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INTRODUCTION

The prevalence of childhood overweight and obesity has increased world-
wide in recent decades. Obesity in childhood is associated with a wide
range of serious health complications and an increased risk of premature
illness and death later in life. This book presents childhood obesity trends
across multiple demographics. It discusses the contributing genetic and
environmental factors of childhood obesity and shows the adverse health
consequences of childhood obesity, both as they relate to childhood and
as they last into adulthood. The final section presents multiple methods
for obesity treatment included community and family—based intervention,
pharmacotherapy, and surgical procedures.

The first section of this book focuses on the genetic and environmental
factors that lead to childhood obesity. In Chapter 1, by Zhao and Grant,
the authors argue that obesity is a major health problem and an immense
economic burden on the health care systems both in the United States and
the rest of the world. The prevalence of obesity in children and adults in
the United States has increased dramatically over the past decade. Besides
environmental factors, genetic factors are known to play an important role
in the pathogenesis of obesity. Genome—wide association studies (GWAS)
have revealed strongly associated genomic variants associated with most
common disorders; indeed there is general consensus on these findings
from generally positive replication outcomes by independent groups. To
date, there have been only a few GWAS-related reports for childhood obe-
sity specifically, with studies primarily uncovering loci in the adult setting
instead. It is clear that a number of loci previously reported from GWAS
analyses of adult BMI and/or obesity also play a role in childhood obesity.

Dubois et al. examine the genetic and environmental influences on
variances in weight, height, and BMI in Chapter 2. Their data is obtained
from a total of 23 twin birth—cohorts from four countries: Canada, Swe-
den, Denmark, and Australia. Participants were monozygotic (MZ) and
dizygotic (DZ) (same— and opposite—sex) twin pairs with data available
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for both height and weight at a given age, from birth through 19 years of
age. Approximately 24,036 children were included in the analyses. They
found that heritability for body weight, height, and BMI was low at birth
(between 6.4 and 8.7% for boys, and between 4.8 and 7.9% for girls) but
increased over time, accounting for close to half or more of the variance
in body weight and BMI after 5 months of age in both sexes. Common en-
vironmental influences on all body measures were high at birth (between
74.1-85.9% in all measures for boys, and between 74.2 and 87.3% in all
measures for girls) and markedly reduced over time. For body height, the
effect of the common environment remained significant for a longer pe-
riod during early childhood (up through 12 years of age). Sex—limitation
of genetic and shared environmental effects was observed. The authors
concluded that genetics appear to play an increasingly important role in
explaining the variation in weight, height, and BMI from early childhood
to late adolescence, particularly in boys. Common environmental factors
exert their strongest and most independent influence specifically in pre—
adolescent years and more significantly in girls. These findings emphasize
the need to target family and social environmental interventions in early
childhood years, especially for females. As gene—environment correlation
and interaction is likely, it is also necessary to identify the genetic variants
that may predispose individuals to obesity.

Chapter 3, by Morandi et al., recommends that the prevention of obesity
should start as early as possible after birth. The authors devised clinically
useful equations estimating the risk of later obesity in newborns, as a first
step towards focused early prevention against the global obesity epidemic.
To this extent, they analyzed the lifetime Northern Finland Birth Cohort
1986 (NFBC1986) (N = 4,032) to draw predictive equations for childhood
and adolescent obesity from traditional risk factors (parental BMI, birth
weight, maternal gestational weight gain, behaviour and social indicators),
and a genetic score built from 39 BMI/obesity—associated polymorphisms.
They performed validation analyses in a retrospective cohort of 1,503
Italian children and in a prospective cohort of 1,032 U.S. children. In the
NFBC1986, the cumulative accuracy of traditional risk factors predict-
ing childhood obesity, adolescent obesity, and childhood obesity persistent
into adolescence was good: AUROC = 0-78[0-74-0.82], 0-75[0-71-0-79]
and 0-85[0-80-0-90] respectively (all p<0-001). Adding the genetic score
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produced discrimination improvements <1%. The NFBC1986 equation
for childhood obesity remained acceptably accurate when applied to the
Italian and the U.S. cohort (AUROC = 0-70[0-63—0-77] and 0-73[0-67—
0-80] respectively) and the two additional equations for childhood obesity
newly drawn from the Italian and the U.S. datasets showed good accuracy
in respective cohorts (AUROC = 0-74[0-69-0-79] and 0-79[0-73—0-84])
(all p<0-001). The three equations for childhood obesity were converted
into simple Excel risk calculators for potential clinical use. This study pro-
vides the first example of handy tools for predicting childhood obesity in
newborns by means of easily recorded information, while it shows that
currently known genetic variants have very little usefulness for such pre-
diction.

Folgoni and Quann show in Chapter 4 that given the epidemic of
childhood obesity, it is crucial to assess food and beverage intake trends.
Beverages can provide a large number of calories and since consumption
patterns seem to develop at a young age they examined beverage consump-
tion trends over three decades. The objective of this study was to assess
the beverage (milk, fruit juice, fruit drinks, tea, soy beverages, and soft
drinks) consumption trends in children <1-5 years of age. They found that
during the NHANES 1976-1980 and 1988-1994 periods, approximately
84-85% of children were consuming milk, whereas only 77% were con-
suming milk during NHANES 2001-2006. Flavored milk intake was rela-
tively low, but increased to 14% during the last decade (p<0.001). Fruit
juice consumption increased dramatically during NHANES 2001-2006 to
more than 50% of the population compared to about 30% in the older
surveys (p < 0.001). No significant changes were observed in fruit drink
intake across all three decades with 35—37% of this population consum-
ing fruit drinks. At least 30% of children consumed soft drinks. Milk was
the largest beverage calorie contributor in all three decades surveyed and
was the primary contributor of calcium (52—62%), phosphorus (37-42%),
magnesium (27-28%), and potassium (32-37%). Fruit juice and fruit
drinks each provided 8-10% of calories with soft drinks providing 5-6%
of calories. Fruit juice was an important provider of potassium (16—19%)
and magnesium (11%). Fruit drinks provided less than 5% of nutrients
examined and soft drinks provided very little of the nutrients evaluated.
Given these results, as well as concerns about childhood obesity and the
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need to meet nutrition requirements, it is prudent that parents, educators
and child caretakers replace some of the nutrient poor beverages young
children are currently consuming with more nutrient dense sources like
low—fat and fat—free milk.

Chapter 5 examines the relationship between physical fitness and obe-
sity in youth. Rauner et al. report that obesity increases the risk for several
diseases in adults as well as children and adolescents. In turn, many factors
including genetic variations and environmental influences (e.g. physical
activity) increase the risk of obesity. For instance, 25 to 40 percent of
people inherit a predisposition for a high body mass index (BMI). The
purpose of this systematic review was to summarize current cross—sec-
tional and longitudinal studies on physical activity, fitness and overweight
in adolescents and to identify mediator and moderator effects by evaluat-
ing the interaction between these three parameters. Twelve cross—sectional
and two longitudinal studies were included. Only four studies analyzed the
interaction among physical activity, fitness and overweight in adolescents
and reported inconsistent results. All other studies analyzed the relation-
ship between either physical activity and overweight, or between fitness
and overweight. Overweight—here including obesity—was inversely re-
lated to physical activity. Similarly, all studies reported inverse relations
between physical fitness and overweight. Mediator and moderator effects
were detected in the interrelationship of BMI, fitness and physical activ-
ity. Overall, a distinction of excessive body weight as cause or effect of
low levels of physical activity and fitness is lacking. They conclude that
the small number of studies on the interrelationship of BMI, fitness and
physical activity emphasizes the need for longitudinal studies that would
reveal 1) the causality between physical activity and overweight / fitness
and overweight and 2) the causal interrelationships among overweight,
physical activity and fitness. These results must be carefully interpreted
given the lack of distinction between self-reported and objective physical
activity and that studies analyzing the metabolic syndrome or cardiovas-
cular disease were not considered. The importance of physical activity or
fitness in predicting overweight remains unknown.

In chapter 6, Gonzalez et al. examine the effect of family influences on
obesity. Overweight and obesity are steadily increasing worldwide with
the greatest prevalence occurring in high—income countries. Many factors
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influence body mass index (BMI); however multiple influences assessed
in families and individuals are rarely studied together in a prospective de-
sign. Their objective was to model the impact of multiple influences at the
child (low birth weight, history of maltreatment, a history of childhood
mental and physical conditions, and school difficulties) and family level
(parental income and education, parental mental and physical health, and
family functioning) on BMI in early adulthood. They found that at the
child level, presence of psychiatric disorder and school difficulties were
related to higher BMI in early adulthood. At the family level, receipt of
social assistance was associated with higher BMI, whereas family func-
tioning, having immigrant parents and higher levels of parental education
were associated with lower BMI. They found that gender moderated the
effect of two risk factors on BMI: receipt of social assistance and pres-
ence of a medical condition in childhood. In females, but not in males,
the presence of these risk factors was associated with higher BMI in early
adulthood. Overall, these findings indicate that childhood risk factors as-
sociated with higher BMI in early adulthood are multi—faceted and long—
lasting. These findings highlight the need for preventive interventions to
be implemented at the family level in childhood.

Section I examines the negative health effects associated with childhood
obesity, both physical and pyschological. In Chapter 7, the first chapter in
this section, Narang and Mathew look at the connection between sleep
apnea and child obesity. The global epidemic of childhood and adolescent
obesity and its immediate as well as long—term consequences for obese
individuals and society as a whole cannot be overemphasized. Obesity in
childhood and adolescence is associated with an increased risk of adult
obesity and clinically significant consequences affecting the cardiovas-
cular and metabolic systems. Importantly, obesity is additionally compli-
cated by obstructive sleep apnea (OSA), occurring in up to 60% of obese
children. OSA, which is diagnosed using the gold standard polysomno-
gram (PSG), is characterized by snoring, recurrent partial (hypopneas) or
complete (apneas) obstruction of the upper airway. OSA is frequently as-
sociated with intermittent oxyhemoglobin desaturations, sleep disruption,
and sleep fragmentation. There is emerging data that OSA is associated
with cardiovascular burden including systemic hypertension, changes in
ventricular structure and function, arterial stiffness, and metabolic syn-
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dromes. Thus, OSA in the context of obesity may independently or syn-
ergistically magnify the underlying cardiovascular and metabolic burden.
This is of importance as early recognition and treatment of OSA in obese
children are likely to result in the reduction of cardiometabolic burden in
obese children. This paper summarizes the current state of understanding
of obesity—related OSA. Specifically, this paper will discuss epidemiol-
ogy, pathophysiology, cardiometabolic burden, and management of obese
children and adolescents with OSA.

Chapter 8, by Bruyndonckx et al., associates obesity with noncom-
municable diseases, such as cardiovascular complications and diabetes,
all of which are considered a major threat to the management of health
care worldwide. Epidemiological findings show that childhood obesity is
rapidly rising in Western society, as well as in developing countries. This
pandemic is not without consequences and can affect the risk of future
cardiovascular disease in these children. Childhood obesity is associated
with endothelial dysfunction, the first yet still reversible step towards ath-
erosclerosis. Advanced research techniques have added further insight on
how childhood obesity and associated comorbidities lead to endothelial
dysfunction. Techniques used to measure endothelial function were fur-
ther brought to perfection, and novel biomarkers, including endothelial
progenitor cells, were discovered. The aim of this chapter is to provide a
critical overview on both in vivo as well as in vitro markers for endothe-
lial integrity. Additionally, an in—depth description of the mechanisms that
disrupt the delicate balance between endothelial damage and repair will be
given. Finally, the effects of lifestyle interventions and pharmacotherapy
on endothelial dysfunction will be reviewed.

Chapter 9 connects insulin sensitivity and obesity. Kim et al. argue the
impact of obesity as a systemic low—grade inflammatory process has only
partially been explored. To this effect, 704 community—based school—
aged children (354 obese children and 350 age—, gender—, and ethnicity—
matched controls) were recruited and underwent assessment of plasma
levels of fasting insulin and glucose, lipids, and a variety of proinflam-
matory mediators that are associated with cardiometabolic dysfunction.
Obese children were at higher risk for abnormal HOMA and cholesterol
levels. Furthermore, BMI z score, HOMA, and LDL/HDL ratio strongly
correlated with levels of certain inflammatory mediators. Taken together,
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obesity in children is not only associated with insulin resistance and hy-
perlipidemia, but is accompanied by increased, yet variable, expression
of markers of systemic inflammation. Future community—based interven-
tion and phenotype correlational studies on childhood obesity will require
inclusion of expanded panels of inflammatory biomarkers to provide a
comprehensive assessment of risk on specific obesity—related morbidities.

Uusi—Rasi et al. examine the connections between childhood obesity
and bone density in adulthood in Chapter 10. Associations between child-
hood obesity and adult bone traits were assessed among 62 obese pre-
menopausal women, of which 12 had been obese since childhood (ObC),
and 50 had gained excess weight in adulthood (ObA). Body composition
and bone mineral content (BMC) of the total body, spine, and proximal
femur were assessed with DXA. Total cross—sectional area and cortical
(diaphyseal CoD) and trabecular (epiphyseal TrD) bone density of the
radius and tibia were measured with pQCT. Compared to ObA—group,
ObC—group was 5.2cm taller having 2.5 and 3.5kg more lean and fat
mass, respectively. Depending on the statistical adjustment, ObC—group
had 5-10% greater TrD both in tibia and in radius. The remaining bone
traits did not significantly differ between the groups. Current preliminary
observations bring up an interesting question whether childhood obesity
can result in denser trabecular bone in adulthood. However, prudence must
be exercised in the statistical adjustment.

Chapter 11 examines the psychological effects, rather than the physical
effects of child obesity. van Grieken et al. Limited studies have reported
on associations between overweight, and physical and psychosocial health
outcomes among younger children. This study evaluates associations be-
tween overweight, obesity and underweight in 5—year—old children, and
parent—reported health outcomes at age 7 years. This study shows that
overweight, obesity and underweight at 5 years of age is associated with
more parent—reported adverse treatment of the child. Qualitative research
examining underlying mechanisms is recommended. Healthcare providers
should be aware of the possible adverse effects of childhood overweight
and also relative underweight, and provide parents and children with ap-
propriate counseling.

The third section looks at both treatment and prevention. Dubuisson
et al. examine the determinants of weight loss in Chapter 12. Efforts are
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needed to improve the long—term efficiency of childhood obesity treat-
ment. To adapt strategies, the identification of subgroups of patients with a
greater weight loss may be useful. The objective was to analyze the results
of a chronic care program for childhood obesity and to determine baseline
factors (medical, dietary, and psychosocial) associated with successful
weight loss. The authors set up a family—targeted and individually adapted
interdisciplinary long—term care program and reviewed the medical files
of 144 children (59 boys and 85 girls; y; mean BMI-z—score: ) who had >2
interdisciplinary visits and >1—year treatment. Mean treatment length was
2.2y (1-6.7y) with visits/year. The duration of treatment did not depend
on the initial weight loss, but this was predictive of the weight change
over time. Furthermore any additional weight loss was observed with time
whatever the initial weight change. High levels of physical activity and
daily water intake from baseline conditions were associated with a greater
weight loss after 9 months of intervention. In contrast, a high baseline
consumption of soft drinks resulted in lower weight loss. Family specific
factors such as being a single child or the child’s family support were
identified as baseline factors which may contribute to better results. Con-
clusion. The study suggests that the benefit of a chronic weight control
program supports the need for its integration into the current concept of
treatment. Better prevention policy and parental support may improve the
success of the childhood obesity treatment.

Chapter 13 looks at ways to reduce sedentary behaviors among youth.
Leung et al. assess the effectiveness of interventions that focus on reduc-
ing sedentary behavior (SB) among school-age youth and to identify ele-
ments associated with interventions' potential for translation into practice
settings. A comprehensive literature search was conducted using 4 data-
bases for peer—reviewed studies published between 1980 and April 2011.
Randomized trials, which lasted at least 12 weeks, aimed at decreasing SB
among children aged 6 to 19 years were identified. Twelve studies were
included; 3 focused only on SB, 1 focused on physical activity (PA), 6
were combined SB and PA interventions, and 2 studies targeted SB, PA,
and diet. The majority of the studies were conducted in a school setting,
while others were conducted in such settings as clinics, community cen-
ters, and libraries. Overall, interventions that focused on decreasing SB
were associated with reduction in time spent on SB and/or improvements
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in anthropometric measurements related to childhood obesity. Several of
the studies did consider elements related to the intervention's potential for
translation into practice settings.

Bailey et al. argue that institutional sharing of health records has a
role to play in assessing childhood obesity in Chapter 14. They conducted
a non—concurrent cohort study of 528,340 children with outpatient vis-
its to six pediatric academic medical centers during 2007—08, with suf-
ficient data in the EHR for body mass index (BMI) assessment. EHR data
were compared with data from the 2007—-08 National Health and Nutri-
tion Examination Survey (NHANES). Among children 2—17 years, BMI
was evaluable for 1,398,655 visits (56%). The EHR dataset contained over
6,000 BMI measurements per month of age up to 16 years, yielding precise
estimates of BMI. In the EHR dataset, 18% of children were obese versus
18% in NHANES, while 35% were obese or overweight versus 34% in
NHANES. BMI for an individual was highly reliable over time (intraclass
correlation coefficient 0.90 for obese children and 0.97 for all children).
Only 14% of visits with measured obesity (BMI >95%) had a diagno-
sis of obesity recorded, and only 20% of children with measured obesity
had the diagnosis documented during the study period. Obese children
had higher primary care (4.8 versus 4.0 visits, p<0.001) and specialty care
(3.7 versus 2.7 visits, p<0.001) utilization than non—obese counterparts,
and higher prevalence of diverse co—morbidities. The cohort size in the
EHR dataset permitted detection of associations with rare diagnoses. Data
sharing did not require investment of extensive institutional resources, yet
yielded high data quality. They conclude that multi—institutional EHR data
sharing is a promising, feasible, and valid approach for population health
surveillance. It provides a valuable complement to more resource—inten-
sive national surveys, particularly for iterative surveillance and quality im-
provement. Low rates of obesity diagnosis present a significant obstacle
to surveillance and quality improvement for care of children with obesity.

The final chapter, Chapter 15, by Dehghan et al., reports that childhood
obesity has reached epidemic levels in developed countries. Twenty five
percent of children in the US are overweight and 11% are obese. Over-
weight and obesity in childhood are known to have significant impact on
both physical and psychological health. The mechanism of obesity de-
velopment is not fully understood and it is believed to be a disorder with
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multiple causes. Environmental factors, lifestyle preferences, and cultural
environment play pivotal roles in the rising prevalence of obesity world-
wide. In general, overweight and obesity are assumed to be the results of
an increase in caloric and fat intake. On the other hand, there is supporting
evidence that excessive sugar intake by soft drink, increased portion size,
and steady decline in physical activity have been playing major roles in the
rising rates of obesity all around the world. Consequently, both over—con-
sumption of calories and reduced physical activity are involved in child-
hood obesity. Almost all researchers agree that prevention could be the key
strategy for controlling the current epidemic of obesity. Prevention may
include primary prevention of overweight or obesity, secondary preven-
tion or prevention of weight regain following weight loss, and avoidance
of more weight increase in obese persons unable to lose weight. Until now,
most approaches have focused on changing the behaviour of individuals
through diet and exercise. It seems, however, that these strategies have
had little impact on the growing increase of the obesity epidemic. While
about 50% of the adults are overweight and obese in many countries, it is
difficult to reduce excessive weight once it becomes established. Children
should therefore be considered the priority population for intervention
strategies. Prevention may be achieved through a variety of interventions
targeting built environment, physical activity, and diet. Some of these po-
tential strategies for intervention in children can be implemented by tar-
geting preschool institutions, schools or after—school care services as natu-
ral setting for influencing the diet and physical activity. Overall, there is
an urgent need to initiate prevention and treatment of obesity in children.
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CHAPTER 1

GENETICS OF CHILDHOOD OBESITY

JIANHUA ZHAO and STRUAN F. A. GRANT

1.1 DEFINITION AND EPIDEMIOLOGY OF CHILDHOOD
OBESITY

Obesity is a major health problem in modern societies, with a prevalence
of up to 25% in Western societies and an increasing incidence in children
[1]. Obesity, plus the associated insulin resistance [2, 3], is also considered
a contributor to the major causes of death in the United States and is an
important risk factor for type 2 diabetes (T2D), cardiovascular diseases
(CVD), hypertension, and other chronic diseases.

Approximately 70% of obese adolescents grow up to become obese
adults [4—6]. The main direct adverse effects of childhood obesity include
orthopedic complications, sleep apnea, and psychosocial disorders [7, §].
Obesity present in adolescence has been shown to be associated with in-
creased overall mortality in adults [9]; overweight children followed up
for 40 [10] and 55 years [11] were more likely to have CVD and digestive
diseases, and to die from any cause as compared with those who were lean.

Obesity is a complex disease that involves interactions between envi-
ronmental and genetic factors. Excess in adipose tissue mass can be seen
as a disruption in the balance between energy intake and expenditure. In
modern times, this excess in adipose tissue fuel storage is considered a
disease; however, a better viewpoint would be that obesity is a survival
advantage that has gone astray that is, what is now considered a disease
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was probably advantageous when food was less available and a high level
of energy expenditure through physical activity was a way of life [12].

The true prevalence of childhood obesity is difficult to empirically quan-
tify as there is currently no internationally accepted definition; however, in
general terms, childhood obesity is considered to have reached epidemic
levels in developed countries.

Approximately 25% of children in the US are overweight and approxi-
mately 11% are obese. In the 10—year period between the National Health and
Nutrition Examination Survey (NHANES) II (1976-1980) and NHANES I1I
(1988-1991), the prevalence of overweight children in the USA had increased
by approximately forty percent [1]. Examination of historical standards for
defining overweight in children from many countries tells us that the distri-
bution of BMI is becoming increasingly skewed [13]. The lower part of the
distribution has shifted relatively little whereas the upper part has widened
substantially. This finding suggests that many children may be more suscep-
tible (genetically or socially) to influence by the changing environment.

Although the definition of obesity and overweight has changed over
time [14, 15], it can be defined as an excess of body fat. The definition of
childhood obesity continues to be problematic due to the fact that almost all
definitions use some variant of BMI (body mass index). A range of other
methods are available which allow for accurate estimates of total body fat;
however, none of these are widely available and/or are easily applicable to
the clinical situation. Body weight is reasonably well correlated with body
fat but is also highly correlated with height, and children of the same weight
but different heights can have widely differing amounts of adiposity, but in
adults BMI correlates more strongly with more specific measurements of
body fat, that is, BMI is useful for depicting overweight in the population
but is an imperfect approximation of excess adiposity [16].

In addition, the relation between BMI and body fat in children varies
widely with age and with pubertal maturation. This in itself makes BMI
definitions of overweight for children more complex than definitions for
adults, which use a single cutoff value for all ages. Definitions of over-
weight that use BMI-for—age can be based on a number of different stan-
dards that all give slightly different results, and all are essentially statistical
not functional definitions. However, useful percentile charts relating BMI
to age have now been published in several countries [17]. The Center for
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Disease Control and Prevention defined overweight as at or above the 95th
percentile of BMI for age and “at risk for overweight” as between 85th to
95th percentile of BMI for age [18, 19]. European researchers classified
overweight as at or above 85th percentile and obesity as at or above 95th
percentile of BMI [20]. A recent report from the Institute of Medicine has
specifically used the term “obesity” to characterize BMI > 95th percentile
in children and adolescents [21]. By late adolescence, these percentiles
approach those used for adult definitions; the 95th percentile is then ap-
proximately 30kg/m2 [8]. These statistical percentile definitions are now
general guidelines for clinicians and others [19].

1.2 THERAPEUTIC OPTIONS

Data supporting the use of pharmacological therapy for pediatric over-
weight are limited and inconclusive [22].

Sibutramine has been studied in a randomized controlled trial of severe
obesity [23]. It has been shown to be efficacious as compared with be-
havior therapy alone, but it may be associated with side effects including
increases in heart rate and blood pressure [24]; recent clinical trial studies
have concluded that subjects with preexisting cardiovascular conditions
who were receiving long—term sibutramine treatment had an increased
risk of nonfatal myocardial infarction and nonfatal stroke [25]; indeed, it
was recently dropped from further development based on the results from
such clinical trials.

Orlistat is approved for use in adolescence but its efficacy has not yet
been tested extensively in young patients. Orlistat is associated with gas-
trointestinal side effects and requires fat—soluble vitamin supplementation
and monitoring [26, 27].

Metformin, used to treat T2D, has been used in insulin—resistant chil-
dren and adolescents who are overweight, but long—term efficacy and
safety are unknown [28]. Additionally, surgical approaches to treat severe
adolescent obesity are being undertaken by several centers [29].

For rare genetic and metabolic disorders, pharmacological treatment
may be useful. For example, recombinant leptin is useful in hereditary
leptin deficiency. Octreotide may be useful in hypothalamic obesity [30].
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1.3 EVIDENCE FOR A GENETIC COMPONENT IN OBESITY

The rising prevalence of obesity can be partly explained by environmental
changes over the last 30 years, in particular the unlimited supply of con-
venient, highly calorific foods together with a sedentary lifestyle. Despite
these changes, there is also strong evidence for a genetic component to
the risk of obesity [31, 32]; indeed, obesity is now considered a classic
example of a complex multifactorial disease resulting from the interplay
between behavioral, environmental and genetic factors which may influ-
ence individual responses to diet and physical activity.

A genetic component for obesity is reflected in prevalence differences
between racial groups, from 5% or less in Caucasian and Asian popula-
tions to 50% or more among Pima Indians and South Sea Island popula-
tions [33]. In addition, the familial occurrences of obesity have been long
noted with the concordance for fat mass among MZ twins reported to be
70-90%, higher than the 35-45% concordance in DZ twins; as such, the
estimated heritability of BMI ranges from 30 to 70% [34-36].

1.4 PREVIOUS GENETIC STUDIES IN OBESITY AND THE NEED
FOR GWAS APPROACHES

Genome—wide linkage scans in families with the common form of child-
hood obesity have yielded several loci, but the genes in these loci have
yet to be elucidated. A number of families with rare pleiotropic obesity
syndromes have been studied by linkage analysis where chromosomal loci
for Prader—Willi syndrome [37], Alstrom’s syndrome [38], and Bardet—
Biedl syndrome [39—41] have been mapped but the underlying molecular
mechanisms have yet to be determined.

Recent studies of genetic syndromes of obesity in rodents have pro-
vided insights in to the underlying mechanisms that may play a role in
energy homoeostasis. In recent years, research has begun to identify hu-
man disorders of energy balance that arise from defects in these or related
genes [42]. These mutations have been shown to result in morbid obesity
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in children without the developmental features that commonly accompany
recognized syndromes of childhood obesity.

The severely obese ob/ob mouse strain [43] inherits its early—onset
obesity autosomal recessively and weighs approximately three—times
more than normal mice by maturity. Zhang et al. [44] cloned and charac-
terized the ob gene which is expressed primarily in white adipose tissue as
the secreted protein, leptin, a mutation of which renders these mice leptin
deficient. Administration of recombinant leptin is known to reverse the
phenotypic abnormalities in these mice entirely [45—47] while there is no
effect in another strain of severely obese mice, db/db, who instead have
been characterized to have a mutation in the leptin receptor gene, which is
primarily expressed in a different site, namely, the hypothalamus [48]. In
human studies, serum leptin concentrations are widely recognized as be-
ing positively correlated with obesity—related traits [49].

The behavioral and neuroendocrine effects of leptin could poten-
tially be mediated through its actions at hypothalamic leptin receptors.
Proopiomelanocortin (POMC) is produced by the hypothalamus, which
is subsequently cleaved by prohormone convertases to yield peptides
(including o melanocyte stimulating hormone, aMSH) that play a role
in feeding behavior. Forty percent of POMC neurons express mRNA for
the long form of the leptin receptor, and POMC expression is positively
regulated by leptin [50]. Work in rodents has demonstrated that tcMSH
acts as a suppressor of feeding behavior; recently, mutations in POMC
associated with severe and early—onset obesity have been described in
two unrelated German subjects [51]. A single patient with severe early—
onset obesity was reported to have compound heterozygote mutations
in the prohormone convertase 1 (PC1) gene, a key component in the
proteolytic processing of POMC [52, 53].

One form of melanocortin receptor (MC4R) is highly expressed in
areas of the hypothalamus involved in feeding; mice with disruption of
the MC4R gene are severely obese [54]. More recently in humans, mu-
tations in the MC4R gene have been associated with obesity [55-58].
The MC4R gene is the first locus at which mutations are associated with
dominantly inherited morbid human obesity thus making it the common-
est genetic cause of human obesity described before the era of GWAS.
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1.5 GENOME WIDE ASSOCIATION STUDIES

Overall, linkage analysis studies conducted to date have achieved only
limited success in identifying genetic determinants of obesity due to vari-
ous reasons, importantly including the generic problem that the linkage
analysis approach is generally poor in identifying common genetic vari-
ants that have modest effects [59, 60]. Comparably, a generic problem
with the candidate gene association studies is their general reliance on
a suspected disease—causing gene(s) whose identity derives from a par-
ticular biological hypothesis on the pathogenesis of obesity. Thus, since
the pathophysiological mechanisms underlying obesity are generally un-
known, continued use of the hypothesis—driven candidate gene association
approach is likely to identify only a relatively small fraction of the genetic
risk factors for the disease.

The GWAS approach serves the critical need for a more comprehen-
sive and unbiased strategy to identify causal genes related to obesity. It is
also well established that in noncoding regions of the genome there are im-
portant regulatory elements, such as enhancers and silencers, and genetic
variants that disrupt those elements could equally confer susceptibility to
complex disease.

The human genome and International HapMap projects have enabled
the development of unprecedented technology and tools to investigate the
genetic basis of complex disease. The HapMap project, a large—scale ef-
fort aimed at understanding human sequence variation, has yielded new
insights into human genetic diversity that is essential for the rigorous
study design needed to maximize the likelihood that a genetic associa-
tion study will be successful [59-61]. Genome—wide genotyping of over
500,000 SNPs can now be readily achieved in an efficient and highly accu-
rate manner [62, 63]. Since much of human diversity is due to single base
pair variations together with variations in copy number [64] throughout
the genome, current advances in single-base extension (SBE) biochem-
istry and hybridization/detection to synthetic oligonucleotides now make
it possible to accurately genotype and quantitate allelic copy number [63,
65].
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There is now a revolution occurring in SNP genotyping technology,
with high—throughput genotyping methods allowing large volumes of
SNPs (105-106) to be genotyped in large cohorts of patients and controls,
therefore enabling large—scale GWAS in complex diseases. Already with
this technology compelling evidence for genetic variants involved in type
1 diabetes [66—68], type 2 diabetes [68—72], age—related macular degen-
eration [73], inflammatory bowel disease [74, 75], heart disease [76, 77],
and breast cancer [78] has been described.

1.6 FINDINGS FROM FIRST GWAS ANALYSES OF OBESITY

In the past four years, many genetic loci have been implicated for BMI
from the outcomes of GWAS, primarily in adults.

Insulin—induced gene 2 (INSIG2) was the first locus to be reported by
this method to have a role in obesity [79] but replication attempts have
yielded inconsistent outcomes [80—84]. A common genetic variant with
modest relative risk (RR = ~1.2), rs7566605, near the INSIG2 gene has
been described to be associated with both adult and childhood obesity
from a GWAS employing 100,000 SNPs [79]. This variant, present in 10%
of individuals, was subsequently replicated in four separate cohorts in the
same study, including individuals who were Caucasian, African American,
and children; however, three subsequent technical comments to Science
[80—82] disagreed with this observation.

The identification of the second locus, the fat mass— and obesity—asso-
ciated gene (FTO) [85], which has been more robustly observed by others
[86—89], including by us [90]. Interestingly, its role in obesity pathogen-
esis was actually made indirectly as a consequence of a GWAS of T2D
[68, 71], but it became quite clear that its primary influence is on BMI
determination which then in turn impairs glycemic control [85]. However,
the mechanism by which the variant in FTO influences the risk of obesity
is largely unknown.

Studies from both FTO knockout and FTO overexpression mouse
model support the fact that FTO is directly involved in the regulation of
energy intake and metabolism in mice, where the lack of FTO expression
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leads to leanness while enhanced expression of FTO leads to obesity [91,
92].

A French sequencing effort in Caucasians (primarily adults) has re-
ported a set of exonic mutations in FTO; however, due to the lack of sig-
nificant difference in the frequencies of these variants between lean and
obese individuals, this study was largely negative [93].

1.7 META-ANALYSES

Subsequent larger studies have uncovered eleven additional genes [94-96],
again primarily in adults, firstly melanocortin 4 receptor (MC4R) from a
multicenter meta—analysis [94], then the GIANT consortium revealed six
more genes (transmembrane protein 18 (TMEMI18), potassium channel
tetramerisation domain containing 15 (KCTD15), glucosamine—6—phos-
phate deaminase 2 (GNPDA2), SH2B adaptor protein 1 (SH2B1), mito-
chondrial carrier 2 (MTCH2), and neuronal growth regulator 1 (NEGR1))
[96], five of which were confirmed in the GWAS reported from Iceland
(but not GNPDA?2 due to an unavailable proxy SNP), who also uncovered
and reported loci on 1g25, 3927 and 12q13 [95] and verified association
with the brain—derived neurotrophic factor (BDNF) gene [97].

The latest GIANT meta—analysis revealed multiple new loci associ-
ated with body mass index in a study involving a total of 249,796 indi-
viduals [98]. A total of 32 loci reached genome wide significance, which
included ten known loci associated with BMI, four known loci associated
with weight and/or waist-hip ratio, namely, SEC16B, TFAP2B, FAIM?2,
NRXN3, and eighteen new BMI loci, namely, RBJ-ADCY3-POMC,
GPRC5B-IQCK, MAP2K5-LBXCOR1, QPCTL-GIPR, TNNI3K, SL-
C39A8, FLI35779-HMGCR, LRRN6C, TMEM160-ZC3H4, FANCL,
CADM?2, PRKD1, LRP1B, PTBP2, MTIF3-GTF3A, ZNF608, RPL27A—
TUB, and NUDT3-HMGAI. Besides association to SNPs, a correlated
copy number variation (CNV), that is, a 21kb deletion, was identified
50kb upstream of GPRC5B. This study also leveraged a pediatric cohort
to lend further support for their findings.
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1.8 TESTING ADULT-DISCOVERED LOCI IN CHILDREN

As described above, a number of genetic determinants of adult BMI have
already been established through GWAS. One obvious question is how do
these loci operate in childhood with respect to the pathogenesis of obesity?
We have an ongoing GWAS of BMI variation in children so we are in
position to query these SNPs in our dataset of in excess of 6,000 children
with measures of BMI [99]. To date nine such loci have yielded evidence
of association to BMI in childhood, of which variants at the FTO locus
yielded the strongest association. With a similar magnitude of association
to FTO was TMEMI18 followed by GNPDA2. The remaining loci with
evidence for association were INSIG2, MC4R, NEGR1, 1g25, BDNF, and
KCTD15 (Table 1). This is very much in line with the observations made
with the pediatric cohort utilized by Willer et al. [96].

TABLE 1: Childhood obesity loci that have been identified to date and the route through
which they were implicated.

Category Loci Citations
Adult BMI GWAS loci also associated ~ FTO, TMEM18, GNPDA2; INSIG2, [99]

with childhood BMI/obesity in MC4R, NEGRI, 1925, BDNF, KCTD15

independent studies

Adult 2 type diabetes GWAS loci also ~ HHEX-1DE [100]
associated with childhood BMI/obesity

GWAS of extreme childhood obesity—  SDCCAGS, TNKS-MSRA [101]

novel loci

CNV analyses—novel loci SH2B1, EDIL3, SIPRS5, FOXP2, TBCA, [102]-[105]

ABCBS, ZPLDI, KIF2B, ARL15, EPHA6—
UNQG6114, OR4P4-OR4S52-OR4C6

The positive results for FTO and MC4R come as no surprise as we pre-
viously reported their association with the CDC—defined 95th percentile of
BMLI, that is, obesity, in our pediatric cohort, but limited to ages 2—18 years
old [90, 106]. One of the more notable results is the positive association
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with INSIG2. This association with pediatric BMI, albeit at just the nomi-
nal level, contributes to the ongoing debate on the relative contribution of
INSIG2 in BMI determination.

However, these nine loci only explain 1.12% of the total variation for
BMLI. In addition, testing pair—wise interactions between the fifteen signif-
icant SNPs, none of the interaction effects were significant suggesting that
these loci act additively on pediatric BMI [99]. As such, we do observe a
cumulative effect but not as striking as reported by the GIANT consortium
in their adult cohorts [96].

A number of studies have found that body mass index (BMI) in early
life influences the risk of developing type 2 diabetes (T2D) later in life.
Indeed, the same variant in IDE-HHEX that increases the risk of develop-
ing the disease later in life turns out to be also associated with increased
BMI in childhood [100].

1.9 LOCI SPECIFICALLY IDENTIFIED IN CHILDHOOD OBESITY
GWAS ANALYSES

Two new loci for body—weight regulation were identified in a joint analy-
sis of GWAS data for early—onset extreme obesity, that is, BMI > 99th, in
French and German study groups [101], namely, SDCCAGS8 and TNKS/
MSRA (Table 1). In the discovery step, association was examined in a
combined French and German sample of 1,138 extremely obese children
and adolescents and 1120 normal or underweight controls with screening
02,339,392 genotyped or imputed SNPs and testing ultimately 1,596,878
SNPs. In the replication cohort, all SNPs with strong evidence for asso-
ciation were genotyped in independent samples of 1,181 obese children
and adolescents and 1,960 normal or underweight controls and in up to
715 nuclear families with at least one extremely obese offspring. However
the two loci were, at most, only marginally associated with adult BMI in
the latest GIANT study [98], suggesting their influence may be limited to
extreme obesity in children.

The biochemistry employed in the current genome wide SNP arrays
allows also for the accurate genotyping and quantitation of allelic CNV



Genetics of Childhood Obesity 11

genome—wide [62, 63, 65]. Neurological disorders have proven the most
challenging complex disease to address using genome wide SNP ap-
proaches, primarily as a consequence of the need for strict, uniform phe-
notyping across very large, multicenter cohorts. However, they have led
the way in the uncovering of CNVs in common disorders such as autism
[107-110], attention—deficit hyperactivity disorder [111], and schizophre-
nia [112-114].

Genomic copy number variations (CNVs) have been strongly impli-
cated in subjects with extreme obesity and coexisting developmental delay
(Table 1). Two groups in the UK plus collaborators independently reported
deletions on chromosome 16p11.2 to be present at much higher in extreme
obese cases than normal and obese individuals [102, 103]. These dele-
tions, estimated to range in size from 220kb to 1.7 Mb, encompass several
genes. Bochukova et al. [102] pointed out that the SH2B1 gene is within
the deleted region that is common to all five cases studied. SH2B1 may
be the culprit as its role in leptin and insulin signaling and energy homeo-
stasis is well described [102], plus common SNPs near SH2B1 locus have
already been associated with BMI in GWAS reports [96, 102].

To complement these previous CNV studies on extreme obesity, we
addressed CNVs in common childhood obesity by examining children in
the upper 5th percentile of BMI but excluding any subject greater than 3
standard deviations from the mean to reduce severe cases in the cohort
[104] (Table 1). We performed a whole—genome CNV survey of our co-
hort of European American (EA) childhood obesity cases (n = ~1,000)
and lean controls (n = 2,500) who were genotyped with 550,000 SNP
markers. We identified 34 putative CNVR loci (15 deletions and 19 dupli-
cations) that were exclusive to EA cases; however, three of the deletions
proved to be false positives during the validation process with quantitative
PCR (qPCR). Only 17 of these CNVR loci were unique to our cohort that
is, not reported in controls by the Database of Genomic Variants. Positive
findings were evaluated in an independent African American (AA) cohort
(n = ~1,500) of childhood obesity cases and lean controls (n = ~1,500).
Surprisingly, eight of these loci, that is, almost half, also replicated exclu-
sively in AA cases (6 deletions and 2 duplications). Replicated deletion
loci consisted of EDIL3, SIPRS, FOXP2, TBCA, ABCBS, and ZPLD1
while replicated duplication loci consisted of KIF2B and ARL15. We also
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observed evidence for a deletion at the EPHA6—UNQG6114 locus when the
AA cohort was investigated as a discovery set.

The majority of genes harboring at the loci uncovered in this study
have not been implicated in obesity previously. However, the most no-
table finding is with ARL15, which was recently uncovered in a GWAS of
adiponectin levels, with the same risk allele also being associated with a
higher risk of CVD and T2D [115].

We also evaluated large rare deletions present in <1% of individuals and
>500kb in size as set previously [104] and did not observe excess of large
rare deletions genome—wide. This is not unexpected given that previous re-
ports only found significance when including developmental delay subjects
but not when severe early—onset obesity was evaluated alone [102, 103].

More recently, a novel common copy number variation for early—on-
set extreme obesity was reported on chromosome 11ql1, harboring the
OR4P4, OR4S2, and OR4C6 genes using a similar approach [105] (Table
1). Indeed, as higher and higher resolution genome wide scans are carried
out, one would expect further reports of such findings.

1.10 OTHER ETHNICITIES

Studying populations of different ancestry will also help us to globally
identify and understand the genetic and environmental factors associated
with estimates of obesity, as variants found in populations of both Af-
rican and Caucasian ancestry may represent more universally important
genes and pathways for subsequent diagnosis, prevention, and treatment
of obesity and its complications. In addition, a cohort of African ancestry
in many instances can aid in refining the anticipated association(s) made
in with the GWAS approach due to lower LD in this ethnicity, for example,
the association of T2D with TCF7L2 [116] has been refined utilizing a
West African patient cohort [117].

To date, most obesity GWAS reports have come from investigations
of populations of European origin. This is partly due to the relatively low
haplotypic complexity of Caucasian genomes and partly to get around ad-
mixture concerns. Indeed, like many of the other replication efforts, FTO
shows the strongest association with BMI in our large European American
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pediatric cohort [98]. However, the role of the FTO locus in influencing
BMI and obesity predisposition in populations of African ancestry has
been previously less clear [88, 118], but consensus is emerging from large
cohort studies, both in adults [119] and in our own pediatric cohort [90],
that SNP rs3751812 captures the FTO association with the trait in both
ethnicities; this finding is comparable to similar outcomes working with
loci in asthma [120] and T2D [117].

1.11 CONCLUSIONS

While these recently discovered loci unveil several new biomolecular
pathways not previously associated with obesity, it is important to note
that these well—established genetic associations with obesity explain very
little of the genetic risk for this pediatric phenotype, suggesting the exis-
tence of additional loci whose number and effect size remain unknown.
These findings have left the genetics community to ponder how we
are going to finally uncover the full repertoire of the genetic component
of given traits in order to explain the “missing heritability” [121]. Thus, it
is clear that in addition to larger and larger cohorts combined in to meta—
analyses, new whole genome sequencing technologies will be a large part
of the solution. With new advances in sequencing, one would expect fur-
ther variants to be characterized in this condition so collectively they could
build up to a meaningful contribution to the missing heritably for this trait.
Taken together, the unbiased genome wide approach to assess the en-
tire genome has revealed genes that underpin the pathogenesis of child-
hood obesity. Further functional studies will be needed to fully character-
ize the function of the genes at these loci in relation to childhood obesity.
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2.1 INTRODUCTION

The global obesity epidemic is accelerating [1] and has affected virtually
all ages, races, and sexes in developed and developing countries [2], [3].
The obesity increase in childhood is especially troubling as overweight/
obesity is shown to track into later adolescent and adult years [4] and is
associated with numerous immediate and long—term health risks that lead
to morbidity and premature mortality (e.g. asthma, type 2 diabetes, cardio-
vascular diseases, and cancer) [1].

Overweight/obesity has a multifactorial aetiology; moreover, there has
not been a substantial change in mankind's genetic makeup to explain the
obesity epidemic that has ravaged the world over the last three decades
[5].This epidemic is mainly attributed to a global shift in the consumption
of calorie—dense diets and reduced physical activity, a trend that has ac-
companied globalization and is further exacerbated by various individual,
societal, and socioeconomic factors [3], [6], [7]. Nonetheless, not all indi-
viduals exposed to obesogenic environments become obese. A genetic pro-
pensity for weight gain and obesity must be present for the environment
to precipitate an overweight/obese phenotype. Twin, family, and adoption
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studies provide strong evidence for large genetic influences on variations
in body mass index (BMI), with heritability estimates ranging from 50%
to over 90%, leaving the remaining variance attributed to environmental
influences, whether common to family members/siblings or unique to the
individual [8]-[10]. However, these estimates have varied widely across
studies due to differences in study types, populations, and ages targeted.

Twin studies generally provide higher heritability estimates in com-
parison to adoption and family studies, and they are considered to provide
the most precise estimates of the genetic and environmental influences
on behavioural and physical phenotypes [8]. Most large—scale twin stud-
ies involve adult populations, and these show a very small to no effect of
the common environment on variations in BMI [9], [11]; rather, it is the
unique environment that generally influences the remaining variance in
BMI in adulthood. The role of the common environment may be more
significant in childhood, however, as there are more frequent opportunities
for twins to be exposed to the same environmental influences while living
together with parents and other siblings. In fact, a recent systematic review
and meta—analysis of twin and adoption studies found that common envi-
ronmental factors showed a substantial influence on variations in BMI in
mid—childhood, although this influence vanished in adolescence between
the ages of 14 and 17 years [10]. A review of twin and family studies also
observed that, while there are strong genetic influences on the tracking
of BMI from early childhood to the beginning of adulthood, there is also
evidence that common environmental influences are important throughout
childhood [12]. However, much of research on child and adolescent twins
is limited to specific local populations, fairly small samples, or only ex-
amines a portion of childhood and adolescence. The critical years where
interventions can be made to target common and unique environmental
influences on these body measures have not been identified as, to date, no
large—scale twin study has yet examined the genetic and environmental
influences on variances in body weight, height, and BMI over each year of
age, from birth to adulthood.

Little is also known about sex—differences in the heritability of body
weight, height, and BMI from birth to late adolescence. It is well known
that girls in general mature more rapidly than boys, but only a few studies
have examined sex—limitation in genetic and environmental influences on
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variations in these body measures over childhood and adolescence; these
show inconsistent results. One study in twins aged 811 years found no
evidence of sex—limitation in the heritability of BMI or waist circumfer-
ence [13]; whereas, other studies report age—specific sex—differences in
twins at 5 months [14], between 16 and 17 years, [15] and between 18
and 25 years [16]. Furthermore, where sex—differences are observed, it is
unclear which sex is more strongly influenced by genetic factors for the
variability of various anthropometric measures. Some studies report high-
er heritability estimates in body weight, height, or BMI for females [14],
[16]-[18], whereas others report stronger genetic influences in males [19].
Further large—scale studies on child and adolescent monozygotic (MZ)
and dizygotic (DZ) twin pairs are needed to clarify these inconsistencies.

Using international, population—based data obtained from large twin
birth—cohorts in three different continents, the present study aims to de-
scribe the distribution of weight, height, and BMI in MZ and DZ same—
and opposite—sex twin pairs, from birth through 19 years of age, and ex-
amine the genetic and environmental influences on variances in these body
measures over each year of age during the first 19 years of life; sex—limita-
tion of genetic and environmental effects will also be explored at each age
examined.

2.2 METHODS

2.2.1 ETHICS STATEMENT

Ethics approval was obtained for each of the respective cohorts and par-
ticipants gave informed consent.

2.2.2 DATA SOURCES

The present study analyzed data obtained from a total of 23 twin birth—co-
horts from four different countries: Canada, Sweden, Denmark, and Australia.
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Analyses included data from MZ and DZ (same— and opposite—sex) twin
pairs with available measures for both height and weight at a given age,
from birth through 19 years of age. From an initial sample of approxi-
mately 30,500 children, 24,036 children provided data for the analyses. A
brief overview of the cohorts from which the study samples were drawn is
provided in the following subsections.

2.2.2.1 FROM CANADA: ‘QUEBEC NEWBORN TWIN STUDY”
(QNTS).

The Québec Newborn Twin Study (QNTS) [20] is a population—based
birth cohort of twin births occurring between April 1st, 1995 and Decem-
ber 31st, 1998 in the seven health districts of the greater Montreal area in
the province of Québec, Canada. Out of a total of 989 families contacted,
672 agreed to participate (68%). Twins with chronic diseases and those
who died prior to the age of 5 months were excluded from the cohort. The
twins were first seen between the ages of 59 and 61 weeks (or 5 months,
corrected for gestational age); these were followed annually thereafter.
Each year, parents provided their informed consent.

Zygosity was determined when twins were 5 and 18 months old through
the aggregation of independent tester ratings based on live assessments of
physical similarity between twins; this was accomplished using a short-
ened version of the Zygosity Questionnaire for Young Twins [21]. At ages
5 and 18 months, mouth swabs were also collected from a random sub-
sample of same—sex twins; DNA was extracted from the cells, amplified
by polymerase chain reaction, and typed using 8 to 10 highly polymorphic
micro—satellite markers. A comparison between physical assessments and
genotyping yielded a 91.9% concordance among a random subsample of
123 pairs assessed at 5 months of age, and a 93.8% concordance among a
subsample of 113 pairs assessed at 18 months [22]. With consideration for
chorionicity data obtained from the twins' medical files, 96% twin pairs
were thus classified correctly.

Anthropometric measures of children's weights (in grams; g) and
heights (in centimeters; cm) were taken at birth (drawn from medical re-
cords), at 5 months, and at 5 and 8 years through laboratory measures. In
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order to eliminate potential biases related to perceived zygosity, different
research assistants took the measures for each child within a twin pair.

2.2.2.2 FROM SWEDEN: ‘CHILD AND ADOLESCENT TWIN
STUDY IN SWEDEN’ (CATSS) AND “TWIN STUDY OF CHILD AND
ADOLESCENT DEVELOPMENT’ (TCHAD).

From Sweden, three different cohorts of children and adolescents were
used for the analyses: two from the Child and Adolescent Twin Study in
Sweden (CATSS) and one from the Twin Study of Child and Adolescent
Development (TCHAD) [23]. Both studies are based on twins included in
the Swedish Twin Registry (STR) [24].

The Child and Adolescent Twin Study in Sweden (CATSS) [24] started
in September 2004 and it is an ongoing study that includes twins born
between 1992 and 2001. Zygosity determination for 571 pairs of twins
in whom DNA from both twins was available was based on a panel of 48
single—nucleotide polymorphisms derived for zygosity analyses [23]. For
the remaining twins, an algorithm based on 5 items concerning twin simi-
larity and confusion [24] derived from the twins with known zygosity was
used. Only twins with more than 95% probability of being correctly clas-
sified were assigned a zygosity. In this study, parents of all Swedish twins
turning 9 or 12 years were approached to complete a telephone interview
regarding various health and behavioural issues about their twin children.
Certain families were followed to complete additional questionnaires, ge-
notyping, and further clinical interviews. To date, the survey holds an 80%
response frequency, with 7,408 interviews completed by November 2008.
Twins' birth—weights, lengths, and heights and weights at age 9 and 12
years are parent—reported and obtained through telephone interviews.

The Twin Study of Child and Adolescent Development (TCHAD) [23]
follows 1,480 twin pairs from ages 8 to 20 years. Twins included in the
study were those born in Sweden between May 1985 and December 1986.
Zygosity was determined by using discriminant analyses on 385 twin pairs
with known zygosity which were confirmed by 47 polymorphic DNA—
markers [23]. This algorithm is restricted to classify monozygotic twins
(MZ) and dizygotic twins (DZ) with 95% accuracy [25]. A questionnaire
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of four items covering the twins' physical similarities were answered at
age 8-9 (via parent-reports) and at age 13—14 and 16—17 years (via both
parent— and self-reports). Zygosity classification was made for each re-
sponse separately through discriminant analysis. A final zygosity assign-
ment was set if there were no disagreements between the five separate
assignments. In cases of any contradictions between the assignments, the
Zygosity score was set to ‘unknown’.

The study was conducted in four waves, starting in 1994 (when the
twins were 8-9 years old), then again in 1999 (at age 13—14 years), in
2002 (at age 16—17 years), and in 2006 (at age 19-20 years). Question-
naires were administered to the parents and twins over the telephone.
Twins' birthweights were obtained from the Swedish Medical Birth Regis-
ter. Measures for twins' heights and weights at later ages were parent—re-
ported in the first questionnaires at age 8-9 years, and were both parent—
and self-reported by each twin in the following study waves. The response
rates for the four study waves were: 91% (n = 1339 parents) in Wave 1
for the parent—questionnaires; 73% (n = 1063 parents) and 78% (n = 2263
twins) in Wave 2 for the parent— and twin— questionnaires, respectively;
and 74% (n = 1067 parents) and 87% (n = 2369 twins) in Wave 3.

