference of >90th percentile (or adult cut-off if lower). 
Triglycerides >1.7 mmol/l
HDL cholesterol <1.03 mmol/l
BP >130 mmHg systolic or 85 mmHg diastolic
Glucose >5.6 mmol/l (oral glucose tolerance test recommended) or known type 2 diabetes mellitus

Age >16 years
Use existing IDF criteria for adults. According to the new IDF definition, for a person to be defined as having MetS, they 
must have central obesity (defined as waist circumferencea using ethnicity-specific values) plus any two of the following 
four factors:

– raised triglyceride levels: >150 mg/dl (1.7 mmol/l) or specific treatment for this lipid abnormality
–  reduced HDL cholesterol: <40 mg/dl (1.03 mmol/l) in males and <50 mg/dl (1.29 mmol/l) in females, or specific 

 treatment for this lipid abnormality and the following:
– raised BP: SBP of >130 mmHg or DBP of 85 mmHg or treatment of previously diagnosed hypertension
–  raised fasting plasma glucose: >100 mg/dl (5.6 mmol/l) or previously diagnosed type 2 diabetes (if above 5.6 mmol/l 

or 100 mg/dl, the oral glucose tolerance test is strongly recommended but is not necessary to define the presence of 
this syndrome).

b Waist circumference by origin

Country/ethnic group Sex Waist circumference, cm

Europidsb Male >94
Female >80

South Asiansc Male >90
Female >80

Chinese Male >90
Female >80

Japanesed Male >90
Female >80

Ethnic South and Central Americans Use South Asian recommendations until
more specific data are available

Sub-Saharan Africans Use European data until more specific
data are available

Eastern Mediterranean and Middle East
(Arab) populations

Use European data until more specific data
are available

Kiess W, Wabitsch M, Maffeis C, Sharma AM (eds): Metabolic Syndrome and Obesity in Childhood and Adolescence. 
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structure between the lower costal arch and the iliac crest. If an indentation in the 
waist region is not recognizable, the waist circumference should be measured between 
the iliac crest and costal arch. The measuring tape is applied horizontally to the ground 
and under tension (not denting the abdominal wall), and the measured value is read 
after expiration by the patient. To minimize errors, the measurement should be re-
peated, and the mean value should be calculated from the two measurements.

  Waist circumference is also subject to age- and gender/sex-specific alterations. In 
2008, Kromeyer-Hauschild et al.  [10]  published age- and gender-specific percentiles 
for the waist circumferences of 6- to 18-year-old German children and adolescents 
( fig. 1 a, b)  [10] . In adults, abdominal obesity is defined by waist circumferences of  ≥ 80 
(female) and  ≥ 94 cm (male)  [11] . In contrast, there is no uniform limit value reported 
in the literature for children and adolescents. Waist circumference and BMI correlate 
at a high level  [10] . To identify increased abdominal fat accumulation in children and 
adolescents, a waist circumference of above the 90th percentile is the recommended 
criterion based on the definition of obesity in these age groups (BMI >90th percentile).

  In addition to the waist circumference, waist-to-hip ratio and more recently, waist-
to-height, are parameters for assessing fat distribution. The latter is supposed to have 
the advantage of being more age independent, and a uniform cut-off of 0.5 could be 
applied. However, it is not considered a criterion for the official MetS definition.

  Dyslipidemia 
 The determination of fasting lipid levels (total cholesterol; low-density lipoprotein, 
HDL, and triglycerides) is part of the basic diagnosis for all obese children and ado-
lescents as well as overweight children and adolescents with risk factors, e.g. a positive 
family history of early cardiovascular disease. Reference values are available for the 
diagnostic evaluation of lipid levels ( table 2 ). 

 Values beyond the target range should be followed. The assessment of altered lipid 
values can only occur by taking into account all cardiovascular risk factors. Any nec-
essary dietary or pharmacological interventions should be made in accordance with 
the guidelines of the American Academy of Pediatrics.

Table 1.  Continued

 Children younger than 6 years of age were excluded from the definition because of insufficient data for this age group.
a If BMI is >30, central obesity can be assumed, and waist circumference does not need to be measured.
b In the USA, ATP III values (102 cm for males, and 88 cm for females) are likely to be continued to be used for clinical  purposes 
In future epidemiological studies of populations of Europid origin. Prevalence should be determined using both  European 
and North American cut-off points to allow for better comparisons.
c Based on a population of Chinese, Malay and Asian-Indian individuals.
d Subsequent data analyses have suggested that the Asian values (90 cm for males, and 80 cm for females) should be used 
for Japanese populations until more data are available.
IDF = International Diabetes Foundation; SBP = systolic blood pressure; DBP = diastolic blood pressure.

Kiess W, Wabitsch M, Maffeis C, Sharma AM (eds): Metabolic Syndrome and Obesity in Childhood and Adolescence. 
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  Arterial Hypertension 
 Blood pressure (BP) should be measured with the patient in an upright sitting po-
sition using the right arm in a quiet environment after a 5-minute period of rest. 
The use of the right cuff width (to cover at least 80% of the upper arm length) is 
important. The measured values must be interpreted on the basis of sex-, age- and 
body height-specific reference values (for an example of the reference values, see 
 table 3 a, b). The classification of hypertension in children and adolescents with 
measurement frequencies and therapy recommendations is shown in  table 4 . 
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  Fig. 1.   a  Percentile graph of waist circumferences (boys 6–18 years) by Kromeyer-Hauschild et al. 
(2008).  b  Percentile graph of waist circumferences (girls 6–18 years) by Kromeyer-Hauschild et al. 
(2008). 
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 With unclear or marginal results and to confirm the diagnosis of arterial hyper-
tension, an ambulatory 24-hour BP measurement should be performed. The assess-
ment of the 24-hour BP measurement is also based on appropriate reference values 
 [12, 13] .

  Insulin Resistance and Glucose Regulation Disorder 
 A frequent clinical sign indicating hyperinsulinemia is acanthosis nigricans, which is 
a dirty-brownish hyperpigmentation of the skin with a coarsening of its appearance, 
which occurs typically in the neck and armpits ( fig. 2 ). 

 The determination of the fasting serum insulin concentration allows for the calcu-
lation of insulin resistance indices (e.g. homeostasis model assessment of insulin re-
sistance or quantitative insulin sensitivity check index). However, because of the high 
intraindividual variability of these indices, verifying their significance is a challenge. 
It must also be considered that methodologies of glucose and insulin determination 
have not yet been standardized. The gold standard for the measurement of insulin 
resistance is the euglycemic hyperinsulinemia clamp, which is a time consuming, in-
vasive and expensive method that is only suitable for scientific questioning. A more 
clinically applicable test is the oral glucose tolerance test, which is performed follow-
ing the guidelines of the American Diabetes Association  [14] . An oral dose of liquid 
glucose (1 g glucose/kg body weight, max. 75 g) is given to the patient, and the blood 
glucose response is measured. Unfortunately, current guidelines provide reference 
ranges only for fasting levels of glucose and insulin and for 120-minute glucose levels 
( table 5 ). Also, oral glucose tolerance test results have shown high intra-individual 
variability. This is in part due to the arbitrary 120-minute time point of glucose 

Table 2.  Acceptable, borderline-high, and high plasma lipid, lipoprotein, and apolipoprotein con-
centrations for children and adolescents according to the American Academy of Pediatrics (see 
www.aap.org)

Category Low, 
mg/dla

Acceptable, 
mg/dl

Borderline-High, 
mg/dl

High, 
mg/dla

Total cholesterol – <170 170–199 ≥200
LDL cholesterol – <110 110–129 ≥130
Non-HDL cholesterol – <120 120–144 ≥145
Apolipoprotein B – <90 90–109 ≥110
Triglycerides

0–9 years – <75 75–99 ≥100
10–19 years – <90 90–129 ≥130

HDL cholesterol <40 >45 40–45 –
Apolipoprotein A-1 <115 >120 115–120 –

 a The low cut-off points for HDL cholesterol and apolipoprotein A-1 represent approximately the 
10th percentile. The cut-off points for high and borderline-high represent approximately the 95th 
and 75th percentiles, respectively. LDL = low-density lipoprotein.
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Tabl e 3. Standard values for single random blood pressure measurement according to the American Academy of Pediatrics 
(see www.aap.org) 

a Boys

Age,
years

BP
percentile

Percentile of height

SBP, mmHg DBP, mmHg

5th 10th 25th 50th 75th 90th 95th 5th 10th 25th 50th 75th 90th 95th

6 50th 91 92 94 96 98 99 100 53 53 54 55 56 57 57
90th 105 106 108 110 111 113 113 68 68 69 70 71 72 72
95th 109 110 112 114 115 117 117 72 72 73 74 75 76 76
99th 116 117 119 121 123 124 125 80 80 81 82 83 84 84

7 50th 92 94 95 97 99 100 101 55 55 56 57 58 59 59
90th 106 107 109 111 113 114 115 70 70 71 72 73 74 74
95th 110 111 113 115 117 118 119 74 74 75 76 77 78 78
99th 117 118 120 122 124 125 126 82 82 83 84 85 86 86

8 50th 94 95 97 99 100 102 102 56 57 58 59 60 60 61
90th 107 109 110 112 114 115 116 71 72 72 73 74 75 76
95th 111 112 114 116 118 119 120 75 76 77 78 79 79 80
99th 119 120 122 123 125 127 127 83 84 85 86 87 87 88

9 50th 95 96 98 100 102 103 104 57 58 59 60 61 61 62
90th 109 110 112 114 115 117 118 72 73 74 75 76 76 77
95th 113 114 116 118 119 121 121 76 77 78 79 80 81 81
99th 120 121 123 125 127 128 129 84 85 86 87 88 88 89

10 50th 97 98 100 102 103 105 106 58 59 60 61 61 62 63
90th 111 112 114 115 117 119 119 73 73 74 75 76 77 78
95th 115 116 117 119 121 122 123 77 78 79 80 81 81 82
99th 122 123 125 127 128 130 130 85 86 86 88 88 89 90

11 50th 99 100 102 104 105 107 107 59 59 60 61 62 63 63
90th 113 114 115 117 119 120 121 74 74 75 76 77 78 78
95th 117 118 119 121 123 124 125 78 78 79 80 81 82 82
99th 124 125 127 129 130 132 132 86 86 87 88 89 90 90

12 50th 101 102 104 106 108 109 110 59 60 61 62 63 63 64
90th 115 116 118 120 121 123 123 74 75 75 76 77 78 79
95th 119 120 122 123 125 127 127 78 79 80 81 82 82 83
99th 126 127 129 131 133 134 135 86 87 88 89 90 90 91

13 50th 104 105 106 108 110 111 112 60 60 61 62 63 64 64
90th 117 118 120 122 124 125 126 75 75 76 77 78 79 79
95th 121 122 124 126 128 129 130 79 79 80 81 82 83 83
99th 128 130 131 133 135 136 137 87 87 88 89 90 91 91

14 50th 106 107 109 111 113 114 115 60 61 62 63 64 65 65
90th 120 121 123 125 126 128 128 75 76 77 78 79 79 80
95th 124 125 127 128 130 132 132 80 80 81 82 83 84 84
99th 131 132 134 136 138 139 140 87 88 89 90 91 92 92

15 50th 109 110 112 113 115 117 117 61 62 63 64 65 66 66
90th 122 124 125 127 129 130 131 76 77 78 79 80 80 81
95th 126 127 129 131 133 134 135 81 81 82 83 84 85 85
99th 134 135 136 138 140 142 142 88 89 90 91 92 93 93

16 50th 111 112 114 116 118 119 120 63 63 64 65 66 67 67
90th 125 126 128 130 131 133 134 78 78 79 80 81 82 82
95th 129 130 132 134 135 137 137 82 83 83 84 85 86 87
99th 136 137 139 141 143 144 145 90 90 91 92 93 94 94

17 50th 114 115 116 118 120 121 122 65 66 66 67 68 69 70
90th 127 128 130 132 134 135 136 80 80 81 82 83 84 84
95th 131 132 134 136 138 139 140 84 85 86 87 87 88 89
99th 139 140 141 143 145 146 147 92 93 93 94 95 96 97
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Tabl e 3. Continued

b Girls

Age,
years

BP
percentile

Percentile of height  Percentile of height

SBP, mmHg DBP, mmHg

5th 10th 25th 50th 75th 90th 95th 5th 10th 25th 50th 75th 90th 95th

6 50th 91 92 93 94 96 97 98 54 54 55 56 56 57 58
90th 104 105 106 108 109 110 111 68 68 69 70 70 71 72
95th 108 109 110 111 113 114 115 72 72 73 74 74 75 76
99th 115 116 117 119 120 121 122 80 80 80 81 82 83 83

7 50th 93 93 95 96 97 99 99 55 56 56 57 58 58 59
90th 106 107 108 109 111 112 113 69 70 70 71 72 72 73
95th 110 111 112 113 115 116 116 73 74 74 75 76 76 77
99th 117 118 119 120 122 123 124 81 81 82 82 83 84 84

8 50th 95 95 96 98 99 100 101 57 57 57 58 59 60 60
90th 108 109 110 111 113 114 114 71 71 71 72 73 74 74
95th 112 112 114 115 116 118 118 75 75 75 76 77 78 78
99th 119 120 121 122 123 125 125 82 82 83 83 84 85 86

9 50th 96 97 98 100 101 102 103 58 58 58 59 60 61 61
90th 110 110 112 113 114 116 116 72 72 72 73 74 75 75
95th 114 114 115 117 118 119 120 76 76 76 77 78 79 79
99th 121 121 123 124 125 127 127 83 83 84 84 85 86 87

10 50th 98 99 100 102 103 104 105 59 59 59 60 61 62 62
90th 112 112 114 115 116 118 118 73 73 73 74 75 76 76
95th 116 116 117 119 120 121 122 77 77 77 78 79 80 80
99th 123 123 125 126 127 129 129 84 84 85 86 86 87 88

11 50th 100 101 102 103 105 106 107 60 60 60 61 62 63 63
90th 114 114 116 117 118 119 120 74 74 74 75 76 77 77
95th 118 118 119 121 122 123 124 78 78 78 79 80 81 81
99th 125 125 126 128 129 130 131 85 85 86 87 87 88 89

12 50th 102 103 104 105 107 108 109 61 61 61 62 63 64 64
90th 116 116 117 119 120 121 122 75 75 75 76 77 78 78
95th 119 120 121 123 124 125 126 79 79 79 80 81 82 82
99th 127 127 128 130 131 132 133 86 86 87 88 88 89 90

13 50th 104 105 106 107 109 110 110 62 62 62 63 64 65 65
90th 117 118 119 121 122 123 124 76 76 76 77 78 79 79
95th 121 122 123 124 126 127 128 80 80 80 81 82 83 83
99th 128 129 130 132 133 134 135 87 87 88 89 89 90 91

14 50th 106 106 107 109 110 111 112 63 63 63 64 65 66 66
90th 119 120 121 122 124 125 125 77 77 77 78 79 80 80
95th 123 123 125 126 127 129 129 81 81 81 82 83 84 84
99th 130 131 132 133 135 136 136 88 88 89 90 90 91 92

15 50th 107 108 109 110 111 113 113 64 64 64 65 66 67 67
90th 120 121 122 123 125 126 127 78 78 78 79 80 81 81
95th 124 125 126 127 129 130 131 82 82 82 83 84 85 85
99th 131 132 133 134 136 137 138 89 89 90 91 91 92 93

16 50th 108 108 110 111 112 114 114 64 64 65 66 66 67 68
90th 121 122 123 124 126 127 128 78 78 79 80 81 81 82
95th 125 126 127 128 130 131 132 82 82 83 84 85 85 86
99th 132 133 134 135 137 138 139 90 90 90 91 92 93 93

17 50th 108 109 110 111 113 114 115 64 65 65 66 67 67 68
90th 122 122 123 125 126 127 128 78 79 79 80 81 81 82
95th 125 126 127 129 130 131 132 82 83 83 84 85 85 86
99th 133 133 134 136 137 138 139 90 90 91 91 92 93 93

* The 90th percentile is 1.28 SD, the 95th percentile is 1.645 SD, and the 99th percentile is 2.326 SD over the mean.
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Table 4.  Classification of hypertension in children and adolescents, with measurement frequencies 
and therapy recommendations

SBP or DBP 
 percentile*

Frequency of BP 
measurement

Therapeutic lifestyle 
changes

Pharmacologic therapy

Normal <90th Recheck at next 
 scheduled  physical 
 examination

Encourage healthy diet, 
sleep, and physical 
 activity

–

Pre-
hypertension

90th to <95th or if 
BP exceeds 120/80, 
or even if BP <90th 
 percentile up 
to <95th 
 percentile†

Recheck in 6 months Weight-management 
 counseling if 
 overweight, and 
 introduction of 
physical  activity and 
diet  management‡

None unless 
 compelling  indications 
are present, such as 
chronic kidney disease, 
 diabetes mellitus, heart 
failure, or LVH exist

Stage 1
hypertension

95th to 99th 
 percentile plus 
5 mmHg

Recheck in 1–2 weeks or 
 sooner if the patient is 
 symptomatic; if 
 persistently elevated on 
2  additional  occasions, 
evaluate or refer to 
source of care within 
1 month

Weight-management 
 counseling if 
 overweight, and 
 introduction of 
physical  activity and 
diet  management‡

Initiate therapy if 
 hypertension persists 
despite a trial of four to 
six months of 
 nonpharmacologic 
therapy or if 
 compelling  indications 
(as shown above) exist

Stage 2
hypertension

>99th percentile 
plus 5 mmHg

Evaluate or refer to 
source of care within 
1 week or i mmediately 
if the patient is 
 symptomatic

Weight-management 
 counseling if 
 overweight, and 
 introduction of 
physical  activity and 
diet  management‡

Initiate therapy§

 * For gender, age, and height measured on at least 3 separate occasions, if the systolic and diastolic categories 
are different, categorize by the higher value.
† This occurs typically at 12 years old for SBP and at 16 years old for DBP.
‡  Parents and children trying to modify their eating plans according to the Dietary Approaches to Stop 
 Hypertension Study could benefit from consultation with a registered or licensed nutritionist to get them started.
§ More than 1 drug may be required.
LVH = left ventricular hypertrophy.

  Fig. 2.  Typical appearance of 
the axillary skin in a patient 
with acanthosis nigricans. 
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measurement, which disregards the dynamic response of the glucose and insulin 
course.

  This test also does not consider the insulin response and hence cannot detect 
hyperinsulinemia, which is the first sign of impaired glucose-insulin metabolism. 
More reference values for insulin, preferably in relation to the glucose response, are 
desirable.

  The recommendation of the American Diabetes Association should be applied 
to children and adolescents beginning at age 10 or at the onset of puberty (which-
ever comes first) to 19 years of age to screen for type 2 diabetes (see www.diabetes.
org).
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Table 5.  Cut-off values for glucose and HbA1C

Parameter HbA1C, % FPG 2h PG oGTT 

Diabetes >6.5 >7.0 mmol/l >11.0 mmol/l
>126 mg/dl >200 mg/dl

Impaired glucose 5.7–6.4 5.6–6.9 mmol/l 7.8–11.0 mmol/l
tolerance 100–125 mg/dl 140–199 mg/dl

Normal ≤5.7 ≤5.6 mmol/l ≤7.8 mmol/l
≤99 mg/dl ≤139 mg/dl

 FPG = fasting plasma glucose; 2h PG oGTT = plasma glucose at 120 min after ingestion of 1 g/kg (max 
75 g) glucose.
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 Abstract 

 Hypothalamic obesity (HyOb) is a severe and rapidly developing form of obesity that was initially de-
scribed in patients with hypothalamic tumours and surgical damage. However, this definition has now 
expanded to include obesity developing after a variety of insults to hypothalamic centres, such as 
infections, infiltrations, trauma, vascular problems, and hydrocephalus in addition to acquired or con-
genital functional defects in central energy homeostasis. The pathogenetic mechanisms underlying 
HyOb are complex and multifactorial. Weight gain results from damage to the ventromedial hypo-
thalamus, which may lead to hyperphagia, a low resting metabolic rate, autonomic imbalance, growth 
hormone, gonadotropin and thyroid-stimulating hormone deficiencies, hypomobility and insomnia. 
Disruption of leptin signalling and decreased central sympathetic output seem to have a critical role 
in the development of HyOb. Surgical strategies to preserve hypothalamic integrity are mandatory 
for the prevention of HyOb in patients with craniopharyngioma or other hypothalamic tumours. At 
present, there is no standard pharmacological intervention that has been shown to consistently help 
these complicated patients. In select cases, octreotide seems to be effective when introduced early 
after the cranial insult. The safety and effectiveness of bariatric surgery in the management of HyOb 
has also not been well established. A general overview on HyOb with special emphasis on craniopha-
ryngioma and Prader-Willi syndrome is provided in this chapter.  © 2015 S. Karger AG, Basel 

 Introduction 

 The concept of hypothalamic obesity (HyOb) was first described in the early 20th cen-
tury when two case reports of hypothalamic tumours producing obesity were pub-
lished  [1, 2] . Since then, this term has evolved first into obesity following surgery for 
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hypothalamic tumours, and in later years, it has further expanded to include obesity 
due to other defects (such as genetic, inflammatory, head injury, cranial radiotherapy, 
and drug-induced defects) in hypothalamic energy-regulating pathways  [3, 4]  
(  table 1 ). 

 Early clinical and basic work in this area identified the ventromedial hypothalamus 
(VMH) as a critical region involved in energy homeostasis. Later, it was revealed that 
besides the VMH, the paraventricular nucleus (PVN), arcuate nucleus (ARC) and lat-
eral hypothalamic area are involved in energy regulation, and damage to these areas 
could cause HyOb. The ARC contains two sets of neurons; one generates orexigenic 
responses via the agouti-related protein and neuropeptide Y, and the other generates 
anorexigenic responses via pro-opiomelanocortin (POMC) and cocaine- and am-
phetamine-related transcript. POMC is a precursor for α-melanocyte-stimulating 
hormone (α-MSH), which mainly affects weight regulation through the melanocor-
tin-4 receptor (MC4R)  [5] . The PVN expresses both MC4R and various Y receptors 
and secretes neuropeptides, including corticotrophin-releasing hormone and oxyto-
cin, which have anorexigenic effects. Monogenic disorders of these components lead 
to morbid obesity, signifying their non-redundancy.

  Hypothalamic damage in patients with HyOb can compromise many additional 
functions of the hypothalamus, which may result in hypomobility, somnolence and 
secondary hypopituitarism with growth hormone (GH) deficiency, hypogonadotro-
phic hypogonadism, secondary adrenal insufficiency, central hypothyroidism, and di-
abetes insipidus  [6] . Monogenic HyOb is often accompanied by selective  hypothalamic 

Table 1.  Aetiologies of HyOb

Tumours: Craniopharyngioma, angiosarcoma, cholesteatoma, chordoma, colloid cysts, 
 endothelioma, ependymoma, epidermoid, epithelioma, ganglioneuroma, germinoma, glioma, 
hamartoma, Langerhans cell, leukaemia, meningioma, pituitary macroadenoma, pinealoma, 
 teratoma, metastases

Inflammatory: sarcoidosis, tuberculosis, arachnoiditis, histiocytosis X, encephalitis

Head trauma

Neurosurgery

Cranial radiotherapy

Cerebral aneurysm

Single gene mutations: Leptin, leptin receptor, CART, POMC, prohormone convertase-1, MC4R, 
BDNF (TrkB), single-minded 1 (Sim-1)

Genetic syndromes: Prader-Willi syndrome, Bardet-Biedl syndrome

Rapid-onset obesity with hypothalamic dysfunction, hypoventilation, and autonomic 
 dysregulation (ROHHAD) syndrome

Psychotropic drugs: Antidepressants, mood stabilisers, antipsychotics
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deficiencies, such as hypogonadotrophic hypogonadism and mild hypothalamic hypo-
thyroidism due to leptin deficiency and hypogonadotrophic hypogonadism, GH defi-
ciency and hypothalamic hypothyroidism due to leptin receptor deficiency  [7] .

  Many psychotropic drugs, including several antidepressants, mood stabilisers, and 
antipsychotic and antiepileptic drugs, induce weight gain. The mechanism of weight 
gain is likely related to agonist and antagonist effects on neurotransmitter signalling 
in pathways that are involved in weight regulation  [8] . Indeed, recent studies have 
confirmed the specific roles of neurotransmitters, including gamma-aminobutyric 
acid  [9] , dopamine  [10] , serotonin  [11]  and histamine  [12],  in hypothalamic weight 
control. Some of these drugs also directly increase peripheral insulin resistance and/
or ß-cell insulin secretion, which can contribute to HyOb.

  Fat-Brain Crosstalk: Adipocytokines 

 In recent years, the ‘adipocytokines’, which include a large number of signalling mol-
ecules that are secreted by adipose tissue, have been discovered. The secretory prod-
ucts of adipocytes signal energy storage and satiety to the brain and/or are involved 
in metabolic, inflammatory and other adipose tissue responses  [13] . Leptin, which is 
the  ob  gene product, sends signals pertaining to body fat content to the hypothalamus. 
Leptin serum levels seem to directly signal information regarding energy status to re-
gions of the central nervous system that regulate food-seeking behaviour and food 
intake, such as the ARC of the hypothalamus. High body fat content coincides with 
high leptin serum concentrations. Relative leptin resistance seems to be a critical fea-
ture of common obesity, which also leads to insulin resistance, resulting in type 2 
diabetes in obese subjects  [14] . New information has indicated that in humans, serum 
concentrations of leptin and its soluble receptor may reflect energy status and be par-
ticularly sensitive to energy deficiency states rather than reflecting satiety and be re-
sponsive to energy overload. Importantly, leptin and soluble leptin receptor have even 
been implicated in the pathogenesis of HyOb in children by some authors  [15] . 

 The roles of other adipocytokines, such as adiponectin, resistin, visfatin, vaspin, 
and chemerin, in HyOb are largely unknown. Adipocytokine serum concentrations 
in children and adolescents with HyOb have been reported to be low, normal or even 
elevated according to fat mass. These findings were obtained from data comparing 
concentrations in patients with so-called common obesity unrelated to a known hy-
pothalamic pathology.

  Adiponectin serum concentrations are low in obese subjects, particularly in insu-
lin-resistant patients. Adiponectin and its receptors, AdipoR1 and AdipoR2, consti-
tute integral components of energy homeostatic mechanisms in peripheral tissues. 
The presence of AdipoR1 in the hypothalamus and nucleus basalis of Meynert sug-
gests that adiponectin may participate in the central neural signalling pathways con-
trolling energy homeostasis  [13] .
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  Pathophysiology of Hypothalamic Obesity 

 When circulating leptin derived from adipocyte energy stores transduces its hypotha-
lamic signal, an anorexigenic effect is achieved, which results in the following: (a) an 
increase in sympathetic tone with a resultant increase in energy expenditure; and (b) 
a decrease in vagal tone with resultant decreases in appetite and energy storage. Con-
versely, defective leptin signalling leads to an orexigenic effect, with a decrease in sym-
pathetic tone and an increase in vagal tone and with resultant increases in appetite 
and energy storage  [16] . Four different phenomena can disrupt leptin signalling as 
follows: 

 (a)  Leptin Deficiency.  Approximately 14 such patients have been described world-
wide, who are primarily of Pakistani and Turkish descent and are largely products of 
consanguinity. These patients manifest hyperphagia from birth with documentable 
obesity as early as 6 months of age. The diagnosis is made by demonstrating extreme-
ly low or unmeasurable serum leptin levels. However, treatment with recombinant 
leptin is effective in restoring leptin signalling, resulting in a reduction in hyperpha-
gia, the resolution of obesity, the induction of puberty, and the restoration of immune 
regulation  [17] .

  (b)  Genetic Defects of Leptin Signal Transduction.  These disorders prevent ade-
quate leptin signalling at either the receptor or through its second messengers and 
include the following: a leptin receptor mutation, POMC splicing mutation, prohor-
mone convertase-1 deficiency, melanocortin-3 receptor mutation, MC4R mutation, 
and SIM1 mutation. For the most part, these disorders manifest extremely high leptin 
levels  [14] . Currently, no treatment has been identified for these disorders.

  (c)  Anatomic Defects Interfering with Leptin Signal Transduction.  Termed ‘hypo-
thalamic obesity’, the death of VMH neurons prevents the integration of afferent 
leptin signalling; thus, the patient cannot experience a sense of energy sufficiency or 
a subjective state of satiety. Children with HyOb exhibit weight gain, which even oc-
curs in response to forced caloric restriction  [16] . HyOb is a therefore a manifestation 
of ‘organic leptin resistance’.

  (d)  Functional Defects in Leptin Signal Transduction.  This is postulated to be the 
cause of common obesity because the patient is hyperleptinaemic yet remains hungry 
and does not increase sympathetic tone to alter energy expenditure. These patients do 
not have an anatomic central nervous system defect and therefore manifest apparent 
‘functional leptin resistance’  [18] . However, it has been recently shown that obesity 
due to a high-fat diet in rodents is associated with hypothalamic injury manifested by 
gliosis in the mediobasal hypothalamus, and similar gliosis has been found in MRI 
scans of the mediobasal hypothalamus of obese humans  [19] .

  The disruption of leptin signalling in HyOb is associated with increased vagal tone, 
resulting in insulin hypersecretion, which is evident on oral glucose tolerance tests as 
shown by Bray and Gallheger  [20] . Lustig et al. hypothesised that the suppression of 
ß-cell insulin release should promote weight loss, despite the presence of ‘organic 
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leptin resistance’. They examined the effects of the somatostatin analogue octreotide 
(an agonist of the somatostatin-5 receptor on ß-cells that is coupled to and inhibits 
voltage-gated calcium channels) in children with HyOb. A pilot, open-label trial as-
sessing the administration of 15 μg/kg/day of octreotide subcutaneously for 6 months 
in 8 subjects  [21]  demonstrated body mass index (BMI) loss commensurate with the 
degree of insulin suppression along with a decrease in caloric intake and subjective 
improvements in spontaneous physical activity and quality of life. A double-blind, 
placebo-controlled trial of 20 subjects  [22]  resulted in insulin suppression and the 
stabilisation of BMI along with decreased caloric intake, increased spontaneous phys-
ical activity and an improvement in quality of life commensurate with the degree of 
insulin suppression. In other words, the suppression of insulin secretion promoted 
weight loss while improving hunger, fatigue, and malaise.

  Hypothalamic Obesity in Childhood Craniopharyngioma 

 Childhood craniopharyngiomas (CPs) are sellar embryogenic malformations of low-
grade histological malignancy and low incidence (0.5–2.0/million/year)  [23] . Despite 
high survival rates (92%), quality of life is frequently impaired due to sequelae caused 
by HyOb ( fig. 1 ). The clinical picture of CP at diagnosis is often dominated by head-
ache and nausea, leading to further manifestations, including visual impairment (62–
84%) and endocrine deficits (52–87%). A study of the history of CP patients revealed 
that initial symptoms, such as growth retardation and weight increase, often occur 
long before the diagnosis is made. Patients at risk for the development of HyOb pre-
sented with a higher BMI at the time of diagnosis in comparison to patients who 
maintained long-term normal weight. 

 For favourably localised tumours (i.e. those within the sella turcica), the first choice 
of treatment is an attempt at complete resection with the preservation of visual and 
hypothalamic functions. For unfavourably localised tumours with hypothalamic in-
volvement, a radical surgical strategy is not recommended due to the risk of surgi-
cally induced hypothalamic deficits. After subtotal resection, the residual tumour 
shows progression in 71–90% of patients. The rate of progression after incomplete 
resection followed by radiotherapy is 21%, indicating that irradiation is efficient in the 
prevention of progression. Indeed, many neurosurgeons now favour stereotactic bi-
opsy with radiation as the initial treatment of such tumours  [23] .

   Neuropsychological Deficits:  Memory, attention, impulse control, motivation, and 
socialisation problems have been seen as a result of the hypothalamic involvement of 
CP. Deficits in functional capacities depend on tumour size and extent of hypotha-
lamic involvement.

   Endocrine Deficits:  Most patients (85–95%) suffer from multiple deficits of hypotha-
lamic-pituitary function, ranging to panhypopituitarism. A full restoration of preop-
eratively deficient hormonal function occurs after CP resection only in  exceptional 
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cases. Irreversible diabetes insipidus follows 80–93% of all complete resections, and GH 
deficiency occurs in 75% of cases. The safety and effectiveness of a substitution therapy 
with recombinant GH has been well documented [reviewed in  23] .

   Hypothalamic Obesity:  Obesity and eating disorders are observed in 40–50% of CP 
patients after surgery. Roth et al.  [24]  measured serum leptin levels in CP patients and 
found an elevated leptin concentration in relation to BMI in patients with a suprasel-
lar tumour component. They proposed that the normal inhibition of appetite fails to 
occur because of a disruption in the negative feedback loop in which leptin, which is 
formed in adipocytes, binds to hypothalamic leptin receptors. Accelerometric mea-
surements have shown that CP patients have a markedly lower than normal level of 

  Fig. 1.  Central regulation of leptin signalling, autonomic innervation of adipocyte and ß-cells, and 
the starvation response.  a  The arcuate nucleus transduces the peripheral leptin signal, indicating a 
sufficiency or deficiency. In conditions of leptin sufficiency, efferents from the hypothalamus syn-
apse in the locus coeruleus stimulate the sympathetic nervous system. In conditions of leptin defi-
ciency, efferents from the hypothalamus stimulate the dorsal motor nucleus of the vagus.  b  Auto-
nomic innervation and hormonal stimulation of white adipose tissue. In conditions of leptin suffi-
ciency, norepinephrine binds to the β 3 -adrenergic receptor, which stimulates hormone-sensitive 
lipase, promoting the lipolysis of stored triglycerides into free fatty acids. In conditions of leptin 
deficiency, vagal acetylcholine increases adipose tissue insulin sensitivity (documented only in rats 
to date), promotes the uptake of glucose and free fatty acids for lipogenesis, and promotes triglyc-
eride uptake through the activation of lipoprotein lipase.  c  Autonomic innervation and hormonal 
stimulation of the β-cell. Glucose entering the cell is converted to glucose-6-phosphate by the en-
zyme glucokinase, generating ATP, which leads to the closing of an ATP-dependent potassium chan-
nel, resulting in cell depolarisation. A voltage-gated calcium channel opens, allowing for intracellu-
lar calcium influx, which activates neurosecretory mechanisms, leading to insulin vesicular exocyto-
sis. In conditions of leptin sufficiency, norepinephrine binds to α 2 -adrenoceptors on the β-cell 
membrane to stimulate inhibitory G proteins and decrease adenyl cyclase and its product cAMP, 
thereby reducing protein kinase A levels and insulin release. In conditions of leptin deficiency, the 
vagus stimulates insulin secretion through three mechanisms as follows: first, acetylcholine binds to 
an M 3  muscarinic receptor, opening a sodium channel, which augments ATP-dependent cell depo-
larisation, increasing calcium influx and insulin exocytosis. Second, acetylcholine activates a path-
way that leads to an increase in protein kinase C, which also promotes insulin secretion. Third, the 
vagus innervates L-cells of the small intestine, which secrete glucagon-like peptide-1, activating 
protein kinase A and contributing to insulin exocytosis. Octreotide binds to a somatostatin receptor 
on the β-cell that is coupled to a voltage-gated calcium channel, limiting calcium influx and the 
amount of insulin released in response to glucose  [24]  (reprinted with kind permission by Humana, 
Totowa, NJ, USA). α 2 -AR = α 2 -adrenergic receptor; β 3 -AR = β 3 -adrenergic receptor; AC = adenyl cy-
clase; ACh = acetylcholine; DAG = diacylglycerol; DMV = dorsal motor nucleus of the vagus; FFA = 
free fatty acids; G i  = inhibitory G protein; GK = glucokinase; GLP-1 = glucagon-like peptide-1; GLP-
1R = GLP-1 receptor; Glu-6-PO 4  = glucose-6-phosphate; Glut4 = glucose transporter-4; HSL = hor-
mone-sensitive lipase; IML = intermediolateral cell column; IP 3  = inositol triphosphate; LC = locus 
coeruleus; LHA = lateral hypothalamic area; LPL = lipoprotein lipase; MARCKS = myristoylated ala-
nine-rich protein kinase C substrate; NE = norepinephrine; PIP 2  = phosphatidylinositol; PKA = protein 
kinase A; PKC = protein kinase C; PLC = phospholipase C; PVN = paraventricular nucleus; SSTR 5  = 
somatostatin-5 receptor; TG = triglyceride; V Ca  = voltage-gated calcium channel; VMH = ventrome-
dial hypothalamus; SUR = sulfonylurea receptor  [4] . From Nature Publishing Group, with permission. 

(For figure see next page.)
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physical activity. Based on self-assessments using nutritional diaries, caloric intake 
was found to be similar in CP patients and BMI-matched controls  [25] . Marked day-
time sleepiness and disturbances in the circadian rhythm have been demonstrated in 
obese CP patients. Daytime sleepiness and obesity in these patients have both been 
correlated with low nocturnal melatonin levels; the proposed pathogenic mechanism 
involves the impaired hypothalamic regulation of circadian melatonin rhythms in pa-
tients with suprasellar CP. The first studies of melatonin substitution in patients with 
childhood CP, reduced melatonin levels and daytime sleepiness have shown promis-
ing results  [26] . Polysomnographic studies in patients with CP and severe daytime 
sleepiness have revealed sleeping patterns typical of secondary narcolepsy. Notably, 
recent research has suggested the involvement of a hypothalamic disorder in narco-
lepsy. A defect in the orexin II receptor is responsible for canine narcolepsy, and 
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orexin knockout mice show characteristic features of this disorder. Orexin is ex-
pressed exclusively in the lateral hypothalamus, and its receptors seem to be more 
widespread. In a study of human narcoleptics, 8 of 10 had an orexin A level that was 
below the detection limit of the assay  [26] .

  Reports on the beneficial effects of treatments with central stimulating agents 
(modafinil and methylphenidate) have supported the hypothesis that secondary nar-
colepsy should be considered as a rare cause of severe daytime sleepiness in these pa-
tients  [26] . Lustig et al. have postulated that the hypothalamic disinhibition of vagal 
output is a cause of increased ß-cell stimulation, leading to hyperinsulinism and obe-
sity. In a double-blinded study, treatment with a somatostatin analogue (octreotide) 
to suppress ß-cell activity resulted in weight stabilisation  [22] . Roth et al.  [27]  have 
hypothesised that decreased physical activity and severe obesity in patients with child-
hood CP could be related to decreased central sympathetic output. Reduced concen-
trations of catecholamine metabolites in the urine of patients with childhood CP cor-
related with the degree of obesity and the level of physical activity. α-MSH and ghre-
lin have been recently reported as potential pathogenic factors for HyOb in CP  [28] . 
Analyses of ghrelin and α-MSH in a cohort of CP patients has revealed lower levels at 
baseline and after standard meal provocation compared to BMI-matched patients 
with and without other diseases responsible for obesity. It is likely that in the case of 
suprasellar extension, hypothalamic function is compromised and will likely remain 
compromised to a certain extent following treatment with surgery or irradiation. 
Considering the large proportion of patients with damage to the suprasellar struc-
tures, one might argue that CP and/or the effects of its treatment may result in damage 
to the suprachiasmatic nucleus. This may result in the altered regulation of central 
clock mechanisms, which predisposes patients to alterations in metabolism due to 
orexin pathways relevant for circadian rhythm and metabolism.

  With the aid of imaging studies, recent reports have indicated that the degree of 
obesity of affected patients is positively correlated with the degree and extent of hy-
pothalamic damage  [29] .

  Despite the availability of promising therapeutic approaches, it must be empha-
sised that there is currently no pharmacological therapy for the treatment of obesity 
in CP that has been shown to be effective in controlled studies. Surgical strategies to 
preserve hypothalamic integrity are mandatory for the prevention of HyOb. The ap-
propriate time point of irradiation after incomplete resection is currently under in-
vestigation.

  Prader-Willi Syndrome 

 Prader-Willi syndrome (PWS) is a genetic neurodevelopmental disorder due to loss 
of paternally expressed, maternally imprinted genes within a critical chromosomal 
region of 15q11-q13 with a birth incidence of approximately 1:   30,000 [reviewed in  30 , 
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 31 ]. These genes are widely expressed in the brain, including the hypothalamus. PWS 
arises either from a deletion of the paternal allele, maternal uniparental disomy or 
more rarely, from balanced translocations, imprinting control defects or microdele-
tions of this chromosomal region involving the paternal allele. This results in a num-
ber of neuroendocrine abnormalities, including hyperphagia and morbid obesity, hy-
pogonadism and GH deficiency as well as characteristic facial features, developmental 
delay, learning difficulties and behavioural problems. By contrast, loss of the maternal 
 UBE3A  gene in this chromosomal region through a maternal deletion or paternal uni-
parental disomy results in Angelman syndrome, with clinical features that include 
development delay, movement disorder, characteristic behaviours, including fre-
quent laughing, and epilepsy. 

 PWS has several distinct nutritional phases that occur during its natural history. 
First,  in utero  growth restriction with decreased foetal movements and reduced birth 
weight is observed (Phase 0). During Phase 1, the infant is hypotonic, initially present-
ing with difficulties in feeding with or without failure to thrive (sub-phase 1a), and 
then steady growth occurs along a growth curve, with weight increasing at a normal 
rate (sub-phase 1b, onset 0.4–1.3 years [25th–75th percentile]). Weight gain occurs 
during Phase 2, initially without a significant change in appetite or caloric intake (sub-
phase 2a, onset 1.7–2.6 years), followed by an increasing interest in food (sub-phase 
2b, 3.0–5.3 years). During Phase 3, there is more marked hyperphagia, which is typi-
cally accompanied by an increase in food-seeking behaviours and a lack of satiety 
(5–13 years). At this stage, although there is variability in the severity of the pheno-
type, people with PWS describe delayed meal termination, an early return of hunger 
after a previous meal with early meal initiation, the consumption of approximately 
three times the amount of food consumed by control subjects when given free access 
to food, the ability to eat food from the garbage and other inedible sources, the gain-
ing of a considerable amount of weight over a short period of time if left unsupervised 
and the experiencing of temper tantrums related to food.

  The explanation of the changes in eating behaviour and the delayed onset of hy-
perphagia in PWS compared to other genetic causes of hyperphagia (e.g. leptin defi-
ciency, SIM1 deletions or MC4R mutations) remains unclear but might be more re-
lated to normal, abnormal or delayed brain development than changes in peripheral 
signals, such as appetitive gut hormones.

  The marked propensity for excessive eating that continues throughout life causes 
significant morbidity and mortality in PWS. Type 2 diabetes mellitus has been re-
ported in approximately 25% of adults with PWS (mean age of onset of approximate-
ly 20 years) and hypertension has been described in up to 38% of adults, although it 
is uncommon in children  [30] . Interestingly, MRI analysis has found a selective rela-
tive reduction in visceral adiposity in non-diabetic PWS adults. This may explain the 
relative preservation of insulin sensitivity, protective elevation in adiponectin levels, 
and normal triglyceride levels in PWS patients given their overall obesity. The use of 
lipid-lowering therapy may therefore be required less frequently than might be 
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 expected. Death in PWS adults is most often obesity-related and due to cardiorespira-
tory failure, cor pulmonale exacerbated by obstructive and central apnoea, septicae-
mia due to skin infections, and pneumonia.