2.2.2.3 FROM DENMARK: ‘DANISH TWIN REGISTRY’ (DTR).

For the present study, data from a total of 18 birth cohorts of twins born in
1983-2000 were obtained from the Danish Twin Registry [26]. The DTR
is an ongoing population—based twin registry that initiated in 1954 and, by
the end of 2005, included over 75,000 twin pairs born between 1870 and
2004 [27]. Zygosity in the DTR is determined through questions examin-
ing the degree of similarity between same—sex co—twins, which has been
validated by DNA finger printing and found to be correct in more than
97% of cases [28]. The present cohort was approached with the Danish
Twin Child Survey in 2003: a short questionnaire was administered to the
parents if the twins were born in 1988-2000 and to the twins themselves
if they were born in 1983-87. The questionnaire included questions on
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weight and height at birth and at the age of the twins when answering in
2003 (i.e. from ages 3 to 19 inclusively). A total 0f 29,711 twin individuals
were approached and 19,782 (66.6%) provided answers.

2.2.2.4 FROM AUSTRALIA: BRISBANE LONGITUDINAL TWIN
STUDY (BTLS).

The data from this sample were collected through the ongoing Brisbane
Longitudinal Twin Study (1992-2010) where twins are evaluated for mel-
anoma risk factors at ages twelve and fourteen [29], [30], and for cognitive
variables at age sixteen [31]. Participants are ascertained from schools in
south—east Queensland and are of mainly European extraction, most with
Anglo—Celtic ancestry. Blood samples are obtained for zygosity confirma-
tion and DNA extraction. At each visit, height is measured with a stadiom-
eter and weight is measured using frequently recalibrated scales.

2.2.3 MEASURES

Data on weight (in kilograms, Kg), height (in meters, m), and BMI (kg/
m?) from birth through 19 years of age were standardized to z—scores
with a mean of zero and a standard deviation of one. The test for normal-
ity was employed to ensure that data were normally distributed (i.e., no
transformation was needed). Furthermore, data were adjusted for repeated
measurement (in SAS, the REPEATED statement controls the covariance
structure imposed on the residuals or errors). Where data were available
from more than one cohort or more than one country for a given age, they
were pooled (data from 6 datasets were used in multivariate analyses).
The proportions that twin pairs represent are given by dataset, age, zygos-
ity, and sex after confirming that cohort distributions were similar (data
not shown). No family outliers (i.e., bivariate outliers) exceeding three
standard deviation from the mean were identified using the mahalanobis
distance for each family represented as a Z—score.
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2.2.4 STATISTICAL ANALYSES

Intra—class correlations were computed for five zygosity—by—sex groups
(MZ-boys, MZ—girls, DZ-boys, DZ-girls, DZ—opposite—sex) and for the
total number of MZ and DZ twin pairs included in the study. MZ twins, be-
ing genetically identical, share 100% of their segregating genes, whereas
non—identical DZ twins share on average 50%. For this reason, if phe-
notypic variation in a specific trait is due to genetic effects, more resem-
blance in that trait will be found within MZ twins in comparison to DZ
twins. However, two important assumptions must be made: Firstly, the
environment to which each twin in a MZ and DZ pair is exposed is as-
sumed to be similar; and secondly, results for the genetic and environmen-
tal influences on phenotypic variation in twins is assumed to be generaliz-
able to singletons in the rest of the population. Several publications have
discussed these two assumptions [32]—[34].

Classical model-fitting techniques [17] were used to test for different
models and to quantify the magnitude of the genetic and environmental
influences on variations in the body measures. As twins form a natural
two—level hierarchy, a hierarchical random—effect multilevel model of
twin data [35] that allows for a full likelihood estimation of all parameters
[36] was used. A model was first built by specifying means, between—pair,
and within—pair variances separately for MZ and DZ twins [14]; doing so
equates the predicted means, variances, and covariances of the model to
their observed values in both twin groups. The conditions of equal means
and variances of MZ and DZ twins were imposed (as well as for twin A
and twin B). In a twin study, the random part of this model can be specified
to reflect four components of phenotypic variation in a specific trait: 1) ad-
ditive genetic (A) variation, the sum of the effect of all alleles on a specific
trait over all loci; 2) non—additive genetic (D) variation, the non—additive
effect of alleles in the same locus with the inclusion of dominance ge-
netic effects, caused by interactions between alleles in the same locus, and
epistasis (interactions between alleles at different loci); 3) common envi-
ronmental (C) variation, which consists of environmental factors shared
by twins; and, 4) unique environmental (E) variation, which consists of
environmental factors that are unique to each individual and includes mea-
surement error. When analyzing information on twins reared together, the
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C and D components cannot be estimated simultaneously [37], [38]. Thus,
one can estimate four parameters in a resulting ACE (or ADE) model with
two degrees of freedom: A phenotypic mean, additive genetic variance,
common environmental variance (or non—additive genetic variance), and
unique environmental variance. Specifications can also be formulated to
examine submodels, including: 1) a CE model that removes all genetic
components (suggesting no genetic effect); and, 2) an AE model that sug-
gests no effect of the common/family environment. These are all consid-
ered to be univariate models. The square of path coefficients (i.e. a2, ¢* or
d?, and e?) or variance components are typically used to express the ex-
pected variances and covariances between individuals in twin pairs. These
values are calculated using matrix algebra to identify the A, C (or D), and
E components, respectively.

Generally, factors that constitute C, ‘common environmental influenc-
es’, in childhood and early adolescence that relate to body weight and BMI
include: family's socioeconomic status [39] parenting style and parental
modeling of healthy eating and activity behaviours [40], the home, school,
and community food environment [41], [42], and neighbourhood charac-
teristics [43]. Examples of E, ‘unique environmental influences’, include
exposure to a virus or an injury/accident, among others. Given that data
at several ages were pooled from two or more of the countries included
in the present study sample, we have chosen to focus primarily on ACE
(instead of ADE) models (i.e., to examine C rather than D) because the
magnitude of the MZ and DZ same—sex intraclass correlation ratios tend
to satisfy inequality [2r >t >t ] at different ages, thus evidencing com-
mon (shared) genetic influences. Therefore, examining components A, C,
and E yields a broader portrait of the genetic and environmental influences
on weight, height, and BMI in this international population.

Using these classical methods, the twin design can also be extended
to examine sex—limitation in the genetic and/or common environmental
influences on the variability in a specific trait. This is accomplished by
testing two models (one model per sex) simultaneously, while controlling
for the covariance between opposite—sex DZ twins in A and C compo-
nents. Including opposite—sex DZ twins in these analyses increases power
and permits one to examine an additional male or female additive genetic
(A’p or A',)) or common environmental (C', or C',)) component that does
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FIGURE 1: General sex—limited model: The m and f subscripts refer to males and females,
respectively. ra and rd are additive genetic and common environmental correlations
between same sex twins; raO and rcO are additive genetic and common environmental
correlations between opposite sex twins.

not correlate with the genetic or environmental influences observed in the
phenotype displayed on the female or male counterpart (Figure 1). Thus,
ACE, CE, and AE models can be examined all with common effects, cor-
related effects, and uncorrelated effects. Observing significant estimates in
a sex—limitation model provides evidence that the genetic or environmen-
tal factors that influence variability in a trait are not identical across sexes.
Further detail pertaining to sex—limited modeling techniques is available
elsewhere [17].

For each dependent variable and for each age examined in the pres-
ent study, a sex—limited saturated model and a univariate saturated model
were first fitted to examine a sex—effect in the genetic component. Using
the likelihood ratio test (—2Log), the resulting two saturated models were
then compared; as this test was shown to be significant at the 0.05 level
for almost all models at every age (except for weight and height at age 4
and 7 years, and BMI at 9 years), the sex—limited models were used in the
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analyses at all ages. Subsequent nested models were examined, beginning
from saturated to reduced models (ACE, AE, CE, and E). Nested models
were compared to the full saturated models using a likelihood ratio test
(—2Log) and Akaike's Information Criterion (AIC: chi—square—2df) which
also considers both goodness—of—fit and parsimony in a model's explana-
tory value. Selecting a model based on the AIC tends to produce more
power. All statistical analyses and model-fitting were conducted using
SAS/NLMIXED 8.2 and statistical significance was set at 0.05.

2.3 RESULTS

Data on weight, height, and BMI were available from all 23 cohorts at
birth, from two cohorts (from two different countries) at ages 5, 8, 9, 13,
and 14 years, and from three cohorts (from three different countries) at
ages 12 and 16 years; data were obtained from single cohorts for all re-
maining ages (at 5 months, and at ages 3, 4, 6, 7, 10, 11, 15, and 17 to 19
years, inclusively). Data at ages 1 and 2 years were not available from any
of the cohorts included in the present study.

The mean birthweight for all children included in analyses, irrespective
of zygosity and sex, was 2.6 kg (SEM = 0.00). Mean weight, height, and
BMI values from birth through age 19 years for MZ and DZ twins from
all cohorts combined are presented in Figure 2. Over all ages, MZ and DZ
twins maintained similar patterns of growth in mean weight, height and
BMI, with a sharp increase in growth from birth to age 3 years, and then a
steady increase in both weight and height through 19 years of age. When
intra—class correlations between MZ and DZ twins were examined (Fig-
ure 3), irrespective of sex, MZ twin correlations were consistently greater
than those of DZ twins for weight, height and BMI, and the gap between
MZ and DZ correlations increased over time. While MZ twins maintained
a correlation of approximately 0.8 or greater in weight, height, and BMI
from birth through age 19 years, DZ twin correlations in weight reduced
from around 0.7 to close to 0.2 by 19 years of age, and from around 0.8 to
approximately 0.3 for height over those same years, indicating the presence



34 Childhood Obesity: Prevalence, Pathophysiology, and Prevention

Mean Weight (kg)
MZ Twins —————— DZ Twins
aﬂ -
70
60 4
c 50 4
g 40 4
= 30 4
20 4
10 -
O T T T T T T T T T T T T T T T T T T T
o3 5 7 9 11 13 15 17 19
Age (years)
Mean Height (m)
MZ Twins ———— DZ Twins
2.00
1.50
§ 100 |
=
0.50
000 +——F—7F—7T7+T T TT T T
g 3 5 7 9 11 13 15 17 19
Age (years)
Mean BMI (kg/mn2)
MZ Twins  ——— DZ Twins
25 4
20 -
e 154
3
= 10
5
1} T — T — T T
o 3 & 7 9 11 13 15 17 18
Age (years)

FIGURE 2: Mean of weight (kg), height (m), and BMI (kg/m2) in MZ and DZ twins of four
countries, from birth through 19 years of age.
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FIGURE 3: Intra—class correlations (ICC) between MZ and DZ twin pairs for weight
(kg), height (m), and BMI (kg/m2), from birth through 19 years of age.
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of strong genetic effects. Sex—specific correlations between MZ and DZ
twins were also examined for weight, height and BMI. At all ages exam-
ined, and for all measures (except for height at age 5 months), intraclass
correlations for MZ twins by sex differed significantly from DZ twins of
the same sex, suggesting possible sex—limitation in the heritability of these
body measures.

The proportion of variance in weight, height, and BMI explained by
additive genetic (a*), common environmental (c?), and unique environ-
mental (¢?) factors, according to full ACE and nested AE sex—limitation
models from birth through 19 years of age, is presented for boys and girls
in Tables 1 and 2, respectively; best fitting and most parsimonious models
are displayed in bold in the tables. No sex—limitation was observed in ei-
ther body weight or height at 4 and 7 years of age, nor in BMI at 9 years of
age (data not shown); however, as significant sex—limitation was observed
in all variables at every other age, all modeling results are presented in
sex—limited form for consistency in Tables 1 and 2. The proportion of the
phenotypic variance in weight, height and BMI explained by a* and ¢?
according to the full ACE non—sex—limited model (with 95% confidence
intervals), from birth through 19 years, are presented in Figure 4.

In both sexes, weight and BMI shared similar aetiologies; however,
the aetiology of body height differed from other body measures. ACE was
the bestfitting model for weight only at birth and at ages 4, 7, 8, 13, and
16 years. Similarly, for BMI, ACE was the best—fitting model at birth and
at ages 4, 5, 7, 8, and 16 years. For all other ages an AE model provided
best fit for weight and BMI (Tables 1 and 2). With regard to height, the
effect of the common environment played a more important role, with
the ACE model being consistently chosen as the best—fitting model from
birth through 12 years of age, and again at 16 years of age. Only from 13
through 15 years of age, and from 17 through 19 years was AE the bestfit-
ting model for height.

Figure 5 presents the proportion of phenotypic variance in weight,
height, and BMI explained by a* and ¢? (according to the full ACE sex—
limitation model) from birth through 19 years of age, in boys and girls
separately. The proportion of variance in body weight and BMI explained
by genetic influence was greater in boys than in girls, with the gap between
the sexes increasing consistently from 4 through 19 years of age. This sex
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FIGURE 4: Proportion of the variance in weight (kg), height (m), and BMI (kg/m2)
explained by A—squared and C—squared (with 95% confidence interval), in boys and girls

(combined), from birth through 19 years of age — ACE models assumed.
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TABLE 1: Best fitting model (in bold) for weight, height, and BMI, from birth through
age 19 years, and the proportion of variance explained by additive genetic (a?), common
environmental (c?), and unique environmental (e?) influences: ACE-AE sex—limited model
results for boys only.

Weight Height BMI

ACE AE ACE AE ACE AE
Age A? C2 E2 A E? A2 CC E* A E A C E A F
(Cohorts included)
Birth (4! cohorts) 8.7 81.210.1 83.916.1 6.4 85.9 7.81 86.7 13.3 82 74.117.6 77.8 22.2
5 mos (ONTS) 58.229.8 11.9 86.313.718.5 65.4 16.2 78.0 22.0 65.2 20.4 14.4 85.8 14.2
3y (DTR) 473 457 7.0 92.6 7.4 40.6 57.2 2.2 96.7 3.3 41.3 48.9 9.8 90.9 9.1
4y (DTR) 60.5 31.4 8.1 90.8 9.2 38.758.4 2.9 957 4.3 479 42.2 9.9 88.1 11.9
5y (DTR & ONTS) 82.7 9.2 8.0 91.6 8.4 42.552.5 4.0 943 5.7 64.5 24.6 10.9 87.5 12.5
6y (DTR) 62.6 31.1 6.3 93.2 6.8 559424 1.8 97.6 2.4 70.6 19.1 10.3 89.3 10.7
7y (DTR) 58.2 33.9 7.9 92.1 7.9 51.745.9 2.4 96.9 3.1 48.543.0 8.5 90.8 9.2
8y (DTR, ONTS, & 76.7 11.9 11.4 88.8 11.243.151.6 53 92.7 7.3 759 9.6 14.6 86.5 13.5
TCHAD)
9y (CATSS & DTR) ~ 78.7 10.3 11.0 89.6 10.451.940.6 7.5 90.9 9.1 78.6 9.1 12.3 87.6 12.4
10y (DTR) 922 0.0 7.8 92.2 7.8 66.729.6 3.6 95.7 43 87.0 0.0 13.0 87.3 12.7
11y (DTR) 93.9 0.8 5.3 95.5 4.5 60.438.0 1.6 982 1.8 73.0 20.6 6.4 94.2 5.8
12y (CATTS, DTR, & 88.7 1.1 10.2 90.2 9.8 68.123.0 9.0 90.0 10.0 86.0 0.9 13.1 83.1 11.9
BTLS)

13y (DTR & TCHAD) 56.0 37.0 7.0 92.0 8.0 63.530.6 59 93.0 7.0 70.3 19.7 9.9 89.6 10.4
14y (DTR & BTLS)  88.8 0.0 11.2 89.011.077.7 15.5 6.9 92.4 7.6 86.0 0.9 13.1 83.2 11.8

15y (DTR) 672255 7.4 922 7.8 87.1 7.8 52 94.8 52 76.9 144 87 90.5 9.5
16y (DTR, BTLS, & 67.8 15.9 16.3 84.215.871.8 9.4 18.8 80.2 19.8 73.6 0.0 26.4 73.7 26.3
TCHAD)

17y (DTR) 92.0 0.0 8.0 92.0 8.0 72.721.9 54 93.9 6.1 90.6 0.0 9.4 91.0 9.0
18y (DTR) 90.8 3.3 5.9 94.2 5.8 79.8 8.9 11.3 90.8 9.2 86.6 1.1 12.391.4 8.6
19y (DTR) 828 00 17.284.315.771.8 12,5 15.7 82.9 17.1 89.1 0.0 10,9 90.1 9.9

Note: CE sex—limited model excluded as it never provided the best fit.

difference was significant, but less apparent for height. For girls, the effect
of the common environment played a more important role, particularly in
explaining the variability in BMI. For both sexes, heritability in variances
for body weight, height, and BMI was low at birth, between 6.4 and 8.7%
in all measures for boys and between 4.8 and 7.9% in all measures for
girls, but increased over time. Genetic effects accounted for close to half
or more of the variance in weight and BMI after 5 months of age in both
sexes, while the effect of the common environment in all body measures
was high at birth, between 74.1 and 85.9% in all measures for boys and be-
tween 74.2 and 87.3% in all measures for girls, and markedly reduced over
time. For body height, however, the effect of the common environment
maintained a greater influence over a longer period during early childhood
(from birth up to 12 years of age), in comparison to its influence on body
weight or BMI. The effect of the unique environment generally remained
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TABLE 2: Best fitting model (in bold) for weight, height, and BMI, from birth through age 19 years,
and the proportion of variance explained by additive genetic (a?), common environmental (c?), and

39

unique environmental (e?) influences: ACE-AE sex—limited model results for girls only.

Weight Height BMI

ACE AE ACE AE ACE AE
Age A C* E* A E* A2 C E* A E* A? C E* A E
(Cohorts included)
Birth (4l cohorts) 4.9 84.9 10.2 85.015.0 4.8 87.3 7.91 87.4 12.6 7.9 74.2 17.8 76.5 23.5
5 mos (ONTS) 70.9 19.5 9.7 89.510.518.1 68.2 13.7 80.8 19.2 76.9 7.0 16.2 83.7 16.3
3y (DTR) 544 38.0 7.6 91.6 8.4 31.064.0 5.0 93.0 7.0 48.0 39.8 12.1 86.7 13.3
4y (DTR) 59.4 32.7 7.9 90.8 9.2 40.258.2 1.7 97.5 2.5 45.9 41.6 12.5 86.1 13.9
S5y (DIR & QNTS)  78.6 8.3 13.1 86.413.643.351.4 5.2 93.1 6.9 50.6 25.0 24.3 73.8 26.2
6y (DTR) 47.6 48.5 3.8 954 4.6 54.543.7 1.8 97.7 2.3 29.6 64.0 6.4 91.9 8.1
7y (DTR) 48.2 46.0 5.8 91.8 8.2 50.247.4 2.4 96.8 3.2 40.7 53.3 59 91.6 84
8y (DTR, ONTS, & 66.6 23.7 9.6 88.6 11.442.952.7 4.4 938 6.2 61.8 26.4 11.8 85.6 14.4
TCHAD)
9y (CATSS & DTR) 73.1 16.2 10.7 88.8 11.249.045.2 5.8 929 7.1 76.1 10.7 13.2 86.4 13.6
10y (DTR) 94.0 0.0 6.0 94.0 6.0 76.817.8 54 94.1 59 81.5 7.1 11.4 88.5 11.5
11y (DTR) 71.6 22.8 5.6 93.5 6.5 56.550.4 3.1 954 4.6 52.7 36.0 11.4 86.3 13.7
12y (CATTS, DIR, & 83.8 7.7 8.4 91.1 8.9 62.530.4 7.1 91.6 84 852 4.3 10.589.2 10.8
BTLS)
13y (DTR & 60.3 31.6 8.1 90.6 9.4 63.930.3 58 929 7.1 65.523.8 10.6 88.5 11.5
TCHAD)
14y (DTR & BTLS) 88.0 2.8 9.2 90.8 9.2 56.835.7 7.5 91.3 8.7 73.1 15.2 11.7 86.9 13.1
15y (DTR) 49.4 39.6 11.0 87.912.192.8 1.1 6.2 93.8 6.2 42.0 48.0 10.0 88.8 11.2
16y (DTR, BTLS, & 87.8 0.0 12.2 87.7 12.365.217.1 17.7 81.0 19.0 82.9 1.0 16.4 83.9 16.1
TCHAD)
17y (DTR) 842 6.4 9.5 90.6 9.4 72.723.1 43 95.2 4.8 73.8 15.1 11.1 89.4 10.6
18y (DTR) 39.8 49.6 10.6 88.411.696.2 0.0 3.8 96.5 3.5 51.6 37.7 10.7 86.1 13.9
19y (DTR) 739 12.1 140 85.914.1604328 6.8 924 7.6 65.1 17.8 17.1 80.7 19.3

Note: CE sex—limited model excluded as it never provided the best fit.

stable for both sexes, across all body measures, and at all ages, account-
ing for less than 19% (ACE models) of the variance in weight, height, and
BMI from birth through age 19 years, with the exception for BMI at age
16 years in boys (26.4%) and at 5 years in girls (24.3%), where the effect
was slightly higher.

2.4 DISCUSSION

While others have conducted international twin studies to compare the
heritability of body height and/or BMI during certain years in adolescence
[44] and over broader age ranges in adulthood [9], [45], the present study
is unique for its description and examination of the genetic and environ-
mental influences on body weight, height, and BMI over virtually every
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BMI (kg/m2) explained by A—squared and C—squared, in boys and girls separately, from
birth through 19 years of age — ACE models assumed.
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year of age, from birth through 19 years, in a large sample of MZ and DZ
same— and opposite—sex twins from three continents. The findings indi-
cate that variability in weight, height, and BMI amongst twins from four
developed countries is strongly influenced by genetic factors in both sexes
as early as from 5 months of age, and increasingly so through late adoles-
cence. The increasing heritability in these body measures over time, which
was found to explain at times more than 80-90% of the variance in mid—
to late adolescence, was observed along with a decreased influence of the
common environment in early childhood years. Common environmental
influences were found to play an important role in influencing variability
in body weight, height, and BMI in early childhood in both sexes, par-
ticularly for body height where the influence of the common environment
remained significant for a longer period, up through 12 years of age; how-
ever, common environmental influences were, for the most part, no longer
significant by early— to mid—adolescence. On the other hand, the influence
of the unique environment on all body measures was found to be small,
but significant, at all ages and in both sexes.

2.4.1 INCREASING HERITABILITY

The increasing heritability observed in the present study is in agreement
with results from other large twin—studies which found similar results for
BMI in twins followed longitudinally from 4 to 7 years of age [46] and
from 11-12 to 14 and 17 years of age [19]. A large longitudinal study of
Dutch twin children followed from ages 3 to 12 years also found strong
evidence for the role of genetic influences on body height and BMI in
males and females, in addition to moderate non—significant increases in
heritability specifically for height [47]. In correspondence with the present
study's findings, these increasing heritability estimates for height resulted
from the decreased influence of the common environment; however, com-
mon environmental influences remained important for both height and
BMI at all ages examined [47].

Increasing heritability estimates have also been observed in other traits
over childhood, such as in cognitive development [48], and this is gener-
ally attributed in part to changing gene expression, but also to gene—
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environment interaction (GXE) [19], [49] and gene—environment correla-
tions [50]-[52]. In the case of gene—environment interactions, individuals
with differing genotypes may react to specific environmental stimuli in
different ways. If a gene interacts with a factor within the common/shared
environment, but the phenotypic expression associated with this interac-
tion is only activated in adolescent years, this may explain the observed di-
minished effect of the common environment in early— to mid—adolescence
in the present study. Alternatively, with gene—environment correlations,
a genetic factor may influence an environmental exposure such that indi-
viduals may seek environments that correlate with the same phenotype.
For example, an individual with a genetic predisposition for weight gain
who is inclined to maintain a sedentary lifestyle or poor dietary practices
may seek the company of other individuals who share similar attributes
and practices, possibly increasing exposure to obesogenic environments
that would lead to furthered weight gain. Such gene—environment corre-
lations could increase heritability over time, firstly, due to increased in-
dependence to choose one's personal environment in adolescence, with
MZ twins choosing more similar environments in comparison to DZ twins
due to their identical genes, and, secondly, due to the genetic influences
becoming more reinforced and direct over time by means of the respective
correlated and phenotype—proliferating environmental influences. In the
present study, the genetic modeling technique used includes “gene—envi-
ronment interaction” within the component of heritability if the environ-
mental component of the interaction is shared within a twin pair, and with-
in the unique environment component if not shared [49]. Although effects
of interaction and genotype—environment correlation were not quantified
in the present study, these are not sufficient to fully explain the dramatic
decrease in the independent effect of the common environment by early
adolescence.

2.4.2 DECREASING EFFECT OF THE COMMON
ENVIRONMENT

The present study's finding that the effect of the common environment
was highest at birth, with heritability thus being the lowest at that point,
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is consistent with results from other twin studies [14], [47], [53]-[55].
This observation reiterates the special intrauterine situation characterized
by twinning whereby, due to shared placental membranes and environ-
mental/nutritional constraints in the uterus, monochorionic MZ twins may
compete more intensely for prenatal resources than dichorionic DZ twins,
making them less similar at birth than their genetic potential would al-
low [22], [56]. However, the influence of the common environment de-
creased rapidly through later childhood years, particularly for body weight
and BMLI. In correspondence, a longitudinal study of Finnish twins found
persistent effects of the common environment on variations in BMI up
through 14 years of age, but a disappearance of this influence by 17 years
of age [19]. A recent systematic review on twin and adoption studies also
reported a substantial effect of the common environment on variations in
BMI in mid—childhood, but a disappearance of this effect in adolescence
[10]. Several studies have reported significant effects of the common en-
vironment on BMI in children aged 12 years or less, but not over the age
of 12 years [13], [47], [57], [58]. However, not all studies support this
finding [54].

Our results suggest that potential common environmental factors exert
their strongest and most independent influence on variations in weight,
height, and BMI specifically in pre—adolescent years. However, this does
not signify that environmental factors are irrelevant as targets for inter-
vention once a child reaches adolescence; rather, this may signify a lack
of common environmental influences that are independent of genetic pre-
disposition in later adolescent years [14]. Furthermore, given the situation
of gene—environment correlation and gene—environment interaction, it is
all the more necessary to continue investigating potential environmental
interventions that counter the obesity epidemic in those most genetically
predisposed, as early in life as possible.

2.4.3 PRESENCE OF SEX-LIMITATION

The sex—difference observed in the present study revealed that the propor-
tion of the variance explained by genetic influence was greater in boys than
in girls over the majority of years examined; this was most pronounced
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for weight and BMI. This sex—difference appears to have resulted from a
difference in the magnitude of the influence of the common environment
across the sexes, which seems to have played a more important role in girls
than in boys. The influence of the unique environment on all body mea-
sures was similar in both sexes across the ages examined. These sex—dif-
ferences concur with findings from a longitudinal study of Finnish twins,
which found that boys had slightly higher heritability estimates at all ages
examined in comparison to girls [19], and studies that report higher heri-
tability estimates for BMI in men than in women [8], [9]. However, some
studies report higher heritability estimates in girls in comparison to boys
[16]-[18].

The reasons behind these sex—differences are intriguing. From early
infancy and through pre—puberty, sex—differences are observed not only
in fat mass and pattern of fat distribution [59], [60], but also in hormone
levels that are implicated in feeding behaviours, metabolic processes and
body composition, e.g. insulin & leptin [61]-[63]. However, given the
present study's findings, it is important to consider what common environ-
mental factors may influence variances in body weight and BMI in girls,
more so than boys. Some studies suggest sex—differences in childhood
obesity, demonstrating that boys and girls differ in their susceptibility to
various social and ethnic environmental influences [64]. Furthermore, en-
vironmental influences, such as the availability of unhealthy foods in the
home or exposure to family conflicts, are seen to associate with obesity—
promoting dietary practices, such as the consumption of sweet snacks or
take—away, in girls more so than in boys [65]. Similarly, a meta—analysis
found that in girls, but not in boys, increasing parental food restriction (i.e.
the degree to which parents attempt to restrict their child's eating during
meals) was associated with an increased tendency to eat in the absence
of hunger [66]. An association between parental level of education and
BMI has also been observed in adolescent females, but not in males [67].
Another study showed an association between girls' weight concerns and
mother's gender attitudes, with no such association observed in boys [68].
Research is needed to examine potential sex—differences in gene—environ-
ment interaction that may occur as a result of underlying sex—differences
in hormonal regulation (e.g. leptin) and its interaction with the family and
social environmental influences mentioned above [64].
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Finally, epigenetic factors relating to body weight, height, and BMI,
must also be considered. The epigenetic model of obesity theorizes that
maternal weight gain/obesity, and/or nutrition prior to, and during preg-
nancy may create permanent changes in the gene regulation of the foetus,
promoting an obese phenotype [69]. Much remains to be understood about
the role of epigenetics and how its effects may differ across the sexes.
However, the twin modeling techniques used model epigenetic effects as
part of the variation accounted for by the unique environment, and no no-
table differences were observed across the sexes for this component.

2.4.4 STRENGTHS & LIMITATIONS

The present study has important strengths. Firstly, it analyzes a large
sample of MZ and DZ same- and opposite—sex twins from birth cohorts
obtained from four different countries in three continents; this not only
provides high power and high confidence in the study results, but also al-
lows for a strong assessment of sex—limitation. This study also provides
a comprehensive overview of the genetic and environmental influences
on body weight, height, and BMI over the entire span of childhood and
adolescence, with data available from birth, at 5 months of age, and yearly
from 3 years to 19 years of age, inclusively.

A limitation of this study lies in the use of self— or parent-reported
weights and heights for some cohorts, which may have caused some bias
due to the common under—reporting of weight known to occur especially
in individuals with true values in the upper end of the BMI distribution
[70], [71]. However, there is no reason to suspect a difference in the degree
of bias across a twin pair, with an exception perhaps for dizygotic twins of
the opposite sex, since girls have been shown to under—report their weight
to a much larger extent in comparison to boys [72]. It is also reported that
mothers overestimate their children's weights more than their heights, es-
pecially for boys, such that this was found to overestimate the prevalence
of overweight by over 3% in 4—year—old children, and by 5% specifically
for boys [14]. However, another study reports that parents generally tend
to underestimate the prevalence of overweight in young children, typically
by underreporting body weight and over—reporting height in children with
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a high BMI, and over—reporting body weight in children with a low BMI
[73]. Such a potential bias may lead to decreased heritability estimates
and increased estimates for the effect of the unique environment. A bias
specifically across the sexes, though, would mainly affect the results ob-
tained through the sex—limitation analyses, leaving the general analyses
unaffected. Nonetheless, it is important to note that, several twin studies
from various populations (Australian, Finnish, Danish, and British) have
reported a good agreement between self-reported and measured weight
and height [9], [74].

Due to the lack of information about the weight, height and BMI of
parents, another limitation arises with the techniques used in twin analy-
ses. Without such information, one must make the assumption of random
mating. Several studies, however, have shown that this is an unrealistic
assumption as assortative mating, the increased preference to marry some-
one with similar traits, occurs with several phenotypic, physical, and psy-
chological characteristics, including BMI [75], [76], [76], [77]. Assorta-
tive mating may potentially inflate heritability estimates in twin studies
since it increases the genetic similarities between DZ twins above the 0.5
correlation assumed in the twin modeling techniques. Furthermore, even
if twin modeling techniques reveal that an AE model best fits the data (i.e.
no effect of the common environment observed), this does not mean that
assortative mating and non—additivity are not acting [78]. On the other
hand, assortative mating may also inflate the variance estimates obtained
as part of the common environmental component when not accounted for
in the modeling, since this estimate is derived from comparing correla-
tions between MZ and DZ twin pairs with an assumption of a correlation
of 0.5 between DZ twin pairs. However, given that the effect of the com-
mon environment became insignificant after early adolescence, it is very
unlikely that assortative mating would have significantly inflated the es-
timates obtained for that component. We are thus confident that the effect
of the common environment observed in early childhood years is in fact
a true influence and is not simply an artificial result of the twin—modeling
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techniques used [10]. Finally, the present study's findings may be limited
in their generalizability to other ethnicities due to the main inclusion of
Caucasian populations.

2.4.5 CONCLUSIONS AND FUTURE DIRECTIONS

Genetics appear to play an increasingly important role in explaining the
variation in weight, height, and BMI from early childhood to late adoles-
cence, with boys being more significantly affected by these effects. This
finding emphasizes the need for future studies to continue identifying
common genetic variants that may predispose individuals to obesity. It is
hoped that with the identification of such variants and a furthered under-
standing of potential gene—environment interactions, interventions may be
tailored to an individual's personal genetic predisposition so that greater
success can be attained in the battle against obesity. The findings also em-
phasize the need to target family and social environmental interventions
in early childhood years, particularly for females, as the effect of the com-
mon environment was particularly influential until early adolescence.
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3.1 INTRODUCTION

Childhood and adolescent overweight and obesity, which are leading
causes of early type 2 diabetes and cardiovascular disease, have become
major public health problems both in westernized and more recently in
developing countries [1]. Traditional approaches for the management of
overweight and obesity have had poor long term efficacy and therefore
prevention is currently the most promising strategy for controlling the
obesity epidemic [1].

Prevention of obesity should start as early as possible after birth. Lon-
gitudinal studies have shown a strong association between early infancy
weight gain rate or adiposity and childhood and even adult body weight,
fat mass and body mass index (BMI) [2]—[3]. Moreover, the efficacy
of preventive behavioural and nutrition interventions targeting school
children, either in primary schools or at home, is very limited [4]-[5].
Finally, in many countries pre—school and school children are already
burdened by a high prevalence of overweight or obesity [4].
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Assessing the risk for future overweight or obesity in newborns may be
a basis for focused preventive interventions for at-risk individuals during
the very first months of their life. Even though several sociodemographic
and anthropometric predictors, as well as several common genetic vari-
ants, have been associated with childhood overweight/obesity, no longi-
tudinal study has attempted to explore the cumulative predictive proper-
ties of these known early life risk factors, or to propose possible tools to
predict childhood obesity at birth [6]-[20].

We aimed to build such predictive algorithms for the early identi-
fication of newborns at an increased risk for childhood and adolescent
overweight/obesity. For this purpose, we estimated the ability of clini-
cal, socio—demographic, and genetic risk factors to predict childhood
and adolescent overweight/obesity in a large Finnish birth cohort. We
then confirmed the promising usefulness of socio—demographic and an-
thropometric factors in predicting childhood obesity in two independent
paediatric cohorts.

3.2 METHODS

3.2.1 ETHICS STATEMENT

The study conducted on the NFBC1986 cohort was approved by the
Ethical Committee of Northern Ostrobothnia Hospital District. The
retrospective study of the Veneto cohort was approved by the Ethical
Committee of the University of Verona and Project Viva was approved
by the Human subjects Committees of Harvard Pilgrim Health Care,
Brigham and Women’s Hospital, and Beth Israel Deaconess Medical
Center.

Written informed consent was obtained from parents or guardians of
all participants and all clinical investigations were conducted according to
the principles expressed in the Declaration of Helsinki.
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3.2.2 SUBJECTS

3.2.2.1 DEVELOPMENT SAMPLE.

The Northern Finland Birth Cohort 1986 (NFBC1986) (http://kelo.oulu.fi/
NFBC) was followed prospectively from 12th gestational week and sev-
eral well known early risk factors for childhood obesity were recorded
systematically. Participants who had their weight and height recorded at
seven and sixteen years of age and met data completeness criteria (see
below, N =4,032) were used to build the models. We separately predicted
childhood obesity (obesity at 7 years of age), childhood overweight/obesi-
ty (overweight or obesity at 7 years of age), adolescent obesity (obesity at
16 years of age), adolescent overweight/obesity (overweight or obesity at
16 years of age), and the severe sub—phenotypes of childhood obesity per-
sistent into adolescence (obesity at 7 and 16 years of age) and childhood
overweight/obesity persistent into adolescence (overweight or obesity at
7 and 16 years of age) (Table 1). Overweight and obesity were defined by
the IOTF BMI cut—offs [21].

The traditional predictors used for building the predictive models
(gender, pre—pregnancy parental BMI, parental professional category,
single parenthood, gestational weight gain, pre—pregnancy maternal
smoking, gestational smoking, number of household members, birth
weight) were a—priori selected among all available baseline NFBC1986
variables according to their association with early obesity in previ-
ous literature (Table 1) [2], [6]-[11]. Forty—four obesity predisposing
single—nucleotide polymorphisms (SNPs) were selected according to
the following criterion: genome—wide significant level of association
(P<5x107®) for BMI and/or obesity reported in a population of European
ancestry [12]-[20]. Genotyping was performed by TagMan (Applied
Biosystems, Foster City, CA): the average genotyping success was of
99.4% (95.1-100) and the average consensus rate from 255 duplicates
was 99.8% (99.2-100).
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Five SNPs were discarded during the genotyping procedure, since they
did not pass the genotyping quality control criteria, leaving 39 SNPs. All
39 SNPs were in Hardy—Weinberg equilibrium (P>0.05). We assumed an
additive model and constructed a cumulative genotype score by summing
the number of risk alleles (0-78).

3.2.2.2 VALIDATION SAMPLES.

We used a school-based retrospective sample of 1,503 children aged 4—12
from Veneto, Italy, as one of the two validation samples to explore whether
results from the NFBC1986 could be applied to a European paediatric
cohort contemporary to the NFBC1986, with similar obesity prevalence
(4%) but different cultural background [22]. The second validation set
used was a prospective sample of 1032 children (7 years) from Massa-
chusetts (United States) from the Project Viva (http://www.dacp.org/viva/
index.html) to explore whether results would remain valid when applied to
a very recent U.S. child cohort, with higher obesity prevalence (8%) and
very different cultural background. Genetic variants were not available for
the validation analyses. All children meeting the international criterion for
obesity definition at the time of recruitment in the Italian sample and at 7
years of age in the U.S. sample were classified as affected by childhood
obesity [21].

3.2.3 STATISTICAL ANALYSIS

3.2.3.1 DEVELOPMENT PHASE.

Predictive models were fitted by stepwise logistic regression analysis
(criterion for variable entry: p<0.05, for variable removal: p>0.10) using
traditional risk factors only, genetic score only and traditional risk factors
plus genetic score for each obesity outcome. Each risk factor entering the
analysis as continuous or ordinal scale variable showed a linear relationship
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TABLE 1: Characteristics of the NFBC1986 cohort.
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Baseline

Males

Mother's age (years)

Father's age (years)

Single parenthood

Mothers smoking before pregnancy
Mothers smoking during pregnancy

Maternal BMI before pregnancy

1,917 (47.5)
28.5 (16.9-50.8)
30.8 (17.9-59.8)
113 (2.9)

994 (24.7)

737 (18.3)
22.3(13.2-48.2)

Paternal BMI 24.0 (16.941.3)
Maternal professional category

4 Professional/entrepreneur 277 (6.9)

3 Skilled—non—-manual 866 (21.5)

2 Skilled—manual 1,625 (40.3)

1 Unskilled/apprentice/unemployed 1,264 (31.3)
Paternal professional category

4 Professional/entrepreneur 545 (13.5)

3 Skilled—non—manual 856 (21.2)

2 Skilled—manual 1,934 (48)

1 Unskilled/apprentice/unemployed 691 (17.1)
Household members 3.6 (1-18)
Maternal percentage weight gain during pregnancy 23.3 (-12.0-11.6)
Gestational age 39.3 (27-43)
Birth weight (kg) 3.560 (0.740-5.560)
Genetic score 37.2 (25-50)
Outcome

Childhood obesity (at 7 years of age) 121 (3)
Childhood overweight/obesity (at 7 years of age) 645 (16)
Adolescent obesity (at 16 years of age) 163 (4)
Adoescent overweight/obesity (at 16 years of age) 678 (17)
Persistent childhood obesity (at both 7 and 16 years of age) 47 (1)

Persistent childhood overweight/obesity (at both 7 and 16 years of age) 331 (8)

Note: Data are given as MEAN (range) or as N (percentage)
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with the logit-risk of childhood obesity in a preliminary linear regression
analysis. For persistent childhood obesity, not all the a priori selected tradi-
tional predictors were used for the stepwise analysis but only the five with
the strongest association with persistent childhood obesity in a preliminary
univariate analysis, in order to avoid possible model over—fitting due to the
relatively small number (forty—seven) of outcome events.

The discrimination accuracy of each model was evaluated by the area un-
der the receiver operating curve (AUROC) of the modeled risk [23]. Models
with AUROC:s larger than 0.7 were considered potentially clinically useful
and those with AUROC: larger than 0.8 were considered to have excellent
accuracy [23]. The model calibration, that is the “precision” or correlation
between the predicted and observed event rate, was assessed by the Hos-
mer—Lemeshow test [23]. The possible accuracy improvement associated
with adding the genetic score to the traditional risk factors was evaluated by
calculating the integrated discrimination improvement (IDI) compared to
the traditional risk factors alone [24].

For each model a risk threshold was arbitrarily adopted at the 75th per-
centile of the modeled risk, identifying the top 25% as being at increased
risk and the thresholds’ predictive properties (sensitivity, specificity and pre-
dictive values) were calculated.

An average of 1.67% (0—11.4%) of data was missing for each traditional
risk factor, while an average of 0.72% (0—4.95%) of genotypes was missing
for each SNP. We included participants with zero or one missing traditional
baseline variable and three or fewer missing SNPs. Multiple imputation was
performed for the remaining missing values, in order to avoid possible bias
associated with missing potentially important information [25]. Win MICE
(Multiple Imputation by Chain Equations) V0.1. was used for multiple im-
putation [25]. By the MICE procedure, imputed values for missing data are
drawn from modelling them on the basis of the other considered variables,
with logistic regression if the variable to impute is dichotomous, polyto-
mous logistic regression if it is categorical with three or more categories
and with linear regression if it is continuous [25]. So each missing value
is replaced by an estimated value modelled on the other variables. Indeed,
the method estimates a distribution of each missing variable, taking all as-
pects of uncertainty in the imputations into account. From this distribution,
values are sampled and filled in for the missing data. So every imputation
cycle produces, for each missing data, one estimated value sampled among
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several possible ones, giving rise to a unique dataset which can not be repro-
duced by following imputation cycles [25].

Five imputation cycles were run so that five values were imputed for
each missing datum to get variation in the imputed values, thus reflecting the
uncertainty introduced by imputation itself. Inference was based on the five
resulting datasets [25]: areas under AUROCs were obtained by averaging
the five single data sets coefficients, while 95% confidence intervals were
delimited by the two overall most extreme boundaries, the lowest and the
highest [25]. All the coefficients, the AUROCSs and the 95% C.I. boundaries
were identical up to the first or second decimal for any considered variable
across the five datasets.

3.2.3.2  VALIDATION AND REPLICATION PHASE.

Only the model developed for childhood obesity was used for validation
because the model for prediction of childhood overweight/obesity was not
considered accurate enough to be clinically useful and the models concern-
ing adolescent phenotypes required older cohorts than Veneto and Project
Viva. The NFBC1986 equation was applied to the validation cohorts after
recalculation of the intercept according to the cohort—specific phenotype
prevalence and mean values of predictors. In the Veneto sample, number of
household members and gestational smoking were not available.

A replication analysis was also performed in which the model for child-
hood obesity was re—built in the two validation samples by stepwise logistic
regression using the available traditional risk factors.

Statistics were performed with R 2.11.0 (www.r—project.org), SPSS.18
(IBM Company, Chicago, Illinois) and SAS 9.3 (SAS Institute, Cary, North
Carolina).

3.3 RESULTS

Parental BMI, birth weight, maternal gestational weight gain, number of
household members, maternal professional category and smoking habits
were independent predictors of all or most of the six obesity outcomes
(Table 2-3).
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The equations to estimate the risk for the obesity outcomes from these
traditional risk factors are represented in supporting information.

TABLE 2: Stepwise multiple logistic models for prediction of overweight phenotypes: ORs
and p values associated with predictors, AUROC and P of Hosmer—Lemeshow test in the
final models (bold characters) and AUROCs and P of Hosmer—Lemeshow of each step
(italic characters).

OR in the final AUROC when T OfH-L test
cumulative model P term is added Wwhen term is
added
Childhood Overweight—Obesity
Maternal BMI 1.13 (1.10-1.16)  <0.001  0.63 (0.60-0.65) <0.001
Paternal BMI 1.11 (1.08-1.15)  <0.001  0.65 (0.62-0.67) 0.042
Gestational weight gain 0.88 (0.84-0.93)  <0.001 0.66 (0.64-0.68) 0.023
N of household members 1.02 (1.01-1.03)  <0.001 0.66 (0.64—0.69) 0.015
Birth weight 1.45 (1.22-1.73)  <0.001 0.67 (0.65-0.69) 0.29
Maternal smoking 1.28 (1.05-1.57) 0.013  0.67 (0.65-0.69) 0.46
Adolescent Overweight—Obesity
Maternal BMI 1.17 (1.14-1.20)  <0.001 0.66 (0.63—0.67) 0.05
Paternal BMI 1.12 (1.09-1.15)  <0.001 0.68 (0.66-0.70) 0.13
N of household members 1.02 (1.09-1.15) 0.001  0.70 (0.68-0.72) <0.001
Gestational weight gain 0.90 (0.86-0.95)  <0.001 0.70 (0.68-0.72) <0.001
Birth weight 1.31 (1.12-1.53)  <0.001 0.71 (0.69-0.72) 0.07
Maternal occupation 0.75 (0.60-0.93) 0.009 0.71 (0.69-0.73) 0.20
Maternal smoking 1.28 (1.06-1.54) 0.009  0.71 (0.69-0.73) 0.09
Persistent Childhood Overweight—Obesity
Maternal BMI 1.18 (1.14-1.22)  <0.001 0.69 (0.66-0.72) 0.001
Paternal BMI 1.14 (1.10-1.19)  <0.001 0.72 (0.69-0.75) 0.002
Gestational weight gain 1.03 (1.02-1.04)  <0.001 0.73 (0.70-0.75) 0.009
N of household members 0.88 (0.82-0.95)  <0.001 0.73(0.71-0.75) 0.001
Maternal occupation 0.57 (0.42-0.77) <0.001 0.74(0.72—0.77) 0.01
Birth weight 1.41 (1.12-1.77) 0.003  0.74(0.72-0.77) 0.06

Gestational smoking 1.45 (1.09-1.94) 0.11 0.75 (0.73-0.78) 0.07
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TABLE 3: Stepwise multiple logistic models for prediction of obesity phenotypes: ORs and
p values associated with predictors, AUROC and P of Hosmer—Lemeshow test in the final
models (bold characters) and AUROCs and P of Hosmer—Lemeshow of each step (italic

characters).
OR in the final AUROC when  © O H-L test
cumulative model P term is added Wwhen term is
added

Childhood Obesity

Paternal BMI 1.19 (1.13-1.27)  <0.001 0.68 (0.64-0.73) 0.39
Maternal BMI 1.13 (1.08-1.17)  <0.001 0.74 (0.70-0.78) 0.06
N of household members 0.73 (0.63-0.84)  <0.001 0.77 (0.73-0.80) 0.007
Birth weight (kg) 2.12 (1.48-3.04) <0.001 0.77 (0.73-0.80) 0.47
Maternal occupation 0.50 (0.31-0.79) 0.003 0.77 (0.73-0.81) 0.57
Gestational smoking 1.84 (1.20-2.81) 0.005  0.78 (0.74-0.82) 0.52
Adolescent Obesity

Maternal BMI 1.18 (1.13-1.23)  <0.001 0.67 (0.63-0.71) 0.13
Paternal BMI 1.16 (1.10-1.22)  <0.001 0.70 (0.66-0.74) 0.29
N of household members 0.83 (0.74-0.92) 0.001 0.73 (0.69-0.76) 0.29
Maternal occupation 0.47 (0.32-0.69)  <0.001 0.74 (0.71-0.78) 0.81
Gestatational weight gain (%)  1.03 (1.01-1.05) 0.001  0.75 (0.71-0.79) 0.69
Persistent Childhood Obesity

Paternal BMI 1.23 (1.13-1.34)  <0.001 0.69 (0.61-0.76) 0.93
Maternal BMI 1.14 (1.07-1.21)  <0.001 0.81 (0.76-0.87) 0.32
Birth weight 2.30 (1.29-4.08) 0.005  0.82(0.76-0.88) 0.06
Maternal occupation 0.31 (0.16-0.57)  <0.001 0.84 (0.79-0.89) 0.55
Single parenthood 4.27 (1.39-13.12)  0.011  0.85 (0.80-0.90) 0.33

Discrimination accuracy of the risk calculation from traditional risk fac-
tors was excellent for persistent childhood obesity (AUROC = 0.85[0.80—
0.90], p<0.001), clinically meaningful for persistent childhood over-
weight/obesity (AUROC = 0.75[0.73—0.78], p<0.001), childhood obesity
(AUROC = 0.78 [0.74-0.82], p<0.001), adolescent obesity (AUROC =
0.75[0.71-0.79], p<0.001) and adolescent overweight/obesity (AUROC =
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0.7110.69—0.73], p<0.001), and below the threshold for clinical usefulness
for childhood overweight/obesity (AUROC = 0.67[0.65—-0.69], p<0.001)
(Figure 1 and Table 2-3) (23). All of the six models developed from tra-
ditional risk factors were adequately calibrated (all p for Hosmer—Lem-
eshow test >0.05).

Parental BMI was the main contributor to discrimination accuracy
while other predictors contributed moderately to the model discrimination
effectiveness but increased the overall model calibration (Table 2-3).

For any given pair of parental BMIs, estimation of the probability of
childhood obesity varied greatly, depending on the combination of other
predictors (Figure 1).

Genetic score was an independent predictor of all of the six considered
outcomes, with ORs associated with unitary score increase ranging from
1.05[1.03—1.08] to 1.09[1.03—1.14] (0.05> all P>4 x 107®) but its discrimi-
nation accuracy was poor, with AUROCSs ranging from 0.56[0.54-0.58]
to 0.59[0.54-0.64]. Adding the genetic score to the traditional risk factors
did not produce better AUROCSs than using traditional risk factors alone
and was associated with modest IDIs not larger than 1%. The genetic score
composed of only the twenty SNPs identified for childhood obesity traits
exhibited similar associations with early obesity phenotypes. Then only
the models developed from traditional risk factors were taken into con-
sideration for further analyses. Predictive properties of the risk thresholds
corresponding to the highest risk quartile for each obesity phenotype are
represented in Table 4. Positive predictive values were low, due to the low
prevalence of predicted conditions, while negative predictive values were
high (Table 4).

The version of the NFBC1986 equation for childhood obesity lack-
ing gestational smoking and number of household members (AUROC =
0.73[0.69-0.77] in the NFBC1986) had an AUROC = 0.70[0.63-0.77]
(p<0.001) when applied to the Veneto cohort, with acceptable calibration
accuracy (p for Hosmer—Lemeshow test = 0.12).

The NFBC1986 equation for childhood obesity had an acceptable AU-
ROC = 0.73[0.67-0.80] (p<0.001) when applied to the project Viva chil-
dren. However, calibration in the Project Viva sample was not satisfactory
(p for Hosmer—Lemeshow test = 0.02).
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The VENETO equation, i.e. the equation to predict childhood obesi-
ty issued from the Italian sample (model replication), included parental
BMIs and gender, had an AUROC of 0.74[0.69-0.79] (p<0.001) in the
Veneto sample and was adequately calibrated (p for Hosmer—Lemeshow
test=0.11).

The Project Viva equation, i.e., the equation to predict childhood obe-
sity issued from the U.S. sample (model replication), included parental
BMLI, race, gestational smoking and gestational weight gain, had an AU-
ROC of 0.79[0.73-0.84] (p<0.001) in the Project Viva sample and was
adequately calibrated (p for Hosmer—Lemeshow test = 0.91).

The three equations predicting childhood obesity in the three studied
cohorts were converted in an electronic automatic risk calculator for po-
tential clinical use.

3.4 DISCUSSION

Our study provides the first example of predictive tool for assessing the
risk of developing early obesity phenotypes, based on readily available
traditional risk factors about newborns. The potential inclusion of genetic
variants was explored, but due to their modest contribution to predictive
accuracy, they were not included in the final models.

TABLE 4: Risk threshold and predictive properties corresponding to the 75° percentile of
calculated risk for the obesity phenotypes in the NFBC1986.

Risk Positive Negative
Sensitivity % Specificity % Predictive  Predictive
threshold
value % value %
. . 99

Childhood obesity 0036 72[65-79] T65[15-78] 911111 e o
Adolescent obesity 0.048  66[59-73] 77[75.5-78.5] 11[9-13] 98 [97-99]
Persistent childhood 0011  79[69-89] 75.5[74-77] 4[3-5] 99.5 [98-100]
obesity
Océtls?g‘)‘)d overweight/ 104 45[37-53] 79[77-81]  29[26-32] 88 [97-89]

Adolescent overweight/

obesity 0210  49[45-53]  80[78.5-81.5] 33[30-36] 88.5[87-90]

Persistent childhood

overweightiobesity 0.097  63[58-68] 78[76.5-79.5] 21[18-24] 96[95-97]
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Analysis of the NFBC1986 showed that traditional risk factors per-
formed better in prediction of severe rather than mild obesity phenotypes.
Importantly, the predictive accuracy of the models did not decline from
childhood to adolescence, suggesting that the association between the
traditional risk factors and obesity is stable until early adulthood. This
is consistent with recent evidence about the relationship between single
early risk factors and adolescent and adult obesity [6], [9], [10]. The
risk of childhood obesity was largely driven by parental BMI. However,
other predictors moderately improved the discrimination accuracy and
increased the exactitude of risk estimation. They also produced large
ranges of possible risk estimates for any given parental BMI, signifi-
cantly improving risk classification at any level of parental BMI (Table
2-3, Figure 1).

Predictive tools need to satisfy important requisites before they can be
applied in clinical settings. First, significant preventive advantages should
derive from prediction. Although medical societies have been called on to
provide reasonable guidance on prevention based on available data and the
American Academy of Paediatrics has recently underlined the emergent
need of finding effective clinical tools to enable primary care providers
to contribute to obesity prevention [26]-[27], there is no compelling evi-
dence of any efficient obesity preventive strategy involving infancy. Then,
robust trials proving the effectiveness of strategies of early prevention are
still needed to justify the adoption of early obesity prediction in the every-
day clinical practice. Should trials prove the efficacy of preventive strate-
gies implying special interventions going beyond paediatric counselling
and public health campaigns routinely provided to the general population,
a predictive tool like that proposed here would offer the important ad-
vantage to exclude a large proportion of infants from such interventions,
thanks to its good negative predictive value. This would improve the cost/
effectiveness ratio of preventive actions.

However few available controlled prevention trials suggest that inter-
ventions directly involving parents of pre—school children outside education
settings are more effective than school or community—based interventions
targeting later ages, supporting the hypothesis that involving parents in the
prevention of their offspring’s obesity as early as possible is likely to be
a good strategy [1]. In this view, it has been suggested that «Let’s Move»
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against child obesity campaign, which is a U.S. government—sponsored obe-
sity prevention program targeting children aged 2—10, might be more effec-
tive if children under 2 could be identified as prevention targets [4].

Parents of newborns are particularly sensitive to information given
about their child’s health. Once informed of their baby’s increased risk
for obesity, they might be more receptive to routine advice provided from
birth during the first two years of life within population—wide prevention:
breastfeeding, feeding on demand, weaning no earlier than the sixth month
with recommended meal patterns and food portions, avoiding of television
and sugar—sweetened beverages [28]. Moreover, families of newborns at
risk could be enrolled in more intensive schedules of growth monitoring
and nutritional counselling than those offered to general population, in or-
der to avoid excessive weight gain in infancy. Encouraging strategies aim-
ing at significantly decreasing energy intake in infants should be avoided
however, both because of the well known difficulties encountered by par-
ents in doing it and because of potential, unknown harmful effects of an
early caloric restriction. In contrast, recent evidence suggests that some
preventive strategies prevention of obesity based on educating mothers
could be useful to limit excessive infant weight gain promoting appro-
priate maternal responses to satiety cues and decreasing non—responsive
feeding behaviours which over-ride satiety cues, such as food rewards,
non food rewards to encourage infant to eat, etc... [29]. Such strategies do
not imply a direct food restriction, but rather a limitation of “passive” (not
hunger—driven) infant over—eating.

Obviously, even in case of proved efficacy of early obesity preven-
tion, the targeted approach should also be carefully assessed by means of
trials with a “focused intervention” design, before any dissemination of
the early obesity prediction into broad clinical practice. In fact, targeted
approach might also imply deleterious effects, among which, for example,
stigmatization of families of infants classified as “at risk” or false reassur-
ance of other families. Indeed, early prediction should not mean a “diag-
nostic” attitude towards any of the two categories of families. In particu-
lar, the assessment of age and BMI at adiposity rebound, which are good
predictors of childhood and adult obesity, should be carried on in young
children in order to optimize the overall detection rate of those likely to
become obese and possibly sensitize families previously “missed” by the
neonatal score [30].
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Accuracy is another important requisite for a predictive tool. The
model predicting persistent obesity had excellent accuracy (AUROC =
0.85) while the models predicting obesity and persistent overweight had
clinically useful discrimination accuracy (AUROCs = 0.75 to 0.78) [23],
similar to that of widely used tools for predicting multifactor medical
conditions, such as the Framingham risk score for coronary heart disease
(AUROC =0.74 to 0.77 depending on gender and type of scoring adopted)
[31]. Due to low prevalence of the obesity phenotypes in the NFCB1986,
the fourth quartiles of predicted risk had low to moderate prevalence of
cases even if they “captured” most or a high percentage of cases (low posi-
tive predictive value despite good sensitivity) (Table 4). This represents a
possible drawback of preventive strategies based on risk assessment [32].
Nevertheless, risk thresholds conceived for prediction and focused pre-
vention are not required to be “diagnostic” but rather cost—effective. Thus,
the criteria we propose to select newborns at risk for obesity, could have a
strong impact on public health, despite their low specificity/positive pre-
dictive value, because they could justify cost—effective preventive strate-
gies on a subsection of the general population, similarly to several sensi-
tive though little specific selective criteria used for widespread preventive
interventions, such as: age higher than 30 years as criterion to recommend
pap test against cervical cancer, age higher than 50 years as criterion to
recommend the faecal occult blood test against colon cancer, etc...[33]—
[34]. The adequate discrimination and calibration accuracy achieved by
the equations presented in the manuscript imply that a high percentage of
future obese children (more than two-thirds), is included in the highest
quartile of calculated risk. Thus, using the highest risk quartile of calcu-
lated risk as selective criterion would allow focused preventive strategies
to reach 70-75% of potential future cases though involving only 25% of
newborns. Should these strategies have just about 50% effectiveness, the
number of future obese children would have a 35-38% decrease, which
would represent much greater success compared with results obtained to
date by large scale preventive strategies involving later infancy and child-
hood [5]

The models using traditional risk factors had good calibration, which
suggests that it may be possible to use the newborns’ calculated risks in
addition to the two risk categories. This would add precision to prediction
and potential further effectiveness to related prevention
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Finally, the equations we present use easily accessible information, do
not incur additional costs to clinical care, and only require minimal time to
calculate, if converted into simple automatic calculators like those we pro-
pose in the Supporting Information. Such electronic risk calculators could
be part of an electronic medical record system and/or be housed within
computer—assisted standardised programs of obesity prevention, which
are promising tools for the prevention and care of paediatric obesity [35].

The results of the validation/replication analyses allow for important
considerations. First of all, traditional risk factors have a good cumulative
accuracy (AUROC = 0.79) in the recent U.S. paediatric cohort, which has
a significantly higher prevalence of childhood obesity than the NFBC1986.
This demonstrates that the environmental pressure towards obesity has not
weakened the role of early risk factors. Moreover, it supports the hypoth-
esis that, at the current phase of the obesity pandemic, the use of “familial
and personal” risk factors for early prediction may be useful, in addition to
population wide interventions, in those regions, like Massachusetts, where
the prevalence of obesity is still moderate and characterised by ethnic and
social disparities rather than influenced by country—related risk factors
[36]. In these regions, focused preventive strategies based on personal risk
stratification may effectively integrate large scale interventions based on
nation wide characteristics [32], [36]. Interestingly, since 2010 the U.S
Government has been supporting a preventive strategy against childhood
obesity involving low—income children from Boston (http://www.cdc.
gov/CommunitiesPuttingPreventionto Work/communities/profiles/both—
ma_boston.htm), indicating efforts towards focused prevention. Employ-
ing focused strategies involving newborns whose risk is high according
to diverse factors beyond social parameters, could lead to earlier, more
effective prevention of overweight/obesity in children.

The NFBC1986 equation for childhood obesity proved to keep ac-
ceptably discriminative when applied to both the validation cohorts, but
showed a lost of calibration when applied to the Viva cohort, suggesting
that its adoption in the U.S. would have acceptable validity to discriminate
newborns at risk for early obesity but not to perform exact risk estima-
tions. This is probably due to inconsistency of some predictors, such as
maternal professional category and number of household members. Ac-
cordingly, the Project Viva equation lacks these variables while it includes
race, which is not present among obesity predictors in the NFBC1986
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equation, because of the high ethnical homogeneity of the NFBC1986.
Inconsistency of the role of SES variables across different populations is
expected and it is the main reason why it would be very difficult to build
a highly accurate and calibrated score that also has complete widespread
validity [36].

Overall, the validation analysis suggests that “local” equations, includ-
ing parental BMI but also other locally important early predictors, may
have good accuracy in predicting childhood obesity at birth, even in coun-
tries like the U.S., with high environmental pressure towards early weight
excess, and should be preferred, whenever possible, to the universal adop-
tion of the NFBC1986 equation. Interestingly, parental BMI, which partly
reflects the degree of familial genetic predisposition to obesity, had very
similar effect size and accuracy in the three studied cohorts, consistently
with the evidence that the growing obesity epidemic has not lowered the
heritability of childhood adiposity [37].

Our study also explored, with the largest list of obesity—SNPs ever
used, the performance of genetics in predicting early obesity phenotypes,
showing very modest predictive accuracy of the assessed genetic variants,
consistently with previous evidence on adult obesity [20]. Even if a mod-
est predictive accuracy of the studied genetic variants was expected, the
accuracy estimates obtained in this study rule out, for the first time, the
hypothesis that genetics may perform a little better in predicting early obe-
sity than adult obesity, due to presumed lower impact of environmental
determinants during childhood than later in life. This result is consistent
with recent evidence that polygenic risk and BMI show substantially simi-
lar correlation coefficients between childhood and adulthood and further
contributes to the growing evidence that common genetic variants are not
yet “ready for use” for the prediction of several complex diseases, due
to the still small proportion of heritability explained by the newly dis-
covered variants [30], [38]. It is possible that next—generation sequencing
techniques will reduce significantly the gap of “missing heritability” of
obesity, identifying rare causative variants and clarifying the role of epi-
genetics by the genome—wide characterisation of DNA methylation pat-
terns in foetuses or infants developing later obesity or not [39].

Finally, the most important evidence obtained by including currently
known SNPs in our analyses is that not only common genetic variants
have very low accuracy in predicting early obesity but also they produce
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a very little improvement of the prediction when combined with clinical
factors. This is particularly important because although the notion that ge-
netic variants have poor value in predicting common diseases is quite well
established, the possible utility of including polygenic risk scoring within
management strategies for complex diseases is a topical subject of current
research and genetic testing services including obesity are being offered to
consumers by private companies [39]-[40].

The main limitations of our manuscript are the lack of external valida-
tion for the equations predicting adolescent and persistent obesity, due to
the young age of our validation cohorts and the use, in one of the vali-
dation analyses, of a retrospective paediatric cohort with some variables
lacking and an age of assessment not perfectly corresponding to that of the
original cohort (4—12 years versus 7 years).

The main strengths include: the novelty and the potential strong public
health impact of multivariate obesity predicting tools valid for newborns;
the optimization of results reliability and robustness by the adoption of
several recommended methods shown recently to be lacking in several re-
cent high impact prediction studies [41]: external geographical and tempo-
ral validation (for the model predicting childhood obesity), use of multiple
imputation for missing values, avoidance of predictor dichotomisation, as-
sessment of models calibration accuracy, avoidance of model over—fitting.

In summary, our study provides the first example of at birth prediction
of early obesity by means of traditional, routinely available risk factors
and should guide future efforts towards randomized trials of very early
preventive approaches for identified high risk individuals to help combat
the obesity epidemic.
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CHAPTER 4

NATIONAL TRENDS IN BEVERAGE
CONSUMPTION IN CHILDREN FROM
BIRTH TO 5 YEARS: ANALYSIS OF
NHANES ACROSS THREE DECADES

VICTOR L. FULGONI and ERIN E. QUANN

4.1 INTRODUCTION

A child’s first 5 years of life is characterized by rapid growth and devel-
opment and is the period during which food preferences and behaviors
develop that often serve as the foundational basis for future eating habits
[1,2]. Beverage consumption patterns developed during the early years can
have lasting implications throughout childhood and adolescence and into
adult years. The American Academy of Pediatrics (AAP) provides rec-
ommendations for the introduction of beverages to children’s diets. They
discourage fruit juice intake before the infant is at least 4-6 months of age
and fruit drinks, sports drinks and energy drinks are generally discour-
aged all together [3—5]. The introduction of cow’s milk is recommended
after 1 year of age and low—fat and fat—free varieties are encouraged once
children turn 2 years old [3]. The 2010 Dietary Guidelines for Americans
acknowledge the important link between childhood and adulthood bever-
age consumption by reinforcing the important habit of drinking milk dur-
ing childhood because “those who consume milk at an early age are more
likely to do so as adults” [6].

In the nationwide sample of infants and toddlers aged 4-24 months
who participated in the Feeding Infants and Toddlers Study, beverages
provided 36% of the total daily energy [7]. According to 2005-2006 Na-
tional Health and Nutrition Examination Survey (NHANES) data, total
beverage intake among children ages 2—6 years accounts for an average of
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367 kcal/day [8]. Although milk intake accounted for the greatest amount
of fluids consumed in this young age group (331 ml/day, on average), so-
das and fruit drinks provided 206 ml of average daily fluids and by the
time children were 7 years of age and older, sodas accounted for the most
fluid intake, aside from water, while milk intake continued to decline [8].
The type of beverages consumed can have a significant impact on diet
quality and nutrient adequacy.

Lower milk intake makes it more difficult for young children to meet
daily milk and milk product group and nutrient intake recommendations,
and it could have negative impacts on development since milk and the nu-
trients it provides are associated with growth and bone health in preschool
children [9,10]. Health professionals are concerned that high calorie, high
sugar, nutrient poor beverages like soft drinks and fruit—flavored drinks dis-
place nutrient rich beverages such as milk [3]. Sugar—sweetened beverage
consumption, primarily referring to carbonated beverages and fruit drinks,
begins during the preschool years and generally increases with age [11-13].
The consumption of milk by preschoolers has been positively correlated
with diet quality and meeting nutrient recommendations, including vitamin
A, folate, vitamin B12, calcium, and magnesium, whereas sugar—sweet-
ened beverage consumption, including soda and fruit drinks, by young chil-
dren has been linked to reduced milk intake and negatively correlated with
achieving intakes of vitamin A, vitamin C, and calcium [14-16].

Research indicates a link between beverage consumption and body
weight as well. Childhood overweight and obesity has increased at alarm-
ing rates in the United States. Even among children aged 2—5 years of age,
obesity defined as body mass index (BMI) greater than the 95th percentile
for age, increased from 5 to 10.4% between 1976—-1980 and 2007-2008
[17]. There is evidence that a higher intake of sugar—sweetened beverages,
such as soda, is associated with increased energy intake [18] and body
weight and/or adiposity in children [6,18]. Several studies have observed
this phenomenon in preschool children [12,19,20].

In light of the importance of beverage consumption to diet quality
and obesity among preschoolers, the purpose of this study was to identify
beverage trends in young children over the past three decades. Particular
emphasis was placed on evaluating the role of milk and its possible dis-
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placement with the rising consumption of empty calorie beverages at this
early age.

4.2 METHODS

Our analysis utilized beverage intake data available from NHANES 1976—
1980, 1988—-1994, and 20002006 for children less than 1 year of age to 5
years of age. NHANES is an ongoing cross—sectional nationally represen-
tative health and nutrition examination survey of a stratified, multistage
probability sample of the civilian, non—institutionalized U.S. population
[21]. Beverage consumption data was based on 24-hour dietary recalls
collected in each NHANES cycle in which proxy respondents reported
on all foods and beverages consumed by the children in a 24—hour period.
While multiple days of recall were obtained in some NHANES surveys,
only one day of recall was used for each subject to allow comparison over
time. Participants whose records were incomplete, unreliable, or were be-
ing breastfed were excluded. Data from NHANES 1976-1980 included
only children 6 months and older, whereas the more recent NHANES in-
cluded children from birth.

Beverage categories were identified as: milk [total as well as white, fla-
vored (sugar—sweetened), whole, 2%, 1%, and fat—free separately], 100%
fruit juice, fruit drinks, soft drinks, tea and soy beverages. White milk
included all non—flavored fluid milk consumed as beverages as well as
milk consumed with other foods such as cereal and macaroni and cheese.
Flavored milk was defined as flavored fluid milk purchased as such (i.e.,
chocolate, strawberry) or milk prepared by the addition of flavored syrups
or powder. Fruit drinks were beverages with less than 100% juice; most
contained added sugars. Soft drinks included both “regular” and “diet”
sodas. The percentage of the population that consumed each beverage cat-
egory as well as the amounts consumed by those children was determined
by age. The mean intake and percent of total intake of calories, total fat,
saturated fat, protein, calcium, phosphorus, magnesium (for NHANES
1988-1994 and 2001-2006 only), and potassium were determined for
each beverage category using the respective nutrient content information
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from each NHANES study period. NHANES 1976—1980 did not measure
magnesium intake.

All analyses of percentages and/or means with standard errors were
conducted using SAS version 9.2/SUDAAN version 10.0 (SAS Institute,
Cary, NC/RTI, Research Triangle Park, NC) to adjust for the complex sam-
pling design of each NHANES survey. Pair—wise comparisons between
NHANES 1976-1980 and NHANES 1988-1994, 10-14% NHANES
1988-1994 and NHANES 2001-2006 and NHANES 1976-1980 and
NHANES 2001-2006 were performed on mean percents and means using
z scores to identify significant differences.

4.3 RESULTS

A total sample of 3,998 children <1-5 years of age was utilized from
NHANES 1976-1980, 6,871 from NHANES 1988-1994 and 4,430 from
NHANES 2001-2006.

4.3.1 BEVERAGE CHOICE (PERCENTAGE USE)

Across all three decades, milk was the beverage consumed by most young
children (Figure 1). There was a significant decrease (p<0.001) in milk
consumption in the most recent NHANES surveys compared to the previ-
ous surveys. During the NHANES 1976—-1980 and 1988—1994 periods, ap-
proximately 84—85% of children in this age group were consuming milk,
whereas only 77% were consuming milk during NHANES 2001-2006.
Flavored milk intake was relatively low during NHANES 1976-1980
and NHANES 1988-1994, but increased to 14% during the last decade
(p<0.001). Fruit juice consumption increased dramatically in this age
group during NHANES 2001-2006 to more than 50% of the population
compared to about 30% in the older surveys (p<0.001). No significant
changes were observed in fruit drink intake across all three decades. On
average, 35-37% of this population consumed fruit drinks. In the case of
soft drinks, at least 30% of children consumed this drink on any given
day over the past 30 years. During the NHANES 1988-1994 period, there
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FIGURE 1: Percentage of children <1-5 years of age consuming different beverages during
NHANES 1976-1980, NHANES 1988-1994, and NHANES 2001-2006. NHANES —
National Health and Nutrition Examination Survey. Columns with different letters within
beverage category are significantly different (p<0.01).

was a significant increase to 36% (p<0.001) which leveled back to 30%
in NHANES 2001-2006. Percent of children consuming tea significantly
decreased from 10-14% from previous decades to 7% during NHANES
2001-2006. Consumption of soy beverages were not recorded in the ear-
lier surveys and intake was less than 1% in NHANES 2001-2006. In the
remaining analyses, tea and soy beverages were excluded because less
than 10% of young children consumed these beverages.

Age differences in beverage trends across decades were assessed in
relation to total milk, flavored milk, fruit juice, fruit drink, and soft drinks
consumption (Table 1). Among children less than 1 year old, there was
an almost 11% increase in milk consumption in NHANES 2001-2006
compared to NHANES 1988-1994. From the age of 1-5 years, the pro-
portion of children that consumed milk was similar for the earlier two
decades, whereas during NHANES 2001-2006 there was a tendency for
fewer children to consume milk after the age of 3 years. For children 1-3
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TABLE 1: cont.

NHANES NHANES NHANES

Beverage 1976-1980% 1988-1994 2001-2006 Change (A-B) Wé_% (A~ Change (B-C) mwé_% mwzam@ (A= o value (A—C)
(A) (B) ©)

4years  35.1+21  258+32  509+27 93 0.0151 25.1 <0.0001 15.8 <0.0001

Syears 321424  199+21  417£36 122 0.0001 21.8 <0.0001 9.6 0.0265

Fruit Drink

<lyear N/A 29406  7.6+10 N/A N/A 47 0.0001 N/A

lyear 334427 297+17 272+14 37 0.2462 25 0.2563 62 0.0415

dyears  405+25 365420  355+22 40 02115 1.0 0.7366 5.0 0.1348

3years 412422  37.8+26 387+24 34 03181 0.9 0.7992 25 0.4426

dyears  409+2.1  465+27 423430 56 0.1016 42 0.2981 1.4 0.7022

Syears 41.8+27  441+28  51.7£27 23 0.5543 7.6 0.0507 9.9 0.0095

Soft Drinks

<lyear N/A 06403  24+06 NA N/A 1.8 0.0073 N/A

lyear 259424  227+15 188+17 -32 0.2582 -39 0.0854 71 0.0158

Dyears 342422  370+21 289419 29 0.3403 82 0.0038 53 0.0683

Jyears 374422  403+32  383£27 29 0.4552 2.0 0.6329 0.9 0.7961

4years 37.6+14  430+27  412+28 54 0.0758 1.8 0.6435 3.6 0.2502

Syears  35.1+18  463+22  447+25 112 0.0001 1.6 0.6309 9.6 0.0018

*Data only available for children 6 months or older; N/A: not available.
1Mean =+ standard error; data represent percentage of children consuming any amount of described beverages in the 24-hr recall.
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and 5 years, there was a significant increase (p<0.05) in the percent of
children who were consuming milk during NHANES 1988-1994 com-
pared to NHANES 1976-1980 for nearly all ages. The trend was reversed
for NHANES 1988-1994 versus NHANES 2001-2006, where fewer 1, 3
and 5 year olds were consuming milk. Age—related patterns for flavored
milk consumption did not differ for the earlier two surveys but showed a
significant increase (p<0.05) ranging from about 1% to 17%, depending
on age, during NHANES 2001-2006 compared to NHANES 1988-1994.

There was a small, but significant decline (p<0.05) in the percent of
3-5 year olds who consumed fruit juice during NHANES 1988-1994
compared to NHANES 1976-1980. In contrast, there was a significant
increase (p<0.05) in the percent of all children from 1-5 years of age
who consumed fruit juice in NHANES 2001-2006. There was a 22-30
percentage unit increase in fruit juice consumption in children 1 year and
older. Fruit drink intake on the other hand, was not significantly different
between the three decades with the exception of an increase in those less
than 1 year of age. It was particularly evident in NHANES 1988-1994
and NHANES 2001-2006 that a greater percent of children consume soft
drinks with increasing age. For example, in the most recent survey, ap-
proximately 19% consume soft drinks at 1 year of age, 29% at 2 years,
38% at 3 years, 41% at 4 years, and 45% at 5 years. Between NHANES
1976-1980 and NHANES 1988-1994, no clear age differences were
present with the exception that there was an 11 percentage unit increase
(p<0.001) in soft drinks consumption among 5 year olds in NHANES
1988-1994. Similarly, no significant age differences were found when
NHANES 1988-1994 and NHANES 2001-2006 were compared, except
for an increase (p<0.05) in children less than 1 year and a significant de-
crease in 2 year olds (p<0.05).

4.3.2 BEVERAGE AMOUNTS

Overall for the group, there was a small decrease (p <0.05) in the amount of
milk consumed between NHANES 1976-1980 and NHANES 1988-1994
and an increase (p<0.001) between NHANES 1988-1994 and NHANES
2001-2006. Among 1 year olds there was a small increase (p<0.05) in
the mean amount consumed between NHANES 1976-1980 and NHANES
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1988-1994, no significant change in 2 and 3 year olds, and a small to mod-
erate decline in 4 (p<0.05) and 5 (p<0.001) year olds. In contrast there
was a significant increase in the quantity of milk drank by <1-5 year olds
when NHANES 2001-2006 was compared to NHANES 1988-1994. Milk
consumption increased from 17.3 to 20.3 fl oz (p<<0.001) in 1 year olds,
13.1 to 16.6 fl 0z (p<<0.001) in 2 year olds, 13.3 to 14.9 fl 0z (p<0.05) in
3 year olds, and 13.0 to 15.0 fl oz (p<0.05) in 5 year olds. No significant
changes were observed for 4 year olds. In the most recent survey, 2 and 3
year olds were consuming about 2 cups of milk a day and 4 and 5 year olds
were consuming a little less than 2 cups a day.

Fruit juice consumption increased (p<0.001) in NHANES 1988-1994
compared to NHANES 1976-1980 and then remained stable through
NHANES 2001-2006 for the entire sample. Children 1-3 years of age
consumed significantly more fruit juice in NHANES 1988-1994 than in
NHANES 1976-1980. Among 1, 2, and 3 year olds, mean fruit juice in-
take increased from 6.6 to 9.3 fl 0z (p<0.05), 8.3 to 11.1 fl 0z (p<0.001),
and 7.5 to 10.6 fl oz (p<0.05), respectively. Changes were not signifi-
cantly different for 4 and 5 year olds. The change in amounts consumed
from NHANES 1988-1994 to 2001-2006 were not significantly different
for any of the ages tested. During the NHANES 2001-2006 period, chil-
dren less than 1 year were consuming 5.4 fl oz, children 1-2 years were
consuming about 11 fl oz, children 3 years were consuming 12 fl oz, and
children 4-5 years were consuming about 10 fl 0z on a daily basis.

The amount of fruit drink ingested did not change significantly for
the entire group during the first two decades, but significantly increased
(p<0.05) during the most recent one. None of the age groups demon-
strated significant changes in the amount of fruit drink consumed be-
tween NHANES 1976-1980 and NHANES 1988-1994. Comparison of
NHANES 1988-1994 to NHANES 2001-2006 indicated significant in-
creases from 9.0 to 12.3 fl 0z (p<0.05) and 10.0 to 12.8 fl 0z (p<0.05) for
1 and 2 year olds, respectively. No changes between these surveys were
observed for 3—5 year olds. The NHANES 2001-2006 survey found that
children less than 1 year consumed 8.8 fl oz of fruit drink, and children
1-5 years consumed about 10-13 fl oz/ day.

Analysis of the group as a whole revealed a small increase (p<0.05)
in the amount of soft drinks consumed between NHANES 1976—-1980 and
NHANES 1988-1994 as there were trends towards an increase among 3
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TABLE 2: Energy and macronutrient intake contributed by milk, fruit juice, fruit drink,
and soft drinks in the diets of children<1-5 years participating in NHANES 1976-1980,
NHANES 1988-1994, and NHANES 2001-2006

Milk 100% Fruit Juice Fruit Drink Soft Drinks
Nutrient/ % %
Survey Mean + % Daily Mean+ % Daily Mean + Dail Mean + Dail
SE. Intake  S.E. Intake  S.E. Y SE Y
Intake Intake
Calories (kcal/d)
NHANES R R | i
19761980 2815 20.8 114+3 8.4 1284 9.0 82+3 5.9
NHANES ) , . .
19881994 234+ 4 16.8 143+6  10.6 129+4 8.7 86+3 5.9
NHANES . . \ .
2001-2006 279+6 18.7 149+5 9.8 150+£5 9.4 85+4 5.3
Total Fat (g/d)
NHANES . )
19761980 13.5+£0.2 25.8 02+0.0 0.6 0.0+0.0 0.0 0.0+0.0 0.0
NHANES . .
19881994 109+0.2 214 03+0.0 0.8 0.0+0.0 0.1 0.0+0.0 0.0
NHANES . »
2001-2006 12.0+£03 225 04+0.0 0.7 0.1+0.1 0.2 0.0+0.0 0.0
Saturated Fat (g/d)
NHANES ]
19761980 75+0.1 263 00+0.0 0 0.0+£0.0 0.0 0.0+0.0 0.0
NHANES .
19881994 6.8+0.2 320 0.0+£0.0 03 0.0+0.0 0.1 0.0+0.0 0.0
NHANES .
2001-2006 72+0.2 328 0.1+0.0 04 0.0+£0.0 0.0 0.0+0.0 0.0
Protein (g/d)
NHANES . .
19761980 16.3+0.3 31.4 1.3+0.1 29 0.0+0.0 0.0 0.0+0.0 0.0
NHANES b )
19881994 13.8+0.2 26.5 05+0.0 1.2 0.1+0.0 0.2 0.0+0.0 0.0
NHANES . .
2001-2006 159+04 29.1 +0.0 2.0 0.1+£0.0 03 0.1+0.0 02

For each nutrient, different subscripts down a column (a, b, ¢) indicate statistically
significant differences (p<0.05).

and 5 years olds. No significant changes in the amounts of soft drinks con-
sumed were noted between NHANES 1988-1994 and NHANES 2001
2006. During the most recent NHANES analysis, children less than 1 year,
1 year, 2 years, 3 years, 4 years, and 5 years consumed 1.8, 5.4, 6.2, 7.6,
8.8 and 9.8 fl oz, respectively (p for trend < 0.0001). Increasing age was
associated with increased amounts of soft drinks consumed.
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4.3.3 BEVERAGE CALORIE AND NUTRIENT CONTRIBUTIONS

Among the four main beverages consumed by children <1-5 years, milk
was the largest daily beverage calorie contributor in all three decades sur-
veyed, although there was a significant reduction in the last two surveys
compared to NHANES 1976—1980 (Table 2). These calorie contributions
include milk used on cereal or in food mixtures too. Milk was the primary
contributor for all the macronutrients (Table 2) as well as calcium, phos-
phorus, magnesium, and potassium (Table 3). About 52%, 55%, and 62%
of the daily calcium intake were provided by milk in NHANES 2001-
2006, NHANES 1988-1994, and NHANES 1976-1980, respectively. The
reduced calcium intake from milk in the more recent surveys is consis-
tent with reduced milk calories. Phosphorus intake from milk ranged from
37-42% across the three decades. Magnesium intake from milk was in
the range of 27-28% in the last two surveys. Potassium intake from milk
ranged from 31-37%.

Percent daily caloric contribution of fruit juice and fruit drink was sim-
ilar across all three surveys, in the range of 8—11%. (Table 2) Fruit juice
was an important provider (16—19%) of potassium in the three surveys and
magnesium (11%) in the most recent survey (Table 3). Fruit drinks pro-
vided 5% or less of the daily intake of calcium, phosphorus, magnesium,
or potassium in all three surveys (Table 3). The caloric contribution of soft
drinks in the range of 5-6% did not significantly differ among the three
surveys (Table 2). Soft drinks provided very little of the nutrients evalu-
ated (Table 3). The combined calorie contribution from fruit juice, fruit
drinks and soft drinks over this thirty year period has increased, but given
the parallel rise in total calorie intake the proportion from these beverages
has remained relatively consistent at about a quarter of total daily calorie
intake (1976—-1980: 324 kcals, 23% of total kcal intake; 1988—1994: 358
kcals, 25% of total kcal intake; 2001-2006: 384 kcals, 25% of total kcal
intake; data not shown).

Use of different types of milks (Figures 2 and 3) and eating occa-
sion (data not shown) for milk were evaluated in NHANES 1988-94 and
NHANES 2001-2006. In both surveys, whole milk was the predominant
milk introduced at less than 1 year of age and consumed at 1 year of age.
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TABLE 4: Calcium, phosphorus, magnesium, and potassium intake contributed by milk,
fruit juice, fruit drink, and soft drinks in the diets of children<1-5 years participating in
NHANES 1976-1980, NHANES 1988-1994, and NHANES 2001-2006

Milk 100% Fruit Juice  Fruit Drink Soft Drinks
Nutrient/ 7
Survey Mean+ % Daily Mean+ % Daily Mean+ % Daily Mean + Dail
S.E. Intake S.E. Intake  S.E. Intake S.E. y
Intake
Calories (mg/d)
NHANES . . ) -
19761980 553+10 61.7 20.6 £0.7 3.7 29.1+£22 4.7 0.0+0.0 0.0
NHANES ) . ) .
19881994 504+8 54.5 21.8+1.0 3.5 31.5+1.5 4.9 6.9+0.0 1.3
NHANES . . ) )
2001-2006 565+13 523 552+4.0 5.7 347+19 4.9 58+03 1.0
Phosphorus (mg/d)
NHANES . ] - )
19761980 435+8 41.8 328+1.2 4.0 429+3.0 4.7 11.0+14 1.5
NHANES . . . )
19881994 396+7  37.1 22.0+09 2.8 26.6+1.8 3.0 17.1+£0.9 2.0
NHANES . o . .
2001-2006 456+ 10 39.7 31.6+1.1 3.2 11.5+£0.7 1.5 11.8+£09 1.8
Magnesium (mg/d)
NHANES
1976-1980 N/A N/A N/A N/A N/A N/A N/A N/A

NHANES 562+

s, o6 278 129406 7.1°  52+£02 316 23201 15
ToorSeos TE 74 22008 11 76503 49 1700 LD
Potassium (mg/d)

T;?E};So 67913 36.9° 386+14 188  262+34 1.7° 0.0+£0.0 0.0°
11\191;/;}{1;:34 645+ 11 314 332414 161" 438422 2.7 26403 020
ToorSeS. TTE17 335 436414 1920 4930 45 4003 03

For each nutrient, different subscripts (a, b) for each survey indicate statistically significant
differences (p<0.05).

Whole milk intake declined with increasing age in NHANES 2001-2006
compared to NHANES 1988-1994. Two percent or reduced—fat milk was
consumed in almost equivalent amounts by age 5 in the most recent survey.
One—percent milk and skim milk were consumed in very low amounts for
all the years surveyed. Breakfast was the eating occasion where milk was
most consumed in both NHANES 1988-1994 and NHANES 2001-2006.
Snack time was the next meal occasion in which milk was consumed in
both surveys. Slightly less milk was consumed at lunch or dinner than
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FIGURE 2: Servings of milk and type of milk consumed by children <1-5 years of age in

NHANES 1988-1994. NHANES — National Health and Nutrition Examination Survey.
Cup equivalents represent 8 0z. units.

at other meal times. In the context of total dairy intake, relatively small
amounts of milk are consumed during meal occasions.

4.4 DISCUSSION

The 2005 Dietary Guidelines for Americans indicated that the nutrients
of concern for children were vitamin E, calcium, magnesium, potassium,
and dietary fiber [22]. Beverages are a potential source of calcium, mag-
nesium, and potassium, hence these nutrients were evaluated in our study,
along with phosphorus, a non—fortified nutrient provided by milk. After
our analysis was completed, the 2010 Dietary Guidelines for Americans
were released, which noted vitamin D, calcium, potassium, and dietary
fiber were nutrients of concern for children above the age of 2 [6]. Milk is
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FIGURE 3: Servings of milk and type of milk consumed by children <1-5 years of age in
NHANES 2001-2006. NHANES — National Health and Nutrition Examination Survey.
Cup equivalents represent 8 0z. units.

the primary source of vitamin D in children’s diets, but it was not possible
to evaluate vitamin D trends because vitamin D intake was not assessed in
NHANES prior to 2002.

Milk has been and still is the beverage consumed by most preschool
children. However, there was a trend towards fewer children consuming
milk in the last decade as evidence by this data and previous research
[13]. Only 77% of children <1-5 years consumed milk of any type dur-
ing NHANES 2001-2006 compared to 84—-85% in NHANES 1988-1994
and NHANES 1976-1980. To ensure optimal growth and health, the 2010
Dietary Guidelines for Americans recommends children aged 2—3 years
drink 2 cups (16 o0z) and children aged 4-8 years drink 2 A% cups (20
fl 0z) of fat—free or low—fat milk or equivalent dairy servings a day [6].
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On average 2—3 year olds in NHANES 2001-2006 consumed the recom-
mended amount of milk daily. However, children 4 and 5 years of age
were consuming 14-15 fl oz/day; to meet the Dietary Guidelines, recom-
mendation through fluid milk intake alone, 20 fl oz/day would need to
be consumed for this age group. Data from Krebs—Smith, et al. indicate
about one out of four young children 2—8 years old do not meet milk group
recommendations [23]. Although the Dietary Guidelines recommend ev-
eryone 2 years of age or older consume low—fat (i.e., 1%) or fat—free milk;
the majority of milk currently consumed by 2-5 year olds was whole or
2% milk. Several studies have shown potential health benefits of starting
consumption of low—fat/fat—free milk early in life [24,25] and reduced—
fat milk would be appropriate for overweight or obese children between
12 months and 2 years of age or those with a family history of obesity,
dyslipidemia, or cardiovascular disease [26]. Milk consumption has been
reported to increase the likelihood of achieving the recommended intake
of calcium by 37% and increase intakes of vitamin A, folate, vitamin B12,
and magnesium in 2—5 year olds participating in CSFII 1994-96 [14]. This
study found that in addition to calcium and magnesium, milk is a major
contributor to the daily intake of phosphorus and potassium in young chil-
dren. Research has shown young children who drink flavored milk have
comparable or higher intakes of many of these nutrients compared to those
who exclusively drink plain milk, in part because flavored milk consumers
have higher total milk intakes [27].

Over 50% of children 1-5 years consumed fruit juice in NHANES
2001-2006, representing an increase of 23% from the previous decade.
Wang et al. [13] found a non—significant increase from 41% to 46% from
NHANES 1988-1994 to NHANES 1999-2004 in their study of children
2-5 years of age. Fruit juice was an important source of potassium and
magnesium in the diets of these children and has been positively linked
to achieving recommended intakes of vitamin C and folate in 2-5 year
old children in previous research [14]. Mean daily fruit juice consumption
in 2001-2006 was 5.4 fl oz/day for children less than 1 year and 10-12
fl oz/day for children 1-5 years. For the entire group, mean intake was
10.3 fl oz/day in NHANES 2001-2006 compared to 9.5 and 7.4 fl oz/day
in NHANES 1988-1994 and NHANES 1976-1980, respectively. Consis-
tent with our findings, Wang et al. [13] observed a significant increase
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from 9.9 fl oz/day in NHANES 1988-1994 to 11.1 fl oz/day in NHANES
1999-2004 in their preschool sample. This is higher than the fruit juice
amount recommended by the AAP, American Heart Association, and Di-
etary Guidelines (4-6 fl oz/day), and some children were introduced to
fruit juice or drinks before the recommended 6 months of age [5,6,28].

In the last three decades, at least 35% of young children consumed
fruit drinks, which is similar to the percentage reported by other stud-
ies [14,20]. The data indicate a significant increase in the amount of fruit
drinks consumed in the last decade, particularly in children 1 and 2 years
of age. Children less than 1 year consumed 8.8 fl 0z/day and children 1-5
years consumed 10—13 fl oz/day in this analysis of NHANES 2001-2006,
which was higher than estimates in CSFII 19941996, 1998 (4 fl oz/day)
for children 6 months to 6 years [28] and 8 fl oz/day in CSFII 1994-1996
for children 2-5 years. The contribution of calcium, phosphorus, mag-
nesium, and potassium from fruit drinks was negligible. Generally, the
amount of fruit drinks consumed was greater than fruit juice for children
of all ages analyzed, yet the caloric contribution of fruit drink and fruit
juice to these children’s diets was similar. Across all three decades, fruit
drinks provided considerably more calories in the diets of preschool chil-
dren than soft drinks. Although fruit drinks were not a source of the nu-
trients we measured, many fruit drinks are fortified with vitamin C which
was positively associated with achieving recommended intakes of vitamin
C in the study by Ballew et al. [14]. Most fruit drinks contain 10% or less
fruit juice and a substantial amount of added sugars.

Approximately one—third of young children consumed soft drinks in
all three NHANES analyses. These results are consistent with some previ-
ous from CSFII 1994-1996 [14], but lower than others including studies
of NHANES 1999-2002 (39% 2-5 year olds) [20] and CSFII 1994-1995
(51%) [29]. As children age from 1 year to 5 years, a greater percentage
of the population consumed soft drinks. In NHANES 2001-2006, 19% of
1 year olds consumed soft drinks, which increased to 45% by age 5 years.
The mean amount of soft drinks marginally increased from 7 fl oz/day in
NHANES 1976-1980 to 7.8 fl oz/day in NHANES 1988-1994 and 7.9 fl
oz/day in NHANES 2001-2006. These findings are similar to data from
CSFII 1994-1996 [14] but appreciably higher than 2.9 fl oz/day indicated
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by Rampersaud et al. [29] for CSFII 1994-1996, 1998. Carbonated bever-
ages were negatively associated with meeting the recommended levels of
vitamin A, vitamin C, and calcium [14].

The cumulative consumption of beverages with added sugar has been
inversely linked to overall diet quality and meeting the adequacy of sev-
eral nutrients [15]. In our analysis of the most recent NHANES, an addi-
tional 85 empty calories or 5% of total daily intake was consumed as soft
drinks. The decline in milk consumption and the steady intake of nutrient
poor beverages such as fruit drinks and soft drinks in our analysis is cor-
roborated by others. Carbonated beverages and added sugar juice drinks
were inversely associated with milk intakes in children 1-5 years of age in
the lowa Fluoride Study [15]. Harnack et al. [30] reported in their analysis
of CSFII 1994 that high soft drink consumption appears to displace milk
and fruit juice in the diets of preschool aged children. For example, those
that consumed 9 fl 0z or more soft drinks per day were 3.8 times more
likely to consume less than 8 oz of milk per day compared to those that did
not drink any soft drinks. Although the issue of displacement of milk by
other beverages cannot be specifically addressed in cross—sectional data,
evidence from longitudinal studies validates this phenomenon. Fiorito and
colleagues [31] followed non—Hispanic white girls from age 5-15 years
starting in 1996 and observed that early differences in carbonated bever-
age intake were predictive of later carbonated beverage and milk intake as
well as selected nutrients. Girls who consumed carbonated beverages at
age 5 years had higher intakes of carbonated beverages, lower milk intake,
higher intake of added sugars, lower protein, fiber, vitamin D, calcium,
magnesium, phosphorous, and potassium for the 10 years of follow—up.
Another study of non—Hispanic white girls who were followed from age
5-9 years observed that girls who consumed adequate amounts of calcium
consumed on average twice as much milk, had smaller decreases in milk
intake, and consumed 18% less sweetened beverages [32].

The link between beverage consumption, energy intake and body
weight have been evaluated in this young population, and is a significant
concern because obesity tends to track over time [33]. High intake of
sweetened beverages is linked to increased energy intake, weight gain and
adiposity in children. Regular consumption of sweetened beverages be-
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tween meals by children 2.5—4.5 years more than doubled the odds of be-
ing overweight at 4.5 years [12]. In a longitudinal study of girls, sweetened
beverage consumption (sodas, sport drinks, fruit drinks, and sweetened
coffee or tea) at age 5, but not milk or 100% juice, predicted adiposity in
childhood and adolescence [19]. Higher intake of sweetened beverages at
5 years was correlated with a higher weight, percent of body fat, and waist
circumference from 515 years of age [19]. Sweetened beverages in both
of these longitudinal studies did not include flavored milk but included
sugar—sweetened or artificially sweetened fruit drinks and carbonated bev-
erages. Excessive fruit juice consumption in preschool children has been
associated with obesity in some [34] but not all studies [11,35]. Wiley [36]
found milk intake was positively associated with BMI among children
aged 2—4 years in an analysis of NHANES 1999-2004 data while a cross—
sectional analysis of NHANES 1999-2002 data of 2—5 year olds revealed
that energy intakes of flavored milk drinkers were higher than those that
consumed plain milk or non milk drinkers, but BMI indices did not differ
among the three groups [27]. Huh et al. [37] reported in their study that
milk intake at age 2 years, whether full or reduced—fat, was not linked to
the risk of overweight at age 3 years.

Our analysis was limited by the use of cross—sectional data and associ-
ated analytical data across three time periods. But in the case of nationally,
representative dietary data, NHANES data is the only source currently
available. Given the cross—sectional approach of NHANES causality can-
not be determined. Also the data was based on a single 24-hour dietary re-
call which may not be a fair representation of an individual’s usual intake.
The 24—hour dietary recall has been shown to be prone to both under— an
over—reporting. Nevertheless, this method has been shown to be valid in
estimating the mean intake of a population [38,39].

In summary, the number of young children consuming milk has signifi-
cantly declined while those consuming fruit juice has increased dramatically
in the last decade compared to the previous two decades. The proportion of
children that consume fruit drinks and soft drinks has remained high and
relatively stable across the three decade time period. Milk is the main source
of calcium in the diets of these children, which has been declining along-
side increased reduced—fat milk consumption. Milk is also a major source
of magnesium and potassium, short—fall nutrients identified by the 2005 and
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2010 Dietary Guidelines for Americans. The amount of milk that is con-
sumed in this age group is less than recommended, particularly among 4
and 5 year olds, where fruit juice consumption is significantly higher than
recommended. Fruit drinks are a significant source of calories. A greater
number of children consume soft drinks as they age from 1-5 years. Since
dietary patterns established as young children are carried throughout child-
hood and adolescence, and a link between non—milk sweetened beverages
and obesity has been increasingly demonstrated, it is prudent that parents,
educators and child caretakers replace some of the nutrient poor beverages
young children are currently consuming with low—fat and fat—free milk.
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CHAPTER 5

THE RELATIONSHIP BETWEEN
PHYSICAL ACTIVITY, PHYSICAL
FITNESS AND OVERWEIGHT IN
ADOLESCENTS: A SYSTEMATIC
REVIEW OF STUDIES PUBLISHED IN
OR AFTER 2000

ANNETTE RAUNER, FILIP MESS, and ALEXANDER WOLL

5.1 BACKGROUND

Overweight and obesity has been called a global epidemic by the World
Health Organization [1]. The prevalence of overweight and obesity is es-
pecially dramatic in economically developed countries [2] and not only in
adults but also in children and adolescents. In Germany for instance, 17%
of'adolescents aged 14 to 17 years are overweight and nearly 9% are obese
[3]. Similarly, in the United States, 18% of adolescents aged 12 to 19 years
were obese in 2007/2008 [4]. In accordance with the literature [5-9], the
term overweight includes obesity in this review.

Several health conditions and disorders have been attributed to being
overweight in children and adolescents [10]. For instance, overweight
children and adolescents are more likely to suffer from cardiovascular,
metabolic, pulmonary, skeletal or psychosocial disorders [11]. Even if
these conditions or disorders are not manifested during childhood, being
overweight in childhood increases the risk of illness in adulthood [10].
Hence, it is critical to identify risk factors for overweight in children and
adolescents and to address overweight during childhood and adolescence.

Being overweight may originate from many different factors rang-
ing from environmental influences to genetic variations [12]. The heri-
tability of predisposition for a high body mass index (BMI) or body fat
content is between 25 and 40% [13], which suggests that other factors
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such as environmental factors may also play a critical role. According
to Bouchard et al. [13], both the family environment and genetic predis-
position influence the development of body fat content and distribution.
Other important factors include lifestyle factors such as physical activ-
ity (PA), nonsmoking, high—quality diet, sedentary activities and normal
weight [14]. Lifestyle factors are also important in the description of the
obesogenic environment that is based on the four pillars family, sport
and leisure time, eating behavior and social education [15].

Several epidemiological and intervention studies [16,17] have identi-
fied the role of physical activity and physical fitness for overweight in
children and adolescents, and hence we focused on the role of sport dur-
ing leisure time. Previous reviews [18—20] provided an overview of stud-
ies on the relationship either between physical activity and overweight
or between fitness and overweight in children or adolescents. Despite of
the influence of physical activity and fitness similarly on health outcomes
including overweight, to date results of studies on the interaction between
all three parameters have not been synthesized although these parameters
cannot be considered independently [21]. In addition, most reviews omit-
ted studies on adolescents and young adults or did not include longitudinal
studies.

The purpose of this systematic review was to provide an overview
of cross—sectional and longitudinal studies published in or after 2000 on
physical activity, fitness, and overweight in adolescents, and to identify
mediator and moderator effects in the interrelationship among these three
parameters particularly considering gender differences because of the sig-
nificant differences in these parameters between boys and girls [22].

5.2 DEFINITIONS

Physical activity comprises all modes of movement caused by muscle
activity resulting in increased energy expenditure [19,23].

Physical fitness consists of the three components muscle strength, en-
durance and motor ability, and is a prerequisite for completing daily ac-
tivities without fatigue and for participating in leisure time activities [24].
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Overweight and obesity are defined as abnormally high fat content that
may impair health and as high bodyweight (exceeding the standard mea-
sure) caused by an increased fat consumption [11].

5.3 METHODS

5.3.1 DATA COLLECTION

One author (AR) searched the electronic academic databases PubMed,
SportDiscus, web of knowledge and Ovid for relevant studies. The follow-
ing search terms were used: [“physical activity” or “fitness” or “exercise”]
and [“obes*” or “overweight” or “weight gain” or “BMI”] and [“youth” or
“adolescents”]. The data collection was completed in October 2011 (date
of last search: 28/10/2011).

The four—step search strategy is illustrated in Figure 1. In step 1, ar-
ticles were screened based on title; in step 2, articles were selected based
on the abstracts; in step 3 full versions of included articles were ordered,
and all information was summarized in step 4. The abstracts formed an
important element of the selection process and were used as decisive cri-
terion for ordering full versions of the articles.

5.3.2 INCLUSION CRITERIA

We included only cross—sectional studies with study populations (prospec-
tive cohort studies with random sample) aged 11 to 19 years and longitu-
dinal studies with an upper age limit of 23 years. However, two cross—sec-
tional studies with a target group aged 7 to 12 years were also included
because the age range of the study population overlapped with the target
age range and the results were comparable with findings of other included
studies. The search was limited to articles published in or after 2000 with
physical activity and physical fitness as exercise components because
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study design Cross-sectional studies / longitudinal studies
database PubMed Ovid SportDiscus Web of
Knowledge
\
|

g::fcrli:lterms @cal activity, fitness, nverw(eiD

results 2,700 36,944 4,102 21,918
| )
screening |
step 1 evaluating the title (also unclear titles were considered)
step 2 printing and reading all abstracts
step 3 ordering all papers
step 4 summarizing all information and results in one excel-
sheet
results (after
exclusion) 12 cross-sectional & 2 longitudinal studies

FIGURE 1: Diagram illustrating the four—step search strategy.

research on childhood and adolescence overweight and its interaction with
physical activity and physical fitness has greatly increased since 2000. Only
articles published in English were included.

5.3.3 EXCLUSION CRITERIA

Intervention studies, clinical trials, overviews and summarizing reviews and
studies that did not analyze all three parameters physical activity, physical
fitness (motor or cardiorespiratory fitness) and overweight were excluded.
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5.4 RESULTS

The literature search of the four databases yielded 65,664 hits (Figure 1).
Twelve cross—sectional and two longitudinal studies fulfilled all criteria
and were included after the screening process.

5.4.1 MEASUREMENTS

5.4.1.1 ASSESSMENT OF OVERWEIGHT

All included cross—sectional studies used BMI as measurement of over-
weight or obesity [6-9,25-32]. Height and weight were quantified in ten
studies [7,8,25-32] and self-reported in two studies [6,9]. In both longitu-
dinal studies, BMI was used to determine overweight or obesity [5,33]. In
two studies, waist circumference was also determined [26,30], and in five
studies [4,29-32] skinfold thickness was measured. Only one study used
bioelectrical impedance analysis (BIA) [8] and one study used Dual Energy
X-ray Absorptiometry (DXA) [32] for determining overweight or obesity.

5.4.1.2 MEASUREMENT OF PHYSICAL FITNESS

Four cross—sectional studies included both cardiorespiratory and motor
fitness [6,28,29,31]. The other eight cross—sectional studies [7-9,25-
27,30,32] and the two longitudinal studies [5,33] assessed only cardiore-
spiratory fitness.

5.4.1.3 MEASUREMENT OF PHYSICAL ACTIVITY

The included studies measured physical activity using several different
methods. Five studies used objective measurements such as accelerometry
[7-9,32] and pedometry [30]. Ten studies (eight cross—sectional and two
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longitudinal studies) used subjective measurements derived from ques-
tionnaires with items relating to the setting (at school, outside school; di-
vided into leisure time physical activities at sport clubs and leisure time
physical activities outside of sports clubs) and intensity of physical activi-
ties [6,8,25-29,31]. Only one study collected both objective and subjec-
tive data on physical activity [8]. Most studies analyzed the relationship
between overweight, physical activity and physical fitness using analyses
of variance (ANOVA) and (linear and logistic) regression analysis.

5.4.1.4 ASSOCIATIONS BETWEEN PHYSICAL ACTIVITY, PHYSICAL
FITNESS AND OVERWEIGHT IN CROSS-SECTIONAL STUDIES

Twelve studies met the inclusion criteria of this review. While all twelve
studies assessed physical activity, physical fitness and overweight, only
four studies analyzed the interaction among these three parameters. Be-
cause some studies did not report actual data but only an interpretation
of their findings, statistical parameters could only be included for some
studies. The results of all included studies are summarized in (see Ad-
ditional file 1: Table S1). For completeness, we also report the results of
those studies that assessed all three parameters but not their interaction.
Throughout this article, we distinguish between genders because of the
significant differences in physical activity, physical fitness and overweight
between boys and girls [22]. The effects of physical activity and physical
fitness on overweight and the strength of the association between physi-
cal activity, physical fitness and overweight by gender are summarized
in. We defined four categories based on the results of the statistical tests
(p>0.05; p<0.05; p<0.01; p<0.001) and interpreted the associations re-
garding overweight: for instance, a positive relationship between fat free
mass and physical activity was interpreted as a negative association be-
tween overweight and physical activity and the corresponding statistical
result transcribed by the corresponding statistical result. The results in this
table clearly show a stronger relationship and a more pronounced gender
effect on the relationship between physical fitness and overweight than
between physical activity and overweight.
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5.4.1.5 RELATIONSHIP BETWEEN PHYSICAL ACTIVITY, PHYSICAL
FITNESS AND OVERWEIGHT

Because the statistical data evaluation in the included studies was het-
erogeneous, the central outcomes of all studies cannot be summarized,
and hence we present the results of each study. Ortega et al. [26] reported
a higher BMI in adolescents with lower cardiorespiratory fitness inde-
pendent of their sedentary and leisure time activities (physical activities
outside school). In boys and girls, BMI was negatively correlated with
cardiorespiratory fitness independent of their leisure—time physical activ-
ity and sedentary activities (boys: p=0.006; girls: p<0.001). Similarly, car-
diorespiratory fitness was inversely related to waist circumference (boys:
p=0.001; girls: p=0.005) independent of physical activity. Up to 10% of
variance in waist circumference in boys and 18% of variance in waist cir-
cumference in girls was explained by their sedentary activities (television
viewing and video/computer time). Variability in cardiorespiratory fitness
explained up to 13% of the variance in waist circumference in boys and
up to 16% in girls.