  The normal feedback mechanisms that result in the metabolic and neuropsycho-
logical (loss of hunger) changes associated with food intake are impaired in PWS. 
Studies of eating behaviour, appetitive gut hormones, structural and functional brain 
imaging and post-mortem studies have revealed a number of potential neuroendo-
crine phenotypes that may contribute to hyperphagia and obesity in PWS. Potential-
ly causative phenotypes are a low plasma level of the anorexigenic hormone pancre-
atic polypeptide, high plasma level of the orexigenic stomach-derived hormone ghre-
lin, and low oxytocin cell number in the hypothalamic PVN. However, their relative 
roles, relationships with the evolution of childhood eating behaviours, links to spe-
cific PWS genes and hence, the suitability of their targeting for potential treatments 
remains unclear.

  Previous studies have consistently shown that fasting plasma ghrelin levels are 
raised in older children (after the usual age of development of hyperphagia) and adults 
with PWS relative to their obesity levels. Up to 3- to 4-fold increases in ghrelin have 
been reported in PWS patients compared with controls after adjusting for BMI or 
body composition, and some studies using lean controls have shown even higher el-
evations  [30, 32] . Levels of ghrelin fall after food intake in children and adults with 
PWS but remain elevated compared to obese controls. Elevations in the active acyl-
ated form of ghrelin have also been reported in PWS  [32] . Increased numbers of ghre-
lin-expressing cells have been reported in the gastric body and fundus of these pa-
tients. There is contradictory evidence as to whether hyperghrelinaemia does or does 
not precede or even coincide with the development of hyperphagia in PWS children. 
Interestingly, plasma pancreatic polypeptide levels do appear to be reduced even be-
fore the onset of hyperphagia in PWS. Other possible causes of the elevated ghrelin 
levels observed in PWS include abnormal parasympathetic vagal innervation of the 
stomach and sympathetic tone  [30] .

  Obesity management in PWS patients involves the following: (i) early diagnosis, 
allowing for the early institution of a low-calorie, well-balanced diet; (ii) appropriate 
psychological and behavioural counselling of the patient and family; (iii) early, re-
peated discussions of the inevitability of hyperphagia (even in infancy); (iv) the vigor-
ous supervision and control of the food environment; (v) the restriction of access to 
food and money with appreciation of legal and ethical obligations; (vi) regular exer-
cise (physical activity is reduced in PWS patients due to obesity, hypersomnolence 
and persistent poor muscle tone, while resting metabolic rate relative to body size is 
reduced due to abnormal body composition); and (vii) GH therapy, which helps to 
reduce fat mass and increase muscle mass, although there is no evidence that it results 
in the alteration of hyperphagia  [31] .

  There is no evidence of benefits to patients acquired from the pharmacological 
treatment of hyperphagia, including the use of anorexigenic agents, such as 
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 sibutramine, dexfenfluramine or topiramate, although there are few published place-
bo-controlled studies  [31] . While a recent study has shown some efficacy for the en-
docannabinoid CB1 receptor antagonist rimonabant, it is associated with unaccept-
able psychiatric side effects  [33] . The acute or long-term suppression of ghrelin secre-
tion using somatostatin and its analogues has no benefit on overeating, but an 
investigation of ghrelin antagonists or acylating enzyme that activates ghrelin inhibi-
tors should be performed before concluding that targeting the ghrelin pathway is of 
no benefit for the treatment of PWS  [31] . A recent study of the glucagon-like peptide 
1 (GLP-1) agonist exenatide in PWS patients has shown that it acutely increases sati-
ety and exerts glucose-lowering and insulinotropic effects  [34] . The safety and toler-
ability of GLP-1 agonists in patients with PWS is however unknown. One theoretical 
concern is its effects on gastric motility. Gastric emptying is delayed in people with 
PWS. GLP-1 agonists may further delay gastric emptying (contributing to their ben-
eficial effects on satiety and glycaemic control), and indeed, diabetic gastroparaesis is 
a contraindication for their use. Therefore, appropriate investigations of their safety 
and efficacy need to be performed in this patient group before they are widely used as 
new treatments for diabetes and/or weight loss in PWS.

  Bariatric surgery, e.g. gastric banding or bypass, is not considered to reduce over-
eating or produce long-term weight reduction and is associated with high morbidity 
and mortality  [35] . Unlike other obese patients, those with PWS typically have sev-
eral defects that may alter the rate and severity of and even hide the clinical presenta-
tion of bariatric surgery complications, including reduced satiety, an increased pain 
threshold, autonomic dysfunction, delayed gastric emptying and a decreased ability 
to vomit, skin picking and sleep-disordered breathing. For example, these factors are 
likely to have contributed to the higher-than-expected rates of gastric distension, per-
foration and obstruction that were reported as a result of a series of intragastric bal-
loon placements in patients with PWS despite close outpatient nutritional monitoring 
to restrict food access. Thus, the current expert opinion is that there is little justifica-
tion for subjecting PWS patients to the potential risks of surgical interventions. The 
use of supervised reduced-energy diets with vitamin/mineral supplementation, tight 
restrictions on food access in a controlled environment dedicated to the management 
of patients with PWS, and a daily exercise regimen are preferred.

  Pharmacological Treatment of Hypothalamic Obesity 

 HyOb is usually progressive and unresponsive to conventional lifestyle modifications 
(diet and exercise) (fig. 2). There is no standard pharmacological intervention that has 
consistently been shown to have a positive effect in these complicated patients. Several 
agents have been used to treat HyOb for limited periods, yet it is difficult to compare 
the effects of such interventions that have been used for different periods and at 
different time points of obesity development following the hypothalamic insult. The 
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vast majority of the studies described herein were performed on a very small number 
of patients; thus, generalised conclusions that can be applied to other patients with 
HyOb may be limited. 

 Based on the observation that patients with HyOb demonstrate impairments in 
sympatho-adrenal activation and epinephrine production manifesting as a reduced 
hormonal response to hypoglycaemia, treating this disorder with amphetamine 
derivatives has been suggested. The use of dextroamphetamine beginning at 10 
months post-surgical intervention for CP up until 24 months has been shown to 
diminish continuous weight gain and stabilise BMI  [36] . Importantly, spontaneous 
physical activity has been demonstrated to significantly increase. Shorter periods of 
dextroamphetamine treatment have been shown to cause a subjective improvement 
in daytime wakefulness. Similar results have been reported with an ephedrine/caffeine 
mixture [reviewed in  5 ].

  Weight loss in HyOb patients on sibutramine treatment in a controlled cross-over 
trial has been shown to be less pronounced in comparison with other groups of obese 
participants (such as those with trisomy 21 and PWS), manifesting as ‘partial resistance’ 
to the intervention  [37] . While its effect on BMI SD scores was promising, this drug 
has been taken off the market; thus, its future use in clinical trials is not expected.

  Fig. 2.  A 2.5-year-old girl with hypothalamic obesity due to a hypothalamic tumour. A progressive 
increase in weight is indicated on her growth chart. 
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  Patients with HyOb have a ‘parasympathetic predominance’ of the autonomic 
nervous system induced by vagal activation and manifesting as tiredness, slow pulse 
and reduced body temperature. Parasympathetic stimulation causes insulin secretion 
by way of the direct activation of β-cells as well as the promotion of adipogenesis. 
Because insulin is an anabolic hormone, it has been suggested to be an important 
driver of weight gain in HyOb patients. Octreotide is a somatostatin analogue that 
causes a reduction in insulin secretion. Lustig et al. have used octreotide in a double-
blind, randomised controlled study in children with HyOb, demonstrating significant 
reductions in weight gain and BMI  [22] . As a proof of concept, the authors have shown 
that insulin levels during an oral glucose tolerance test decrease significantly without 
leading to major changes in glucose tolerance. This study was followed by a larger 
multinational one performed to assess the use of octreotide long-acting repeatable in 
60 patients with cranial surgical interventions that led to HyOb  [38] . The intervention 
was 6 months in duration and showed no efficacy at all according to the primary end-
point of change in BMI. However, the placebo-treated group did not gain weight 
during this trial. It is important to note that the two studies described differ in the 
crucial issue of timing, i.e. when the intervention was introduced. Patients with HyOb 
typically gain weight rapidly during the first months following the hypothalamic insult, 
and this phase is followed by a slower weight gain pattern. While Lustig et al. introduced 
their intervention early, it seems that the octreotide long-acting repeatable study was 
performed during a later phase of HyOb development. Thus, it is difficult to compare 
these studies and draw definitive conclusions regarding the use of octreotide deriva-
tives in the context of HyOb. The open-label segment of the Lustig et al. study was ter-
minated earlier than planned due to an increased risk of gallstone formation.

  Based on the hormonal milieu demonstrated in patients with HyOb, several 
researchers have attempted to address hormonal defects exogenously. The typical 
‘parasympathetic dominance’ observed in patients with HyOb also manifests as re-
duced T 3  levels. This information led researchers to provide T 3  supplementation to 
patients with HyOb. Although only 3 patients were evaluated, the authors reported 
significant weight loss and improved alertness in these participants  [39] . Tiosano et 
al. demonstrated increased 11β-hydroxysteroid dehydrogenase-1 activity in patients 
with HyOb  [40] . They proposed that a deficiency in hypothalamic messengers after 
surgical injury induces a paracrine/autocrine effect of enhanced glucocorticoid activ-
ity due to up-regulated 11β-HSD1 activity. This finding obviously suggests that the 
inhibition of this enzyme may have therapeutic advantages in this context; however, 
a selective inhibitor is at present only in development. Because patients with HyOb 
may present with GH deficiency (despite seemingly normal ‘growth without GH’), 
treatment with GHs has also been attempted in this unique group. Unlike patients 
with GH deficiency due to other causes, patients with HyOb do not exhibit slowed 
weight and BMI gains with GH therapy  [41] . Recently, the GLP-1 analogue treatment 
of nine adults with HyOb for up to 51 months was shown to cause substantial weight 
loss (–13.1 ± 5.1 kg, range: –9 to –22). Insulin resistance and HbA1c values improved 
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under this treatment. Five patients reported increased satiation in response to the 
treatment. Two of the eight patients complained of nausea and vomiting, and one 
abandoned the therapy because of sustained gastrointestinal discomfort after 6 
months. One patient suffered from intolerable nausea and vomiting and discontin-
ued treatment within 2 weeks. Thus, it seems that GLP-1 analogues offer a new ap-
proach for the medical treatment of moderate to severe HyOb and associated meta-
bolic alterations  [42] .

  Considering the above described studies, there is presently no ‘magic bullet’ for 
addressing HyOb in children. The conclusion that one can draw from the studies 
performed thus far is that timing is a major issue in designing effective future in-
terventions for this complex condition. This means that any such interventions 
should be administered as close as possible to the surgical insult and prior to the 
massive early weight gain. Because multiple hormonal deficiencies and aberrations 
have been described in the context of HyOb, it would make sense to combine sev-
eral treatment modalities to address the multiple processes driving weight gain in 
these patients.

  Bariatric Surgery in the Management of Hypothalamic Obesity in Children and 

Adolescents 

 Bariatric surgery is a last resort and is rarely performed on obese adolescent patients. 
A systematic literature search (1955–2013) identified 637 adolescent patients from 23 
studies who showed significant decreases in BMI at 1 year (average weighted mean 
BMI difference: –13.5)  [43] . The risks of complications are not well defined in the lit-
erature. 

 HyOb is a relatively rare form of obesity; thus, controlled randomised trials in this 
specific group of patients are lacking. However, first experiences with bariatric sur-
gery (gastric banding) to treat severe obesity after childhood CP in children are en-
couraging  [44] .

  The following guidelines  [45]  have been suggested for childhood bariatric surgery: 
  if the patient
  (1) has a BMI of >40 (or the 99.5 th  percentile for the respective age) and at least one 

co-morbidity,
  (2) has failed at least 6–12 months of organised weight loss attempts at a specialised 

centre, 
 (3) shows skeletal and developmental maturity,
  (4) is able to commit to comprehensive medical and psychological evaluations be-

fore and after surgery,
  (5) is willing to participate in a post-operative multidisciplinary treatment pro-

gram, and 
  (6) has access to a surgery unit with specialised paediatric support.

Kiess W, Wabitsch M, Maffeis C, Sharma AM (eds): Metabolic Syndrome and Obesity in Childhood and Adolescence. 
Pediatr Adolesc Med. Basel, Karger, 2015, vol 19, pp 13–30 ( DOI: 10.1159/000368102 )



 Hypothalamic Obesity 27

  The aforementioned criteria also apply to adolescents or adults with HyOb but 
must be considered carefully in younger patients, who less-frequently fulfil all of the 
requirements. Successful bariatric surgery can only be accomplished by active par-
ticipation and understanding and the consent of both the patient and any relevant 
caregivers.

  Bariatric procedures are performed either to reduce appetite, restrict the amount 
of food intake or deploy malabsorption; however, for the combined technique, the 
former and latter methods are merged. Gastric banding, sleeve gastrectomy, and lap-
aroscopic greater curvature plication are among the restrictive procedures performed. 
Gastric bypass and duodenal switch/biliopancreatic diversion are among the malab-
sorptive procedures performed.

  Gastric bypass involves creating a small gastric pouch of less than 30 ml and Roux-
en-Y anastomosis. One advantage of bypass is that it may decrease or prevent a weight 
loss-associated rise in plasma ghrelin levels. Sugerman et al.  [46]  reported a series of 
32 children with a mean age of 16 ± 1 years (range: 12.4–17.9 years) who underwent 
various operations, including gastric bypass. The overall excess weight loss was 33% 
for a mean follow-up time of 11 years and an 18% ‘failure’ rate, which was defined as 
the total weight regain. There are case reports describing the successful management 
of adolescents with this technique  [47] . In a series involving duodenal switch/biliopan-
creatic diversion performed on 13 adolescents ranging in age from 15 to 17 years who 
were followed up for 2–16 years, no important side effects or deficiencies were report-
ed, except for marginally low levels of vitamins that required supplements  [48] . The 
largest series performed on adolescents (n  =  68) with the longest follow-up time (mean 
of 11 [range: 2–23] years) was reported in 2007 by Papadia et al.  [49] . They reported a 
78% excess weight loss at the cost of protein deficiency (16%), reoperations (13%), and 
increased long-term mortality (5%). A recent review of the effects of bariatric surgery 
on obesity after CP in adults identified a total of 21 cases, including 6 with adjustable 
gastric banding, 8 with sleeve gastrectomy, 6 with Roux-en-Y gastric bypass, and 1 with 
biliopancreatic diversion. The mean weight difference was –20.9 kg after 6 months and 
–15.1 kg after 12 months  [50] . Such data in adolescents are still lacking.

  Bariatric surgery leads to serious complications, including death, deep venous 
thrombosis and pulmonary embolism, gastrojejunal anastomotic leak, gastrojejunal 
anastomotic stricture, bleeding, gastric remnant dilatation, jejunojejunostomy ob-
struction, internal hernia, marginal (jejunal) ulcer, adhesive small-bowel obstruction, 
port-site small bowel obstruction, nausea, vomiting, and dehydration.

  Nutritional deficiencies after malabsorptive procedures include iron and vitamin 
B12 deficiency, which are related to reduced acid and intrinsic factor production, vi-
tamin D/calcium deficiencies, thiamine deficiency, folate deficiency, and hyperinsu-
linaemic hypoglycaemia. Thus, patients should be supplemented with these vitamins 
after bariatric surgery.

  Among the novel bariatric interventions, vagal blockade may be a promising 
method in the treatment of HyOb because increased vagal tone is one of the 
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 mechanisms underlying increased food intake and energy storage. The idea of block-
ing the vagus has stemmed from studies utilising vagotomy alone or in combination 
with other bariatric procedures to treat obesity  [51] . It has been shown in obese ro-
dents that the action of hypothalamic leptin increases peripheral insulin sensitivity 
primarily via effects on the liver and that the mechanism underlying this effect is de-
pendent upon the hepatic branch of the vagus nerve. Furthermore, the food depriva-
tion-induced elevations in plasma ghrelin levels are completely prevented by subdia-
phragmatic vagotomy  [52] . 
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 Abstract 

 Obesity is controlled by both genetic and nongenetic factors. Considering BMI as a simple measure 
of obesity, heritability estimates reach 0.7 for both adults and children. Explaining the heritability of 
common polygenic obesity remains one of the major challenges in obesity research. Whereas can-
didate gene and genome-wide linkage studies dominated the search for obesity susceptibility genes 
over the last two decades, recent advances in genotyping technologies, enabling the high-through-
put testing of millions of variants in thousands of individuals, have shown genome-wide association 
studies (GWASs) to be an efficient tool to identify novel loci associated with obesity. GWASs have 
revealed that more than 30 polymorphisms are significantly associated with obesity, including those 
mapping within genes such as  FTO ,  TMEM18 , and  MC4R . Although many of these genes seem to in-
fluence childhood obesity as well, recent GWASs uncovered a strong association of novel loci ( OLFM4  
and  HOXB5 ) with common early-onset obesity. Future studies need to address the biological role of 
these novel genes in obesity’s complex pathophysiology, as well as its missing heritability, since only 
a small proportion can be explained so far.  © 2015 S. Karger AG, Basel 

 Introduction 

 Obesity is one of the major predictors of common civilization diseases such as type 
2 diabetes (T2D), hypertension, cardiovascular diseases, and associated forms of 
cancer and thus represents a major public health burden  [1] . In addition, obesity is 
strongly linked to psychological disorders, at least in part due to social stigmatism, 
which leads to further excess weight gain. Considering BMI as a simple measure of 
obesity, the prevalence of obesity increased rapidly during the last decade. It has 
been estimated that 1.12 billion adults will become obese (BMI >30) and that more 
than 2 billion will be overweight (BMI >25) by 2030  [2] . The epidemic proportion 
of obesity in adults mirrors the situation in children, among whom the incidence has 
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increased dramatically and is expected to reach  ∼ 30% in the United States by 2030 
 [3] . Whereas a small proportion of obesity can clearly be attributed to monogenic 
forms caused by rare genetic defects, it is well appreciated that common ‘epidemic’ 
obesity is a complex polygenic disease with both genetic and environmental deter-
minants. In particular, the adoption of a modern lifestyle, manifested by easy access 
to high-calorie food and accompanied by reduced energy expenditure, represents a 
major unfavorable environmental component that is contributing to the ongoing 
epidemic expansion of obesity worldwide [ 4 , reviewed in  5 ]. 

 Nevertheless, there is no doubt that obesity has genetic components. Major evi-
dence comes from family, twin, and adoption studies, which have provided heritabil-
ity estimates for BMI as high as 70% in both adults and children  [6, 7] . Maternal or 
paternal obesity is one of the crucial predictors of an increased risk of childhood obe-
sity, with the highest risk occurring when both parents manifest obesity  [8] . Never-
theless, as for any other complex polygenic trait, obesity is clearly affected by the en-
vironment, which, in a complex interplay with genetics, may result in the disease 
phenotype.

  The search for obesity susceptibility genes has focused on candidate gene and ge-
nome-wide strategies. Genome-wide linkage studies represented major approaches 
for identifying obesity genes over the last two decades. However, advances in genotyp-
ing technologies allowed the replacement of these strategies by genome-wide associa-
tion studies (GWASs). Moreover, admixture mapping based on recent differences in 
genetic ancestries have revealed a significant relationship between ethnicity and obe-
sity for several genetic regions  [9] .

  This review aims to elaborate the current knowledge of the genetics of obesity.

  Polygenic Obesity 

 Despite the knowledge gained from lessons in monogenic obesity, explaining the her-
itability of polygenic obesity remains a major challenge in obesity research. This chal-
lenge is attributable to the polygenic nature of common obesity as well as to the strong 
influence of environmental factors. Two major approaches have been used to inves-
tigate the components underlying the genetics of obesity: (i) analyses of candidate 
genes based on their known biological function related to regulation of metabolism 
and (ii) hypothesis-free genome-wide strategies, both potentially uncovering genes 
with yet-unknown roles in the pathophysiology of human obesity. 

 Candidate Gene Approach 
 The selection of plausible candidate genes for genetic analyses requires a priori knowl-
edge about the pathophysiology of a disease and about the gene’s/protein’s function. 
Comprehensive studies on genes regulating energy balance and glucose/insulin me-
tabolism resulted in numerous sequence variants that were significantly associated 
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with obesity and related traits. Despite recent advances in high-throughput genotyp-
ing technologies, allowing the performance of large-scale genome-wide screening 
studies, the candidate gene approach still deserves researchers’ attention. In particu-
lar, it provides an efficient tool to verify and/or to finely map the most promising re-
gions from genome-wide efforts and to elucidate the role of rare variants potentially 
contributing to polygenic obesity. For instance, rare variants in two genes controlling 
the endocannabinoid system, the fatty acid amide hydrolase gene ( FAAH ) and the 
monoglyceride lipase gene  (MGLL),  were shown to be associated with extreme obe-
sity and metabolite levels  [10] . 

 Fatty Acid Synthase Gene 
 Human fatty acid synthase (FASN) is the major determinant of the de novo synthesis 
of long-chain fatty acids from acetyl-CoA, malonyl-CoA, and NADPH  [11] . Inhibi-
tion of the FASN causes a fast decrease in fat stores in mice, suggesting a role for the 
FASN in energy homeostasis, which makes its gene an attractive candidate for system-
atic genetic analyses  [12] . In addition,  FASN  represents a strong positional candidate 
gene since it maps within a linkage region on chromosome 17q25, which was identi-
fied in a genome-wide family-based scan for obesity susceptibility genes in Pima In-
dians from Arizona. In subsequent fine-mapping studies, the contribution of  FASN  
to human body weight and the percentage of body fat was investigated not only in 
Pima Indians but also in other ethnic populations  [13] . A polymorphism predicting 
the amino acid substitution Val1348Ile has been shown to be associated with the per-
centage of body fat and the 24-hour substrate oxidation rate in Pima Indians  [13] . 
Moreover, the likely protective effects of this variant against obesity have been sup-
ported by data from children and adolescents from Germany  [14] . Interestingly, the 
polymorphism seems to have stronger effects in boys, thus suggesting sexual dimor-
phism in FASN action. Additionally, studies on mRNA expression that showed cor-
relations of increased  FASN  mRNA levels in adipose tissue with visceral fat accumu-
lation and impaired insulin sensitivity clearly suggest a role for the FASN in the patho-
physiology of obesity  [15] . Consistent with this finding, obesity-related FASN 
genetic variants have been shown to be associated with mRNA expression in visceral 
and subcutaneous adipose tissue  [16] . 

 Genome-Wide Strategies 
 Linkage Analyses 
 Family-based genome-wide linkage scans offer a unique tool to assess the co-segrega-
tion of highly polymorphic genetic markers with a phenotypic trait/disease. Whereas 
this strategy turned out to be very efficient for monogenic forms of obesity, less suc-
cess has been achieved in polygenic obesity. Moreover, the associations of genetic 
variants with obesity that were identified in linkage studies were not replicated in 
subsequent efforts, thus suggesting a small increase in the risk of obesity for these 
common variants. 
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 The ectonucleotide pyrophosphatase/phosphodiesterase 1 gene  (ENPP1) ,   which 
maps to chromosome 6q, is one of the few representatives identified via genome-wide 
linkage analysis as linked to childhood obesity and associated traits  [17] . The encoded 
protein ENPP1 binds to the α-subunit of the insulin receptor and inhibits its insulin-
mediated conformational changes, autophosphorylation, and tyrosine kinase activity 
 [18] . A nonsynonymous K121Q polymorphism in exon 4 of  ENPP1  has been report-
ed to be strongly associated with insulin resistance in healthy, nonobese individuals 
 [19] . Subsequent studies in distinct populations confirmed the associations of the 
K121Q variant with insulin resistance and T2D  [20, 21] . Consistent with this finding, 
positional cloning within the chromosomal region revealed significant association of 
a haplotype consisting of three  ENPP1  variants (K121Q, IVS20delT-11, and A/
G+1044TGA) with childhood and adult obesity and T2D  [22] . In addition, obesity 
risk alleles were correlated with impaired glucose tolerance as well as increased serum 
levels of soluble ENPP1 in children  [22] . Whereas the association with childhood obe-
sity was replicated in a case-control study, no relationship between the risk alleles and 
BMI was observed in a population-based study with healthy Caucasian children  [23] . 
In obese children, the risk haplotype (Q-delT-G) was accompanied by impaired glu-
cose metabolism, whereas the (K-delT-G) and (K-insT-A) haplotypes were associated 
with improved insulin sensitivity and glucose metabolism  [23] . Despite failure to rep-
licate these associations in numerous individual studies, a well-powered meta-analy-
sis including 24,324 subjects suggested that the  ENPP1  Q121 variant might increase 
the risk of obesity  [24] . 

 Genome-Wide Association Studies 

 Recent advances in technologies in molecular biology, including high-throughput ge-
notyping techniques, have allowed researchers to employ GWASs in identifying nov-
el loci associated with human obesity. As anticipated, GWASs have turned out to be 
a very powerful tool for the identification of genetic variants with a moderate effect 
size. However, despite very promising progress in determining the genetics of com-
plex diseases such as obesity, even with numerous susceptibility genes revealed so far, 
most of the heritability of obesity is yet to be determined. 

 Fat Mass- and Obesity-Associated Gene 
 Associations of fat mass- and obesity associated gene  (FTO)  polymorphisms with 
common obesity were first reported in 2007  [25] . Researchers at the Wellcome Trust 
Case Control Consortium (WTCCC) conducted a GWAS aimed at identifying genet-
ic determinants of T2D. Using 500K Affymetrix chips, they observed a strong associa-
tion between T2D and a cluster of  FTO  variants tagged by rs9939609 within intron 1 
 [25] . Strikingly, this association was abolished after adjusting for BMI, suggesting that 
the initial association with T2D was mediated by single-nucleotide polymorphism 
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(SNP)-related effects on BMI. Another study, performed by Froguel et al.  [26] , em-
ployed a different strategy, which aimed at verifying population stratification by test-
ing intergenic regions. The authors described a variant, rs1121980, within intron 1 of 
 FTO  as strongly associated with early-onset and severe adult obesity. Since then, as-
sociations of  FTO  variants have been robustly replicated in numerous GWASs and 
meta-analyses of GWASs on childhood and adult obesity.  FTO  is ubiquitously ex-
pressed in a wide range of organs, so the primary role of  FTO  cannot be postulated 
directly  [27] . Nevertheless, using bioinformatics tools, Gerken et al.  [28]  showed that 
murine  Fto  catalyzes the Fe(II)- and 2OG-dependent demethylation of 3-methylthy-
mine in single-stranded DNA, thus suggesting a potential role in nucleic acid demeth-
ylation. Subsequent studies indicated the involvement of  FTO  in the regulation of food 
intake, which was particularly supported by Church et al.  [29] , who showed that over-
expression of  Fto  increased food intake, ultimately resulting in obesity in mice. 

 Genome-Wide Association Studies and Further Risk Variants beyond FTO 
 Multiple additional loci associated with obesity have been uncovered in large-scale 
GWASs and meta-analyses of GWASs conducted within international consortia, such 
as the Genetic Investigation of ANthropometric Traits (GIANT) consortium  [30] . 
Researchers from the GIANT consortium  [30]  reported 18 novel loci associated with 
BMI in a recent large-scale meta-analysis including 249,796 individuals  (RBJ-ADCY3-
POMC ,  GPRC5B-IQCK  (a 21 kb deletion 50 kb away from  GPRC5B ),  MAP2K5-LBX-
COR1 ,  QPCTL-GIPR ,  TNNI3K ,  SLC39A8 ,  FLJ35779-HMGCR ,  LRRN6C ,  TMEM160-
ZC3H4 ,  FANCL ,  CADM2 ,  PRKD1 ,  LRP1B ,  PTBP2 ,  MTIF3-GTF3A ,  ZNF608 ,  RPL27A-
TUB , and  NUDT3-HMGA1) . It is not surprising that some of the genes identified in 
GWAS, such as  MC4R ,  POMC ,  BDNF , and  SH2B1 , have already been considered as 
plausible candidate genes for obesity not only due to their function as neuronal regu-
lators of energy balance and food intake but also because they harbor rare variants 
conferring high obesity risk. It needs to be mentioned, however, that a clear biological 
link to common obesity is still missing for the majority of loci revealed by GWASs. 
Furthermore, despite evident advances in the genetics of common obesity, the cumu-
lative risk, allowing prediction of individual obesity risk, is very moderate, and only a 
small proportion of the heritability of BMI can be explained by the identified variants 
 [31] . Power estimates have suggested hundreds of additional loci with moderate effect 
sizes to be underpinning common polygenic obesity  [30] . This clearly demonstrates 
the ultimate challenges in genetic research on common obesity and indicates the need 
for further genetic approaches to be employed in future. 

 Genome-Wide Association Studies in Children 
 In contrast to adults, children’s phenotypes are less affected by co-morbidities, treat-
ment, and other environmental factors. Furthermore, detailed recording of clinical 
parameters in the early stages of metabolic alterations is invaluable for understanding 
the chronology of events ultimately resulting in obesity. For these reasons, children 
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provide a unique tool to uncover genetic factors determining the risk of complex poly-
genic diseases such as obesity. 

 Compared with the intensity of genetic research efforts in adults, similar studies in 
childhood obesity are rather sparse. The few studies in children have been mostly fo-
cused on replication of associations observed in adults. For instance, in agreement with 
findings in adults, variants of  FTO  and  MC4R  have been shown to be associated with 
obesity in children and adolescents in populations of various ancestries  [32–34] . In 
silico analyses of GWAS data for 25 SNPs in 13 previously reported BMI loci  (NEGR1 , 
 SEC16B ,  TMEM18 ,  INSIG2 ,  SFRS10/ETV5/DGKG ,  GNPDA2 ,  MTCH2 ,  BDNF ,  FAIM2 , 
 SH2B1 ,  FTO ,  MC4R , and  KCTD15)  revealed associations of 15 variants with normal-
ized pediatric BMI data in European Americans, including  FTO  variants    [35, 36] . Of 
note were strong associations of SNPs in  TMEM18 ,  GNDPA2 ,  INSIG2 ,  MC4R ,  NEGR1 , 
 BDNF , and  KTCD15  with early onset obesity  [35] . In particular, the correlation of  IN-
SIG2  variants in children implies that the effects of some genes may be more pro-
nounced in childhood obesity and diminished in later stages of life  [37–41] . In con-
trast, no association in children has been found for  MTCH2  and  SH2B1  variants  [35] . 
Another interesting study assessed the influence of T2D susceptibility variants on BMI 
in children. One of the previously reported diabetes risk alleles in  HHEX-IDE  was as-
sociated with increased BMI in children, which may be in line with the well-established 
relationship between childhood obesity and T2D in later life  [42] . It is also of note that 
many obesity risk variants in loci such as  FAIM2 ,  NPC1 ,  FTO ,  MC4R ,  BDNF , and  GN-
PDA2  were related to BMI variation in Chinese children, suggesting that these vari-
ants’ roles in human obesity are independent of ethnicity  [43] .

  One of the most relevant studies on the genetics of childhood obesity employed a 
meta-analysis of two GWASs on extreme obesity in French and German children and 
adolescents  [44] . Along with the well-known genetic players such as  FTO ,  MC4R , and 
 TMEM18 , the meta-analysis uncovered two novel loci,  SDCCAG8  and  TNKS/MSRA , 
that significantly contributed to variability in body weight. Considering the fact that 
these two loci have never shown up in meta-analyses of GWASs on obesity in adults, 
 SDCCAG8  and  TNKS/MSRA  might represent susceptibility loci exclusively influenc-
ing childhood obesity. Another recent meta-analysis of GWASs on severe obesity, 
involving more than 5,000 cases and 8,000 controls, identified two novel loci close to 
 OLFM4  and  HOXB5   [45] . The study suggested that the role of both genes in obesity 
is likely to be due to their effects on intestinal function.

  Conclusion 

 Undoubtedly, genetics, in close accord with an unhealthy ‘obesogenic’ lifestyle in 
modern societies, has a major influence on an individual’s susceptibility to obesity. 
Despite tremendous success in determining the genetics of common obesity in the last 
few years, as demonstrated by a number of novel risk loci, only a small proportion of 
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the heritability can be explained so far. Despite a few loci being exclusively associated 
with early-onset childhood obesity, it has to be acknowledged that most of the major 
obesity susceptibility genes seem to play a role independent of the respective life stage. 
In regard to the missing heritability, it seems that the currently accepted common 
variant-common disease hypothesis might need to be revised and, furthermore, that 
potential players contributing to common obesity, such as rare and low-frequency 
variations or epigenetic modifications, need to be considered. 

 Nevertheless, better knowledge of the genetics of obesity will be fundamental in 
elucidating the complex etiology of common obesity. This may ultimately lead to 
novel treatment and prevention strategies, which currently mostly rely on programs 
targeting weight loss by affecting physical activity and food intake.
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 Abstract 

 The rapid increase in obesity prevalence during the past decades points to the important impact of 
environmental changes on the development of overweight in children and adolescents. A mismatch 
between increasing energy consumption in an attractive and abundant food environment and de-
creasing physical activity with the adoption of a more sedentary lifestyle is the key factor underlying 
constant increases in body mass index. Considering the effect of energy imbalance on body weight, 
a small but persistent average daily imbalance between intake and expenditure is sufficient to ex-
plain the weight gain observed during the development of overweight and obesity, and the influ-
ences of nutrition on the development of these conditions vary according to life stage and circum-
stance. Parental dietary intake and familial nutritional behaviour are important components in the 
development of childhood nutritional habits. We discuss the possible contributions of several nutri-
tional factors to the antenatal and postnatal environments and the impacts of nutrition during in-
fancy, childhood and adolescence. However, nutrition involves a complex interplay among dietary 
behaviour, food selection and nutrient supply that complicates the aetiological analysis of the de-
velopment of adiposity. In particular, a diet comprising foods with high energy densities may be a 
key factor that increases the risk of developing overweight during childhood and adolescence. The 
establishment of an optimised mixed diet may serve as a guideline to evaluate and further improve 
dietary intake in the family setting and in the catering industry, thus reducing the nutritional causes 
of the development of obesity and metabolic syndrome.  © 2015 S. Karger AG, Basel 

 Introduction 

 The worldwide prevalence of childhood obesity has risen greatly over the last 3 de-
cades, causing a wide range of serious medical complaints and increasing the risk of 
premature morbidity and death later in life. In spite of recent reports suggesting a 
levelling off of the obesity epidemic in some countries, the societal burden of paedi-
atric obesity is still high  [1–5] . 
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 Because obese children tend to become obese adults and are at increased risk of 
several acute and chronic diseases, such as hypertension, dyslipidaemia, coronary 
heart disease, cancer, gout, psychosocial disability and musculoskeletal disorders, the 
prevention of obesity must start in childhood at the latest  [6, 7] .

  Weight control during development is balanced between overall energy intake 
and energy expenditure and is mainly achieved by physical activity (fig. 1). Children 
must sustain a careful balance between energy consumption and expenditure to 
maintain their individual (recommended) body weight and to assure adequate 
growth.

  A tiny daily energy gap that is constant and longstanding usually causes individu-
als to become overweight because it can add up to considerable gains in body weight 
over a number of years  [8, 9] . Longitudinal data included in the Kiel Obesity Preven-
tion Study were used to calculate energy gain in normal-weight children who main-
tained their weight or became overweight and ranged in age from 6–10 and 10–14 
years. The mean energy gains (kcal/day) of these two age groups were approximately 
25 kcal for the children aged 6 to 10 and approximately 40 kcal/d for those aged 10 to 
14  [10] . Thus, halting the progression of obesity would require a comparably small 
but regular decrease in daily energy intake, ideally combined with a tiny increase in 
daily physical energy expenditure  [11] .

  The focus of this article is to assess the role of dietary factors and food habits in 
contributing to the development of obesity during early life, childhood and adoles-
cence  [8, 9] .  

Energy-
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Energy density 
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TV 

  Fig. 1.  Components of dietary energy intake and energy expenditure that may impact the develop-
ment of overweight and obesity in children and adolescents. 
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  Nutrition and Obesity – According to Developmental Stages 

 Nutritional influences on the development of overweight and obesity vary by life stage 
and circumstance. In the following section, we discuss important relevant aspects 
structured according to infant and child development. 

 Antenatal 
 The antenatal environment has an important impact on foetal development via influ-
ences such as antenatal stress, placental function and maternal nutrition. Some effects 
seem to persist into adulthood, increasing the likelihood for obesity-related condi-
tions, such as the development of metabolic syndrome  [12] . 

 Maternal overweight before and high weight gain during pregnancy are positively 
linked to child overweight and obesity. The odds of having an obese child increase 
with every kilogram of weight gained during pregnancy  [13–15] .

  Maternal malnutrition during the first 2 trimesters of pregnancy is linked to an 
increased risk of obesity and the development of metabolic syndrome in young chil-
dren  [16] . This may be due to structural and functional abnormalities of endocrine 
system development due to nutrient restriction and disturbances in glucose and insu-
lin homeostasis during pregnancy.

  Infancy and Early Childhood 
 Early childhood feeding seems to be a major contributor to childhood obesity. Both 
the type of infant feeding (e.g. breast milk versus formula) and the rate of weight gain 
during infancy are linked to weight status in later childhood in addition to cardiovas-
cular risk factors  [17, 18] . A recent study that analysed data obtained from a nation-
ally representative database has revealed that early excess weight gain is a key predic-
tor of obesity in school children from kindergarten through the eighth grade  [4] . 

 During infancy, dietary intake may have greater impacts on nutrient balance and 
hormone responses than energy expenditure. A large prospective cohort study has 
shown that dietary energy intake during infancy determines infant weight gain and 
seems to influence the risk of childhood obesity. These results could be demonstrated 
at least among formula- and mixed-fed infants  [19] .

   Breastfeeding:  Breast milk is unequivocally recommended as the exclusive nutri-
tion source during the first 4–6 months of life. However, regarding the later develop-
ment of obesity, there is only moderate evidence for a protective effect of breastfeed-
ing. In some studies, breastfeeding has been found to lower the risk of the develop-
ment of obesity during childhood  [17, 20]  (for a review, see  [21] ). Recent analysis has 
indicated that breastfeeding has long-term favourable effects on adult body composi-
tion, extremes of adiposity and insulin metabolism; however, these effects were only 
observed in women  [22] . By contrast, high protein intake from formula in infants 
seems to be associated with a higher body mass index, which lasts until the child is 
6 years of age  [23] .
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   Introduction of Solid Food:  The delayed introduction of solid food has been sug-
gested to reduce the odds of overweight in children  [24] ; however, a literature review 
could not verify this association  [25] . Thus, the available evidence so far has not pro-
vided sufficient information to clarify this issue.

  In healthy, term, appropriate-for-gestational age children, a consistently high fat 
intake during the second year of life modifies the subsequent effects of rapid weight 
gain on the longitudinal development of fat mass, thus inhibiting its normal physio-
logic decrease, resulting in a larger body fat percentage  [26] .

  Taken together, systematic analysis of thirty prospective studies has identified 
strong independent associations of childhood overweight with maternal overweight 
during pregnancy, high infant birth weight and rapid weight gain during the first 
year of life. A meta-analysis comparing breastfed with non-breastfed infants has 
found a slight decrease in the odds of overweight due to breastfeeding. Moreover, 
there is some evidence associating the early introduction of solid food with over-
weight  [27] .

  Childhood and Adolescence 
  Fruits and Vegetables:  Eating a diet high in fruits and vegetables may help to reduce 

body weight and fat accretion. Fruits and vegetables have high water and high dietary 
fibre contents, making them low in energy density  [28] . Thus, they help to reduce to-
tal energy intake by displacing energy-dense food from the diet. Moreover, the reduc-
tion in the glycaemic load of food alters postprandial hormones and could be involved 
in initiating satiety  [29] . Whereas this inverse relationship between the intake of veg-
etables and fruits and adiposity has not been observed in all studies  [30, 31] , no stud-
ies have shown a worsening of child weight status in association with increases in 
vegetable and fruit consumption.

   Energetic Beverages:  Children and adolescents derive approximately 20% of their 
energy intake from added sugars in food items and beverages  [32] . These sugar-sweet-
ened foods seem to strongly contribute to increased body mass index in children 
 [33–36] .

  The long-term high consumption of sugar-sweetened beverages has been suggest-
ed to be associated with high body weight in adolescents, especially in girls  [37] . 
Compared with research in the US and elsewhere, the levels of sweetened milk and 
fruit juice intake are unique for European adolescents. A survey has reported that 
European adolescents consume an average of 1,455 ml/day of beverages, with water 
being consumed by the largest proportion of these individuals and at the greatest vol-
ume. In this study, beverages provided 1,609 kJ/day, of which 30.4, 20.7, and 18.1% 
came from sugar-sweetened beverages, sweetened milk, and fruit juice, respectively 
 [38] . The epidemiological evidence that drinks containing added sugars, including 
sucrose and high-fructose corn syrup, are a cause of overweight and obesity is con-
sistent  [36] . However, there is no unequivocal consensus on the strength of the evi-
dence for causality  [39] .
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  Food and Eating Environment 
  Family:  Home environment and family feeding behaviours play important roles in 

the development of childhood nutritional habits. The parental intake of vegetables and 
fruits, for example, is positively associated with the consumption of these foods in their 
children  [40] . General parenting and parental feeding practices have strong impacts on 
the evolution of child food intake and on the development of obesity  [41, 42] . In gen-
eral, parents may be advised to encourage moderation rather than overconsumption 
and to emphasise healthful food choices rather than restrictive eating patterns  [43] .

   Eating Frequency:  Meta-analysis of original observational studies has shown that 
higher eating frequency is associated with lower body weight during childhood and 
adolescence, especially in males  [44] . This is in line with observations showing more 
favourable nutrient intake profiles and adiposity indices in children/adolescents who 
eat breakfast compared to those who skip this meal  [45] .

   Convenience Food:  In developed countries, pre-prepared commercial foods 
(convenience foods) are one aspect of modern dietary habits. Data from the Dortmund 
Nutritional and Anthropometric Longitudinally Designed Study have shown that 
convenience food is characterised by high fat content and high numbers of flavourings 
and food additives  [46] . Further analysis has shown a significant negative correlation 
between nutrient quality index and the increased consumption of convenience foods 
(fig. 2)  [47] .

  Along with energy-dense convenience food, such as French fries, hamburgers, salty 
snacks, pizzas and sugared drinks, portion size has increased over the years  [48] . This 
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  Fig. 2.  Energy densities (median and interquartile range) of popular convenience foods consumed 
in family diets compared to those of foods consumed in the optimised mixed diet.  
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amounts to an increased risk of obesity because portion size seems to be the primary 
determinant of energy intake, more so than energy density  [49] . Generally, it seems 
to be good advice to base diets on fresh and minimally processed foods if possible  [50] .

     Food Marketing:  Given the reduction in physical activity and specific food manu-
facturing and marketing practices, such as vending machines in schools, the increased 
availability of food may be another key factor explaining the obesity epidemic  [51] . 
Moreover, in many developed countries, foods with high energy densities are relative-
ly cheap. Therefore, economic constraints might favour the consumption of high-en-
ergy dense food in low-income groups, thus contributing to their excessive nutrition-
al energy intake  [52] . Environmental-level interventions, such as reducing food adver-
tisements targeting young children, increasing the availability of smaller portions and 
providing alternatives to sugar-sweetened soft drinks would encourage individual and 
family-level behavioural changes, thus supporting the prevention of obesity  [53] .

  It has been shown that a combined environmental and educational intervention 
strategy with a single focus on the promotion and provision of drinking water might 
be an effective tool in the prevention of childhood overweight  [54] .

  But: Nutrition Is Complex 
 Problems with nutritional analysis start with methodological limitations in dietary 
intake assessment and extend to questioning the interrelationships between energy-
yielding nutrients and their respective foods that exist during the development of 
overweight and obesity. 

 Underreporting seems to be a relevant issue in the self-assessment of caloric intake 
by obese subjects. Therefore, the plausibility of self-reported food intake data is of 
special importance  [55] .