In contrast, Fogelholm et al. [6] found that variance in physical activity
better explained the variability in physical fitness (B—coefficients between
—0.33 and 0.49) than that in overweight (B—coefficients between —0.27
and 0.24). The associations between overweight and physical activity and
between physical activity and physical fitness were comparable for both
genders. The intensity of physical activity and being overweight predicted
physical fitness in adolescents. Fogelholm et al. [6] described that physi-
cally active persons who are overweight cannot achieve better physical fit-
ness values because of the negative association between being overweight
and physical fitness. Thus, overweight acts as a mediator for the relation-
ship between physical activity and physical fitness.

In another study, Ortega [9] showed that cardiorespiratory fitness in-
fluences the association between being overweight and physical activity.
Hence, cardiorespiratory fitness acts as a moderator for the relationship
between overweight and physical activity. The association between physi-
cal activity, physical fitness and overweight did not differ between gen-
ders. Lohman et al. [32] reported that girls with high levels of physical
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activity (one standard deviation above the mean) and average body com-
position (fat free and fat mass) had a higher physical fitness level (+3.5%)
and girls with low levels of physical activity (one standard deviation be-
low the mean) and average body composition have a lower physical fitness
level (—3.5%) compared with that of girls with average levels of physical
activity and average fat free and fat mass.

5.4.1.6 RELATIONSHIP BETWEEN PHYSICAL FITNESS AND
OVERWEIGHT

All studies showed an inverse relationship between physical fitness and
overweight and overweight and physical fitness respectively, except for
Huotari et al. [27], where no data were available. In two studies, cardiore-
spiratory fitness [6,31] was more strongly related to overweight than mo-
tor fitness, and two studies [28,29] showed a stronger relationship between
BMI and cardiorespiratory fitness than between BMI and motor fitness.
Interpreting and comparing these results is difficult because these studies
used different analytic strategies and measurement instruments. The four
studies [6,7,28,31] used three to seven different tests for measuring several
aspects of motor capacity.

All twelve studies reported an inverse relationship between cardiorespi-
ratory fitness and overweight. Seven studies [6,7,26,28—-31] used shuttle run
tests, and one study each used the cooper test [8], a submaximal treadmill
test [25], the PWC 170 [32], the maximal cycle test [9] or the 2000—m (boys)
and 1500-m (girls) running test for assessing cardiorespiratory fitness.

Pate et al. [25] found no difference in the relationship between physi-
cal fitness and BMI between genders, and Ortega et al. [26] observed a
similar relationship between overweight and physical fitness for both
genders. In addition, BMI adjusted by waist circumference was signifi-
cantly negatively associated with cardiorespiratory fitness only in over-
weight boys (p<0.05) but not in normal weight adolescents and over-
weight girls. Cardiorespiratory fitness was inversely associated with
BMI in boys and in girls (p<0.001) and with waist circumference (boys:
p=0.001; girls: p=0.005). Variance in cardiorespiratory fitness explained
up to 13% of variability in waist circumference in boys and up to 16%
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in girls. In addition, the comparison of cohorts collected in 1976 and
2001 by Huotari et al. [27] confirmed these findings. In girls, the influ-
ence of BMI on cardiorespiratory fitness was smaller (3=—0.42, p<0.001,
R?*=0.165) than that in boys (3=—0.36, p<0.001, R>=0.127) in the 2001
study. In comparison, in the 1976 study no significant relationship be-
tween BMI and cardiorespiratory fitness was found for girls or boys. The
results by Gonzales—Suarez and colleagues [28] were not stratified by
gender. Fogelholm et al. [6] did not find significant differences in B—co-
efficients for endurance capacity between genders.

Ara et al. [29] reported that skinfold thickness was most strongly re-
lated to cardiorespiratory fitness in both boys and girls, and the B—coefficient
for this relationship was greater in boys (3=—3.334; p<0.001) than in girls
(B=—2.571; p<0.001). The next strongest predictors of cardiorespiratory fit-
ness were truncal subcutaneous fat (boys: B=—1.78, p<0.001; girls: B=1.77,
p<0.001) and BMI (boys: B=—0.047, p<0.001; girls: B=—0.059, p<0.001).

The results by Deforche et al. [31] are comparable to those reported
by Aires et al. [7], and the endurance capacity in obese boys was higher
than that in obese girls (F=22.5; p<0.001). Haerens et al. [8] analyzed
the difference in overweight and cardiorespiratory fitness by gender and
detected a significant (F=6.08; p<0.05) difference in running capacity be-
tween overweight boys and girls. Ortega [9] reported an inverse associa-
tion between waist circumference and cardiorespiratory fitness without a
significant gender effect. Fogelholm [6] showed marginally stronger rela-
tionships between ball skills (Bboys=—.12, p<0.001; Bgiﬂs:—O.lO, p=0.003),
jumping back and forth (B, =—0.17, p<0.001; B, =—0.14, p<0.001) and
five—jump (Bboys=—0.27, p<0.001; Bgirls=—0.26, p<0.001) and overweight in
boys than in girls. In comparison, the influence of overweight on number
of sit—ups (Bboys=—0.20, p<0.001; Bgmf—O.Zl, p<0.001) and the coordina-
tion test (B, =—0.22, p<0.001; B, =—0.24, p<0.001) was stronger in girls
than in boys. Deforche et al. [31] found a significant interaction between
gender and obesity in the sit and reach test (F=4.3; p<0.05), bent—arm—
hang (F=45.8; p<0.001) and endurance shuttle run (F=22.5; p<0.001). Ng
et al. [30] did not stratify weight groups by gender, Lohman et al. [32] only
included females in their study, and Gonzales—Suarez et al. [28] did not
perform a separate analysis of the relationship between overweight and
motor fitness for genders.
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5.4.1.7 RELATIONSHIP BETWEEN PHYSICAL ACTIVITY AND
OVERWEIGHT

In comparison to physical fitness, the relationship between physical
activity and overweight is less clear. Three studies collected physical
activity data but did not analyze the relation between physical activ-
ity and overweight [6,25,27]. Six studies did not find any relationships
between overweight and physical activity [7,26,29-31,34]. Two studies
[28,32] analyzed relations between physical activity and overweight and
between overweight and physical activity, respectively. Lohman et al.
[32] found a negative significant correlation between BMI and physical
activity, whereas Gonzales et al. [28] did not find differences between
BMI and physical activity scores in overweight and normal youth.

Objective and subjective measurement instruments yielded compara-
ble results. While one study detected a relationship between objectively
measured physical activity and overweight [32], two studies did not find
any relationship between overweight and objectively measured physi-
cal activity [7,30]. We found similar results for studies using subjective
measurement instruments. One study reported a significant relationship
between overweight and subjectively measured physical activity [28],
and three studies did not find relationships between overweight and sub-
jectively measured physical activity [26,29] and subjectively measured
physical activity and overweight [31]. Two studies [8,9] used both ob-
jective and subjective instruments for assessing physical activity. While
Ortega et al. [9] did not find any relationship between overweight and
physical activity, Haerens [8] detected significant relationships between
overweight and physical activity dependent of the method of data evalu-
ation. Similarly, categorized physical activity (active versus non—active)
was not related to overweight [29]. In comparison, the intensity of physi-
cal activity was related to overweight [7,8].

Five studies [8,26,28,29,31] analyzed differences in the relationship
between physical activity and overweight between genders. Two studies
[26,29] found a stronger relationship between physical activity and over-
weight for boys than for girls. In contrast, three studies [8,28,31] did not
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find a gender effect on the relationship between (total) physical activity
and overweight. Ortega and colleagues [26] performed separate median
value comparisons between BMI and waist circumference, and activity
pattern and cardiorespiratory fitness by gender. The strongest relationship
in boys (p=0.006) was that between waist circumference and sedentary
activities was. In girls, the strongest association was that between waist
circumference and active commuting to school (no information was pro-
vided on type of active commuting; p=0.002). A significant relationship
between BMI and sedentary activities (< 2 hours; =—0.72; p=0.043)
was found only in boys, whereas waist circumference was negatively as-
sociated with sedentary activities (< 2 hours) in boys (B=—2.46; p=0.024)
and in girls (B=—1.47; p=0.028). Up to 10% of variance in waist circum-
ference in boys and up to 18% in girls were explained by variability in
sedentary activities. In contrast, Gonzales—Suarez [28] did not find an
effect of gender on the relationship between being overweight and physi-
cal activity. Ara et al. [29] analyzed the differences in weight (measured
using various methods) between active and non—active adolescents. BMI
was higher in active boys than in non—active boys (p=0.05), and the sum
of skin fold test scores was slightly higher in active than in non-ac-
tive boys. In contrast, while fat mass was lower in active girls than in
non-active girls (p<0.05), both groups had comparable BMI. Deforche
et al. [31] reported a higher sport index in non—obese boys compared to
obese boys (F=3.7; p<0.05), and a comparable sport index in obese and
non—obese girls. Aires et al. [7] did not report a gender specific analy-
sis. Haerens et al. [8] did not find significant differences between body
weight groups in objectively (F=0.08; p>0.05) or subjectively (F=0.03;
p>0.05) measured total physical activity analyzed by gender. However,
moderate physical activity significantly differed between boys and girls
(F=4.25; p<0.001). The results for overfat (measured via skinfold thick-
ness) and normal fat boys and girls were comparable. Objectively (F=
0.47; p>0.05) and subjectively (F=2.13; p>0.05) measured total physical
activity, light physical activity (F= 0.18; p>0.05) and moderate physical
activity (F=1.4; p>0.05) did not differ significantly between overfat and
normal fat boys and girls.
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5.4.1.8 ASSOCIATIONS BETWEEN PHYSICAL ACTIVITY, FITNESS
AND OVERWEIGHT IN LONGITUDINAL STUDIES

Two longitudinal studies captured physical activity, physical fitness and
overweight.

5.4.1.9 RELATIONSHIP BETWEEN PHYSICAL ACTIVITY, PHYSICAL
FITNESS AND OVERWEIGHT

Both longitudinal studies [5,33] analyzed only the relationship between
physical activity and overweight and between physical fitness and over-
weight and not the interaction among all three parameters. However, sepa-
rate analyses by Aires et al. [33] showed that while physical activity in-
fluenced cardiorespiratory fitness and cardiorespiratory fitness influenced
BMI, BMI was not related to physical activity. Therefore cardiorespiratory
fitness acts as a mediator in the relationship between physical activity and
BMIL

5.4.1.10 RELATIONSHIP BETWEEN PHYSICAL FITNESS AND
OVERWEIGHT

He et al. [S] and Aires et al. [33] reported an inverse relationship between
BMI and physical fitness and between physical fitness and BMI respec-
tively. Subjects with a low fitness level at baseline had a higher risk of
becoming overweight or obese compared to those who had high initial
fitness levels (data not shown) [5].

Aires et al. [33] did not report a potential gender difference. In con-
trast, He [5] found that boys with low fitness at baseline were more likely
to be overweight 3—years later than girls (boys: OR=8.71, p<0.001; girls:
OR=6.87, p=0.055).



The Relationship Between Physical Activity, Physical Fitness 109

5.4.1.17 RELATIONSHIP BETWEEN PHYSICAL ACTIVITY AND
OVERWEIGHT

The questionnaire used by Aires et al. [33] provided information on sed-
entary activities. Adolescents with low physical activity levels did not ex-
perience a significant increase in BMI over time [33]. Similarly, He et al.
[5] did not reveal significant associations between changes in BMI and
physical activity. None of the studies investigated the influence of gender
on the relationship between physical activity and overweight.

5.5 DISCUSSION

The purpose of this systematic review was to provide an overview of
cross—sectional and longitudinal studies published in or after 2000 on
physical activity, physical fitness and overweight in adolescents, and to
identify mediator and moderator effects in the interrelationship among
these three parameters particularly considering gender differences. Ob-
jectivity of self-reported physical activity has been questioned because
of potential over— or underestimation [32] and thus should be considered
with caution. However, because only few studies examined the interaction
between physical activity, physical fitness and overweight, we combined
results of objectively and subjectively assessed physical activity.

To the best of our knowledge, this article is the first review on the in-
terrelationship between physical activity, physical fitness and overweight,
and hence our results cannot be related to the literature or to other study
populations. Synthesizing the interaction between all three parameters was
difficult because only four studies specifically investigated this interac-
tion. While the literature reported inconsistent results, all studies showed
an interaction between these parameters. Several studies [6,9,26,32] con-
firmed that physical activity and physical fitness are equally important for
health [21]. In the following the results will be discussed with reviews
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analyzing only the relationship between two parameters, because no com-
parable reviews (reviews analyzing the interaction) were found.

The different strengths of the correlations between the three parameters
may be at least in part attributed to the different measurements of physi-
cal activity. For instance, two studies [6,26] assessed physical activity via
questionnaire, one via accelerometer [32] and one via activity monitor
and questionnaire [9], and the collection period of objectively measured
physical activity ranged from three [9] to six [32] days. In addition, the
two studies that measured physical activity subjectively omitted report-
ing details on their measurement instruments. Further, Ortega et al. [26]
measured physical activity outside of school for only four days. While
Fogelholm [6] measured the activity during leisure—time in and outside of
sports clubs, they only reported frequency and duration and not intensity
or setting of physical activity. Hence, reliable and valid questionnaires as-
sessing frequency, duration, intensity and setting of the different physical
activities are still needed [35] especially because, for instance, intensity
is an important aspect in overweight prevention [36]. Interestingly, stud-
ies that used unspecific measurement instruments for physical activity re-
ported weak or no relationships between physical activity and overweight
[9,26,29]. The poor quality of physical activity measurement instruments
may also explain the stronger influence of cardiorespiratory fitness than
that of physical activity on overweight. The main limitation of subjec-
tive measurement instruments is potential over— and underestimation of
physical activity [32]. In comparison, objective measurement instruments
for physical activity can only capture specific activities and require a high
effort by the participants. For instance, subjects have to regularly wear the
accelerometers or pedometers for extended periods of time and on differ-
ent days.

The data on the relationship between physical activity and overweight
are inconsistent. Specifically, the different levels of physical activity (mea-
sured by objective measurement methods) showed different relationships
to overweight. In addition, the effect of gender on the relationship be-
tween physical activity and overweight was inconsistent. While Deforche
et al. [31], Haerens et al. [8] and Gonzales—Suarez et al. [28] reported
no gender effect on the relationship between overweight and physical
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activity, other studies [26,29] revealed that gender affected the relation-
ship between overweight and physical activity but that this association
depended on the anthropometric measurement method used to measure
overweight. Similar to our observations in adolescents, Must et al. [19]
found inconsistent results in children with a higher tendency to an inverse
relationship between physical activity level and overweight in cross—sec-
tional studies and differences in the relationship between physical activity
and overweight between boys and girls emphasizing the inconsistent state
of research not only in adolescents but also in children. The previously
discussed large number and poor quality of methods for measuring physi-
cal activity might explain this observation. In addition, these results show
that capturing physical activity in youth is difficult. In a review of cross—
sectional studies that analyzed self-reported and objectively measured
physical activity in overweight children and adolescents, Winkler et al.
[36] reported inconsistent results and that the intensity of physical activity
played a critical role independent of age and gender. In addition, Winkler
et al. [36] reported that physical activity was related to overweight in two
longitudinal studies, which contradicts the results of the two longitudinal
studies [5,33] included in our review that found no relationships between
physical activity and overweight. In contrast, Must et al. [19] reviewed
longitudinal studies and reported comparable results to our findings in
longitudinal studies. Similarly to adolescents, the results in children are
inconsistent and low physical activity level was not related to changes in
BMI [5,19,33]. However, according to Must et al. [19], most cross—sec-
tional and longitudinal studies showed no relationships between physical
inactivity and overweight in adolescents and inconsistent gender specific
results.

All studies included in our review observed inverse relationships be-
tween physical fitness and overweight. Because of the different measure-
ment instruments for cardiorespiratory fitness used in these studies (shuttle
run: [5-7,26,28-31,33], maximal treadmill test: [25], maximal cycle test:
[9], cooper test: [8], PWC 170: [32], 2,000/1,500 m: [27]), final compari-
sons are difficult. Adolescents with lower cardiorespiratory fitness were
more likely to be overweight or obese than those with high cardiorespira-
tory fitness [5-9,25,26,28-32]. However, gender influenced the relation-
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ship between overweight and cardiorespiratory fitness. These results are
in agreement with the results of other studies including those reported by
Ostojic et al. [37]. Similar results were observed for motor fitness and
overweight. The measurement instruments were also inconsistent in motor
fitness (Eurofit [29,31]: two studies; unknown [6,28]: two studies). While
motor fitness in overweight and obese adolescents was lower than that in
normal weight adolescents [6,28,29,31,33], the influence of gender on the
relationship between motor fitness and overweight was heterogeneous.

Interestingly, some studies [6,25,27,31-33] included weight as inde-
pendent parameter in their statistical models while other studies [5,7—
9,26,28-30] used weight as dependent parameter. This observation il-
lustrates that the causality between physical activity and overweight and
between physical fitness and overweight is still unclear. For instance,
Metcalf et al. [38] suggested that overweight influences level of physical
activity but not vice versa. Similar data for the causal relationship between
physical fitness and overweight are not available. Hence, future longitudi-
nal studies are warranted to tease out this causal relationship. Furthermore,
additional longitudinal analyses are necessary to determine the interrela-
tionship (mediator or moderator effect) between physical activity, physical
fitness and overweight which has important implications for public health
policy making and developing optimal obesity prevention or treatment
programs.

5.6 LIMITATIONS

Because of the small number of studies the results were not categorized
based on objective or subjective physical activity measurement. In addi-
tion, studies on metabolic syndrome or cardiovascular diseases were not
included (even if physical activity, physical fitness and overweight mea-
sures were used), and only studies with the primary goal of analyzing the
relationship between the three parameters were included.
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5.7 CONCLUSION

The small number of longitudinal studies emphasizes the lack of longitu-
dinal research, and further prospective studies are necessary for determin-
ing cause and effect and the type (correlation, mediator and moderator
effect) of the interrelationship among physical activity, physical fitness
and overweight.

Overall, a concluding evaluation is difficult because several studies
did not state effect or effect size and hence the reported information on
significant relationships should be interpreted with caution. In addition,
the studies used different methods to measure physical activity, and the
objectivity of self-reported physical activity is questionable [39] and may
result in over— or underestimation [32].
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CHAPTER 6

CHILDHOOD AND FAMILY
INFLUENCES ON BODY MASS INDEX
IN EARLY ADULTHOOD: FINDINGS
FROM THE ONTARIO CHILD HEALTH
STUDY
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6.1 BACKGROUND

Excess body weight is associated with numerous adverse health conse-
quences including coronary heart disease, type Il diabetes and cancer,
among others [1,2]. In 2008, an estimated 1.46 billion adults worldwide
were classified as overweight; of these, 502 million were obese [3]. These
numbers are steadily increasing with the greatest prevalence of obesity
occurring in high—income countries such as the United States and Canada.
Obesity and its associated health complications have a significant eco-
nomic impact on healthcare with annual national costs estimated at $4.6 to
$7.1 billion in Canada [2], and $92.6 billion in the U.S. [4].

Obesity is a multifactorial condition influenced by diverse factors oper-
ating across the lifespan. Various family—level factors, as well as individ-
ual-level characteristics, have been identified as potential determinants of
BMI in childhood and adulthood. Several prospective studies highlight the
importance of childhood socioeconomic disadvantage as a major predictor
of obesity [5-8]. For example, Power et al. (2003) showed that family SES
in early childhood (birth to age 7) was significantly associated with obe-
sity at age 33; this finding was not explained by parental BMI or the indi-
vidual’s own education. These prospective studies illustrate that childhood
SES has long—lasting effects that are not easily reversed by changes in
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SES occurring in adulthood [6]. Other family indicators, closely linked to
SES, have been identified as risk factors for obesity in childhood. Children
from single parent households have significantly higher BMIs compared
to those from dual parent households [9]. In addition, parental educational
attainment is inversely associated with adulthood BMI [10].

At an individual level, birth weight, as a crude estimate of in utero
environment, is related to elevated BMI in childhood [11] and adulthood
[12,13]. Various childhood psychosocial risk factors are also associated
with elevated BMI in childhood and adulthood. In particular, diagnoses of
depression, anxiety and conduct disorders in childhood and adolescence
are related to increased BMI in adulthood [14—17]. Furthermore, obesity
in young adulthood has been associated with behavioral problems exhib-
ited at ages 5 to 14 years [18,19]. Individuals with a history of childhood
sexual abuse [20] and physical abuse [21-23] are more likely to be over-
weight or obese later in life. Finally, there is some evidence to suggest
that childhood learning difficulties, below average scholastic proficiency
and having received special education are risk factors for obesity in young
adulthood [24,25].

There is considerable evidence pointing to the importance of early
life factors in the development of obesity in children and adults; how-
ever, the family as a contextual unit is rarely studied [26]. The family
environment is considered key in the development of obesity [27], yet
few studies have prospectively examined the impact of multiple family
and childhood risks on BMI in early adulthood. We consider risk factors
occurring at the child— and family levels simultaneously. In this study,
we assessed a set of risk and protective variables, including prenatal
risk (with low birth weight serving as marker), risk integral to the child
(such as psychiatric disorder, medical complications and functional limi-
tations), and a number of family variables including: sociodemographic
factors, parental educational achievement, socio—emotional and physical
functioning and family functioning. Lastly, we included retrospective
self—reports of exposure to childhood physical and sexual abuse. The
objective of this study was to examine the associations between indi-
vidual and family-risk factors assessed in a sample of 4—16year olds in
1983 and elevated BMI assessed in 2001 when they were young adults,
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at 21-35years of age. The following issues were addressed. (1) What is
the association between family contextual influences assessed in child-
hood/adolescence and BMI assessed in young adulthood? (2) Because of
evidence that the influence of childhood risk factors may vary by gen-
der, we also explored whether gender modifies the association between
childhood risk factors on BMI in adulthood.

Typically, previous studies have used cross—sectional or retrospective
reports of childhood risks to examine a limited number of factors. Few
studies have examined the prospective relationship between multiple indi-
vidual and family characteristics measured in childhood and BMI assessed
in early adulthood [see [6,23,24,28]. Understanding childhood contextual
influences operating at different levels is essential for determining which
factors should be program targets for developing policies and early inter-
ventions to reduce obesity.

6.2 METHODS

6.2.1 SAMPLE

This study uses data from the initial (1983) and third (2001) waves of the
Ontario Child Health Study (OCHS) — a prospective, longitudinal study of
child and adolescent health in a cohort of 3,294 children ages 4—16 years,
living in 1,869 households across Ontario, Canada [29]. The target popu-
lation included all children born from January 1, 1966 through January
1, 1979, whose usual place of residence was a household in Ontario. A
stratified, clustered, and random sample was selected from all household
dwellings identified in the 1981 Census of Population. Sample weights
were devised for the first wave based on the probabilities of selection and
enlistment so that subject responses would be linked numerically back
to the target population, improving the accuracy of statistical estimates.
During a home interview, data were collected from parents (95% mothers)
and adolescents aged 12—16years by trained field staff from the Special
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Surveys Division of Statistics Canada. This study was approved by the Re-
search Ethics Board at Hamilton Health Sciences, McMaster University.

6.2.2 VARIABLES AND MEASURES

6.2.2.1 OUTCOME VARIABLES

Information was collected from OCHS follow—up participants during a
structured interview, administered in the home when participants were 21—
35years of age. BMI measured in 2001 was derived using self-reports of
weight and height. Several studies have shown high correlation between
self-reported and measured BMI [30-33]; however, self-reported BMI
yields lower rates of obesity and overweight [34—36]. We calculated a cor-
rected BMI [37] and ran all analyses on reported and corrected BMIs in
parallel. We used correction equations based on the 2005 Canadian Com-
munity Health Survey (CCHS). These equations were generated using
socio—demographic variables that were significantly associated with dis-
crepancies between self-reported and measured values of BMI by sex.
Because the results were identical for all models, we highlight findings
based on the self-report BMI data only.

6.2.2.2 CONFOUNDING VARIABLES

BMI has been linked to current income [6], education attainment [24]
and physical and mental health [38,39]; therefore, these variables were
included as potential confounders in all models. Our measures of potential
confounders, measured in 2001, included: number of years of education
(excluding grade repetition), household income in $1,000s of dollars, and
the SF—12® mental and physical health summary measures. The SF-12®
is a valid and reliable standardized tool for assessing mental and physical
functioning and overall health-related quality of life [40,41]. There are
12 questions, all selected from the SF-36®, which assess indicators of
health, including: role limitation due to physical problems, general health
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perceptions, vitality, bodily pain, social function, role limitations due to
emotional problems, and general mental health. These indicators are used
to calculate two summary component scores: mental component score
(MCS) and the physical component score (PCS). Lower scores indicate
poorer levels of health functioning.

6.2.2.3 FAMILY VARIABLES

Maternal self-reports in 1983 provided key information on family vari-
ables including: (1) household income in 1,000s of dollars; (2) receipt of
social assistance (0=no, 1 =yes); (3) both parents born outside of Canada
(0=no, 1=yes); (4) average years of education for both parents in two—
parent households or mother’s or father’s years of education in lone—par-
ent households; 5) one or both parents with a functional limitation (0=no,
1=yes); (6) one or both parents with a chronic medical health problem
(0=no, 1=yes); (7) one or both parents hospitalized for “nerves” or a ner-
vous condition (0=no, 1=yes); and (8) one or both parents ever treated
for “nerves” or a nervous condition (0=no, 1=yes). A single variable
assessing family functioning was measured using the general function-
ing subscale of the McMaster Family Assessment Device (FAD) [42,43].
Statements described family behavior and relationships across six dimen-
sions: problem solving, communication, roles, affective responsiveness,
affective involvement, and behavioral control. Scale scores were summed
and converted to z scores. The FAD has adequate one—week test-retest
reliability (.66 to .76, depending on subscale), low correlations with so-
cial desirability scales (—.06 to —.19), moderate correlations with other
self-report measures of family functioning (most expected correlations
exceeded .50), and the FAD differentiates significantly between clinician—
rated healthy and unhealthy families [43].

6.2.2.4 CHILD VARIABLES

Child level variables include: gender (0=female, 1=male), age in years
in 1983, as covariates, and low birth weight (0=>2500 grams, 1=<2500
grams) as a measure of prenatal risk. Four additional child risk variables
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were included for estimation of child health and functioning in 1983: (1)
the presence or absence of a functional limitation (0=no, 1=yes); (2) the
presence/absence of a medical condition (0=no, 1=yes); (3) the pres-
ence/absence of a psychiatric disorder (0=no, 1=yes); and (4) school
performance. Mothers were the principal informants for measures of
functional limitations and medical conditions. Measures of limitation of
normal function and chronic illness or medical condition were adapt-
ed from various sources including the Rand Corporation’s Measure of
Children’s Health and the Canada Health Survey [44]. Child functional
limitation consisted of one or more limitations of normal functioning
in physical activity (i.e. vigorous activity, bending, climbing), mobility
(use of transportation and getting around the neighborhood), and self-
care (daily activities—i.e. eating, dressing, bathing) due to illness, in-
jury or medical condition, and/or limitation in role performance (kind
or amount of ordinary play or schoolwork) due to physical, emotional
or learning problems. Chronic illness or medical condition consisted of
one or more illnesses/conditions present for at least 6 months’ duration
derived from a list of 22 separate conditions [44]. Assessments of child
psychiatric disorders via problem checklists were provided by mothers
and teachers for children aged 4—11 years, and mothers and youths, for
adolescents aged 12—-16years. Classification of child psychiatric dis-
order consisted of the presence of one or more conditions, including
conduct disorder, emotional disorder, and attention—deficit disorder. The
checklists were originally developed to screen for psychiatric disorder
among children in the general population [29]. Our measure of school
performance included both teacher and maternal assessment of school
performance. The teacher assessment was based on a 4—item rating scale
to the questions: “How would you describe the child’s current perfor-
mance in the following categories: reading and English, spelling, arith-
metic or math, and overall?” with response options 1 =far below grade to
S=far above grade. Responses were summed and converted to z scores.
Maternal assessments were used when teacher reports were missing and
included the question: “Which of the following statements best describes
how well _ has done in school during the past 6 months”: ranging
from 1=very well, excellent to 5=not well at all, very poor student.
Responses were reverse coded and converted to z scores.
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6.2.2.5 RETROSPECTIVE REPORTS OF CHILDHOOD
MALTREATMENT

Most risk variables measured at the family and child levels were assessed
in 1983; however, exposure to childhood physical and sexual abuse prior
to the age of 16years was assessed in 2001 using the Childhood Expe-
riences of Violence Questionnaire Short—Form (CEVQ-SF) [45]. The
CEVQ-SF is a brief, reliable, valid, retrospective self-report measure as-
sessing exposure to victimization and maltreatment [45,46]. Assessment
of child physical abuse (PA) consists of 3 items assessing the frequency
with which the individual was exposed to: (i) an adult slapping their head
or face, or spanking with an object, (ii) having something thrown at them
or being shoved, and (iii) being physically attacked, burned, choked or
punched before age 16. Assessment for exposure to child sexual abuse
(SA) consisted of a single question, “before age 16 when you were grow-
ing up, how many times did an adult ever do any of the following things
when you didn't want them to: touch the private parts of your body or
make you touch their private parts, threaten or try to have sex with you
or sexually force themselves on you?” Each item consisted of a 5—point
response option ranging from 1 (never) to 5 (10+ times). The cut—off score
for severe physical abuse (PA) exposure was > 10 times for the first two
PA items (score of 5), and 1-2 times (score of 2 or above) for the third PA
question. The cut—off for sexual abuse exposure was a response of 1-2
times (score of 2 or above) on the SA question. If a respondent met the
cut—off criteria for severe PA or SA, they were coded as 1. The two—week
test reliabilities of the CEVQ-SF for measuring PA, severe PA, and SA in
an earlier study were: k=0.61, k=0.72 and k=0.91 respectively [46].

6.2.2.6 MULTIPLE IMPUTATION AND ATTRITION WEIGHTS

Overall, 1,928 (58.5%) of the original 3,294 children were complete re-
spondents in 2001 and an additional 427 (18.1%) completed abbreviated
interviews; 910 were non—respondents, and 29 were excluded due to death
(n=26) or institutional placement (n=3). The final sample for analysis in-
cluded 1,928 participants. There were 549/1,928 (28.5%) participants with
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missing values on individual variables (i.e. 256 on only one variable and
293 on two or more variables). To estimate values for missed responses,
we used multiple imputation in SPSS 19.0 to create five complete data
sets. Missing family variables were imputed at the family level, whereas
child variables were imputed at the child level. Models from each of these
data sets were individually run in MLwiN 2.24 [47] and parameter esti-
mates and the estimated standard errors (SEs) were combined using Rubin’s
rules [48].

Attrition weights were developed and applied to the original 1983
sample weights to recapture the original sample characteristics [28,49] us-
ing weighted complete—case analysis [50]. Fourteen variables measured
in 1983 were selected to model non—response in 2001. The 1983 vari-
ables included were: child health status, functioning, and health service
use; measures of parental health, family structure and functioning; and
numerous indicators of family socioeconomic disadvantage. Several se-
lected variables were associated with attrition, including child use of men-
tal-health social services: 3.1% respondents, 7.5% no respondents (4.4%
in 1983); and family in rental housing; 17.6% respondents, and 30.2% no
respondents (21.3% in 1983).

To test the accuracy of the attrition weights, baseline characteristics
of the OCHS sample in 1983 were compared with estimates derived us-
ing attrition weights applied to respondents at follow—up in 2001. This
comparison yielded very similar estimates; for example, on the two
variables identified above, this comparison yielded 4.4% versus 4.0%
for child utilization of mental health—social services, and 21.3% versus
21.4% for family in rental housing. Health and functioning of OCHS
respondents as young adults in 2001 were also compared with an in-
dependent probability sample of age—matched peers (N=5,718) living
in Ontario and participating in the CCHS (Statistics Canada, 2004).
Weighted estimates on identical variables derived from OCHS versus
the CCHS were very close, for example, male sex (51.7, 50.1%), at work
last week (80.6, 80.3%), personal income<$15,000 (21.6, 22.9%), ex-
cellent health (32.6, 32.3%), has asthma (11.4, 11.5%), smokes daily or
occasionally (34.3, 35.2%) [49].
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6.2.3 STATISTICAL ANALYSIS

The information collected on children in this study form a hierarchical
structure consisting of individual children (Level 1, or child level) nest-
ed in families (Level 2, or family level). In this study, we use multilevel
linear regression and the statistical software MLwiN 2.24 [47] to esti-
mate the extent to which BMI assessed in 2001 is associated with child
and family level risk factors assessed in 1983. In multilevel modeling,
residual error is partitioned across levels, thereby capturing the extent to
which variation in response is associated with each level. Fixed effect
estimates in regression using linear multilevel modeling are interpreted
in the same fashion as fixed effects in ordinary least squares regression:
the intercept is the estimated mean response and the beta coefficients
denote an increase or decrease in the dependent variable associated with
one unit of change in each of the independent variables. Our modeling
strategy consisted of introducing all confounding variables, including
the 2001 variables (current education, income and mental and physical
health scores), and child gender and age in 1983, as confounding factors,
followed by family risk indicators (Model 1). This was then followed by
the introduction of the child variables (Model 2). To examine whether
there was a differential effect based on the age of the child in 1983, we
initially stratified by childhood age, childhood (4—11 years) and adoles-
cence (12—-16years). Because the results were consistently similar across
age categories, we only report findings on the entire sample.

6.3 RESULTS

Tablel presents the sample characteristics, including the percent of families
(n=1,270) and children (n=1,928) classified by each contextual variable,
along with BMI in 2001. In young adulthood, the mean level of BMI was
25.38 (Table 1). Using cut—offs categorized by the World Health Organiza-
tion, 2.5% of the sample were underweight (BMI<18.5kg/m?), 51.2% were
normal weight (BMI>18.5 and<25kg/m?), 31.1% of the sample were over-
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weight (BMI>25kg/m?) and 15.2% were obese (BMI >30kg/m?). These
findings are comparable to prevalence rates in self-reported BMI data in

other Canadian studies [51,52].

TABLE 1: Sample Characteristics

Characteristic

Families, N= 1,270

Family income in $1,000 s (M, SD)
Receipt of Social Assistance (1)
Both parents born > Canada (n)
Parent education in years (M, SD)
Parent medical health problem (n)
Parent functional limitation (r)
Parent treated for "nerves" (n)
Parent hospitalized for "nerves" (n)

Family Functioning (M, SD)

3237, 15.50
5.5% (106)
19.5% (375)
11.93,3.38
21.2% (409)
8.2% (159)
16.2% (311)
5.9% (119)
36.14,5.20

Children, N = 1,928

Child Health in 1983

Male child (n) 48.8% (941)
Age (M, SD) 10.08, 3.68
Medical condition (n) 16.2% (309)
Functional limitation () 4.5% (85)
Psychiatric disorder (1) 10.2% (197)
School performance—teacher/parent (M, SD) 3.36,0.95
Low birth weight (1) 2.7% (53)
Retrospective Assessment in 2001 of Childhood Abuse

Severe physical abuse (1) 18.2% (351)

Sexual abuse (n)

5.3% (107)

Outcomes and Covariates in 2001

Body Mass Index (M, SD)

Education in 2001

Income in 2001 in $1,000 s (M, SD)
SF-12® Mental Component Score (M, SD)
SF-12® Physical Component Score (M, SD)

25.38,4.78
15.15,2.70
33.79,21.97
18.23,2.11
22.32,3.32
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6.3.1 INFLUENCE OF FAMILY AND CHILD VARIABLES ON
BMI

Variability in BMI attributable to family—level differences is estimat-
ed by the intraclass correlation coefficient (ICC). The ICC is derived
from the random effects variances reported in the multilevel null model
and represents the total unexplained variance in BMI associated with
between—family differences: 39.05% from 8.92/(8.92+13.92) (not
shown).

Multilevel regressions for BMI are presented in Table 2. Controlling
for current education, income and mental and physical health status, and
for child age and sex, we found that in Model 1 (Family Variables), indi-
viduals from families who received social assistance during their child-
hood had higher BMI in early adulthood (2.02, p<0.001), while being
the child of immigrant parents (born outside of Canada) was associated
with lower BMI (—1.20, p<0.001). Family income was not significantly
associated with BMI (.004). In addition, parental education (positive),
parent hospitalized for “nerves” and family functioning (negative) ex-
hibited significant associations with BMI. Every one year increase in
parental education was associated with 0.18 decrease in BMI (p<0.001),
whereas having a parent hospitalized for nerves was associated with in-
creases in BMI of 1.20 (p<0.05).

In Model 2 (Child Variables), individuals classified with a childhood
psychiatric disorder and poorer school performance exhibited higher
BMI (p<0.01 and 0.05, respectively). Low birth weight status was not
significantly associated with BMI. The total proportional reduction in er-
ror (explained variance) associated with the predictor variables in Model
2is 1-(7.60+12.87)/(8.92+13.92) or 10.4%.

To explore if associations between family and child variables and
adult BMI were modified by gender, we tested statistical interactions
between gender and all of the variables in Model 2 in Table2. Each in-
teraction was tested on its own (i.e., added separately to Model 2). There
were two statistically significant interactions: one involving gender by
receipt of social assistance (B=—2.44, SE=1.05) and the other involving
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gender by childhood history of medical condition (B=—1.36, SE=.58).
As shown in Figurel, there was a positive association between receipt
of social assistance and BMI for females but not for males. Similarly,
as illustrated in Figure2, females with a childhood history of a medi-
cal condition had higher BMIs than those with no history of a medical
condition. This effect was not seen in males. As mentioned above, we
replicated these findings using corrected BMI (data not shown).

TABLE 2: Multilevel Models Neighborhood, Family, and Childhood Influences on BMI (b
and (95% Confidence Interval))

Model 1 Family Variables Model 2 Child Variables

Fixed effects

Intercept

24.76 (24.35 t0 25.16)

25.62 (24.64 to 26.59)

Family Variables

Family income in $1,000 s
Social assistance
Immigrant parents
Education in years

Parent medical problem
Parent functional limitation
Parent treated for "nerves"

Parent hospitalized for "nerves"

Family functioning

0.004 (~0.01 to 0.02)
2.02 (0.92 to 3.11)***
~1.20 (1.78 to —0.61y***
~0.18 (~0.25 to —0.09)y***
0.47 (~0.12 to 1.06)
~0.50 (~1.35 to 0.36)
~0.10 (~0.74 to 0.55)
1.20 (0.15 to 2.24)*
~0.05 (~0.10 to —0.007)*

0.0038 (~0.01 t0 0.02)
1.89 (0.26 to 3.52)*
~1.20 (~1.73 to —0.66)***
~0.17 (~0.26 to —0.09)***
0.46 (~0.13 to 1.06)
~0.50 (~1.40 to 0.37)
~0.16 (~0.85 t0 0.53)
1.19 (-0.01 to 2.39)
~0.06 (~0.11 to —0.01)*

Child variables
Age in years 0.11 (0.05 to —0.22) 0.10 (0.04 to 0.17)**
Male 1.28 (0.87 to 1.70)*** 1.27 (0.66 to 1.59)***

Psychiatric disorder
Functional limitation
Medical condition
School performance

Low birth weight

1.12 (0.31 to 1.94)**
~0.11 (-1.43 to 1.21)
~0.03 (~0.71 to 0.66)
~0.26 (~0.50 to —0.01)*
~0.77 (-2.19 t0 0.64)

Physical abuse 0.12 (-0.47 t0 0.72)
Social abuse 0.50 (-1.33 to 0.64)
Random effects (SE)

Level 2, Family 7.65 (0.79) 7.60 (1.27)

Level 1, Child 13.03 (0.64) 12.87 (0,99)
—2*log likelihood 11,519 11,498
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FIGURE 1: Gender moderates the association between receipt of social assistance in
childhood/adolescence and BMI in early adulthood.

*p<.05, ¥**p<.01, ***p<.001.

6.4 DISCUSSION

Using a comprehensive model, simultaneously incorporating child and
family variables in a prospective design, we examined associations be-
tween a number of risk factors experienced in childhood/adolescence and
BMI in early adulthood, adjusting for respondents’ age, sex, education,
income and health. This study provides several important findings at the
family level: 1) socioeconomic adversity (measured by receipt of social
assistance) was related to increased BMI, whereas parental education was
associated with lower BMI in early adulthood; 2) parental immigrant status
was associated with lower BMI; 3) family functioning was negatively re-
lated to BMI (higher family function was associated with lower BMIs) and
4) parental mental health problems were associated with increased BMI.
At the child level, presence of child mental disorders and poor school per-
formance were both related to higher BMI, even after controlling for cur-
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FIGURE 2: Gender moderates the association between presence of a medical condition in
childhood/adolescence and BMI in early adulthood.

rent education and mental health status. Altogether, the predictor variables
explained about 10% of respondent variability in BMI at young adulthood.
In the fully adjusted model, the effects of variables such as immigrant sta-
tus and social assistance converted to standard deviation units exhibited
what would be considered small to medium effects (d=0.25 and 0.40)
based on Cohen’s criteria [53].

In this study, we found that 39.05% of the variation in BMI was associ-
ated with between—family differences. The familial aggregation of BMI
reflects a multifaceted interplay between genetic susceptibility to weight
gain and shared environmental influences within families. Some of these
shared influences are linked to measured family risk factors, such as so-
cioeconomic disadvantage, parental education and family functioning. Re-
cent studies have found that genetics play an increasingly important role
in explaining variation in BMI over time, with its greatest influence in late
adolescence; whereas environmental influences decrease over time, exert-
ing their strongest effects early in childhood and adolescence [54-56].

Our finding that family status factors (parental education and receipt
of social assistance) are associated with BMI is consistent with previous
research [5-8,10]. In children and adolescents, lower SES, regardless of
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how it is measured (parental education, occupation, or income), is associ-
ated with increased BMI and obesity [57—59]. Economic disadvantage in
families may be directly related to a number of factors that pose a risk for
higher BMI, such as engaging in less physical activity, poorer nutrition
and eating habits, and lack of participation in organized sports [60,61]. In
addition, early in childhood, healthy lifestyle trajectories may be set via
modeling by caregivers [61]. We also found that parental immigrant status
was negatively related to BMI in adulthood. This finding is in agreement
with a recent report indicating that first generation immigrants have lower
BMI compared to second generation or Canadian born children [62]. In-
terestingly, children from that study lived in a multi—ethnic, disadvantaged
inner city community, where many immigrants initially settle. These areas
are typically characterized by lower levels of education and income. De-
spite these socioeconomic risks, immigrant status still conferred a protec-
tive influence in this sample; however, this protective health advantage
may be lost over time with exposure to unhealthy lifestyle habits in host
communities.

Family functioning was associated with lower BMI in early adulthood.
Our measure of family functioning was comprised of questions on prob-
lem solving, affective responsiveness and involvement and behavioral
control within the family. These questions tap into parenting practices.
Research investigating the impact of parenting practices on BMI in chil-
dren and adolescents has found that authoritative homes, characterized
by a family context of warmth, high emotional support, encouragement,
monitoring and bidirectional communication, is related to healthier eating
habits, increased physical activity and lower BMI [63—67]. Interestingly,
our distal family status factors (parental education and receipt of social
assistance) remained significant even after adding family functioning to
the model. This implies that family functioning does not act as a mediator
between family status and BMI but exerts its own independent effects.
Pathways relating family functioning to BMI are likely complex and may
impact weight through its direct influence on diet and physical activity
[66] or through more indirect mechanisms such as child self-regulation
capabilities [68].

Parental mental health problems predicted elevated BMI, although this
association became non—significant when childhood variables were added
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to the model. Consistent with previous findings [15,19,27], we found that
childhood psychiatric disorder and school difficulties were associated with
greater BMI in early adulthood, even after controlling for current mental
health status and years of education. Although there is some debate regard-
ing the magnitude of the effect, starting at an early age [15] mental health
problems are established predictors of elevated BMI through the lifespan
[16—18]. Given the established nature of this association, there is likely an
underlying mechanism shared by both mental health and obesity. Potential
candidates include genetic, behavioral, and/or psychological factors which
are common to both phenotypes [27,69]. Contrary to previous research
[21,22], we did not find an association between history of childhood phys-
ical or sexual abuse and adult BMI. This may be due to the fact that we
have such a comprehensive array of risk factors measured. Also contrary
to previous research [12,13], we did not find an association between low
birth weight and adult BMI. This may be due to reporting inaccuracies:
birth weights were based on self-reports by mothers several years after
the birth of their child. The prevalence of low birth weight in this sample
(2.5%) is lower than prevalence rates reported for Ontario (4.8%), sug-
gesting that low birth weight may be under represented in our sample.
We found that gender moderated the effect of two risk factors on BMI:
receipt of social assistance and presence of a medical condition in child-
hood. In females, but not in males, the presence of these risk factors was
associated with higher BMI in early adulthood. Our results support other
findings that childhood socioeconomic disadvantage is associated with
later obesity in women [70—72]. The association between BMI and later
chronic disease in adulthood is fairly well characterized; however research
linking medical problems in childhood to later BMI is relatively scarce.
One recent study found that childhood leukemia was associated with in-
creased BMI in adulthood but only in females [73]. Presence of medical
conditions or chronic illnesses in childhood may place greater limitations
on physical activity, leading to a more sedentary lifestyle. In addition, it
is noteworthy that within the OCHS, the prevalence of a chronic illness
or medical condition in 1983 was not evenly distributed across socioeco-
nomic groups. Children from low income households, defined as below
the Statistics Canada poverty line, had higher rates of medical conditions
compared to children of families above the poverty line [50]. It is pos-
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sible that these gender differences are linked to variations in underlying
biological mechanisms, such as HPA axis function given that there are sex
differences in stress system structure and function [74] and that the HPA
is linked to BMI [75,76], various medical conditions [77] and disparities
in SES [78]. Theoretically, it is argued that females have a heightened pre-
disposition to stress—related disease with exaggerated sensitivity to stress
which pushes females over the “disease threshold” [79]. If this is true,
medical conditions or socioeconomic disadvantage experienced in child-
hood may lead to biological sensitivities to stress, especially in females,
putting them at greater risk of elevated BMI later in life.

6.4.1 LIMITATIONS

Despite strengths of the OCHS in assessing childhood risks associated
with BMI in early adulthood, this study has limitations. First, approxi-
mately 30% of 1983 participants were lost over the 18—year follow—up.
Because this loss was selective to socioeconomic disadvantage, Boyle and
colleagues [49] devised attrition weights that integrated original sample
selection probabilities from 1983. We believe that any potential systematic
bias is likely to be small and would be more related to underestimation of
the influence of risk factors on outcomes. Second, there are a few mea-
surement limitations. All risk factors were measured at one point in time,
and we are not able disentangle their temporal associations or to assess
intervening variables between 1983 and 2001. Our assessment of risk fac-
tors was collected prospectively over twenty years ago. Despite this lapse
of time, we believe our findings are currently applicable to young adults
who are likely to experience the same risk factors. We are unaware of any
changes that would mitigate the association between childhood risk factors
and BMI, as found in this study. Two, we do not have measures of child
or parent BMI in 1983. It is well established in studies tracking weight
status in children that those with higher BMIs early on tend to maintain
these trajectories throughout adolescence and into adulthood, indicating
some stability for most individuals [11,80,81]. Our measure of BMI was
also based on self-report. Self—reported BMI yields lower rates of obe-
sity and overweight [35—-37]. Nevertheless, self-reported BMI remains an
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important tool for health surveillance [51]; commonly used because it is
a simple, economical, and non—invasive method of collecting data from
large samples [82]. Moreover, self—reported BMIs are related to morbidity
and mortality [83—85]. Applying a BMI correction factor did not alter our
findings. Three, our abuse risk indicators were measured retrospectively.
In general population studies, such assessments are very difficult to obtain
from children prospectively and there is no reason to believe that current
BMI would influence the recall of these experiences. Fourth, in exploring
interactions between gender and childhood risk factors, we are vulner-
able to obtaining a significant effect because of multiple testing. We chose
to explore these interactions because of the lack of consistent research
evidence on this question and the recognition that differential weight and
body fat composition are integral to gender differences.

6.5 CONCLUSIONS

In conclusion, this study provides support for the notion that a significant
proportion of the variation in BMI is attributable to family factors. More
studies are needed to disentangle the influence of specific family factors
on BMI, including genetic by environment interactions. To date, most
preventive programs for childhood obesity are school-based and focus,
with limited effectiveness, on healthy—eating, active living, and mental
well-being initiatives [86—88]. Our findings suggest that preventive in-
terventions and policy practices need to target family environments early
in childhood, especially environments where multiple risk indicators are
present in the family. Family based programs targeting parenting styles
and skills, as well as dietary behaviors and physical activity have demon-
strated positive effects on children’s weight loss [89,90]. More research
and development of family—based prevention and treatment programs is
needed.
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CHAPTER 7

CHILDHOOD OBESITY AND
OBSTRUCTIVE SLEEP APNEA

INDRA NARANG and JOSEPH L. MATHEW

7.1 INTRODUCTION

The epidemic of pediatric obesity has caused serious concern all over
the world as the prevalence has increased alarmingly over time, not only
in developed countries but also in developing countries [1, 2]. Further-
more, there is increasing recognition that childhood obesity is occurring
at progressively younger ages [3]. Recent publications have highlighted
the challenge of defining childhood obesity in a manner that is both evi-
dence based as well as uniformly applicable across different settings [4].
In general, a statistical definition using BMI for age is used wherein >85th
percentile is defined as overweight and >95th percentile as obesity [5]. In
contrast, the WHO defines obesity as BMI for age Z—score >3 and over-
weight as Z—score >2. A large—scale multicentric study calculated BMI in
children and adolescents and extrapolated the cut—off values for adult obe-
sity (BMI > 30) and overweight (BMI > 25), to the corresponding values
in childhood and adolescence. Based on this, they were able to tabulate
age— and gender—specific cut—off values for children and adolescents [6].
At the present time, waist circumference is not used routinely to define
obesity in children and adolescents.

The high prevalence of obesity is believed to be a complex interplay
of genetic, environmental (life-style), socioeconomic, cultural, and psy-
chological factors which are beyond the scope of this paper. However,
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interestingly the pattern of in utero growth may program the pattern of
subsequent body fat deposition and neuroendocrine interactions that pro-
mote eating behavior. Specifically, there is an observed increase in child-
hood obesity with increasing birth weight [7]. Counterintuitively, infants
with low birth weight and an early adiposity rebound are also predisposed
to higher rates of obesity in later childhood [8].

There are several well-documented adverse consequences of child-
hood obesity. Specific morbidities associated with obesity include hyper-
tension, left ventricular abnormalities, insulin resistance, type 2 diabetes,
dyslipidemia, nonalcoholic fatty liver disease, and obstructive sleep apnea
[9]. Further, in obese individuals, the clustering of dyslipidemia, hyperten-
sion, and impaired glucose tolerance/insulin resistance is referred to as the
Metabolic Syndrome (MetS), which further increases the risk of athero-
sclerotic heart disease [10]. In a followup of over 200,000 Norwegian ado-
lescents, the relative risk of death due to ischaemic heart disease for those
with a BMI > 85 percentile was 2.9 for males and 3.7 for females when
compared to those with lower BMI percentiles [11]. These may underrep-
resent the true cardiovascular burden in adulthood given the knowledge
that 75% of obese children will become obese adults [12, 13]. Additional
complications of obesity include menstrual problems and polycystic ovar-
ian disease, gallstones, orthopedic issues, and psychological stress com-
pounding poor quality of life [14, 15] in these children.

7.2 OBSTRUCTIVE SLEEP APNEA (OSA)

During sleep in normal individuals, there is reduction in the tone of air-
way musculature; however pharyngeal dilator activity keeps the airway
patent. Therefore, although normal children can have occasional pauses
in breathing for up to 10—15 seconds, there is no significant airflow limita-
tion. Therefore paO, may fall only by 2-4 mmHg, and end-tidal CO, may
increase marginally by 3—4 mm Hg. More importantly, there is no arousal
from sleep [16, 17].

Obstructive sleep apnea (OSA) is part of the spectrum of clinical
conditions comprising sleep—disordered breathing (SDB). The spectrum
of SDB ranges from partial to complete upper airway obstruction. In
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children, obstructive apnea is defined by the absence of nasal airflow
despite the presence of chest wall and abdominal wall movements, for a
duration of at least two breaths. In contrast, the term “obstructive hypop-
nea” refers to decrease in nasal airflow by 50% from the baseline accom-
panied by fall in oxygen saturation of 3% and/or arousal. The number
of apneic and hypopneic events per hour of sleep is expressed as apnea/
hypopnea index (AHI) on polysomnography [18]. In adults, AHI < 5/
hour is considered normal. However, in children, AHI > levent/hour is
regarded abnormal. In general, the same criteria can be used for ado-
lescents in the age group 12—15 years. For those beyond 18 years, it is
recommended that adult criteria be used. In children, AHI is also used to
categorize the severity of OSA; AHI up to 1.5events/hr is classified as
mild, 1.5-5.0 events/hr as moderate, and >5.0 events/hr as severe. This is
in contrast to adults, where the corresponding values are 5—15 events/hr,
15-30events/hr, and >30 events/hr.

OSA is characterised by snoring, recurrent partial (hypopneas), or
complete (apneas) obstruction of the upper airway. OSA is associated with
intermittent oxyhemoglobin desaturation, sleep disruption, and fragmen-
tation [19]. About 3—12% of the “healthy” pediatric population has ha-
bitual snoring, whereas only 1-3% has OSA [20, 21]. However it should
be noted that snoring is not synonymous with OSA. Habitual snorers typi-
cally do not have obstructive apnea, hypopnea, respiratory effort-related
arousals, or abnormal gas exchange. This is because neuromuscular com-
pensation in these children prevents significant airway obstruction.

In OSA, the episodes of airway obstruction can be related to increased
airway collapsibility on account of mechanical and neuronal factors. The
most common mechanical factor in children is hypertrophy of adenoids
and/or tonsils narrowing the airway lumen [22]. Approximately 2% of
otherwise healthy children have large tonsils and adenoids that mechani-
cally obstruct airways [20, 23]. However, OSA is a balance of mechanical
obstruction and decreased activity of pharyngeal dilator muscle activity.
During sleep, children with OSA have reduced airway muscle tone which
critically narrows and obstructs the airway, resulting in upper airway ob-
struction. The consequent hypoxemia results in arousal with restoration of
airway tone and relief of the obstruction. The frequency of episodic apnea
determines the diagnosis and severity of OSA.
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7.3 DIAGNOSIS OF OSA

OSA can be suspected by the presence of both nocturnal as well as day—
time symptoms. The most common nighttime symptoms are snoring dur-
ing sleep; sometimes parents are able to describe characteristic episodic
pauses in breathing despite movement of the chest or abdomen. Other
descriptions include gasping, restlessness during sleep, nighttime sweat-
ing, sleeping in unusual positions, parasomnias (sleep terrors, sleep
walking), and secondary nocturnal enuresis.

The daytime symptoms are based on functional consequences of dis-
turbed sleep and/or hypoxemia/hypercarbia. These include early morning
headache and sometimes nausea or vomiting, excessive daytime sleepi-
ness, and fatigue. Recent reports have also highlighted neurocognitive
consequences of OSA including decreased concentration, diminished
memory, difficulty in making decisions, learning difficulties, and also
behavioural manifestations such as hyperactivity mimicking ADHD, un-
usual aggressiveness, and even social withdrawal.

Children with OSA are often mouth breathers and sometimes have
hyponasal speech. Children with severe OSA can also have growth
stunting. Clinical examination usually reveals a crowded oropharynx,
enlarged tonsils, and reduced peritonsillar space. Sometimes, a large
tongue may also contribute to airway obstruction. Endoscopic examina-
tion identifies hypertrophied adenoids.

Currently, polysomnography (PSG) or a sleep study is the gold stan-
dard for a specific diagnosis of OSA [24]. Given the complexity of this
investigation in terms of skill, resources, and time, some investigators
have tried to use alternate approaches such as clinical questionnaires,
objective and/or subjective measures of daytime sleepiness, overnight
oximetry, audio recording, video recording, and nap polysomnography
(during the daytime). While some of these methods can identify children
with OSA, they have poor negative predictive value [25].

7.4 OBESITY AND OBSTRUCTIVE SLEEP APNEA

There is now ample data confirming that OSA associated with obesity
is highly prevalent in children and adolescents. The association between
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obesity and OSA emerges from two sets of observations; the first is the ob-
served high prevalence of OSA among obese children and adolescents, and
the second is the higher proportion of children with OSA who are obese.
Thus it appears that both conditions can coexist and yet potentiate the
adverse impact of each. It is believed that the prevalence of OSA among
obese children and adolescents can be as high as 60% [26]. In one study
of obese children undergoing polysomnography, it was observed that 46%
had OSA [27]. Likewise, in another study OSA was observed in 59% of
obese children undergoing evaluation for symptoms of sleep—disordered
breathing [28]. Yet another study reported that 55% children scheduled for
bariatric surgery for morbid obesity had OSA [29]. In fact, in many chil-
dren and adolescents with OSA, the severity of OSA parallels the severity
of obesity [30]. A recent population—based study involving 400 children
between 2 and 8 years of age found that obesity was the most significant
risk factor for OSA with an odds ratio of 4.69 (95% CI 1.58-13.33). Fur-
ther analysis suggested that for each unit increase in BMI, there was a 12%
higher risk of OSA [23].

7.5 MECHANISMS FOR INCREASED RISK OF OSA IN OBESE
CHILDREN AND ADOLESCENTS

There are multiple factors that interact to significantly increase the risk of
OSA among obese children and adolescents.

Similar to nonobese children, airway obstruction by adenotonsillar hy-
pertrophy is a fairly common cause of OSA among obese children [31-33]
affecting approximately 45% of all obese children with OSA [34]. However,
alarmingly, following adenotonsillectomy, OSA persists in about 50% of
obese children [35] which is significantly higher than the observed persis-
tence rate of 10-20% amongst nonobese children [36, 37]. Another addi-
tional interesting observation is that the prevalence of adenotonsillar hyper-
trophy among obese children is higher than among nonobese children, which
indirectly suggests that adenotonsillar hypertrophy in obese children could be
a consequence of another distinct mechanism. Possible explanations include
endocrine mediated somatic growth that results in larger and/or heavier fat
pads, soft palate, and tongue among adults with obesity [38]. It is possible
that similar mechanisms operate in children and adolescents as well.
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Functional factors that operate to promote upper airway obstruction
OSA in obese individuals during sleep include altered neuromuscular tone
resulting in greater upper airway collapsibility during sleep. Indeed, mea-
surements of airway flow and mechanics have shown that in obese children,
there is a positive critical closing pressure of the pharynx causing the airway
to collapse during sleep with even mild negative inspiratory pressure [39].

Additional mechanical factors that predispose to functional abnormali-
ties include central adiposity and an excess mechanical load on the chest
wall. These factors interact and result in decreased chest wall excursion
and decreased diaphragmatic excursion causing a reduction in, chest wall
compliance with reduced functional residual capacity and tidal volumes.
As a result, hypoventilation, atelectasis, and ventilation/perfusion mismatch
may ensue resulting in increased work of breathing resulting in fatigue, all
of which may be exacerbated during sleep and could further predispose to
sleep—disordered breathing. Although these interacting physiologies are not
well understood, they could in part explain why adenotonsillectomy is not
curative in all obese children with hypertrophied adenoids and tonsils.

7.6  OBESITY, OSA, AND ASSOCIATED COMORBIDITIES IN
OBESE CHILDREN AND ADOLESCENTS

7.6.1 EXCESSIVE DAYTIME SLEEPINESS (EDS)

EDS is prevalent among obese children with and without OSA [40]; spe-
cifically EDS increased progressively and significantly with increasing
BMI. Prepubertal obese subjects with OSA have more EDS than non—
obese subjects with OSA of similar severity [41].

7.6.2 QUALITY OF LIFE (QOL)

Multiple published studies demonstrate reported poor QOL among over-
weight and obese children and adolescents [42] and those with OSA [43].
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In one study with 151 children, with a mean age of 12 years, the presence
of OSA was a predictor of poor QOL in overweight children [44].

7.6.3 NEUROCOGNITIVE FUNCTION

OSA is associated with cognitive, behavioral, and functional deficits in
young children [45]. Although total sleep duration may modulate behav-
ioral function, it is believed that sleep fragmentation associated with OSA
is a key determinant of behavioral alterations in pediatric OSA subjects.
A recent study with 52 children reported improvement in both neurobe-
havioral function and daytime sleepiness in children who used an aver-
age of 3—hour positive airway pressure (PAP) at night [46]. In another
small study with 6 obese adolescents, even modest level of PAP adherence
displayed improved attention and school performance whereas a similar
group of 7 nonadherent adolescents showed academic decline [47]. Reso-
lution of OSA is associated with improvement in neurocognitive status.

7.6.4 PHYSICAL ACTIVITY

Physical activity levels are reduced both in obese children and those with
OSA [48]. Increased physical activity may not only promote weight loss
but also, secondary to weight loss, may improve the severity of OSA [49].

7.6.5 CARDIOVASCULAR BURDEN

Multiple adult studies indicate that OSA contributes to or exacerbates car-
diovascular disease in the context of obesity [50]. A similar evaluation of
childhood obesity—related OSA on cardiovascular structure and function is
currently not available. However, indirect measurements that reflect blood
pressure regulation, cardiac function, autonomic dysfunction, and endothe-
lial properties suggest a similar pattern in obese children and adolescents
[48, 51, 52]. The precise mechanisms linking cardiovascular disease both
to OSA and obesity are not completely understood. However, a common
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mechanism is activation of the sympathetic nervous system. Specifically,
repetitive arousals, episodic hypoxaemia, hypercapnia, and changes in
intrathoracic pressures lead to sympathetic activation via chemoreceptor
activation, impaired baroreflex sensitivity, and increased activity of the re-
nin—angiotensin system. In obesity, increased adiposity elevates levels of
free fatty acid (FFA) which with increased levels of leptin promote sym-
pathetic activation. Chronic sympathoactivation instigates dyslipidaemia,
left ventricular modelling, endothelial dysfunction and arterial stiffness,
inflammation with high levels of hs—CRP, and insulin resistance with re-
sultant glucose intolerance. All of these factors are inextricably linked and
together induce significant cardiovascular morbidity. In addition, episodic
hypoxemia in children with OSA causes pulmonary vasoconstriction and
ultimately pulmonary artery hypertension [49, 53].

7.6.5.1 HYPERTENSION

In children, obesity is a risk factor for high BP, and OSA is independently
associated with increased BP [51, 54]. In a recent study, among prepubertal,
non—obese children, the presence of OSA was associated with an elevation
in BP by 10-15mmHg independently of BMI during both wakefulness and
sleep when compared to nonsnoring controls (ZA). In a separate study of
140 children, children with severe OSA when compared with controls with
no OSA showed significantly increased mean arterial BP during awakeful-
ness and sleep, increased diastolic BP during wakefulness and sleep, and
increased systolic BP during sleep. Almost one—third of the patients with se-
vere OSA showed a mean 24-hour systolic BP > 95th percentile. Similarly,
obese children with moderate—to—severe OSA had a significantly increased
risk for hypertension than obese children with mild OSA, suggesting that
OSA may be a trigger for hypertension in obese children [55]. These find-
ings are of significance as a recent longitudinal study has shown that elevat-
ed BP in childhood tracks into adult life and is associated with an increased
risk of hypertension and metabolic syndrome later in life [56].
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7.6.5.2 CHANGES INVENTRICULAR STRUCTURE AND
FUNCTION

In adulthood, there is a significant association between left ventricular
mass and cardiovascular mortality. Pilot data shows a significantly higher
left ventricular mass index (LVMI) with reduced diastolic and systolic
function among obese children without documented OSA compared with
lean controls [57]. In non—obese children with OSA, abnormalities in
LVMI correlate with both the presence and severity of OSA [58]. One
study reported that subjects with severe OSA had an odds ratio of 11.2 for
LVMI > 95th percentile [59], while another showed that relief of OSA fol-
lowing an adeno—tonsillectomy resulted in measured cardiac variables in
the same range as controls [58]. Furthermore, in non—obese children with
OSA, improvements in L diastolic function [59] and the right ventricu-
lar myocardial performance index have been observed after resolution of
OSA [60]. Thus OSA in the context of obesity is likely to exacerbate ab-
normalities of L structure and function.

7.6.5.3 ENDOTHELIAL FUNCTION

OSA is also involved in causing endothelial dysfunction, mediated by re-
duced levels of nitric oxide and increased levels of mediators like endothe-
lin—1 and plasma aldosterone.

7.6.5.4 CARDIAC AUTONOMIC ACTIVITY

Cardiac autonomic activity is usually measured using indices of heart rate
variability (HRV). Low HR signifies sympathetic overdrive and has been
consistently associated with the risk of incident cardiovascular disease in
adults. In obese children, HR was lower than non—obese children with
body weight as the strongest predictor for lower HR [61]. However, in
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non—obese children with moderate—to—severe OSA, HR variability was
lower compared to those without OSA [62].

7.6.6 OSA AND THE METABOLIC SYNDROME

There is emerging data that OSA itself mediates insulin resistance, dys-
lipidemia, hypertension, and inflammation. These occur through sympa-
thetic hyperactivity, intermittent hypoxemia, and sleep fragmentation or
insufficient sleep. In other words, OSA may be a cause of obesity and
not a consequence alone. This conclusion stems from independent pieces
of evidence that point towards the contribution of OSA to various com-
ponents of the metabolic syndrome and perhaps, more importantly, the
reversibility with treatment of OSA.

Recent data showed increased levels of insulin (indicating insulin re-
sistance) in adolescents with OSA [63]. In younger children, adeno—tonsil-
lectomy is associated with improvement in lipid profile, insulin sensitivity,
and inflammatory markers in some studies [64, 65].

7.6.7 CONTRIBUTION OF OSA TO OBESITY

OSA is associated with inadequate sleep quantity and quality in children
as well as adults. A recent systematic review [66] examining the relation-
ship between sleep duration and the development of obesity reported that
in children and adults, shorter duration of sleep was associated with in-
creased risk of obesity (odds ratio 1.89, 95% CI 1.46-2.43 in children).
Thus OSA can have a direct impact by worsening obesity.

7.7 MANAGEMENT

It is clear that childhood obesity and OSA can present to a wide range
of professional disciplines on account of the multisystem manifestations.
Therefore successful management depends on concerted effort by a mul-
tidisciplinary team of professionals including sleep physician, ENT sur-
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geon, respirologist, child nutritionist, child psychologist, cardiologist, and
social worker, working together with the obese child and his/her family.
The goals of management are enhanced quality of life and prevention of
short— and long—term complications.

7.8 MANAGEMENT OF OBESITY

A detailed discussion on the various modalities for weight reduction and
management of obesity is outside the scope of this paper; however a brief
review of the current recommendations is presented. Although the body
of evidence in children and adolescents is still being generated, it is gen-
erally recommended they should perform at least 60 minutes of moder-
ately intense physical activity daily, in order to prevent obesity or maintain
weight. This should be encouraged even if it does not result in weight loss,
on account of the general health benefits of exercise. They should also be
advised to eat meals at regular times and preferably free from distractions.

Pharmacological interventions are generally not recommended for
children below 12 years, barring exceptional circumstances such as se-
vere OSA or raised intracranial tension. In addition, the rare decision to
use pharmacotherapy does not exclude the need for physical activity and
dietary control. Some experts maintain that medication is better utilized to
maintain weight loss, rather than induce it. Currently, Orlistat is the only
pharmacological agent that can be considered, since Sibutramine has been
withdrawn.

Bariatric surgery is also rarely recommended in children, unless they
are morbidly obese (BMI > 40kg/m?) or 35-40kg/m? with coexisting dis-
eases that could be improved by loss of weight. Even then, surgery is con-
sidered only after nonsurgical measures have been tried without success.

7.9 MANAGEMENT OF OSA

Based on the observation that almost half of all obese children with OSA
have adeno—tonsillar hypertrophy, the American Board of Pediatrics
[24] recommends adeno—tonsillectomy as the first step in management.
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Although adeno—tonsillectomy results in improvement in 80% cases and
improves obstructive symptoms in 80% of cases of otherwise normal
children with OSA, children with morbid obesity are more likely to fail
treatment than normal children. In some series, almost 50% continue to
have OSA [55].

Therefore Positive Airway Pressure (PAP) therapy has become the
standard of care, usually in conjunction with weight loss strategies. In
adult patients, PAP therapy results in dramatic improvement in OSA
symptoms. In addition, there are encouraging reports of improvement in
cardiovascular status including reduction in systolic and BP, L function
[67], markers of endothelial function [68], and cardiac autonomic activity
[69]. In addition, withdrawal of PAP for two weeks was associated with
systolic and diastolic BP increase of 4-6 mmHg [70]. PAP therapy can be
administered either as continuous PAP (CPAP) or the more physiologi-
cal bilevel PAP (BiPAP). In children also, the symptoms of OSA improve
with PAP therapy; however there is limited data evaluating its efficacy in
improving clinical outcomes and QOL.

In one study, non—obese children who had resolution of OSA, 6 months
following adeno—tonsillectomy, had a reduction in diastolic BP of the
order of SmmHg [71]. The importance of this study cannot be overem-
phasised in the context of recent findings of a large meta—analysis that
lowering systolic SBP by 10mmHg or diastolic BP by 5SmmHg in adults
(regardless of the baseline BP) reduced fatal and nonfatal cardiac events
by approximately 25% [72].

Other treatment options that are sometimes useful in adult patients
with OSA include oral appliances and devices that expand the upper air-
way space. However these require skilled construction and are generally
efficacious in mild OSA only. However it is a viable option for those who
cannot or will not use CPAP. These appliances have limited value in chil-
dren on account of less developed dentition [73]. Some adults use simple
devices to prevent sleeping in the supine position. These devices work by
promoting sleep in the lateral or prone position.

Surgical management options include uvulo—palatopharngoplasty
wherein bulky soft tissues that obstruct the airway can be trimmed
or excised to create a larger airway space. It has also been used to
strengthen and support hypotonic pharyngeal muscles in those children
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where reduced neuromuscular tone is responsible for airway floppiness
and obstruction. Some centres use the procedure for obese children
with severe OSA, to reduce redundant oropharyngeal tissue bulk.

Presently, there is no randomized trial comparing the various modali-
ties in children adolescents, to estimate the superiority of one over the
other.

7.10 CONCLUSION

Childhood and adolescent obesity have reached epidemic proportions
worldwide.

OSA significantly complicates obesity and is an independent risk fac-
tor for cardiovascular, metabolic, neuro—cognitive burden as well as nega-
tive impact on the quality of life in obese children.

All disciplines involved in the well-being of obese children must be in-
volved in sleep surveillance strategies to highlight obese children at an in-
creased risk for OSA. Early recognition and treatment of OSA, in addition
to weight loss strategies, could provide an opportunity for cardiovascular
and metabolic risk reduction in childhood which would positively impact
the health of these children not only in childhood but also in adulthood.
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CHAPTER 8

ASSESSMENT OF ENDOTHELIAL
DYSFUNCTION IN CHILDHOOD
OBESITY AND CLINICAL USE
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CHRISTIAAN J. VRINTS, JOSE RAMET,

and VIVIANE M. CONRAADS

8.1 INTRODUCTION

Society is faced with a new pandemic. Obesity and its associated non—com-
municable diseases, such as cardiovascular (CV) complications, diabetes
[1], sleep apnea [2], and asthma, are a major threat to the management of
health care worldwide. It may seem paradoxical but both childhood mal-
nutrition in developing countries and the rapidly increasing prevalence of
overweight and obesity in Western youth have a common denominator,
low income [3].

Being obese as a child comes at a price. Childhood overweight and
obesity increase the risk of obesity at adult age [4] and are associated with
CV risk factors. A high BMI during childhood and adolescence has been
associated with, respectively, premature death from disease and increased
risk of coronary heart disease at adult age [5, 6]. Interestingly, however,
in a recent meta—analysis of four studies, overweight and obese children
who became nonobese in adult life were not different in terms of several
risk parameters of cardiovascular disease to those patients who had never
been obese [7]. This could be explained by the fact that other indicators of
a healthy lifestyle, such a regular physical exercise, were not taken into ac-
count. During the past two decades, the concept of early vascular changes,
which act as the primum movens for future CV complications, has been
tested [8]. The development and refinement of technical tools that allow
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the in vivo evaluation of endothelial dysfunction, which is considered the
earliest demonstrable feature of atherosclerosis, rapidly advanced patho-
physiological insights. Recently, more fundamental research into disrupt-
ed bone—marrow—related endothelial repair mechanisms (i.e., endothelial
progenitor cells), as well as the identification of novel markers of endothe-
lial damage (i.e., endothelial microparticles), has created an entirely new
line of research [9, 10]. These biomarkers hold promise in terms of design-
ing effective strategies and to evaluate their effect in the combat against
the devastating consequences of childhood obesity.

A long—lasting change of unhealthy lifestyles is fundamental in helping
obese children and their parents to fight this disease. Therefore, a multidis-
ciplinary approach to adopt physical activity and balanced calorie restric-
tion into daily life is inevitable to counterbalance the attraction of highly
processed food, motorized transportation, and TV-related sedentarism.

This paper will provide a critical overview on both in vivo as well as
in vitro markers for endothelial integrity. As an introduction we will first
describe the obesity—induced imbalance of endothelial repair and damage,
resulting in early endothelial dysfunction. Currently available data on the
effect of lifestyle changes as well as possible pharmacological interven-
tions to counteract obesity—induced endothelial malfunction will be reca-
pitulated. Although the focus of this review is on childhood obesity, it is
important to stress that data from obese adults are preponderant and there-
fore will be incorporated in the text. Comparison of the available literature
will expose differences and stresses the fact that the scientific community
should invest more in childhood obesity research since, indeed, children
are not small adults. In addition, the value of longitudinal studies, starting
early in childhood, cannot be underestimated when it comes to exactly
decipher the timing of pathophysiological events.

8.2 ENDOTHELIAL DYSFUNCTION

The endothelial cell-layer is located at the border between circulating
blood and vascular smooth muscle cells (VSMC) [11]. In response to
stimuli that indicate increased blood flow demand (e.g., increased shear
stress), activation of the Phospholnositol 3—Kinase (PI3K)/Akt pathway
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FIGURE 1: Normal endothelial function versus endothelial dysfunction. Schematic
overview of nitric oxide (NO) production and relaxation of Vascular Smooth Muscle
Cells (VSMC). In response to increased shear stress or as a result of insulin signaling, the
phosphoinositol 3 kinase (PI3K)/akt pathway is activated leading to phosphorylation of
endothelial Nitric Oxide Synthase (eNOS). eNOS, together with the necessary cofactor
tetrahydrobiopterin (BH,), converts L-arginine to L-citrulline and NO. NO activates
guanylyl cyclase, which induces smooth muscle relaxation, through increased production
of cyclic Guanosine MonoPhosphate (¢cGMP). Superoxide reduced NO bioavailability by
reacting with NO to form peroxynitrite (ONOQO~), which has strong oxidant properties.
Endothelial dysfunction in obese children is characterized by insulin resistance impairing
insulin—mediated NO production and subsequent vasodilation. Furthermore, oxidized LDL
and ADMA are inhibitors of eNOS activation. In the situation of diminished availability of
BH4, eNOS becomes “uncoupled” and paradoxically leads to increased reactive oxygen
species (ROS) generation, which also contributes to reduced bioavailability of NO and
vasoconstriction. ADMA, Asymmetric DiMethylArginine; PI3K, Phosphatidyllnositol
3-Kinase; BH,, tetrahydrobiopterin; eNOS, endothelial Nitric Oxide Synthase; ,
superoxide; ONOO", peroxynitrite; GTP, Guanosine TriPhosphate; cGMP, cyclic Guanylyl
MonoPhosphate; NADPH oxidase, Nicotinamide Adenine Dinucleotide Phosphate
oxidase; OxLDL, Oxidized Low—Density Lipoprotein Cholesterol.
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will lead to phosphorylation of endothelial Nitric Oxide Synthase (eNOS),
which is necessary for its activation and the generation of Nitric Oxide
(NO) (Figure 1) [12]. By fine—tuning vascular smooth muscle relaxation,
NO is one of the main regulators of vascular tone [13, 14]. In addition,
healthy endothelium is responsible for the maintenance of an athero-
protective environment: it prevents platelet aggregation, proliferation of
VSMC, and adhesion and subsequent diapedesis of leukocytes through the
vascular wall [15].

The common and straightforward definition of endothelial dysfunction
is “an imbalance between vasodilating and vasoconstricting substances
produced by (or acting on) endothelial cells” [16]. The close interaction
between endothelial cells and their environment, however, highlights the
process complexity. Indeed, due to its location within the vascular wall,
the endothelium is directly exposed to damaging factors such as high
blood pressure and elevated lipid levels, which are common in obese sub-
jects. The notion that endothelial dysfunction is a necessary and first step
towards atherosclerosis has led to a tremendous interest and research in-
vestment in an attempt to unravel underlying pathophysiological mecha-
nisms [17].

Fortunately, endothelial dysfunction is not an irreversible process.
Upon endothelial damage and ischemia, repair mechanisms are activated.
The concept of endothelial homeostasis, which is the net result of endothe-
lial damage and repair, has provided the basis for developing novel thera-
peutic options, as well as a fascinating new research domain of endothelial
“rejuvenation.”

8.2.1 FACTORS CONTRIBUTING TO ENDOTHELIAL
DYSFUNCTION IN OBESITY

Similar to adults, CV risk factors tend to cluster in obese children and in-
clude hypertension, high cholesterol and triglycerides, insulin resistance,
a proinflammatory status, disturbances in adipocytokines, and physical
inactivity [18]. As a result, assessing the specific contribution of one sole
risk factor is extremely difficult. In the following, we will briefly cover
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recent insights into factors causing endothelial dysfunction in childhood
obesity.

8.2.1.1 HYPERTENSION

Hypertension is prevalent in obese children. Based on data gathered in the
Avon Longitudinal Study of Parents and Children (ALSPAC; 7589 chil-
dren aged 8.8—11.7 years), the odds ratio for hypertension was 10.7 (95%
CI 7.2-15.9) for obese boys and 13.5 (95% CI 9.4-19.5) for obese girls
[18], compared to children with normal weight. The interaction between
endothelial dysfunction and hypertension is complex but recent data from
longitudinal population studies do not support a bidirectional relationship.

In a cross—sectional and longitudinal study of 3500 adults, Shimbo et
al. showed that hypertension is more prevalent in patients with low flow—
mediated dilation (FMD) [19]. However, reverse findings could not be
confirmed since impaired endothelial function was not predictive of inci-
dent hypertension. Similar findings were seen in The Cardiovascular Risk
in Young Finns Study, where elevated systolic blood pressure in adoles-
cent boys predicted impaired brachial endothelial function 21 years later
in adulthood [20]. A recent analysis of data derived from the ALSPAC
study [21] sheds light on the vascular consequences of obesity with time.
In their study of 6,576 prepubertal children (aged 10 to 11 years; 80% nor-
mal weight, 16% overweight and 4% obese), obesity was associated with
higher blood pressure, higher heart rate, and higher resting and hyperemic
blood flow, all of which are compatible with a higher cardiac output state.
Counterintuitively, these obese children had larger baseline brachial artery
diameters, higher FMD, and lower arterial stiffness, despite an unfavor-
able metabolic profile. Although speculative, the authors propose an initial
adaptive response, which ultimately, with longer exposure to obesity, will
fail and culminate in vascular damage. Data derived from the Cardiovas-
cular Risk in Young Finns Study support this view and demonstrate an ad-
verse impact of CV risk factors including adiposity, high LDL cholesterol
and high insulin level on the progression of intima—media thickness (IMT)
in young adults aged 30 years [22]. Previous results from this longitudinal
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study provide further evidence for this hypothesis, since a correlation was
found between CV risk factors and IMT only for participants with demon-
strated endothelial dysfunction [23].

Obesity increases blood pressure through multiple mechanisms, which
also affect endothelial function. These factors include increased activity
of the renin—angiotensin aldosterone system (RAAS), as well as sympa-
tho—activation. Angiotensin II, one of the main hormones in the RAAS
system, also directly impairs NO production by affecting eNOS activity
[30]. Increased sympathetic nervous activity leads to peripheral vasocon-
striction and impairment of endothelial function [31]. Importantly, hyper-
tension reduces bioavailability of NO and increases oxidative stress, due
to increased Reactive Oxygen Species (ROS) generation and lower anti-
oxidant capacity. In addition, Asymmetric DiMethyl Arginine (ADMA),
a natural inhibitor of eNOS, has been found in higher concentrations in
obese individuals [32].

8.2.1.2 LIPIDS

High levels of low—density lipoprotein (LDL) cholesterol and low levels
of High—Density Lipoprotein (HDL)—cholesterol are well-known inde-
pendent CV risk factors. Native LDL can impair endothelial function by
decreasing NO bioavailability and eNOS activity. However, the effect is
more pronounced when LDL is taken up by macrophages and oxidized to
oxidized LDL [33]. HDL cholesterol reduces vascular tone by increasing
NO bioavailability; it reduces the expression of adhesion molecules for
leukocytes and increases endothelial integrity by upregulating endothelial
cell migration and proliferation [34, 35].

Results from the PEP Family Heart Study in 3038 adolescents (12 to
18 years) have demonstrated that central obesity, defined as elevated waist
circumference and/or waist—to—hip ratio, is an independent predictor of
hypertension, fasting glucose, elevated triglycerides, LDL—cholesterol,
non—HDL—cholesterol, triglyceride/HDL—cholesterol ratio, low HDL-
cholesterol, and risk factor clustering [36]. Yet, despite having central
obesity, both prevalence of an unfavorable lipid profile as well as absolute
concentrations of lipids were less pronounced than those found in obese
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adults. For instance, the prevalence of increased triglyceride concentration
was 5,8% and 11,2% in obese male and female children, respectively, but
reached approximately 25% in a large cohort of Italian obese adults [37].

Recent research supports the hypothesis that the well-known benefi-
cial effects of HDL, such as macrophage cholesterol efflux and endothelial
NO stimulation, are highly heterogeneous and may be altered in patients
with coronary artery disease as well as diabetes. Therefore, HDL dysfunc-
tion has to be taken into account when novel HDL—targeted therapeutic
interventions, such as Cholesteryl Ester Transfer Protein (CETP) inhibi-
tors, are introduced [38].

8.2.1.3 PHYSICAL (IN)ACTIVITY

Physical activity is associated with a significant reduction in CV mortality
in adult men and women [39-41], whereas physical inactivity predicts the
development of overweight and obesity [42].

Using a questionnaire, physical activity in more than 6000 children be-
tween 11 and 19 years was investigated by De Bourdeaudhuij et al. Over-
weight children spent on average 5.27 £ 4.65 hours per week on physical
activity versus 6.21 + 5.07 hours per week for normal weight children.
Significant differences were noted for vigorous and moderate physical ac-
tivity as well, yet no differences in sedentary behavior were noted [43].

Similar to adults, endothelial function relates to fitness and physical
activity in children, yet correlations are affected by age. In young children
(5-10 years: mean age 8 years), physical activity was the strongest predic-
tor of FMD in multivariate analysis [44]. Slightly older children (n = 485
(59 male, 86 female) with a mean age of 10.3 £ 0.03 years) demonstrated
a significant correlation between FMD and the time spent at moderate and
high intensity physical activity [45]. Correlation in that study with physi-
cal activity was strongest in the lowest tertile of endothelial function, sug-
gesting that these children could benefit most from physical training. En-
dothelial function was also clearly related to fitness, objectively expressed
as peak oxygen consumption during cardiopulmonary exercise testing.
Based on a large study, involving 483 13—year—old adolescents, multivari-
ate analysis pointed out that endothelial function correlated significantly
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to leisure time physical activity. This finding was only confirmed in boys,
leading the authors to hypothesize that the overall lower physical activity
seen in girls may explain these results [46]. A longitudinal study in chil-
dren further demonstrated that an extensive increase in physical activity
led to a significant improvement of FMD as well as less progression of
intima—media thickness [47].

8.2.1.4 ADIPOKINES

Normal adipose tissue consists of adipocytes, and furthermore macro-
phages, fibroblasts, endothelial cells, and preadipocytes are present in
the so—called vascular—stromal fraction [48]. Although it has long been
thought that storage and release of free fatty acids were its only functions,
adipose tissue is currently seen as an important endocrine organ, regulating
glucose and lipid metabolism and producing a vast amount of cytokines
(adipocyte—derived cytokines or adipokines) and hormones [49, 50]. Obe-
sity is characterized by hypertrophic adipose tissue. As an effect of hyper-
caloric intake, adipocytes enlarge and release more free fatty acids, which
activate macrophages to produce Tumor Necrosis Factor—alpha (TNF—a).
As a consequence, adipocyte expression of Intercellular Adhesion Mole-
cule-1 (ICAM-1), InterLeukin (IL)-6, and Macrophage Chemo attractant
Protein—1 (MCP-1) is enhanced, promoting diapedesis of monocytes from
the circulation to adipose tissue. With the exception of adiponectin, adi-
pocytokine levels rise with obesity. Growing adipose tissue poses higher
demands in terms of oxygen and nutrient delivery. Despite vasculogenesis
[51], local hypoxia induces several angiogenic factors, which further sup-
press adiponectin expression even more and upregulate leptin production.
This “hypersecretion of proatherogenic, pro—inflammatory, and prodia-
betic adipocytokines which is accompanied by a decreased production of
adiponectin” is called adipose tissue dysfunction [52]. Of the adipokines,
leptin and adiponectin have a proven direct influence on angiogenesis and
the endothelium, and are therefore further discussed [53].

Leptin

Leptin is a cytokine, which is mainly synthesized by white adipose tissue
and released into the circulation. Its physiological role is to suppress ap-
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petite and to increase energy expenditure via the hypothalamus. However,
circulating levels of leptin contradictorily rise with increasing body fat
percentage, while obese patients have no diminished appetite [54].

Leptin has several proangiogenic effects, including enhanced Akt-me-
diated eNOS phosphorylation [55] as well as stimulation of endothelial
cell proliferation [56], which are expected to be beneficial in the setting
of endothelial dysfunction in obese patients. However, leptin also exerts
proatherogenic effects, including the induction of ROS, a pro—inflamma-
tory vascular effect, and stimulation of the proliferative capacity of VSMC
[57].

These insights have led to the concept of a selective leptin resistance
for both central (appetite) and peripheral pro—angiogenic effects, without
any changes in terms of pro—atherogenic stimuli. The inverse correlation
between leptin and endothelial function, independent of the metabolic and
inflammatory disturbances associated with obesity adds, further supports
to this hypothesis [58].

Adiponectin

Adiponectin is a 30kDa protein produced by adipocytes with anti—inflam-
matory, antiatherogenic, and insulin sensitizing effects. This adipokine
plays a central role in lipid and energy metabolism. Contrary to all other
adipokines, adiponectin concentrations are lower in obese. In their ele-
gant paper, Torigoe et al. demonstrated that even in healthy young men,
circulating concentrations of adiponectin determine endothelial function
[59], through eNOS mRNA stabilization and eNOS phosphorylation [60].
Moreover, high—glucose level-induced generation of ROS by endothelial
cells is suppressed by adiponectin [61]. Recent human data show that adi-
ponectin stimulates the migratory capacity of circulating angiogenic cells
[62], thereby supporting animal experiments that suggested angiogenesis—
stimulating effects [63] and the promotion of neovascularization [64].

8.2.1.5 INFLAMMATION

Obesity, and visceral obesity in particular, is associated with a low—grade
pro—inflammatory status [65]. Upon activation, endothelial cells express
adhesion molecules, which allow leukocytes to adhere and initiate a cas-
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cade of inflammatory reactions. Inflammatory cytokines produced by mac-
rophages in adipose tissue (IL-18, TNF—a) further add to the expression
of adhesion molecules. Not surprisingly inflammatory cytokines (e.g., C—
Reactive Protein or CRP) are also associated with CV risk [66], and their
concentration inversely correlates with endothelial function [67]. Another
important mediator is IL—6 [68], which not only is a potent stimulator for
the production of CRP, but also stimulates angiotensin Il in VSMC and the
associated production of ROS [69]. Besides reacting with NO, and thereby
neutralizing its vasodilatory effect, ROSs also reduce eNOS activity and
consequently NO production. Moreover, ROSs are able to directly inhibit
eNOS and react with tetrahydrobiopterin (BH4), a necessary cofactor for
eNOS activity [70]. In this situation, eNOS becomes “uncoupled” and
paradoxically leads to increased ROS generation [71].

8.2.1.6  INSULIN RESISTANCE AND TYPE 2 DIABETES MELLITUS

Under physiological conditions, insulin is a potent vasodilator, via the stim-
ulation of the PI3K/Akt pathway to augment NO production. However, in
the setting of insulin resistance this reaction is absent [72]. Yet insulin is
still able to activate the Extracellular signaling—Regulated Kinase (ERK1/2)
pathway leading to production of EndoThelin 1 (ET—1) and thus vasocon-
striction [73]. The same pathway also leads to expression of adhesion mole-
cules like Vascular Cell Adhesion Molecule (VCAM)-1 on endothelial cells
[74]. Endothelial dysfunction per se can even contribute to insulin resis-
tance, since impaired microvascular vasodilation in skeletal muscle reduces
delivery of insulin and glucose to skeletal muscle and thereby causes insulin
resistance [75].

In type 2 diabetes mellitus, NO bioavailability is significantly dimin-
ished: a reduction in eNOS activity [76] as well as eNOS uncoupling [77]
and increased generation of ROS have been demonstrated [78] and further
deteriorate endothelial function. Hyperglycemia in diabetic patients leads
to production of Advanced Glycation End products (AGE) after reacting
with proteins, lipids, and nucleic acids. AGE can induce the expression of
ROS via NF-kappa B activation and TNF—a [79]. Type 2 diabetes is ad-
ditionally characterized by increased levels of ET—1 [80]. Interestingly, a
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recent double—blind—placebo controlled trial in 46 type II diabetes patients
with microalbuminuria demonstrated that 4 weeks of treatment with an oral
ET-1 receptor antagonist (bosentan) can repair endothelial function [81].

8.3 CLINICAL ASSESSMENT OF ENDOTHELIAL DYSFUNCTION

The landmark study by Ludmer et al. [82] led to the concept of endothe-
lial dysfunction as the primum movens of the atherosclerotic process. The
consequences of an abnormal vasodilator response (i.e., impaired vasodi-
lation and even paradoxical vasoconstriction of coronary arteries upon the
administration of acetylcholine) have thereafter been extensively studied.
Epicardial and microvascular coronary endothelial dysfunction predicts
CV events in patients with and without coronary artery disease [83]. Ob-
viously, acetylcholine infusion can be applied during coronary angiogra-
phy, but the invasive character prohibits its use in healthy individuals and
children. Since then, novel, less invasive techniques have been developed,
which will be discussed in detail in the following paragraphs.

8.3.1 FLOW-MEDIATED DILATION

In 1992, Celermajer et al. described a noninvasive technique that allows
assessment of peripheral endothelial function [84]. Measurement of flow—
mediated dilation (FMD) at the level of a large conduit artery, usually the
brachial artery, has since then become the most applied technique [85].
Briefly, high—-resolution ultrasound is used to measure the internal diam-
eter of the brachial artery, from lumen—intima interface on the near and far
vascular wall [86]. After assessing baseline diameter, the brachial artery
is occluded during 5 minutes using a sphygmomanometer inflated to su-
prasystolic pressure. When the cuff is deflated; the increased flow causes
endothelial-dependent dilation through raised shear stress [84]. It is this
proportional response (i.e., related to baseline diameter) that is signifi-
cantly impaired in the case of endothelial dysfunction.
Pathophysiological research confirms that this effect is mainly medi-
ated by the release of NO by endothelial cells during the phase of hy-
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peremia since it can be prevented by using N(G)-MonoMethyl-L—Argi-
nine (L-NMMA), which is a selective inhibitor of eNOS. Importantly,
NO dependence is influenced by location of the inflating cuff. Dilation
upon hyperemia is completely blocked by infusion of L-NMMA when
the cuff is placed distal to the measuring site, but only partially when the
cuff is placed proximal to the echo probe [87]. The latter position of the
probe creates an area of ischemia within the region of the probe, and there-
fore other vasoactive substances may play a role. Although in the past
the predictive power of FMD was attributed to its NO dependency, a re-
cent meta—analysis by Green et al. demonstrated that FMD measured after
proximal occlusion is at least as predictive as measured after distal occlu-
sion, although less NO dependent [88].

The assessment of FMD is still the most widely used method but it
requires intensive training in order to achieve acceptable reproducibility.
Besides technical factors, which are reviewed elsewhere, [86, 89], patient—
related characteristics require a high level of standardization (Table 1).
Measurements should be performed on the same time of day since FMD
has a known diurnal variation [90]. A high fat meal [91] deteriorates en-
dothelial function, and dietary components such as tea [92], Vitamin C
[93], and chocolate [94] have short—term beneficial effects on endothelial
function. Measurements should therefore always be performed in a fasting
state before medication intake [95, 96]. Specifically for the pediatric set-
ting, children frequently present with mild infections, which may impair
endothelial function for up to 2 weeks [97]. Both mental stress [98] and
room and skin temperature [99] influence endothelial function. It is there-
fore recommended to perform measurements in a dim-lighted and temper-
ature—controlled (21-24°C) room and to carefully explain the procedure to
studied subjects. Tobacco use should be avoided for 4 to 6 hours prior to
measurements [100]. No guidelines are given regarding passive smoking,
although this may be relevant for children, since childhood exposure to
tobacco smoke leads to endothelial dysfunction in both children [101] and
young adults [102]. Although we did not find evidence for a synergistic
effect of smoking and childhood obesity on endothelial dysfunction, ma-
ternal smoking has been shown to correlate with several obesity—related
risk factors in young children [103]. Gender matters in childhood since
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it influences endothelial function, with FMD being lower in boys [104].
Moreover, endothelial function differs during the menstrual cycle [105].

TABLE 1: Patient-related factors influencing clinical assessment of endothelial function

in children.

Influencing Factor

Solution

Time of day

Food

Medication

(Mild) infection

Active and passive smoking
Gender

Age

Menstrual Cycle

Skin temperature

Mental stress

Perform measurements between 8 and 12 am to rule out an effect of
diurnal variation of endothelial function

Perform measurement after an overnight fast

Ask patients to take their medication after the test

Postpone the test for >2 weeks

Exclude smokers and/or record (parental) smoking habits

Check whether all groups are matched for sex

Check whether all groups are matched for age and pubertal stage
Girls in same phase of cycle or note the menstrual phase

Allow sufficient patient acclimatization time; cover patients using
a blanket

Avoid anxiety by providing patient information; perform the test

in a quiet room

Contrary to adults, children present more variability in time to peak
dilation in response to hyperemia. While in adults peak dilation usually
occurs 60 seconds after cuff release, in children maximal dilation has been
described between 40 and 120 seconds after—occlusion [106]. This effect
is age dependent, and time to peak tends to drop with increasing age [104],
advocating against a fixed moment in time to record maximal endotheli-
um—dependent dilation. Effects of age on maximal dilation are conflicting
with Donald et al. demonstrating no effect of age on FMD in a very large
population of children (n = 7,557) [99] and Sarkola et al. mentioning a
decrease in FMD, which they explained by an increasing baseline internal
diameter of the brachial artery [104].

Although we found 2 articles describing the absence of endothelial
dysfunction in obese children [21, 107], numerous research groups have
reported on impaired endothelial-dependent vasodilation, assessed with
FMD, in this population [108—122].
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8.3.2 PERIPHERAL ARTERIAL TONOMETRY

Peripheral arterial tonometry was developed as a novel technique to over-
come the disadvantages of user dependence of FMD. The only commer-
cially available and validated apparatus (Endo—PAT 2000) involves finger
probes to measure arterial pulse wave amplitudes at the fingertip.

Guidelines for FMD measurements are also implemented for Endo—
PAT measurements, although the interference of several factors was in-
vestigated separately. Research confirmed the effect of diurnal variation
[123] and the effect of dietary components such as omega—3 fatty acids
[27], polyphenol rich olive oil [124], chocolate [125], and tea [126]. Fur-
thermore, measurements were influenced by drugs [81] and mental stress
[127].

The Endo—PAT probes are placed on one fingertip of both hands and
are inflated to produce a subdiastolic counter pressure, in order to provide
fixation and prevent venous pooling. Pressure differences secondary to
dilating arterioles in the fingers are measured. The procedure is initiated
with a 5—minute baseline assessment; then a manometer cuff is inflated to
supra—systolic pressures and the brachial artery of the nondominant arm is
occluded. After 5 minutes, the cuff is released and reactive hyperemia is
observed during 5 minutes. The software provided calculates a Reactive
Hyperemia Index (RHI) and is defined as the ratio of the mean Pulse Wave
Amplitude (PWA) between 90 and 150 seconds after deflation divided by
a preocclusion period during 210 seconds before occlusion. This ratio is
then divided by the same ratio for the control arm and multiplied by a
baseline correction factor. A “Framingham reactive hyperemia” is also
calculated. For this ratio, the period used to assess the hyperemia is be-
tween 90 and 120 seconds after occlusion since this period most strongly
correlated with CV risk factors [128]. The ratio is log transformed as data
indicate that values are not normally distributed.

Since the probes can never be placed proximal to the occlusion site,
provided by the cuff, there is an effect of local ischemia. In addition, the
hyperemic response that is measured is not entirely caused by endothelial
NO production since it is not fully abolished by L-NAME [129]. Other
mediators that contribute to vasodilation include prostacyclin (PGI2), a
derivative of arachidonic acid that is secreted by endothelial cells. In nor-
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TABLE 2: Overview of studies using Endo—PAT to measure endothelial function in obese children.

Reference

Age (years)

Definition of obesity
and overweight

Comorbidities

Parameter

Outcome

Mahmud et al. [24]

Metzig et al. [25]

Kelly et al. [26]

Dangardt et al. [27]

Tryggestad et al

[28]

Landgraf et al. [29]

Obese: 134 + 1.7;
Lean: 14.0+ 14

12.4

12.7

15.7

Obese: 13.9 + 2.5;
Lean: 13.3 £3.0

Obese: 11.8 + 2.9;
Lean: 12.9+2.9

Obesity = BMI > 95th
percentile

Obesity = BMI > 95th
percentile

Obesity = BMI > 95th
percentile

?

Obesity = BMI > 95th
percentile

Obesity = BMI > 97th
percentile; overweight =
BMI> 90th percentile

All insulin resistant, based

on the HOMA score

15%

impaired glucose tolerance
0

with  hypertension,
15% with dyslipidemia, 9%
with OSAS, and 15% with

RHI

RHI

RHI

Maximum
dilation, area
under the
curve

RHI

Mean RHI was significantly
lower in obese adolescents com-
pared with controls (1.51 +0.4
vs. 2.06 £ 0.4

No significant effect of glucose
ingestion on RHI

No significant effect of exena-
tide therapy on RHI

Significant improvement of
endothelial function after 3
months of omega—3 fatty acide
supplementation

No significant difference be-
tween obese and normal weight
children

Mean RHI was significantly
lower in obese and overweight
children compared with controls
(1.28 £ 0.24 vs. 1.96 £0.79)
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mal arteries, NO has inhibitory effects on PGI2 release [130], and there-
fore the effect of PGI2 on endothelial dilation can vary in diseases asso-
ciated with reduced NO bioavailability. A third mediator responsible for
endothelial dependent dilation is Endothelium—Derived Hyperpolarizing
Factor (EDHF), which has a larger influence on arterial tone in smaller
vessels [131]. Fourthly, sympathetic tone can also modulate endothelial
function, and an inverse correlation between sympathetic nerve activity
and RHI has been demonstrated in healthy subjects [132].

Feasibility and reproducibility of Endo—PAT in adults are excellent
[133]. The technique also appears highly reproducible in adolescents and
causes hardly any discomfort [134]. To our knowledge, only 6 studies
have been published in which endothelial function measured with Endo—
PAT in obese children is described, and only 3 of them compared obese
to lean children (Table 2). Results have been conflicting with Landgraf et
al. [29] and Mahmud et al. [24] describing a lower RHI in obese children
versus lean controls, whereas Tryggestad et al. [28] reported no difference.

Importantly, the Endo—PAT measures microvascular endothelial func-
tion, whereas FMD assesses endothelial function at the level of larger
conduit arteries. Therefore, discrepant results are conceivable. Although
Endo—PAT and FMD correlate well in healthy subjects [135], in patients
with chest pain [136] and with coronary artery disease [137] such com-
parisons between the two techniques in both healthy and obese children
are still missing.

Pubertal development and its associated hormonal changes complicate
the study of endothelial function in children. RHI increases during puberty
in both genders [138] and correlates to changes in estradiol and dehydro-
epiandrosterone sulfate in peripheral blood [139]. Both hormones upregu-
late eNOS concentration and activity [140].

Chen et al. demonstrated that age influences timing of the peak re-
sponse of endothelial-dependent dilation measured with PAT [127] and
noted shorter time to peak after 3—year followup, similar to FMD. These
authors therefore propose to analyze the entire hyperemic response curve,
instead of focusing on a very specific postocclusion time interval. By cal-
culating the area under the curve, the problem of variability regarding time
to peak dilation may be circumvented.
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8.4 CELL-BASED METHODS FOR EVALUATING ENDOTHELIAL
DYSFUNCTION

The cell-derived methods mentioned hereafter are considered as biomark-
ers for endothelial status justifying their discussion in this review. Tradi-
tional CV risk factors influence their numbers and function. Fundamental
and translational research have demonstrated that these biomarkers are
more than plain bystanders whose numbers drop or rise as a reflection of
endothelial homeostasis, but rather appear to be active players in the pro-
cess of endothelial damage and repair.

8.4.1 ENDOTHELIAL PROGENITOR CELLS

In 1997, Asahara et al, in a murine model of hind limb ischemia, described
for the first time that CD34 (a stem cell marker) positive mononuclear
cells, which were isolated from human peripheral blood, could selectively
incorporate into new capillaries in areas of ischemic injury resulting into
neovascularization of the affected limb [141]. These cells were termed
Endothelial Progenitor Cells (EPC). Since then, numerous experiments
have investigated the biological characteristics of EPC. It has become
clear that the original term EPC actually covers 3 different cell types, de-
noted as Endothelial Cell Colony Forming Unit (CFU-EC), Circulating
Angiogenic Cells (CAC), and “true” EPC. In this paper, only the latter 2
will be given further consideration, because great controversies still exist
on the origin, the proliferative potential, and the differentiation capacity
of CFU-EC [142].

True EPCs, alternatively called Endothelial Colony Forming Cells
(ECFCQ), are released upon stimulation from bone marrow into the periph-
eral circulation and can incorporate into damaged endothelium (Figure 2)
[143]. They are believed to be responsible for vasculogenesis and, as such,
most closely fulfill the criteria for an Endothelial Progenitor Cell. EPCs ap-
pear in cultures of mononuclear cells after 7-21 days, have a cobblestone
morphology, high proliferative capacity [144], and are able to form vessels
in vivo [142]. Further analysis demonstrated that these cells express CD34
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FIGURE 2: Mechanisms involved in endothelial damage and repair. Upon activation
endothelial cells express adhesion molecules (i.e.; VCAM—1 and ICAM-1), which allow
leukocytes to adhere, transmigrate, and initiate a cascade of inflammatory reactions
and the release of EMP into the circulation. With significant endothelial damage, cells
become senescent and are detached. This ultimately leads to the recruitment of CAC,
monocyte—macrophage—derived cells that contribute to vascular repair by adhering to loci
of endothelial damage, and producing angiogenic cytokines that induce the mobilization
of EPC from the bone marrow. The angiogenic cytokines produced by CAC also serve as
homing molecules with a chemotactic effect on EPC. As a consequence, EPC migrate to
damaged endothelium and eventually integrate into the endothelial cell layer. Besides being
released after endothelial activation, EMPs also contributes to endothelial homeostasis by
cytoprotective effects on endothelial cells, including reduced apoptosis. EC, Endothelial
Cell; VSMC, Vascular Smooth Muscle Cell; VCAM-1, Vascular Cell Adhesion Molecule
1; ICAM-1, InterCellular Adhesion Molecule 1; EMP, Endothelial MicroParticles; CAC,
Circulating Angiogenic Cells; EPC, Endothelial Progenitor Cells.



Assessment of Endothelial Dysfunction in Childhood Obesity 183

and Vascular Endothelial Growth Factor Receptor—2 (VEGFR-2) but not
CD133 or CD45 (a pan—leukocytic marker) [145], even not at the mRNA
level as was demonstrated by Case et al. [146].

The mechanism by which EPCs are released from the bone marrow is
not fully understood but is the result of Matrix MetalloProteinase (MMP)-9
activation [147], in a NO—dependent mechanism [148]. As a consequence,
reduced NO bioavailability not only leads to endothelial dysfunction, but
also to the impaired recruitment of EPC to the loci of damaged endothe-
lium as well, starting a vicious circle as described by Van Craenenbroeck
and Conraads [149].