  Randomised controlled trials performed in population settings are rare. Arguments 
for the effects of several subcomponents of nutrition on the development of overweight 
and obesity thus tend to rely on associations between the putative factors and the obe-
sity rate derived from a complex group of children and adolescents. These consider-
ations do not disprove the importance of the nutritional causes that have been report-
ed but do highlight their sometimes less-than-unequivocal evidential basis.

  Moreover, there is some consensus that in people on  ad libitum  diets, the body fat 
changes that occur along with intake modification seem to be mediated via these al-
terations in energy intake  [34, 36] .

  A Prominent Role of Energy Density of Food 

 One key factor underlying the nutritional causes of childhood overweight and 
obesity may be the energy density of food, which is defined as the energy content 
(in kcal of kJ) per unit weight (e.g. g or 100 g). High energy-dense foods, particu-
larly sugary drinks and ‘fast foods’, are probably a cause of weight gain, over-
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weight and obesity  [56] . Such foods are typically high in fats and/or sugars, con-
tain little water or dietary fibre and are often low in micronutrients. By contrast, 
low energy-dense foods, typically foods that are high in fibre and are bulky be-
cause of their water content, are probably protective against overweight and obe-
sity. Such foods include vegetables and fruits, cereals (whole grain) and pulses 
(legumes). They are often micronutrient-dense, meaning that they are high in 
vitamins, minerals, and other bioactive compounds (fig. 3). 

 The Dietary Guidelines for Americans encourage the consumption of food that is 
low in energy density. Such an eating pattern is characterised by a relatively high in-
take of vegetables, fruits, and dietary fibre and a relatively low intake of total fat, satu-
rated fat, and added sugar  [57, 58] . Given that numerous studies have shown that 
energy density is one important factor influencing increases in body weight, the Ger-
man Nutritional Society has recently introduced energy density as a useful concept in 
the evaluation of foods. The rationale is that a nutritional regimen including low en-
ergy-dense foods can help to maintain or reduce body weight in children and adoles-
cents as well as in adults  [59] .

     Dietary Fibre Intake:  The energy density of food can be reduced by an increase in 
dietary fibre consumption in children. A recent review has summarised currently ex-
isting evidence pertaining to the implications of dietary fibre intake on constipation, 
obesity and diabetes in children. The authors have concluded that the known health 
benefits justify an increased awareness of dietary fibre intake in children  [60] .

   Water:  Increasing dietary water intake is another potential way to reduce energy 
that theoretically not only increases the volume of food but also lowers the intake of 
sweetened beverages in favour of plain water. Whereas studies of individuals dieting 
for weight loss or maintenance have suggested the weight-reducing effect of increased 
water consumption, studies in general mixed-weight populations thus far have 

Oil

Fish (1×/week)

Meat (3×/week)

Greens, salads (daily)

Potatoes, noodles, grains, legumes (daily)

Water
Tea

+

  Fig. 3.  Optimised meal composition including foods with low energy densities for consumption by 
children and adolescents. 
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 yielded inconsistent results. Therefore, in real-life studies, the association between 
water intake and reduced daily energy intake via food has remained low, mostly be-
cause of the lack of good-quality studies  [61] .

  Evaluation of a Given Diet 

 Dietary patterns are relevant to the development of overweight and obesity, not only 
during infancy but also during childhood (at the beginning and during the course of 
primary school) and young adulthood  [38, 62] . During infancy, we recommend feed-
ing for the first year according to the food-based dietary guidelines of ESPGHAN in 
Germany  [63] . The guidelines include exclusive breastfeeding during the first 4–6 
months of life and the introduction of increasing proportions of complementary 
foods during the second 6 months, including some vegetables and fruits  [63, 64] . 

 Regarding children and adolescents, in 2011, the ESPGHAN Committee on Nutri-
tion published a commentary aimed at providing a summary of the role of nutrition-
related factors on obesity prevention in children aged 2–18 years. Experts recommend 
the preferential intake of slow-absorbing carbohydrates, the use of plant-based foods 
as the main dietary constituents and the use of plain water as the main source of fluids. 
They also recommend that children eat at least 4 meals a day, starting with breakfast. 
Regular family meals are encouraged, whereas the regular consumption of fast food 
is discouraged  [65] .

  In line with these recommendations, we propose an optimised mixed-diet concept 
that is easy to adopt in the family setting and in the catering industry (fig. 4). This 
concept translates scientific nutrient-related recommendations into food- and meal-

  Fig. 4.  Decreasing energy densities by cautious exchange of high-fat with low-fat components 
( recipe). 
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    50 g      rapeseed oil 
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                 frozen  
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  250 ml    milk, 15 % fat 
  150 ml    cream 
  100 g      sour cream
 4      eggs 

For 10 persons 

2000 g    potatoes 
  300 g    onions  

100 g    butter 
1200 g    vegetables fresh or  

             frozen 

500 g    grated cheese

500 ml  cream 
50 g cream cheese

5    eggs 
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based  dietary guidelines. The food options can be summarised with three simple rules 
as follows: plant-based foods and drinks should be consumed in abundance, animal-
based foods in moderation and fat and sugar-rich foods sparingly (fig. 5)  [66] .

    The EFSA Panel on Dietetic Products, Nutrition and Allergies  [67]  has recom-
mended this total-diet concept as an example for the establishment of food-based 

Plant-based
foods, drinks  40 % 40 %In abundance

Animal-based
foods  17 %Moderately

Fat- and
sugar-rich
foods   

3 %Sparingly

  Fig. 5.  Subsuming food-based dietary guidelines into 3 main rules for food selection in a balanced 
diet for children and adolescents. 

Table 1.  Exchanging high- with low-energy density foods

Portion kcal Portion kcal

Salami, 30 g 115 Boiled ham, 30 g 40
Nut-nougat cream, 20 g 105 Marmalade, honey, 20 g 55
Potato chips, 50 g 270 Salt sticks, 50 g 165
Cheesecake, 100 g 230 Apple pie (yeast dough), 100 g 140
1 Croissant, 45 g 185 1 Raisin roll, 45 g 120
1 Chocolate bar, 40 g 200 Fruit gum, 40 g 130
1 Cream ice 290 1 Calippo water ice 100
1 Glass (full-cream) milk 160 1 Glass buttermilk 95

Table 2.  Reducing energy density while maintaining recipe quality

Conventional recipe Optimised recipe

1 L Milk, 3.5% cream
2 Packages chocolate pudding powder
6 Tablespoons sugar
2 Tbsp. whipped cream, 30% fat
4 Fresh pears, steamed (200 g)

1 L Milk 1.5% cream
2 Packages chocolate pudding powder
3 Tablespoons sugar
1 Cup yoghurt (500 g)
6 Fresh pears, steamed (300 g)

16 g fat and 292 kcal per portion 2.2 g fat and 150 kcal per portion
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 dietary guidelines for children and adolescents aged 1 to 18 years. This optimised 
mixed diet concept (e.g. tables 1, 2) has recently been utilised to establish a healthy 
diet regimen in a paediatric hospital, for which five meals a day were planned for chil-
dren, including two cold principal meals, one hot principal meal and two snacks  [68] .

  Considering other environmental factors associated with childhood obesity risk, 
such as parental overweight and socioeconomic status, future interventions should 
give specific attention to children from overweight and/or low socioeconomic status 
parents  [69] .

    In summary, key recommendations for healthy diets in children and adolescents 
allow for the avoidance of the potential causes of overweight and obesity by 
communicating positive messages with regard to preferring foods with low energy 
densities, consuming 4–5 regular meals a day (starting with breakfast), avoiding big 
portion sizes, increasing fluid intake (preferably plain water) and encouraging family 
meals (fig. 6). 

  Fig. 6.  Example of a healthy meal comprising optimised convenience food. 
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 Abstract 

 According to the World Health Organisation, sedentary behaviour is the fourth highest risk factor for 
mortality in the world today, with many aspects of our society contributing to increasingly sedentary 
lifestyles. Sedentary behaviour (low energy expenditure, or  ≤ 1.5 metabolic equivalents of task in a 
situation of arousal) should be distinguished from inactivity, which is characterised by failure to reach 
the recommended physical activity levels. The most pernicious sedentary behaviour is the time spent 
in front of screens. Regardless of the level of physical activity, screen time is associated with decreas-
es in physical fitness, self-esteem, and academic performance and an increase in cardiovascular and 
metabolic risk. Several publications have shown that 80.3% of 13–15 year olds are physically active 
for less than 60 min per day and that 67% spend at least 2 h per day watching television. Prevention 
strategies should focus on environmental determinants (physical and social), particularly in the fam-
ily model. Some of the current research focuses on the use of new technologies (augmented reality) 
as an educational tool.  © 2015 S. Karger AG, Basel 

 Introduction and Definitions 

 Context 
 Perhaps nothing is as natural to us as physical activity. With no exaggeration, one 
might even say that we have been ‘programmed’ to move. It should therefore be 
surprising to no one to learn that physical activity contributes not only to chil-
dren’s psychomotor development but also to their deepest sense of well-being. In-
fancy is a critical time of life for building the behavioural patterns that will result 
in an active or sedentary lifestyle  [1] , but the problem of sedentary behaviour is 
quite complex. 

 From prehistoric times to the 1850s, humans were physically active essentially by 
necessity: to eat and build shelter. From then on, it became increasingly possible to 
meet such basic needs with far less physical effort. The notion of leisure began to 
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spread, and physical activity became diversified to include relaxation and pleasure 
and even competition and performance as the sports movement gradually took 
hold.

  In today’s world, the quality of life is declining in certain populations, and for 
many, meeting basic needs is a major preoccupation. For the most vulnerable among 
us, dealing with ‘day-to-day emergencies’ has become increasingly complicated and 
the sources of pleasure increasingly hard to find.

  Deconditioning is often understood in terms of physical activity, but it may begin 
as a psychological phenomenon, such as when the ongoing stress of daily living alters 
an individual’s capacity to cope and make wise choices and generally undermines the 
ability to call upon personal resources. When this point has been reached, it becomes 
difficult to see making an (physical) effort as a means to pleasure. Pleasure has been 
considered in terms of the norms of the world in which we live, and in this case, even 
pleasure should be ‘consumable’ on demand.

  Marketing strategies have indeed been built around this notion, which is amply 
displayed by the marketing of video games, reality shows, and other types of passive 
leisure activities based on video screens and virtual worlds. Well-being no longer de-
rives from physically moving, and creative capacities have become inhibited. For sed-
entary youth, screen time has become a way to feel competent and build a sense of 
self-worth, and therefore, we need to acknowledge it as a relatively new source of plea-
sure and personal satisfaction  [2] .

  Physical activity, in contrast, has become a kind of discipline; it is perceived as a 
type of leisure activity for when there is enough time. Most of us know that it is a route 
to good health, but it takes energy and discipline to fit it into daily life.

  Society today is therefore showing a tendency to ‘deprogram’ the innate need to 
move by offering in its place a multitude of attractive alternatives that encourage sed-
entary behaviour in younger and younger children. It actually may seem easier today 
to adopt a sedentary lifestyle instead of an active one, even for the very youngest 
among us. Socialisation processes have changed with our increasing dependence on 
technology: as the internet has become accessible to almost all, the way that we so-
cialise has become increasingly virtual, especially for adolescents.

  With the internet, geographical boundaries no longer limit the creation and main-
tenance of social relationships: nearly the whole world is available for direct interac-
tion. The great paradox in all of this is that in order to move faster, we no longer move 
at all. Youth especially often feel as if they are actors in a virtual reality, in which some 
of them truly become lost.

  In this chapter, we first define the terms that we will be using. We then look at some 
of the statistics on sedentary behaviour in young people as well as the health conse-
quences and, especially, the risk factors for cardiometabolic disease and obesity. We 
attempt to determine which factors influence the adoption of sedentary behaviours 
and which types of interventions are most effective in countering these behaviours in 
youth.
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  Definitions and Evaluation 
 Sedentary behaviour has been recognised as a public health issue for only the past 10 
years  [3] . However, according to the World Health Organisation, it is the fourth big-
gest risk factor for mortality in the world. One of the greatest difficulties for public 
health officials is the lack of consensus in the literature about what sedentary behav-
iour is as opposed to inactivity and how to define the various types of sedentary be-
haviour.

  Sedentary behaviour is often defined as low energy expenditure ( ≤ 1.5 metabolic 
equivalents of task) and a sitting or reclining posture. However, the literature on 
sports and physical exercise generally defines this behaviour as failure to meet the rec-
ommended thresholds for physical activity (60 min of moderate to vigorous physical 
activity (MVPA) per day for children). It may therefore be worthwhile to distinguish 
low energy expenditure due to excessive sitting and reclining from not meeting the 
physical activity guidelines.

  Tremblay and the Sedentary Behaviours Research Network have therefore pro-
posed standardised definitions of ‘sedentary’, ‘sedentary behaviour’, and ‘inactive’ 
 [4] .

  Sedentary behaviour is characterised by low energy expenditure ( ≤ 1.5 metabolic 
equivalents of task) and a seated or lying-down position during waking hours.

  A person is sedentary when his or her behaviour is mostly sedentary and the person 
exceeds the recommended maximum time in front of a television (TV) or computer 
screen (2 h for 5–17 year olds, as suggested in a literature review by Tremblay et al. 
 [5] ).

  ‘Inactive’ defines those individuals who perform insufficient amounts of MVPA 
and are thus not meeting the guidelines.

  It should therefore be kept in mind that prolonged sitting and not meeting the rec-
ommendations for MVPA are independent risk factors. In addition, reducing the 
amount of sedentary time does not automatically mean an increase in the quantity of 
physical activity. The two factors therefore need to be carefully evaluated in tandem 
on a regular basis.

  We will see further on that it is also important to distinguish screen time, and par-
ticularly watching TV, from other sedentary behaviours because screen time has an 
independent impact compared with other risk factors. Most often, screen time is eval-
uated by questionnaire and is thus a self-report measure.

  Daily energy expenditure and periods of being completely sedentary (not just 
screen time) are currently assessed by accelerometry, which is not a robust method, 
as it does not take posture into account. Sitting and standing at rest are physiologi-
cally different because they do not require the same energy expenditure. There are 
considerable disparities in the threshold values used to determine and evaluate sed-
entary behaviour by the use of accelerometers (from 100 to 1,100 cycles per minute, 
depending on the study)  [6] .
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  Epidemiology: Some Striking Figures 

 A major review of the literature  [7]  presented data from 105 countries that had par-
ticipated in two international studies on adolescent physical activity: the Global 
School-based Student Health Survey  [8]  and the Health Behaviour in School-aged 
Children study  [9] . The main findings were as follows: 
 – In total, 80.3% of 13–15 year olds were physically active for less than 60 min per 

day and could thus be described as inactive. 
 – Additionally, 66% of the boys and 68% of the girls from among the 13–15 year 

olds spent at least 2 h per day watching TV and thus had excessively sedentary 
behaviour. 
 Physical activity and sedentary behaviour have been extensively studied as health 

determinants in Canada. Some of the studies have included a broad range of ages and 
have shown that only 7% of children, adolescents, and young adults from 6 to 19 years 
old perform at least 60 min of MVPA per day. Canadian children spend an average of 
8.6 h per day being sedentary, which amounts to 62% of their waking hours  [10] . It is 
important to examine the types of sedentary behaviour, however, as their impacts on 
health may differ.

  Another Canadian study showed that children with an average age of 10.7 years 
spent an average of 3.3 h per day (3.1 h during the week and 3.6 h on the weekend) 
on screen-related activities, with 74% exceeding the recommended limit of 2 h per 
day. Boys spent more time on these activities because they played more video games 
 [11] .

  The American National Health and Nutrition Examination Survey indicated 
that nearly half (47%) of children aged between 2 and 15 years exceeded this rec-
ommendation  [12] . A difference related to weight status was noted: 58.5% of obese 
youth, as opposed to 44.6% of normal-weight youth, spent more than 2 h in front 
of screens.

  A Spanish study of 3,503 adolescents from 12 to 18 years old reported that 46% of 
the girls and 26% of the boys did not meet the physical activity recommendations 
 [13] .

  The considerable differences in the figures according to the study and the country 
strongly suggest the need to standardise the evaluation instruments and thresholds 
for objective measures.

  The Spanish study reported an interesting finding that suggests a link between sed-
entary behaviour and the physical activity level: the boys who reported a total screen 
time of  ≥ 4 h per day had a 64% greater risk of not meeting the minimum for physical 
activity. The total screen time was negatively associated with the physical activity lev-
el among the boys. Participation in supervised activities, however, seemed to counter-
act the negative impact of screen time. Children and adolescents who participated in 
structured activities were overall more physically active than those who participated 
in spontaneous and self-organised activities.
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  The Link between Sedentary Behaviour and Obesity, Risk Factors, and Other Health 

Problems 

 It has been well established that regardless of the physical activity level, sedentary be-
haviours are associated with an increased risk of all-cause mortality, cardiometabolic 
disease, and many other physiological and psychological problems  [14–16] . 

 In a review of the literature, Tremblay et al.  [5]  found a dose-response relationship 
between an increase in sedentary behaviour and an unfavourable health status in 
young people. The sedentary behaviour with the most negative impact on health was 
TV viewing. In total, 94 studies showed that an increase in sedentary behaviour had 
an impact on at least one of the following health indicators: fat mass, body mass index 
(BMI), and risk of overweight.

  For example, a study of 461 Mexican children showed that the risk of obesity rose 
by 12% for each hour of TV viewing reported on a self-response questionnaire  [17] . 
Another longitudinal study  [18]  of children and adolescents aged between 9 and 15 
years and in the 50th, 75th, or 90th percentile on the weight curve demonstrated that 
objectively measured sedentary time was a risk factor for weight gain, independent of 
other factors, like food intake, the physical activity level, and sleep. In another study 
of adolescents, every additional hour of TV viewing was associated with a 0.22 kg/m 2  
increase in BMI  [19] . In addition, the prevalence of back pain increased by 10% for 
every extra hour in front of a computer, TV, or video game  [20] .

  The HELENA study  [21]  revealed that boys who spent more than 4 h per day play-
ing video games on the weekend had a higher risk of metabolic disease, independent 
of obesity.

  With regard to the dose-response relationship, spending more than 2 h per day 
watching TV was also correlated with the following:
  – A decline in physical fitness, and specifically aerobic aptitude (a drop in VO 2  

max) and cardiorespiratory and musculoskeletal aptitudes. 
 – An increase in the risk of cardiovascular disease and metabolic syndrome (high 

cholesterol, arterial blood pressure, HbA1c, and insulin resistance).  
 – A drop in self-esteem and prosocial behaviour. Another review of the adolescent 

literature reported that 75% of studies showed a decrease in socialising time in 
association with increased sedentary time  [22] . 

 – Lower school performance and capacity for attention/concentration, with some 
particularly disturbing correlations: 

  • between 1 and 2 h of TV viewing per day: difficulty in paying attention 
  • more than 2 h per day: a drop in school grades 
  • more than 3 h per day: a drop in school performance and low IQ 

 With regard to psychological indicators, three studies reported a positive associa-
tion between sedentary time and depressive syndrome  [23–25] . In addition, four stud-
ies reported a negative association with perceived health status: as the sedentary time 
increased, the perceived health status and psychosocial well-being declined  [25–28] .
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  Mechanisms Explaining How Screen Time Increases Adiposity 
 Two mechanisms may explain how screen time increases adiposity: screen time re-
duces the time spent on physical activity  [29]  and increases energy intake  [30–32] . The 
second association has been the focus of several recent studies. Spending time watch-
ing TV has been associated with the consumption of foods with high calorie density, 
and this association seems to be increased by TV advertising  [33–35] . When children 
watch televised food advertisements, they increase food intake by 45% when they are 
allowed to eat freely  [36] . This effect is particularly striking in overweight and obese 
youth, who have shown a better capacity than normal-weight youth to remember ad-
vertising messages  [37] . 

 Even without food advertising, food intake increases to the same degree  [38, 39] . 
With new technologies like smartphones and tablets, young people have access to 
video content without advertising and thus have greater control over what they watch 
 [40] . Moreover, they often watch more than one screen at a time (46% of them do 
something else while watching TV), particularly during commercial breaks  [41] . Ad-
olescents thus take advantage of having several choices, and they filter out unwanted 
content like commercials  [42] .

  Mekhmoukh et al. showed that watching TV while eating increased food intake by 
10%, but only in overweight adolescents  [43] . In normal-weight adolescents, Peneau 
et al.  [44]  found that food intake did not increase, although soda intake increased sig-
nificantly.

  Some studies have specifically investigated the mechanisms by which energy intake 
is increased:
  – Bellissimo et al.  [45]  found that watching TV while eating alters the physiological 

signals of satiety and satiation. In boys, glucose absorption before a meal did not 
diminish the quantity of food intake when eating while watching TV. 

 – In girls, Patel  [46]  showed that the impact of environmental factors on food 
intake depends on pubertal status: quantities remained unchanged in 
postpubertal girls while watching TV but increased in peripubertal girls. 
 Chaput  [47]  also showed that food intake increased by 80 kcal during meals among 

adolescent boys after they had played passive video games compared with those who 
had been sitting but doing nothing. This might be explained by the stimulation of the 
stress-induced reward system caused by playing video games. Further research is 
needed to investigate this hypothesis.

  Determinants of Sedentary Behaviour 

 Age 
 Sedentary behaviour tends to increase with age. In Canada, children under 11 years 
of age spend about 1.3 h less on sedentary behaviours than adolescents between 11 
and 14 years old do and 2 h less than adolescents from 15 to 19 years old do  [10] . 
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 Early adolescence is therefore a critical period because it is associated with an in-
crease in physical inactivity  [48, 49] . Longitudinal studies have shown that screen time 
as well as the total sedentary time especially increase during this period. A British sur-
vey notably revealed that in the 5 years after entering adolescence, the weekly time 
spent in front of screens increased by 2.5 h. This was matched by a significant decrease 
in physical activity that was more marked in girls (46% less, as opposed to 23% for 
boys)  [48] . Moreover, habits that develop at this age tend to persist into adulthood 
 [50] .

  Gender 
 Girls watch more TV than boys do, and their physical activity level declines more no-
ticeably in adolescence. Girls are also more prone to depression, anxiety, and low self-
esteem. These variables can favour or aggravate high levels of sedentary behaviour 
 [51, 52] . 

 The HELENA study  [21]  confirmed these results, showing that boys engage in 
more sustained physical activity than girls do. Boys also show a greater tendency to 
enrol in supervised activities. However, they watch more TV in their bedrooms and 
play more video games.

  Socioeconomic Status 
 Before the age of 7 years, socioeconomic status is consistently found to be associated 
with screen time. Low status is associated with high screen time and, especially, TV 
viewing  [53] . Other leisure-time activities are usually offered in homes with higher 
socioeconomic status. 

 Another study  [54]  of 3,822 English children aged from 5 to 15 years showed that 
when the focus was on overall sedentary behaviour, children from a high socioeco-
nomic position were in fact more sedentary but were sedentary while engaged in lei-
sure activities other than TV viewing. TV is therefore not an indicator for reliable 
estimations of the total sedentary time, but the type of sedentary behaviour counts 
more than the total sedentary time since we have seen that it is particularly harmful 
to spend time watching TV.

  One study showed that a low maternal educational level was associated with chil-
dren viewing more than 2 h of TV per day. This same study also showed associations 
between maternal BMI and TV viewing time as well as between maternal smoking and 
viewing time  [55] .

  Many studies have shown discrepant results concerning the association between 
the total TV viewing time and whether mothers work. The assumption is that stay-at-
home mothers are better able to supervise their children’s TV viewing time, but this 
has not been systematically shown to be the case.

  The study cited above  [55]  emphasised the crucial role of parents even in infancy, 
as more and more children are walked in a stroller instead of walking themselves.
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  Parental Habits and Family Impact 
 In young children from 3 to 5 years old, one study  [56]  showed that environmental 
factors contributed to the development of sedentary behaviours. As in other develop-
mental areas, the parental lifestyle encourages certain behaviours in children. Some 
authors have specifically investigated parents’ sedentary behaviours, their capacity to 
set limits on their children’s screen time, and the amount of multimedia equipment 
in the home. The findings were as follows: two thirds of the children and three quar-
ters of the parents spent 2 or more hours watching TV per day. The children whose 
parents spent more than 2 h watching TV were five times more likely to also spend 
more than 2 h in front of the TV. The parents reported low perceived self-efficacy for 
physical activity, but they also reported that they were capable of encouraging physi-
cal activity in their children and limiting their children’s screen time. This finding 
suggests that many parents do not grasp the influence that their own behaviour has 
on their children or that because they themselves are sedentary, they are unaware of 
the recommendations. Perceived self-efficacy had a powerful impact on the children’s 
TV viewing time because each additional point on the evaluation scale was associated 
with a 77% drop in the probability that the child would spend more than 2 h watching 
TV. 

 Half of the families reported owning more than 11 multimedia devices. As the 
number of devices in the home rose, so did the time that the parents spent watching 
TV.

  A study conducted in Ontario primary schools  [11]  found that most of the children 
watched TV and played video games for entertainment but that more than half of 
them also reported playing video games out of boredom. The children with more than 
2 h of screen time per day highlight a new mode of socialising through the use of these 
media. Half of the children reported that their parents set limits on screen time dur-
ing the week, but barely one third had limits set on the weekend. Fully 80% of the 
parents stated that it was important to control the amount of time that their children 
watch TV, and 64% indicated that they do not allow their children to make these dai-
ly decisions.

  Environmental Determinants 
 Rural/Urban 
 To investigate the environmental factors affecting sedentary behaviour, an Australian 
study focused specifically on mothers  [57] . Those living in rural areas reported better 
access to physical activity equipment in the home, better physical activity perfor-
mances from their children, better relations with neighbours, better social networks, 
and better perceived safety in the proximal environment. 

 Bruner  [58]  studied 5,000 Canadian adolescents and showed that the place of 
residence made no difference to the amount of physical activity, but this study did 
find that young children in rural areas had less screen time that those in big cities 
after adjustment for socioeconomic status. The social networks in cities were found 
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to favour sedentary behaviour, whereas these networks showed a tendency to re-
duce this behaviour in rural areas. The children in rural areas played outdoors more 
often.

  A study of 3,000 American children  [59]  revealed that the children living in 
small towns had the highest physical activity levels, followed by children in rural 
areas. The Rural-Urban Continuum Codes  [60]  were used to assess the population 
densities.

  Timperio  [61]  showed that screen time rose with an increase in traffic density. Safe 
roads are reassuring to parents, who are then more apt to let their children go out 
more often. This in turn may increase physical activity if children walk to their desti-
nations.

  An English study  [62]  showed that because of increased concerns about safety in 
urban areas, longer parental working hours, and greater distances to travel, only 9% 
of children were allowed to walk to school unaccompanied in 1991 as opposed to 80% 
in 1971. These figures, which date back more than 20 years, suggest the powerful im-
pact of the physical environment on the sedentary behaviour of youth. Similar results 
have been reported in other European countries.

  The Physical Environment in the Home and the Relationship between Physical and 
Social Environments 
 Concerning the physical environment in the home, a literature review entitled ‘A 
place for play’  [63]  showed that the amount of multimedia equipment is positively 
correlated with sedentary behaviour in young people. Nine observational studies out 
of 18 showed the same relationship when multimedia equipment was in the bedroom. 
However, the associations were not objectively measured by accelerometry. 

 This review also studied the relationships between environmental, social, and 
physical factors in the home. A certain number of elements were confirmed: in par-
ticular, certain types of family social support were positively associated with sedentary 
behaviour. For example, parental use of multimedia electronics was correlated with 
children’s use.

  Management and Prevention 

 Parental habits and the parental ability to set limits on children’s screen time seem to 
affect the sedentary behaviours of their children. The above review  [63]  analysed dif-
ferent types of interventions and showed that making and enforcing rules was effec-
tive because having rules was directly correlated with a lower level of sedentary behav-
iour (11 studies out of 14). These studies of interventions to limit TV viewing time 
showed good results, with an improvement in BMI in two of the studies and an in-
crease in physical activity in one of them. For example, a study by Robinson  [62]  
showed that an intervention to reduce screen time in elementary school children 
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 resulted in a 2.3 cm decrease in waist circumference and a 0.45 kg/m 2  drop in BMI 
after 6 months. 

 Changing the physical environment can influence the level of physical activity 
and sedentary behaviours. It has not, however, been demonstrated that reducing 
the amount of multimedia equipment in the home helps children to be less seden-
tary because they tend to simply replace one sedentary behaviour with another.

  The most convincing intervention results were found in the social environment, 
with parents having the most crucial role, even when the physical environment was 
not in itself conducive to greater physical activity.

  Another type of intervention makes use of active video games, which have be-
come quite sophisticated, although most randomised controlled trials have shown 
that their use has no effect on the total time spent on physical activity  [64] . Indeed, 
no significant difference was found in the physical activity level after 12 weeks for 
those who received an intervention of active video gaming compared with those 
who played passive video games. A few rare studies have shown a short-term in-
crease in physical activity, but this then decreases. Active video games therefore 
are not an effective solution for combating obesity. They do not measurably con-
tribute to the 60 min of daily MVPA recommended for children.

  In addition, these games are quite attractive to children in the beginning, but inter-
est tends to fade quickly. Intrinsic motivation continues to be stronger for conven-
tional fitness courses. The one valuable aspect of these games is that they help children 
to acquire certain motor skills.

  Only one video game (Dance Dance Revolution) seemed to show satisfactory re-
sults, with studies reporting an increase in overall weekly energy expenditure and VO 2  
max. The effect on adiposity and weight gain was moderate, with a greater effect on 
overweight or obese people. In contrast, no significant result has been found for car-
diometabolic indicators, including triglyceride levels, high-density lipoprotein and 
low-density lipoprotein cholesterol, insulin sensitivity, and glucose tolerance. Energy 
intakes were also not affected.

  The types of interventions that have shown the most interesting results were 
those in which obtaining time to watch TV or play video games was determined by 
the amount of prior physical activity. However, the long-term effects of these inter-
ventions have not been assessed, and this approach does not seem consistent with 
the principles of prevention and obesity management. Indeed, one of the main goals 
is to help young people to build a strong association between physical activity and 
pleasure. In contrast, making the amount of physical activity a condition for obtain-
ing screen time introduces a constraint (having to be physically active) that must be 
endured in order to obtain pleasure (watching TV). In this scenario, moving is not 
pleasure in itself but is performed only to obtain a reward.

  Public health researchers are developing new intervention strategies using screen-
based technologies that can become part of the solution rather than the problem. 
 Manipulating the game environment as a tool for interventions targeting increased 
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 physical activity is one such example. In this type of intervention, based on new-gen-
eration applications of ‘augmented reality’, users act through the superposition of 
virtual information on their own perceptions of reality.

  Most randomised controlled trials have shown little change in the usual physical 
activity level, however. These new tools nevertheless continue to be developed and are 
in constant evolution. Further evaluation will undoubtedly be needed in the future.

  Discussion and Conclusion 

 Sedentary behaviours have dramatically increased in youth over the last 20 years. The 
research on the health effects of the sedentary lifestyle has clearly demonstrated that 
sedentary behaviour is an independent risk factor for cardiometabolic disease. More-
over, it is now well documented that activity/inactivity and sedentary behaviour are 
two distinct variables (see  fig. 1  below)  [64] . 

 We now know that sedentary behaviour is directly linked to the markers of adipos-
ity. The reported screen time, rather than the objectively measured total sedentary 
time, is associated with cardiometabolic disease risk  [65] .

  Further and more extensive research is needed, especially into the characteristics of 
sedentary behaviours in children, the threshold definitions for objective acceleromet-
ric measurement, and the most effective interventions to limit sedentary behaviours.

  The influence of the family is primordial and thus is the priority for focus. Seden-
tary behaviour is more prevalent in families with low socioeconomic status. Most of 
the children who watch TV for an average of more than 2 h per day perceive a lack of 
parental control over weekend screen time  [11] .

Sedentary & inactive Sedentary & active

Inactive,
not sedentary

Active,
not sedentary

Physical activity
Se

de
nt

ar
y 

be
ha

vi
ou

r

  Fig. 1.  Sedentary behaviour 
and physical activity as 
distinct constructs. With 
permission form Saunders 
et al. [64]. 
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  Generally, we note good awareness of the harmful effects of sedentary lifestyles and 
the importance of physical activity. This highlights the difference between attitude 
and behaviour. The mode of evaluation (questionnaire) usually deals with explicit, 
and not implicit, attitudes. Children under ecological conditions are, however, more 
attentive to their ‘implicit needs’, and they do not perform a cost-benefit analysis.

  Many parents explain that their children are under pressure from peers and adver-
tising and that they then put this pressure on their parents. These parents find it dif-
ficult to take a stand and thus have a hard time setting limits. The parents of preschool 
children say that they are more concerned with what their children watch than with 
how much time they spend watching. When their children are this young, parents also 
seem less aware of the risk of obesity linked to screen time. Additionally, some parents 
think that their children get enough physical activity from active video games because 
they see them moving, and in a reassuring context: the home.

  In the last decade, some authors have hypothesised that adiposity determines the 
physical activity level and not the converse, as has long been assumed. Longitudinal 
studies  [66, 67]  have indeed shown that the physical activity level at the start of the 
studies did not predict changes in adiposity, although the basal adiposity was a factor 
contributing to sedentary time.

  Last, just as physical activity needs to be promoted in a variety of ways, changes in 
management and prevention strategies must occur at several levels. It is first essential 
that interventions target parents to strengthen perceived self-efficacy and enhance their 
awareness of just how great an impact their own behaviour has on their children. It is 
also important to act in terms of the physical and geographic environment to address 
parental feelings of insecurity, to provide greater access to adapted and supervised play-
grounds, and therefore to encourage parents to push outdoor activities. Moreover, al-
though it is important to avoid taking a moralising tone or stigmatising sedentary be-
haviour as somehow ‘deviant’, we need to encourage and assist our young in learning 
to find pleasure in what may be, for them, a ‘new’ way: by being truly active in the world. 
However, this will have to be done while taking into account the actual lifestyles of 
youth today and the technological developments in virtual reality and augmented real-
ity. These new tools may in fact be harnessed one day to encourage the capacity to tru-
ly become an actor in one’s own life and to play an active role in one’s health. 
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 Abstract 

 During the last 30 years, the prevalence of overweight has risen substantially. Within societies, the 
prevalence of overweight is not equally distributed among people. There are socio-economic dif-
ferentials in lifestyle, overweight, and health: the lower the socio-economic status is, the more fre-
quent unhealthy lifestyles and overweight and its co-morbidities are. The problem is not confined 
to the poorest people, but rather, the gradient is across the whole society. Socio-economic inequal-
ities in overweight and health result from an unequal distribution of opportunities and resources 
within a society.  © 2015 S. Karger AG, Basel 

 Introduction 

 In Western societies, considerable changes in lifestyles and living conditions have 
been observed during the last 30 years, affecting human health as well as our environ-
ment. There has been a considerable increase in the prevalence of overweight and 
obesity, with a worrying acceleration of rates among children. In Germany, 10 and 6% 
of children and adolescents and more than 50 and 20% of the adult population are 
overweight and obese, respectively  [1, 2] . The actual numbers in most of Europe are 
moving in the same direction  [3] . 

 Inverse Social Gradients in Overweight 

 In Western societies, there is an inverse social gradient in overweight; i.e. people from 
a low social class have the highest prevalence of overweight and obesity. Overweight 
is related to relative deprivation or one’s position within a hierarchy. It is not confined 
to the poorest members of a society, but rather, the gradient in overweight is across 
the whole society. Since there are considerable differences among all social groups, the 
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gradient suggests that overweight is not only a problem in one (i.e. the lowest) socio-
economic status (SES) group. However, the increase in the prevalence of overweight 
that has been observed during the last 30 years is to a great part due to growth of the 
low-SES group  [4, 5] . The SES gradient also suggests that overweight is an epiphe-
nomenon reflecting problems in our societies as a whole; i.e. the varying quality of 
arrangements between groups in our societies. 

 The inverse social gradient in overweight is independent of age and sex. However, 
the steepest gradients in health have been observed in childhood and midlife, with 
lesser inequality in the elderly  [6, 7] . In addition, there is an effect of gender in adults: 
the social gradient in health is steeper in adult men compared with women  [6] .

  The onset of the social gradient has been investigated rarely  [8] . At birth, a social 
gradient is already visible, but this gradient is positive, i.e. with increasing SES, birth 
weight increases. At the ages of 1 and 2 years, the SES gradient disappears. The inverse 
social gradient in overweight manifests between years 2 and 6 of life.

  As shown by international studies, the social gradient in overweight has increased 
during the last 20 years  [9, 10] . In Germany, SES gradients in overweight children 
have changed since 2005: the prevalence of overweight mostly increased in children 
of medium SES, reaching the values observed in the low-SES group  [11] . Concomi-
tantly, the prevalence of overweight remained nearly unchanged in the high- as well 
as the low-SES groups. Thus, regarding social inequality in overweight, there are only 
two different groups left: a high-SES group (with a relatively low prevalence of child-
hood overweight) and a ‘low-plus-medium’ SES group (with similar high numbers of 
overweight children).

  Different Characteristics of Socio-Economic Status 

 Since SES is not a direct variable of overweight, which variable is the best proxy for 
SES must be questioned. In children, the highest parental education is mostly used. 
Other possibilities are income, completed vocational training, and living space (i.e. 
rooms per person). The inverse social gradient is independent of the proxy used, as 
low parental education, a parent without completed vocational training, low income, 
and a small living space are all nearly equally associated with the highest prevalence 
of overweight in children and adolescents  [12] . 

 Lifestyle, Overweight, and Socio-Economic Status 

 Lifestyle Factors and Overweight 
 Increasing body weight results from a positive energy balance and thus from lifestyle 
habits. A high intake of energy-dense foods, low physical activity, and high inactivity 
are considered to be the direct determinants of overweight, i.e. they all add to a  positive 
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energy balance. However, lifestyle variables have not shown consistent strong asso-
ciations with either the prevalence or the incidence of overweight  [13] . In most epi-
demiological studies, only inactivity (i.e. TV consumption), rather than physical ac-
tivity, was found to be associated with overweight in children and adolescents  [14] . 
Regarding food intake, soft drinks and fast-food consumption have been correlated 
with childhood and adolescent overweight  [14, 15] . 

 To summarize, lifestyle habits, as assessed by epidemiological methods or biomark-
ers, can partly explain overweight. Calculation of the attributable risks of overweight 
showed that 17.1% (relative) of overweight was attributable to media time; i.e. if all chil-
dren and adolescents reduce their media time to <1 hour per day, the prevalence of over-
weight would decrease from 15 to 12.4%  [16] . Longitudinal studies on the incidence of 
overweight in children and adolescents have argued in favor of only small imbalances in 
energy balance of 50 to 100 kcal/day  [17] . These numbers are below the accuracy of pres-
ent methods for the assessment of energy intake and/or energy expenditure, suggesting 
that the impact of lifestyle on overweight cannot be measured with confidence.

  Lifestyle Factors and Socio-Economic Status 
 In fact, there are social gradients in food intake, activity, and inactivity  [12, 18, 19] . 
The lower social status is, the higher the prevalence of unhealthy lifestyle habits in 
children and adolescents is. When compared with high-SES children, children from 
low-SES families consumed more soft drinks, fast food, and white bread and had low-
er intake of fruit and vegetables. Concomitantly, low-SES children had higher TV 
consumption. In addition, children of a low SES were less physically active. 

 Lifestyle Factors, Socio-Economic Status, and Overweight 
 It is likely that social inequalities in overweight in children partly depend on socially 
determined health behavior. Lifestyle factors can mediate the relationship between 
SES and BMI. In a study conducted in Germany and the US, in 10- to 17-year-old 
adolescents, the effect of SES on overweight was partially mediated by media expo-
sure, which explained 35% of the SES-BMI association in the German sample and 16% 
in the US sample  [20] . Besides this mediation effect, there was also a moderator effect 
of SES in the relationship between media time and overweight: an increased risk of 
overweight with increasing media consumption was obvious in children from families 
of middle or high SES  [13] . By contrast, among low-SES individuals, the prevalence 
of overweight was independent of media time. 

 Migration Background 

 The impact of social determinants of health also becomes obvious in children of dif-
ferent ethnic affiliations. When compared with German children, the prevalence of 
overweight was higher in immigrant children living in Germany  [1, 13] . However, 
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even in this population, there was an inverse SES gradient in overweight ( fig. 1 ). When 
compared with the inverse gradient in overweight obtained for German children, the 
inverse gradient in non-German immigrant children was shifted upward, with the 
prevalence of overweight nearly doubled in all SES groups  [12] . 

 Comparing lifestyle habits between German and non-German children living in 
Germany, differences were obvious among the various social groups  [12] . While me-
dia consumption was considerably higher in non-German children in all SES groups, 
the prevalence of an unhealthy eating index was doubled in non-German children in 
the high-SES group only. Physical activity was the same between German and non-
German children of low SES; however, middle- and high-SES German children were 
more often physically active than non-German children.

  Social Environment and Overweight 

 Overweight distributes within social networks, which again determine values, behav-
ior, norms about overweight, and self-esteem  [21] . Unhealthy behaviors are support-
ed by obesogenic environments, e.g. exposure to unhealthy food is higher in low-SES 
areas  [22] , driving children to over-consume certain foods (i.e. mostly energy-dense 
and high-fat foods). In addition, high traffic density and a high crime rate are associ-
ated with a longer media time. This is especially true for children from families with 
a low-SES background. Thus, unhealthy environments may be conducive to un-
healthy living. Obesogenic environments together with restricted resources (e.g. edu-
cation or money) disproportionally affect low-SES groups ( fig. 2 ). 
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 Socio-Economic Status as a Barrier against Preventive Measures 

 SES also serves as a barrier against preventive measures. Socially selective effects of 
school-based programs for health promotion have been documented within follow-
up periods of 4 and 8 years  [23, 24] . Efficiency in terms of the prevalence and inci-
dence of overweight differed between different social groups, and success was only 
observed among children from high-SES families. By contrast, no or even negative 
effects were seen in middle- or low-SES children. 

 Similar results have been obtained after family-based prevention of overweight. 
These programs were effective in children of high-SES families only  [25] . By contrast, 
overweight children with a low-SES background increased, rather than decreased, in 
body weight after intervention.

  Socio-economic differences in the outcomes of preventive measures are not ex-
plained by socio-economic differentials in knowledge  [26] . For example, school-based 
intervention increased knowledge about nutrition in 6-year-old children, and the ef-
fect was independent of social position. Differences in health literacy, rather than 
knowledge, may add to social barriers against preventive measures  [27] .

  Perspective 

 To understand population obesity (and also socio-economic gradients in obesity), we 
have to take into account further determinants of obesity, including the micro- and 
macro-environment, e.g. food production and supply, income inequality, education, 
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culture, globalization, urbanization, transition, and westernization as well as political 
economy  [28, 29] . Globalization may create opportunities that reduce poverty and 
improve health by diffusion of medical advances. By contrast, it also creates social 
contexts (i.e. it tends to reinforce the divergence of incomes and opportunities) that 
have negative effects on inequality in health and overweight. 
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 Abstract 

 The central pathogenetic feature of the metabolic syndrome is insulin resistance. The term ‘insulin 
resistance’ refers to reduced glucose uptake in the whole body in response to physiological insulin 
levels. The progression from normal glucose tolerance to impaired glucose tolerance accompanies 
decreasing insulin sensitivity and increasing insulin resistance. This chapter provides insight into the 
molecular basis and the pathophysiology of the regulation of insulin sensitivity and resistance. In 
this respect, the role of increased adipose tissue and ectopic adipose tissue in relation to insulin re-
sistance is highlighted.  © 2015 S. Karger AG, Basel 

 Type 2 Diabetes in Children and Adolescents 

 Changes in lifestyle resulting in changes in food consumption and exercise are re-
sponsible for the worldwide increase in obesity. Until recently, type 2 diabetes mellitus 
had been a rare condition in children and adolescents (fig. 1). Since the mid-1990s, an 
increasing prevalence of type 2 diabetes in children and adolescents has been report-
ed, in parallel to an increase in obesity. In some ethnic populations, type 2 diabetes is 
now the predominant form of diabetes in adolescents in the United States. 