The technique most commonly used to quantify EPC is flow cytom-
etry. Although this method is technically challenging due to very low
numbers of circulating EPC, it is minimally invasive (blood sample via
venipuncture) and therefore very convenient in children. Since there is no
single, specific marker to identify EPC [150], a combination of markers is
applied. Many different protocols have been developed between laborato-
ries, with, however, poor intermethod agreement [151], which may have
contributed to conflicting results in the literature. Schmidt-Lucke et al.
introduced a modified International Society of Hematotherapy and Graft
Engineering (ISHAGE) protocol for CD34+/KDR+ EPC enumeration gat-
ed on the basis of low SSC and low—to—bright CD45 fluorescence [152].
The authors concluded that it is in fact the CD45dim positive CD34+/
KDR+ PC that correlate best with clinical characteristics of the studied
patients with coronary artery disease. This protocol was presented to fa-
cilitate interlaboratory comparison and speed up EPC enumeration, yet
technical recommendations for rare event analysis were not taken into ac-
count [153].

Since mature endothelial cells have limited regenerative capacity,
EPC are necessary for endothelial repair. This notion is supported by a
mathematical model of endothelial maintenance, which predicted a criti-
cal phase of endothelial cell defects that causes serious vascular damage.
Such devastating consequences can be significantly delayed by incorpora-
tion of EPC [154]. Further in vivo evidence is provided by the fact that
lower numbers of circulating EPC predict CV events and death in adults
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[155, 156] and by data showing that human EPCs are able to form fused
vessels when implanted in immunodeficient mice [142].

Using flow cytometry it was demonstrated that EPC numbers correlate
with endothelial function in CAD patients [157], in patients with type 1
diabetes [158], in young smokers [159], and in healthy subjects [160].

Miiller—-Ehmsen J et al. noted lower numbers of EPC in obese volun-
teers compared to healthy participants, while they observed a significant
increase in EPC levels after weight loss [161]. Besides the direct ef-
fect of obesity, several other studies demonstrated reduced numbers of
EPC in patients with obesity—related comorbidities such as hypertension
[162, 163], hypercholesterolemia [164], and type II diabetes mellitus
[165, 166].

Research in obese children has shown conflicting results. To our knowl-
edge, there are only two papers comparing numbers of endothelial progen-
itor cells in obese children and lean controls. Unfortunately, each group
used different protocols and different markers to detect these cells. Jung
et al. were the first to investigate numbers of EPC in obese adolescents.
They did not find significant differences in CD34+/KDR+/CD133+—cells,
but did mention higher numbers of CD34—/KDR+CD133+—cells in over-
weight adolescents [167]. However, it has been shown that neither of these
cells give rise to EPC in culture [146].

Arnold C et al. investigated whether numbers of circulating EPC related
to physical fitness in obese children. Maximal oxygen uptake significantly
correlated with CD34+ and CD133+/CD34+ cells in this population, yet
the endothelial marker (KDR) was not assessed in this study [168].

In conclusion, studies comparing numbers of EPC between healthy
and obese children that include CD45 as a marker and correlating their
numbers to endothelial function in this specific population are not avail-
able and are eagerly awaited.

8.4.2 CIRCULATING ANGIOGENIC CELLS

Circulating Angiogenic Cells (CAC) are grown from peripheral blood
mononuclear cells after 4 to 7 days of culture in endothelial promoting me-
dia and fibronectin—coated plates. CACs have a low proliferative capacity
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and do not incorporate into endothelium, yet these cells restore damaged
endothelium in a paracrine fashion by aiding in the recruitment and prolif-
eration of, respectively, EPC and endothelial cells. CACs do not demon-
strate an endothelial phenotype [169], but are hematopoietic cells, which
closely resemble activated M2 monocytes [170]. Cell culture is the most
widely used technique to determine their numbers and allows research-
ers to further explore their physiological activity. The migratory capacity
towards Vascular Endothelial Growth Factor (VEGF) and Stromal cell—
Derived Factor (SDF)-1a is commonly quantified using 7—day—old CAC
cultures [171]. Both VEGF and SDF—-1a recruit CAC to hypoxic tissues
[172]. After an additional 3 days of culture, the supernatant can be col-
lected and analyzed for protein secretion (such as VEGF) [173], and thus
paracrine activity can be evaluated.

Numbers of CAC and their migratory capacity correlate with endothe-
lial function [174]. Obese adults have lower numbers of CAC compared
to healthy controls [175] and these cells display lower migratory capacity
and reduced secretion of angiogenic growth factors, which can be reversed
by weight loss [176]. However, results for obese children are still lacking.

NO is necessary for the migration of CAC towards VEGF [177], and
therefore reduction in eNOS activity and reduced bioavailability of NO in
obese patients could explain impaired migratory capacity of CAC in obese
patients [178].

Leptin stimulates the migratory capacity of CAC, yet CACs of obese
patients display a resistance against the leptin associated pro—angiogenic
effect, which again is reversed by weight loss. Leptin resistance has been
attributed to higher concentrations of Protein Tyrosine Phosphatase 1B
(PTP-1B), a known inhibitor of the leptin signaling cascade. Higher levels
of PTP—1B were seen in obese individuals, which returned to levels com-
parable to lean subjects after weight loss. Furthermore, blocking PTP—1B
activity pharmacologically restored responsiveness to leptin in CAC of
obese patients [176].

Adiponectin similarly enhances the migratory capacity of CAC to-
wards SDF—1a [62]. This finding has been attributed to an upregulation of
the receptor for SDF—10, C—X—C Chemokine Receptor type 4 (CXCR—4)
on CAC. Lower concentrations of adiponectin, seen in obese, could there-
fore further contribute to the functional deficit of CAC.
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8.4.3 ENDOTHELIAL MICROPARTICLES

Endothelial MicroParticles (EMP) are small particles (100nm to 1pm)
shed from the plasma membrane by endothelial cells upon damage, acti-
vation, or apoptosis [179]. These microparticles are covered with surface
antigens from the parental endothelial cell, making quantification as well
as identification of the underlying process for their generation possible us-
ing specific flow cytometry markers.

Initially, EMP were considered as indicators of endothelial disruption
[180], but their role has been redefined; instead of being mere markers,
they also appear to elicit physiological effects. On the one hand, EMP
themselves can further compromise endothelial function [181], whereas,
on the other hand, they exert beneficial effects on endothelial cell survival
and even promote endothelial regeneration [182].

Interestingly, EMP also act as vectors carrying RNA (including mi-
croRNA), DNA, and proteins to target cells [183]. Several studies have
shown that the content of EMP depends on the trigger by which their pa-
rental cells were stimulated [184, 185].

The exact mechanisms that regulate the release of EMP in vivo are
not completely understood, but involve an end in membrane phospholipid
asymmetry and the expression of phosphatidylserine on the outside of the
cell membrane, membrane budding, and eventually microparticle release.

EMPs are widely identified by their constitutive expression of CD31
(platelet endothelial cell adhesion molecule), but not CD42b. The absence
of the CD42b (platelet—specific glycoprotein Ib marker) marker is used to
avoid potential contamination with platelet microparticles that have the
same size range as EMP. EMPs are to be detected in platelet poor plasma
that was subjected to sequential centrifugation. In fact, careful attention
has to be paid to all preanalytical and analytical steps, as variables in both
phases may affect accurate microparticle enumeration and could be an
important source of variability, interlaboratory discrepancies, and artifacts
[186, 187].

Numbers of EMP are elevated in obese women and inversely corre-
late with endothelial function [188]. Van Ierssel et al. noted about 100 to
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400 EMP per pL blood in healthy volunteers [189], yet numbers may vary
depending on methods used for sample preparation and analysis.

Data on EMP in children are scarce. Siklar et al. [190] provided indirect
evidence that EMP numbers are higher in obese versus healthy children.
By using a commercially available test (STA-PROCOAG-PPL Kit (Diag-
nostica Stago SAS, France)), they measured the procoagulant activity of
phospholipids through assembly of the prothrombinase complex. Healthy
children had a significantly longer microparticle release time, which was
presumably due to a lower number of EMPs. Furthermore, Giindiiz et al.
showed that circulating vascular endothelial cadherin (CD144)+EMP are
higher in obese and overweight children than in lean controls [191], but
unfortunately, endothelial function was not assessed in this study. Further
research is necessary to investigate the potential role of EMP as a bio-
marker for endothelial damage in obese children.

8.5 PHARMACOLOGICAL AND NONPHARMACOLOGICAL
INTERVENTIONS TO RESTORE ENDOTHELIAL DAMAGE

8.5.1 WEIGHT LOSS

The ultimate goal of therapy remains improvement of long—term physical
health through permanent healthy lifestyle habits. Although weight main-
tenance is advised for younger children and a decline in BMI is achieved
through growth, weight loss remains the cornerstone of therapy for obesity
in adolescents [192].

Weight loss leads to an improvement of CV risk factors associated
with endothelial dysfunction in childhood obesity [193, 194]. Because
many studies have focused on the effect of multidisciplinary treatment
approaches, little is known about the effect of weight loss alone on endo-
thelial function in obese children. Kaufman et al. [195] studied the effect
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of a 5—month dietary intervention with a goal of a 5 to 8% decrease in
total body mass in 15 overweight children. The study group consisted of
six boys and nine girls (aged years). After the intervention, a significant
decrease in weight, body fat percentage, and BMI was observed, with a
trend towards improvement of endothelial function.

Woo et al. [196] compared the effects of weight loss alone to a com-
bined treatment arm of diet and 6 weeks of exercise training in 82 over-
weight children, 9 to 12 years of age. In this study, an improvement of
endothelial function was seen in both groups, albeit more pronounced in
the diet plus exercise group.

8.5.2 EXERCISE

Exercise training appears more effective than weight loss alone to improve
endothelial function in obese children. As little as eight weeks of exercise
training consisting of three 1-hour sessions of circuit training each week
led to a significant improvement in endothelial function, even without
weight loss in a randomized cross—over study involving 19 obese ado-
lescents [197]. Two other studies, one involving endurance training and
another applying aerobic interval training, confirmed the effect of exercise
alone on endothelial function [198, 199].

In addition to the effect on factors leading to endothelial dysfunc-
tion [200], exercise training can more directly affect endothelial function
through its effect on endothelial shear stress. Translational research using
arterial biopsies of adults demonstrated that regular exercise leads to an
upregulated expression of eNOS mRNA and higher eNOS protein and in-
creased eNOS —phosphorylation levels in endothelial cells [201].

On top of increasing NO synthesis, exercise decreases production
of ROS by reducing Nicotinamide Adenine Dinucleotide Phosphate
(NAD(P)H) oxidase activity [202] and by enhancement of antioxidant ca-
pacity [203]. In addition, elevated shear stress, as seen with regular exer-
cise training, can increase levels of BH4 [204] and thereby reduces eNOS
uncoupling.
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Exercise training has a significant effect on endothelial repair mecha-
nisms, including both EPC and CAC. In adults with metabolic syndrome,
8 weeks of exercise training led to a significant increase in repair capacity
of CAC [205]. These findings were confirmed by transplantation of hu-
man EPC into nude mice with defined carotid endothelial injury. In adults,
a multitreatment approach including physical activity restored functional
impairment of CAC [176]. In children, a program consisting of 12 weeks
of exercise training increased the percentages of CD34+, CD133+ and
CD34+/CD133+ cells and reduced carotid IMT [206]. In addition, 1 year
of exercise training led to a significant rise in CD45low/CD34+/KDR+
EPC [207].

8.5.3 PHARMACOLOGICAL INTERVENTIONS

Studies on the effect of pharmacological therapy in reversing endothelial
dysfunction in children are very scarce. Therefore, potential candidates
investigated in obese adults will be briefly discussed.

Since the withdrawal of both rimonabant and sibutramine, due the in-
creased risk of psychiatric adverse events [208] and increased CV risk
[209], respectively, orlistat a reversible blocker of lipase, is the only drug
still available to aid weight loss. A recent meta—analysis of available data
in children points out that the drug leads to 5kg weight loss and 5cm
reduction in weight circumference after at least 6 months of therapy com-
pared with placebo, but no improvement in the lipid profile nor insulin lev-
el was observed [210]. An open—label 3—month trial in adults consisting
of a calorie—restricted diet and 120 mg of orlistat could not demonstrate a
significant improvement in FMD [211].

Metformin is approved in many countries to treat insulin resistance
in obese children. Although 3 months of metformin ingestion signif-
icantly improved both endothelial function and insulin resistance in
adults with metabolic syndrome [212], adding metformin to a struc-
tured lifestyle intervention did not reverse insulin resistance in chil-
dren [213].
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8.5.4 DIETARY COMPONENTS

Dietary components have recently gained significant interest because of
their potential benefit on endothelial function and presumed prevention of
CV disease.

Adding vitamins C (500mg/d) and E (4001U/d) for 6 weeks to a pro-
gram of diet and exercise further improved endothelial function in hyper-
lipidemic children [93]. Dangardt et al. were able to show that 3 months of
omega-3 fatty acid supplementation improved vascular function in obese
adolescents [27].

Although results from several randomized controlled trials with dietary
components are quite promising, effects need to be confirmed in larger
population—based studies.

8.5.5 FUTURE RESEARCH NEEDS

As mentioned earlier in the paper, children are not just small adults and
the speed by which physiological changes occur during puberty is tre-
mendous. Puberty modulates endothelial function, and this improvement
seems to be mediated through hormonal changes. The underlying mecha-
nisms are not yet completely understood and deserve further investigation,
as it may reveal key factors capable of ameliorating endothelial function
later in life.

Further observation and perfectioning of flow cytometry and culture
techniques have made EPC enumeration even more reliable. Yet studies on
childhood and adolescent obesity that have adequately implemented these
optimized strategies are lacking. In addition, the relationship of EPC and
EMP with endothelial function also needs to be fully addressed in obese
and overweight children.

And last but not least, whereas pharmacological interventions in obese
children have been largely disappointing, inclusion of specific dietary
components has shown to be highly effective in improving endothelial
function in the short term. Further research, however, is needed to confirm
whether these beneficial effects still remain at long—term followup.
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8.6 CONCLUSIONS

Recent research has demonstrated the relevance of obesity—induced en-
dothelial dysfunction, both in adults and in children. Fundamental and
translational studies have led to significant understanding of cellular and
molecular alterations held responsible for endothelial disruption. Unfortu-
nately, research has until now mainly focused on the progression of ath-
erosclerosis in obese adults, who have been exposed to the consequences
of endothelial dysfunction during many years. Despite technical difficul-
ties and ethical concerns, the investigation of endothelial function in obese
children is a necessary step to further examine the initiation and progres-
sion of endothelial dysfunction, which is crucial to the development of
treatment strategies.

Use of novel circulating markers can further unravel the delicate bal-
ance between endothelial damage and repair that causes endothelial dys-
function in obese subjects.

Health care management should aim to avoid the catastrophic rise in
CV morbidity and mortality, which will accompany obese children into
adulthood. Therefore, multi—disciplinary prevention programs need to be
set up and tested for their clinical effect. In order to speed up advances
achieved in this domain, clinical research will largely depend on the effect
of such interventions on the so—called surrogate endpoints, such as the cor-
rection of endothelial function.
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CHAPTER 9

INSULIN SENSITIVITY, SERUM LIPIDS,
AND SYSTEMIC INFLAMMATORY
MARKERS IN SCHOOL-AGED OBESE
AND NONOBESE CHILDREN

JINKWAN KIM, RAKESH BHATTACHARJEE,
LEILA KHEIRANDISH-GOZAL, ABDELNABY KHALYFA,
OSCAR SANS CAPDEVILA, RIVA TAUMAN, and DAVID GOZAL

9.1 INTRODUCTION

Childhood obesity is a serious and progressively increasing public health
problem that has reached epidemic proportions and in the United States
disproportionately affects low—income and minority children [1-3]. Meta-
bolic and cardiovascular complications of obesity in childhood, while less
common than in adulthood, may nevertheless include insulin resistance
and type 2 diabetes. Body mass index (BMI) tracks from childhood to
adulthood and as such, overweight and obese children are at greater risk of
developing not only hypertension, metabolic, and cardiovascular diseases,
but also asthma and sleep apnea in later life [4-8].

In adults, obesity is associated with increases in systemic inflamma-
tory markers, as evidenced by studies documenting the association of BMI
and visceral obesity with circulating levels of cytokines and acute—phase
reactants [9—11]. In children, the presence of obesity also appears to be
associated with increased levels of high—sensitivity CRP (hsCRP) [12], as
well as other inflammatory mediators [13—17], that promote the develop-
ment of endothelial and metabolic dysfunction [18-21]. A recent review
on this topic [22] concluded that although there appears to be sufficient
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evidence to support the existence of an association between obesity and
increased hsCRP along with decreased adiponectin levels, the circulating
levels found in the majority of the studies published in the literature are
generally within the normative range, and could therefore underestimate
the concentrations of these mediators at the tissue level. Tam et al. further
recommended additional studies measuring IL—-6 and TNF—a, as well as
other interleukins and chemokines in young children [22].

Concurrent with such understanding of the published literature and in
agreement with the recommendations by Tam and colleagues [22], we hy-
pothesized that by examining the concentration of fasting morning plasma
inflammatory mediators obtained from community—based obese children,
we would expect to find variable expression of specific inflammatory me-
diators in this cohort that have previously been shown to increase the car-
diovascular and/or metabolic disease risk.

9.2 METHODS

9.2.1 SUBJECTS

The study was approved by the University of Louisville Human Research
Committee, and informed consent was obtained from the legal caregiv-
er of each participant. Consecutive children between the ages of 5 to 8
years attending public schools in Jefferson County, Louisville, KY, were
invited to participate in the study, after they underwent a school-based
health screening, which included height and weight measurements. Based
on such screening, children were identified when their BMI z score was
>1.65 and age— (within 3—6 months), gender—, ethnicity—, and area—of—
residence—matched children with BMI scores <1.65 were then identified
and recruited to serve as controls. Of note, all children were otherwise
healthy, were recruited from the community via the Jefferson County
Public School Health Screening Program, and were representative of the
demographic characteristics of the general population of the city of Louis-
ville (http://ksdc.louisville.edu/sdc/census2000/cityprofiles/LouisvilleDP.
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pdf). Children were excluded if they had known diabetes or prediabetes
(http://www.diabetes.org/pre—diabetes/pre—diabetes—symptoms.jsp), any
defined genetic abnormality or underlying systemic disease including hy-
pertension (as defined by a systolic or diastolic blood pressure exceed-
ing the 95th percentile for age, gender, and height using population data
obtained by the National Heart Lung and Blood Institute), or if they were
within a month from any acute infectious process.

9.2.2 ANTHROPOMETRY

To verify the school-health screening initial reports, children were weighed
using a calibrated scale to the nearest 0.1kg and height (to 0.1 cm) was
measured with a stadiometer (Holtain, Crymych, UK). Body mass index
(BMI) was calculated and BMI z—score was computed using CDC 2000
growth standards (http://www.cdc.gov/growthcharts/) and online software
(http://www.cdc.gov/epiinfo/). A BMI z score >1.65 was considered as
fulfilling the criteria for obesity.

9.2.3 BLOOD BASED ASSAYS

Fasting blood samples were drawn by venipuncture in the morning. Blood
samples were immediately centrifuged, and plasma was frozen at —80°C
until assay. Plasma insulin levels were measured using a commercially
available radioimmunoassay kit (Coat—A—Count Insulin; Diagnostic Prod-
ucts Inc). This method has a detection level of 1.2 ulU/mL and exhibits
linear behavior up to 350 ulU/mL, with intra—assay and interassay coef-
ficients of variability of 3.1% and 4.9%, respectively. Plasma glucose
level was measured using a commercial kit based on the hexokinase—glu-
cose—6—phosphate dehydrogenase method (Flex Reagent Cartridges; Dade
Behring, Newark, DE). Insulin resistance was assessed using a widely val-
idated mathematical formula, the homeostasis model assessment (HOMA)
equation (fasting insulin x fasting glucose/22.5) [23].

Plasma hsCRP levels were measured within 2-3 hours after collec-
tion using the Flex Reagent Cartridge (Date Behring, Newark, DE). This
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method has a detection level of 0.05 mg/dL and exhibits linear behavior up
to 255 mg/dL, with intra—assay and interassay coefficients of variability of
9% and 18%, respectively, for hsCRP. Serum lipids including total choles-
terol, high—density lipoprotein (HDL) cholesterol, calculated low—density
lipoprotein cholesterol (LDL), and triglycerides (TG) were also assessed
using Flex Reagent Cartridges (Dade Behring).

Plasma IL—6, IL-20, monocyte chemotactic protein (MCP), retinol—-
binding protein 4 (RBP4), and tumor necrosis factor (TNF—a) levels
were measured using commercial ELISA kits (R&D systems, Minne-
apolis, MN). Plasma apolipoprotein B (ApoB), myeloid-related protein
(MRP) 8/14, and macrophage inhibitory factor (MIF) levels were also
measured using commercial ELISA kits (ALPCO Diagnostics, Salem,
NH) following the manufacturer’s instructions. Circulating levels of
ICAM-1 and P-selectin were measured with commercially available
kits (R&D System, Abington, UK). For ICAM-1, the sensitivity was
0.35ng/mL and the intra— and interassay coefficients of variation were
2.5 and 1.8%, respectively. For P—selectin, the sensitivity was 0.5 ng/mL
and the intra— and interassay coefficients of variation were 3.6 and 6.9%,
respectively. All assays were performed in duplicate, and a calibration
curve was included in each assay.

9.2.4 STATISTICAL ANALYSIS

Data were expressed as mean + SD. Significant differences within groups
were analyzed using ANOVA followed by post-hoc tests with Bonferroni
corrections for multiple comparisons for continuous variables and chi—
square tests for categorical variables. Spearman’s correlation analyses were
conducted to examine potential associations between BMI and plasma con-
centrations of the various inflammatory mediators. Statistical analyses were
performed using SPSS software (version 16.0; SPPS Inc., Chicago, Il1.). All
P values reported are 2—tailed with statistical significance set at <.05.
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9.3 RESULTS

A total of 354 obese children and 350 age—, gender—, and ethnicity—
matched nonobese children were recruited between May 2004 and Oc-
tober 2008. The demographic characteristics of this cohort are shown in
Table 1 and are virtually identical to the published demographics of the
city of Louisville, Kentucky. It should be pointed out that not every child
could have all of the inflammatory markers assayed, as dictated by the
limited amounts of plasma, such that, the number of inflammatory marker
assays varied from one child to another.

TABLE 1: Demographic characteristics of obese and nonobese children.

Obese (BMI Z>1.65) Nonobese (BMI Z<1.65) P-value*

Age (years) 7.1£0.4 (n=354) 7.1£0.4 (n=350)

Gender (% male) 51.2 51.1

Ethnicity

White Caucasian % (n) 77.9 (n=277) 78.0 (n = 273)

African American % (n) 18.1 (n=64) 18.0 (n=63)

BMI z score 221+0.14 1.06 £0.21 <0.00001
Systolic blood pressure 1124+9.7(n=354) 107.1 £10.9 (n=350) <0.01
(mmHg)

Diastolic blood pressure 67.1£8.2 (n=354) 62.7+7.9 (n=350) <0.01
(mmHg)

Triglycerides 84.1£5.1 73.5+2.8 <0.001
HDL 425+1.8 629+ 1.8 <0.00001
VLDL 19.1+£29 14.7+0.9 <0.001
LDL 98.7+£2.9 933+1.8 <0.001
Glucose 81.3+1.8 782+ 1.7 <0.04
Insulin 149+1.7 6.7£1.0 <0.001
HOMA-IR 23+0.3 12+03 <0.001

*Statistical significance determined using ANOVA test.
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As anticipated, obese children had higher HOMA values, indicative of
insulin resistance, and also exhibited higher LDL, VLDL, and TG levels
and lower HDL concentrations compared to nonobese children (Table 1).

Obese children also had significantly higher levels of hsCRP, IL-6,
MRP 8/14, P—selectin, ICAM-1, IL-20, RBP4, MIF, and TNF-a com-
pared to nonobese children (Table 2). Only ApoB and MCP showed simi-
lar levels among the 2 groups. Among the obese children, 57% showed
one, 34% two, 19% three, and 15% four or more cardiometabolic bio-
markers with elevated plasma levels.

TABLE 2: Fasting morning plasma concentrations of inflammatory biomarkers in obese
and nonobese children.

Obese (BMI Z > 1.65) Nonobese (BMI Z < P-values*

1.65)
MRP §/14 (ug/mL) 1.5+0.9 (n = 128) 0.9+0.8 (n=176) 0.001
Apo B (mg/dL) 77.8+19.6 (n = 65) 7374163 (n=51)  0.233
MCP (pg/mL) 132.0 +29.6 (n = 77) 120.1+18.8 (n=68) 0.494
RBP4 (ng/mL) 33.4+163 (n=280) 182+ 14.0 (n=80)  0.01
IL-20 (pg/mL) 40454 (n=67) 23445 (n=44) 0.02
IL-6 (pg/mL) 1.840.9 (n=132) 1.0+ 0.6 (n = 134) 0.01
MIF (pg/mL) 188.6+103.1 (n=132)  131.7+86.4 (n=106) 0.02
hsCRP (mg/dL) 23+ 14 (n=354) 0.5+0.3 (n=350) <0.0001
TNF-a (pg/mL) 598.5+62.2 (n=172 3173422 (n=176) 0.0001
P selectin (ng/mL) 94.3+22.2 (n = 56) 37.7+129(n=90)  0.0001
ICAM-1 (ng/mL) 297.4+83.5 (n = 56) 2474+53.5(n=90)  0.0001

*Statistical significance determined using ANOVA test.

Regression analyses between each of the inflammatory markers and ac-
tual BMI or BMI z score revealed significant correlations for the majority
of these markers (Table 3). In addition, hsCRP was also significantly associ-
ated with IL-6 (r=0.35; n=145; P<0.01), MRP 8/14 (r=0.67;, n=236; P
<0.01), and with TNF—a (= 0.46; n = 122; P <0.01). Furthermore, hsCRP
was also positively correlated with ICAM—-1 (r=0.29; n=98; P <0.03) and
with RBP4 (» = 0.32; n = 80; P < 0.05). Similarly, significant correlations
emerged between RBP4, MRP 8/14, TNF—a, hsCRP, and HOMA (Table 3).
In addition MRP 8/14, IL-6, hsCRP, MIF, P-selectin, ICAM-1, and TNF—a.
levels showed significant associations with LDL/HDL (Table 3).
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TABLE 3: Correlation coefficients between BMI and BMI score and plasma levels of
several inflammatory markers in children.

BMI r—value BMI z score HOMA LDL/HDL ratio

r-value r-value r-value
MRP 8/14 (ug/mL) (n =249)  0.354* 0.375% 0.332*%  0.227*
Apo B (mg/dL) (n=116) 0.143 0.160 0.02 0.10
MCP (pg/mL) (n = 143) 0.00 0.00 0.00 0.12
RBP4 (ng/mL) (n = 160) 0.213* 0.317* 0.376*  0.09
IL-20 (pg/mL) (n=111) —0.054 —0.036 0.01 0.03
IL-6 (pg/mL) (n = 266) 0.161%* 0.177% 0.132*  0.134*
MIF (pg/mL) (n = 108) 0.043 0.02 0.110*  0.176*
hsCRP (mg/dL) (n = 704) 0.472% 0.367* 0.276*  0.365%
TNF—a (pg/mL) (n = 348) 0.298* 0.336* 0.187*  0.215*
P selectin (ng/mL) (n = 146)  0.310* 0.376* 0.087 0.387%*
ICAM-1 (ng/mL) (n =146)  0.254* 0.276* 0.104 0.413*

In parenthesis in the number of observations for which data were available,
*P < 0.05. Statistical significance determined using Spearman's correlational analysis.

9.4 DISCUSSION

This study shows that systemic inflammatory processes are activated in
otherwise asymptomatic, community—dwelling, obese, and school-age
prepubertal children. Interestingly, the degree and nature of the activation
of these inflammatory processes varied from child to child, and only a mi-
nority of obese children exhibited extensive derangements across multiple
cardiometabolic inflammatory biomarkers. Furthermore, there were sig-
nificant associations between specific subsets of the inflammatory markers
and the degree of obesity, insulin resistance, or hyperlipidemia. However,
while there was some degree of overlap among the inflammatory markers
associated with each of these variables, the more remarkable finding was
that even if a particular marker was elevated and correlated with end—or-
gan dysfunction, this did not necessarily imply that all other markers were
affected as well. The pathophysiology of end—organ morbidities that are
traditionally perceived as resulting from the long—term effects of obesity
on health has been postulated to involve low—grade activation of multiple
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pathways of inflammation. Based on the current understanding of the roles
played by these inflammatory mediators, it becomes imperative to explore
the role of genetic, environmental, and lifestyle influences on the modula-
tion of the inflammatory responses in the context of obesity, and its con-
sequences [24, 25]. Similarly, it will be critical to assess in the future the
effect of interventions such as dietary changes and physical activity on the
reversibility of these inflammatory responses and on the progression of
obesity—related morbidities [26—30].

Before we discuss any further the potential implications of our find-
ings, some technical and methodological approaches deserve comment.
We selected a wide net array of known biomarkers for both cardiovascular
and metabolic dysfunction, in an attempt to characterize the variability
and the potential associations of these markers in the context of pediatric
obesity. However, since hsCRP has been extensively used in past studies,
we aimed to include this measure in all children. We also restricted the
age range of our cohort to a narrow time span that is associated with the
initial 3 years of attendance in the public school system, a period during
which changes in eating patterns are now well described [31-34]. We also
selected our population based on a representative community sample for
the city of Louisville, Kentucky, and identified this cohort in the school
system itself, rather than using a clinical referral cohort. As such, we also
selected a closely matching nonobese child, in the same school, to control
for and all of the potential confounders that could be introduced in the
process of cohort allocation. However, neither pubertal status nor the pres-
ence of hepatic steatosis was assessed.

Globally, the findings from this study indicate the presence of a substan-
tial inflammatory burden in obese prepubertal children along with a high
risk for insulin resistance and increased serum lipids. Therefore, our study is
in close agreement with multiple other studies in children that have exam-
ined a selected number of inflammatory mediators in the context of obesity
[12, 35-46]. Of note, in a study by Nagel and colleagues, these investigators
did not find any evidence for a significant association between increased
body weight in children and ApoB levels, and our current findings are in
close concordance with such report in German children [44]. Similarly, our
findings concur with the increased plasma levels of adhesion molecules in a
pediatric overweight cohort from Mexico, suggesting evidence of endothe-
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lial dysfunction in a substantial proportion of obese children [47]. Of note,
the inflammatory markers that were presently associated with either BMI,
BMI z score, HOMA, and hypercholesterolemia varied, suggesting different
and coordinated biological roles for clusters of inflammatory modulators.
Indeed, although there was some degree of overlap among the inflammatory
markers and their respective significant associations, only a portion of the
markers were correlated with any given end—organ dysfunction.

In summary, this study clearly shows that obesity in childhood car-
ries a substantial inflammatory burden that is strongly, yet selectively,
associated with specific functional alterations, such as insulin sensitivity
or lipid homeostasis. With the emergence of multiplexed ELISA assays
that exhibit improved sensitivities, we would advocate that future com-
munity—based intervention or correlational studies on childhood obesity
[48] should explore more expansive panels of inflammatory markers along
with functional phenotypes, and should also consider incorporation of ge-
nomic variance assessments using recently developed cardiovascular or
metabolic gene—centric polymorphism arrays [49].
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CHAPTER 10

IS CHILDHOOD OBESITY
ASSOCIATED WITH BONE DENSITY
AND STRENGTH IN ADULTHOQOD?

KIRSTI UUSI-RASI, PEKKA KANNUS, MATTI PASANEN,
and HARRI SIEVANEN

10.1 INTRODUCTION

Compared to normal-weight adults, overweight and obese persons have
not only greater bone mineral density (BMD), but they lose bone at a slow-
er pace, and may even have a reduced risk of fragility fractures [1, 2]. As
regards the effect of childhood obesity on bone mass, findings are incon-
sistent [3—5]. Some studies have attributed greater bone mass to excess
body weight in the growing years [5—8] but it has also been suggested that
obese children have lower bone mass for a given weight [9-11].

In principle, the greater bone mass in obese subjects could simply be
a consequence of increased body mass. While the weight load per se can
stimulate bone formation, obese subjects also have moderate increase in
muscle mass [12, 13], which is an important determinant of bone mass
and strength [14]. In absolute terms bone mass and strength have been
shown to be greater in obese women but reduced relative to body weight
varying in proportion to lean mass, not to body weight or fat mass [15].
Interestingly, some studies have suggested that fat mass, the other major
component of body weight, may also stimulate bone accrual in growing
children, but these results have remained inconsistent showing both posi-
tive [16, 17] and negative associations [11, 13, 18].

Despite the apparent simplicity, the relationship between body weight
and bone mass and strength is not straightforward. While obesity is rep-
resented by increased body weight, and thus the mass needed to move
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during habitual activities, the incident muscular contractions, particularly
the magnitude of force, the rate of force production, and the total amount
of contractions play a more important role than body weight. Body weight
alone imposes relatively small and static load on bones (corresponding to
Earth’s gravity, G), whereas the load can be substantially amplified in dif-
ferent activities by muscle actions [19]. Theoretically, a physically active
obese individual has stronger muscles than a sedentary, similarly obese
person. Consequently, the greater muscle force would permit more bone
remodeling and thus result in increased bone mass and strength in the for-
mer. On the other hand, if an obese individual is sedentary or becomes
inactive and loses muscle mass, incident muscle forces imposed on bones
decline and osteopenia could ensue no matter how obese the individual
might be [12]. However, it is not yet known whether the influence of in-
creased body weight on bones would be stronger in childhood and persist
until adulthood.

The conventional paradigm suggests that obesity results in greater bone
mass as a consequence of greater body weight and could thus protect against
osteoporosis. In this cross—sectional study we hypothesized that those wom-
en who have been obese since childhood would show some benefit in bone
traits compared to women who have gained extra weight not earlier than
in adulthood. This hypothesis was based on observations that the period of
adolescent growth provides the window of opportunity for efficient bone
accrual [20]. In addition, we evaluated whether statistical adjusting for dif-
ferent anthropometric variables affects the results, and if so, to what extent.

10.2 METHODS

10.2.1 SUBJECTS

Sixty—two obese (BMI > 30) clinically healthy premenopausal women
with the age range of 25 to 45 years participated in the study [21]. Accord-
ing to self-reports, 12 of these women had been obese since childhood,
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and 50 had gained excess weight after maturity. None of the subjects had
evidence for any disease, prior injuries, or drug use (hormonal contracep-
tives were allowed) that would have affected their skeleton. The study pro-
tocol was approved by the Ethics Committee of The Pirkanmaa Hospital
District, Tampere, Finland, and each participant gave her written informed
consent.

10.2.2 HEALTH HISTORY QUESTIONNAIRE

Information on self—reported health, injuries, medication, diseases, diet,
nonpregnant weight at the age of 25, history of weight cycling, weight loss
attempts, menstrual status, and lifestyle factors such as current physical
activity, smoking, and consumption of alcohol was obtained with a ques-
tionnaire. The questionnaire was completed in an interview.

10.2.3 MEASUREMENTS

10.2.3.1 PHYSICAL ACTIVITY

History of physical activity was assessed in an interview, and current daily
walking steps were measured with a pedometer (Omron HL—-112-E, Om-
ron Healthcare Europe) on six days.

10.2.3.2 MUSCLE PERFORMANCE

The maximal isometric leg extension force (N/kg) was measured by a
strain gauge dynamometer at a knee angle of 110 degrees (Tamtron, Tam-
pere, Finland). The maximal take—off force (N/kg) and power (W/kg) dur-
ing a vertical counter-movement jump were measured on a force—plate
(Kistler Ergojump 1.04, Kistler Instrumente AG, Winterthur, Switzer-
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land). Functional agility (s) was evaluated by a figure—8 running test and
the grip strength of both forearms (kg) with a standard grip strength meter.

10.2.3.3 ANTHROPOMETRY AND BODY COMPQOSITION

Body height was measured to the nearest 0.1cm and body weight to the
nearest 0.1kg with a high—precision scale with the participants wearing
only their underwear. Waist circumference was measured midway between
the lowest rib and the iliac crest and hip circumference at the tip of the
greater trochanter. Body composition (fat mass and lean mass) and the an-
droid (trunk) and gynoid (hip) fat-% were assessed with dual-energy X-ray
absorptiometry (DXA, Lunar Prodigy Advance, GE Lunar, Madison, WI,
USA). In our laboratory, the in vivo precision (coefficient variation, CV%)
based on repeated scans of 27 subjects with repositioning is 1.3% for the fat
mass and 0.8% for the lean mass (Sievanen, unpublished data).

10.2.3.4 BONE MASS AND STRUCTURE

Bone mineral content (BMC, g) of the total body, BMC, and bone mineral
density (BMD, g/cm?2) of the left proximal femur and lumbar spine were
assessed with DXA (Lunar Prodigy Advance). Femoral neck structure was
assessed using the Advanced Hip Analysis (AHA) which provided data on
cross—sectional area occupied by bone mineral (CSA, mm2, an index of
bone strength against compression), section modulus (Z, mm3, an index
of bone strength against bending), and outer diameter (Width, mm). In our
laboratory, the in vivo precision is 1.4% for the total body BMC, about 1%
for the lumbar spine BMC, 1.5% for the femoral neck BMC, and about 3%
for the trochanter BMC (Sievédnen 2005, unpublished data). The in vivo
precision for CSA, Z, and Width is 2.3%, 3.8%, and 1.2%, respectively.
In addition to the DXA measurements, the left radius and tibia were
measured with pQCT (Norland/Stratec XCT 3000, Pforzheim, Germany).
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The tomographic slices were taken from the shaft and distal part of the
tibia (50% and 5% from the distal endplate of the tibia, resp.) and of the
radius (30% and 4% from the distal endplate of the radius, resp.) according
to our standard procedures [22]. For the shaft regions, the analyzed bone
traits were total cross—sectional area (ToA, mm?2), cortical density (CoD,
mg/cm3), and density—weighted polar section modulus (SSI, mm3, an in-
dex of bone strength against bending). For the distal parts of the radius
and tibia the traits were ToA, trabecular density (TrD, mg/cm3), and SSI.
In our laboratory, the in vivo precision of the pQCT traits is between 0.7%
(CoD of the tibial shaft) and 7.7% (SSI of the distal radius) [22].

10.2.3.5 STATISTICAL ANALYSES

Mean and standard deviations (SD) were used as descriptive statistics.
Between—group differences were evaluated by an analysis of covariance,
and as possible confounding factors body height, fat, and lean mass were
used as covariates. Since the body mass index (BMI) is a commonly used
covariate in the pertinent literature, the analyses were adjusted for BMI for
comparison. Linear regression analyses were used to find the predictors
for bone traits; body height, lean mass, fat mass, and childhood obesity
were included as the dichotomous variable (ObC = 0; ObA = 1) in the
regression models.

10.3 RESULTS

The group characteristics (mean, SD) are given in Table 1. The ObC—
group was on average 5.2 cm taller and compared to the ObA—group they
had 2.5kg and 3.5kg more lean and fat mass, respectively. However, dif-
ference in mean relative body fat and lean mass was small indicating simi-
lar body composition in both groups for given body height in adulthood.
As shown in Table 1, the muscle strength, functional agility, and steps/day
were similar between the two groups.
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TABLE 1: Group characteristics (SD) among women who have been obese since childhood
(ObC) and women who have become obese in adulthood.

ObC, n =12 ObA, n=50 P
Height, cm 170.0 (8.2) 164.8 (5.6) 0.053
Weight, kg 98.2 (16.6) 92.1 (14.0) 0.25
Weight at the age of 81.9 (14.9) 69.5 (8.6) 0.016
25, kg
BMI 33.8(3.4) 33.9(4.8) 0.93
Age, yrs 37.8(5.9) 40.5 (4.8) 0.17
Fat mass, kg 45.4(10.0) 41.9 (9.5) 0.29
Lean mass, kg 49.1 (8.4) 46.6 (5.5) 0.35
Fat, % 47.9 (4.5) 47.0 (4.4) 0.53
Waist circumference, 109 (15) 107 (13) 0.75
cm
Hip circumference, cm 119 (9) 117 (10) 0.55
Android fat, % 53.1(6.2) 53.0(5.0) 0.94
Gynoid fat, % 51.0 (5.4) 51.0 (5.6) 1.00
Grip strength, kg 37.4(5.2) 357 (4.4) 0.31
Time of figure-8 run,s  15.6 (1.6) 15.6 (1.4) 0.92
Isometric leg exten- 25.8(6.9) 25.9(8.2) 0.94
sion, N/kg
Jumping force, N/kg 20.2 (2.9) 21.5(3.3) 0.22
Jumping power, W/kg  31.7 (5.6) 31.5(5.5) 0.95
Steps/day 8,590 (3,486) 7,687 (2,939) 0.42

The DXA-based bone mass and strength were greater in the ObC—
group than that those in the ObA—group (Table 2). Adjusting for BMI had
practically no effect on the mean differences, whereas the adjustment for
height, fat, and lean mass affected the results, which were no more statisti-
cally significant.

Although the ObC—group tended to have greater TrD both at the distal
radius and at the distal tibia, cortical density was similar in both groups.
There was also a tendency for greater total bone cross—sectional area in
ObC—group especially in the weight—bearing tibia. However, this differ-
ence disappeared after adjusting for body height and fat and lean tissue.
In the nonweight—bearing radius, cross—sectional bone area was similar in
both groups, and adjusting for anthropometric variables did not affect the
results.
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TABLE 2: Unadjusted bone values (SD), BMI-adjusted, and height, fat, and lean mass-adjusted between—group (ObC versus ObA) mean

differences (95% CI).
ObC,n=12 ObA, n=50 unadjusted mean BMI adjusted mean Height, fat, and lean adjust-
difference, % difference, % ed mean difference, %
Total body BMC, g 3233 (536) 2904 (386) 8.4 (0.1t017.4) 11.0 (1.4 to 21.5) 3.4(4.61t012.2)
Lumbar spine BMC 80.12 (17.57) 69.30 (12.10) 14.8 (2.3 t0 28.9) 14.8 (2.2t0 29.0) 6.2 (4.8t0 18.4)
Femoral neck BMC 5.72(0.93) 5.09 (0.76) 12.1 (1.8 t0 23.3) 12.1 (1.9 t0 23.4) 6.0 (-3.2to 16.1)
Trochanter BMC 12.34 (2.84) 11.43 (2.57) 7.8 (6.4 t0 24.2) 7.9 (6.4 to 24.3) —0.7 (-13.3t0 13.9)
Femoral neck Z, mm? 776 (176) 660 (113) 16.7 (4.2 to 30.6) 16.7 (4.2 t0 30.7) 8.6 (2.0 t0 20.4)
Distal radius
TrD, mg/cm? 224.1 (35.5) 203.9 (31.1) 9.8 (-0.9t021.7) 9.8(-1.0t0 21.9) 7.9 (-3.4 t0 20.4)
ToA, mm? 277.5 (41.0) 286.0 (44.7) —2.8(-12.5t08.0) 3.0(-10.4to 18.4) —5.8(-14.7t0 4.1)
SSI, mm® 376.9 (86.0) 365.1 (74.0) 0.5(-11.5t014.2) 3.0(-10.4to 18.4) 4.0(-9.5t0 19.5)
Radial shaft
CoD, mg/cm?® 1201.6 (15.7) 1202.4 (19.5) —0.1 (-1.1to 1.0) —0.1 (-1.1to 1.0) 00(-1.1t01.2)
ToA, mm? 105.9 (12.0) 105.8 (14.3) 0.5 (-8.0t09.8) 0.7 (-7.7 to 10.0) —2.2(-10.2 to 6.6)
SSI, mm® 215.1(32.3) 215.8 (43.1) 0.5(-11.5t0 142) 0.8 (-11.2to 14.5) -3.5(-15.0t09.5)
Distal tibia
TrD, mg/cm? 254.0 (27.0) 238.0 (27.6) 6.8 (0.7 to 15.0) 6.9 (0.7 to 15.0) 54(-2.5t013.9
ToA, mm? 897.6 (112.3) 848.4 (105.4) 5.8 (-2.4t014.7) 5.9(-2.1to 14.6) 0.5(-5.8t07.1)
SSI, mm? 1523.9 (385.7) 1402.2 (288.7) 7.5 (6.6 t0 23.7) 7.6 (6.3 t0 23.6) 2.4 (-11.2t0 18.0)
Tibial shaft
CoD, mg/cm? 1145.5 (13.0) 1143.8 (22.1) 02(-1.0to 1.3) 02(-1.0t0 1.3) 0.3(-0.9to 1.6)
ToA, mm? 501.5 (41.3) 471.0(53.3) 6.8 (0.4 to 14.5) 6.9 (0.0 to 14.3) 2.6 (-3.4109.0(
SSI, mm? 2138.3 (213.6) 1931.1 (331.0) 11.8 (0.8 to 24.0) 11.9 (1.3 t0 23.8) 5.9(-3.9t016.7)
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The most significant predictors for bone traits were height and lean
mass (Tables 3, 4, and 5). Height was positively associated with bone mass
and strength at the axial skeleton, while lean mass was the strongest cor-
relate for most bone traits at the appendicular skeleton.

TABLE 3: Multiple linear regressions showing the simultaneous effects of height, lean, and
fat mass and age of weight gain on bone traits in the axial skeleton.

Axial skeleton B SE P
Total body BMC, g

Height, cm 40.7 9.4 <0.001
Fat mass, g 6.7 6.0 0.27
Lean mass, g -11.6 11.1 0.30
Age of weight gain (ObC =0; ObA=1) -119.8 121.3 0.33
Femoral neck BMC, g

Height, cm 0.046 0.019 0.019
Fat mass, g —-0.001 0.012 0.97
Lean mass, g 0.026 0.022 0.25
Age of weight gain (ObC =0; ObA=1) —-0.322 0.243 0.19
Trochanter BMC, g

Height, cm 0.151 0.063 0.021
Fat mass, g 0.003 0.040 0.95
Lean mass, g 0.063 0.074 0.40
Age of weight gain (ObC =0; ObA=1) 0.043 0.816 0.96
Lumbar spine BMC, g

Height, cm 1.15 0.31 0.001
Fat mass, g 0.042 0.198 0.83
Lean mass, g —0.14 0.37 0.71
Age of weight gain (ObC =0; ObA=1) -4.97 4.02 0.22
Femoral Neck Z, mm?

Height, cm 8.70 2.88 0.004
Fat mass, g —1.64 1.83 0.38
Lean mass, g 4.94 3.39 0.15

Age of weight gain (ObC =0; ObA=1) —63.77 37.17 0.092
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TABLE 4: Multiple linear regressions showing the simultaneous effects of height, lean,
and fat mass and age of weight gain on bone traits in the appendicular nonweight-bearing
skeleton.

Appendicular nonweight-bearing skeleton  f SE P
Distal radius TrD, mg/cm?

Height, cm 0.64 0.86 0.46
Fat mass, g 0.44 0.55 0.42
Lean mass, g -0.73 1.06 0.5
Age of weight gain (ObC = 0; ObA = 1) -16.88 11.37 0.14
Distal radius SSI, mm?

Height, cm -0.7 1.94 0.72
Fat mass, g -2.25 1.25 0.076
Lean mass, g 6.18 2.41 0.013
Age of weight gain (ObC = 0; ObA = 1) —-14.75 25.7 0.57
Distal radius ToA, mm?

Height, cm 1.57 1.05 0.14
Fat mass, g -0.58 0.67 0.39
Lean mass, g 2.96 1.3 0.026
Age of weight gain (ObC = 0; ObA = 1) 17.12 13.87 0.22
Radial shaft CoD, mg/cm?

Height, cm 0.079 0.5 0.88
Fat mass, g —0.106 0.32 0.74
Lean mass, g -0.77 0.62 0.22
Age of weight gain (ObC = 0; ObA = 1) 0.03 6.58 0.996
Radial shaft SSI, mm?

Height, cm 1.6 1.04 0.13
Fat mass, g 0.29 0.67 0.67
Lean mass ,g 1.12 1.29 0.39
Age of weight gain (ObC = 0; ObA = 1) 10.01 13.78 0.47
Radial shaft ToA, mm?

Height, cm 0.42 0.34 0.17
Fat mass, g 0.01 0.22 0.85
Lean mass, g 0.65 0.42 0.13

Age of weight gain (ObC = 0; ObA = 1) 2.79 4.51 0.54
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TABLE 5: Multiple linear regressions showing the simultaneous effects of height, lean, and
fat mass and age of weight gain on bone traits in the appendicular weight-bearing skeleton.

Appendicular weight-bearing skeleton B SE P
Distal tibia TrD, mg/cm’?

Height, cm 0.52 0.73 0.47
Fat mass, g 0.76 0.46 0.1
Lean mass, g -0.89 0.86 0.3
Age of weight gain (ObC = 0; ObA = 1) -12.76 9.39 0.18
Distal tibia SSI, mm?

Height, cm 6.04 7.75 0.44
Fat mass, g 0.56 4.93 0.91
Lean mass, g 14.49 9.11 0.12
Age of weight gain (ObC = 0; ObA=1) -52.17 99.95 0.6
Distal tibia ToA, mm?

Height, cm 5.24 2.12 0.016
Fat mass, g —1.64 1.35 0.23
Lean mass, g 9.26 2.49 <0.001
Age of weight gain (ObC = 0; ObA = 1) —4.43 27.31 0.87
Tibial shaft CoD, mg/cm?

Height, cm 0.026 0.549 0.96
Fat mass, g 0.11 0.35 0.76
Lean mass, g -0.87 0.65 0.19
Age of weight gain (ObC = 0; ObA = 1) -3.38 7.08 0.64
Tibial shaft SSI, mm?

Height, cm 10.47 7.23 0.15
Fat mass, g 2.77 4.6 0.55
Lean mass ,g 16.4 8.5 0.059
Age of weight gain (ObC = 0; ObA = 1) —-102.09 93.25 0.28
Tibial shaft ToA, mm?

Height, cm 1.75 1.09 0.11
Fat mass, g 0.06 0.69 0.93
Lean mass, g 3.93 1.28 0.003
Age of weight gain (ObC = 0; ObA = 1) -11.33 14.02 0.42
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10.4 DISCUSSION

According to our findings, women who had been obese since childhood
were taller than women who had gained weight in adulthood. Obese chil-
dren tend to be tall for their age and advanced in sexual and skeletal de-
velopment, but not necessarily in terms of adult height, which was found
in the present study. Since body size is strongly associated with bone mass
and strength, and taller people have more massive skeleton than their
smaller counterparts, body height and weight, or their aggregate measure
BMI, are commonly used in literature as covariates to statistically control
for the between—group differences in anthropometric variables. Besides
the conventional variables, we measured both fat and lean tissue (the main
components of body weight) in this study, and both of these variables were
used as covariates instead of pure body weight. According to our findings,
body height is a much stronger predictor of bone mass and strength than
body weight, while lean mass turned out to be a stronger predictor for
pQCT-assessed appendicular bone traits than height.

Taller persons usually have bigger bone cross—sections, and in line
with this notion the total CSA of the weight-bearing tibia was greater in
the ObC group than in the ObA group. In this respect, it is recalled that
BMI (by definition = weight /height* in meters) does not totally correct
differences in body size, which was also shown by our results. Thus we
argue that BMI is not an appropriate variable in adjusting for different
body sizes. In general, we found that BMI-adjusted DXA— and pQCT
traits were similar to unadjusted crude differences. However, after adjust-
ing for body height, lean, and fat mass the mean differences declined and
were no statistically significant. With regard to bone traits which are basi-
cally size-independent, such as cortical density, the adjustment did not
affect the results. To sum up, if it is not possible to separate lean, and fat
mass from each other, use of total body weight, in addition to height, better
takes into account the differences in body size than BMI, and the former
approach is recommended.
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Increased biomechanical loading of the skeleton due to increased body
weight and increased lean mass (muscle forces) may contribute to great-
er bone mass and size. Obese persons (both children and adults) have to
move greater body mass in habitual physical activity compared to the per-
sons with normal body weight, which implies greater loading on bones
provided that the intensity and the amount of exercise are similar. Some
previous DXA-based studies, but not all, have shown that obese children
have normal or increased bone mass relative to healthy weight peers [4, 6].
In contrast, Goulding et al. found decreased bone mass in obese children
relative to bone size and body weight [9]. Also a Canadian cohort showed
that the greater bone strength in obese children was appropriate for their
lean mass, not their fat mass [8]. In a recently published pQCT—study the
obese children had similar cortical density but greater radial and trabecular
density than normal weight children [7], which gives support to our find-
ing. Some previous studies have also suggested that fat mass may modu-
late periosteal bone growth in childhood [16, 23], but we did not find such
associations in adulthood, the weak correlation with the bone strength in-
dex at the distal radius excluded.