 The clinical and metabolic presentation of type 2 diabetes mellitus in Caucasian 
adolescents differs from that in Afro-Americans, Mexicans, Hispanics, or Native 
Americans. In these ethnic groups, up to 25% of children with suspected type 2 dia-
betes present with ketoacidosis, whereas diabetic ketoacidosis is a rare event in Cau-
casian adolescents with type 2 diabetes. Overt clinical signs or symptoms of diabetes 
are rarely present in this group, and acanthosis nigricans is absent in 50% of patients. 
These differences may be explained by the fact that most of these cases are detected 
by screening programs, in contrast to published data from non-Caucasian popula-
tions, which are reported in case series of patients with overt clinical symptoms.

  As in adults, undiagnosed type 2 diabetes mellitus is a common condition in obese 
children and adolescents. Therefore, screening for type 2 diabetes in children and 
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adolescents with obesity is recommended. Unrecognized hyperglycemia will contrib-
ute to both microvascular and macrovascular risks in later life. A recent German 
screening study demonstrated a prevalence rate of type 2 diabetes of approximately 
1% in obese Caucasian children and adolescents  [1] .

  As proposed by the American Diabetes Association, screening for type 2 diabetes in 
Caucasian children and adolescents should be initiated from age 10 or at the onset of 
puberty (whichever comes first) in high-risk patients, who either have a family history 
of type 2 diabetes in first- and second-degree relatives or present with clinical signs of 
insulin resistance or impaired glucose homeostasis (i.e. acanthosis nigricans) or with 
comorbid conditions associated with insulin resistance (i.e. hypertension, dyslipid-
emia). Screening for diabetes should also be performed in all extremely obese children 
and adolescents.

  Studies using HbA1c as a screening tool were disappointing, since one third of as-
ymptomatic children with type 2 diabetes mellitus demonstrated normal values. Studies 
testing the applicability of HbA1c after its standardization as a screening tool are lacking 
to date.  

Yes No

No

Obese

Fasting
C-peptide/insulin

LowHigh

Autoantibodies

Yes No Low High

Type 2 IM type 1 Idiopathic type 1 or MODY Type 2 IM type 1

Autoantibodies

Yes

Fasting
C-peptide/insulin

  Fig. 1.  Flowchart for the classification of diabetes mellitus in children and adolescents, adapted from 
the recommendations of the American Diabetes Association  [5] . 
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  Glucose Homeostasis in Obese Children and Adolescents 

 The progression from normal glucose tolerance to impaired glucose tolerance (IGT) 
accompanies decreasing insulin sensitivity and increasing insulin resistance. IGT is 
an intermediate stage before the development of diabetes. Puberty is a major factor 
influencing glucose tolerance in children and adolescents. Euglycemic-hyperinsu-
linemic clamp studies demonstrated that insulin-mediated glucose disposal is 30% 
lower on average in adolescents at Tanner stages II, III, and IV compared with either 
prepubertal children or young adults. The observed differences in insulin sensitivity 
are partly caused by the increased secretion of growth hormone during puberty. In-
terestingly, there is a high spontaneous conversion rate from IGT to normal glucose 
tolerance during an observation period of 3–5 years in children and adolescents. 
This might be due to a reduction in insulin resistance in the last period of pubertal 
development. 

 Insulin Resistance and Glucose Regulation 

 Determination of the fasting serum insulin concentration allows calculation of insulin 
resistance indices (e.g. the homeostasis model assessment of insulin resistance or 
quantitative insulin sensitivity check index). However, the main component of all of 
these indices is the fasting serum insulin concentration, which is characterized by high 
intraindividual physiological variability. Therefore, the significance of insulin resis-
tance or insulin sensitivity indices calculated from fasting samples alone is question-
able, and routine use of these indices in clinical settings for the evaluation of glucose 
homeostasis in individual subjects cannot be recommended. It must also be noted that 
the analytic methodology of insulin measurement is not yet standardized. The gold 
standard for the measurement of insulin resistance is the euglycemic-hyperinsulin-
emic clamp, a time-consuming, invasive and expensive method that is reserved for 
scientific research settings. 

 Insulin Resistance as the Central Pathomechanism of the Metabolic Syndrome 

 The central pathogenetic feature of the metabolic syndrome (MetS) is insulin resis-
tance. The term ‘insulin resistance’ refers to reduced glucose uptake in the whole 
body in response to physiological insulin levels. Euglycemic-hyperinsulinemic clamp 
studies revealed that whole-body insulin sensitivity/insulin resistance is mainly de-
termined by insulin-mediated glucose disposal at the level of the skeletal muscle 
(>75% of the amount of glucose during the clamp study is absorbed by the muscle, 
and 2–3% is absorbed by adipose tissue). Nevertheless, adipose tissue itself, the dis-
tribution of adipose tissue, and the partitioning of lipids in different tissues have key 
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roles in the regulation of glucose metabolism, especially with increasing fat mass (see 
below). 

 Convincing evidence from epidemiologic studies illustrates the importance of 
environmental factors during sensitive phases of fetal (and probably postnatal) de-
velopment for an individual’s metabolic phenotype not only in childhood and ado-
lescence but also in adulthood (the concept of ‘fetal programming’, or the Barker 
hypothesis). Children who were born to mothers with poorly controlled diabetes 
and children born small for gestational age who experience rapid catch-up weight 
gain during infancy develop a marked phenotype of insulin resistance in later 
life. These unfavorable metabolic changes are most likely mediated by epigenetic 
mechanisms.

  In pediatrics and adolescent medicine, is it important to note that during adoles-
cence, physiological insulin resistance is observed in the body. During adolescence, 
there is a 25–50% decrease in the insulin sensitivity of the body, which returns to nor-
mal after the end of adolescence.

  The Molecular Basis of Insulin Resistance in the Metabolic Syndrome 

 Insulin mediates its effect on target tissues via specific membrane receptors  [2] . 
The insulin receptor consists of an extracellular α-subunit and two transmembrane 
β-subunits, which are linked by disulfide bonds. The binding of insulin to the 
α-subunit results in a change in the three-dimensional receptor structure (confor-
mation), which causes autophosphorylation of the β-subunit. Receptor activation 
leads to the phosphorylation of insulin receptor substrate proteins, which are in 
turn coupled to another kinase, or phosphoinositide-3-kinase. This lipid kinase 
phosphorylates the signal transducer phosphatidylinositol bisphosphate to phos-
phatidylinositol triphosphate, which ultimately activates the central kinase of the 
insulin signaling pathway, Akt. The insulin signal is now passed on to the various 
effector pathways. Thus, uptake of glucose into the cell through glucose transport-
er-4 or synthesis of glycogen is activated. Insulin stimulates glycogen synthesis and 
inhibits hepatic gluconeogenesis and glycogenolysis ( fig. 2 ). 

 In the MetS – or ‘insulin resistance syndrome’ – the number of insulin receptors is 
reduced. This down-regulation is triggered by the existing hyperinsulinemia. More-
over, the tyrosine kinase activity of the insulin receptor is lowered, resulting in a fur-
ther disturbance of proximal signal transmission.

  Insulin is an anabolic hormone and thus a negative regulator of β-adrenergic-
stimulated lipolysis  [2] . With insulin resistance, there is reduced insulin-mediated 
inhibition of basal lipolysis. Together with increased body fat mass, this contrib-
utes to an increase in the level of circulating free fatty acids (FFAs). FFAs are 
in  turn causally related to insulin resistance and reactive hyperinsulinemia in 
three different ways. FFAs reduce insulin binding to its receptor and decrease – 
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depending on the concentration – insulin clearance in the liver. Furthermore, glu-
cose utilization in the muscle is significantly impaired by high levels of FFAs. FFAs 
inhibit the tyrosine phosphorylation of insulin receptor substrate-1, which results 
in a reduced activity of phosphoinositide-3-kinase and impaired glucose uptake. 
The resulting discrete hyperglycemia causes permanent stimulation of insulin se-
cretion, with the consequence of hyperinsulinemia. Adding to the state of chronic 
hyperinsulinemia, high levels of FFAs directly stimulate insulin secretion by the 
β-cells.

  The Role of Adipose Tissue in the Pathogenesis of Insulin Resistance and the 

Metabolic Syndrome 

 Core components of the MetS, or hypertension, dyslipidemia and insulin resistance, 
are closely associated with the degree of obesity and with body fat mass. 
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  Fig. 2.  Insulin-mediated signal transmission  [4] . Insulin binds to the extracellular α-subunit of the 
insulin receptor. This leads to the autophosphorylation of the intracellular β-subunit of the receptor 
and to additional phosphorylation of insulin receptor substrate (IRS) proteins. This in turn results in 
the activation of phosphoinositide 3-kinase (PI3K), which catalyzes the conversion of phosphati-
dylinositol diphosphate (PIP2) to phosphatidylinositol triphosphate (PIP3). The lipid molecule acti-
vates the key kinase Akt, which then forwards the insulin signal to the various cell effector systems. 
In adipose tissue as well as in the muscle, glucose transporter-4 (GLUT-4) is translocated to the cell 
surface, and glucose is imported into the cell. Glycogen synthesis is stimulated, whereas hepatic glu-
coneogenesis and glycogenolysis are inhibited by insulin. 
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 An analysis of 26,000 datasets from children and adolescents from the German 
obesity patient registry APV demonstrated that an increasing relative body mass in-
dex is directly associated with an increasing number of traditional cardiovascular risk 
factors, with a clear trend toward a clustering of these risk factors with increasing obe-
sity ( fig. 3 ).

  This clear association of the degree of obesity and the manifestation of individual 
components of the MetS implies a causal relationship between increased fat mass and 
adverse metabolic changes ( fig. 4 ). Recent studies have shown that adipose tissue 
mass, and particularly visceral fat mass, contributes to the development of insulin 
resistance as well as to the development of dyslipidemia and impaired β-cell function 
 [3] . Increased levels of circulating fatty acids released from the visceral fat depot pass 
through the portal vein to the liver, acting as a substrate for the endogenous synthe-
sis of very-low-density lipoproteins, which are in turn increasingly secreted by the 
liver. The increased supply of glycerol and lactate in the portal circulation leads to 
increased  gluconeogenesis  and hepatic glucose production as a result of substrate 
pressure.
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  Fig. 3.  Cardiovascular risk factors in relation to body mass index (BMI) categories in 26,008 over-
weight children and adolescents (an analysis of the APV registry)  [6] . BP = blood pressure; P = per-
centile; IGT = impaired glucose tolerance (>7.8 mmol/l after a 2 h oral glucose tolerance test); DM2 = 
diabetes mellitus type 2, defined by an impaired fasting glucose (IFG) >7 and/or a 2 h
oral glucose tolerance test result >11.1 mmol/l; CH = carbohydrate; CVCluster = two or three cardio-
vascular clusters; 1Risk = risk of accumulation of two or more cardiovascular risk factors; BPdia = 
diastolic BP; BPsys = systolic BP; chol = cholesterol; fasting gluc = fasting glucose; HDL = high-den-
sity lipoprotein; Imp.CH.met. = impaired CH metabolism; LDL = low-density lipoprotein; trigl = tri-
glyceride. 
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   Figure 4  shows the relationship between increased fat mass and insulin resistance, 
involving dysfunction of glucose regulation via impaired β-cell function.

  Adipose tissue secretes a wealth of adipokines, many of which interfere with the 
regulation of glucose homeostasis. Visceral adipose tissue produces relatively large 
amounts of insulin resistance-promoting adipokines. In addition to the effect of in-
creased FFA levels, these adipokines enhance hepatic insulin resistance and counter-
act insulin’s suppressive effect on hepatic gluconeogenesis, impair peripheral glucose 
uptake in the skeletal muscle and possibly impair β-cell function.

  A pathognomonic feature of obesity-associated insulin resistance is chronic in-
flammation of the adipose tissue. Histopathologically, macrophages accumulate in 
adipose tissue and surround adipocytes in crown-like structures ( fig. 5 ). Furthermore, 
genes involved in inflammatory pathways are overexpressed in macrophage-infiltrat-
ed adipose tissue. These hallmark changes in adipose tissue can be observed very ear-
ly in the course of obesity and the development of obesity-related comorbidity, i.e. 
before a significant increase in the circulating insulin concentration, and must there-
fore be considered an early pathophysiological event in the development of the MetS.

Obesity Insulin resistance

  Insulin sensitivity

FFAsLipolysis

Insulin resistance

Metabolic syndrome
Type 2 diabetes

Chronic inflammation

  Fig. 4.  The role of adipose tissue in the pathogenesis of insulin resistance and the metabolic 
 syndrome. 

  Fig. 5.  Obesity-associated inflammation of 
 adipose tissue. In obesity, macrophages 
 migrate into the adipose tissue. In the figure, 
CD11c-positive macrophages are visible in the 
visceral adipose tissue of an obese patient. 
Macrophages surround a fat cell and form a 
crown-like structure. This inflammation of 
 adipose tissue plays an important role in the 
pathogenesis of obesity-associated insulin 
 resistance. 
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  Ectopic Fat Storage in the Muscle and Liver 

 Numerous experimental results support the idea that adipose tissue may reach its capac-
ity limits as a fat storage depot in obesity. In this scenario, the adipose tissue is character-
ized by hypertrophy of the adipocyte. The hypertrophic adipocytes are insulin resistant 
and typically produce high levels of insulin resistance-promoting adipokines. Interest-
ingly, individuals with insulin resistance show ectopic fat accumulation in the muscle 
and liver, probably due to having exceeded the capacity of the adipose tissue. Histologic 
fat measurements in muscle and liver biopsies, as well as measurements of intracellular 
lipid content by magnetic resonance spectroscopy, demonstrate markedly increased in-
tramyocellular and intrahepatocellular triglyceride concentrations in patients with the 
MetS. An increased intramyocellular lipid concentration is closely and inversely corre-
lated to whole-body insulin sensitivity. The accumulation of intramyocellular fat is trig-
gered by reduced fat oxidation in the state of insulin resistance as well as by increased 
availability of fatty acids because of impaired suppression of lipolysis in adipose tissue. 
There is also a direct link between visceral fat mass and the occurrence of nonalcoholic 
steatohepatitis, namely, fat accumulation in hepatocytes. The findings of fat accumula-
tion in the skeletal muscle and liver are typical in patients in whom the MetS is present. 

 In this context, it is interesting to note that patients without or with reduced adi-
pose tissue (e.g. with connatal or acquired lipodystrophy), a disease state in which the 
maximum storage capacity of adipose tissue is extremely restricted, are affected by 
similar adverse metabolic changes as obese patients with the MetS. As in patients with 
obesity and the MetS, in patients with lipodystrophies, there is also an accumulation 
of fat in the skeletal muscle and in the liver. According to these findings, functionally 
healthy adipose tissue, which is characterized by high insulin sensitivity and a high 
storage capacity, is essential for a healthy metabolism and helps to prevent the devel-
opment of the MetS.

  The Effects of Lifestyle Interventions 

 Exercise and physical activity have a positive effect on insulin sensitivity and on pro-
inflammatory activity (e.g. reduction of serum interleukin-6 concentrations), as well 
as on body weight development and maintenance after body weight reduction. Life-
style intervention programs have been found to be more effective and more efficient 
than pharmacotherapy for the prevention of progression from IGT to overt type 2 
diabetes in obese adults. The same is probably true for children and adolescents. 
Long-term treatment of obesity, probably including extended pharmacotherapy, may 
be necessary for adolescents with extreme obesity, since diet and exercise programs 
alone and in combination with educational interventions have been proven to fail in 
the majority of cases in the long term. For specific treatment strategies for children 
and adolescents with obesity, please refer to chapter 4. 
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 Abstract 

 Obese patients often complain of pain in their postural and locomotor apparatus. Besides function-
al disabilities resulting from increased soft tissue on the trunk and extremities, malalignment and 
structural changes in the load-bearing joints of the lower extremities and spine are mainly respon-
sible for this complaint. It has been clearly documented that in children and adolescents, there is a 
relationship between the development of pathological foot, knee and hip disorders as well as leg 
axis malalignment and the early manifestation of overweight or even obesity. Accident statistics 
have revealed an increased risk of injury in overweight children and adolescents during everyday 
life and sporting activities. The determination of an optimal obesity treatment for the prevention of 
diseases and the resulting damage to the musculoskeletal system described below is thus of central 
importance.  © 2015 S. Karger AG, Basel 

 Foot Deformities 

 The tarsal skeleton of the adult has a medially open arch-shaped form that is sup-
ported by strong plantar foot ligaments, the plantar fascia and the intrinsic foot mus-
cles. These structures enable the absorption of the pressure load during the stance 
phase and spring from the body in an elastic way at the beginning of the swing phase. 
The active and passive arch structures reach their full efficiencies over the course of 
a child’s growth. Basically, a mild planovalgus foot with a slightly flattened longitu-
dinal arch is a physiological finding during infancy and adulthood that has no sig-
nificant pathological value. While standing and walking, a mild deformity can be 
actively compensated for into old age by the inverter extrinsic muscles, particularly 
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the posterior tibial muscle. The active muscular and passive ligament compensatory 
capacities are limited. Besides constitutional ligament weakness, early onset and 
long-term overweight represent essential links to the possible decompensation of the 
sub- and pretalar arch structures and thus to the dynamic shock-absorbing function 
of the feet. In cases of pronounced instability of the tarsal joint complex, under load-
bearing conditions, there is pronation-abduction of the subtalar joint complex. Al-
though there is no universally accepted definition of flatfoot, the following clinical 
and anatomical characteristics are typical features of this deformity during the stance 
phase: 
 – hindfoot valgus: pronounced hindfoot eversion of the subtalar complex 
 – prominence of the talar head at the medioplantar load area: medioplantar 

subluxation of the talus in the talocalcaneal joint 
 – forefoot abduction: dorsiflexion and abduction of the navicular and cuboid bones 

(Chopart’s joint series). 
 Besides the inability to withstand load bearing during daily life activities, affected 

children and adults complain of diffuse discomfort in the feet and also frequently 
throughout the entire musculoskeletal system.

  In these individuals, the static footprint while standing shows the absence of the 
notch on the plantar surface exposed to stresses in the middle of the medial border 
and thus the loss of the longitudinal arch of the foot ( fig. 1 ). In severe cases, flatfoot 
may even result in the loss of contact of the lateral column with complete medial dis-
placement of the plantar surface. In these cases, there is often medioplantar callus 
formation at the level of the dislocated talar head or even skin ulcers that develop due 
to the pathological patterns of plantar pressure.

  Fig. 1.  Podogram of an 
 overweight 12-year-old boy 
with bilateral flexible flatfeet 
(BMI 27.3). The plantar loading 
area is completely medially 
shifted. The notch on the 
 medial border of the foot, i.e. 
the longitudinal arch, does 
not exist in either foot. 
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  Impact of Obesity on the Paediatric Foot 
 In a previous study, Horn  [1]  has drawn attention to the increased clinical prevalence 
of flatfoot in obese children (body mass index [BMI] >30), suggesting a relationship 
between infantile obesity and its occurrence. In a number of scientific studies, at-
tempts have been made to examine the influence of overweight and obesity on the 
growing foot. Based on the static footprints of 431 prepubescent Australian children, 
Riddiford-Harland et al.  [2]  were able to show significant differences in plantar pres-
sure patterns between obese and non-obese children. Dowling et al.  [3, 4]  published 
several studies on the effects of obesity on plantar pressure distribution patterns in 
prepubescent children. Measurements of static and dynamic foot pressure in children 
with overt obesity (mean ± standard deviation BMI 25.8 ± 3.8) compared to a control 
group of non-obese children of the same age (BMI 16.8 ± 2) were evaluated. Calcula-
tions of force and pressure distributions under loaded and unloaded conditions re-
vealed interesting differences between the obese and non-obese children in terms of 
gait as well as static and dynamic stresses on the fore- and hindfoot. The authors pos-
tulated that discomfort and/or structural pathologies are associated with a distribu-
tion pattern of increased plantar forefoot pressure, which over the medium term leads 
to a lowering of the medial border of the foot when walking. 

 Clinical Relevance of Flatfeet in Children and Adults 
 Depending on their durations, overweight and obesity are important potential risk 
factors for the early decompensation of tarsal joint structures. Studies on the natural 
course of flatfoot deformity and the resultant foot problems in adulthood are scarce. 
Bruckner and Rosler  [5]  published a cross-sectional study of foot problems and rele-
vant orthopaedic alterations in a cohort of 103 women. They underlined the relation-
ship between the development of painful foot deformities and the presence of obesity. 
In particular, they reported a correlation of the development of a forefoot deformity 
with the loss of the transverse arch and formation of a bunion (hallux abducto valgus 
deformity) with increased body weight. Mertz and Mertz  [6]  described obesity as an 
important link between hyperuricaemia or gout and metatarsophalangeal joint osteo-
arthritis (OA) or hallux rigidus. They postulated that the accelerated emergence of 
this special form of OA is caused by obesity. 

 Diabetic Foot Syndrome 
 Overweight and obesity are often the result of a carbohydrate-rich diet. This, in par-
ticular, increases the risk of type 2 diabetes. Depending on the length of time elapsed 
with poorly controlled diabetes mellitus, there is an increased risk of diabetes-associ-
ated foot problems. The following changes are of pathological significance for the 
diabetic foot: 
 – diabetic macroangiopathy 
 – diabetic microangiopathy 
 – diabetic neuropathy  
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 – diabetic osteoarthropathy  
 – diabetic fatty tissue atrophy 
 – diabetic myatrophy. 

 Changes in sensation in the feet and disorders of sweating and circulation lead to 
calluses, pressure ulcers, chronic soft-tissue bacterial and fungal infections and bone 
infections and even to diabetic gangrene. Epidemiological data suggest that approxi-
mately 40–75% of non-traumatic amputations can be attributed to diabetes-associated 
diseases. For this reason, the care of this very difficult group of patients can be success-
ful only in the context of a closely coordinated interdisciplinary team approach. The 
integration of the patient into a well-organised outpatient foot clinic is desirable. In 
addition to the optimal management of this metabolic disorder by an internist, patients 
need specialised support with foot and shoe care, dietary counselling, and depending 
on the risk group that the patients belong to, access to specialised surgical disciplines.

   Summary  
 Obesity can have a negative influence both on the physiological alignment of the lon-
gitudinal arch in the planovalgus foot during childhood and on the emergence of 
adult deformities and joint arthritis in the midfoot and forefoot. Overweight and obe-
sity are often associated with metabolic disorders. Diabetes mellitus and its conse-
quences represent a challenge in the care of patients with diabetic foot ulcers; the 
management of this group of patients cannot be accomplished without close interdis-
ciplinary cooperation. 

 Angular Deformities of the Leg 

 Physiological Development of the Leg Axes and the Influence of Articular Load 
Bearing 
 During the growth phase, the healthy growth plates of long bones have the capacity 
to compensate for stress caused by bending, i.e. unilateral pressure loads caused by 
appositional growth. This results in a typical shape alteration in children and adoles-
cents. Axes and torsions in the thigh, lower leg and foot undergo characteristic chang-
es from infancy to childhood and adulthood, which influence each other. The varus 
alignment (bow legs) dominates in children beginning to adopt an upright position. 
At approximately 4–8 years of age, there is a slight overcorrection towards a valgus 
knee (knock-knees), and finally, after closure of the growth plates, physiological ori-
entation takes place. The mechanical loading axis as the key indicator for the align-
ment of the load-bearing lower extremities should, from this time point on, run from 
the static centre of the femoral head through the centre of the knee joint down to the 
centre of the ankle (the so-called Mikulicz line). This orthograde orientation of the 
stress axis is an important prerequisite for life-long mobility without overload and the 
subsequent degeneration of all joints of the lower extremities. 
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 To determine whether a situation is pathological in a child or can still be consid-
ered as falling within the normal range, knowledge of the normal development of axes 
and torsions is essential.

  According to Hefti  [7] , pathological forms of angular deformities in children and 
adolescents are rare. They may be congenital, post-traumatic, post-infectious and also 
present in metabolic diseases. Whether and to what extent the presence of obesity dur-
ing the different stages of development of a child contributes to the persistence of the 
initial physiological conditions of the axis present in childhood or even to progression 
towards pathological alterations will be discussed below.

  Tibia Vara (Morbus Blount) and Genu Varum 
 Idiopathic tibia vara, which is also termed osteochondrosis deformans tibiae or Mor-
bus Blount  [8] , was first described and named by Blount and belongs to a group of 
aseptic osteochondronecrosis diseases. The disease is characterised by growth distur-
bance in the region of the medial aspect of the proximal tibial metaphysis and the 
epiphysis, which can lead to a progressive bow-leg deformity (genu varum). 

  Aetiology and Pathomechanism of Tibia Vara  
 Presumably, a combination of biological and mechanical factors (overload) leads to the 
deformation of the medial aspect of the proximal tibial epiphysis ( fig. 2 ). Because this 
is frequently observed in Afro-Americans, a genetic predisposition to this condition is 
suspected. Pre-existing varus axis alignment in the affected extremity together with 
overweight or excessive activity and rapid growth are regarded as predisposing factors. 
The persistence of physiological genua vara during early childhood is a conspicuous 
feature of Blount disease because it normally regresses over the course of growth. 

a b

  Fig. 2.  Marked bilateral tibia vara with aseptic necrosis of the medial aspect of the tibial epiphysis in 
a 6-year-old girl with early manifestation of obesity. Clinical ( a ) and radiological ( b ) picture. 
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 Another interesting hypothesis on the aetiology of adolescent tibia vara has been 
proposed by Davids et al.  [9] . In a biomechanical analysis, they investigated the hy-
pothesis that an increased load on the medial knee compartment during the gait cycle 
can be a result of compensatory gait alterations in obese individuals with an enlarged 
thigh circumference (‘fat-thigh gait’). With the help of three-dimensional gait analy-
ses, different alterations, such as dynamic genu varum and increased knee rotation 
during the stance phase in addition to circumduction during the swing phase were 
identified. These pathological load cycles can create pressure stress in affected indi-
viduals, which can be sufficient to cause an alteration in the growth plate. The main 
differences between infant and adolescent tibia vara relate to the extent of the defor-
mity and its tendency to recur after surgical correction as a consequence of the pa-
tient’s age at the time of manifestation.

  Genu Valgum 
 It should be noted that in overweight children and adults, varus misalignments are 
not exclusively observed. Clinically, valgus deformities (knock-knees) are more fre-
quently present ( fig. 3 ). 

Fig. 3. Symptomatic bilateral genu valgum 
(knock-knees) in a 17-year-old obese 
 adolescent.
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 In the majority of children under 10 years of age, such a deformity can be consid-
ered as a variation of the norm in the context of the physiological development of the 
leg axis, which will undergo spontaneous correction over the course of growth. Ac-
cording to Hefti  [7] , this deformity hardly ever requires treatment.

  In their investigation of musculoskeletal alterations in obese children with knee 
complaints, de Sá Pinto et al.  [10] , however, reported frequent valgus malalignments. 
Clinically, the extent of valgus leg axis deviations can be objectively determined quite 
easily by measuring the intermalleolar space. Values of >10 cm represent pathological 
conditions.

  White et al.  [11]  underlined the need to distinguish between knock-knees present-
ing as a temporary stage during the physiological course of child development and 
pathological entities in relation to focal and systemic diseases. The latter entities rep-
resent progressive conditions that need to be treated, since pronounced genu valgum 
(knock-knees) represents a pre-arthrotic deformity.

   Summary  
 Compensatory changes in the gait cycle and joint biomechanics accompanying over-
weight and the increase in soft tissue that occurs in children and adolescents are im-
portant aetiological links to the manifestation of severe growth-associated deviations 
in the axes of the lower extremities (tibia vara, genu varum and genu valgum). 

 Slipped Capital Femoral Epiphysis  

 A particularly severe hip disease in infants and adolescents is juvenile epiphysiolysis 
of the femoral neck growth plate. Because it involves a deformity that develops at the 
junction of the femoral head and femoral neck in association with a high risk of fem-
oroacetabular impingement, this disease is deemed an essential cause of secondary 
hip OA. 

 Frequency 
 Slipped capital femoral epiphysis (SCFE) is a disorder that is more frequently 
found in boys than girls at a ratio of 3:   1. Its peak frequency is reached in adoles-
cence at the time of the most rapid growth phase (girls: 10–14 years; and boys: 
11–15 years). In half of the children, this condition is bilateral and partially stag-
gered over time. 

 In a Japanese multicentre study performed in 2002, Noguchi et al.  [12]  described a 
comparable incidence of this disease between genders (boys: 2.22/100,000; girls: 
0.76/100,000) similar to that reported in the USA in 1970 by Kelsey et al.  [13] . They 
attributed their finding to the similar increase in the number of obese children in Ja-
pan. The obesity index of the patients in this study was three times higher than that 
found in a comparative study carried out 30 years earlier  [14] .
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  Similar developments have been recently reported in Scotland, where data analysis 
showed an increase in the incidence of SCFE in children from 3.78/100,000 cases in 
1981 to 9.66/100,000 cases in 2000 in addition to a lowering of the age in which this 
disease first manifests. In parallel, the National Obesity Prevention Programme in 
Scotland has documented a steady increase in the number of overweight school chil-
dren over the past 20 years  [15] .

  Pathogenesis 
 There is wide consensus that biomechanical as well as endocrinological factors play 
important roles in the aetiology of this disease. Often, there are conspicuous consti-
tutional features in affected children and adolescents, such as truncal obesity accom-
panied by the underdevelopment of the genitals (dystrophia adiposogenitalis), and 
more rarely, somatomegaly. 

 Jingushi et al.  [16]  have discussed several theories on the aetiology of this disease 
and have provided pathogenetic models that draw upon extensive endocrinological, 
histomorphological and clinical data. Increased body weight in association with a 
growth spurt during puberty together with an increasingly oblique epiphyseal growth 
plate (retrotorsion of the femoral neck) are deemed essential risk factors.

  Temporary changes in thyroid, growth and sex hormones during the period of 
rapid longitudinal growth lead to a loosening and expansion of the collagen net-
work of the growth plate itself, with weakening of the perichondrial ring at the 
femoral neck. Resistance of the growth plate to shearing forces is thus diminished, 
and there is increased danger of epiphyseal dislocation. According to this hypoth-
esis, obese children are particularly prone to epiphysiolysis during their pubertal 
growth phase. It is therefore even more important to make general practitioners, 
paediatricians and paediatric orthopaedic specialists/surgeons aware of this dis-
ease so that a slippage is diagnosed as early as possible, and adequate treatment is 
offered.

  Clinical Findings and Diagnostics 
 Every episode of epiphysiolysis leads to more or less pronounced hip, thigh or knee 
complaints. 

 It is important to recognise that during the early stage of SCFE, clinical signs can 
be highly unspecific, and complaints are often underestimated over a longer period of 
time. If the slippage is advanced, there is a typical loss of internal rotation in the af-
fected hip, which is described as ‘Drehmann’s sign’ ( fig. 4 ).

  The diagnosis of SCFE is usually confirmed radiologically. It must be emphasised 
that with a dorsal slipping of the epiphyseal plate, a simple anteroposterior radiograph 
of the affected hip can frequently miss the incipient slippage. In the case of suspected 
femoral head slippage, two radiographic projections of the affected hip should be 
taken because the epiphyseal slippage is only discernible in the second projection 
( fig. 5 ).
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  Therapy 
 SCFE always requires immediate admission to the hospital for prompt surgical stabi-
lisation of the epiphysis to prevent further slippage. In an unstable type of SCFE (i.e. 
children who are not able to walk anymore) or in cases in which the slippage has 
 progressed to a considerable extent, even more invasive surgical techniques might be 
required. 

 Natural Course 
 Advanced stages of this disease carry a high risk of chondrolysis and lead to femoro-
acetabular impingement and joint incongruency. Therefore, these are important risk 
factors for the development of secondary OA. 

a

b c

  Fig. 4.  Typical clinical findings of SCFE, including the spontaneous external rotation of the affected 
left leg ( a ) and the so-called Drehmann’s sign of spontaneous abduction and external rotation of the 
affected left leg during passive or active bending of the hip ( b ,  c ). 
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 Even mild epiphyseal slippage can lead to changes in the biomechanics and mobil-
ity of the hip joint. Over the long term, the resulting malformation at the junction of 
the femoral head-femoral neck (the so-called ‘tilt’ or ‘pistol grip’ deformity) repre-
sents a risk factor for cartilage degeneration. Extensive clinical and radiological inves-
tigations within the ‘Ulm Osteoarthritis Study’ showed, for instance, that 7.1% of 
study participants with advanced OA exhibited these typical radiological changes at 
the femoral head-femoral neck junction, which suggests that they had experienced a 
mild form of epiphyseal slippage within the context of SCFE  [17] .

a

b

  Fig. 5.  Radiographic 
 diagnosis of SCFE is always 
performed in 2 projections. 
In the pelvic overview 
 radiograph ( a ), only a more 
severe loosening of the left 
epiphyseal plate is 
 discernible. Only in the axial 
view ( b ), the advanced 
 slippage of the left 
 epiphyseal plate and the 
 incipient dorsal slippage of 
the right  epiphyseal plate 
are visible. The angle of 
 slippage in each case can 
be measured. 
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   Summary  
 SCFE is a multifactorial disease in which obesity plays an important aetiological role 
as a cofactor. This disease should be excluded with the help of radiographs in 2 pro-
jections (antero-posterior and lateral views) in cases of hip and knee complaints in 
children and adolescents before and during puberty that cannot be clearly classified 
by patient history and clinical presentation. Important sequelae of this disease (i.e. 
chondrolysis and secondary OA) must be prevented by its early diagnosis and appro-
priate therapy. 

 Obesity and Osteoarthritis 

 OA of large, load-bearing joints is one of the most frequent disorders of the muscu-
loskeletal system and has high socio-medical significance  [18] . In approximately 50% 
of affected individuals, it is possible to identify well-defined causes of this disease or 
associated risk factors. Childhood diseases that lead to severe deviations from ana-
tomically correct joint morphology are designated as ‘prearthroses’. 

 Data on clinical and radiological courses in patients with anatomically correct joint 
morphology but in whom the joints have been subjected to high mechanical loads due 
to long-term obesity are less clear. According to a report by ‘Diabetes Australia’, over-
weight is associated with a 1–2.45-fold increased risk of developing OA.

  Epidemiological calculations show that in 2005, more than 225,000 Australians de-
veloped OA as a result of being overweight, which represents 14% of all Australian 
patients suffering from this disease  [19] . Twenty years ago, several large studies  [20, 
21]  pointed out a link between overweight and the development of knee OA. Felson et 
al.  [21]  investigated a cohort of female patients, reporting a decrease in the incidence 
of knee OA requiring treatment, which was achieved solely by weight reduction.

  Within the Ulm Osteoarthritis Study, Stürmer et al.  [22]  also investigated associa-
tions between existing obesity and joint degeneration in men and women with ad-
vanced knee and hip OA necessitating joint replacement. In patients with advanced 
knee OA, such an association could be confirmed. This became even more evident by 
the finding of additional axis deviations in the related extremities. No relationship 
between body weight and bilateral hip OA, however, could be identified.

  Influence of Overweight on Outcomes after Hip and Knee Replacements 
 In the presence of advanced OA that cannot be treated with conservative measures, 
joint replacement surgery is indicated. The main goal here is improvement of the 
quality of life in patients with severe joint complaints by enabling relief from pain and 
the improvement of joint function. In view of the increasingly improved prosthetic 
devices available with longer lives and increased durabilities that lead to higher patient 
satisfaction and reduced cost  [23] , there has been an increase worldwide in the total 
number of hip and knee replacements over the past few years. 
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 The possible influence of obesity on patient outcome after joint replacement re-
mains controversial. In an international multicentre cross-sectional study carried out 
within the framework of the EUROHIP, researchers found a lack of consensus be-
tween physicians in different specialties on the influence of overweight on hip replace-
ment outcome. Thus, referring physicians were less likely to associate obesity with a 
favourable outcome after hip replacement than orthopaedic surgeons  [24] . Many au-
thors argue that overweight and obese patients are likely to not only be exposed to 
higher rates of general (e.g. thromboembolism) and special (e.g. bleeding, infection, 
aseptic implant loosening, and periprosthetic fracture) complications but also to de-
rive less benefit from hip replacement compared to patients of normal weight  [25] . 
On the other hand, there is also evidence that obese patients do not have to expect a 
poorer long-term outcome after hip replacement compared with people of normal 
weight  [26, 27] . Within the framework of the Dresden Hip Surgery Registry [unpub-
lished data], our prospective follow-up study with a large patient collective has sug-
gested that overweight (BMI 25–30) or obesity (BMI >30) has no unfavourable effects 
on joint function or quality of life over the short- and medium-term after prosthetic 
hip implant.

   Summary  
 The significance of local biomechanical and systemic-metabolic factors in the de-
velopment of hip OA in the obese population remains controversial. An associa-
tion between increased BMI and the development of knee OA, however, has been 
well established. It is unclear whether obese patients derive less benefit from total 
joint replacement than patients of normal weight based on the currently available 
literature. 

 Back Pain 

 Lumbar segments of the spine are most frequently affected by pain, which is most-
ly the consequence of the dysfunction or degeneration of the intervertebral discs 
or the small spinal joints with successive changes in the tones of the muscles and 
ligaments involved. During advanced stages of degeneration, protruding parts of 
intervertebral discs and segmental instability can lead to the compression of nerve 
roots with subsequent neurological symptoms (specific back pain). Inflammatory 
changes (i.e. spondylodiscitis) or tumours can also lead to back pain and must be 
excluded. 

 Whereas in adults and older people, overweight and obesity have been identified 
as important risk factors for the degeneration of intervertebral discs and development 
of back pain  [28, 29] , there are few studies investigating the association between spinal 
pain and truncal obesity in children and adolescents. Pain as a rule might be consid-
ered an early symptom of imminent degenerative changes. In this sense, risk factors 
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for intervertebral degeneration identified in adults must also be taken into consider-
ation in children and adolescents with spinal complaints, and an appropriate treat-
ment should be instituted. In a recent field study of 135 obese children and adoles-
cents who underwent obesity counselling as part of their paediatric treatment, Sto-
vitz et al.  [30]  reported that the majority of these children (61%) mentioned having 
pain once a month in at least one joint. In this population, the prevalence of back 
complaints was the highest (39%), with knee problems reported in 24%, ankle com-
plaints in 15% and foot problems in 26% of the patients. Similar data have also been 
reported by Taylor et al.  [31]  and Bell et al.  [32] .

  Early spinal changes atypical for this young age group, including neurological def-
icits, could also be observed in isolated adolescents with severe overweight in our pa-
tient collective ( fig. 6 ).

   Summary  
 Accumulating data on back pain in obese children and adolescents suggest an asso-
ciation between childhood obesity and the development of degenerative changes in 
the axial skeleton at a young age. In adult patients, the coincidence between degen-
erative changes in the spinal column and overweight is an established fact. 

a b

  Fig. 6.   a ,  b  Atypical polysegmental lumbar changes seen in MRI associated with lumbar spinal ste-
nosis in an overweight 14-year-old adolescent male (BMI 30.4) admitted to the hospital with acute 
pain and neurological deficits. 

Kiess W, Wabitsch M, Maffeis C, Sharma AM (eds): Metabolic Syndrome and Obesity in Childhood and Adolescence. 
Pediatr Adolesc Med. Basel, Karger, 2015, vol 19, pp 84–98 ( DOI: 10.1159/000368110 )



 Orthopaedic Aspects of Obesity in Children and Adults 97

 Conclusion 

 With the improvement of living standards and increasingly easy availability of food, 
there has been a parallel increase in the number of overweight people in developed 
countries over the course of many years. This fact has led not only to an increase in 
cardiovascular and metabolic diseases but also to an increased incidence of musculo-
skeletal complaints. 

 Inactivity resulting from such discomfort in many of those affected helps to main-
tain a vicious cycle that must be broken through early education and awareness for 
the establishment of alternative behaviours. In particular, there is sound scientific 
evidence linking degenerative (osteoarthritic) changes in the lumbar spine segments 
and the knee with overweight and obesity.

  The frequency of diabetic foot problems increases with the duration of poorly 
managed diabetes mellitus. Diabetic foot syndrome is often underestimated and needs 
interdisciplinary care. Properly managed metabolic changes in diabetes, counselling 
and training, the correct treatment of wounds and orthopaedic diabetes footwear can 
often help to prevent complications.

  Unfortunately, overweight and obesity and their consequences are observed not 
only in adults but also increasingly in children and adolescents. In particular, in the 
growing skeleton, overweight and obesity are associated with severe structural dis-
turbances of the growth plates as well as secondary form and axis deviations in the 
load-bearing lower extremities. These axis deviations not only represent cosmetic 
and functional problems in the affected children and adolescents but also potentiate 
the subsequent risk of degenerative joint disorder (OA). Professional groups who are 
entrusted with the care of overweight children and adolescents should be aware of 
the frequent occurrence of disorders of the skeletal system within the context of spe-
cific developmental phases and should respond with particular sensitivity to early 
symptoms. 
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 Abstract 

 The chapter contains   a critical review of the current literature pertaining to the consequences of 
childhood and adolescent obesity/metabolic syndrome on the urogenital system, with a particular 
focus on microalbuminuria, renal disease, urolithiasis and lower urinary tract symptoms. The clini-
cal implications of the current evidence with regard to the relationship between early obesity/
metabolic syndrome and the above-mentioned conditions are discussed. 

 © 2015 S. Karger AG, Basel 

 Renal Disease 

 Obesity and metabolic syndrome (MS) have been associated with renal damage in 
adults  [1] . Obesity directly favors renal damage through several mechanisms  [1]  
( fig. 1 ). The obesity-related activation of the renin-angiotensin-aldosterone system is 
one of the most extensively studied mechanisms explaining renal injury driven by 
obesity  [1] . Adipocytes possess a renin-angiotensin system and produce angiotensin 
II, thus stimulating the production of aldosterone  [1] . Moreover, adipose tissue also 
secretes angiotensin-independent mineralocorticoid-releasing factors  [1] . Thus, obe-
sity is associated with a state of hyperaldosteronism leading to plasma expansion, glo-
merular hyperfiltration and damage and proteinuria, which often occurs in parallel 
with a state of pre-hypertension  [1] . Aldosterone has also been shown to have direct 
negative glomerular effects in animal models, independent of blood pressure and 
plasma expansion  [1] . 

 An obesity-associated decrease in adiponectin levels is another mechanism of renal 
damage because of the resultant reduced AMP-activated protein kinase in glomerular 
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podocytes with consequent podocyte foot process fusion and effacement  [1] . Obesity 
is also associated with the overexpression of PA-1 and cytokines in both visceral tissue 
and glomeruli and with glomerular infiltration by proinflammatory macrophages, 
leading to renal inflammation, fibrosis and proteinuria  [1] .