Due to cross—sectional study design, we cannot definitely say whether
the ObC and ObA groups differed essentially in their habits of physical
activity in childhood (commuting to school, playing, and related activi-
ties). However, at the time of the study the participants were 40 years old
on average, which means that when they were school kids in 1970s, a
decade when children in Finland commonly walked or cycled to school,
played outdoor games, spent less time watching TV, and had no internet
games or computers. This being the apparent case, their bones received
versatile dynamic loading in childhood and thus an adequate mechanical
stimulus. In contrast, it is well possible that when the present—day children
are grown—up, the situation is different. Nowadays children are more and
more transported to school by car or bus, and instead of playing outdoor
games, they are engaged in computer games or internet in their leisure ac-
tivities. The obesity epidemic is associated with sedentary life style, which
means substantially less dynamic loading on bones and most likely more
fragile bone in adulthood.
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Similarly we can only speculate about hormonal effects on bone devel-
opment in childhood and adolescence. However, extra weight in the form
of fat mass, besides its potential mechanical influence on bones [12, 14],
may increase production of many hormones, such as estrogen, leptin, and
insulin [13, 24]. Adipose tissue is known to express aromatase enzymes
that convert steroid precursors to estrogen, which has been reported to
stimulate and suppress periosteal bone growth in childhood [25]. Obese
children may enter puberty earlier than normal-weight children, and they
also achieve similar estradiol levels and bone ages at significantly ear-
lier chronological ages than nonobese children [26, 27]. Hormonal actions
may thereby potentially contribute to the increased linear growth and skel-
etal mass observed in childhood obesity [28]. Further studies are, how-
ever, needed to elucidate effects of adipose tissue and adipose—modulated
hormones on adult bone mass and strength.

The strength of this study was the use of pQCT besides the conven-
tional DXA, which allowed not only the differentiation of trabecular and
cortical bone but also information on bone geometry. In addition, bone
traits both at the weight—bearing tibia and nonweight-bearing radius were
evaluated, and the muscle performance of the subjects was assessed. This
study also had limitations the most important being the small sample size.
Only twelve women reported that they had been obese since childhood.
Obviously this rendered the study underpowered to statistically uncover
meaningful differences, such as the properly adjusted 5 to 8% differences
in trabecular density. Second, our study group represented a convenience
sample and focused only on premenopausal women. Third, the analyses
were based on a self-reported retrospective data, and we do not have ex-
act body weight data from childhood over the adolescent period. Fourth,
the ObC group was about 5 cm taller, which may be just a coincidence.
Childhood obesity has been shown to be associated with greater height—
for-age, advanced maturation for age, and greater lean mass for height,
although the advantage in growth gradually decreases and probably does
not account for taller height in adulthood [4]. It is, however, recalled that
the difference in body height was statistically controlled for and it did not
affect the present conclusions.
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In conclusion, childhood obesity seemed to be slightly associated with
denser trabecular bone in adulthood in both weight-bearing and non-
weight-bearing bones among obese premenopausal women, but not with
cortical density, neither was childhood obesity associated with total cross—
sectional bone area. It is recalled that the study sample was small and
the between—group mean differences did not reach statistical significance.
Nevertheless, the results bring up an interesting question, whether child-
hood obesity can result in denser trabecular bone in adulthood. Finally, in
this kind of research attention must be paid on proper adjustment of the
data.
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CHAPTER 11

OVERWEIGHT, OBESITY AND
UNDERWEIGHT IS ASSOCIATED
WITH ADVERSE PSYCHOSOCIAL
AND PHYSICAL HEALTH OUTCOMES
AMONG 7-YEAR-OLD CHILDREN:
THE ‘BE ACTIVE, EAT RIGHT” STUDY

AMY VAN GRIEKEN, CARRY M. RENDERS, ANNE I. WIJTZES,
REMY A. HIRASING, and HEIN RAAT

11.1 INTRODUCTION

The prevalence of overweight and obesity is increasing worldwide and
has become a public health challenge [1]. The tracking of childhood over-
weight and associated health consequences into adulthood is of concern
[2], [3], [4]. Several serious physical conditions are associated with over-
weight and, especially obesity, among children including asthma, sleep
problems, cardiovascular diseases and type—2 diabetes [4], [5]. Also psy-
chosocial conditions such as lower self—esteem, depressive feelings and
body dissatisfaction [6], [7], [8], [9], [10], [11], [12], [13] are associated
with overweight or obesity in childhood and adolescence.

A decrease in self—esteem or more depressive symptoms may be caused
by weight-related teasing or bullying that may start in childhood and con-
tinue into adolescence [10], [11], [13], [14], [15], [16], [17]. Children can
experience different types and varying amounts of weight-related teasing
[6], [8], [10], [12], [15], [16], [17], [18]. For example, teasing may be
peer—related or parent-related and may be daily or sporadic. Moreover,
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girls and boys report differences in the type and amount of teasing they
experience [11].

Most studies have evaluated psychosocial outcomes of overweight and
obesity in adolescents and older children (7-12 years) [10], [11], [13],
[14], [15], [16], [17] whereas few have evaluated the association between
overweight and health outcomes in younger children aged e.g. 5-8 years
[18], [19], [20]. Studying the association among younger children, and
evaluating changes in weight and potential changes in health outcomes
with longitudinal studies, may help to develop appropriate (preventive)
interventions for children and parents to deal with both overweight and
associated psychosocial/physical consequences.

Similarly, the association between underweight and health outcomes
has rarely been assessed, and seldom among younger underweight children
[2], [4], [7]. Moreover, ambiguous results are reported on young under-
weight children and the associations with health outcomes. For example,
one study reported decreases in physical health for underweight children
compared to normal weight or obese children [4] whereas another reported
diminishing associations after controlling for confounding variables [7].

This study aimed to evaluate two questions 1) what are the associations
between childhood underweight, overweight and obesity at age 5 years
and physical and psychosocial health outcomes at age 7 years, and 2) what
is the association between change in body mass index (BMI) measured at
age 5 and 7 years and health outcomes at age 7 years.

11.2 METHODS

11.2.1 STUDY DESIGN

In order to answer both study questions two types of study design were
used. For the first study question a prospective design was used, inves-
tigating the association between determinants at age 5 years and parent—
reported health outcome at age 7 years. For the second study question
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longitudinal data, obtained at age 5 and age 7, was summarized into one
variable defining weight trajectories at age 7 years. Subsequently, a cross—
sectional design was used to study the association between weight trajec-
tories and health outcomes both at the age of 7 years. Data to evaluate the
study questions originated from the ‘Be active, eat right’ study.

11.2.2 STUDY POPULATION

Data was obtained from the ‘Be active, eat right’ study, a cluster random-
ized controlled trial which aims to assess the effects of an overweight
prevention protocol, described in detail elsewhere [21]. The Medical Eth-
ics Committee of Erasmus MC University Medical Center Rotterdam ap-
proved the study protocol (reference number MEC-2007-163). A total of
13,638 parents visiting one of the 44 participating youth health care (YHC)
centers for their 5—year—old child’s regular preventive health visit between
2007 and 2008 were invited to participate in the study. Of the parents who
were present at their child’s health visit, 64.4% provided informed consent
(n = 8,784) and 98.9% (n = 8,683) returned a first questionnaire. At 2—
year follow—up a questionnaire was distributed among all parents that had
given informed consent, for which the response rate was 62.9%.

For this specific study we excluded study participants that were al-
located to the intervention condition (n = 4,842) to prevent interference
of the intervention with regard to the associations under study. Records
with missing data on child height, weight, gender and age at baseline (n
= 30) were excluded. In addition, records with missing data for all of the
outcomes of interest (n = 1,540) were excluded; these are records from
parents that did not return the questionnaire at 2—year follow—up which
included the health outcome measures.

Two study populations were created. The first study question, was
answered using the population of n = 2,372 children that remained af-
ter excluding abovementioned missing data. To evaluate the second study
question children with missing data on height, weight, age and gender at
age 7 years were additionally excluded; a study population of n = 1,995
remained for the analysis.
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11.2.3 WEIGHT STATUS OF THE CHILD

During the regular preventive health visit, each child’s weight, height and
waist circumference was measured by YHC professionals using standard-
ized methods [22]. At 2—year follow—up, research assistants measured
child height and weight according to the same methods. BMI was calcu-
lated by the researchers as weight in kilograms divided by height in meters
squared. Children were categorized into one out of four weight categories
according to their age— and gender—specific BMI: underweight, normal
weight, overweight (not obesity) and obesity [23], [24].

Children were categorized in weight trajectories to describe changes
in weight status. Based on the child’s age— and gender—specific catego-
rization at 5—years and 7—years, children were allocated to one of four
trajectories (n = 1,995): low—stable, increasing, high—stable and decreas-
ing. The first trajectory (low—stable) consisted of children maintaining
a categorization of normal or underweight BMI, and children moving
from the underweight category to the normal weight category or vice
versa (n = 1,732). The second trajectory (increasing) consisted of chil-
dren changing from a normal weight or overweight BMI categorization
to the overweight or obesity BMI category (n = 115). The third trajectory
(high stable) consisted of children maintaining the categorization of an
overweight or obesity BMI (n = 103). The final trajectory (decreasing)
consisted of children changing from an obesity or overweight BMI cate-
gory to an overweight or normal weight BMI category (n = 45). Children
changing from an underweight to an overweight or obese BMI category
or vice versa were excluded (n=1).

11.2.4 HEALTH OUTCOMES

Data on children’s health outcomes (age 7 years) were obtained by ques-
tionnaires completed by parents. Table 1 presents the items assessing the
indicators of psychosocial health outcomes. The items measuring psycho-
social health outcomes were based on existing studies and developed by
the researchers to fit the population under study [25], [26], [27].
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TABLE 1: Overview of items providing an indication of psychosocial health.

Item name Question/assessment Scoring

Happiness How often, in the past four weeks, was your child 1= always to 5 =never
happy?

Insecurity I sometimes feel that my child feels insecure due 1 = totally disagree to
to his/her weight 5 = totally agree

Adverse treatment I sometimes feel that my child is treated adversely 1 = totally disagree to
due to his/her weight (for example, being teased, 5 = totally agree
left behind, or ignored)

Parental concern Sometimes, I am concerned about my child's 1 = totally disagree to
weight and the consequences thereof for his/her 5 = totally agree
health

Parents were invited to fill in the number of visits to the general practi-
tioner (GP) due to issues with the child’s weight in the past two years, which
was categorized as none versus one or more visits. The presence of common
health conditions was assessed by the item: “Does your child have one of
the following conditions?”. Parents could choose ‘yes’ or ‘no’ to each of
the following conditions: hearing difficulties, seeing difficulties, abdominal
pain, headaches or migraine, allergies, and eczema. The presence of asthma
symptoms was assessed with the wheezing and dyspnea questions from the
International Study of Asthma and Allergies in Childhood (ISAAC) ques-
tionnaire [28]: “Has your child suffered from wheezing or a whistling noise
in the chest/shortness of breath or breathlessness in the past 12 months?”
and “How often in the past 12 months has your child suffered from wheez-
ing or a whistling noise in the chest/shortness of breath or breathlessness?”
Answers were dichotomized into ‘symptoms’ versus ‘no symptoms’.

Health-related quality of life of the child was assessed with the Gen-
eral Health scale from the Child Health Questionnaire Parent Form 28
(CHQ-PF28) [29]. The General Health scale was dichotomized [mean:
86.40 (sd: 15.43)] into low scoring (<71.97) or average to high scoring
(=71.97).

11.2.5 CHILD AND MATERNAL CHARACTERISTICS

Information on child gender, age (years) and ethnic background (Dutch,
non—Dutch) was obtained at enrolment. Child ethnicity was determined by
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the parents’ country of birth: if both parents were born in the Netherlands
the child was classified as ‘Dutch’, otherwise the child was classified as
‘non—Dutch’ [30].

In our study sample most of the questionnaires were completed by
mothers (90.3%). Information on maternal age (years), height (meters),
weight (kilograms), country of birth (the Netherlands, other) and educa-
tional level was obtained at enrolment. Maternal BMI was calculated as
weight in kilograms divided by height in meters squared. Maternal level
of education consisted of four levels: low (no education, primary school,
or <3 years of general secondary school), mid—low (>3 years of general
secondary school), mid—high (higher vocational training, undergraduate
programs, or bachelor's degree), and high (higher academic education)
[31].

11.2.6 ANALYSES

Normal weight, overweight, obese and underweight children were com-
pared with regard to baseline child (gender, age, ethnic background, BMI)
and maternal characteristics (age, country of birth, education level and
BMI) by means of one—way analysis of variance and chi—square tests.

The non—normal distribution of the data required ordinal regression
analyses to be performed for the items on happiness, insecurity, adverse
treatment and parental concern. Logistic regression models were fitted for
all other health outcomes: GP visits, ISAAC items, health conditions, and
general health.

For both study questions regression models were fitted. First a model
with with BMI in categories at age 5 years as independent variable was fit-
ted; secondly a model with weight trajectories as independent variable was
fitted. Underweight, overweight and obese children were compared with
normal weight children (reference category) and the high—stable, increas-
ing and decreasing weight trajectories were compared with the low—stable
weight trajectory (reference category). All regression models were cor-
rected for potential confounding variables gender, ethnic background of
the child and education level of the mother [12].

The ordinal regression model provides the estimated odds ratio (OR)
with 95% confidence interval (95%CI) for having a higher score on the
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outcome variable, if the independent variable would increase with one unit.
An OR is estimated for each category of the independent variable compared
to the reference category; the model assumes that all other factors stay con-
stant. Tests of parallel lines were performed to check the use of the ordinal
regression model. A multinomial regression model was fitted when the par-
allel lines test was significant; coefficients of the ordinal and multinomial re-
gression models were compared. All ordinal regression models coefficients
were in line with the coefficients of the multinomial models.

Effect modification was explored for gender, ethnic background and ma-
ternal education level: an interaction term with weight category was added
to the above— described models [12]. Interaction terms were evaluated at
p<0.10. Wardle et al. [12] recommended presenting results stratified.

Demographic characteristics of mothers (age, country of birth, educa-
tion level and BMI) with missing data on the outcomes (n = 1,540) were
compared with characteristics of mothers with no missing data (n =2,372)
by means of descriptive statistics.

Analyses were performed using SPSS version 20.0 for Windows (In-
ternational Business Machines (IBM) Corp., SPSS statistics, version 20.0,
Armonk, New York, USA).

11.3 RESULTS

The mean age of the included children was 5.8 (sd: 0.4) years, 50.0% were
boys and 89.9% were Dutch (Table 2). There was a significant difference
in the distribution of boys (p<0.001) and non—Dutch children (p<0.001)
across the weight categories; more girls were categorized having over-
weight and more non—Dutch children were categorized as having obesity.
Table S1 (available in the supplemental material) presents the baseline
distribution of health conditions. Compared to mothers with no missing
outcome data, the mothers of children with missing outcome data were
younger [mean: 35.6 (sd: 4.6) years vs. 36.7 (sd: 4.2) years; p<0.001],
more often non—Dutch (56.1% vs. 37.4%; p<0.05), less often higher edu-
cated (32.5% vs. 67.5%, p<0.001) and had a higher BMI [mean: 24.0 (sd:
4.4) vs. 23.7 (sd: 3.7); p<0.01].
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TABLE 2: General characteristics of the study population, stratified by children’s weight

status (n =2372).

Total Under— Normal Overweight' Obesity'  p-val-
(n=2732) weight! weight* (n =148) (n=39) ue*
(m=355) (n=1830)
Child characterisics
Age in years, mean 5.8 (0.4) 5.8(0.4) 5.7(0.4) 5.8(0.4) 5.8(0.6) 0.396
(SD) [missing n=0]
Gender, % boys 50.0 47.9 51.5 37.2 43.6 0.005
[missing n = 0]
Ethic background, 89.9 89.2 90.6 87.8 68.4 <0.001
% Dutch
[missing n= 34]
BMI, mean (SD) 154 (1.5) 13.4(0.5) 154(0.9) 18.2 (0.7) 21.1(1.2) <0.001
[missing n=0]
Characteristics of
the mother
Age in years, mean  36.7 (4.2) 36.6(4.1) 36.7(42) 36.8(44) 37.6(5.7) 0.581
(SD)
[missing n =251]
Born in the Nether-  92.9 93.0 93.6 88.5 74.4 <0.001
lands, % yes
[missing n =2]
Educational level
[missing n =6]
% low 3.0 2.0 3.1 3.4 5.1 0.050
% mid-low 16.7 17.2 16.0 20.9 28.2
% mid-high 45.6 454 452 52.0 46.2
% high 34.7 355 35.8 23.6 20.5
BMI mean (SD) 23.7(3.7) 23.0(3.9) 23.6(3.5 24.8(4.5) 27.9(5.6) <0.001

[missing n = 64]

tCategories based on international age— and gender—specific BMI cut—off values.

*p—value from Chi—square tests for categorical variables and ANOVA for continuous

variables, comparing general characteristics across weight categories.

11.3.1 ASSOCIATIONS BETWEEN UNDERWEIGHT,
OVERWEIGHT OR OBESITY AT AGE 5 YEARS AND HEALTH

OUTCOMES AT AGE 7 YEARS

Table 3 presents the results of the regressions analysis predicting health
outcomes at age 7 years with BMI at age 5 years as independent variable.
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TABLE 3: Health outcomes at age 7 years, predicted by BMI status at age 5 years.

Underweight Normal  Overweight  Obesity (n = 39)*
(n = 355)¢ weight (n = 148)*
(n=1830)
t
n OR (95% CI) OR OR (95% CI)  OR (95% CI)
(95% CI)
One or more visits to 2316 2.64 1.00 341 13.39
GP (yes)! (1.37; 5.00)" (1.51;7.69)  (5.43; 33.03)"™"
Respiratory symptoms 2328 1.25 1.00 1.57 2.40
(yes)-wheezing' (0.79; 1.99) (0.84;2.94) (0.91; 6.36)
Respiratory symptoms 2322 1.06 1.00 0.96 1.74
(yes)—dyspnea! (0.67; 1.67) (0.47; 1.93) (0.60; 5.04)
Hearing difficulties 2301 1.14 1.00 1.14 1.18
(yes)! (0.73; 1.78) (0.60; 2.17) (0.35; 3.94)
Seeing difficulties 2295 1.32 1.00 1.63 4.48
(yes)! (0.53; 3.26) (0.48; 5.54) (0.99; 20.34)
Abdominal pain (yes)! 2298 1.44 1.00 1.00 1.00
(1.02; 2.03)* (0.57; 1.76) (0.35; 2.89)
Headaches or mi- 2296 1.25 1.00 1.51 1.40
graines (yes)' (0.57,2.74) (0.52; 4.35) (0.18; 10.71)
Allergies (yes)' 2301 1.81 1.00 1.22 1.07
(1.32; 2.49)™ (0.71; 2.07) (0.37; 3.08)
Eczema (yes)' 2292 0.65 1.00 1.15 0.72
(0.42; 1.00) (0.68; 1.97) (0.22; 2.38)
Lower score on general 2333 1.47 1.00 1.31 2.60
health! (1.12; 1.94)" (0.87; 1.98) (1.32;5.13)"
Lower score on hap- 2306 0.99 1.00 1.21 0.80
piness? (0.77; 1.26) (0.84; 1.75) (0.41; 1.55)
Higher score on feeling 2330 1.12 1.00 6.37 ( 23.81
insecure? (0.85; 1.47) 4.62; 8.78)""  (13.05; 43.42)""
Higher score on ad- 2329 1.39 1.00 5.70 35.34
verse treatment? (1.05; 1.84)* (4.10; 7.92)"  (19.16;65.17)""
Parental concern’ 2331 1.84 1.00 7.22 26.10
(1.48; 2.30)"" (5.31; 9.87)"" (14.21; 47.94)"""

1 Odds ratio (OR) and 95% confidence interval (95% CI) from logistic regression analysis.
2 Odds ratio (OR) and 95% confidence interval (95% CI from ordinal regression analysis.
‘Categories based on international age— and gender—specific BMI cut—off values. Note:
all models are corrected for confounding by gender and ethnic background of the child
and education level of the mother. Numbers printed in bold represent significant OR and
asterisks represent significance level:

*<0.05.

**<0.01

**%p<0.001
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The OR for visiting the GP once or more was 2.64 (95% CI: 1.37 to
5.00) for underweight children. Compared to normal weight children, un-
derweight children had an OR of 1.39 (95% CI: 1.05 to 1.84) for being
treated adversely according to their parents. Their parents had an OR of
1.84 (95% CI: 1.48 to 2.30) for being concerned (Table 3).

For overweight children the OR for visiting the GP once or more was
3.41 (95% CI: 1.51 to 7.69). Compared to normal weight children, over-
weight children had an OR of 6.37 (95% CI: 4.62 to 8.78) for feeling
insecure and 5.70 (95% CI: 4.10 to 7.92) for being treated adversely, as
reported by their parents. Compared to normal weight children, the OR for
parental concern was 7.22 (95% CI: 5.31 to 9.87) for overweight children
(Table 3).

The OR for visiting the GP once or more was 13.39 (95% CI: 5.43 to
33.03) for obese children. Compared to the reports of parents of normal
weight children, obese children had an OR of 35.34 (95% CI: 19.16 to
65.17) for being treated adversely. Compared to normal weight children,
the OR was 26.10 (95% CI: 14.21 to 47.94) for parental concern about
obese children (Table 3).

11.3.2 ASSOCIATIONS BETWEEN WEIGHT TRAJECTORIES
AND HEALTH OUTCOMES AT AGE 7 YEARS

Table 4 presents the results for the regression model predicting health out-
comes at age 7 years using the weight trajectories as independent variable.

Compared to children with a low stable weight, parents of children
with an increasing weight trajectory reported significantly higher ORs for
their child feeling insecure (OR: 5.61, 95% CI: 3.88 to 8.11) and being
treated adversely (OR: 4.72, 95% CI: 3.23 to 6.90). Compared to parents
of children with a low stable BMI, parents of children with an increasing
weight trajectory reported a higher OR for concern (OR: 5.55, 95% CI:
3.91 to 7.89) (Table 4).

Compared to children with a low stable trajectory, children with a
high—stable weight trajectory had a significantly higher OR for visiting the
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TABLE 4: Health outcomes at age 7 years, predicted by weight trajectory between the age

of 5 and 7 years.

Low stable Increasing High stable Decreasing
(n=1732) (n=115) (n=103) (n=45)
n OR (95% CI) OR OR (95% CI) OR (95% CI)
(95% CI)
One or more visits to 1951 1.00 0.88 3.87 1.86
GP (yes)' (0.21; 3.74) (1.75; 8.54)™ (0.42; 8.17)
Respiratory symptoms 1959  1.00 0.88 1.93 0.78
(yes)-wheezing' (0.38;2.07) (0.99; 3.76) (0.19; 3.27)
Respiratory symptoms 1953 1.00 0.37 0.99 0.65
(yes)—dyspnea' (0.11; 1.17) (0.45; 2.20) (0.16; 2.73)
Hearing difficulties 1939 1.00 1.67 1.52 0.32
(yes)' (0.89; 3.15) (0.77; 3.04) (0.04; 2.33)
Seeing difficulties 1934 1.00 0.00 2.56 1.86
(yes)' (0.00; -) (0.74; 1.99) (0.29; 14.21)
Abdominal pain (yes)'! 1937 1.00 1.07 1.06 0.81
(0.58; 1.95) (0.56; 1.99) (0.29; 2.31)
Headaches or mi- 1935 1.00 1.46 2.23 1.26
graines (yes)' (0.44; 4.88) (0.76; 6.54) (0.11; 9.49)
Allergies (yes)' 1940 1.00 1.05 1.24 0.84
(0.58; 1.92) (0.68; 2.28) (0.30; 2.39)
Eczema (yes)' 1935 1.00 0.99 0.98 1.57
(0.52; 1.89) (0.50; 1.94) (0.68; 3.59)
Lower score on general 1964 1.00 1.09 1.28 1.14
health! (0.52;2.29) (0.79; 2.07) (0.71; 1.84)
Lower score on hap- 1940 1.00 1.10 1.19 0.76
piness’ (0.73; 1.67) (0.76; 1.85) (0.41; 1.40)
Higher score on feeling 1961 1.00 5.61 16.35 4.38
insecure? (3.88; 8.11)™  (11.08; 24.36)"" (2.48; 7.73)""
Higher score on ad- 1961 1.00 4.72 15.94 2.82
verse treatment? (3.23; 6.90)"" (10.75;23.64)""  (1.53;5.20)""
Parental concern’ 1963 1.00 5.55 14.54 3.61

(3.91; 7.89)"™

(9.91; 21.33)™

(2.10; 6.18)"™

1 Odds ratio (OR) and 95% confidence interval (95% CI) from logistic regression analysis.
2 Odds ratio (OR) and 95% confidence interval (95%ClI) from ordinal regression analysis
Note: all models are corrected for confounding by gender and ethnic background of the
child and education level of the mother. Numbers printed in bold represent significant OR
and asterisks represent significance level:

*»<0.05
**p<0.01
***p<0.001



248 Childhood Obesity: Prevalence, Pathophysiology, and Prevention

GP once or more (OR: 3.87, 95% CI: 1.75 to 8.54). Children with a high
stable weight trajectory had higher ORs for feeling insecure (OR: 16.35,
95% CI: 11.08 to 24.36) and being treated adversely (OR: 15.94, 95% CI:
10.75 to 23.64), according to their parents. Compared to children with a
low stable weight trajectory, parents of children with a high—stable weight
trajectory showed a higher OR for parental concern (OR: 14.54, 95% CI:
9.91 to 21.33) (Table 4).

Compared to parents of children with a low stable weight trajectory,
parents of children with a decreasing weight trajectory reported their child
having a higher OR for feeling insecure (OR: 4.38, 95% CI: 2.48 to 7.73)
and being treated adversely (OR: 2.82, 95% CI: 1.53 to 5.20). Compared
to low stable weight children, parents of children with a decreasing weight
reported more concern (OR: 3.61; 95% CI: 2.10 to 6.18) (Table 4).

11.4 DISCUSSION

This study first prospectively evaluated the association between the weight
status of children aged 5 years and parent—reported health outcomes at
age 7 years. The study shows that overweight and obese children visit the
GP more often; there was no indication that overweight or obese children
have more physical health conditions such as asthma symptoms or aller-
gies. According to their parents, overweight and obese children experience
more insecurity and are more often being treated adversely. Underweight
children also appeared to experience more adverse treatment and lower
general health. Parents of both underweight and overweight or obese chil-
dren reported more concern about their child’s weight compared to parents
of normal weight children.

Secondly this study evaluated the association of weight status tra-
jectory, based on the weight status of the child at age 5 years and at
age 7 years, with parent-reported health outcomes at child age 7 years.
Overweight or obesity at 5 and 7 years of age was associated with more
insecurity and adverse treatment compared to children with a normal
weight at both ages.
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11.4.1 ASSOCIATIONS BETWEEN OVERWEIGHT AND
OBESITY, AND HEALTH OUTCOMES

According to their parents, overweight and obese children had a higher
risk of feeling insecure or being treated adversely due to their weight.
This concurs with other studies on children of a similar age (5-9 years)
[18],[19], [20]. For example, one study that also evaluated the association
between weight status and wellbeing in a longitudinal sample of general
population children (but did not report on adverse treatment experienced
by children), reported significantly higher odds for 4-5 year old over-
weight/obese children to have emotional and peer problems at age 8-9
years [19].

Parents of children with overweight and obesity reported more concern
with regard to their child’s weight. Although our study did not indicate
that overweight and obese children experience more health conditions
(e.g. asthma symptoms, allergies), several health conditions are reported
to be potentially associated with overweight and obesity (e.g. type 2 diabe-
tes, sleep problems) [32]. Hypothetically, parents and children may have
visited the GP for conditions unmeasured in the current study. Also, the
smaller number of children with specific conditions may have created a
lack of power to detect an effect of weight status in the current study.
Nevertheless, other researchers have reported that parents are more aware
and likely to identify the overweight of their 6—year—old child, compared
to parents with younger children, and therefore concern with regard to the
child’s weight may have increased among these parents [33].

11.4.2 ASSOCIATIONS BETWEEN UNDERWEIGHT AND
HEALTH OUTCOMES

Underweight children had slightly higher odds for being treated adversely
compared to normal weight children. Two studies reported that adverse
treatment was associated with both underweight and overweight [13] [15].
Although their results indicate that the odds for experiencing adverse
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treatment are much greater for overweight/obese children compared to
the odds for underweight children, future studies will need to include un-
derweight as a separate subgroup to further explore the associations with
health outcomes.

Parents of underweight children reported slightly higher odds for high-
er levels of concern compared to parents of normal weight children. Also,
a higher frequency of GP visits and lower scoring on the general health
scale of the Child Health Questionnaire at age 7 years was observed. Hy-
pothetically, underweight children may be more prone to seasonal diseases
(such as influenza or a cold) which may partly explain the increased risk
for visits to the GP and the overall lower scores on general health.

Although we observed some interesting associations between under-
weight in children and parent-reported health outcomes, these associa-
tions are to be interpreted with caution. We, for example, did not measure
whether these children had specific diseases during preschool. Because
children with relative underweight may develop a normal weight when
they grow older [34], longitudinal data needs to provide more insight in
weight patterns of these children. Health care practitioners may be atten-
tive to health problems associated with childhood underweight so that ap-
propriate advice can be given; however, more research is needed before
reliable advice with regard to counseling for underweight children and
their parents can be given.

11.4.3 ASSOCIATIONS BETWEEN WEIGHT STATUS
TRAJECTORIES AND HEALTH OUTCOMES

Our study indicates that children with an increasing BMI between the age
of 5 and 7 years have higher odds for being treated adversely and feeling
insecure, as also reported by other studies [18], [19], [20]. Weight patterns
have been associated with lower school functioning among elementary
school—-aged children [35]. The association between weight patterns and
lower school functioning has been found to be mediated by internalizing
factors (e.g. loneliness, low self—esteem) [35], [36]. This emphasizes the
need to develop and evaluate appropriate interventions for overweight/
obese children at young ages to prevent further decreases in school per-
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formance, social participation, health outcomes and quality of life. Also,
the pathways and environmental characteristics through which health out-
comes are affected by overweight or obesity need further clarification;
qualitative studies are required to gain more insight into these mecha-
nisms. Combining multiple resources, such as child, parent report and
teacher reports, or performing observational studies, may help to elucidate
the association between weight and health outcomes.

Based on the methods used in other studies we categorized children
in weight status trajectories using the international cutoff values at age 5
and age 7 years, which may result in a relatively crude categorization [35],
[36]. Children may decrease or increase within a weight category, but not
reach the criterion to be categorized in another weight category. We ex-
plored whether gain in BMI was associated with higher risk for adverse
psychosocial outcomes (data not shown). Children that gained BMI had
a higher risk for being treated adversely and feeling insecure at age 7, as
reported by their parents. Also, parents reported more concern with regard
to their child’s weight. Considering the physical outcomes, children had
a higher parent-reported OR for having one or more health conditions or
visits to the GP when they gained BMI between age 5 and 7. This is in
line with the results we observed using the trajectories approach for high
stable and increasing weight status. Longitudinal studies having access to
multiple BMI measures may be able to create individual pathways of BMI
development using statistical models [37], [38], [39]. These longitudinal
trajectories or developmental pathways may reveal more distinct patterns
of for example, late or early onset BMI gain, and can be related to health
outcomes [37], [38], [39].

11.4.4 METHODOLOGICAL CONSIDERATIONS

Strengths of this study include the large sample size, the ability to create
subgroups based on the international cut—off values for BMI, inclusion of
a large group of underweight children and the availability of data at child
age 5 years and child age 7 years.

Limitations include the missing data at child age 7 years and parents
self-report of the children’s health outcomes. Also, mothers of children
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with complete outcome measures differ from mothers with missing out-
come data; however, this does not necessarily influence the associations
under study. With regard to the items used to measure psychosocial health
outcomes of the child, these have not been examined with regard to valid-
ity and reliability. Additional analyses (data not shown) were performed to
gain insight in the validity of the items used. These analyses showed that
normal weight mothers reported a higher OR for their overweight or obese
child to be treated adversely and feel insecure, normal weight mothers
also reported more concern for their overweight or obese child compared
to normal weight children (data not shown). Nevertheless, we recommend
future research to evaluate the validity and reliability of the items measur-
ing psychosocial health outcomes.

The use of parent self—report may have led to over— or underestimation
of the children’s health outcomes and needs to be taken into account when
interpreting the findings. Measures of depression and self-esteem of the
child were not included in the questionnaire because of the already reason-
ably high respondent burden. Although child report may have provided
more accurate estimates of consequences on health outcomes, measuring
concepts such as self-esteem and depression is known to be challenging
among young children [40]. Also, at younger age self—concept indicators,
such as teasing and insecurity, may be more informative compared to self—
esteem questionnaires due to the developmental stage of the children [40].

11.5 CONCLUSIONS

In conclusion, parents reported their overweight, obese and underweight chil-
dren to be more often treated adversely or feel insecure due to their weight.
Parents of overweight, obese and underweight children expressed more con-
cern about health outcomes associated with their child’s overweight or under-
weight. These concerns seem to be reflected in the more frequent parent—re-
ported visits to the GP of children with overweight, obesity and underweight.

Future studies need to follow—up on the associations between weight
status and health outcomes when children develop and reach adolescence
and adulthood. Also, underlying mechanisms and pathways associated
with weight status and health outcomes need to be assessed in, preferably,
longitudinal research.
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In the meantime, we recommend that healthcare providers be alert to

early signs of adverse treatment and insecure feelings in both overweight
and underweight children. Appropriate counseling for teasing and inse-
cure feelings should be offered in addition to, or as part of, interventions
aiming at a positive change in weight status.
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CHAPTER 12

DETERMINANTS OF WEIGHT

LOSS IN AN INTERDISCIPLINARY
LONG-TERM CARE PROGRAM FOR
CHILDHOOD OBESITY

A. C. DUBUISSON, F. R. ZECH, M. M. DASSY, N. B. JODOGNE,
and V. M. BEAULOYE

12.1 INTRODUCTION

Childhood obesity has spread dramatically over the previous decades. To
curtail this major health issue, long—term effective weight control pro-
grams are essential. In the short term, several studies have shown positive
and encouraging outcomes of multidisciplinary approach for childhood
obesity. A combination of dietary, physical activity and behavioural inter-
ventions compared to standard care or self—help can produce a significant
and clinically meaningful reduction in obesity in children and adolescents
[1, 2]. This highlights the importance of multidisciplinary programs as the
best first-line treatment. However, in most studies, programs are limited
to between 6 and 12 months of duration, and beneficial effects are part-
ly lost from 6 to 12 months after completion [3], especially for severely
obese children [4]. Long—term follow—up studies of paediatric obesity in-
terventions show a mean 10% reduction in relative weight but also sub-
stantial relapse [5, 6]. As obesity is a chronic disease, the question of the
need of a chronic care program is raised [7]. Whether the continuation of
the program will still be beneficial and how to implement this in a real-life
situation remains to be answered.

Moreover, why some children respond differently to obesity treatment
remains unclear. Identification of factors associated with better outcomes
can help maximize the effectiveness of existing interventions, tailor treat-
ment programs to the specific needs of the patients, and set realistic weight
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loss goals. Treatment for children presents a unique challenge as nutri-
tion education, physical activity, and behaviour modification must be pre-
sented to both the parents/caregiver and child. Parental involvement and
individual counselling have been recognised as an important feature of
behavioural programs, particularly in preadolescent children [3, 4, 9]. It is
thus relevant to examine the impact of family characteristics and psycho-
social factors on children’s weight loss.

In this paper, we first analyzed the 5—year results of an interdisciplinary
long—term care program for childhood obesity. Secondly, we determined
the baseline factors (medical, dietary, and psychosocial) which were as-
sociated with weight loss.

12.2 SUBJECTS AND METHODS

12.2.1 INTERVENTION STRUCTURE

In 2000, we set up an interdisciplinary approach for the treatment of child-
hood obesity. Our approach is an individually adapted (specific for each
patient) family—based, behavioural lifestyle and dietary intervention pro-
gram. It consists in joint consultations where each child and his family are
seen by both a psychologist and a paediatric endocrinologist at the same
time. After a time together, the patient is examined (weight, height, blood
pressure, and Tanner stage) by the physician in a separate room which
gives the opportunity to the child of having personal time with the pae-
diatrician. During this time, the parents/family/caregivers are seen by the
psychologist trained in family therapy. Then, the child and the physician
get back to the psychologist and the family for a resume of the situation
in order to make some decisions. Thereafter, the child and his family are
taken by the psychologist to the dietician. The psychologist gives a sum-
mary of the situation, and then all the family is seen by the dietician.
Before each session, the interdisciplinary team reviews the situation
of each patient. At the end of the visit a letter, including all the decisions
taken with the child and his family, and some personal encouragement
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for the child is written and sent to the patient one month later. For further
analysis, the implementation of those decisions was defined as adherence
to the treatment. The patient attends the next appointment, generally every
3 to 6 months. The duration of intervention is determined by the needs of
the patient. They participate in our program as long as they want or need.
Between two interdisciplinary visits, the patient and his family may meet
the dietician or the psychologist individually if needed. Some patients are
referred to a specific psychotherapist, and individual physiotherapy can
also be prescribed in some situations to reintroduce physical activity espe-
cially if joining a sport club is difficult at the beginning of the treatment.
The psychotherapy and the physiotherapy are defined in our approach as
“adjuvant therapies.”

12.2.2 PROGRAM ORIENTATION

Our way to treat obese children is based on a solution—focused therapy
[10]. The team develops realistic goals (small step changes) together with
the child and his family rather than imposing ideas and assumptions about
what they need to do to change their lifestyle [11]. We start the treatment
from their questions or their needs (What can we do for you?) in order to
stimulate them to be an active player in their own changes. We focus on
the development of the confidence and competence of the parents or care-
givers and of the children.

Our approach is also in agreement with the evidences published in the
BMJ [12] by Edmunds et al. in 2001. We encourage the child to “grow
without gaining weight” which decreases BMI slowly. The dietician does
not prescribe any specific diet but focuses on healthy eating patterns (de-
crease exposure to obesogenic foods, designate times for family meals,
and allocate individual portions) and on increasing the intake of healthy
foods. Adolescents who were educated about better food choices of mod-
erate portion sizes had been described to be more successful in the long
term than teenagers who were given a structured meal plan or restrictive
diets [13]. We propose that the child joins a sports club or a youth organi-
zation. But, we mostly encourage regular daily activities such as riding a
bicycle, walking the dog, dancing, gardening, using the stairs instead of
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elevators, and playing outside with friends who are more easily integrated
into a child’s lifestyle than participation in organized sport teams. Data
suggested that less structured, more flexible lifestyle exercise may be su-
perior to more structured and higher—intensity aerobic exercise for weight
control [14]. Recommended activities must be enjoyable and consistent
with the child’s and his/her family’s lifestyle and be rewarding irrespective
of the health benefits [14]. A complementary approach is also to reduce
sedentary free—time activities. A psychologist is present during the inter-
disciplinary visits. Obesity may be reactive to an event of life (divorce
of their parents, difficulties at school...). Parents are encouraged to not
focus on weight loss but address their and the child’s internal needs by
expressing feelings and nurturing the child emotionally. The parents are
targeted as the main agents of change, and they are responsible for induc-
ing this change in the family home [9], not specifically at the target child.
Extended family members are included as a means of reaching all people
who play a significant role in the child’s health.

12.2.3 SUBJECTS AND ASSESSMENTS

Four hundred twenty eight medical files of children who entered the in-
terdisciplinary consultations between 2002 and 2007 were retrospective-
ly reviewed. Inclusion criteria were [1] to have participated in, at least,
2 interdisciplinary visits and [2] to have at least one year of treatment.
Children with obesity due to an organic/syndromic cause or with type 2
diabetes were excluded. Among the included patients: 73% were Cauca-
sian, 12% were Hispanic, 10% were Arabian, 2% were African, 2% were
Asiatic (representative of the national population). The latest visit was
defined as the most recent visit reported in the medical files when they
were reviewed between 2007 and 2009. Thus, for some children the lat-
est visit is the last visit before they were no longer monitored. For other
children, the latest visit is not the last because they are still monitored
by the team.

Weight was measured (patient in socks with no shoes and wearing
a light gown) in kilograms to the nearest 0.1kg using a medical weight
scale (SECA nondigital medical scale), zeroed and calibrated before each
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weight. A stadiometer (Holtain limited, Crymmych, PEMBS. UK), cali-
brated in 0.1-cm intervals, was used to determine height. BMI (kg/m2)
were expressed relative to the Cole population reference data [8]. Weight
loss was defined by reduction of the BMI standard deviation score (BMI—
z—score) since BMI is gender and age dependent in childhood. BMI-z—
score standardizes an individual’s size, adjusting for age and sex, and
allows comparison between values on an equivalent basis. Puberty de-
velopment was scored in the adolescents according to Tanner stages [15].

The medical, dietary, and psychosocial factors characterizing the child
and his family at baseline were assessed retrospectively by an external
consultant (who was not made aware of the patients weight evolution) by
reviewing the records (standard home—made questionnaire) filled in by the
team at the first visit. As it is a retrospective and not a prospective study,
a semiquantitative (low/intermediate/high) approach was used to evaluate
each factor. For food consumption, no/low means not every day or never;
intermediate (if applicable) means every day but at a low (1-2) level; yes/
high means every day at a high (>2) level. Physical activity means that the
child attends a sports club or a youth organization at least twice a week
(yes/high), once a week (intermediate) or never (no/low). Delayed puberty
was considered when a girl was assessed M1 > 13.5 years or a boy was
assessed G1 > 14 years. Obesity in the family means the child has at least
one of the two parents who is obese (BMI > 30 kg/m?). Bad quality of
sleep was assessed by snoring or short sleep duration (<9 h/night). Recent
weight gain means a weight gain within the last year. Family encourage-
ment for the project and child’s motivation were assessed according to
the involvement of the family and of the child in the project (who had the
idea to come here? A doctor, the parents, and/or the child himself?). Social
integration was assessed as the participation of the child in out—of-school
activities. Family encouragement for leisure activities was assessed as ac-
tivities realised by all the family out of the home.

12.2.4 STATISTICAL ANALYSIS

We use the quasilikelihood estimation [16] with a linear or a logistic canon-
ical link. For the measures of the same patient, we used an autoregressive
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correlation matrix and computed the covariance matrix by quasi—least—squares
(QLSs) [17].

For the significance of the results, we used the sandwich variance ma-
trix augmented by the correction proposed by Morel et al. [18] which may
be evaluated by the normal distribution.

For continuous independent variables, we worked with nonlinear re-
gression by P splines (B splines with penalization [19] of degree 4). Pe-
nalisation was chosen to minimize the Akaike information criterion [20].

All the significances were expressed as two sided. Significance was
taken at P value <0.05.

12.3 RESULTS

Out of 428 patients seen between 2002 and 2007, 322 patients (75%) were
interested in our interdisciplinary treatment and attended a second visit.
Of those, 144 children (45%) (59 boys (41.0%), 85 girls (59.0%); mean
age: 10.5 + 3.1 years (range 419 years; 105 (73%) <13 years, 39 (26%)
>13 years; mean BMI-z—score: 2.73 + 0.62) had at least a 1 year interven-
tion program and were selected for our study. Mean length of treatment
was 2.2 years (1-6.7 years) with an average of 3 & 1 visits per year. After
24 months, 72 children were still monitored; 14 achieved a 48—month in-
tervention. The length of treatment or assiduity (number of visits) did not
depend on the initial weight loss (A BMI—z—score) between the first, and
the second visit (P = 0.63). Sex, age and BMI—z—score at the first visit did
also not influence the length of intervention (P = 0.76; P =0.009 and P =
0.43 resp.).

Table 1 described the percentage of patients where BMI-z—score de-
creased and was stable or increased at the second visit and at the latest
visit. At the second visit (approximately after 3—6 months), BMI-z—score
was decreased in 53% of the patients, remained unchanged in 31%, and
was increased in 16%. At the latest visit, 77% of patients had a stable or
decreased weight.

In fact, weight loss was mainly observed during the first 6 months of
treatment (Figures 1(a) and 1(b)) but was sustained long—term. The mean
BMI—z—score was decreased by 8% + 1% (—0.23 = 0.04 mean BMI-z—
score) of the initial mean BMI—z—score after a mean of intervention of 2.2
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years and decreased by 12% =+ 2%(—0.28 = 0.06 mean BMI-z—score) for
patients with a 48—month treatment. Initial BMI—z—score, age at the first
visit, sex (data of boys and girls were thus combined for further analysis)
and number of visit(s) per year did not influence these results (P = 0.73;
P=0.27, P=0.95and P=0.89 resp.). Furthermore, an additional weight
loss was observed between 6 and 48 months of intervention whatever the
A BMI—z-score between the first and the second visit (Figure 2). Patients
with a BMI—z—score reduction >0.3 units were 23% (20-27; 95% CI) of
the population at 3 months versus 49% (40-58; 95% CI) at 48 months of
treatment (Figure 3(a)). However, 16% (13-19; 95% CI) of our patients
gained weight after 3 months of treatment. The percentage was increased
to 31% (25-38; 95% CI) of the patients reaching 48 months of treatment
(Figure 3(b)). The weight change between the first and the second visit
was predictive of the additional weight change over the time (Figure 4).

TABLE 1: Evolution of the BMI-z—score of the patients during the intervention.

% of patients where BMI-z—score* H = +
At the 2nd visit (£ after 3—6 months) 53% 31% 16%
At the latest visit® (mean = 2.2 y (1-6.7 years)) 67% 10%  23%

“ BMI—z—score: body mass index—standard deviation score [§].
b The latest visit is the most recent visit found in medical files when reviewed between 2007
and 2009 (Section 2).

No evidence of adverse effects on growth, eating disorder pathology or
mental health, was found.

We next investigated whether baseline medical, dietary, and psychoso-
cial parameters reported at the first visit could influence the weight change
over the time and which one could be associated with weight loss.

Patients who exercised in daily life before joining the interdisciplinary
treatment were the most successful in term of weight loss (Table 2). Preex-
isting regular physical activity had a statistically significant positive influ-
ence (—0.42 = 0.11 of mean BMI—z—score) on the weight evolution of the
child, in comparison with those who did not exercise before starting the
treatment (—0.18 £ 0.04 of mean BMI-z—score). Having delayed puberty
had a negative influence on the evolution of the mean BMI—z—score of the
patients (—0.02 £+ 0.10 of mean BMI-z—score) in comparison with those
who did not (—0.23 = 0.03 of mean BMI—z—score, P = 0.046).
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FIGURE 1: (a) Relative change (%) of mean BMI-z—score during intervention and (b)
mean BMI-z—score during intervention. Data are expressed as mean + SEM. BMI-z—
score: body mass index—standard deviation score [8].
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FIGURE 2: Additional change in BMI-z—score observed >6—month intervention, controlled
for the A BMI—z—score between the first and the second visit. Data are expressed as mean
+ SEM, bivariate analysis.
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FIGURE 3: (a) Percentage of children with a BMI-z—score reduction >0.3 during
intervention. Data are expressed as mean (95% CI). (b) Percentage of patients where
BMI-z—score increased during the intervention (A BMI-z—score >0 at time of intervention
in comparison with the initial visit). Data are expressed as mean (95% CI).
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FIGURE 4: Additional change in BMI—z—score obtained in function of the change observed
between the first and the second visit, controlled for the length of intervention. Data are
expressed as mean + SEM, bivariate analysis.
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TABLE 2: Influence of medical factors assessed at the first visit on the weight change
observed at 9 months of intervention.

Factors studied No/low Intermediate  Yes/high P value
Significative

Physical activity® -0.18+0.04  -030+0.05 -042+0.11 0.037
Delayed Puberty® -0.23 +£0.03 -0.02+0.10  0.046
Nonsigificative

Birthweight (>4000g) -0.21 £0.03 -0.31+0.11  0.37NS
Gestational diabetes -0.23 +£0.04 -0.02+0.14 0.15NS
Breastfeeding (>6 months) —0.20+0.04 -0.30+0.07 0.21NS
Obesity in the family® -0.21 +£0.05 —0.18+0.04  0.62NS
Asthma -0.21+£0.03 —0.37+0.11  0.18 NS
Bad quality of sleep? -0.18 £0.05 -0.13£0.07 0.61 NS

Data are expressed as change in mean BMI-z—score = SEM at 9 months of intervention.
P < 0.05, significant. NS: not significant.

“Physical activity means that the child joins a sport club or a youth organization at least
twice a week (yes/high); once a week (intermediate) or never (no/low).

®Delayed puberty was considered when a girl was assessed M1 > 13.5 years or a boy was
assessed G1 > 14 years.

“Obesity in the family means that the child has at least one of the two parents who is obese
(BMI > 30kg/m?).

‘Bad quality of sleep was assessed by snoring or short sleep duration (<9 h/night). This
information was not available for all the patients (n = 76).

Moreover, baseline daily water intake and daily soda intake had a sta-
tistical significant impact on the children’s weight outcome (P = 0.046 and
P =0.00006 resp.) (Table 3).

We then determined whether the psychosocial context of the child at
the first visit may influence the weight change observed later on (Table
4). We showed that being a single child, having family encouragement
for the project, the child’s motivation, the adherence to the treatment,
and the compliance to adjuvant therapies had a statistically positive ef-
fect on the mean BMI-z—score at 9 months of intervention. The dura-
tion of the obesity and dual parent households did not impact the weight
changes observed.
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TABLE 3: Influence of dietary factors assessed at the first visit on the weight change
observed at 9 months of intervention.

Factors studied No/low* Intermediate® Yes/high* P value
Significative

Daily water intake —0.16 +0.04 —0.25+0.04 0.046
Daily soft drinks intake —-0.38 £ 0.06 -0.15+0.03 +0.08 £0.07 0.00006
Nonsignificative

Daily fruits intake —-0.18 £ 0.04 -0.25+0.04 -0.32+0.08 0.16 NS
Eating breakfast every day —0.18 £0.05 —0.25+£0.04 0.22 NS
2 hot meals a day —0.23 +0.04 —0.16 +0.06 0.29 NS
Daily juice intake -0.20 +0.05 —-0.22 +£0.03 -0.23 +£0.04 0.73 NS
Daily vegetable intake —0.25 +0.04 —0.20 + 0.04 -0.15+0.07 0.31 NS
Daily soup intake -0.23 £ 0.04 -0.21 £0.04 -0.19 +£0.07 0.68 NS
Daily cookies intake —0.39+0.11 —0.30+0.06 —0.21+0.03 0.12 NS
Snacker -0.15+0.05 -0.24 +0.04 0.15NS
Large portions -0.24£0.05 —0.21 £ 0.04 0.55 NS

Data are expressed as change in mean BMI-z—score = SEM at 9 months of intervention.
P < 0.05, significant. NS: not significant.
“Low means not every day or never.

bIntermediate means every day but in a low quantity (1-2).

“High means every day in a high quantity (>2).

12.4 DISCUSSION

This retrospective real-life study reported the outcomes of a long—term
approach for treating childhood obesity and identified baseline predictors

of weight changes.

This intervention used interdisciplinary strategies (with effective in-
teraction between the team, not only juxtaposed competences) but had the
specificity to be individually adapted with a continuous care program. To
our knowledge, this is the first time that the sustained benefit of a chronic
intervention is reported and that the feasibility of a long—term intervention
in real life is described in obese children. Our results were comparable
to results reported by short intervention clinical trials. For example, fam-
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ily—based lifestyle behavioural treatment for obese children with similar
clinical characteristics resulted in an average % decrease in overweight
of ~7% after 6 months of treatment [3, 4] which is comparable to the
8% decrease observed at 24 months in the current study. However, the
duration for the weight change was different. We described only a 4%
BMI—z—score decrease at the second visit (3—6 months) but a 12% BMI—
z—score decrease at 48 months. In contrast, in the long term, the results of
the abovementioned studies were not as promising as they were immedi-
ately after completion of the program (~ —3.5% decrease in weight at 12
months, —1% at 18 months). The beneficial effects of short intervention
programs (from 3 to 6 months) were partly lost on the follow—up. Even
with a 12—month drug (Orlistat) intervention combined to lifestyle, the ini-
tial weight loss was not maintained for more than 6 months [21]. With this
emphasis on acute short—term intervention, contemporary healthcare may
not be well suited to meet the long—term needs of overweight children and
their families fighting against this chronic disease. This indicates the need
to develop chronic care models to optimize results, especially for severely
obese children [4, 7]. The addition of a 4-month maintenance treatment
after short—term weight loss treatment resulted in better maintenance of
weight loss compared with the no maintenance group (—0.04 versus +0.05
BMI—z—score) but no additional weight loss was obtained over followup
[22]. Similar findings were also reported by Reinehr et al. after a 4—year
followup [6]. In contrast, our program was still beneficial after 48 months
of treatment. Moreover, the percentage of patients with a 0.3 BMI—z—score
reduction increased over time. At least 50% of children reaching a >36—
month intervention presented a 0.3 reduction of BMI-z—score.