  Finally, an overload of dietary advanced glycation end products associated with 
obesity may be another cause of renal injury and proteinuria  [1] . Apart from the direct 
effects of excessive adipose tissue on the kidney, obesity-related insulin resistance 
(IR)/hyperinsulinemia is a well-recognized cause of renal damage, even in the absence 
of diabetes  [2] . In particular, insulin has an antinatriuretic effect, increasing sodium 
reabsorption without affecting the glomerular filtration rate or aldosterone levels  [2] . 
Moreover, insulin affects the renin-angiotensin-aldosterone system, increasing its ac-
tivity despite volume expansion  [2] . It also increases the effects of angiotensin II on 
mesangial cells, thus favoring hypertension, increased intraglomerular pressure, pro-
teinuria, and the production of renal cytokines and growth factors with consequent 
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  Fig. 1.  Pathogenic pathways of renal damage associated with obesity and metabolic syndrome. 
RAS = renin-angiotensin system; RAAS = renin-angiotensin-aldosterone system; IR = insulin resis-
tance; SNS = sympathetic nervous system; AGEs = advanced glycation end products; NOS = nitric 
oxide synthase. 
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mesangial proliferation, fibrosis and apoptosis  [2] . Insulin  per se  can promote mesan-
gial proliferation and the production of extracellular matrix proteins  [2] . Further-
more, it is thought to encourage renal damage by decreasing the production of endo-
thelial nitric oxide, with consequent vasoconstriction and hypertension  [2] . Finally, 
obesity and IR-related dyslipidemia are additional causes of renal damage because 
they promote inflammation and endothelial dysfunction  [2] .

  Several longitudinal and cross-sectional studies on adults have shown significant as-
sociations between obesity and asymptomatic proteinuria, non-diabetic/non-hyper-
tensive chronic kidney disease (CKD) and death from non-diabetic/non-hypertensive 
end-stage renal disease (ESRD)  [1] . Moreover, the epidemic of severe obesity has been 
correlated with a ten-fold increase in the prevalence of a specific obesity-related CKD 
called obesity-related glomerulopathy (ORG), which is characterized by obesity-relat-
ed glomerulomegaly alone or in association with focal segmental glomerulosclerosis 
(FSGS) and by nephrotic syndrome and chronic renal failure, with a lower rate of pro-
gression towards ESRD compared to idiopathic FSGS (3.6 vs. 42%, respectively)  [1] . 
ORG is typical of severe obesity, and it can be estimated to affect 3–4% of severely obese 
adults in the United States (U.S.) according to epidemiological evidence on the overall 
prevalence of CKD, the percentage of CKD accounted for by ORG and the prevalence 
of severe obesity  [1] . The relationships between obesity and pre-clinical renal damage, 
CKD and progression towards ESRD in children and adolescents have not been exten-
sively investigated. The following paragraphs contain a critical review of current litera-
ture pertaining to the associations between obesity/MS and microalbuminuria (MA), 
CKD, and the progression of renal damage in children and adolescents.

  Microalbuminuria 

 The association between MA and pediatric obesity/MS is complex. In 2008, the Na-
tional Health and Nutrition Education Study (NHANES)  [3]  defined MA as an albu-
min-to-creatinine ratio (ACR) of 30–300 mg/g that was negatively associated with 
overweight/obesity in 2,515 adolescents with an overall prevalence of MA of 8.9%. In 
the NHANES  [3] , normal-weight adolescents had an 8.7% prevalence of MA, and it 
was 0.3% in overweight/obese adolescents. Consistently, a more recent study on 1,564 
Argentinean children has reported that obese children are less likely than normal-
weight children to present with an ACR of above the median, and a study on 365 
Greek adolescents has reported an inverse correlation between the ACR and stan-
dardized body mass index (Z-BMI)  [4, 5] . This body of evidence underscores the no-
tion that childhood and adolescent obesity are not risk factors for MA at the commu-
nity level and are even associated with lower prevalences of MA and lower ACRs. The 
reason for this unexpected association is unknown, but authors have generally argued 
that lean children and adolescents are more likely to have orthostatic and exercise-
related proteinuria than their overweight counterparts  [3–5] . 
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 On the other hand, several referral-based studies have consistently shown that 
among obese adolescent outpatients, those who have an insulin-resistant pheno-
type; for example, higher fasting or post-challenge insulin and/or glucose and/or 
more severe obesity, are at increased risk for MA  [6–10] . Furthermore, the NHANES 
 [3]  reported that cardiovascular risk factors (impaired fasting glucose, IR, hyperten-
sion and smoking) were associated with MA among overweight and obese adoles-
cents but not among normal-weight participants, suggesting that obesity-mediated 
IR is the key pathogenetic link between cardiovascular risk factors and MA among 
adolescents. The NHANES  [3]  has indicated that IR as defined as a homeostasis 
model assessment of IR (HOMA-IR) of  ≥ 4 (15% of subjects) is the strongest risk 
factor for MA, with an unadjusted odds ratio (OR) of 19 [1.89–189]. In contrast, MS, 
lipid levels and blood pressure have not always been proven to be predictors of MA 
in obese children and adolescents  [7, 9, 11] . Studies on diabetic youth have further 
reinforced the notion that IR is an important causative risk factor for MA. In par-
ticular, the SEARCH for Diabetes in Youth study  [12]  has reported that among 
3,259 diabetic adolescents, those with type 1 diabetes have a 9.2% prevalence of MA, 
and those with type 2 diabetes have a 22.2% prevalence; in addition, the association 
between type 2 diabetes and MA is strongly attenuated by adjustments for obesity, 
hypertension and triglycerides. More recently, the same study has reported that the 
subsample of diabetic adolescents without diabetes autoantibodies and with IR has 
a greater ACR compared with all other groups, possibly because of the greater mag-
nitude of IR observed in this group  [13] . Thus, evidence in the current literature 
suggests that obesity-related IR and glucose dysregulation are consistent risk factors 
for MA in youth.

  The evidence that obesity is a risk factor for IR-related MA or severe obesity-relat-
ed MA has given rise to the question of whether obese children and adolescents should 
be screened for MA despite the overall lower prevalence of this condition among 
obese compared with normal-weight youth. The overall low prevalence (2–3%) of MA 
observed in multi-ethnic or mainly European referral-based cohorts of obese children 
and adolescents argues against the routine assessment of MA in asymptomatic obese 
patients  [3, 7, 14] . Populations of non-European ancestry are known to have a higher 
prevalence of MA than European populations  [15] . A referral-based study on 150 
obese Egyptian children reported a 14.7% prevalence of MA, suggesting that the de-
bate on the cost-effectiveness of routine MA assessment in obese pediatric patients 
could be more worthwhile for certain non-European populations  [6] . Evidence sup-
porting the assessment of MA in sub-groups of obese patients presenting with risk 
factors like IR, glucose dysregulation or very high BMI is also scarce. In fact, most 
studies of risk factors for MA do not contain any analysis of the association between 
MA and risk factors but simply report on the relationship between the ACR and met-
abolic risk factors or ACRs above the median and metabolic risk factors  [4, 5, 7, 8, 10, 
11] . Thus, these studies do not help to assess the accuracy of metabolic risk factors 
in  discriminating obese patients with MA, and consequently, they do not help to 
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 evaluate the potential clinical values of these factors. Among the few studies analyzing 
the associations between metabolic/anthropometric risk factors and MA, the NHANES 
 [3]  has indicated that a HOMA-IR of  ≥ 4 could be a very sensitive criterion to detect 
cases of MA in obese adolescents. In fact, the very strong association between a 
HOMA-IR of  ≥ 4 and MA that has been reported by the NHANES (unadjusted OR = 
19 [1.89–189])  [3]  implies that almost all cases of MA are characterized by a HOMA-
IR of  ≥ 4. However, due to the very low prevalence of MA, almost all obese adolescents 
with this risk factor do not have this condition; therefore, the HOMA-IR, despite its 
sensitivity, would be a poor specific and predictive risk factor, or in other words, it 
would have a very low diagnostic yield if adopted for the detection of MA cases (ap-
proximately 1 case for every 20 tests). An HOMA-IR of  ≥ 4.34 has been proven to be 
associated with MA in the above-mentioned referral-based Egyptian cohort, but de-
spite the higher prevalence of MA in this cohort compared with the NHANES (14.7 
vs. 0.3%), this criterion would not be a satisfactory screening tool for detecting pa-
tients likely to have MA because of its moderate strength of association in this sample 
(OR = 2.14 [1.15–5.53]), implying a low sensitivity for detecting the screened condi-
tion  [6] . Another recent study on 408 obese children and adolescents with a 2.7% 
prevalence of MA failed to find any association between MA and the HOMA-IR, but 
the HOMA-IR cut-off used as a potential screening tool was 3.5, not 4 or 4.34  [14] . 
Importantly, not only were the three above-mentioned studies heterogeneous with 
regard to ethnicity, type of recruitment and the criteria adopted to define IR, but they 
also included a total of 42 patients with MA; therefore, they were underpowered to 
provide precise estimations of the predictive properties of IR as a risk factor for MA, 
as confirmed by the large confidence intervals of the ORs associated with IR  [3, 6, 14] . 
This is significant because in a population with an approximately 15% prevalence of 
MA, such as that in the Egyptian study, an OR of 5.1 instead of 2.14 could make the 
difference between the clinical utility or nonutility of the HOMA-IR as a screening 
tool for selecting obese children to undergo urinalysis. Similar conclusions can be 
made for other metabolic or anthropometric risk factors taken into consideration by 
the cited studies. Finally, it must be pointed out that even if highly discriminative risk 
factors for MA exist, its assessment in obese children who test positive for such factors 
would not be justified because its exact prognostic value in obese children or adoles-
cents has not yet been elucidated, and a specific therapy for isolated MA in obese 
youth does not yet exist.

  Overall, it can be concluded that current evidence does not support the assessment 
of MA in all obese pediatric patients nor in sub-groups at higher risk. Especially for 
non-European populations, studies on large referral-based cohorts of obese children 
and adolescents are warranted to better define the potential utility of IR-related vari-
ables in selecting obese youth who should undergo a urinalysis to assess the extent of 
albuminuria. In parallel, longitudinal studies investigating the prognosis of early MA 
in obese patients and possibly clinical trials investigating therapeutic options are 
needed to justify the screening of MA in obese children.
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  Chronic Kidney Disease 

 A prospective study on approximately 1.2 million adolescents from Israel with an 
overall ESRD incidence of 2.87 cases per 100,000 person-years reported an incidence 
rate of 13.4 cases per 100,000 person-years in obese adolescents  [16] . This incidence 
rate was accounted for by an 8.1 incidence rate of diabetic ESRD and a 5.1 incidence 
rate of non-diabetic ESRD ( fig. 2 ). Even after adjustment for hypertension and other 
confounders, adolescent obesity was associated with nearly a 20-fold higher risk of 
diabetic ESRD and a 3.41-fold higher risk of non-diabetic ESRD  [16] . This robust 
evidence, which is consistent with longitudinal data from adult populations, proves 
that adolescent obesity is not only associated with diabetic nephropathy but also with 
obesity-related CKD and/or with a higher rate of progression of all types of non-dia-
betic CKD  [16] . Unfortunately, this study did not allow for the dissecting of the di-
verse causes of non-diabetic ESRD associated with adolescent obesity, although it 
emphasized a significantly higher rate of progression towards ESRD due to CKD in 
obese compared to normal-weight adolescents  [16] . Moreover, all adolescents with 
baseline proteinuria were excluded; thus, this study did not help to determine the 
prognostic significance of asymptomatic proteinuria in obese adolescents  [16] . Fi-
nally, it was not multi-ethnic  [16] . The only other available prospective study on ear-
ly life overweight and subsequent renal function, which assessed the relationship be-
tween early life overweight and CKD, was much less powerful than the above-men-
tioned study  [17] . This longitudinal study was on a British cohort of 4,340 participants 
followed from 2 to 60–64 years of age, with an overall 1.7% prevalence of CKD defined 
as a cystatin-based estimated GFR (eGFRcys) of less than 60 ml/min/1.73 m 2 . In this 
cohort, prepuberty and puberty onset long-standing obesity were associated with ap-
proximately twice the risk of developing eGFRcys-defined CKD at 60–64 years of age 
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 [17] . This association was strongly attenuated after adjustments for the presence of 
diabetes and hypertension, but the authors acknowledged the probable lack of statis-
tical power to detect any association between early obesity and later non-diabetic/
non-hypertensive CKD  [17] . Of note, the association between early obesity and CKD 
was not significant when the creatinine-based estimated GFR (eGFRcr) was adopted 
instead of the eGFRcys  [17] . This may be partially because CKD was overestimated at 
the highest BMI levels by the eGFRcys compared to the eGFRcr, favoring the higher 
incidence of CKD in the class of individuals with long-standing obesity from child-
hood/adolescence to adult life because of misclassification. Thus, the association be-
tween early life obesity and later CKD highlighted by this study should be considered 
with caution  [18] . Overall, the results of the above-mentioned longitudinal studies 
prove that adolescent obesity surely increases the risk of suffering from diabetic and 
non-diabetic ESRD, raises the risk of diabetic or hypertensive CKD and perhaps also 
increases the risk of suffering from any form of non-diabetic/non-hypertensive CKD 
in adulthood. 

 Cross-sectional studies that have assessed the association between the eGFR and 
BMI during childhood and adolescence have produced conflicting results. The most 
powerful study (the CREDIT study  [19]  )   showed that among 3,622 5- to 18-year-old 
Turkish children, obese participants and those with hypercholesterolemia had a low-
er (not better specified) mean eGFRcr compared to normal weight participants but 
did not have different rates of eGFRcr <90 or <75 ml/min/1.73 m 2 . In contrast, a small 
previous study on 166 healthy Greek children and adolescents has reported that obe-
sity and MS are associated with a higher eGFRcr, suggesting that obesity and the re-
lated metabolic impairment may involve renal hyperfiltration as a possible first step 
towards renal damage  [20] . A third study on 113 obese Iranian adolescents has re-
ported that the presence of MS is a risk factor for a lower eGFRcr  [21] . Interestingly, 
none of these studies were based on direct measurements of GFR but on creatinine-
based estimates of the GFR. The impact of obesity and body composition on the ac-
curacy of the eGFRcr in children and adolescents has not yet been elucidated, and 
consequently, methods to adjust the eGFRcr for these variables are not yet available. 
However, there is evidence that creatinine-based methods may overestimate the GFR 
in obese individuals because of the increased tubular secretion of creatinine at the 
highest BMI levels  [22] . On the other hand, the use of body surface in the eGFRcr for-
mula may not be sufficient to account for the higher absolute lean mass and subse-
quent higher creatinine production in obese children and adolescents, implying an 
underestimation of the GFR in obese youth with a good percentage of fat-free mass. 
Thus, the above-mentioned body of evidence on the cross-sectional association be-
tween obesity/MS and GFR in childhood/adolescence could be biased by a latent sys-
tematic over- or under-estimation of the GFR according to anthropometric variables. 
In the future, large studies with direct measurements of or BMI/fatness-adjusted 
 estimates of the GFR in multi-ethnic cohorts of children and adolescents will be nec-
essary to unravel the role of BMI/MS on renal function during childhood and 
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 adolescence. At the moment, based on the results of the CREDIT study, it may be 
concluded that the GFR most likely does not differ or differs very modestly between 
obese and non-obese children and adolescents  [19] .

  With regard to the current literature pertaining to ORG during childhood and 
adolescence, twelve years ago, a case report was published describing seven severely 
obese African American adolescents affected by nephrotic proteinuria and renal dam-
age, including glomerular hypertrophy, FSGS, increased mesangial matrix and cellu-
larity, the relative preservation of foot process morphology and the absence of evi-
dence of inflammatory or immune-mediated pathogenesis  [23] . In 2009, a multi-eth-
nic cohort study of 40 children and adolescents with non-diabetic kidney disease and 
proteinuria and with available renal biopsies has reported that the FSGS of obese pa-
tients is typically associated with glomerulomegaly in contrast with that of non-obese 
patients and is characterized by a slower progression towards ESRD, unless the obe-
sity is associated with pre-term birth  [24] . Evidence of the exact prevalence and prog-
nosis of ORG in severely obese children and adolescents is lacking.

  Urolithiasis 

 Adult obesity is positively associated with the prevalence and incidence of kidney 
stones, and the strongest association is with uric acid stones, although the extent to 
which obesity influences each type of stone is still unknown  [1] . Recently, a large hos-
pital-based case-control study on 9,843 pediatric cases of urolithiasis and 39,047 age- 
and hospital-matched controls has reported that this condition is associated with 
higher odds of obesity (OR = 1.30 [1.12–1.51]), suggesting that obesity is a risk factor 
for urolithiasis among pediatric patients at freestanding children’s hospitals  [25] . In 
contrast, a study comparing the prevalence of obesity among 222 pediatric patients 
with urolithiasis to that of the general pediatric population and two studies compar-
ing the prevalence of obesity among 297 pediatric patients with urolithiasis to that 
among 674 healthy controls did not find any associations between obesity and uroli-
thiasis  [26–28] . Thus, obesity could be a risk factor for kidney stones among hospital-
recruited children but not in the general pediatric population. Larger population-
based studies are needed to clarify this point. 

 Two studies comparing 293 obese children to 331 normal-weight children have 
reported that obesity is associated with urinary risk factors for stone formation, such 
as lower pH, higher oxalate and lower citrate concentrations  [29, 30] . This suggests 
that during childhood, urinary risk factors for kidney stone formation are associated 
with obesity. A recent study has reported that among 46 obese adolescents, IR and the 
number of risk factors for MS are associated with lower urinary pH and a higher rela-
tive saturation ratio of calcium oxalate, which are two important risk factors for kid-
ney stone formation  [31] . Thus, IR and MS may trigger the formation of kidney stones 
among obese adolescents.
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  Lower Urinary Tract Symptoms 

 Childhood obesity is associated with enuresis  [32, 33] . According to a recent study on 
281 children and adolescents, obese children are approximately three times more 
prone to suffer from enuresis than normal-weight children (30 vs. 8.8%)  [32] . More-
over, in this study, obesity was shown to explain the association between enuresis and 
attention- deficit/hyperactivity disorder  [32] . Unhealthy diets that overwhelm func-
tional bladder capacity, psychological distress and parental indulgence have been pro-
posed as potential explanations for obesity-associated enuresis  [32] . According to 
previous data, childhood obesity is associated not only with enuresis but also with a 
higher rate of treatment failure among enuretic children and a lower voiding diary 
completion  [33] . Authors agree that enuresis should be clarified during the primary 
workup of every obese child and adolescent  [32, 33] . 

 Similar to what is observed in obese adult women, obesity is associated with stress 
urinary incontinence (SUI) in obese adolescents  [34, 35] . The exact prevalence of this 
complication among obese girls is not known but may be approximately 10% in con-
trast to its virtual absence among normal-weight healthy girls  [34] . Severe adolescent 
female SUI, which is estimated to be rare, has also been reported as a comorbidity of 
obesity in adolescent girls  [35] . It is characterized by the leakage of large amounts of 
urine at least once weekly, and its severity may require surgical treatment because of 
the ineffectiveness of antimuscarinic medications and physiotherapy  [35] . The mech-
anism behind the association of obesity with SUI is unknown  [1] . However, it is hy-
pothesized that obesity increases abdominal pressure, which raises bladder pressure 
and urethral mobility, leading to SUI  [1] . The increase in intravesical pressure created 
by obesity may reduce the continence gradient between the bladder and urethra, lead-
ing to higher static pressure within the bladder, thus reducing the magnitude of in-
crease in intra-abdominal pressure necessary to force urine through the urethra  [1] .

  Overall Summary 

 Obesity and MS favor renal damage in several ways. While common obesity does not 
seem to increase the risk of MA among children and adolescents, severely obese ado-
lescents with IR could develop this condition. The prognosis of MA in obese adoles-
cents is not known, and there is currently no strategy to accurately select obese chil-
dren and adolescents at higher risk of MA and to test them for this condition. Long-
standing obesity of pre-pubertal or pubertal onset is associated with increased risks of 
diabetic and non-diabetic ESRD, but it is not clear whether early obesity is associated 
with a higher prevalence of non-diabetic CKD during adulthood. Only a few cases of 
ORG have been reported in severely obese adolescents. Data on the GFR-obesity re-
lationship during childhood and adolescence are based on estimated measurements 
that are likely to be influenced by BMI and are not conclusive; thus, they do not allow 
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for the routine assessment of renal function among obese children and adolescents. 
Apart from hospital-based cohorts, obesity does not seem to increase the prevalence 
of kidney stones among children and adolescents, even when obesity and MS are as-
sociated with increased urinary risk factors for stone formation. Obesity is associated 
with pediatric enuresis and female stress urinary incontinence, which should be as-
sessed during the primary workup of obese children and adolescents. 
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 Abstract 

 The process of pubertal development is only partly understood but is thought to be influenced by 
many partially unknown factors. During the 20th century, there was a secular trend towards earlier 
pubertal development. Due to the rising epidemic of childhood obesity, the relationship between 
body composition in childhood and the tempo and timing of puberty needs to be better under-
stood. Studies have shown that there is a clear relation between reaching a critical body weight and 
pubertal onset and course. Moreover, a rapid and early weight gain during infancy, and even during 
foetal life, is associated with an earlier onset of menarche, an earlier pubertal growth spurt, an ear-
lier thelarche in girls, an earlier pubarche in both sexes and an earlier increase in testicular volume 
in boys. Furthermore, there is a clear correlation between increasing body mass index and earlier 
pubertal development in girls. In boys, controversial data exist. The majority of studies propose that 
puberty and voice break occur earlier in obese boys when compared with normal-weight peers, but 
interestingly, a few studies show the opposite finding. The earlier onset of puberty that occurs in 
obese individuals could be mediated by factors that are directly linked to adipose tissue or could be 
an indirect effect of genetic and/or environmental factors. This review presents the current evidence 
on this topic, highlighting inconsistencies and opportunities for future research. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 Overweight and obesity are defined by the World Health Organization as abnormal 
or excessive fat accumulation that may impair health. In 2011, more than 40 million 
children under the age of five were overweight. Overweight in childhood is defined 
as a body mass index (BMI) above the 85th percentile and lower than the 95th per-
centile, whereas obesity is defined as a BMI above the 95th percentile. Puberty is the 
process of physical change by which a child’s body matures into an adult body that 
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is capable of sexual reproduction to enable fertilisation. Puberty is initiated by hor-
monal signals from the brain to the gonads: the ovaries in a girl, and the testes in a 
boy. On average, girls begin puberty at ages 9–11, and boys begin puberty at ages 
10–12; girls usually complete puberty by ages 15–17, while boys usually complete pu-
berty by ages 16–17. 

 To induce pubertal development, children need to have reached a certain body 
weight or at least a particular amount of fat  [1–3] . Being underweight due to a 
 condition such as anorexia nervosa, chronic illness or malnutrition can lead to de-
layed puberty and later subfertility. From the 20th century onwards, there has been 
a downward trend towards an earlier age at menarche that was thought to be due 
to improvements in nutrition and overall quality of life. This trend has now stabi-
lised in many countries  [4–7] , but some countries, including the USA  [8] , Greece 
 [9] ,  and Jamaica  [10],  still report an advanced pubertal onset in their paediatric 
populations.

  The increasing prevalence of obesity during childhood and adolescence is one of 
the major health problems in developed countries across Europe and in Canada and 
the USA, and this is a well-known statistic. However, obesity is also emerging as a sig-
nificant problem in developing countries, where obesity and under-nutrition often 
co-exist  [11] . The development of early comorbidities, including insulin resistance, 
dyslipidaemia, hypertension and other cardiovascular risk factors are often seen in 
overweight and obese youth, and metabolic syndrome is a diagnosis that is now often 
made on a regular basis in paediatric centres. Another complication, which is the ma-
jor focus of this chapter, is the induction of earlier pubertal development in obese 
children  [12–15] . Early puberty can lead to an imbalance in sexual and psychosocial 
maturation that can induce future health problems  [16, 17] . Many previous studies 
have indicated a reasonably strong relationship between over-nutrition and the tim-
ing of puberty, giving rise to the critical mass theory  [18] . This theory suggests that 
there is a critical fat mass ( ∼ 17% body weight) required for menarche and a higher fat 
mass (22% body weight) needed to maintain reproductive capacity.

  Given this relationship and the increasing prevalence of overweight and obese 
youths across the world, should we therefore expect a corresponding secular change 
in the timing of puberty  [18] ? At the moment, the data on this topic are controversial, 
and there is currently not enough evidence showing a direct association between glob-
al changes in obesity rates and early sexual maturation across the world. This article 
will therefore highlight and discuss the data that are available on this important but 
controversial topic. Due to the inconsistencies of the published data, it is necessary 
that we begin to plan new and interdisciplinary studies, ideally involving large num-
bers of youth who are followed over long periods of time, to better understand the 
trends in pubertal development. These types of studies also need to be linked to in 
vitro and in vivo investigations of the molecular mechanisms that govern puberty in-
duction to find the missing links between adipose tissue and pubertal development 
 [17, 19, 20] .
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  Obesity 

 Childhood obesity is now a frequently seen condition, and its prevalence has only re-
cently stabilised in many countries, including Germany  [21] . However, the prevalence 
of childhood obesity is still much too high and even continues to rise in several coun-
tries around the world. Weight gain is the result of many different and diverse factors, 
such as exposure to an obesogenic environment and genetic traits that have evolved 
over time to facilitate fat storage  [15, 22–25] . Children with lifestyle-induced obesity 
are often tall during childhood but have a normal final height, and this is often due to 
earlier (but still within the normal range) timing of pubertal development and hence 
earlier closure of the growth plates. Children who suffer from obesity due to specific 
genetic and/or hormonal conditions tend to be shorter than their predicted final 
height. These findings show that there are likely factors that affect both puberty and 
body composition  [26–31] . 

 Around 40–70% of the inter-individual differences in body weight can be explained 
by genetic variation – particularly in young children. Many different genes have been 
identified that impact body weight  [32] . During evolution, different gene variants that 
guaranteed survival, even in times of malnutrition and starvation, have been selected. 
However, those conditions do not exist in our modern and obesogenic environment, 
and therefore, the selection of genes that promote overweight and obesity have be-
come detrimental, leading to the development of weight-related metabolic complica-
tions  [22, 33–35] .

  Furthermore, sociocultural surroundings can influence the development of obe-
sity. For example, Christakis and Fowler have shown that an increase in body 
weight in one person can affect the body weight of friends, siblings, relatives and 
neighbours. Network phenomena, therefore, also seem to be relevant to the bio-
logical and behavioural traits of obesity, and obesity appears to spread through so-
cial ties  [23, 36] .

  Pubertal Development 

 Puberty usually follows a typical pattern of development in both sexes. In girls, pu-
berty usually starts at 9–14 years of age with breast development followed by pubic 
hair growth. In boys, true puberty starts at 10–15 years of age with an increase in 
testicular volume followed by pubic hair and enlargement of the penis. Pubertal de-
velopment starts with activation of the hypothalamic-pituitary-gonadal axis. Chang-
es in the production of the hypothalamic gonadotropin-releasing hormone (GnRH), 
the gonadotropins luteinising hormone (LH) and follicle-stimulating hormone and 
the sex steroids estradiol and testosterone lead to the manifestation of the first clin-
ical signs of puberty. Pubic hair can develop independently from the activation of 
the hypothalamic-pituitary-gonadal axis (termed pubarche), for example, due to 
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 androgen production in the adrenal glands  [22] ; this phase is termed adrenarche and 
does not represent true puberty. Clinically, pubertal status can be classified with the 
help of the Tanner stages (B1–5 for breast development, P1–6 for pubic hair devel-
opment, and G1–5 for male genitalia development). Unfortunately, this method is 
biased by the subjective evaluation of the examination and can therefore lead to 
problems in clinical studies. However, one has to take into consideration that, in 
some cases, obese girls may have suffered from pseudo- or lipogynaecomastia in-
stead of real thelarche. All pubertal changes usually occur over a period of 4–5 years. 
The beginning, duration and maturation of puberty are a result of a complex inter-
play between the central nervous system, endocrine glands and adipose tissue  [37, 
38] . Interestingly, the timing of puberty is often markedly different between different 
ethnicities  [21] , and there is also a large variation in the timing of puberty, which 
can vary by up to 4 years, in any given population. 

 An increase of the hypothalamic secretion of GnRH is an essential step for activat-
ing the pituitary-gonadal axis at the start of pubertal development. A short phase of 
GnRH system activation occurs during foetal development and during the neonatal 
period; however, reactivation in later childhood is thought to be critical for the induc-
tion of puberty, and sudden changes in GnRH secretion are the inductor, timer and 
supporter of pubertal maturation. The activation of the system underlies large inter-
individual variations that reflect the complexity of puberty and indicate that puberty 
is not simply a function of chronological age. The mechanisms that impact the GnRH 
secretory network convey information about metabolic fuels, energy stores and so-
matic development. The primary activation of GnRH during the foetal and neonatal 
periods and the intensity of this initial activation might also affect the timing and on-
set of puberty  [22, 37, 39] .

  Many definitions for the timing of puberty exist in the literature, and this can 
cause confusion when examining the impact of factors such as obesity on the timing 
and tempo of puberty. The definition of puberty can be based on the shape of the 
adolescent growth spurt, the timing of sexual characteristics, specific events like men-
arche in girls and voice break in boys or skeletal maturation  [18] . All of these factors 
likely contribute to the reported large variation in the timing of the onset of normal 
puberty.

  While pubertal timing appears to be largely influenced by genetics, as implied by 
studies in twins  [26] , Karlberg suggests in his review from 2002 that a single environ-
mental factor stands out as most significant – possibly explaining as much as 25% of 
the variation in the timing of puberty. This factor, it is stated, is simply the nutrition-
al status in childhood – over-nutrition and obesity seem to trigger pubertal onset. 
However, recent studies have identified that both shortness and thinness at birth are 
also associated with earlier pubertal maturation – the reverse of their impact during 
childhood years  [18] . Longitudinal series as opposed to cross-sectional series should 
be used to characterise the various pubertal events in more detail, thus providing more 
trustworthy information.
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  Effects of Puberty on Childhood Obesity Development 

 More than 2000 girls were examined in the ‘National Health and Nutrition Examina-
tion Survey’. This survey consisted of a programme of studies that combined inter-
views and physical examinations to assess the health and nutritional status of adults 
and children in the USA. The mean age of menarche decreased by approximately 3 
months in white girls and by 5.5 months in black girls in the USA between the late 
1960s and approximately 1990, and this decrease was independent of weight. It is sig-
nificant that the strongest evidence, i.e. the largest consistent changes, for the recent 
secular advancement of the onset and progression of puberty was found in the age at 
menarche for Mexican-American children and in black girls. These findings raise 
many questions concerning the definitions of race/ethnicity, concurrent secular 
changes in socioeconomic or health status, other USA minority populations, genetic 
potentials, and associations between changes in pubertal timing and obesity. In this 
study, the prevalence of early menarche was significantly increased if the girls had a 
BMI between the 85th and 95th percentile  [17, 19] . Early pubertal development was 
also associated with a higher BMI and waist circumference in later life  [40] . The stud-
ies in boys are less clear. One study investigated the effect of pubertal maturation and 
BMI on adipose tissue distribution and BMI during adulthood in 579 men  [41, 42] . 
The age at the highest growth spurt correlated negatively with BMI, total body fat 
mass and central fat mass, but not with peripheral fat mass. An early start of pubertal 
development could therefore be a predictor for more centrally than peripherally in-
creased fat mass in later life. A high amount of subcutaneous adipose tissue is rather 
a sign for a high BMI before puberty  [42] . 

 Obesity Influences Pubertal Development 

 Several studies on how childhood obesity can influence pubertal timing exist, but their 
results are sometimes controversial. The most important finding is that there are pro-
nounced sex-dependent differences. A rapid weight gain during infancy (independent 
of birth weight) is associated with early pubertal development in both sexes. These 
data therefore support the hypothesis that fast body growth and rapid weight gain 
during infancy will influence pubertal development and induce earlier maturation 
 [10] . 

 Lue et al. found that a 1 unit (kg/m 2 ) greater BMI value at 8 years of age is associ-
ated with approximately a 1.3- and 1.2-month earlier age at peak height velocity for 
boys and girls, respectively  [43] . Furthermore, results of a German study on 1,421 pre-
pubertal children did not find significant differences in age when pubic hair was seen 
(of P2 Tanner) in lean and obese girls and boys. However, the age of thelarche was 
significantly earlier in obese girls, and an increase in testicular volume in boys ap-
peared to be independent of BMI  [44, 45] .
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  In contrast, one study showed that childhood obesity could lead to a delayed tim-
ing of puberty. In 1,383 overweight and obese children, the following parameters were 
compared: body weight, height and timing of pubarche, menarche and voice break in 
a representative German childhood cohort aged 10–16 years  [46] . Obese children 
were found to undergo later pubarche, menarche and voice break than their lean con-
trol group and hence presented with late puberty  [46] .

  As described above, the study results are controversial. Therefore, it is of great im-
portance to perform further and interdisciplinary studies to illuminate the connection 
between obesity and pubertal development and to better understand the sex-specific 
differences in these processes.

  Childhood Obesity and Pubertal Development in Boys 

 Unfortunately, data about the connection between childhood obesity and pubertal 
development in boys is limited and controversial. Several studies have attempted to 
obtain significant and consistent data in relation to weight status and the timing and 
tempo of puberty  [6, 22, 47–49] . 

 One retrospective study included 1,520 men who were followed up until the age of 
65. In this study, a high BMI during childhood was associated with an earlier timing 
of pubertal development  [50] , and children who showed late pubertal development 
were taller and leaner as adults. Furthermore, this study demonstrated that rapid 
weight gain during childhood resulted in early pubertal development and in shorter 
final height  [50] .

  Another sign of pubertal maturation, the voice break, was evaluated in 436 choir-
boys from Denmark. The age at voice break decreased from 14.0 to 13.7 years within 
10 years  [51] , and there was a trend towards an earlier voice break with increasing 
BMI  [17, 41, 51] .

  Another puberty study from Copenhagen investigated the secular trend of puber-
tal timing in boys over a period of 15 years  [47] , comparing the pubertal timing during 
years 1991–1993 to that in 2006–2008. The researchers found that puberty, defined as 
a testis volume of >3 ml, started earlier in 2006–2008. Furthermore, the LH levels in 
this group were significantly increased compared to that of the first group, and the 
BMI-Standard Deviation Score (BMI-SDS) was found to be significantly higher in the 
second set of investigations. Interestingly, there were no significant differences in pu-
bertal timing and serum LH levels during the two time frames after adjusting the BMI-
SDS. In conclusion, this study found earlier pubertal development that seemed to be 
associated with increasing BMI  [47] .

  The current data and publications on this topic are controversial; however, both 
hypotheses appear to be valid in that childhood obesity in boys can lead to an ear-
lier or even delayed puberty. However, the majority of studies has shown that child-
hood obesity tends to be linked with an earlier timing of pubertal development in 
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boys, but there are still too many inconsistencies to be able to answer the question 
properly. Further well-planned and interdisciplinary studies are needed to clarify 
these data.

  Childhood Obesity and Pubertal Development in Girls 

 A large number of diverse studies have evaluated the connection between childhood 
obesity and pubertal development in girls. The results in girls, more strongly than 
those in boys, support the hypothesis that childhood obesity will lead to an earlier pu-
berty onset. The major problem with these data is that they are mostly derived from 
cross-sectional studies; therefore, questions about the causality of this early onset of 
puberty remain unanswered. Girls that have a high BMI-SDS (>1.88) have a high 
probability of menstruating earlier, and they present with an earlier pubertal develop-
ment than lean girls  [44, 52–54] . Early puberty in girls can be caused by overweight 
and obesity, and this is definitely more often the case than puberty leading to a mas-
sive increase in body weight  [55, 56] . 

 Whether the general decrease in age for pubertal onset is a result of the so-called 
‘obesity epidemic’ remains to be fully elucidated. A Danish study measured the age at 
puberty, the start of the pubertal growth spurt and the highest growth velocity of 
156,835 pre-pubertal children  [57] . In this study, the BMI-SDS correlated negatively 
with the parameters of pubertal development and pubertal timing. However, a trend 
towards an earlier puberty that is independent of BMI has been proven in the last 39 
years, perhaps suggesting that the obesity epidemic is not the only reason for the sec-
ular trend towards earlier puberty that was seen in the 1900s  [47, 57, 58] .

  Children who are small at birth and who develop obesity during childhood are sig-
nificantly younger at the age of menarche than same-aged, lean children. In addition, 
the effect of maternal obesity on the pubertal development of daughters has not been 
investigated in depth  [59] ; however, one publication has indicated that daughters of 
mothers who were obese during pregnancy menstruate earlier than daughters of lean 
mothers  [60] .

  In Switzerland, a longitudinal study examined 650 girls aged 6–18 years and did 
not find any significant differences in the ages of pubarche of lean and obese girls  [61] . 
However, there were significant differences in the timing of breast development. Tan-
ner stage B3 was reached at 11.6 years in obese girls compared to 12.2 years in normal-
weight girls, and dehydroepiandrosterone levels were elevated  [61] .

  The study data on girls is consistent and quite clear. However, the criticism is that 
most of the studies just looked at the outcome and did not determine the causes and 
reasons for earlier pubertal timing and development. How much influence does 
growth behaviours have on pubertal maturation? This question was studied using the 
mother and child files of the ‘National Longitudinal Survey of Youth’  [62] . In this 
study, significant differences in BMI and height at the age of 6 years in different 
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 ethnicities were found, which indicates that height and weight directly affect the age 
of menarche independent of derivation. These data are of enormous importance for 
understanding how height and weight differences influence the timing and matura-
tion of puberty.

  Molecular Mechanisms of Pubertal Onset 

 It has been known for many years that there is a close relationship between the repro-
ductive axis and the amount and distribution of adipose tissue in girls. A female can 
only become pregnant if there is a sufficient amount of adipose tissue  [63] . However, 
the molecular processes and mechanisms that link these systems remain unclear. 

 The relationship between childhood obesity and early puberty in girls could be ex-
plained by the insulin resistance/hyperinsulinaemia associated with obesity. In par-
ticular, increased insulin levels can stimulate sex steroid production by acting on ad-
renal glands, liver, ovary and fat cells. Increased androgen levels can in turn promote 
pubertal development by acting peripherally and/or centrally on the hypothalamic 
pituitary axis. With regards to GH-independent factors promoting growth, increased 
adipose tissue aromatisation of androgens into oestrogens is one of the main mecha-
nisms that regulate growth in the context of obesity  [12] , and adrenal androgens seem 
to be an important mediator of adipose tissue and pubertal development. Whether 
adrenarche has a major impact on pubertal development has been discussed  [12, 20] . 
One study examined lean and obese girls in Tanner stages 1–3 to identify clinical signs 
that are indicative of hyperandrogenaemia and to measure testosterone levels  [64] .   In 
obese girls,   testosterone levels were elevated by 2–9×, and insulin levels were 3× high-
er than those of the lean control group. Peri-pubertal obesity seems to be associated 
with hyperandrogenaemia and hyperinsulinaemia during puberty. During the night, 
progesterone and testosterone levels increase in pubertal girls (Tanner stages 1–2), 
and this effect is more pronounced in obese girls  [64] . Therefore, these data would 
suggest that high androgen levels in obese children in combination with elevated in-
sulin levels could lead to earlier pubertal development in both sexes.

  Genetic variance may also influence the processes of growth and pubertal develop-
ment. For example, variations in the  LIN28B  gene have been shown to affect pubertal 
onset. Genetic variation of that gene could lead to an earlier thelarche in girls and to 
an earlier voice break and pubarche in boys  [24, 26] . Furthermore, the pubertal growth 
spurt is reached early and the final height is reduced in those with genetic variation at 
this site. These data indicate that genetic factors might be a major link between the 
regulation of growth and pubertal development. In fact, they may be even more im-
portant than environmental factors.

  There is also a clear secular trend in most developed countries towards increased 
height and weight, which affects the timing of puberty and onset of sexual activity 
 [65] . Bruene et al. suggest that these changes have occurred too rapidly to invoke 
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 genetic modification as the causal factor. Instead, it is much more likely that epigen-
etic regulation of growth and maturational patterns, that is, developmental plasticity, 
has been decisive in this regard. This view is strongly supported by comparisons be-
tween populations that differ in nutritional supply, exposure to pathogens and socio-
economic status  [65] .

  Characteristics, like a low birth weight, early weight gain, early age at menarche 
and a smaller final height, are often found in several generations of females in one 
family. Genetic transmission has been proven to influence the age at menarche  [59, 
66–68],  and pubertal development is very similar in twins, which is another sign of 
genetic determination  [69] . One major point of criticism of most of the clinical stud-
ies cited in this article is that they have examined only children and adolescents during 
their development and have not taken into consideration information about the pu-
bertal development and age at menarche of their parents, siblings or other relatives. 
Hence, this central factor has not been analysed in detail and needs to be further elu-
cidated in future studies. So far, no genes have been identified that could be defined 
as pure ‘puberty genes’. However, differences in chromosome 2 have been shown to 
be associated with late pubertal development, and one could speculate that there may 
be an internal clock in chromosome 2 that strongly influences the timing of pubertal 
onset  [70] .

  Meta-analyses of genome-wide association studies have revealed that the following 
genes are associated with an early age of menarche:  TMEM38B ,  FKTN ,  FSD1L ,  TAL2 , 
 ZNF462  and  LIN28B   [26, 71] . Eleven genetic variations were found to be associated 
with an increased BMI, and five of those were correlated with a younger age at men-
arche  [49] . These findings are all indications that genes may greatly influence both 
BMI and pubertal development.

  Another important factor for pubertal onset and duration is the crosstalk between 
hormones, peptides from the gastrointestinal tract, adipose tissue and the central ner-
vous system. Some factors can directly modulate the gonadotropic axis, and a lack of 
those peptides can lead to delayed timing of pubertal onset or to a slower progression 
of pubertal development. Several studies have defined leptin as a global player. It is 
known that BMI is positively associated with serum leptin levels and that leptin levels 
gradually rise with age prior to puberty in adolescents, suggesting a threshold effect 
that may trigger puberty  [18] . Children who were shorter or thinner at pre-pubertal 
ages may experience a delayed tempo of development, as demonstrated by a younger 
bone age, thus slower skeleton maturation, and consequently, later timing of puberty 
 [18] . Small amounts of leptin need to be administered to leptin-deficient mice to ini-
tialise pubertal onset, after which hypothaIamic and pituitary gonadotropin secretion 
can be stimulated  [13] . A study in rats showed that changes in the post-natal feeding 
period lead to effects on leptin and kisspeptin mRNA expression. Kisspeptin is thought 
to be a major regulator of puberty  [72] , and new findings suggest that leptin has a 
rather permissive role and that it is in fact not the main signal and regulator of pu-
berty induction in children and adolescents. Therefore, several other factors must 
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 influence the energy balance, reproductive system and pubertal development, and 
there seems to be a complex interplay between these factors, of which many have 
probably still not been identified. Factors that may influence these systems are adipo-
nectin and agouti-related peptide  [4, 5, 7, 62] . In addition, ghrelin seems to also affect 
this complex system. Ghrelin is an orexigenic and growth-promoting peptide that is 
produced in the gastrointestinal tract, and ghrelin and other digestion peptides are 
believed to have a mediating role between energy homeostasis and sexual develop-
ment  [63, 73–75] . However, more studies are needed to further elucidate the exact role 
of these factors in pubertal development.

  Over the last few years, the question as to whether endocrine-disrupting chemicals 
(EDCs) may be influencing pubertal development has been raised. Several studies 
from different countries have shown that EDCs affect pubertal onset  [76] , and in this 
context, there has also been proof of a strong migrative effect, which is also a sign that 
the environment influences that process  [4] . At the moment, not enough studies have 
been performed in humans to draw final conclusions. The difficulty in making these 
conclusions is that many EDCs exist with heterogenous effects, and determining how 
to properly evaluate their effects on foetal and neonatal processes in humans is prob-
lematic. Research in animal models has clearly identified EDCs as factors that can 
influence pubertal onset and duration; however, the mechanisms remain unclear. 
New concepts support the hypothesis that EDCs are associated with a change in the 
energy balance and weight development  [77] .

  The foetal and neonatal periods are important periods for the later development of 
growth, weight gain and pubertal onset. For example, girls that are born ‘small for 
gestational age (SGA)’, experience menarche on average 5 months earlier than girls 
with a normal birth weight, and a birth length that is 1 SDS (2 cm) lower than the av-
erage length is associated with an earlier peak growth velocity (about 1.3 months) 
 [78–80] . The impact of intrauterine growth on the timing of puberty has been clearly 
observed, even after adjusting for length and BMI in childhood  [43] . The long-term 
impact of foetal growth – such as its association with cardiovascular diseases – has 
been observed and has attracted much attention in recent years. It has been known 
that infants born SGA have much lower levels of neonatal and childhood serum leptin, 
insulin-like growth factor-I (IGF-1) and insulin-like growth factor binding protein-3. 
Karlberg speculates in his review that this subnormal neonatal hormone profile at 
birth may have a long-term imprinting effect on the post-natal timing of puberty, al-
though the mechanism for this is unclear  [18] . Peak height velocity in adolescence is 
reached at an earlier pubertal stage and lasts for a shorter period in children born SGA 
than in those born appropriate for gestational age. These differences lead to an earlier 
fusion of the growth plates and a shorter adult height. The pathophysiological mech-
anism underlying the unique pubertal growth pattern of children born SGA remains 
unclear; however, it seems that this is not only related to birth weight, gestational age, 
adiposity and obesity, but that rapid weight gain in early childhood may also influence 
pubertal onset. Excess weight gain in childhood may be related to central adiposity, 
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decreased insulin sensitivity, and increased IGF-I levels and might thus predispose the 
individual to precocious pubarche  [81] . Most importantly rapid and early weight gain 
during infancy increases the risk of being overweight or obese at the age of 5 and 8 (as 
demonstrated in the Avon Longitudinal Study of Parents and Children)  [66] . Chil-
dren with rapid and early weight gain often presented with insulin resistance, strong 
adrenarche and reduced sex hormone-binding globulin levels. One possible explana-
tion for these occurrences is that obese children and adolescents have higher IGF-1 
and androgen levels, which influence the activity of the enzyme aromatase. As a con-
sequence, the concentrations of sexual steroids are increasing and the levels of sex 
hormone-binding globulin are decreasing, which can activate and increase the effect 
of the GnRH pulse generator  [22] . Furthermore, increased leptin levels in obese chil-
dren can initiate LH pulsatility  [27] . One of the main risk factors for obesity and ear-
ly menarche in girls is a rapid and early weight gain during infancy  [17, 82] . However, 
the mechanisms that underlie those observations remain unclear, but researchers 
speculate that IGF-1 could be a major player.

  Psychological Aspects of Childhood Obesity and Early Pubertal Development 

 Earlier onset of puberty is a strong psychological burden for girls and boys. Children 
and adolescents are often teased when they experience an early development of the-
larche and pubarche compared to girls and boys at the same age. Obese boys who have 
to cope with lipogynaecomastia often suffer the most. One study from Boston de-
scribes the negative effects of lipogynaecomastia on quality of life and self esteem as 
well as the psychological symptoms and the aftermath of eating behaviours. The re-
sults from this study were even independent of BMI  [83] . Occasionally, eating disor-
ders are the underlying reason for obesity. For example, ‘binge eating’ leads to a re-
duced quality of life and is associated with low self-esteem, and subsequent problems 
with social interactions will lead to solitude  [84] . These results are from studies that 
have either looked at the psychological aspects of early pubertal development or from 
studies that evaluated the psychological effects of obesity during childhood and ado-
lescence. Rarely, these studies have combined and investigated both problems at once, 
although many adolescents have to cope with both difficulties and will therefore ex-
perience more psychological distress. 

 Comorbidities and Consequences of Childhood Obesity and Early Pubertal 

Development 

 One of the long-term consequences of obesity and early pubertal onset is a higher risk 
for cancer development during adulthood  [85] . An early menarche is a risk factor for 
the development of breast cancer in females  [86, 87] . Another problem is that girls 
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who suffer from an earlier puberty usually need to become ‘adults and be grown-up’ 
earlier and are generally sexually active at a younger age, although they still often show 
immature childhood behaviours. Whether there are also negative effects of early pu-
berty on fertility needs to be elucidated in the future. 

 Obesity during puberty in girls often leads to hyperandrogenaemia and a higher 
risk for the development of polycystic ovaries  [64],  which are often associated with 
fertility problems later in life. Associated insulin resistance and hyperinsulinaemia 
will influence other hormone levels and will therefore also adversely affect pubertal 
development.

  Childhood obesity can be associated with several metabolic and cardiovascular 
complications during childhood and adolescence. Metabolic syndrome is not only a 
disease of later life; obese children already present symptoms of metabolic syndrome, 
including insulin resistance, impaired glucose tolerance, high levels of triglycerides 
and arterial hypertonus  [29] . Whether the earlier timing of puberty in combination 
with childhood obesity aggravates metabolic and cardiovascular comorbidities needs 
to be elucidated in new, well-planned and interdisciplinary studies.

  Childhood obesity in combination with early pubertal onset can lead to various 
psychosocial and physical problems that will negatively impact and reduce life qual-
ity and expectancy.

  Summary/Conclusion 

 Studies have shown that there is a clear relationship between reaching a critical 
body weight and pubertal onset and course. Moreover, rapid and early weight 
gain during infancy and even during foetal life is associated with early onset of 
menarche, an early pubertal growth spurt, early thelarche in girls, earlier pubarche 
in both sexes and an earlier increase in testicular volume in boys. The early onset 
of puberty could be mediated through factors that are directly linked to adipose 
tissue (e.g. adipocytokines) or might be an indirect effect of genetic and/or envi-
ronmental factors (e.g. genes, EDCs or social environment). From an evolution-
ary point of view, not every pubertal development process is associated with ad-
vantageous reproductive competence. On the contrary, early puberty is an im-
mense psychological and social disadvantage that affects the reproductive system 
and likely the cardiovascular and metabolic health of the affected individuals  [16, 
22, 77] . 

 Due to the inconsistencies in the data, we suggest the initiation of new and in-
terdisciplinary studies that address the problem in more detail and that further 
evaluate the possible underlying mechanisms. Afterward, we should readdress the 
question of whether obesity influences pubertal development in both sexes to the 
same degree and try to identify the factors that link adipose tissue to the pubertal-
gonadal axis.
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  Literature Search 

 PubMed was used for a systematic literature search for articles in English and German that were 
published until the end of 2013; the main focus was on articles from the last 10 years. The following 
key words were used:  ‘puberty and obesity’, ‘body mass index’, ‘peak height velocity’, ‘menarche’, ‘pu-
bic hair stage’, ‘puberty’, ‘secular trend’, ‘boys’, ‘girls’.  The references in those articles were analysed, 
and the data and summaries have been thoroughly evaluated by the authors. 
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 Abstract 

 The individual risks for obesity have been studied extensively. Therefore, this chapter focuses on 
environmental conditions that promote unhealthy weight gain in children and adolescents. Begin-
ning with a theoretical conceptualization of what constitutes a neighborhood, we report on recent 
findings on compositional (e.g. area socioeconomic deprivation), structural (e.g. physical environ-
ment, i.e. the availability of parks and facilities for physical activity), and functional (e.g. social envi-
ronment, i.e. social capital and social cohesion within a neighborhood) aspects of neighborhoods 
and their impact on obesity in children and adolescents. In the following section, we describe the 
theoretical models of differing complexity that are used to explain spatial effects on child health. In 
the concluding section, findings and methods are discussed, and implications for community-based 
obesity prevention are proposed.  © 2015 S. Karger AG, Basel 

 Introduction 

 This chapter takes a different perspective on metabolic syndrome and obesity by fo-
cusing on the environmental determinants and the potential influence of the urban 
environment and living conditions on obesity in children and adolescents. Tradition-
ally, research has focused on individual characteristics (e.g. lifestyle, family socioeco-
nomic status, currently also genetics), and this has led to an imbalance between re-
search on individual and environmental risks  [1] . As Diez Roux et al.  [2]  stated, there 
are at least four reasons for taking the environment into account: (1) individual char-
acteristics are insufficient for explaining health (behavior), (2) health inequalities can-
not be adequately explained by individual risks, (3) there is increasing availability of 
more sophisticated methods to analyze the impact of environmental factors on health 
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outcomes (multi-level analyses, Geographic Information Systems), and (4) preven-
tion efforts need to consider policy aspects that are implemented in the contexts in 
which individuals live.

  Environment or Neighborhood: An Attempt at a Definition 

 A considerable body of research has investigated environmental influences on 
health. However, there is extensive discussion about how to define and measure the 
‘environment’  [3] . The selection of environmental variables as well as their designa-
tion depends on the scientific provenience of the researchers, the country where the 
study is carried out, and the available data. A large number of studies on the envi-
ronmental influences on health outcomes have applied the term ‘neighborhood’; 
therefore, we use this term as a synonym for community, spatial unit, residence, 
and place. According to the definition proposed by Earls and Carlson, neighbor-
hoods are a set of social relationships that may be historically established by differ-
ent types of social or political interests and can be ‘defined and measured in terms 
of their composition, structure and function’  [4] . Composition refers to the socio-
demographic characteristics of the residents; structure comprises social and physi-
cal arrangements (institutions, built/physical environment) that are beyond an in-
dividual’s control and may facilitate or constrain the daily activities of the residents; 
and function implies the quality of interactions as well as the degree of shared val-
ues and expectations (e.g. social environment or ‘collective social functioning’)  [4] . 
Although this definition is useful for explaining the ‘content’ or components of 
neighborhoods, it neglects the interdependence (interaction) of all of these dimen-
sions as well as the physical boundaries of neighborhoods. There is an ongoing de-
bate in public health research regarding how to spatially define neighborhoods or 
‘places’  [5] . Traditionally, individuals’ addresses were linked to the corresponding 
administrative area (e.g. census tracts) where data on aggregate socioeconomic sta-
tus were already available. With the increasing involvement of geographers in pub-
lic health research and the growing popularity of Geographic Information Systems, 
more sophisticated methods have been developed to analyze the ‘individual’ envi-
ronment of a person. For example, buffer zones around a child’s home or school 
have been created to capture aspects of the physical environment within a certain 
spatial unit  [3] . However, these approaches are quite conventional and neglect an 
individual’s mobility as well as changes in individuals and places over time. Cur-
rently, some researchers have proposed a relational view, which defines neighbor-
hoods or areas in a relatively dynamic and fluid manner and takes into account 
individual and spatial changes over time  [5] . Both approaches are valuable. The 
conventional definition is useful and appropriate for public health agents evaluat-
ing the health-related aspects of certain administrative areas in order to develop 
adequate interventions for a particular region rather than for a single person. The 
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relational view seems to be more appropriate for explaining and understanding 
place effects by capturing an individual’s ‘real’ action space or areas of potential in-
fluences. 

 The Obesogenic Environment? Evidence of Neighborhood Effects on Childhood 

Obesity 

 Since the late nineties, the term ‘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’  [6] . The core questions are as fol-
lows: Are individuals living in neighborhood A more likely to become obese than 
those living in neighborhood B? Are there obesogenic environments, and what are 
they like? The influencing factors have been investigated in reference to the composi-
tion (socioeconomic status, deprivation), structure (physical environment), and func-
tion (social environment) of neighborhoods. In the following sections, the findings 
are illustrated by drawing on recent reviews of environmental influences on obesity 
in children and adolescents  [3, 7–9] . 

 Composition: Area-Level Socioeconomic Status or Deprivation 
 Traditionally, the compositional effect of neighborhoods on obesity in children and 
adolescents has been studied by investigating the aggregate socioeconomic status (SES) 
or deprivation of neighborhoods using official data from administrative spatial units 
(e.g. census tracts, school districts). SES at the area level is commonly measured using 
one or more of the following indicators: unemployment rate, median income, propor-
tion of educational levels, single parents, and material possessions (such as a private 
car and central heating in the house). Some studies have used composite indices (e.g. 
Townsend deprivation index, Carstairs index, Index of multiple deprivation), whereas 
others have included single variables. Based on three reviews on neighborhood depri-
vation (or SES) and childhood obesity, the majority of the studies have reported asso-
ciations between neighborhood deprivation and overweight or obesity in children and 
adolescents  [3, 8, 9] . The evidence has suggested that increased neighborhood disad-
vantage (or low neighborhood socioeconomic status) is related to an increased preva-
lence of obesity. However, other studies have found no significant associations. 

 Structure: Physical Environment 
 Since the late nineties, questions about the structural aspects of environments and their 
effects on obesity have become more popular. These structural aspects are often re-
ferred to as the ‘physical environment’, which comprises aspects of infrastructure and 
of the built and natural environment as well as services (institutions) that are provided 
publicly or privately  [10] . Measurements of the physical environment usually include 
features such as green space and parks, playgrounds and sports or recreational  facilities, 
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and characteristics of walkability (e.g. street connectivity, dwelling density, land-use 
mix). The findings on the influences of these factors on obesity in children and adoles-
cents have been inconsistent; however, there is some evidence that the proportion of 
green space is negatively related to obesity in children. Other studies have found no 
association between the number of and distance to parks and obesity. The availability 
of sports and recreational facilities and playgrounds tends to be related to obesity and 
body mass index. Four of seven studies reviewed by Carter and Dubois  [3]  and Dunton 
et al.  [7]  reported a negative association between the number and accessibility of fa-
cilities for physical activity (e.g. playgrounds, sports and recreational facilities) and 
obesity in children, whereas in two of the studies, the association was significant only 
in girls. Concerning the influence of walkability on childhood obesity, there is little 
evidence, and most of the reviewed studies have found no associations. Only Spence et 
al.  [11]  found that walkability characteristics (e.g. dwelling density, land-use-mix, and 
intersection density) were negatively related to overweight in girls  [3, 7] . 

 Function: Social Environment 
 The functional aspects of neighborhoods are often referred to as the ‘social environ-
ment.’ These aspects are usually measured by perceived social cohesion, social capital, 
collective socialization, and social control as well as parents’ or adolescents’ percep-
tions of safety. Whereas the association between safety and childhood obesity has 
been reasonably well studied (showing no relation, with the exception of road safety) 
 [3] , studies on the relation between the social environment, defined as social capital, 
cohesion, trust, etc., and childhood obesity are still scarce. However, when investigat-
ing a neighborhood’s social capital, social cohesion, or trust, negative associations 
with obesity in children and adolescents could be found. 

 The findings of the opening questions of whether there are ‘obesogenic environ-
ments’ and what are they like are ambiguous. Regarding compositional aspects of a 
neighborhood, i.e. socioeconomic status or deprivation, associations with obesity in 
children and adolescents have been extensively studied and are evident. Children and 
adolescents living in deprived neighborhoods are at higher risk of becoming obese. In 
relation to aspects of the physical environment, there is some evidence to suggest that 
obesity and the amount of green space and the availability of facilities are associated, 
but the findings are conflicting. Children and adolescents living in neighborhoods with 
a small proportion of green space and few available sports and recreational facilities 
(including playgrounds) may be more likely to become obese. Concerning the func-
tional aspects of neighborhoods, only characteristics drawing on the quality of social 
relations (e.g. social capital, social cohesion, and trust) have been found to be associ-
ated with obesity in children and adolescents, but such studies are still scarce. Children 
and adolescents living in neighborhoods with low social capital and low social cohesion 
may be more likely to become obese. The summary of the reviewed studies  [3, 7–9, 12],  
shown in  table 1,  is  not  exhaustive, but it reflects the inconsistencies in the findings.
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Tabl e 1. Studies on associations between urban conditions and childhood obesity

Socioeconomic status/deprivation Greenness, parks Facilities Walkability  Social environment

Association No 
association

Association No 
association

Association No 
association

Association No 
association

Ass ociation No
association

Chen and Paterson
[25], 2006

Janssen
et al.
[26], 2006

Bell et al.
[49], 2008

Norman
et al.
[51], 2006

Veugelers
et al.
[29], 2008

Burdette and
Whitaker
[55], 2004

(Spence et al.
[11], 2008)

Grafova
[30], 2008

McKay
et al.
[58], 2007

Burdette and
Whitaker
[59], 2005

Janssen et al.
[26], 2006

Janssen
et al.
[26], 2006

Liu et al.
[50], 2007

Kligerman
et al.
[52], 2006

Gordon-
Larsen et al.
[53], 2006

Timperio
et al.
[56], 2005

Spence
et al.
[11], 2008

Veitch
et al.
[12], 2012

Lumeng
et al.
[60], 2006

Koller and Mielck
[27], 2009

Koller and
Mielck
[27], 2009

(Scott 
et al.)
[39], 2007

(Evenson
et al.)
[54], 2007

Merchant
et al.
[57], 2007

Timperio
et al.
[57], 2005

O’Brien et al.
[61], 2007

Oliver and Hayes
[28], 2008

Wright
[43], 2004

(Spence
et al.)
[11], 2008

Norman
et al.
[51], 2006

Veugelers
et al.
[29], 2008

Veugelers et al.
[29], 2008

Cohen et al.
[44], 2006

Kligerman
et al.
[52], 2006

Evenson
et al.
[54], 2007

Grafova [30], 2008 Brunt et al.
[45], 2008

Kinra et al. [31], 2000 Dummer
et al.
[46], 2005

Oliver and Hayes,
[32], 2005

Burke et al.
[47], 2004

Cecil et al. [33], 2005 Cowell et al.
[48], 1999

Rutter [34], 2008

Emerson [35], 2009

Armstrong et al.
[36], 2003

Wardle et al. [37], 2006

Jansen and Hazebroek-
Kampschreur [38], 1997

(Scott et al.) [39], 2007

(Sweeting et al.)
[40], 2008

(Wardle et al.) [41], 2003

(Booth et al.) [42], 1999

 ( ) only in subgroups (females); italics = safety.
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  Why and How Does the Neighborhood Contribute to Obesity in Children and 

Adolescents? Causes and Mechanisms 

 There is general agreement that environment matters, but little evidence as to why 
and how exactly it influences health outcomes is available. Identifying statistically rel-
evant neighborhood characteristics does not mean that we understand the mecha-
nisms and pathways behind the analysis. There are different conceptual frameworks 
that generally explain, in a more or less complex way, the associations between the 
environment and well-being of a child and that may also be useful for clarifying the 
pathways between neighborhood characteristics and obesity. 

 Compositional Versus Contextual Explanations 
 Early attempts to answer the question of why health risks are spatially patterned 
led to the distinction between compositional and contextual explanations  [10, 13] . 
The compositional explanation ascribes spatial differences in health outcomes to 
an accumulation of individuals with similar characteristics in particular places 
 [10] . For example, children in deprived areas are less physically active because 
their parents cannot afford the fees for organized sports or do not have the re-
sources to take them to parks, etc., which means that the spatial effect is a conse-
quence of only the spatial concentration of socioeconomically deprived or advan-
taged people in different areas  [13] . Contextual explanations attribute spatial dif-
ferences in health outcomes to characteristics of the physical and social environment 
that are beyond the individual’s control, e.g. the availability or absence of resourc-
es such as recreational facilities and institutions but also social norms and rela-
tions. For example, children in deprived areas are less physically active because 
only a few facilities (parks, sports facilities) are provided in the area. Moreover, 
physical activity may not be seen as something important for children within the 
local culture  [10] . This distinction has been criticized because it oversimplifies the 
underlying mechanisms and social realities by neglecting interactions between 
people and places, and it is impossible to demonstrate this distinction empirically 
 [14] . 

 Direct-Effect Structural Models Versus Indirect-Effect Models 
 Other attempts to understand the spatial effects on child health can be seen in direct-
effect structural models and indirect-effect models, which comprise compositional 
and contextual perspectives. 

 Based on a rather psychological perspective, Jencks and Mayer  [15]  developed the-
oretical models that provide an explanation of the consequences of aggregate poverty 
(i.e. neighborhood deprivation). These models can be considered to be ‘direct-effect 
structural models’ because the structures of a child’s physical and social environment 
are directly linked to her health  [16, 17] . By employing the theoretical frameworks but 
without explaining every single model, we present some examples of how children or 
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adolescents growing up in deprived neighborhoods might become overweight or 
obese.

  Living in a deprived neighborhood might be related to the following.
  – A lack of resources (e.g. parks, recreational facilities for physical activities) that 

provide healthy learning and living environments (institutional resource model) 
 [15, 18] .  

 – A decrease in formal and informal institutions (e.g. adults, schools ‘controlling’ 
health behavior) that supervise and monitor the children’s behaviors (collective 
socialization model)  [15, 18] . 

 – A spread of behavioral problems or unhealthy behavior in peers, e.g. fast food 
consumption, physical inactivity but also shared values and perceptions of body 
shape (epidemic model)  [15, 18] . 
 Other efforts have been made to distinguish the possible influencing factors by em-

phasizing four pathways: (1) differences in the availability and quality of neighbor-
hood institutions and resources (especially health care facilities and transportation), 
(2) stress factors in the physical environment (e.g. poorly maintained facilities for 
physical activity), (3) stress factors in the social environment (in particular, crime) 
that may hinder health-promoting behavior, and (4) social networks and norms that 
shape health-related behavior  [17] .

  These models are complementary and refer to health behaviors rather than health 
outcomes (obesity). Moreover, they imply, without explicitly mentioning, that de-
prived or poor neighborhoods are structurally and functionally disadvantaged.

  Indirect-effect models, such as the relationship model or the buffering model, try 
to capture the mediating or moderating roles of mostly family influences. In other 
words, they focus on indirect mechanisms through which neighborhood character-
istics influence the health of children or adolescents  [16, 18] . The relationship mod-
el assumes that neighborhood conditions influence the health of children or adoles-
cents through parental (or peer) behavior, which means that neighborhood charac-
teristics are mediated by parents or friends. For example, poverty, violence, and a lack 
of social support in the neighborhood may increase parental stress, disrupt family 
functioning, and lead to negative health outcomes in children  [16, 18] . The buffering 
model suggests that social support (from family or friends) protects children from 
negative neighborhood conditions. In other words, adverse neighborhood condi-
tions are moderated by social support that contributes to the resilience of children 
 [16, 19] .

  Indirect-effect models follow a rather social ecological approach. The social eco-
logical theory is a complex framework that emphasizes the nested (and therefore 
interdependent) arrangement of family, school, neighborhood, and community 
contexts  [4] . The questions that arise are whether and how this profoundly complex 
framework can be empirically investigated. Although conceptual and empirical 
work on the relation between neighborhood characteristics and health in children 
and adolescents has advanced in recent decades, we are still not able to capture the 
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complexity of how neighborhoods influence health. Changes over time, residential 
self-selection  [20] , dynamic-agent models  [21] , and mobility are some aspects that 
are seen as valuable for further theoretical and empirical research.

  Implications for Research and Practice 

 As we have shown in our short overview, there is evidence that neighborhood char-
acteristics contribute to unhealthy weight gain in children and adolescents. The re-
sults are impressive, but we have to be careful about generalizing because there is no 
‘universal ‘area effect on health’ [but] some area effects on some health outcomes, in 
some population groups, and in some types of areas’  [10] . In other words, some area 
characteristics matter for some people in some places – but not for others. As outlined 
above, there are methodological and empirical discrepancies that can be traced back 
to a lack of use of existing theoretical frameworks, which leads to an apparently arbi-
trary choice of neighborhood variables without explicitly mentioning the expected 
influences and mechanisms  [22] . Further research should try to overcome the gap 
between theory and empiricism by more consciously drawing on existing evidence 
and theory. On the one hand, researchers should employ validated, comprehensive, 
and at least widely used instruments and definitions to measure neighborhood char-
acteristics in order to contribute to the evidence on the environmental influences on 
childhood obesity. On the other hand, innovative methodological approaches that are 
conducive to theoretical progress are needed. 

 Nevertheless, taking environmental characteristics into account is necessary for 
explaining inequalities in the prevalence of obesity  [1] . From a public health per-
spective, even smaller effects at the population level are important because a great 
number of individuals can benefit. Moreover, the lack of effectiveness and sustain-
ability of individual behavior-oriented interventions on lifestyle and health chang-
es underlines the potential of environmental influences  [23] . As Swerissen stated, 
‘interventions that isolate individual action from its social context are unlikely to 
produce sustainable health gains in the absence of change to the organizational, 
community and institutional conditions that make up the social context’  [24] . 
Community-based interventions and community-based participatory research are 
promising strategies for sustainable health changes because they are aimed at pro-
ducing environmental changes in a specific community by actively involving the 
residents  [23] . Regarding obesity prevention and intervention, community-based 
interventions can lead to improvements in the physical environment (e.g. increases 
in the amount of green space and number of physical activity facilities that are eas-
ily accessible and appropriate for the target group) but also to changes in the social 
environment (by empowering residents, changing social norms, and increasing so-
cial capital). Finally, changing environmental characteristics might lead to a reduc-
tion in health inequalities. 
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 Abstract 

 Metabolic syndrome comprises a set of chronic diseases (hypertension, diabetes, dyslipidemia, and 
cardiovascular disease) that tend to cluster together. Although obesity is commonly thought to be 
the antecedent of metabolic syndrome, this syndrome also occurs in lean individuals, suggesting 
that obesity is a marker of metabolic syndrome rather than a cause. The cellular mechanisms of 
metabolic syndrome include mitochondrial overload,  de novo  lipogenesis, hepatic insulin resistance 
and hyperinsulinemia, reactive oxygen species formation, endoplasmic reticulum stress, and the 
unfolded protein response. Specific alterations of the Western Diet uniquely drive this process and 
are unrelated to calories. These alterations include too little fiber, omega-3 fatty acids, and micronu-
trients, and too many omega-6 fatty acids,  trans -fats, branched-chain amino acids, ethanol, and fruc-
tose. The food industry invokes personal responsibility while denying any corporate responsibility 
and citing scientific, policy, and social arguments. However, their responses obfuscate the scientific 
truth in order to obviate their culpability.  © 2015 S. Karger AG, Basel 

 Introduction 

 ‘Metabolic syndrome’ is routinely defined by physicians and medical societies as a 
constellation of chronic diseases that encompass obesity, type 2 diabetes, hyperten-
sion, dyslipidemia, and cardiovascular disease. Since the inception of this term, we 
have learned about other diseases that also co-migrate with metabolic syndrome, in-
cluding polycystic ovarian syndrome and nonalcoholic fatty liver disease. Preliminary 
data also argue that cancer and dementia are ancillary diseases within the new scope 
of the term ‘metabolic syndrome’. All of these diseases are chronic metabolic diseases 
that have increased in prevalence in adults since 1980, when dietary guidelines across 
the world changed. Worse yet, all of these diseases were unheard of in children before 
1980, but now, 13% of normal-weight children and 38% of obese children harbor 
these same chronic metabolic diseases. Furthermore, obesity and type 2 diabetes now 
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exist side-by-side in developing nations where hunger and undernutrition still mani-
fest. When examining the global pattern of spread, this looks much more like an ex-
posure than a behavior. 

 Metabolic Syndrome 

 Six separate medical societies (World Health Organization 1998, European Group for 
the Study of Insulin Resistance 1998, National Cholesterol Education Program/Adult 
Treatment Panel III 2001, American Association of Clinical Endocrinologists 2003, 
International Diabetes Federation 2005, and American Heart Association 2005) have 
defined metabolic syndrome differently, based on cutoffs for body mass index, waist 
circumference, blood pressure, triglyceride (TG) levels, and blood glucose. These dif-
ferences mean that at least five of the societies, and likely all six, have gotten it wrong. 
A pediatric writing group of the American Heart Association in 2009 did not even try 
to define metabolic syndrome in children  [1] . The problems with the current defini-
tions of metabolic syndrome are three-fold. First, since each of the hallmark diseases 
occurs in a unicameral but kurtotic distribution, rather than a bimodal distribution, 
it is impossible to draw appropriate cutoff points. For instance, saying that the 91st 
percentile for blood pressure is metabolic syndrome, while the 90th percentile is not, 
is begging for misclassification. Second, virtually all of the definitions utilize obesity 
as a defining feature, but they do not explain the syndrome of lipodystrophy (an ab-
sence of subcutaneous fat), where all fat is stored in liver and muscle, causing severe 
insulin resistance and diabetes  [2] . In fact, metabolic syndrome can arise from too 
much or   too little fat; in other words, it is not the fat that counts. Third, 20% of the 
obese population is metabolically normal; conversely, 40% of the normal-weight pop-
ulation has the same metabolic dysfunction as the obese. Obesity is a  marker  for met-
abolic dysfunction, not a  cause . Metabolic syndrome is from an exposure, not a be-
havior, and anyone and everyone is at risk. 

 Hepatic Insulin Resistance 
 Many of the definitions of metabolic syndrome infer antecedent insulin resistance  [3] . 
However, not all tissues are equally resistant to insulin. In general, marked insulin 
resistance results in global metabolic dysfunction, such as leprechaunism or Rabson-
Mendenhall syndrome, with virtually no fat accumulation. Thus, insulin resistance 
must affect different tissues and different signal transduction pathways within the 
same tissue differently and quantitatively. Of the eight tissue-specific insulin receptor 
knockout mice developed at the Joslin Diabetes Center, only the liver insulin receptor 
knockout and the brain insulin receptor knockout manifest obesity  [4] . 

 The liver is the primary target of insulin action. Insulin binds to the hepatic insulin 
receptor and elicits two key metabolic pathways. First, insulin stimulates the phos-
phorylation of forkhead protein O1 (FoxO1), which excludes FoxO1 from the  nucleus 
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 [5] , thus diminishing the expression of genes required for gluconeogenesis, reducing 
hepatic glucose output, and maintaining euglycemia. Second, insulin activates sterol 
regulatory element-binding protein (SREBP)-1c, which in turn increases the tran-
scription of genes required for fatty acid and TG biosynthesis (ATP-citrate lyase, ace-
tyl-coenzyme A carboxylase, and fatty acid synthase), which collectively constitute the 
process of  de novo  lipogenesis (DNL). TGs synthesized in the liver by DNL have two 
fates. TGs can be packaged with apoliprotein B into very low-density lipoproteins for 
export to the periphery or for storage or utilization and therefore can drive cardiovas-
cular disease and/or obesity. Alternatively, TGs can precipitate in the liver without 
being exported, thus promoting hepatic steatosis, which promotes hepatic insulin re-
sistance, generates hyperinsulinemia, and increases the risk for diabetes  [6] .

  Patients with metabolic syndrome typically have ‘selective’ or ‘dissociated’ hepatic 
insulin resistance; that is, they have reduced phosphorylation of FoxO1 (leading to 
hyperglycemia) but enhanced hepatic DNL (mediated by the SREBP-1c pathway)  [7] , 
leading to hypertriglyceridemia, ectopic lipid deposition, and fatty liver disease. If 
there is only one insulin receptor, how can hepatic insulin resistance lead to the dim-
inution of one liver pathway yet the accentuation of the other?

  Ectopic Lipid Partitioning 
 Ectopic lipid partitioning refers to the distribution of body fat in various organs such 
as muscle and liver instead of subcutaneously. Associations between visceral adipos-
ity, insulin resistance, and co-morbidities have been demonstrated across most age 
groups and ethnicities. Studies performed in obese adolescents highlight the fact that 
the ratio of visceral to subcutaneous fat rather than their absolute quantity may de-
termine their metabolic impact. Indeed, obese adolescents with a high ratio, who are 
not necessarily more obese than others, demonstrate a markedly adverse metabolic 
phenotype of severe insulin resistance and alterations in glucose and lipid metabo-
lism. Moreover, intrahepatic fat, while being strongly associated with high levels of 
visceral fat, is independently associated with the insulin-resistance state in obese ad-
olescents and is independent of all other fat depots  [8] . Alternatively, the lipid content 
of insulin responsive tissues, such as liver and/or muscle, is increased in obesity and 
in type 2 diabetes mellitus and is a strong predictor of insulin resistance  [6] . Further-
more, lipid deposition in hepatocytes to produce intrahepatocellular lipid is highly 
predictive of insulin resistance, even more so than visceral fat  [9] . The accumulation 
of lipids, in particular diacyl glycerol, activates the hepatic inflammatory cascade by 
inducing c - jun N-terminal kinase (JNK-1), which causes serine rather than tyrosine 
phosphorylation of IRS-1, leading to inhibition of hepatic insulin signaling. 

 One hypothesis suggests that once the subcutaneous fat depot reaches its storage 
capacity and begins to shunt lipid to ectopic tissues (such as liver and muscle), periph-
eral insulin resistance ensues. Another hypothesis is that the liver accumulates fat 
produced by DNL and reduces fat β-oxidation in response to dietary factors, such as 
components of fast food (see below).
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  Reactive Oxygen Species, Endoplasmic Reticulum Stress, and the Unfolded Protein 
Response 
 The ‘Free Radical Theory’ holds that an imbalance between reactive oxygen species 
(ROS) generation and antioxidant defenses is a major factor in DNA and cellular 
damage leading to metabolic syndrome. Excessive nutrient processing by mitochon-
dria can result in uncoupling of oxidative phosphorylation and in increased genera-
tion of ROS, which, in turn, alters mitochondrial function and further increases ROS 
generation. ROS that are not quenched by antioxidants in peroxisomes find their way 
to the adjacent endoplasmic reticulum (ER), where they alter the redox environment 
that is crucial for proper protein folding. Accumulation of ROS and misfolded pro-
teins within the ER activates the unfolded protein response (UPR), which is designed 
to decrease protein synthesis in order to allow the clearance of misfolded proteins. ER 
stress in the liver is a specific mechanism of hepatic injury in nonalcoholic fatty liver 
disease  [10] , and ER stress in the pancreas reduces β-cell numbers and promotes type 
2 diabetes  [11] . 

 The Western Diet 

 While overnutrition of total calories ingested has routinely been implicated in the 
pathogenesis of obesity, it does not explain why some obese people develop metabol-
ic syndrome and others do not or why normal-weight people develop metabolic syn-
drome. Furthermore, obesity prevalence is increasing worldwide by 1% per year, 
while diabetes prevalence is increasing by 4% per year. Rather, the quality of the calo-
ries taken in likely plays a major role in the pathogenesis of the metabolic syndrome 
through hepatic mitochondrial overload, hepatic insulin resistance, fatty liver disease 
and ROS formation. In fact, three nutrient deficiencies and five nutrient excesses 
within the Western Diet have been specifically implicated in the pathogenesis of met-
abolic syndrome and are unrelated to obesity. 

 Too Little Fiber 
 When fiber (soluble and insoluble) is consumed with a meal, it forms a gelatinous bar-
rier between the food and the intestinal wall, which delays the intestine’s ability to 
absorb glucose, fructose, and fat. By slowing glucose absorption, the rise in blood glu-
cose is attenuated, which limits the peak glucose level, resulting in an attenuated in-
sulin response. In the Insulin Resistance and Atherosclerosis Study, dietary analysis 
demonstrated that the only food item that correlated with insulin sensitivity was fiber. 
However, other studies showed that improvement in insulin sensitivity was conferred 
by a dose of insoluble fiber. When patients with type 2 diabetes ate a high-fiber diet, 
their blood sugar levels were cut by one-third, which reduced the total insulin load of 
the body  [12] . 
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 Too Few Omega-3 Fatty Acids 
 Omega-3 fatty acids, which are found in wild fish and flax, serve as precursors to doca-
hexaenoic acid and eicosopentanoic acid and are notably anti-inflammatory. Con-
versely omega-6 fatty acids, which are found in seed oils, are precursors of arachidonic 
acid and are notably pro-inflammatory. Nutritionists suggest that our ratio of omega-6 
to omega-3 fatty acids should be approximately 1:   1. Currently, our ratio is about 25:   1, 
which sets up a pro-inflammatory state that drives ROS formation and cell damage. 

 Too Few Micronutrients 
 Antioxidants are required to help quench ROS to prevent ER stress and cellular dam-
age. Antioxidants come in many shapes and sizes, many of which have been consid-
ered treatments for metabolic syndrome  [13] . The antioxidants vitamins C and E 
protect against lipid peroxidation, although neither has been shown to directly im-
prove vascular function or insulin resistance. Many epidemiologic studies demon-
strate correlations between low blood levels of antioxidants such as vitamin C and 
beta-carotene and the prevalence of metabolic syndrome. However, it is not yet clear 
whether these micronutrient deficiencies are the true cause of disease or if they are 
just markers of an extremely poor diet. When the diet   is altered to deliver more of 
these compounds, metabolic syndrome improves. However, when antioxidants are 
given as dietary supplements, they usually fail miserably. This difference in effects 
could very well be due to the beneficial effects of eating unprocessed foods, in which 
fiber is high and the antioxidants are a bonus. 

 Too Many Trans-Fats 
  Trans -fats cannot be completely metabolized by mitochondria due to the  trans -double 
bond, and they line arteries and the liver and generate increased levels of ROS species. 
 Trans -fats have long been assumed to contribute to chronic metabolic disease, espe-
cially atherosclerosis (hardening of the arteries). Of note, on November 7, 2013, the 
U.S. Food and Drug Administration declared that  trans -fats are not ‘generally recog-
nized as safe’, ensuring their eventual disappearance from the American food supply. 

 Too Many Branched-Chain Amino Acids 
 The branched-chain amino acids (BCAAs) valine, leucine, and isoleucine are essential 
amino acids that account for >20% of the amino acids in the typical ‘Western Diet’. 
In the anabolic (childhood growth and puberty, body building) state, these amino ac-
ids are required for new protein biosynthesis, especially in muscle. However, when 
provided in excess beyond anabolic requirements, they are deaminated in the liver 
and diverted directly to the mitochondria for energy utilization  [14] .   BCAAs increase 
SREBP-1c without insulin regulation, facilitating DNL. Furthermore, BCAAs pro-
mote the serine phosphorylation of IRS-1 and impair insulin signaling. Lastly, chron-
ic BCAA elevation impairs the transport of aromatic amino acids into the brain, and 
the reduced production of serotonin (derived from tryptophan) and catecholamines 
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(derived from phenylalanine and tyrosine) may drive hunger  [14] . The ‘BCAA over-
load’ hypothesis suggests that BCAAs may make an independent contribution to the 
development of hepatic insulin resistance. 

 Too Much Ethanol 
 Although adult epidemiological studies associate light to moderate ethanol consump-
tion with improved insulin sensitivity and wine consumption with reduced cardio-
vascular risk, other cross-sectional and prospective studies implicate a dose-depen-
dent effect of alcohol on metabolic syndrome and suggest that chronic consumption 
of large amounts of ethanol worsen insulin sensitivity. Ethanol bypasses glycolysis by 
being converted to acetaldehyde by alcohol dehydrogenase-1B, which promotes ROS 
formation and must also be quenched by hepatic antioxidants such as glutathione or 
ascorbic acid to prevent cellular damage. Acetaldehyde is then metabolized to acetic 
acid by the enzyme aldehyde dehydrogenase-2, which, in turn, is metabolized to form 
acetyl-CoA by the enzyme acyl-CoA synthetase short-chain family member 2. Excess 
acetyl-CoA can overload mitochondria without insulin regulation and is preferen-
tially used for the synthesis of TG through DNL. While clearly a concern in adults, it 
is unlikely that ethanol contributes significantly to metabolic syndrome in children. 

 Too Much Fructose 
 The most commonly used sweetener in the U.S. diet is the disaccharide sucrose (e.g., 
table sugar), which contains 50% fructose and 50% glucose. However, in North Amer-
ica and many other countries, nondiet soft drinks are sweetened with high-fructose 
corn syrup (HFCS), which contains up to 55% of the monosaccharide fructose. Due 
to its abundance, sweetness, and low price, HFCS has become the most common 
sweetener used in processed foods. Average daily fructose consumption has increased 
by over 25% over the past 30 years, and the growing dependence on fructose (espe-
cially with the reduction in dietary fat) in the Western Diet may be fueling the obe-
sity and type 2 diabetes epidemics. Animal and human models demonstrate that high-
fructose diets lead to increased energy intake, decreased resting energy expenditure, 
excess fat deposition, and insulin resistance ( fig. 1 )  [15, 16] . 

 Only the liver has the Glut5 transporter; thus, in the fed state, the overwhelming 
majority of fructose metabolism occurs in the liver. Fructose is rapidly metabolized to 
fructose-1-phosphate (F1P) via fructokinase, an insulin-independent process that 
also bypasses the negative feedback regulation of phosphofructokinase in the glyco-
lytic pathway. Thus, fructose metabolism generates lipogenic substrates (e.g., glycer-
aldehyde-3-phosphate and acetyl-CoA) in an unregulated fashion, and these sub-
strates are delivered straight to the mitochondria, driving hepatic DNL, and will either 
be exported as TG or will possibly overwhelm the liver’s lipid export capacity, leading 
to intrahepatic lipid deposition and hepatic steatosis. F1P also stimulates SREBP-1c 
via peroxisome proliferator-activated receptor-gamma co-activator (PGC)-1β  [17]  
independently of insulin, which activates the genes involved in DNL. Additionally, 
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F1P activates dual-specificity mitogen-activated protein kinase 7 (MKK7), which sub-
sequently stimulates JNK-1 and serine phosphorylates IRS-1, inactivating it, which 
leads to hepatic insulin resistance.

  In addition, due to its unique stereochemistry, the ring form of fructose (a five-
membered furan with axial hydroxymethyl groups) is under a great deal of ionic 
strain, which favors the linear form of the molecule that exposes the reactive 2-keto 
group, which can readily engage in the nonenzymatic fructosylation of exposed ami-
no moieties of proteins via the Maillard reaction in the same way that the 1-aldehyde 
position of glucose is reactive with proteins. Each Maillard reaction generates one 
ROS, which must be quenched by an antioxidant at the risk of cellular damage. Thus, 
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  Fig. 1.  Mechanisms of subcellular metabolic dysfunction, using fructose as an example. The forma-
tion of acetyl-CoA leads to lipid deposition and activation of inflammatory pathways, which serine 
phosphorylate IRS-1, leading to insulin resistance. Furthermore, metabolic processing in the mito-
chondria, the glycation of protein ε-amino groups via the Maillard reaction, and circulating inflam-
matory cytokines, due to their receptor-mediated activation of NADPH oxidase, all increase the in-
tracellular levels of ROS. In the absence of sufficient peroxisomal quenching and degradation, the 
ROS moieties lead to endoplasmic reticulum stress, promoting the unfolded protein response and 
causing either cell death (apoptosis) or cellular/metabolic dysfunction, from  [20] . Courtesy of the 
American Academy of Pediatrics. ATP = Adenosine triphosphate; CoA = coenzyme A; JNK-1 = c-jun 
N-terminal kinase 1; NADPH = nicotinamide adenine dinucleotide phosphate; PKCε, protein kinase 
C − ε; pSer-IRS-1, serine phosphorylated IRS-1; ROS, reactive oxygen species; UPR, unfolded protein 
response. 
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fructose generates excessive ROS, which can lead to cellular damage and promote ER 
stress and metabolic syndrome.

  Two recent studies support sugar as a specific and direct causative agent of type 2 
diabetes. A prospective analysis of the European Prospective Investigation into Can-
cer-InterAct study found that sugared beverage consumption increased risk for dia-
betes development by 29%, exclusive of its calories or of body mass index  [18] . Our 
group showed that global sugar availability predicted the prevalence of diabetes dur-
ing the decade 2000–2010, exclusive of total calories, calories from other foodstuffs, 
aging, obesity, physical activity, or income. For every 150 calories per day in excess, 
diabetes prevalence increased 0.1%, but if those 150 calories happened to be a can of 
soda, diabetes prevalence increased 11-fold, by 1.1%  [19] .

  Dietary Quality Matters More than Dietary Quantity 
  Trans -fats, BCAAs, ethanol, and fructose are more alike than different. They all share 
three biochemical properties: (1) they are metabolized for energy primarily within the 
liver; (2) they are not regulated by insulin; and (3) they do not have a ‘pop-off’ mecha-
nism to form glycogen for storage, rather, they go straight to the mitochondria as ace-
tyl-CoA, which can cause mitochondrial overload, ROS generation, excessive DNL, 
and impaired β-oxidation, which drives hepatic insulin resistance, hepatic steatosis, 
ROS production, ER stress, and results in metabolic syndrome. Thus, food processing, 
by removing important nutrients and adding potentially toxic nutrients, specifically 
drives the development of metabolic syndrome, exclusive of calories or obesity  [20] . 

 The Food Industry Responds 

 As one might expect, the food industry denies any culpability in fomenting the pan-
demic of metabolic syndrome and challenges the veracity of these arguments on phys-
ical, biochemical, policy, and social grounds. 

 A Calorie Is a Calorie 
 The food industry argues that obesity obeys the first law of thermodynamics, that obe-
sity is about energy balance, and therefore that obesity is a manifestation of two be-
haviors: increased intake (gluttony) and decreased expenditure (sloth), ascribing 
blame to the individual. However, as discussed above, obesity is not the issue; meta-
bolic syndrome is the issue, and for metabolic syndrome, dietary quality matters more 
than quantity. 

 Animals Are Not Humans 
 The food industry is quick to point out that most fructose studies are done in ro-
dents using large doses over a short period of time. A recent study in rats showed 
that sugar at normal levels of consumption could cause morbidity and mortality 

Kiess W, Wabitsch M, Maffeis C, Sharma AM (eds): Metabolic Syndrome and Obesity in Childhood and Adolescence. 
Pediatr Adolesc Med. Basel, Karger, 2015, vol 19, pp 137–147 ( DOI: 10.1159/000368125 )



 Fast Food and the Metabolic Syndrome 145

 [21] . Furthermore, studies done in primates demonstrated similar detrimental ef-
fects  [15] . Lastly, human feeding studies were consistent with the analogies shown 
above  [16] . 

 Fructose Does Not Raise Blood Glucose 
 The industry argues that fructose does not raise blood glucose levels. It has a very low 
glycemic index, of 19 (glucose is the index at 100). The glycemic index is a measure of 
a food’s generation of an insulin response and is used as a method for quantifying a 
food’s potential for weight gain. Indeed, fructose alone does not raise blood glucose 
levels, nor does it generate an insulin response. Fructose is worse because it raises the 
blood fructose level, which leads to ROS formation in the liver and in arterial walls. 
Additionally, fructose is not found alone in nature; it is always found paired with glu-
cose (either as sucrose or HFCS), and the glucose contribution generates quite a hefty 
insulin response. 

 Fructose Does Not Raise Hemoglobin A1c 
 The food industry argues that because fructose does not raise the blood glucose level, 
it also does not increase hemoglobin A1c levels. In the blood, fructose does not bind 
to the amino moiety at position 1 of hemoglobin to generate hemoglobin A1c (lead-
ing the food industry to wrongly assume that fructose is benign); rather, fructation 
occurs at positions 7, 66, and 127 of the hemoglobin molecule  [22] . Thus, the damage 
from nonenzymatic fructosylation does occur, but it is not measured at position 1. 

 Fructose for Glucose Exchange Studies Show No Detrimental Effects 
 Meta-analyses of controlled isocaloric ‘fructose for glucose’ exchange studies dem-
onstrate no effects of weight gain or other morbidities  [23] . Perhaps one reason for 
this absence of effect is because crystalline fructose is incompletely absorbed, and 
thus its effects on glucose and HbA 1c  may be minimal. However, fructose malabsorp-
tion can cause significant gastrointestinal distress, such as pain, bloating, and diar-
rhea. Furthermore, the meta-analyses where fructose was supplied in excess showed 
weight gain, dyslipidemia, and insulin resistance  [23] . Thus, the dose determines the 
poison. 

 During fasting (glycogen-depletion) in normal-weight individuals, DNL of oral 
fructose occurs at a rate of less than 5%  [24] . However, in obese, insulin-resistant, fed 
individuals consuming both fructose and glucose together, the DNL of fructose oc-
curs at a much higher rate, approximately 30%  [25] . In other words, the toxicity of 
fructose depends on the context.

  The Ingredients Are on the Label 
 The food industry counters that the information is on the Nutrition Facts label in or-
der to educate the public properly. However, this is only half true. The Nutrition 
 Labeling and Education Act of 1990 requires the disclosure of  total sugars  on the 
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 Nutrition Facts Label for processed food, which includes the endogenous sugar in the 
food itself, the lactose in the milk, and the added sucrose or HFCS. An example of 
industry subterfuge is yogurt. A six-ounce plain yogurt has 7 g of sugar, all lactose. 
However, a six-ounce pomegranate yogurt has 19 g of sugar, indicating that 12 g of 
sugar was added, the same as in a bowl of sweetened cereal. Furthermore, there are 56 
names for sugar, most of which are unknown to the public. As the label lists ingredi-
ents by mass, a food company can use different sugars as ingredients #5, #6, #7, and 
#8; when you do the math, they can add up to #1. 

 Individuals Are Personally Responsible for Their Dietary Choices 
 Personal responsibility requires knowledge, access, and affordability. Clearly, people 
are being denied the knowledge of what goes into their food. Furthermore, of the 
600,000 food items in the American grocery store, 80% contain sugar added by the 
food industry for its own purposes  [26] . Lower-socioecomic-status individuals rarely 
have access to ‘real food’, and public health nutrition programs provide processed 
rather than real food. Thus, many people are not responsible for their dietary choices. 

 Conclusions 

 Metabolic syndrome overlaps with obesity, but it is a distinct entity, as it occurs in 
normal-weight individuals as well, and children suffer from metabolic syndrome at a 
rate that is higher than their degree of obesity. The food environment plays a major 
role; in particular, the Western Diet, which is now the Industrial Global Diet, as it has 
been adopted around the world for its convenience, taste, shelf-life, and expense. Fast 
food and highly processed food is now prevalent and plentiful around the globe due to 
international trade policies. In developing countries, soda costs less than potable water 
or milk. Specific components in the Western Diet deliver energy directly to the mito-
chondria, resulting in overload, DNL, hepatic insulin resistance, ROS formation, and 
ER stress, which result in cellular dysfunction and death. The food industry’s counter-
arguments are without foundation, but until the composition of processed food is al-
tered, do not expect the diseases of metabolic syndrome to improve or abate. 
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 Abstract 

 This review provides an overview on the latest literature on the costs of childhood and adolescent 
obesity and on the cost-effectiveness of interventions to prevent or manage this problem. Findings 
on the economic burden of childhood obesity are inconclusive, and the majority of the identified 
studies found excess healthcare costs for obese compared with normal-weight children by analysing 
different cost components and age groups. However, there are several limitations to these studies, 
e.g. short study periods and a strong focus on healthcare costs, disregarding other components of 
the economic burden of childhood obesity. Economic evaluation studies of childhood and adoles-
cent obesity programmes indicate that cost-effective, in some cases even cost-saving, preventive 
and management interventions do exist. However, because of the strong variation in methodologi-
cal aspects, it is difficult to compare preventive and treatment approaches in terms of their cost-ef-
fectiveness. To design effective public policies, a better understanding of these economic aspects of 
childhood and adolescent obesity is necessary. This understanding, however, depends on the col-
lection of additional longitudinal data. Economic evaluation of childhood obesity interventions pos-
es various methodological challenges that should be addressed in further research in order to sup-
port decision making.  © 2015 S. Karger AG, Basel 

 Background 

 Even though evidence from several countries suggests that the rise in the prevalence 
of childhood obesity has slowed down (e.g.  [1] ), the worldwide high prevalence of 
childhood obesity is still alarming. This is mainly because of its serious effects on 
health, but there are also important economic aspects to be considered. On the one 
hand, there are underlying economic causes of obesity, such as technological develop-
ments and changes in the prices of goods and commodities. On the other hand, there 
are serious economic consequences, such as lower skill attainment and academic out-
comes, worse labour market outcomes and an increasing economic burden in terms 
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of healthcare costs and productivity losses  [2] . Considering the already existing trend 
of increasing medical expenditure and its enhancement by ageing populations, from 
a policy perspective, there are two topics of special interest: the cost burden to the 
healthcare system that is associated with childhood obesity and the search for cost-
effective intervention programmes to prevent and/or manage childhood obesity. 
Therefore, this chapter aims to summarise the current economic literature to provide 
a short update of earlier reviews of studies on these two aspects of childhood and ad-
olescent obesity  [3, 4]  and to offer further research perspectives. First, this chapter 
focuses on the economic burden of childhood and adolescent obesity, and second, it 
focuses on the cost-effectiveness of programmes for preventing or treating childhood 
obesity. 

 Economic Burden of Childhood Obesity 

 Cost-of-Illness Studies: Methodological Aspects 
 When comparing different cost-of-illness studies, several methodological aspects 
have to be considered, as they can lead to considerable differences in the resulting cost 
estimates  [5] . One of the most important aspects of cost-of-illness studies is the choice 
of the perspective (e.g. societal, health insurance, hospital, or patient perspective), as 
it defines which cost components are to be included in the particular analysis. The 
societal perspective is often preferred and recommended because all types of resourc-
es that are consumed due to illness are considered, including direct (medical and non-
medical) as well as indirect costs (mostly production losses caused by illness). How-
ever, until now, almost all cost analyses of childhood obesity have focused exclusively 
on its direct medical costs. 

 Depending on what kind of epidemiological data are used, prevalence- and inci-
dence-based cost-of-illness analyses may be distinguished. While prevalence-based 
studies cross-sectionally measure the incurred total costs within a defined period of 
time (usually 1 year), the incidence-based method longitudinally measures the eco-
nomic burden from the onset of the disease to healing or death and is mostly based 
on simulation techniques.

  In a top-down approach, highly aggregated data, such as official and administrative 
statistics of health expenditures that are classified according to diagnosis groups (e.g. 
based on International Classification of Diseases (ICD) 10 codes), are used. Usually, 
the costs of preventing or treating obesity itself as well as the costs of important obe-
sity-related comorbidities, such as diabetes mellitus type 2 or cardiovascular diseases, 
according to their obesity-attributable fraction, are included. However, top-down 
cost figures often are rather imprecise, above all due to a lack of epidemiological as 
well as diagnosis-related expenditure data. Alternatively, in a bottom-up approach, 
primary data, such as health claims data, patient records, or survey data, are analysed. 
Since identification of obesity-related health care is often difficult, the excess-cost 
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method, where patient-level cost data of individuals with and without the disease are 
compared while adjusting for several confounding variables using regression and/or 
matching techniques, is used. The resulting cost differences are considered to reflect 
the costs attributable to obesity and its comorbidities.

  In health surveys, the utilisation of healthcare services is first assessed by a struc-
tured interview or self-administered questionnaire, and then the average prices (so-
called ‘unit costs’) are used to calculate costs. More precise cost estimates are available 
in health claims data; however, these data usually do not contain valid information on 
clinical data such as body mass index (BMI), and obesity-related ICD diagnoses may 
be missing. The comparison of cost estimates from different studies is further com-
plicated by differences in countries and year of reference, although economic ap-
proaches to achieve comparability do exist.

  Cost-of-Illness Studies: Results of Recent Studies 
 Obesity during childhood can lead to a number of short-term adverse health out-
comes that may be associated with increased healthcare utilisation and costs in cross-
sectional studies. Two recent reviews found 21 cost-of-illness studies on childhood 
obesity that were published between 2006 and 2011  [3, 4] . These will be summarised 
below, with the addition of the latest literature through 2013. 

 With the exception of one early German study that estimated high incremental 
costs for children with diagnosed obesity using a top-down approach, until 2011, this 
area of research was strongly dominated by studies from the USA (12 of 21 studies). 
Most of these studies were based on data from different waves of the Medical Expen-
diture Panel Survey, and some were based on claims data. Whereas six US studies re-
ported higher overall healthcare costs for obese children compared with normal-
weight children, especially for children who were obese for 2 adjacent years, some 
studies reported increased expenditure only for subgroups, such as adolescents or 
girls, or only in single sectors of the healthcare system, such as prescription drugs or 
ambulatory or hospital costs. Only one of these earlier US studies did not find a sig-
nificant association between obesity and higher healthcare costs. However, another 
study reported that total healthcare costs for the obese were not elevated before the 
age of 21 in females and before the age of 25 in males (for a review, see  [3, 4] ). In a 
recently published US study, Turer et al. analysed a 2005–2009 US medical expendi-
ture panel survey sample of 10- to 17-year-old children and adolescents and found 
that obese children and adolescents had a greater risk of suboptimal health as well as 
greater use of prescriptions and emergency department visits. In contrast, obesity was 
not associated with more office visits or higher total expenditures  [6] . It should be 
noted, however, that the analysis did not include the cost of inpatient health care ser-
vices, which is often the cost-driving element in studies demonstrating increased ex-
penditures for obese children .

  After 2009, evidence on the economic burden of obesity in childhood has also been 
generated from other countries. A Canadian study reported no difference in physician 
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costs between normal-weight and combined overweight/obese groups in 12 to 17 year-
olds. In Israel, however, significantly higher medication expenditures as well as high-
er utilisation of paediatric clinics, hospitals and medication were found for obese chil-
dren in a primary care centre. Two studies in Germany agree on significantly higher 
physician costs of obese children in different age groups. However, they differ in their 
findings concerning the costs for hospital and non-physician therapists. Only one 
study was found that additionally analysed indirect costs, i.e. productivity losses re-
sulting from work absence of the parents due to illness of their child, which were 
higher for obese children (for a detailed review of these studies, see  [3] ). Aiming to 
complement this evidence base for Germany, another more recent study explored the 
association of BMI with the utilisation of pharmaceuticals and the related costs. The 
estimated drug costs were found to be 24% higher for obese children compared with 
the normal-weight group  [7] .

  All of the above-mentioned studies analysed data from a study period of 1 to 
2 years, and merely 3 studies examined the correlation between health care costs and 
weight status, using costs and/or BMI, over a longer time. A Canadian study observed 
that physician and hospital costs in the 3 years following their survey as well as physi-
cian costs from birth up to age 14 were significantly elevated for obese children com-
pared with normal-weight children. Australian children who were overweight or 
obese at age 4–5 were shown to have higher pharmaceutical and non-hospital medical 
care costs during the following 5 years compared with normal-weight children. Ad-
ditionally, the duration of overweight after age 5 was positively associated with later 
costs (for a detailed review, see  [3] ). The latest German study assessed the association 
between different patterns of BMI development from birth on and later healthcare 
utilisation and costs in children aged about 10. Costs were found to be doubled in the 
group with the most pronounced BMI growth (persistent rapid BMI-Standard De-
viation Score growth up to age 5 years) compared to the group with a BMI develop-
ment similar to the World Health Organization growth standards  [8] .

  Discussion: Cost-of-Illness Studies 
 Our review has shown that almost all of the studies on the impact of childhood 
obesity on health care costs are bottom-up analyses. The evidence emerging from 
these studies is ambiguous. Some studies have found excess total health care costs 
for obesity, some only found excess costs for particular elements of health care, oth-
ers only found excess costs for single subgroups of obese children, and some stud-
ies did not find any cost differences at all. Further empirical research should be 
devoted to efforts to identify the reasons producing the differences in the reported 
results. Possible explanations include differences in the statistical approaches ap-
plied to cost analyses, variation in the coverage of obesity-related services that are 
provided by different health care systems over time, age- and sex-dependent co-
morbid conditions and differences in the perception of health care needs based on 
social status. 
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 Moreover, special consideration should be given to the question of to what extent 
do differences in the reference distributions of BMI as well as in the multiple cut-off 
points for the definition of overweight and obesity play a role in explaining the di-
vergent findings. In addition, there is a still on-going discussion as to whether BMI 
should be used at all as an indicator of obesity, as BMI cannot differentiate between 
overweight due to increased muscle or fat mass. This holds true for studies on the 
economic burden of obesity, as there are studies demonstrating that e.g. waist cir-
cumference is a better predictor of current and future health care costs than BMI  [9] . 
One study combined two approaches to define obesity, BMI and ICD codes, and 
found significantly higher costs for children with diagnosed obesity compared with 
the undiagnosed obese group (as defined by BMI)  [10] . This finding might be an in-
dication that severely obese children, who are not treated as a separate group in most 
analyses (mostly due to sample size reasons), are the main group of interest with re-
spect to healthcare utilisation and thus are a particularly important target group for 
intervention.

  Apart from the unknown reasons for the divergent study findings, there are two 
major limitations of the current research on the economic burden of childhood obe-
sity. The first limitation results from the fact that the research is almost exclusively 
focused on the impact of obesity on health care expenditures, thus excluding all other 
components of direct and indirect costs. The most important among the neglected 
cost items is probably the cost accrued to unpaid caregivers of sick children, as time 
losses from work, household production or leisure activities because of the children’s 
state of development and dependency can be considerable for parents and other in-
formal caregivers.

  The second limitation results from the short study period of most cost analyses, 
which rarely exceeded 2 years. It may be argued that a lifetime approach might be bet-
ter suited to catch the long-term costs of obesity in children and adolescents. How-
ever, cohort studies of 10 or more years of follow-up are rare, and there is ample evi-
dence from cost-of-illness studies in adults that obesity results in substantial excess 
cost over most of the life span. From a lifetime perspective, however, the negative 
impact of obesity on life expectancy may even lead to decreased total cost in obese 
persons  [11] .

  Economic Evaluation of Interventions to Prevent or Manage Childhood Obesity 

 Cost-Effectiveness Studies: Methodological Aspects 
 Although a large body of evidence exists supporting effective interventions against 
childhood obesity, the mixed results from cost-of-illness studies leave some doubt as 
to whether all or most of them would be cost-saving within the time frame of a typical 
intervention study. High initial intervention costs may not be compensated by cost 
savings until much later; therefore, budget impact and short-term cost-effectiveness 
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are relevant issues when judging new interventions. Cost-effectiveness is related to the 
concept of opportunity cost, which means that available health care resources should 
be spent in such a way that the optimal health outcomes are provided. Thus, compar-
ing, for example, different prevention programmes, the more effective programme 
would be considered an acceptable alternative only if the difference in cost for a cer-
tain gain in effectiveness were below a threshold defined by societal consensus. An 
extensive methodological repertoire for cost-effectiveness analysis exists that includes 
different study types for short- and long-term horizons, methods to account for dif-
ferent types of uncertainty, and ways of valuing costs and outcomes that will occur at 
different times in the future. 

 Since randomised intervention trials usually have time horizons of at most a few 
years, any economic evaluation of childhood interventions over a relevant long-term 
horizon can only be done on the basis of decision models. Evidence from both ap-
proaches is needed, but it may not be directly comparable. In randomised trials, out-
comes are often used that are directly related to obesity (e.g. anthropometric param-
eters), whereas long-term evaluations translate the intervention effects into health 
outcomes related to comorbidity and eventually into quality-adjusted life years (QA-
LYs). In long-term evaluations, discounting is applied in order to account for the time 
preference of the decision makers. Thresholds for the society’s willingness to pay for 
a certain intervention effect have been defined in some countries, but only with re-
spect to life years or QALYs gained and not with respect to other outcome parameters.

  Cost-Effectiveness of Prevention and Intervention Programmes: Results of Recent 
Studies 
 Evidence on the efficacy and effectiveness of obesity interventions in children and 
adolescents has been summarised in more than 30 reviews (e.g.  [12, 13] ). In contrast, 
few studies assessing their cost-effectiveness have been published. 

 One review included a total of 12 papers that were published in peer-reviewed 
journals until November 2009 and provided findings on the cost-effectiveness of 
 interventions to prevent and manage obesity in childhood and adolescence  [4] . 
 Another review provided an update and identified 5 additional articles that were 
published until October 2011, including economic evaluations of 11 different 
 programmes  [3] .

  Of those 17 articles on a total of 23 different childhood obesity interventions, the 
majority was conducted as part of the Assessing Cost-Effectiveness in Obesity (ACE-
Obesity) project in Australia (9 publications covering 15 programmes). This project 
applied a common economic evaluation methodology that was characterised by, 
among other things, a model-based cohort approach, a lifetime follow-up period, the 
use of ‘current practice’ as a comparator to the intervention under consideration and 
the use of disability-adjusted life years as a health outcome measure (for further de-
tails, see  [14] ). Of the remaining 8 studies, 5 were from the USA, and the rest were 
from New Zealand, Spain, and Finland.
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  The 17 publications included 12 school-based or joint school- and community-
based preventive measures that were mainly targeted at all school children, indepen-
dent of their weight status, in different age groups between 5 and 12 years. The school-
based programmes followed various approaches: educational programmes aiming to 
improve nutrition and/or increase physical activity, physical activity programmes in-
side or outside the school, or programmes designed to achieve a change in school 
travel behaviour in favour of walking or cycling instead of going by car/bus. The 9 
management interventions for already obese children included multi-disciplinary or 
general practice-based primary care programmes, family-based versus parent-only 
educational programmes, a pharmaceutical intervention targeted at obese children 
aged 12 to 16 years and a surgical intervention targeted at severely obese adolescents 
aged 14 to 19 years. Detailed information on the target population, selected method-
ological aspects and the cost-effectiveness results are presented elsewhere  [3, 4] .

  Due to different methodologies regarding the economic evaluation, e.g. different 
health outcome measures, the comparability of the cost-effectiveness results is very 
limited. However, when looking at those studies which used comparable economic 
evaluation methods, the resulting incremental cost-effectiveness ratios (ICERs) vary 
considerably across the different interventions. There are, for example, two interven-
tions – the Active After School Communities programme and the Travel SMART 
Schools programme – which are not cost-effective under base-case modelling as-
sumptions when applying the usually accepted economic threshold levels  [14] . At the 
other end of the range of ICERs, there are several ACE interventions with negative 
ICERs, indicating that under baseline assumptions, the cost-savings resulting from 
reducing the burden of disease attributable to obesity exceed the programme costs. 
When comparing population-based preventive interventions with targeted curative 
interventions, no clear picture emerges regarding their comparative efficiency. It 
should be noted, however, that the available evidence on the effectiveness of the in-
terventions is of different quality, and therefore, a ranking of the programmes exclu-
sively according to their estimated cost-effectiveness should be regarded with some 
caution (for a summary of the results, see  [14] ).

  Since 2011, we have found two new studies in this area. One economic evaluation 
study analysed a structured, primary school-based programme in Germany that in-
cluded health education, physical activity breaks and parental involvement. The re-
sults on cost-effectiveness were presented as EUR 11.11 per cm waist circumference 
prevented and EUR 18.55 per unit waist-to-height ratio prevented  [15] . However, it 
is difficult to compare these results to other cost-effectiveness estimates due to the 
different outcome measures. Furthermore, when calculating cost-effectiveness, the 
authors of this study included only programme cost, and not potential short-term or 
long-term cost sequelae of reduced health risks due to decreased waist circumference 
or waist-to-height ratio. A recently published modelling study by Hollingworth et al. 
estimated the potential lifetime cost-effectiveness of 9 randomised controlled trial-
evaluated lifestyle interventions (hospital- or community-based) to effectively treat 
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overweight and obese children from the perspective of the UK National Health Ser-
vice. For a hypothetical cohort of obese children aged 10–11 years, the discounted 
cost per life year gained was estimated as GBP 13,589 for an intervention that result-
ed in a median reduction in the BMI-Standard Deviation Score of 12 months at a 
moderate cost. The estimated results were similar for preventive interventions aimed 
at younger children and for interventions targeting obese and overweight children 
 [16] .

  In addition to these evaluation studies, some model-based analyses trying to proj-
ect short-term obesity outcomes into long-term health benefits of an intervention and 
to investigate which maximum amount of intervention cost would still meet accept-
able standards of cost-effectiveness have been newly published  [17–19] . One model 
was based on assumptions regarding lifetime healthcare costs and the persistence of 
obesity over time. Interventions yielding a 1% point reduction in obesity rate could 
achieve healthcare cost savings if the discounted intervention costs were between 
USD 280–339 per child for population-based interventions or between USD 1,648–
2,735 for interventions that only targeted obese children. The results of the simula-
tions indicated that targeted interventions could yield higher cost savings than popu-
lation-based interventions for preschool children, whereas the opposite was the case 
for adolescents  [18] . Wang et al. developed a BMI progression model and discovered 
that a 1% point reduction in both overweight and obesity rates in the study cohort 
would lower medical costs and considerably increase lifetime QALYs  [17] . A similar 
study approach was applied by Trasande  [19] , who developed a mathematical model 
to predict the lifetime QALY gains and healthcare cost changes resulting from a 1% 
point reduction in the obesity rate in US children who were aged 12 in 2005. They 
concluded that an investment of USD 1,526 per overweight child could still produce 
an acceptable ICER  [19] .

  However, the value of the information from these simulation studies should be re-
garded with caution. Due to differences in the data that were used and the assump-
tions that were made, these results are afflicted with large uncertainties, leading to 
considerable variations in the estimated results.

  Discussion: Cost-Effectiveness of Interventions 
 To summarise, the currently available evidence from economic evaluations of child-
hood and adolescent obesity programmes support the expectation that preventive and 
management interventions with acceptable cost-effectiveness do exist. Some inter-
ventions even appear to be able to achieve health gains and save costs. It should be 
noted, however, that our limited knowledge about the persistence of BMI gains over 
time is an important source of uncertainty that needs to be reduced by appropriate 
follow-up studies. 

 Substantial differences in study design and measurement tools make it difficult 
to rank all evaluated interventions according to their comparative cost-effective-
ness. Therefore, until now, it has been unclear whether preventive or treatment 
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 approaches are preferable in an economic perspective, and the most cost-effective 
time for preventive interventions during childhood and adolescence must be deter-
mined. It has even been speculated that postponing preventative action into early 
adulthood may be more cost-effective, due to the more immediate-occurring ben-
efits of avoiding the otherwise high prevalence of obesity-related comorbidities that 
develop during adulthood  [20] .

  Assessing the generalisability and transferability of the reported study results is 
also difficult, primarily due to a general lack of reporting contextual factors in in-
tervention trials, which are critical for judging the relevance and applicability of 
findings in practice  [21],  as well as a lack of reporting programme fidelity and in-
tervention integrity during implementation  [22] . This assessment is urgently re-
quired to make more confident conclusions about the potential (cost-)effective-
ness and successful dissemination of intervention evidence into different practice 
settings.

  Altogether, the number of economic evaluation studies of childhood obesity pre-
vention and intervention programmes is still relatively small compared to the large 
number of studies investigating their clinical effectiveness. Several study protocols 
have announced that further publications regarding the economic evaluation of 
childhood obesity prevention and treatment programmes may be expected soon, e.g. 
 [23, 24] . New studies focusing on clinical effectiveness should facilitate future eco-
nomic evaluations by at least collecting and reporting data on resource consumption 
caused by the implementation of the programmes under study. There are few ex-
amples for such a reporting of programme costs, two of which have been published 
recently. A Canadian study reported average costs per student of CAD 39 for a 
school-based programme managing to diminish the risk of overweight and obesity 
and to improve physical activity and dietary behaviour in class 5 students  [25] . An-
other study estimated the costs for a community-based, non-health, professionally 
delivered programme (WATCH IT) within the English National Health Service that 
achieved significant reductions in overweight children at 6 months to be GBP 858 
per child  [26] .

  The results of economic evaluations of childhood obesity interventions are char-
acterised by a large variation in ICERs, even among studies applying similar designs 
and measurements. This underscores the need for analysing the cost-effectiveness of 
those interventions in a standardised way to ensure the efficient allocation of resourc-
es that are available for improving children’s health. However, economic evaluation 
of interventions to prevent or manage childhood obesity faces a number of challeng-
es that should be addressed in future research in order to give the results more weight 
in decision-making (for a more detailed discussion, see  [3] ).

  First, there are two contentious issues in the general health economic evaluation 
methodology that are of particular relevance to child obesity interventions. One is 
how to deal with health care costs in life-years gained, that are unrelated to obesity 
and its comorbidities. The current practice of excluding these costs may result in too-
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favourable efficiency estimates and feed an unfounded optimism among policy mak-
ers who tend to regard lifestyle interventions as cost-saving options. The other is the 
choice of the discount rate, which, due to the large time lag between the costs of the 
programme and its future health benefits and cost savings, can profoundly affect the 
results of economic evaluations. Therefore, the reasons for the choice of a specific 
number for this rate and its underlying rationale should be carefully made explicit in 
each evaluation  [27] .

  Second, a decision-analytical modelling approach is required to evaluate child obe-
sity interventions if the costs and health benefits are to be fully captured over the 
whole lifetime horizon. The hitherto used models appear to be rather simplistic, and 
some of their underlying assumptions may call their structural validity into question. 
For example, it is often assumed that an obesity intervention will produce health gains 
only via a decrease in BMI. However, there are other pathways by which those inter-
ventions may eventually lead to better health. A well-known example is the improve-
ment of aerobic fitness due to increased physical activity, which predicts decreased 
morbidity and mortality independent of changes in BMI  [28] . Considering those lim-
itations of the currently available models, their further refinement appears to be fea-
sible and desirable.

  Third, there are various challenges regarding the economic evaluation of all child 
health interventions. Adopting a societal perspective requires inclusion of informal 
care activities in the costing exercise, which often play an important role in child 
health care. Until now, this has been rarely done, although appropriate valuation 
methods do exist. In addition, the strong inter-relationship in the quality of life 
among family members when a child is ill has led some investigators to argue that 
family members should be included in the economic evaluation, not only when 
measuring costs, but also when measuring benefits  [29] . Furthermore, health state 
measurement and evaluation is hampered by a paucity of child-specific outcome 
measures with proven reliability and validity, particularly regarding preference-
based measures, which, from an economist’s point of view, are preferred because 
they support broad health care allocation decision-making across disease boundar-
ies  [29] .

  Fourth, most preventive obesity interventions are typical public health interven-
tions, and evaluating those interventions raises specific methodological challenges 
 [30] . First, these interventions include the proper identification, measurement and 
valuation of non-health targets, which, in the case of paediatric obesity interventions, 
may include aspects such as empowerment or strengthening the sense of community 
and self-confidence, which hints at the fact that evaluating the health impact and the 
cost-effectiveness of child obesity interventions usually cannot be more than single 
elements in a broader evaluation concept. Second, population-based interventions are 
often characterised by social diffusion effects into other non-targeted population 
groups. In a long-term research perspective, the suitability of transmission modelling 
approaches to catch those effects should be explored. Third, equity in health is often 
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an issue of central concern in population-oriented public health interventions. Thus, 
in health economic evaluations, equity considerations should at least be considered in 
terms of narrative review.
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 Abstract 

 The high prevalence of childhood and adolescent obesity and the existence of an obesogenic envi-
ronment in industrialized countries demand a societal obesity prevention strategy, i.e. structured 
health promotion. As scientists demand ‘far bigger and bolder steps’ in the field of pediatric obesity 
prevention, this issue has to move into public focus. The present societal infrastructures in industri-
alized countries are apparently obesogenic, i.e. a societal environment that generates overweight 
and obesity-promoting behavior. In an obesogenic environment, leading a healthy lifestyle becomes 
an every day life challenge that expends personal resources (e.g. knowledge, time, finances, self-
efficacy). Nevertheless, several possibilities exist to make an industrialized consumer society less 
obesogenic. Putting this approach into practice requires a public will in order to convince political 
decision makers and involved stakeholders on all societal levels. Therefore, the main scientific task 
for the future should not only be to produce verifiable research outcomes but to communicate the 
obtained results outside of the scientific community in order to develop a societal rethinking about 
health prevention.  © 2015 S. Karger AG, Basel 

 Prevention of Childhood and Adolescent Obesity 

 The epidemic dimension of obesity and its comorbidities (e.g. metabolic syndrome) 
requires the prevention of further incidences. Public health science defines three dif-
ferent levels of prevention: universal prevention and health promotion, selective pre-
vention, and targeted prevention. In this chapter, these three terms and their connec-
tion to pediatric obesity will be illustrated. 

 Universal Prevention and Health Promotion 
 This level of prevention is directed to the whole population, independent of a person’s 
weight status, in order to counteract an increase in obesity prevalence within that 
population. The most common method used here is the spreading of cognitive 
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 information. Universal prevention is usually provided by federal or federally funded 
institutions in the form of TV advertising, information leaflets, websites, and mer-
chandizing material like buttons, stickers, and posters. 

 Selective Prevention 
 Selective prevention aims to address the persons at risk. The scientific literature de-
scribes several risk factors for pediatric obesity, e.g. low socio-economic status, obese 
parents (especially obese mothers), single parenthood, abnormal birth weight, genetic 
predisposition, etc. Selective prevention measures only address these vulnerable groups. 

 Targeted Prevention 
 Targeted obesity prevention directs its efforts toward already affected persons within 
the field of pediatric obesity rather than toward families and single-parent children or 
adolescents in order to hinder a further increase in body weight. 

 Behavioral and Environmental Prevention 
 In addition to the described prevention levels, the following two modes of prevention, 
which are applicable to all three prevention levels, have to be considered: behavioral 
and environmental prevention. 

 Behavioral prevention acts on the micro level. It addresses the individual person or 
the individual family and demands a change in health behavior. In contrast, environ-
mental prevention acts on the macro level of prevention by creating health-promoting 
living spaces/surroundings that are accessible to the whole population instead of only 
to targeted persons or families. Interventions targeting the combination of environ-
ments and upstream determinants as well as those involving the whole community 
appear to be more effective than those that focus on education by simply targeting 
only children or families  [1] .

  Barriers within the Prevention of Childhood and Adolescent Obesity 

  Barriers of the Target Group 
  The scientific literature presents many factors that hinder parents from taking action 
to change their family lifestyle into a healthier one. Authors describe time constraints 
in families with overweight children  [2] , and as most affected families posses a low 
socio-economic status (SES)  [3] , financial constraints are also obvious. In addition, a 
lack of parental awareness of their child’s weight status is described  [4] . 

 Another publication revealed that families with pediatric obesity have great expec-
tations toward other involved persons and institutions. They attribute a mediating 
role to the involved physician, and they expect schools to educate their kids in healthy 
behavior. Overall, these parents do not show confidence in their own abilities to man-
age the weight status of their child  [5] .
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  Barriers for Academic Research 
 In a review on childhood obesity prevention, the authors stated that ‘effective action 
requires an evidence base’  [6] , and this statement is absolutely true. Academic re-
search has already built up an evidence base for obesity prevention by proving the ef-
fectiveness of different single parameters that are required to create a less obesogenic 
environment. One can find ‘classic’ factors such as a negative correlation between 
weight status and high media time  [7] , and the same correlation was shown toward 
low physical activity  [8] , sweetened beverages  [9–11] , and high dietary fat  [12] . Also, 
the influence of the neighborhood environment on the weight status of an individual 
has been evaluated, and a negative correlation between the socio-economic status of 
a living area and the habitants’ weight status was shown in a complex housing exper-
iment  [13] . 

 Now, the effectiveness of the combined parameters needs to be evaluated. So far, 
the obesity prevention programs that have taken place have been limited in time and 
setting (e.g. 1- or 2-year prevention programs in elementary schools), apparently due 
to funding, feasibility, and last but not least data analysis. Foremost, funding is often 
restricted in time (normally up to 2 or 3 years and rarely longer) and amount. Ensur-
ing the yearlong realization of such a complex program, accompanied by the partici-
pation of several scientists from different disciplines in the performance and data 
evaluation, requires a lot of financial investment. As the distribution of financial re-
sources toward an issue depends on the importance associated with that issue by 
funding bodies, more political work has to be done by researchers within the field of 
health promotion. Next, feasibility also shows diverse facets. First, it is not feasible to 
involve all potential stakeholders in an area all at once. Second, the time needed to re-
ally show preventive effects has to be counted in decades. Third, it is critical to find a 
matching community-level comparison group in which no health-promoting effects 
have been allowed for decades. In addition, scientific data analysis is ambitious, as a 
mixture of different methods and scales for measuring changes in the potential obe-
sogenic parameters and in the outcome variable (prevalence of overweight and obe-
sity) has to be determined at the start of the program.

  In the short term, assessing the effectiveness of obesity prevention is problematic 
due to its complex nature  [1] . Therefore, it is recommended for researchers to work 
closely with practitioners and policy makers as well as outside the scope of tradition-
al funding infrastructures  [14] . At times, it has seemed as if academic research has 
stood still at the point that Hill stated in 1998 that ‘a […] barrier is the  perception  that 
we not know how to prevent obesity’  [15] .

  Barriers within a Consumer Society 
 Industrialized consumer societies show high prevalence rates of overweight and obe-
sity. These communities are shaped by different stakeholders (government, health 
insurances, industries, media, general public), which sometime pursue different goals 
with regard to pediatric obesity. 
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 The government of a country has a fiduciary duty to the health and welfare of the 
population of that country. Health insurances show a commercial interest in the 
health of citizens. Industries (e.g. food industries, electronic industries, pharmaceuti-
cal industries) want to sell their products to all potential consumer groups and are 
supported by commercial advertising. The media aim to share their (sometimes di-
vergent) information and are funded by the commercial advertising of the industries. 
The general public freely makes its decisions according to its priorities, its intellect, 
and its personal resources.

  Within this context of competing interests regarding the market of health pro-
motion, it is not surprising that the subjective assessment of a family’s health 
behavior often totally differs from the suggestions of experts and health profes-
sionals  [16] . So, in fact, it is difficult for target families to develop a subjective 
need for action  [17] , and without the latter, an improvement in health behavior 
is impossible.

  The Potential for a Shift from Behavioral to Environmental Prevention 

 The present societal infrastructures in industrialized countries are apparently obeso-
genic, i.e. a societal environment has developed that generates overweight- and obe-
sity-promoting behavior. Individuals with the corresponding genetic disposition and 
metabolic characteristics have an increased probability of becoming obese compared 
to persons without this inherited predisposition. In an obesogenic environment, 
leading a healthy lifestyle becomes an every day life challenge that expends personal 
resources (e.g. knowledge, time, finances, self-efficacy). These resources often are 
limited for vulnerable families at risk for childhood obesity (low educational back-
ground, single-parenthood, low household-net-income, low self-efficacy-acceptance, 
etc.), making the long-term implementation of a healthy lifestyle difficult or even 
impossible. 

 If universal prevention and health promotion turned away from the exclusive 
transfer of responsibility onto the obese individual toward the development of area-
wide health-promoting infrastructures, the sustainable implementation of a healthy 
lifestyle could be an easy choice for every individual, independent of their genetic and 
metabolic configuration and weight status.

  Shifting the focus of responsibility for childhood obesity away from target indi-
viduals toward the environment in order to solve the societal problem of childhood 
obesity has been suggested by researchers all over the world for over 15 years  [15, 
18–21] . However, until now, no method for the long-term implementation of societal 
lifestyle changes has been determined.

  The most difficult part seems to be to bringing together the different pressure 
groups of this problem, i.e. public authorities, health professionals, industries, health 
insurances, educational establishment, and media, in order to make a long-term 
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 orientation toward health promotion possible. Doing so will only work with a public 
will and with public pressure, as not all involved stakeholders feel an intrinsic attitude 
toward universal obesity prevention and health promotion.

  Conclusion 

 Every person must have the chance to sustainably implement a healthy lifestyle into 
their everyday life, regardless of the social context. Therefore, societal changes in uni-
versal obesity prevention and health promotion are needed and could bring together 
the parameters of obesity prevention measures that are proven to be effective. The 
realization of this approach requires a public will in order to convince political deci-
sion makers and involved stakeholders on all societal levels. The main scientific task 
for the future should not only be to produce verifiable research outcomes but also to 
communicate the obtained results outside of the scientific community to enable the 
development of a societal rethinking about health prevention. 
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 Abstract 

 Obesity prevention based on electronic technology has attracted increased attention over the last 
few years. Due to their relatively high computer literacy, children and adolescents are the main tar-
get group for these health promotion programs delivered through new media. Programs should 
be directed at various levels (micro, meso, and community) to target pediatric obesity and meta-
bolic syndrome. Furthermore, they need to be based on health psychological frameworks and have 
to incorporate interactive components. The participation rates of programs need to be carefully 
monitored. Factors hindering or facilitating program implementation need to be continuously ex-
amined for the optimization of future research programs. Family and school-based settings for the 
delivery of internet-based prevention programs seem to be most effective. However, community 
approaches also need further attention via research and translation into practice. 

 © 2015 S. Karger AG, Basel 

 Prevention, E-Learning, and the Internet 

 Prevention of metabolic syndrome and obesity in childhood and adolescence is a cru-
cial goal, as obesity and associated diseases continue into adulthood and lead to con-
siderable public health and economic costs  [1, 2] . As described in the previous section, 
prevention of pediatric obesity and metabolic syndrome implicates certain barriers, 
which are handled by applying new preventive efforts, including the application of 
new media, in addition to other approaches. 

 Due to their acquisition of computer literacy early in life, children and adolescents 
are a major target group of new media campaigns. Public health organizations have 
also begun using this channel as a new form of low-threshold delivery of health-pro-
moting messages and information  [3, 4] .

  To simplify the complex structure of e-health campaigns targeting prevention of 
obesity and metabolic syndrome, this chapter describes different settings in which 
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 e-health based programs are applied as preventive measures. The programs can either 
address children and adolescents directly or parents and immediate caregivers as well 
as the meso-level environment, including educational settings and health care.

  E-Health Prevention at the Micro Level 
 Health-promoting strategies targeted at children and adolescents in their home set-
ting are on the rise. However, very few programs are directed at very young children 
alone, as their immediate environments, including parents, provide necessary en-
ablers of healthy behavior and are often regarded as ‘agents of change’  [5] . Previous 
interventions directly addressing children implemented websites or CD-ROM games 
offering weekly modules containing  role modelling, problem solving, and goal setting  
to promote fruit and vegetable intake and increases in physical activity  [6] . When ap-
plying e-health-based programs addressed to children in their home environment, it 
is absolutely necessary to monitor log-on and program attrition rates and to find a 
theoretical basis for the design of the intervention in order to improve evidence-based 
e-health learning for obesity prevention. 

 Adolescents are often directly addressed by programs focusing on prevention of 
obesity or metabolic syndrome. The program contents include the promotion of 
physical activity to increase fruit and vegetable consumption as well as psychosocial 
management. The technologies applied range from internet websites to CD-ROM 
games, text messages, and mobile phone applications (‘apps’). Interventions solely 
focusing on  internet websites  for adolescents may comprise methods such as  psycho-
educational lessons, discussion groups, tailored feedback,  or  lessons with a gaming ap-
proach   [6] . In particular, interactive components were found to be appealing, as they 
motivated participants to learn by example and experience. The involvement of social 
media is a controversial subject. However, social networks could facilitate broad im-
plementation of interventions  [7, 8] .

  Mobile phone apps are also becoming increasingly popular for health promotion 
among adolescents, as most youngsters own a smartphone and especially because at-
risk or underserved groups possess access to new mobile phone technology  [9] . Ex-
pert-recommended strategies, available via apps on the market for adolescents, are 
 BMI follow-ups over time, assessment of motivation to change in behavior, tailored 
strategies for goal setting, examination of environmental influences, involvement of the 
family setting,  and  a combination of multiple behavior changes   [10] . However, evi-
dence-based practices need to be incorporated into commercially available apps for 
adolescent users to actually increase the likelihood of effective health promotion.

  In addition to smartphone applications, even the use of text messages and phone 
calls is an effective and very personal way to deliver health promotion messages to 
adolescents. Interventions can also be complemented by text message reminders to 
lower attrition rates  [11] .

  To date, other social media, such as social networks, have rarely been used as the 
sole component of health promotion programs but are commonly used to raise 
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 awareness of health promotion programs. Overall, prevention programs focusing di-
rectly on children and adolescents should be based on a theoretical framework for 
behavior change and incorporate interactive media components to engage the target 
group in active learning and to build motivation to make sustainable lifestyle changes.

  E-Health Prevention at the Meso Level: Parents and the Family Setting 
 Recent studies revealed that the internet and the phone are good channels through 
which to address the whole family, and especially parents, for obesity prevention in 
childhood and adolescence  [12] . Parental and family involvement helps to enforce 
health behavior change and increases the sustainability of programs for designing a 
healthy home environment for children  [13] . Health information is also a topic often 
researched on the internet by adults. Even low health literacy among parents can be 
overcome by designing an appealing  website with multiple layers of content and incor-
porating audio and video sources   [14] . 

 Research has shown that family-based interventions enabling healthy lifestyle be-
haviors are effective when using evidence-based approaches such as  goal setting, self-
monitoring,  and  involvement of parents’ health behavior . The contents of internet in-
terventions delivered to parents can comprise  advice, self-assessment, feedback, aware-
ness raising, and motivation regarding parenting style and self-efficacy   [6, 12] .

  Tailoring e-health and phone interventions according to parents’ and the family’s 
needs and habits can further increase program adherence by respecting individually 
relevant topics related to health behavior change  [15, 16] .

  E-Health Prevention at the Meso Level: Education and the Health Care System 

  School -based internet obesity prevention programs have led to improvement of the 
health behavior of children in the short term. Generally, the school setting can be rec-
ommended for the implementation of internet prevention measures because the lev-
el of outreach, even to elevated-risk groups, is high and because distribution can be 
widespread. Most internet programs comprise  educational lessons, goal setting, skill 
building, incentives, tailored feedback, stage-of-change-based or tailored advice, and 
assessment of health behavior  to change nutrition or physical activity habits. Imple-
mentation and effective outreach are often dependent not only on motivational fac-
tors but also on teachers’ acceptance of the program and the school environment in 
general. It has also been found that print-based programs remain almost equally as 
effective as internet-based programs  [17] . 

 Generally, there is a high number of school-based e-health programs focusing on 
obesity prevention and health promotion, but actual effects have only been docu-
mented for short follow-up periods. Participation rates decline over time, and imple-
mentation is often dependent on the school curriculum and teachers’ perception and 
involvement. To translate science into practice, future studies need to examine 
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 process implementation, participation, and attrition rates in relation to the outcomes 
of preventive interventions.

  In addition to school-based interventions, health care settings can also serve as in-
direct implementation targets for prevention of metabolic syndrome. Currently, edu-
cational lessons delivered to general practitioners, nurses, and other health care work-
ers are often delivered through e-learning modules and thereby help to increase 
awareness, knowledge, and skills to prevent the onset of obesity in childhood and 
adolescence  [18, 19] .

  Conclusions 

 Electronic technology can be used for the large-scale and low-cost delivery of health 
promotion programs for both children/adolescents and their environment. The 
availability of technology is widespread, and therefore, outreach, even to at-risk pop-
ulations, is absolutely possible. However, programs need to monitor participation 
rates and act against attrition. The incorporation of interactive lessons, face-to-face 
counselling, or the involvement of a community setting would be favorable to in-
crease the effectiveness and sustainability of prevention programs based on new me-
dia technologies. 
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 Abstract 

 The efficiency of obesity treatment programmes based on diet, exercise and behaviour therapy in 
obese children and adolescents, especially when parents are involved, has been proven by several 
randomised controlled trials and meta-analyses. A stable weight in growing children is known to be 
associated with an improvement in cardiovascular risk factors and comorbidities of obesity. In clini-
cal practice, the degree of weight loss due to obesity treatment programmes is only moderate, and 
these interventions are successful only in a subgroup of obese children. In particular, young children 
and less-overweight children profit from obesity treatment programmes. Failures in weight reduc-
tion are not only attributed to lack of motivation and willingness to change behaviour but also to 
genetic background and adaptive hormonal changes, which result in a reduced resting metabolic 
rate and increased hunger. Therefore, blaming obese children and their parents for unsuccessful 
weight loss is inadequate. There is still a great need for high-quality, multi-centre trials with long-
term follow-up that are aimed to enhance obesity treatment programmes by improving the tech-
niques used and the education of therapists.  © 2015 S. Karger AG, Basel 

 Introduction 

 Obesity treatment programmes based on lifestyle intervention are recommended 
as the primary treatment for childhood obesity  [1–3] . These interventions are usu-
ally comprised of diet and exercise interventions using behavioural therapy tech-
niques  [3, 4] . In the following sections, the knowledge concerning these treatment 
modalities are presented, and the limitations of obesity treatment programmes are 
highlighted. 
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 Diet 

 While years ago, weight reduction in children was based on strict dietary concepts 
(for example, energy intake limited to 1,000 or 1,500 calories per day), this approach 
has been discontinued for several reasons: strict caloric guidelines cannot be adhered 
to for longer periods of time and the families do not learn to change their daily rou-
tine dietary intake  [5] . Furthermore, a hypocaloric diet in children jeopardises 
growth and development by deficiencies in essential vitamins and minerals. In ad-
dition, energy consumption differs widely, even between children of the same age 
and gender  [6] . The genetic background and individual physical activity as well as 
other factors determine caloric need; therefore, most lifestyle interventions try to 
reduce individual calorie intake by about 30%, even if studies proving this approach 
are lacking  [3, 4] . 

 Currently, there is debate as to whether a low-fat (usually 30% of calories as fat) or 
a low-carbohydrate diet is more efficacious  [1] . At the present time, there is insuffi-
cient paediatric evidence to warrant recommending any one diet over another. The 
only effective diet advice proven by randomised controlled trials (RCTs) is a reduction 
of sweetened drink intake  [7, 8] . Furthermore, a reduction of fast food intake also 
seems promising because consumption of fast food is a well-known predictor of 
weight gain, as demonstrated in prospective studies  [2] .

  Exercise Treatment 

 Sport sessions to improve physical activity are a widely used component of obesity 
treatment programmes for children and adolescents. The aims of these sessions are 
to improve self-confidence and acquire a positive body image, to improve aerobic 
and anaerobic fitness as well as muscle strength, and therefore to reduce body weight 
without the loss of lean body mass. Sports activities are well accepted by obese chil-
dren if they are performed in closed groups that exclude normal-weight children 
 [2] . 

 However, meta-analyses and many RCTs of physical activity interventions found 
no effect of these sessions on the BMI of obese children  [3, 4] . Additionally, increas-
ing daily physical activity by walking to school or kindergarten instead of using cars 
or buses was not associated with a significant weight loss in RCT studies  [2] . On the 
other hand, increased physical activity was associated with an improvement of fitness 
and cardiovascular risk factors in obese children, even without weight loss  [2] .

  In recent years, many interventions have focused on sedentary behaviour by reduc-
ing media time to treat childhood obesity. The results of the meta-analysis and RCTs 
focused on reducing sedentary activity demonstrated both favourable and unfavour-
able impacts on weight status  [2, 4] . The most promising results were seen in pre-
school children  [9] .
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  Behaviour Therapy 

 Successful obesity treatment programmes are frequently based on behaviour therapy, 
including impulse control techniques, self-instruction, cognitive restructuring, devel-
opment of problem-solving strategies, behaviour contracts, booster systems, self-re-
flection curves, and model learning via parents  [2] . The effectiveness of behaviour 
therapy approaches has been proven in several RCT studies and meta-analyses  [10] . 
In recent years, interventions for obese children have moved to systemic and solution-
focused theories as well as family therapy  [11]    and include avoiding blaming and 
highlighting strengths instead of weaknesses. Motivational interviewing has been ad-
vocated as an especially useful technique to increase motivation  [12] . 

 Setting and Duration of Obesity Treatment Programmes 

 Successful interventions lasted 6–12 months, but no RCT demonstrated that a short-
term intervention over 2–8 weeks achieved long-term success at a 12-month follow-up 
 [3, 4] . Most weight reduction programmes are provided by outpatient clinics  [3, 4] , and 
obesity intervention programmes in schools failed to achieve weight loss  [2] . A new me-
dium for intervention is the Internet. However, interventions via Internet for obese 
adolescents have failed to reduce BMI  [2] . In addition, telephone coaching and electron-
ic contact interventions were not associated with changes of BMI in obese children  [2] . 

 Successful obesity treatment programmes were always performed as group treat-
ment  [3, 4] , which could be more cost-effective than individual approaches. Further-
more, motivation could be increased through interactions with the group participants.

  Target Group of Obesity Intervention Programmes 

 While obesity treatment programmes 10 years ago focused on children and adoles-
cents, it has become quite clear in recent years that interventions involving parents 
are more effective than interventions solely involving obese children or adolescents 
 [1–4] . This fact likely explains the limited effect of inpatient, school, Internet, and 
telephone settings. Parents control the health behaviour of their children and have an 
important model function for the eating and exercise behaviour of their children. 

 Side Effects of Obesity Treatment Programmes 

 While growth failure during weight loss due to obesity intervention programmes has 
been excluded, some studies have reported eating disorders associated with lifestyle 
intervention (for details, see  [3] ). If children drop out of lifestyle intervention or fail 

Kiess W, Wabitsch M, Maffeis C, Sharma AM (eds): Metabolic Syndrome and Obesity in Childhood and Adolescence. 
Pediatr Adolesc Med. Basel, Karger, 2015, vol 19, pp 171–178 ( DOI: 10.1159/000368134 )



174  Reinehr 

to lose weight, their self-confidence may be reduced because the obese child ‘learns’ 
that she/he cannot change his/her weight. 

 Effectiveness of Obesity Treatment Programmes 

 Meta-analyses summarising the findings of >60 RCTs with >5,500 children reported 
that obesity treatment programmes are effective in reducing obesity, in contrast to 
standard care or self-help  [3, 4] . Interestingly, quality of life improves in obese chil-
dren participating in obesity treatment programmes independent of the degree of 
weight loss  [2] . 

 In general, the degree of weight reduction and the success rate of obesity treat-
ment programmes are higher in children compared to adults  [2–4, 13] . The mean 
reduction of standard deviation score of BMI (BMI-SDS) of obesity treatment pro-
grammes for obese children 12 months after onset of intervention ranged from –0.2 
to –0.6 BMI-SDS, with better results for children aged 8–12 who were less over-
weight  [2–4] .

  Interestingly, one study in the literature has analysed the impact of lifestyle inter-
vention on overweight but not obese children  [14] . The success rate in this study was 
very high (92%), even 1 year after the end of the 6-month intervention period  [14] . 
However, further independent and larger studies are needed to prove this promising 
outcome. On the other hand, obesity treatment programmes were not successful in 
extremely obese adolescents  [2] .

  Only very few studies in children analysed the changes in weight status  ≥ 5 years 
after the end of treatment  [2, 4] . All of these studies reported that the achieved weight 
loss due to intervention was sustained for 5–10 years, in contrast to studies in adults 
that reported weight regain in the majority of the participants  [13] .

  From a medical point of view, improvement of cardiovascular risk factors and co-
morbidities of obesity are the primary aims of obesity treatment programmes. Al-
ready, a decrease of BMI-SDS  ≥ 0.25 has been associated with improvements in car-
diovascular risk factors, intima-media thickness, androgen excess in polycystic ovary 
syndrome and non-alcoholic fatty liver disease, as proven by meta-analyses and clin-
ical studies  [1, 2, 15, 16] . A mean reduction of 0.25 BMI-SDS is similar to a reduction 
of 1 BMI or to a stable weight of over 1 year in growing children.

  Even if RCTs and meta-analyses have proven a significant effect of obesity treat-
ment programmes on BMI and cardiovascular risk factors in obese children, some 
concerns have to be mentioned. The obesity treatment trials were generally of small 
or moderate sample size, and the majority of the trials were of relatively short-term 
follow-up and included only a few children with a low social status or migration 
background  [3] . Knowing these limitations, it is not surprising that RCTs likely 
overestimate the effectiveness of obesity treatment programmes in clinical practice 
 [2] .
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  Reasons for Failure of Obesity Treatment Programmes for Children and 

Adolescents 

 First, most overweight and obese children and their families do not want to participate 
in obesity treatment programmes  [2] . Second, it can be speculated that the high drop-
out rate of clinical trials is caused by certain characteristics of obese patients and their 
families (e.g. lack of psychosocial support and parenting skills), by a decline in the 
motivation for lifestyle changes, by inadvertent constraints to therapy adherence, and 
by insufficient efficacy and/or quality of obesity treatment programmes or education 
of the therapists. 

 A factor contributing to weight regain may be the lack of a continued exercise pro-
gramme, which fits well into a concept of obesity as a chronic disease  [1] . The impor-
tance of exercise to sustain weight loss was concluded in several meta-analyses of 
long-term (3–5 years) weight maintenance studies in adults and children  [13, 17] .

  Another important explanation for the difficulties in maintaining weight loss is the 
complex regulation of body weight. Body weight is centrally regulated, with periph-
eral hormonal signals released from the gastrointestinal tract, pancreas, and adipose 
tissue that regulate food intake and energy expenditure in the hypothalamus  [2] . 
Many hormones, such as leptin, ghrelin, peptide YY, and insulin as well as others, 
have been found to influence appetite  [2] . Furthermore, thyroid hormones determine 
the resting energy metabolic rate, but the underlying pathways are not fully under-
stood  [2, 18, 19] . In obese children, most of these hormones are altered as the adaption 
process increases the resting metabolic rate and increases satiety  [2] . Weight loss re-
sults in acute compensatory changes in these hormones in obese adults and children, 
most of which reduce satiety and the resting metabolic rate and promote weight re-
gain  [2] . Accordingly, profound reductions in energy expenditures have been mea-
sured in obese humans who have lost weight  [2] . In summary, multiple compensa-
tory mechanisms that encourage weight gain must be overcome in order to maintain 
weight loss in obese children. Therefore, the high rate of relapse among obese children 
has a physiological basis and is not simply the result of lack of motivation.

  Furthermore, the genetic background influences the outcome of obesity treatment 
programmes  [2] . For example, a functionally relevant mutation in the melanocortin 
4 receptor is associated with poorer outcome in obesity treatment programmes for 
children  [20] . However, most single-nucleotide polymorphisms associated with obe-
sity  [21]  are not related to weight loss in obesity treatment programmes or in subse-
quent weight regain  [22] . Finally, children with metabolic syndrome respond to obe-
sity intervention programmes to a lower degree, likely due to a background of insulin 
resistance  [23] .

  In conclusion, blaming obese children and adolescents as well as their parents for 
unsuccessful weight loss seems inadequate due to the effects of different genetic and 
physiological backgrounds as well as to the multiple counter-regulations that occur to 
avoid weight loss.
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  Challenges of Obesity Treatment Programmes 

 Even if our knowledge concerning obesity treatment programmes in obese children 
is increasing, there are several unclear issues. We do not know the minimum amount 
of time and intensity that is needed for an obesity treatment programme. Contrary to 
the comprehensive literature on the effectiveness of these programmes, the literature 
on the cost-effectiveness of interventions that fight obesity in children is very limited 
 [2] . The first studies reported that interventions to treat childhood obesity are poten-
tially cost effective; however, the cost savings and health benefits may not appear un-
til the sixth or seventh decade of life  [2, 24] . 

 We do not know what dietary advice and which components of exercise treatment 
are effective. It is clear that a special education of therapists is needed, but it is unclear 
which components are essential. Furthermore, since obesity is a chronic disease post-
treatment, maintenance programmes are needed, but what should these programmes 
be composed of and how long are they needed? The greatest challenges are treatment 
of unmotivated obese children and adolescents, disabled obese children and adoles-
cents, as well as extremely obese adolescents.

  Conclusions 

 In summary, obesity treatment programmes are effective in reducing overweight in 
children if the parents are involved. Currently, a stable weight in growing children 
is associated with an improvement of cardiovascular risk factors and comorbidities 
of obesity. Failures in weight reduction are not only attributed to a lack of motiva-
tion and willingness to change behaviour but also to the genetic background and 
adaptive hormonal changes, which result in reduced resting metabolic rate and in-
creased hunger. 

 The degree of weight loss due to obesity treatment programmes is only moderate. 
Furthermore, RCTs are likely to overestimate the effectiveness of interventions. How-
ever, we should not retreat into a state of therapeutic nihilism. Obesity treatment pro-
grammes should be primarily offered to children with successful change (such as 
young and less-overweight, motivated children), and we have to accept that lifestyle 
intervention is not effective for every obese child (particularly extremely obese ado-
lescents). If obesity treatment programmes do not work, drug treatment of comor-
bidities and cardiovascular risk factors is necessary. There is still a great need for high-
quality, multi-centre trials with long-term follow-up that are aimed to improve obe-
sity treatment programmes.

  This chapter was adapted from the publication ‘Lifestyle intervention in childhood obesity: 
changes and challenges’ by Thomas Reinehr in Nat Rev Endocrinol 2013;   9:   607–614. 
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 Abstract 

 Bariatric surgery has been increasingly performed in adolescents over the past decade. Consensus 
guidelines have been developed to help heath care teams select adolescent candidates for surgery. 
Reports of short-term outcomes in adolescents have demonstrated similar BMI reduction and safety 
as in the adult population. There are several issues specific to adolescents that require further con-
sideration, including a lower age limit and BMI at surgery, the optimal choice of bariatric procedure, 
the potential for the development of disordered eating and weight recidivism after surgery, and the 
extent of psychological and developmental assessment prior to performing these procedures. With 
the ongoing increase in the number of adolescent bariatric surgeries performed, it will be essential 
for high-level evidence with long-term follow-up to be generated to help address these issues and 
guide health care teams caring for teens with obesity.  © 2015 S. Karger AG, Basel 

 Overview of Adolescent Bariatric Surgery 

 Bariatric surgery was first performed in adolescents beginning in the late 1970s, and 
the number of procedures performed has progressively increased over time. Data 
from the Kids’ Inpatient Database  [1]  suggest that the number of bariatric operations 
in children and adolescents in the U.S. has doubled from 771 in 2003 to 1,615 in 2009. 
The increase is likely due to increasing rates of adult bariatric surgery and the knowl-
edge that nonsurgical treatments have a limited effect on children with severe obesity 
and that, without an effective intervention, the majority of obese adolescents will re-
main obese in adulthood  [2] . 

 The most common types of bariatric operations performed in adolescents in-
clude Roux-en-Y gastric bypass (RYGB), laparoscopic adjustable gastric banding 
(LAGB), and sleeve gastrectomy (SG) ( fig. 1 )  [3] . RYGB is both a restrictive and a 
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  Fig. 1.   a  Roux-en-Y gastric bypass;  b  Laparoscopic 
 adjustable gastric band;  c  Sleeve gastrectomy. 
Modified and reprinted from Smith et al. [4], with 
 permission from Elsevier. 
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malabsorptive procedure that involves creating a small gastric pouch below the 
gastroesophageal junction and connecting a Roux-en-Y limb of the jejunum to the 
pouch  [4] . LAGB is a purely restrictive operation in which a band is placed around 
the proximal aspect of the stomach, below the gastroesophageal junction. Addi-
tionally, a catheter attached to the band is connected to an infusion port placed on 
the abdominal wall for saline injection to tighten or loosen the band  [4] . SG is a 
relatively new procedure in both adults and adolescents. It is a restrictive proce-
dure in which most of the stomach is removed, leaving a tabularized stomach along 
the lesser curve that is 85–90% smaller than its original size  [4, 5] . All three opera-
tions are done laparoscopically in almost all cases. Due to concern about long-term 
nutrient deficiencies associated with malabsorptive procedures as well as lower 
long-term weight loss with LAGB, SG is often recommended for adolescent  patients 
 [6] .

  Patient Selection 

 Recently, the American Society for Metabolic and Bariatric Surgery Pediatric Com-
mittee  [3]  published best-practice guidelines on adolescent bariatric surgery. Patient 
criteria include adolescents with a BMI  ≥ 35 kg/m2 and with major co-morbidities, 
including type 2 diabetes mellitus (T2DM), moderate to severe sleep apnea, pseudo-
tumor cerebri, or severe nonalcoholic steatohepatitis, or with a BMI  ≥ 40 kg/m2 and 
with other co-morbidities (e.g. hypertension, glucose intolerance, dyslipidemia)  [3] . 
Adolescents should be postpubertal, have completed at least 95% of their estimated 
growth if undergoing a diversional or malabsorptive procedure, and have demon-
strated an understanding of the lifestyle changes needed after surgery  [7] . In addition, 
a psychosocial assessment should demonstrate that the adolescent is capable of mak-
ing an informed decision and is aware of the risks and benefits of surgery; that the teen 
has social support; and that, together with his/her family, the teen is able to adhere to 
pre- and postoperative recommendations  [7] . If the adolescent has a psychiatric con-
dition such as depression or an eating disorder, it should be treated and stabilized 
prior to pursuing bariatric surgery  [7] . All operations should be performed in special-
ized bariatric centers  [7] . 

 Outcomes after Adolescent Bariatric Surgery 

 Knowledge of outcomes after adolescent bariatric surgery is increasing but is still lim-
ited due to the retrospective nature of the majority of studies, heterogeneity among 
studies, and the small sample sizes and short follow-up times of studies  [5] . A meta-
analysis of bariatric surgery in 637 pediatric patients showed an average weighted 
mean BMI difference from baseline to 1 year of –13.5 kg/m 2   [5] . When analyzed by 
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surgery type, RYGB was associated with an average BMI loss at 12 months of –17.2 
kg/m 2 , in contrast to –10.5 kg/m 2  for LAGB  [5] . For SG, the mean BMI loss was in-
termediate, or –14.5 kg/m 2 , based on three studies  [5] . Since the publication of the 
meta-analysis, prospective studies from Germany, the U.S., and Canada have shown 
comparable outcomes  [6, 8, 9] . These results are also quite comparable with those in 
the adult population, with an average BMI reduction of –14.2 kg/m 2  reported in a 
meta-analysis  [10] . 

 Although long-term safety data are still lacking, shorter-term information is avail-
able. The Teen-Longitudinal Assessment of Bariatric Surgery  [11]  study reported on 
the perioperative outcomes of 242 adolescents aged 19 years or younger who under-
went bariatric surgery in the U.S. from 2007 to 2011. This was the first study to pro-
spectively collect standardized data from multiple centers performing bariatric sur-
gery, whereas other studies have used registry-based data, which can be prone to in-
complete data and coding errors  [8, 11] . The average age was 17.1 years among the 
patients, who had a median BMI of 50.5 kg/m2, and 51% had  ≥ 4 major co-morbidities 
 [11] . Overall, within 30 days of surgery, 19 patients (8%) experienced a major com-
plication, and 36 (15%) had a minor complication  [11] . There were no reported deaths 
within 30 days of the procedure  [11] . The majority of complications took place before 
discharge from the hospital: 5% had a major perioperative complication, including 7 
patients who underwent reoperation for bowel obstruction/bleeding, gastrointestinal 
(GI) leak/sepsis, or suspected sepsis; 4 patients who required a transfusion for post-
operative bleeding; one patient who required anticoagulation for deep venous throm-
bosis; and one patient who had a splenectomy after intraoperative splenic injury  [11] . 
In total, 8% had a minor perioperative complication, with urinary tract events being 
the most common  [11] . After discharge and within 30 days of surgery, 3% had a ma-
jor complication (pulmonary embolus or GI leak), and 11% had a minor complication 
(anastomotic stricture; wound infection; or GI symptoms, such as abdominal pain 
and nausea)  [11] . In a study comparing outcomes between adults and adolescents un-
dergoing bariatric surgery in the U.S. between 2002 and 2006, adolescents demon-
strated a lower 30-day complication rate (5.5%) compared with adults (9.8%), with 
similarly low rates of in-hospital mortality (no adolescent deaths vs 0.2% in adults) 
 [12] .

  Bariatric surgery performed in adolescents results in rapid improvement of obesi-
ty-related comorbidities. A German registry study reported that rates of diabetes, hy-
pertension, and sleep apnea were reduced by approximately half in 167 adolescents 
and young adults following gastric bypass, LAGB, or SG at 18 months of follow-up 
 [8] . In a report on adolescents with T2DM who underwent RYGB 1 year postopera-
tively, 10 of 11 patients no longer required oral medication, and one patient remained 
on insulin, but at a much lower dose, without additional oral therapy  [13] . Surgery 
was also associated with significant improvements in BMI, hemoglobin A1C levels, 
lipid levels, and blood pressure  [13] . Finally, the largest report on outcomes after SG, 
performed in Saudi Arabia among 108 children and adolescents (aged 5–21 years old), 
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found that patients with available data demonstrated resolution rates of 70% for dys-
lipidemia, 75% for hypertension, 94% for diabetes, 100% for prediabetes, and 91% for 
symptoms of sleep apnea  [14] .

  The impact of bariatric surgery on psychosocial functioning is less well known. 
Two-year data after RYGB in 16 adolescents showed weight reduction, improved 
health-related quality of life and self-concept, and a decrease in depressive symptoms 
across the first year postsurgery and decelerations in the second year, accompanied 
by weight regain, slight increases in depressive symptoms, and decreases in health-
related quality of life and self-concept  [15] . A short-term study from Sweden in 37 
adolescents 4 months after RYGB demonstrated an overall significant improvement 
in symptoms of anxiety, depression, and self-concept from baseline and no significant 
change in anger or disruptive behavior. However, 16% of adolescents exhibited dete-
rioration in two or more of these aspects, suggesting the need for close psychological 
monitoring after bariatric surgery  [16] . Adolescence is a complex developmental stage 
during which self-identity is developing and a sense of belonging is central. Rapid 
changes in BMI and related increases in social acceptance or unexpected continued 
marginalization can lead to complicated positive or negative psychological sequelae, 
respectively, that need to be better understood.

  Controversies in Adolescent Bariatric Surgery 

 While the amount of data on adolescent bariatric surgery is growing, the acceptabil-
ity of this procedure in children and adolescents continues to be a controversial topic 
 [17] . Further research is needed to identify which specific procedure is optimal for 
adolescents, who should be operated on, who should be operating, how patients 
should be followed up, and the optimal timing of surgery that provides the largest 
benefit-to-harm ratio  [5, 17] . Despite this, there are currently reports of children as 
young as 2  1 / 2  years of age undergoing irreversible bariatric surgery  [18] . Another 
 debated topic is whether surgery should occur at lower BMIs. Studies from North 
America and Europe have demonstrated that preoperative BMI is an accurate indica-
tor of nadir BMI at 1–2 years post-bariatric surgery, with a 1/3 reduction in BMI from 
the preoperative BMI, suggesting that referral at a later stage or higher BMI may pre-
vent attainment of a nonobese BMI  [19, 20] . In adults, the criteria for bariatric surgery 
now include a BMI of 30–34.9 kg/m2 and T2DM or metabolic syndrome, although 
there currently is limited evidence to support this decision  [21] . Whether the adult 
trends will translate into lower BMI criteria for adolescents remains to be seen. 

 A challenging ethical issue is the ability to obtain valid informed consent from the 
adolescent and his/her family. The adolescent’s capacity to make this decision re-
quires assessment, and informed assent/consent should be obtained separately from 
the parents to avoid coercion  [7, 22] . Parents may feel responsible and guilty for their 
child’s obesity, which may influence their attitude toward surgery  [17] . It is also very 
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important that adolescents and families understand that bariatric surgery is not a 
‘quick fix’, but rather a tool to help them with ongoing healthy behavioral changes, 
and that a lack of adherence to recommended eating advice will ultimately lead to 
weight regain. Adolescents’ decisions may also be driven by the belief that achieving 
a certain thinness will impart happiness and success, and this may impede their full 
appreciation of the risks of surgery. For these reasons, it is recommended that the 
process of obtaining consent for surgery take place over several months, while families 
participate in behavioral modification programs  [6, 22] . Discussions should include 
the different surgical options, the risks and benefit of each procedure, the likely out-
comes, and the uncertainty of long-term outcomes in adolescents  [22] .

  There are particular negative sequelae of bariatric surgery reported in adult studies 
that may be of greater concern in the adolescent. The first is the impact of bariatric 
surgery on the development of disordered eating in adolescents, especially since these 
symptoms are often present prior to surgery. For example, an assessment of 200 ado-
lescents prior to surgery demonstrated that 4% met the criteria for an eating disorder, 
16% reported current binge eating, 9.5% reported current night eating, and 1% were 
purging  [23] . Another negative consequence of bariatric surgery in adults is the pres-
ence of excess skin following major weight loss  [24] , which in our experience, can be 
of particular concern to the adolescent. Many adolescents seeking bariatric surgery 
have experienced a long history of social isolation, bullying, and a lack of intimate re-
lationships  [25] . With rapid weight loss, changes in self-esteem and body image and 
increased fertility may leave females particularly vulnerable to an increase in unwant-
ed pregnancy  [26] . As such, adolescent females who undergo bariatric surgery require 
counseling in regards to their reproductive health now and in the future  [27] , and 
some groups advocate insertion of a contraceptive intrauterine device at the time of 
the bariatric procedure  [26] .

  Weight recidivism in adults post-bariatric surgery is reported to occur in up to 80% 
of patients. However, the majority remain significantly below their presurgery weight, 
with only 10–20% regaining a significant proportion of their excess weight  [28] . After 
RYGB, weight regain varied between 10 and 15% among adolescent patients in two 
small studies after 6–12 years, similar to reports of weight regain in adults after gastric 
bypass  [29, 30] .

  As bariatric surgery becomes a more accepted form of treatment for adolescents 
with severe obesity, equitable access to this treatment is an important ethical consid-
eration. In adults, disparities in access to bariatric surgery were found in the U.S., with 
fewer African Americans, Hispanics, low-income individuals, and males undergoing 
surgery than would be expected  [31] . Similar data are not yet available for children 
and adolescents. However, a survey of pediatricians and family doctors revealed that 
nearly 1/2 of physicians would never refer an obese adolescent for bariatric surgery, 
and a similar proportion felt that the minimum age for a referral should be 18 years 
 [32] . The reason for this hesitation is not known but may be due to unfamiliarity with 
the procedure and concern about the decision-making capacity of adolescents  [32] . It 

Kiess W, Wabitsch M, Maffeis C, Sharma AM (eds): Metabolic Syndrome and Obesity in Childhood and Adolescence. 
Pediatr Adolesc Med. Basel, Karger, 2015, vol 19, pp 179–186 ( DOI: 10.1159/000368135 )



 Adolescent Bariatric Surgery 185

is quite likely that many severely obese adolescents desiring bariatric surgery are not 
referred based on the opinion of their primary care physician.

  In summary, adolescent bariatric surgery is an effective treatment option for select 
patients when other interventions have failed. Prospective data are emerging on the 
outcomes and complications of bariatric procedures, although there remain many 
unanswered questions and several areas of consideration unique to the developmental 
phase of adolescence. The ongoing generation of high-quality evidence is required to 
address these issues and should assist practitioners in managing the ethical and con-
troversial issues that accompany bariatric surgery in adolescents. 
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 Abstract 

 Pediatric obesity is an urgent and complex public health issue. The high proportions of children who 
meet the definition of overweight or obesity highlight the need for effective and accessible services 
to reduce short- and long-term health risks. In our experience, we have encountered a number of 
challenges common in pediatric obesity management across our clinical and research centers. For 
the purpose of this review, these challenges and our real-world experiences are grouped as issues 
that include (i) caring for children with obesity and their families and (ii) working within the health 
care system. Overall, we highlight a number of lessons learned from our years of experience and de-
tail ongoing initiatives designed to optimize health services for managing obesity developed for 
children and their families.  © 2015 S. Karger AG, Basel 

 Introduction 

 For clinicians working on the front line in the field of pediatric obesity, it can be dis-
couraging that there is no single proven strategy for success in pediatric weight 
 management. It is problematic even to define  success , although most researchers, 
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 clinicians, funding agencies, government officials, and families would view weight 
loss as the most meaningful measure of success. However, as we continue to provide 
care for children with obesity and their families, we have become increasingly aware 
of the many complex issues that are involved in pediatric weight management and 
how these issues impact our ability to provide the best possible health services for 
managing obesity. 

 This chapter includes a brief review of key issues in providing obesity-related 
health services for children with obesity and their families. We have organized these 
issues into two broad categories: (i) caring for children with obesity and their families 
and (ii) working within the health care system. In regards to the former, we give spe-
cial attention to providing family-centered care (FCC), tailoring health services, and 
addressing mental health in the population of interest. In relation to the health care 
system, we highlight the establishment of services for pediatric obesity management, 
the development of practical clinical resources and tools, and the common barriers 
experienced by families when accessing health services.

  Caring for Children and Families 
  Family-centered Care:  Managing pediatric obesity is most likely to be effective 

when strategies focus on healthy lifestyle changes within the family. FCC is based on 
mutually beneficial partnerships between health care professionals and family mem-
bers during the planning, delivery, and evaluation of clinical care  [1] . The family is 
empowered to adopt an active participating role in the child’s care, and the clinicians 
adopt a collaborative role, which enhances the development of a constructive relation-
ship between clinicians and families  [1] . In this model, multiple family members have 
the potential to benefit from healthy changes  [2] , and it is equally important for the 
clinicians to gain respect and trust from the child. Clinicians can demonstrate FCC 
when discussing sensitive issues such as weight and lifestyle habits. Clinicians must  
 provide a safe environment for communication in a nonjudgmental and unbiased 
manner, such as by using language that parents prefer when discussing children’s 
weight status  [3] . Caregivers should focus on families’ successes, progress, and posi-
tive changes.   Children’s developmental maturity should be taken into account to best 
meet the needs of both younger children and adolescents, whose autonomy and de-
pendency may differ.

   Tailoring Health Services:  Treatment plans should be tailored to children’s and 
families’ individual priorities and concerns. Clinical practice guidelines recommend 
that clinicians help families to identify modifiable barriers impacting weight manage-
ment  [4] . Each family comes from a unique environment and set of experiences that 
form their context for weight management. FCC allows the clinician to assess and 
consider weight management in each family according to that family’s needs and pri-
orities. Goals and strategies can be developed specifically in accordance with the ca-
pacity for and motivation to change and families’ unique accessibility to resources 
and facilities. In addition, it is equally important to distinguish between children’s 
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challenges, strengths, and abilities and those of their parents. Treating each family 
member as unique also stems from FCC, promoting therapeutic alliances both with 
the child as an individual and with the family as a unit. The establishment of a strong 
alliance can positively influence families’ engagement, reduce the likelihood that fam-
ilies will discontinue care prematurely, and increase the chances of treatment success 
 [5] .

  The definition of success may vary between clinicians and families; however, more 
often than not, success is defined according to weight loss. In our experience, we have 
found that given the multifaceted nature of childhood obesity, which often also in-
cludes family obesity, it may be more appropriate to frame success in non-weight-
related terms. For example, success may include positive health behavior change (e.g., 
more frequent healthy food choices); change in attitude (e.g., acceptance of the long-
term nature of weight management); and/or improvements in relationships (e.g., be-
tween family members), psychosocial health (e.g., improved self-esteem), and/or met-
abolic markers (e.g., blood pressure). When clinicians and families agree on similar 
measures of non-weight-related success, stronger collaboration can be formed, and 
families may be more likely to continue with the program.

   Mental Health:  To date, an extensive amount of research has focused on the car-
diometabolic risk associated with childhood obesity  [6] ; however, psychosocial issues 
are often more salient for families on a day-to-day basis. Internalizing (e.g., anxiety) 
and externalizing (e.g., hyperactivity) disorders and behaviors are common in chil-
dren with obesity  [7]  and can complicate the implementation of and adherence to 
management strategies. These conditions may require assessment and treatment by a 
mental health professional (e.g., psychologist), and the importance of a mental health 
care provider as part of the weight management team cannot be understated.

  Readiness to change is another essential consideration. Motivational variables 
(e.g., readiness, importance, confidence) vary among family members, vary with 
time, and differ according to the health behavior being addressed. If clinicians mis-
interpret or misjudge families’ readiness to change, it is possible that the children 
and families will experience unnecessary barriers to successful weight management. 
Clinicians can acquire skills and techniques in motivational interviewing  [8]  and 
cognitive behavioral therapy  [9]  and incorporate these into practice. Mental health 
professionals can assist in the psychosocial, emotional, and cognitive aspects of 
weight management by (i) assuming leadership roles, (ii) providing direct support 
for families, and (iii) building pediatric mental health knowledge and skills among 
team members from other disciplines. Taken together, these realities highlight the 
need for mental health assessment and treatment as part of effective pediatric weight 
management.

   Weight Bias:  Negative attitudes and beliefs about an individual’s body weight rep-
resent other factors that can negatively impact mental and emotional health and suc-
cess in weight management. Many children and families in our care have experienced 
shame, blame, and stigmatization from other family members and from friends, 

Kiess W, Wabitsch M, Maffeis C, Sharma AM (eds): Metabolic Syndrome and Obesity in Childhood and Adolescence. 
Pediatr Adolesc Med. Basel, Karger, 2015, vol 19, pp 187–193 ( DOI: 10.1159/000368136 )



190  Ball    et al. 

teachers, co-workers, health professionals, and the media regarding the children’s 
weight status. Unfortunately, weight bias is also common within health care and 
among professionals  [10] . Stigmatizing and blaming attitudes from health care pro-
fessionals undermine all aspects of FCC, as bias may hinder the establishment of mu-
tual trust and an alliance between clinicians and families. Additionally, when children 
present with adverse psychosocial conditions (e.g., depression, low self-esteem), 
weight bias encountered in the health care setting may lead to decreased willingness 
to engage, an increased risk of worsening health, an increased need for health care, 
and perpetuation of this cycle  [10] . In health care and in society, there is a clear need 
to shift from a focus on physical weight to a nonjudgmental and unbiased apprecia-
tion of the complex causes and consequences of obesity.

  Working within the Health Care System 
  Establishing Health Services for Managing Pediatric Obesity:  We work within a na-

tional universal health care system in Canada, although funding decisions for health 
services and the allocation of resources are made by provincial, regional, and local 
authorities. The high prevalence of obesity and its co-morbidities and the dissemina-
tion of this reality throughout society have highlighted the need for effective services. 
However, a number of challenges currently exist within Canadian programs, includ-
ing relatively small numbers of referrals for weight management, failure of families to 
engage in treatment programs, high levels of attrition, and a lack of substantial weight 
loss for most children with obesity. Ongoing education, contextualization, and justi-
fication among colleagues and administrators within the health care system are es-
sential for obesity to be viewed as a chronic condition that requires ongoing support 
and management. Framing obesity as a complex, chronic medical condition that re-
quires extensive, multidisciplinary, and long-term health services would help to es-
tablish pediatric obesity as a legitimate pediatric subspecialty and to distinguish it 
from other specialty areas in pediatrics that provide high-intensity/short-term, low-
intensity/short-term, or low-intensity/long-term treatments.

  Two common issues that we have encountered in our health care environment are 
(i) a desire for practical clinical resources and tools that clinicians can use with fami-
lies and (ii) the need to enhance the accessibility of health services, particularly for 
families living in remote or rural regions.

   Practical Clinical Resources:  Primary care clinicians desire practice-based tools to 
support families in managing pediatric obesity  [11, 12] . In response, and comple-
mentary to a number of existing resources (e.g., Canada’s Food Guide to Healthy 
Eating  [13] , Canadian Physical Activity Guidelines/Canadian Sedentary Behaviour 
Guidelines  [14] , World Health Organization Growth Reference  [15] ), team mem-
bers have recently developed three  made-in-Canada  tools. First, the Edmonton Obe-
sity Staging System for Pediatrics (EOSS-P), based on the original EOSS for adults 
 [16] , provides a comprehensive assessment of the health and well-being of children 
with obesity, beyond anthropometric data  [17] . The EOSS-P is based on simple 
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 clinical assessments of  metabolic, mechanical, and mental health  and diagnostic eval-
uations that are available and routine in clinical practice. In addition, a measure of 
 family milieu  is included to represent the influence of the social environment and 
family context on obesity-related health risk. Second, the 5As  (Ask, Assess, Advise, 
Agree, Assist)  of Obesity Management for adults were developed for clinicians work-
ing in primary care to help to promote clinician-patient communication, assess-
ments for obesity, and specific planning for follow-up care  [18] . Preliminary evi-
dence suggests that this tool helps clinicians to initiate obesity management and 
increases the likelihood of follow-up care  [19] . A family-centered adaptation of the 
5As has been developed for pediatric practice. Finally, since rapport and collabora-
tion are highly valued by clinicians and families alike  [5]  and since positive, family-
centered interactions enhance collaboration and reduce attrition  [20] , researchers 
developed a tool for clinicians called CONversation Cards ® . The cards include ap-
proximately 40 individual statements common to families trying to make and main-
tain healthy lifestyle changes (e.g., ‘I like it when my doctor explains medical terms 
to me’). Pilot testing showed that (i) the cards can be easily incorporated into day-
to-day clinical practice; (ii) families liked using the cards and found them relevant 
and easy to understand; and (iii) families selected numerous cards, an observation 
that highlights the variety of issues that families experience in managing pediatric 
obesity  [21] . The CONversation Cards ©  as well as the adult and pediatric versions 
of the 5As of Obesity Management are available online from the Canadian Obesity 
Network (www.obesitynetwork.ca).

   Barriers to Accessing Health Services:  Families commonly experience barriers to 
lifestyle change, including limited financial resources, time lost at work/school, dif-
ficulty with time management, and perceived self-efficacy to change lifestyle habits. 
To help to address some of these barriers and optimize families’ participation, strate-
gies have included (i) offering   health services during evenings and weekends; (ii) pro-
viding financial assistance for parking and public transportation; (iii) sharing relevant 
information through clinic newsletters; (iv) reminding families by telephone regard-
ing upcoming appointments; (v) encouraging participation in clinical and health ser-
vices research, which often includes financial incentives or tokens of appreciation; 
and (vi) establishing peer-group programs for support and accountability. Re-evalu-
ation of challenges experienced at initiation and throughout the treatment process 
can help families to remove barriers and allows clinicians to tailor care to best meet 
families’ needs.

  Many primary care-based clinicians encounter frustration because they lack local 
services for nutrition counselling and   accessible community resources for families. It 
is not uncommon for families to experience long wait times after referral to pediatric 
specialists and tertiary weight management programs. While waiting, many families 
have limited access to appropriate support services. In our experience, the children 
with obesity who are at greatest health risk are not always given the highest priority 
for assessment and intervention. As with adults  [16] , the allocation of resources for 

Kiess W, Wabitsch M, Maffeis C, Sharma AM (eds): Metabolic Syndrome and Obesity in Childhood and Adolescence. 
Pediatr Adolesc Med. Basel, Karger, 2015, vol 19, pp 187–193 ( DOI: 10.1159/000368136 )



192  Ball    et al. 

managing pediatric obesity could benefit from an improved triaging system to help to 
ensure that those who require more urgent care or who possess more extensive health 
risks receive appropriate care in a timely manner.

  Conclusion 

 There are a number of common challenges in managing pediatric obesity, many of 
which relate to factors beyond intervention efficacy or effectiveness. These challenges 
demonstrate the urgency to identify, disseminate, and implement evidence-based 
strategies to prevent pediatric obesity using ‘upstream’ strategies that are available to 
families in primary care and public health settings. Future areas of research should 
focus on increasing the availability and accessibility of effective lifestyle change and 
weight management services through distance support-based options (e.g., eHealth 
technologies  [22, 23] ) that can support families where they live, particularly for those 
living in rural or remote areas. By working in multidisciplinary teams and employing 
FCC to approach the specific needs of children and families in pediatric weight man-
agement, we can make progress in establishing acceptable and effective health care for 
children with obesity and their families. 
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