Longer treatments create challenges in maintaining participants in the
program. In adults, the longer the treatment, the greater the proportion of
patients who do not attend [23]. This problem may be magnified with fam-
ilies, who may have more challenges in scheduling than individual adults,
and where there are multiple people who may want to drop out of the treat-
ment [9]. In our study, 72 participants were still monitored at 24 months.
Mean drop—out rates in the literature are varying from 10% to 60% at 12
months of followup [1]. For example, in an Italian multicentric study of
nutritional intervention in obese paediatric patients, drop—out rates ranged
from 30-34% to 90-94% after 2 years [24]. According to the literature, the
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main reasons for dropout are loss of interest, relocation, schedule conflict,
transport difficulties, family issues for example, limited time for recurrent
group sessions, and even for daily household demands [3, 25]. However,
even for those patients, encouraging data recently published by Nemet
et al. [26] showed that participants in a 3—month brief multidisciplinary
intervention still maintained an increased leisure—time physical activity
compared to the control group subjects after 1 year of followup. Even the
weight benefit was modest after 1 year of followup; this could help them
to better general health in the long term.

TABLE 4: Influence of psychosocial factors assessed at the first visit on the weight change
observed at 9 months of intervention.

Factors studied No/low Intermediate  Yes/high P value

Significative
Only Child -0.19+£0.03 -0.36+0.07  0.026

Familial encouragement to —0.12+0.04 -0.26+£0.04 -0.39+0.08 0.0035
the project®

Child's movivation® —0.05+0.03 -0.30+0.04 —0.55+0.07 0.000000014
Adherence to the treatment®  —0.04 £ 0.03 -0.29 +0.03 -0.54+£0.07  0.000000021

Compliance to adjuvant —0.10+0.04 -0.23+0.03 -0.35+0.06 0.0014
therapies®

Nonsigificative

Recent weight gain! —0.17+0.11 —-0.22+0.03  0.64 NS
Parents at home after school —0.22 +0.05 -022+0.04 -021+£0.09 0.91INS
Dual parents households -0.24 +0.05 -0.20+0.04  0.50 NS
Social integration® -0.21 £ 0.04 -0.23+0.04 -0.24+0.08 0.74NS

Familial encouragement to —0.19 +0.04 -0.26+£0.05 -0.33+0.09 0.17NS

leisure activities’
Data are expressed as change in mean BMI—z—score + SEM at 9 months of intervention.
P > 0.05, significant. NS: not significant.
“Familial encouragement to the project and child's motivation were assessed by the team
using the involvement of the family and of the child in the project (Section 2).
bAdherence to treatment was assessed by the implementation of the decisions taken together
(team and family).
‘Compliance to adjuvant therapies means that the child and his family took part in
psychotherapy or in physiotherapy as suggested by the team.
Recent weight gain means a weight gain for less than 1 year:
“Social integration was assessed by the team using the participation of the child in
extrascholar activities.
TFamilial encouragement to leisure activities was assessed by the team according to
activities realised by all the family out of home.
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The fall in BMI observed in our study may be clinically relevant as
demonstrated by many studies, even though not analysed here. Short—term
family—based treatment which combined nutrition education, behavioural
modification and exercise was shown to improve body composition, lipids
profile, blood pressure, and insulin resistance [4, 25, 26]. Many of the obe-
sity—associated complications can be reversed with a 5% decrease in age—
adjusted BMI percentile [27]. In adults with impaired glucose tolerance,
the Diabetes Prevention Program demonstrated that an intensive lifestyle
program that reduced body weight by 7% delayed or prevented the devel-
opment of type 2 diabetes [28]. Moreover, Savoye et al. [13] reported that
obese adolescents with impaired glucose tolerance who were able to limit
increases in BMI reverted to normal glucose tolerance 2 years later. Thus,
the BMI changes observed over time in our study are likely to be clinically
significant as those changes were sustained over the longer term.

We determined parameters characterizing the families and children at
baseline conditions which were associated with a better weight control. In-
deed, for those less or not responsive patients, new research studies should
try to devise new treatments to optimize long—term weight benefits. We
demonstrated that those patients could be identified quickly according to
the initial weight change observed between the first and the second visits.
Tanaka et al. [29] also reported that a greater weight loss between the
first and the second visits was a predictive factor in the success of the
treatment. Goldschmidt et al. [30] also reported that early weight change
seems to be related to treatment response through to the end of the treat-
ment and also the 2—year followup. Identification of factors that promote
early weight change is critical because modification of these factors before
initiation of the treatment may promote a better early response.

In our study, similarly to Reinehr et al. [6], reduction of overweight
was independent of initial BMI-z—score, age at the first visit, and sex.
Preexisting regular physical activity contributed significantly to the early
treatment response. It is well know that physical activity is related to long—
term weight maintenance [31] but, as suggested in another study [32], our
data supports its role before the initiation of the treatment. Children with
large birth weight, gestational diabetes, no or short—term breastfeeding,
parental obesity, asthma, and short sleep duration were described as hav-
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ing an increased risk of obesity [33, 34]. Our analysis suggested that those
factors were not determinants for weight loss.

Baseline daily water and soda intake seemed to be a good predictor of
early weight change. Consumption of sugar sweetened drinks by adoles-
cents is an independent variable associated with increasing BMI [35], but
its role on early weight loss was never examined. Healthy eating habits
as eating breakfast and participating in programmed exercises were de-
scribed to be correlated to healthful BMI, suggesting that these factors
may be potentially protective against obesity in 12—16—year old adoles-
cents. Our study extends those results by showing that prevention policy
may also be helpful even for children who have to lose weight.

Our results demonstrated that motivated children given family encour-
agement were more likely to succeed in our treatment. Interestingly, recent
reports suggested greater weight loss in obese children when parents alone
are targeted for intervention [9], which emphasizes the role of the parents
in the child’s weight reduction. Moreover, some studies have analyzed the
parent’s weight changes during the treatment. Larger reductions in adult
BMI were associated with more successful results, which indicates that
working to enhance the adult role in child weight control programs may
improve results [4]. Data from Rhee et al. [36] suggested that parents hav-
ing an older child, believing that they themselves were overweight, per-
ceiving that their child had a health problem were associated with greater
parental readiness to make changes. Emerging research also indicates that
overweight children with psychosocial problems or the occurrence of ma-
ternal psychopathology are less responsive to weight—control intervention
over the longer term [5, 37]. There have been significant lifestyle changes
in the family during the previous decades. The divorce rate has increased
as well as the number of families with both parents working. Our data sug-
gested that the dual parent households did not affect weight changes ob-
served at 9 months [38]. This is in contrast with a recent study [39] which
showed a relationship between single—parents status and excess weight in
children. Further studies are needed to explore the dynamics of single—
parent households and its influence on childhood diet and obesity. Inter-
estingly, our study showed that a family with an only child may expect a
greater weight loss. Other factors [4] such as higher incomes and higher
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level of education for the mother were also reported to be associated with
better results but were not analyzed in the current study.

In conclusion, this study was a first step in determining whether weight
loss was achievable with our interdisciplinary approach and highlighted
potential success of a continuous care weight control program to lower
BMI. An early weight change seems to be a marker for children’s long—
term treatment response. Preexisting regular physical activity, normal tim-
ing of puberty, baseline daily water and soda intake, motivation and some
family characteristics predict the early response to the treatment. Better
prevention policy and parental support may thus improve the success of
the childhood obesity treatment. Our data may provide a better under-
standing of the factors involved in better weight control and may help
to optimize/adapt our strategies for participants who do not benefit from
treatment.
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CHAPTER 13

INTERVENING TO REDUCE
SEDENTARY BEHAVIORS

AND CHILDHOOD OBESITY
AMONG SCHOOL-AGE YOUTH:
A SYSTEMATIC REVIEW OF
RANDOMIZED TRIALS

MAY MAY LEUNG, ALEN AGARONOV, KATERYNA GRYTSENKO,
and MING-CHIN YEH

13.1 INTRODUCTION

Childhood obesity has long been recognized as a worldwide growing health
concern [1-3]. In the past 2 decades, rates of obesity in the US rose among
children aged 6 to 11 years from 11.3% to 19.6%, as well as from 10.5% to
18.1% among adolescents aged 12 to 19 years [4, 5]. Similarly, Great Britain
has experienced a threefold increase of overweight in children between 1984
and 2002 [6], and prevalence of obesity among younger children in China
has increased from 1.5% to 12.6% between 1989 and 1997 [7]. Early conse-
quences of childhood obesity include asthma, hypertension, and early—onset
diabetes mellitus [3]. In addition, childhood obesity has been shown to fol-
low into adulthood [8—11] and may lead to cardiovascular disease, cancer,
and an increased chance of mortality after the age of 30 years [12, 13].

A majority of previous studies addressing this epidemic have revolved
around modifying dietary intake [14, 15] and physical activity (PA) [16—
18]. However, sedentary behavior (SB) appears to be a lifestyle behavior
that is increasingly contributing to the prevalence of childhood obesity
[19] as research has shown that obese children are more sedentary than
their nonobese counterparts [20]. Sedentary behavior largely consists of
media use; however, other behaviors that do not expend significant en-
ergy, such as attending classes or playing a musical instrument, have been
explored as SB [21-23]. It is estimated that children spend approximately
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one-third of their waking hours using media, which includes watching
TV/videos, playing video games, and personal computing [24]. These SB
may in turn displace PA, decrease metabolic rate, and/or serve as a condi-
tioned stimulus for eating [25].

Lifestyle interventions aimed at reducing SB have potential to make an
impact; however, limited knowledge exists as to the effectiveness of such
interventions. In addition, aspects related to an intervention’s potential for
translation to practice are important to consider for such a significant pub-
lic health issue as childhood obesity. The main objective of this paper is to
assess the effectiveness of interventions that focus on reducing SB among
school-age youth. A second objective is to identify the elements of the
identified interventions related to potential translation to practice settings,
such as cost or health disparity implications and sustainability of interven-
tion impact.

13.2 METHODS

13.2.1 LITERATURE SEARCH

Four databases (Medline, PubMed, Psychlnfo, Cochrane Library) were
searched for the relevant studies published between 1980 and April 2011.
For this paper, such keywords as “sedentary behavior,” “sedentary life-
style,” “physical inactivity,” “television,” “video games,” “children,”
“adolescents,” and “intervention” were used alone and/or in combination.
Relevant references were extracted and examined, compiling the list in the
form of titles and abstracts of the selected studies.

9 < AN 13

13.2.2 INCLUSION CRITERIA

Identified studies included those that used an intervention aimed at de-
creasing SB, separately or in combination with body mass index (BMI)
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or other anthropometric changes, such as waist circumference or triceps
skinfold thickness, among children and adolescents, 6 to 19 years of age.
We focused on studies that described randomized trials, conducted in the
community, school, home, or clinic setting, which lasted at least 12 weeks,
and included such strategies as educational, health promotion, behavioral
therapy, counseling, or management strategies at the individual and family
levels. Studies whose primary goal was to measure changes in PA levels
were included if the change in SB was also measured and specified in the
results. Sedentary behavior was defined as media—related behavior (time
spent watching TV/videotapes, playing video games), breaks from activ-
ity, and activities that do not significantly influence the energy expenditure
occurring at rest.

13.2.3 EXCLUSION CRITERIA

Searches were conducted only in the English language. Studies based
within a controlled laboratory setting were not considered relevant or gen-
eralizable, and therefore, not included in the analysis.

13.2.4 SELECTION PROCESS

The results of the preliminary search were reviewed; relevant titles with
abstracts were then retrieved. Bibliographies of some systematic review
papers were reviewed to identify additional studies. Full articles of rele-
vant abstracts were retrieved for further review. Two authors independent-
ly assessed retrieved studies for inclusion based upon the criteria listed
above. Any inconsistencies were resolved by discussions with the other
author. Summary tables were composed of the selected studies. The tables
included study design, setting in which it was conducted, theory, char-
acteristics of the participants, duration of the intervention and followup,
brief description of intervention, definition of control group, measures of
SB and additional outcomes, key findings, demographic disparities infor-
mation, and limitations.
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Potentially relevant publications
identified and screened for retrieval:
Cochrane library: 1,039
Medline: 343
Psychlnfo: 436
PubMed: 1,114
Other review articles: 7
Total = 2,939

References excluded on basis title and
abstract:

Total = 2,908

Papers retrieved for more detailed
evaluations:

Total = 31

Papers not meeting the inclusion criteria
were excluded:

Y

Total = 19

Papers included in the review:
Total = 12

FIGURE 1: Flow chart of the search process.

13.3 RESULTS

A total of 2.939 abstracts were identified through the initial search pro-
cess. Upon review, 31 full papers were retrieved for further review by two
investigators. Of those 31 papers, 12 studies met the inclusion criteria.
Figure 1 outlines the flow of the search process and the number of articles
that were identified at each stage of the process.

Three studies [22, 23, 26] focused only on SB, 1 study was a PA inter-
vention [27], 6 studies [20, 21, 28-31] were combined SB and PA inter-
ventions, and 2 studies [32, 33] targeted SB, PA, and diet. Of the 12 stud-
ies, 8 were conducted in the US, 3 in Europe (including the UK, France,
and the Netherlands), and 1 in Australia. The majority (7 out of 12) of the
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studies were conducted in a school setting, while 2 were conducted in a
clinic, 1 in community centers, 1 conducted in both community centers
and schools, and 1 other was carried out in convenient locations, which
included clinics, libraries, and schools.

The definition of SB varied across the studies. Listed here are all the
forms of SB that were measured: time spent watching TV and videotapes,
playing video games, doing homework, reading, listening to music, using
a computer, playing a musical instrument, doing artwork or crafts, talking
with parents, playing quiet games indoors, and attending classes or club
meetings. Due to the diversity in study design, study duration, setting,
population, and measurement outcomes of the interventions, a quantitative
synthesis of the evidence was not possible. Therefore, a qualitative assess-
ment of the current evidence stratified by targeted behaviors is presented.

Three studies [22, 23, 26] focused on reducing SB in school-aged chil-
dren. Escobar—Chaves et al. [26] aimed to reduce TV and other media con-
sumption in families with children of ages 6 to 9 years in Houston, Tex,
US. One hundred one families were randomized to either the 6-—month
intervention, which included a 2—hour workshop and 6 bimonthly newslet-
ters, or a control group. The parents and children also worked together to
develop a plan in which alternative activities could be done by the child
and family in place of SB. At 6—-month followup, there was a trend toward
reducing media consumption in the intervention group; however, these re-
sults were not statistically significant. The intervention did find a positive
impact on proxy behaviors hypothesized to lead to media use reductions,
which are also recommended by the American Academy of Pediatrics,
such as not having a TV in the child’s bedroom.

Robinson [22] randomly assigned 3rd and 4th graders in 1 of 2 pub-
lic elementary schools in San Jose, Calif, US to receive an 18—lesson,
6—month classroom curriculum to reduce TV, videotape, and video game
use. The curriculum, which was taught by the regular classroom teach-
ers, included self-monitoring and self-reporting of media use, followed
by a TV turnoff, in which children were challenged not to use media for
10 days. After the turnoff challenge, the children were encouraged to fol-
low a 7-hour/week budget of media use. Each household also received an
electronic TV time manager, which monitored and bugeted TV/video use
for each household member. Newsletters designed to motivate parents to
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help their children maintain their TV watching limits were also distrib-
uted. At the end of the intervention, children in the intervention group
had decreases in multiple anthropometric measures, which included BMI,
triceps skinfold thickness, waist circumference, and waist to hip ratio P <
0.002, compared to the control group. In addition, reported TV use was
lower in the intervention group (8.80 versus 14.46 hours/week; P <0.001);
however, no significant changes were reported in video tape and video
game use.

Another study conducted by Robinson and borzekowski [23] consisted
of a randomized controlled trial among 3rd and 4th graders in San Jose,
Calif, US in 2 public elementary schools (n = 181). The intervention was
an 18-lesson classroom curriculum focused on reducing screen media
exposure. Components of the intervention included children becoming
aware of the role TV, videotapes, and video games play in their lives, a
TV turnoff in which children attempted to watch no TV/videotapes or play
video games for 10 days, children learning how to budget their media use,
and participants helping their peers at another school to reduce their media
use. Newsletters were also distributed to the parents. Children in the in-
tervention school significantly decreased their weekday TV viewing (1.14
versus 1.96 hours/day; P < 0.001) and weekday (0.19 versus 0.52 hours/
day; P < 0.05) and Saturday video game playing (0.31 versus 0.9 hours/
day; P < 0.05) compared to controls. Greater effects were found among
boys (P = 0.05) and more adult—supervised children (P = 0.03).

13.3.2 PHYSICAL ACTIVITY STUDY

One study that focused solely on PA in school—aged children was identi-
fied. Slootmaker et al. [27] randomized 87 13—to—17 year olds in Am-
sterdam, The Netherlands to receive either a single brochure with PA rec-
ommendations or an accelerometer and access to web—based tailored PA
advice for 3 months. When a user logged into the website and uploaded
his/her PA score, the website provided individualized PA feedback based
on the current PA score and personally adapted suggestions to promote
daily PA. At 5-month followup, time spent doing SB was significantly
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reduced in boys (—1,801 minutes/week; P = 0.04). No SB changes were
observed in girls.

13.3.3 SEDENTARY BEHAVIOR AND PHYSICAL ACTIVITY
STUDIES

Six studies [20, 21, 28-31] that targeted both SB and PA were identified.
Epstein et al. [21] randomized obese children of ages 8 to 12 years from 61
families to 1 of 3 treatment groups: (1) increasing exercise (Exercise), (2)
decreasing SB (Sedentary), or (3) both increasing exercise and decreas-
ing SB (Combined). All groups received similar information (distributed
through manuals) about the benefits of increased PA and the negative ef-
fects of SB; however, the groups differed in the types of activities that
were reinforced. The Sedentary group was reinforced for decreasing the
amount of time they engaged in certain SB; these SBs included media use,
imaginative play, talking on the phone, and playing board games. Par-
ticipants in the Exercise group were reinforced for increasing PA, while
those in the Combined group were reinforced for both decreasing SB and
increasing PA. Weekly treatment meetings were also conducted for both
the parent and child. At 6-month followup, the Sedentary group had great-
er decrease in percentage overweight than did the Exercise or Combined
groups (—18.7 versus —10.3 versus —8.7; P = 0.026) and greater decrease
in percentage of body fat (—4.7 versus —1.3; P =0.037).

Another study by Epstein et al. 2001 [20] randomly assigned 67 fami-
lies with an obese child between ages of 8 to 12 years to 1 of 2 treatment
groups: (1) increasing PA (Increase) or (2) reducing SB and increasing PA
(Combined). The treatment program consisted of 16 weekly meetings, fol-
lowed by 2 biweekly meetings and 2 monthly meetings during a 6—-month
intensive program. At 6-month followup, boys showed significantly bet-
ter percentage of overweight changes in the Combined group than girls
(—15.8% versus —1.0%; P < 0.001), with no significant differences in the
Increase group for boys or girls (—9.3% versus —7.6%). Boys also adhered
to the treatment better than girls (P < 0.01).
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Jones et al. [28] recruited 12 middle schools in central Texas to par-
ticipate in a 1.5—year randomized clinical trial focused on improving bone
health mainly through promoting the increase of PA. A total of 718 6th
grade girls participated in the intervention, which consisted of a 16—ses-
sion health curriculum to promote increased weight-bearing PA and con-
sumption of calcium—rich foods. A physical education component was also
included, which consisted of high—impact activities. Relative to the girls
in the control group, the intervention group significantly reduced daily TV
and video minutes (—12.11 minutes/day; ). Total daily minutes of seden-
tary activity were significantly lower for intervention students relative to
controls (mean difference between groups = —17 minutes; P = 0.04).

Robinson et al. [29] conducted a randomized controlled trial with 61
8—to—10—year—old African—American (AA) girls and their parents. The
12—week intervention consisted of after—school dance classes and a 5—les-
son family—based intervention delivered in participants’ homes to reduce
media use. At followup, the girls in the intervention group had trends to-
wards lower BMI (adjusted difference = —0.32kg/m2; 95% CI —0.77 to
0.12) and waist circumference (adjusted difference = —0.63 cm; 95% CI
—1.92 to 0.67) and reduced TV, videotape, and video game use (adjusted
difference = —4.96 hours/week; 95% CI —11.41 to 1.49).

Salmon et al. [30] randomized, by class, 311 children from 3 government
schools in low socioeconomic areas of Melbourne, Australia into one of four
conditions: (1) behavioral modification (BM); (2) fundamental movement
skills (FMS); (3) combined BM and FMS (BM/FMS); (4) control (usual
curriculum). Each of the intervention conditions consisted of 19 lessons pro-
moting PA and decreasing SB. The BM lessons were delivered in the class-
room, while the FMS lessons were delivered in PA facilities, which focused
on teaching participants physical skills while emphasizing enjoyment and
fun. The combined group received both the BM and FMS lessons. There
was a significant intervention effect from baseline to postintervention on
BMI in the BM/FMS group compared to the control group (—1.88 kg/m?; P
<0.01), which was maintained at 6— and 12—month followup (—1.53 kg/m?;
P <0.05). The BM group reported highest levels of TV viewing compared
to the other groups (239.9 minutes/week; P < 0.05).

Simon et al. [31] conducted a 4—year randomized controlled trial with
a cohort of 954 middle—school adolescents in eastern France. The mul-
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tilevel intervention focused on influencing intrapersonal, social, and en-
vironmental determinants of PA and SB through informational sessions,
social support by parents, peers, teachers, and PA instructors and by pro-
viding environmental conditions for PA to encourage students to apply the
knowledge and skills they learned. The study is currently on going; thus,
data reported here were collected 6 months into the intervention. After 6
months of the intervention, high SB (<3 hours/day) was reduced in both
girls and boys (OR = 0.54 and 0.52; P < 0.001) in the intervention group
compared to the control.

13.3.4 SEDENTARY BEHAVIOR, PHYSICAL ACTIVITY,
AND DIET STUDIES

Two studies [32, 33] focused on modifying SB, PA, and diet. Gortmaker
et al. [32] randomized 5 out of 10 middle schools in Massachusetts to re-
ceive an interdisciplinary intervention over the course of 2 school years.
The intervention, Planet Health, was included in the existing school cur-
riculum of 4 subjects and physical education classes. The sessions focused
on decreasing TV viewing, decreasing consumption of high—fat foods, in-
creasing fruit and vegetable intake, and increasing moderate to vigorous
PA. Over the 2—year intervention period, obesity prevalence among girls
in the intervention schools decreased compared to controls (OR =47; P =
0.03), while no differences were observed in boys. The number of hours of
TV/video use was reduced in both boys and girls in the intervention group
compared to the control group (adjusted difference between groups for
boys and girls = —0.40 and —0.58 hours/day; P < 0.001).

Sacher et al. [33] recruited 116 obese children in the UK to be randomly
assigned to receive the Mind, Exercise, Nutrition, Do it (MEND) program,
a multicomponent community—based intervention. This intervention con-
sisted of 18 2—hour group educational and PA sessions held twice weekly
in sports centers and schools, in which both parents and children attended.
These sessions were followed by a 12—week free family swimming pass.
At 6 months, participants in the intervention group had a reduced waist
circumference z—score (—0.37; P < 0.0001) and BMI z—score (—0.24; P <
0.0001) compared to controls. Significant differences in SB were observed
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between the intervention and control groups (15.9 versus 21.7 hours/week;
P =0.01). The significant decreases in waist circumference and BMI in the
intervention group were sustained up to 9 months after participants com-
pleted the educational and PA sessions.

13.4 DISCUSSION

Overall, interventions that focused on decreasing SB, whether alone or in
combination with other strategies, such as increasing PA and improving
diet, were associated with reduction in time spent on SB and/or improve-
ments in anthropometric measurements related to childhood obesity.

13.4.1 STUDY DESIGN

While the results of the majority of the studies were positive, it is not
possible to make any conclusions as to the degree of impact each strategy
had on the outcomes due to the variability in study design and outcome
measurements. There were only 3 studies [22, 23, 26] that focused solely
on the reduction of SB, and only 1 of those studies [22] collected anthro-
pometric measures. The other 9 studies combined other strategies, such as
exercise and healthy eating. Similar results in relation to anthropometric
measures and SB were observed in these studies compared to the studies
solely focused on reducing SB.

Another aspect of the study designs that made it challenging to inter-
pret any further than a qualitative summary is the variation in how SB was
defined. Some studies examined SB as only media use, while others col-
lected additional measurements, which included behaviors such as talking
with parents, playing quiet indoor games, and attending clubs, in addition
to media use [21-23]. More consistent measures of different types of SB
across studies would assist in determining their relative impact on child-
hood obesity.

The intensity and dose of the interventions received by participants
also varied between interventions. The duration of study periods ranged
from 12 weeks to 4 academic years. In addition, some interventions con-
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sisted of a workshop and newsletters, while other interventions consist-
ed of multiple lessons and face—to—face encounters with the participants
across similar time periods.

Another challenge when assessing impact, particularly when consid-
ering potential for translation into practice, was the limited measures of
long—term sustainability of the interventions impact. Only 5 out of the 12
identified studies incorporated postintervention follow—up measures [20,
21, 26, 27, 30, 33], which ranged from 5 to 12 months. Overall, a positive
long—term impact was observed in either behavioral or anthropometric
outcomes in those 5 studies [20, 21, 26, 27, 30, 33]. However, this high-
lights the challenges in interpreting impact of the interventions and their
potential for translation into real-world settings.

13.4.2 COMMON COMPONENTS

One intervention component that appeared to be repeated in several of the
designs was the involvement of family. Whether it was for a clinic—based
treatment for obese children or promoting positive behaviors to prevent
childhood obesity, parents were engaged to varying degrees. In some inter-
ventions, the parents were mailed newsletters to reiterate health messages
that were presented to children in school [22, 23], while other interventions
included having the parent attend workshops/meetings with their children
and share in planning healthy events [20, 21, 26, 29, 31, 33]. In one study
[23], children who had greater adult supervision were more likely to respond
better to the intervention than less supervised children. These study designs
and results highlight the importance of having a supportive family environ-
ment to promote the positive behaviors that are being targeted.

Another component that was repeated throughout many of the inter-
vention designs was that the children were provided with tangible ideas
and appealing alternatives to sedentary activities, and some had the oppor-
tunity to choose how to allocate their time [21, 26, 29—31]. When children
are provided choice among alternative activities, they may perceive in-
creased control over their activity options, so the reduction in SB observed
in the studies could be partly explained by the provision of suggestions,
ideas, and options for students.
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13.4.3 DEMOGRAPHIC DISPARITIES

Four of the studies [20, 23, 27, 32] reported differential effects of the inter-
vention between genders while measuring SB outcomes or anthropometric
changes. The impact was inconsistent across the studies. The gender dif-
ferences were observed in both a family—based weight control treatment
[20] and school-based interventions to prevent obesity [20, 23, 27, 32]
targeting a range of ages. Two of the studies [23, 27] observed a greater
effect on boys’ SB, while the Epstein et al. [20] study resulted in greater
changes in % overweight in boys compared to girls. On the other hand, the
Gortmaker et al. [32] study observed BMI changes in girls, but not boys.

There is no clear explanation as to the differential effects by gender
and also why the results were inconsistent across intervention, especially
since the interventions were originally designed to reach both males and
females. Some suggest that gender differences may vary or become more
obvious as children become adolescents, with hormonal and environmen-
tal differences between sexes emerging at that challenging stage of devel-
opment [34-36]; however, gender differences were observed with children
as young as 8 years. The differential results may suggest that mediators
for SB or anthropometric changes may be different between males and fe-
males; thus, future interventions may need to be tailored specific to gender.

Obesity rates are disproportionate across the ethnicities and socioeco-
nomic status (SES) groups. Reducing such inequalities in childhood obesi-
ty is imperative. Some of the studies did address such disparities by either
specifically designing interventions to reach certain at-risk populations,
such as AA girls or schools in low—SES areas [29, 30], or by evaluating
results across race/ethnicity or SES groups. However, such study designs
and data analysis were limited, warranting further interventions to focus
on specifically addressing such inequalities.

13.4.4 COSTS

Understanding the costs related to recruitment and implementation of an
intervention and its potential cost effectiveness are important aspects to
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consider when a health practitioner must determine how best to utilize
the often—limited resources that are available in community or school set-
tings. In this systematic paper, we aimed to collect any evidence related
to cost of the interventions. While there is a need to understand cost-re-
lated issues of interventions, unfortunately, as reported in other publica-
tions [37], data on cost of the interventions identified for this paper were
very limited. Measuring costs related to the different stages of the research
process should be incorporated into study designs, and such data should be
included when reporting intervention effects.

13.4.5 LIMITATIONS

There were several limitations to the paper. Similar to other papers, this
systematic paper is limited by the quantity and quality of the studies that
were identified. A qualitative analysis of the evidence was warranted due
to the variations in study design and characteristics, including interven-
tion and follow—up duration, strategies used, population, and measurement
outcomes. Measurements of SB were mainly self-report; however, to min-
imize this potential bias, some studies did use measures with high validity
and reliability. In addition, the majority of the studies were conducted in
the US, which may limit the generalizability to other countries, where cul-
tural values and behavioral patterns of SB may differ.

13.5 IMPLICATIONS

13.5.1 FOR FUTURE RESEARCH

This systematic paper highlights the need for future research to further ex-
plore the reduction of SB in relation to preventing and treating childhood
obesity. More comprehensive study designs, which include postinterven-
tion follow—up measures, are warranted to better understand the impact
and potential sustainability of different strategies on outcomes measures
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related to SB and anthropometry. Additionally, as SB data were mainly
self—report, more valid and reliable measures of SB should be developed.
Furthermore, addressing childhood obesity inequalities related to race/
ethnicity, SES and gender need to be further explored and should be in-
corporated into the design of future interventions. In addition, a review on
cost of the interventions was not possible due to the paucity of available
data, thus collecting data related to cost would provide more comprehen-
sive data for public health practitioners to allow them to determine which
interventions may be most effective in their settings.

13.5.2 FOR PUBLIC HEALTH

Many of these interventions, while comprehensive, were designed to be
incorporated into the regular school classroom with teachers delivering
the lessons. Others were designed to be implemented in convenient lo-
cations within communities, and sessions could be led by those without
extensive health training or education. One study [27] specifically men-
tioned that the intervention was designed to make it easily applicable to
real-life settings. These study designs point to the important consideration
of the often—challenging aspect of feasibility when implementing inter-
ventions in real-world settings and highlight interventions that may have
a “true public health impact” [38] as behavioral science research must be
“contextual” and “practical” [39].

A very limited number of the studies focused on interventions that
modified school policies and the physical environment in ways that sup-
port improved dietary practices and regular PA. Often such interventions
are not candidates for reviews because of their limited outcome measures
on specific behaviors or weight-related outcomes. However, such strate-
gies are gaining support and have the potential to make a significant and
sustainable impact [40].

In conclusion, interventions aimed at reducing SB appear to be effec-
tive in decreasing SB and improvements in anthropometric measures of
childhood obesity. In addition, several of the studies did consider elements
of feasibility and applicability in real-world settings to increase poten-
tial translation of research interventions into practice settings. Childhood
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obesity is a complex epidemic with various contributing factors at mul-
tiple levels. To make an impact on reversing the trends, a combined ef-
fort of strategies that address multiple determinants, including SB, across
multiple settings, such as the school, community, clinic, and household is
needed.
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14.1 INTRODUCTION

Assessing the health and healthcare of the nation’s children depends criti-
cally on data that are timely, relevant, and accurate. Currently, surveillance
and policy decisions rely heavily on labor—intensive periodic and ad hoc
surveys using cross—sectional designs [1]. However, electronic health re-
cords (EHRs) are rapidly coming into wider use as the medium in which
information about care of patients is recorded [2]; in the United States,
the ‘Meaningful Use’ initiative for EHR systems [3] [4] is providing a
significant stimulus for this process. The shift of health information into
electronic forms more amenable to analysis and exchange creates oppor-
tunities to improve healthcare quality, develop new methods for clinical
research, and follow the health of patient populations using EHR—derived
data [5]. Several policy analysts have suggested that multi—institutional
sharing of EHR data presents a new paradigm for advancing population
health [6] [7] [8]. In particular, greater facility with EHR data is critical to
achieving a learning health system [9] [10], in which information derived
from clinical care continuously supports advances in medical understand-
ing and delivery of health care. These advances will be of particular value
to child health research, much of which relies on longitudinal changes in
growth, health, and development.
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Realizing the potential of EHR—derived data requires addressing im-
portant questions, including differences in representation of information,
variability in data capture, and governance issues [11]. Early efforts in-
clude the eMERGE Consortium, which used site—specific combinations
of discrete data and natural language processing to identify patients with
particular diagnoses that could be pooled for genotype—phenotype studies
[12]. The HMO Research Network [13] has piloted a system that allows
queries against member sites’ records; the Shared Health Research Infor-
mation Network’s (SHRINE) query framework operates across sites that
have implemented compatible infrastructure using i2b2 [14]. These tools
provide for addressing aspects of heterogeneity between EHRs to support
federated case ascertainment for research, but require significant resources
to implement the required infrastructure. In parallel, mechanisms for pa-
tient—centered health information exchange supporting clinical operations
and continuity of care are rapidly evolving [15], with significant involve-
ment in the United States from the Office of the National Coordinator
for Health IT [16]. Processes that benefit from frequent iteration, such
as quality improvement and public health surveillance, may benefit from
hybrid strategies that incorporate limited start-up cost and well-defined
data models.

Groups of institutions having unified EHRs, such as the Kaiser Per-
manente system [17], the Harvard Vanguard Medical Associates [18], and
the Nemours foundation [19] have demonstrated the utility of aggregating
data to examine larger populations of patients in pediatric as well as adult
health care, and analyses based on data from a single EHR are becoming
more common. At the same time, we are better defining potential limita-
tions of EHR—derived data [20] and developing ways to address them [21]
[22]. Sharing of data from disparate EHR systems to enable population—
based research [9] is a logical and widely anticipated extension. As we
evolve toward this goal, it will be important to study not only the mecha-
nisms for data sharing, but also the ability of data aggregated through vari-
ous means to support valid and meaningful conclusions about population
health.

America’s children, like the population as a whole, are experienc-
ing alarming levels of obesity, although rates appear to have stabilized
at 17-19% of children and adolescents [23] [18]. National estimates of
childhood obesity are generated by the National Health and Nutrition Ex-
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amination Survey (NHANES) [24]. Data are combined over two—year in-
tervals to accrue sufficient subjects to generate precise estimates. Sharing
of EHR—derived anthropometrics can achieve very large sample sizes to
generate interval assessments more rapidly, provide multiple assessments
per child to permit longitudinal assessment, and link with other relevant
clinical data. In these ways, it can serve as a valuable complement to more
in—depth but resource—intensive structured population surveys such as
NHANES. This sort of population health surveillance is a key goal of the
Meaningful Use initiative, and early efforts to examine feasibility are un-
derway [15], but there are few examples to date in pediatrics.

We report here a study testing the feasibility, validity, and utility of
multi—institutional EHR data sharing for monitoring and investigating
childhood obesity. The study was expressly designed to minimize resourc-
es required by contributing institutions, using processes similar to those
used for quality improvement, or for the health information exchange en-
visioned in the Meaningful Use initiative as a part of routine EHR inter-
operation. Six pediatric academic health systems from different regions of
the United States participated, sharing data from 2007-2008, to examine
both the logistical requirements for data sharing and the characteristics
of EHR—derived data. The interval matches a data—reporting period for
NHANES, to better compare the two approaches. To further assess the
utility of EHR—derived data, we examined the association of measured
obesity with other clinical data, including the diagnosis of obesity, detec-
tion of co—morbidities, and assessment of healthcare utilization. Our goal
was to explore the unique potential of EHR—derived data to provide an
integrated clinical picture over time.

14.2 METHODS

14.2.1 ETHICS STATEMENT

The Institutional Review Boards at the Children’s Hospital of Philadel-
phia, Nemours Children’s Hospital, Nationwide Children’s Hospital, Chil-
dren’s Hospital of Colorado, Seattle Children’s Hospital, and St. Louis
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Children’s Hospital approved this study protocol, and granted waivers of
individual consent based on absence of individually identifying data. In-
dividual subject identifiers from the EHR were replaced, dates of all visits
for a given subject were shifted by a random offset, and subjects’ age at
each visit was recorded in months.

14.2.2 DATA ACQUISITION

The study was conducted in the Pediatric EHR Data Sharing Network
(PEDSNet), a consortium formed in late 2009 in response to the Institute
of Medicine’s call for development of real-world examples of learning
health systems [9] [10]. Each site extracted from their EHR information
from all outpatient physician visits in 2007-2008, excluding emergency
department and surgical center visits, for all patients with age <18 years.
Data included subject sex and age, visit date and department specialty,
subject’s measured weight and height, and all diagnoses recorded for the
visit. Four of the six institutions use the EpicCare EHR [25], one uses
Cerner Millennium [26], and one uses Allscripts [27]. Since the Allscripts
EHR does not associate diagnoses with a specific visit, that site reported
all diagnoses listed as active on the date of the visit. Data were transmit-
ted to the coordinating center, where analytic databases were constructed
and quality control tests were run. Ambiguities or apparent errors were
corrected by communication with the submitting site and resubmission.
Sites reported the feasibility of capturing requested elements, as well as
required resources for regulatory review, query definition, and data extrac-
tion and de—identification.

For analyses using the NHANES 2007-2008 samples, DEMO and
BMX datasets were retrieved from the NHANES web site [24] and age,
sex, weight, stature, and MEC sample weight were used for analyses.

14.2.3 DETERMINATION OF OVERWEIGHT AND OBESITY

Body mass index (BMI) was calculated in kg/m? Visits for which any
of age, sex, or weight were missing were excluded. If measured height



Multi-Institutional Sharing of Electronic Health Record Data 301

was not available for the visit, but values were available for the prior and
subsequent visits, height was imputed using linear interpolation. If two
or more height values were available only before or after the current visit
and yielded consistent percentiles on the NHANES 2000 height—sex—age
growth curves, a value for the current visit was imputed based on the
corresponding percentile at the current visit. The subject’s age, sex, and
BMI were then used to calculate a percentile based on the NHANES 2000
curves, using the SAS algorithm published by the CDC. [28] BMI values
flagged as outliers (z—score<—4 or >5) using the CDC’s modified z—score
algorithm [29] were excluded, in keeping with accepted norms. A subject
was considered obese if the percentile was 95 or greater, and overweight if
the percentile was at least 85 but less than 95.

A diagnosis of obesity was noted if any of the ICD-9—CM codes 278,
278.0, 278.00, 278.01, 278.1, 759.81, 783.1, or V85.54 were present. For
specialty—specific analyses, only visits in the same specialty were consid-
ered for scoring both BMI and diagnoses, though imputation of height was
allowed using data from other visit types, as these data would be accessible
in the EHR. For person—level analyses, BMI criteria or diagnostic criteria
could be met independently at any eligible visit during the study period.

14.2.4 DETECTION OF OBESITY-RELATED CO-MORBIDITY

For children with evaluable BMI, recorded diagnoses from all visits were
clustered into clinically homogeneous categories using Expanded Diag-
nostic Clusters (EDCs) from the Adjusted Clinical Group (ACG) System
[30]. Within each category, we calculated a standardized morbidity ratio
of prevalence in children with obesity versus that in the cohort as a whole.
Rates were standardized by age and sex.

14.2.5 DATA ANALYSIS

Data management was done using Perl 5.12-5.16 [31] and MySQL 5.5
[32]. Analyses were done using R 2.14 or 2.15 [33] and SAS 9.2 or 9.3
software [34].
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For EHR—derived data, estimates of prevalence were computed as
unweighted proportions of the indicated population; for NHANES data,
MEC sample weights were used. At the recommendation of NHANES
staff, no BMI values were excluded as outliers, in order to better match
the methods used in their published analyses. A two—tailed Student’s t—test
was used to assess significance of continuous variables, and x2 testing was
used for categorical variables. Curves of average BMI values by age were
fitted in R using cubic polynomial regression. To assess the reliability over
time of BMI, per—subject intraclass correlation coefficients (ICC2) were
computed [35]. Multiple linear regression incorporating age, sex, obesity,
and comorbidity burden as encoded by ACG Relative Utilization Bands
[30] was performed using R.

14.3 RESULTS

14.3.1 DATASET CONSTRUCTION

Sites reported between 5 and 40 person—hours required for retrieval of
data elements from their EHR, with the majority of effort being in query
construction and regulatory review. Overall, sites required 0—2 revisions
to their extraction process, after review by the data coordinating center,
to resolve data quality issues. In two cases, sites had systematic errors in
their initial data involving calculation of age at visit; of note, both were
detectible as outliers in the resulting BMI distributions by comparison to
the other sites, without reference to external standards. Age and sex were
consistent within subjects across >99% of visits. Anthropometric data
were also internally consistent, with <0.35% of visits recording apparent
English—metric unit errors based on prior or subsequent visits.

14.3.2 POPULATION

The EHR dataset included 2,491,015 outpatient visits involving 699,767
children 2—17 years of age. Of these, 1,398,655 visits (56%) made by
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Age 2-17 Years

Subjects: 699,767
Visits: 2,491,015

Excluded Visits
Neither height nor weight: 764,781 (31%)
Weight, but no height: 289,364 (12%)
Height, but no weight: 18,124  (1%)
BMI out of range: 20,091 (1%)
Y
Obesity Evaluable
Subjects: 528,340 (76%)
Visits: 1,398,655 (56%)
Primary Care Specialty
Subjects: 268,987 (51%) Subjects: 283,298  (54%)
Visits: 727,222 (52%) Visits: 671,433 (48%)

FIGURE 1: Evaluable Population for Obesity Analyses. Development of the dataset for
obesity—related analyses, showing the number of evaluable children and visits at each step.
Percentages at each step are calculated relative to totals in the prior step. Since patients
may have both primary care and specialty visits, subject counts at this step do not sum to
the prior total; these values are marked with an asterisk.
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528,340 children (76%) had sufficient data to compute a BMI (Figure 1),
with a mean of 2.6 (range 1-141; inter—quartile range 1-3) BMI assess-
ments/child. Height was imputed for 21% of these visits. For every month
of age from 2-15 years, the dataset contained over 6,000 BMI measure-
ments., Counts decreased steadily for adolescents ages 16—18, to a low of
1674 observations for children 215 months old, likely representing transi-
tion of older adolescents out of pediatric care.

Fifty—two percent of subjects were male. Of total visits, 51% were at
primary care sites and 49% at specialty clinics; 28% were made by chil-
dren 2—4 years of age, 39% 5-10 years of age, and 34% 10-17 years of
age. Contributions from a single site ranged from 3 to 35% of subjects and
2 to 43% of visits. All proportions were comparable for evaluable visits.

14.3.3 MEASUREMENT OF OBESITY AND OVERWEIGHT

Figure 2 shows a comparison of BMI measurement in the clinical data
from the EHR dataset to the U.S. benchmark NHANES survey for the
same period. Mean BMI values for each month of age were highly simi-
lar in the EHR and NHANES datasets. However, there was substantially
higher precision in the EHR—derived data, particularly among adolescents.

BMI measurements were used to estimate the prevalence estimates of
obesity and overweight in different age groups, as shown in Table 1. The
estimates produced using EHR—derived data were 18% for obesity and
35% obesity plus overweight; these figures align closely with the 18%
and 34% estimates, respectively, derived from the NHANES surveys. The
differences between EHR—-based and NHANES estimates were slightly
greater for 2—4 year old children, but they did not reach significance.

Because the dataset contained 101,897 obese or overweight children
with multiple visits, we were able to assess the stability over time of
EHR-based BMI measurements by calculating the per—child intraclass
correlation coefficient (ICC). For obese children, the ICC was 0.90, for
overweight but non—obese children 0.81, and for all children 0.97, demon-
strating that clinical BMI assessment was a highly reliable process. Among
children who were obese at any visit, 85% remained obese or overweight
at all visits during the study period.
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FIGURE 2: Comparison of EHR and NHANES 2007-8 Cohorts. Average measured BMIs
for children of both sexes at each month of age from 2—17 years in the multi—institutional
EHR cohort and in the NHANES 2007-8 cohort. In addition to individual points, curves
fitted to each dataset by cubic polynomial regression are shown.

14.3.4 CORRELATION WITH CLINICAL PRACTICE

Figure 3 presents rates at which clinicians in different specialties made a
diagnosis of obesity for children with elevated BMI. Overall, only 20% of
children with one or more BMI measurements above the 95th percentile
had a diagnosis recorded at any visit. When the analysis was restricted to
primary care visits, the rate rose to just 29%; considering only well child
checks did not alter this result. The only contexts in which diagnosis rates
exceeded 30% were endocrinology and weight management clinics. At the
visit level, just 14% of all visits with measured obesity had a diagnosis of
obesity recorded.
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TABLE 1: Prevalence of Obesity and Overweight in EHR-Derived Data and NHANES
Data.

Fraction of Sample® % Obese % Overweight, never obese

NHANES 2007-2008*

2-17 years 1.000 18 16
2-4 years 0.194 11 12
5-10 years 0.349 19 15
11-17 years 0.457 20 17
Multi-site EHR data

2-17 years 1.000 18 17
2-4 years 0.280¢ 14 16
5-10 years 0.418° 18 17
11-17 years 0.374¢ 20 17

“All proportions for NHANES data were calculated using MEC sample weights; no BMI
outliers were excluded in prevalence estimates following NHANES standard practice.
*Total raw samples sizes were 3032 for NHANES and 528,340 for multi—site EHR data.
“Different visits for a given child may appear in different age subgroups, due to the
longitudinal nature of the EHR dataset. Therefore, the fractions of children from each age
subgroup do not sum to 1000.

EHR:Electronic Health Record. NHANES: National Health and Nutrition Examination
Survey

We used the EHR dataset to detect groups of conditions that most com-
monly co—occur with obesity (Figure 4). Several of these conditions are
known comorbidities of obesity, such as hypertension and hyperlipidemia.
However, we were also able to detect associations between obesity and
rare disorders such as acute leukemia, multiple sclerosis, and chromosom-
al anomalies.

In addition, we observed an overall increase for obese children in both
primary care visits (ever obese: 4.8+4.0 vs. never obese: 4.0+3.4; p<0.001)
and specialty visits (3.7+£6.6 vs. 2.7+4.0; p<0.001). After adjustment for
age, sex, and site, 52% of this difference in outpatient utilization was at-
tributable to diagnosed comorbidities, as assessed by ACG Resource Uti-
lization Bands.
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FIGURE 3: Diagnosis of Obesity at Outpatient Visits. Percentages of children who were obese at any time during the study period, and
diagnosed as obese at any visit to the indicated specialty. All specialties with a diagnosis rate >4% are included.
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Diagnosis Group . N

Type 2 diabetes with complication : a2
Other nutr. disorders (excl. obesity) — : —— 3158
Type 2 diabetes without complication - | e 486
HTN without major complications - : —-— 3640
Disorders of lipid metabolism — : - 4949
Chronic liver disease — : —— 925
Other skin disorders — 1 - 10783
Sleep apnea — : - 6984
Other endocrine disorders — : - 14372
Tracheostomy - | —— 666
Edema - | et 437
HTN with major complications - : —_— 170
Menstrual disorders — 1 - 3545
Hypothyroidism = : - 3918
Disorders of sebaceous glands — : — 762
Acute leukemia - | —— 1186
Multiple sclerosis - : —_—— 191
Septicemia — : e et 131
Skin keratoses — : —_—— 267
Bipolar disorder = 1 — 802
Nephritis and nephrosis — : —— 854
Hypospadias and penile anomalies — : —— 1388
Sleep problems — : - 7262
Keloid = : —_— 333
Chromosomal anomalies — : it 3248
Disease of hair and hair follicles — 1 - 3114
Diseases of nail — : —— 895

1

I

1

Standardized Morbidity Ratio

FIGURE 4: Obesity—Related Co—Morbidities. Standardized morbidity ratios (observed
prevalence in obese children/expected prevalence from entire cohort) with 95% confidence
intervals for diagnostic groups (EDCs) having SMR >1.5 and CI95>1.0 among children
with measured obesity. N = total number of children in cohort with diagnosis in that EDC.

14.4 DISCUSSION

This study demonstrates the feasibility and validity of sharing EHR—de-
rived data for assessing obesity in large populations of children. The effort
required to retrieve the data was nominal, and largely for query develop-
ment and validation, a one—time cost that would not apply to refreshing
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data for ongoing surveillance. The scale of EHR—derived data is significant:
this sample from six pediatric centers produced 6,000 BMI assessments per
month of age for most of childhood.

Aggregation of data across sites and EHR types represents an impor-
tant test of principle. This study was designed with the intent to isolate
technical and procedural factors that might affect the feasibility of data
exchange. To that end, we focused on data types, such as anthropometric
measurements, where the meaning of a value, as distinct from the method
used to obtain it, was unambiguous. For clinical diagnoses, we used the
International Classification of Disease, 9th Edition, Clinical Modification
(ICD9-CM) [36], the current standard diagnostic terminology in use in
the United States. This provided a common vocabulary, though as noted
below, usage of specific codes differed across institutions. In the general
case, the problem of semantic interoperability [37], or accounting for the
ways in which a common concept is represented in different contexts, re-
mains a barrier to sharing of clinical information. Addressing this problem
will require additional work in a number of areas, including development
of more robust terminologies and standards for data interchange [37] [38],
better understanding of ways in which clinicians interact with the EHR
[39] and data are captured [40], and further studies of the operating char-
acteristics of EHR—derived data.

Because most data in the EHR are obtained as part of routine clini-
cal care, their structure will also reflect practice patterns that must be ac-
counted for in secondary analyses. In our case, consistent with expected
outpatient practice, patient heights were measured less often than patient
weights. Where no height or weight data were available for a child, we
considered them inevaluable for obesity, as it would be error—prone, and
risk circularity, to impute these directly from a population distribution to
an individual. However, unlike weight, for a given individual height ve-
locity is a relatively stable physiologic quantity over the interval consid-
ered in this study. Therefore, when at least two measured heights were
available, we used a conservative imputation strategy to derive height, and
hence BMI, values for visits where it was not directly measured. Although
this added no subjects to the dataset, it increased by 21% the number of
evaluable visits available for longitudinal and practice type analyses with
low risk to validity of data. It also reflects an anticipated, if not yet widely
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realized, benefit of EHR adoption: information from one site becomes
more widely available for use at other sites sharing the EHR.

Secondary use of clinical data for research has also generated concern
about the potential consequences of increased variability across measure-
ments. Although the carefully controlled NHANES methodology likely
does produce more precise individual measurements, the survey yields an
average sample of 16 subjects per month of age. In the EHR data, the po-
tential effects of individual measurement error are damped by the size of
the sample and repeated measurement, resulting in highly stable popula-
tion estimates of BMI and obesity prevalence compatible with NHANES
results. This difference was particularly apparent in adolescents, where the
EHR—derived data did not display the increased variance seen in NHANES
measurements, which was likely due to the differences between individual
children in timing of pubertal growth. Furthermore, at the individual level,
we found high reliability for BMI assessments over time, suggesting that
any error introduced by variation in assessment technique is small.

The cohort size achievable with EHR—derived data permits detection
of clinically relevant associations not possible with survey data, such as
the known association between acute lymphoblastic leukemia and second-
ary obesity [41]. EHRs also facilitate construction of cohorts with linked
clinical data, to assess the impact of obesity on children with rare primary
disorders. In these ways, EHR—based population surveillance can provide
an important complement to in—depth but resource—intensive surveys such
as NHANES.

It is important to note potential limitations of our EHR—based study.
First, data are derived from six centers, leaving gaps in national geograph-
ic coverage and underrepresentation of rural areas. In particular, this may
contribute to the difference from NHANES in prevalence of obesity in
younger children; the higher proportion of measurements from children
aged 2-10 in the EHR—derived data than in the NHANES sample is also
in keeping with expected patterns of clinical utilization. In most respects,
however, our estimates closely match the results of the NHANES strati-
fied sampling model. A fortuitous combination of contributing sites is
possible, though participating centers were not selected based on obesity
prevalence. The means of 2.6 evaluable visits/child and 1.9 diagnoses/visit
also indicate that our results were not likely to have been heavily biased
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by a subpopulation of children with complex medical conditions affect-
ing their growth. Moreover, the low cost of EHR queries suggests that
as the nation’s healthcare system becomes increasingly digitized, it will
become possible to readily combine data from additional geographic areas
and clinical settings, and increase the generalizability of results based on
data sharing.

Second, the high data quality observed in the EHR dataset may in part
reflect the selection of anthropometric and demographic data, which are
semantically unambiguous and directly measured as a matter of routine in
pediatrics, as the source of the primary outcome measured. Our results do
provide significant reassurance against the concern that clinical data are
generally too unreliable for use in research. However, the quality of other
types of information, particularly subjective findings or clinical decisions,
will depend on different sets of semantic and pragmatic considerations.
Further study will be required to assess the fitness of these and other types
of EHR—derived data for population—level analyses [42] [43].

Third, rates of obesity diagnosis in the EHR were remarkably low, even
in primary care settings. Although unsurprising [44] [45] [46], this is a sig-
nificant problem, since growth monitoring is a core function of pediatrics.
We considered the possibility that our obesity—related ICD9—CM diagno-
sis cluster did not sufficiently comprise codes in common use. Examina-
tion of the most common diagnoses for obese children does not indicate
that an alternative code(s), including those for overweight or specific BMI
ranges, was used frequently (data not shown). Of note, the inclusion of
783.1 (“abnormal weight gain”) in our cluster is the result of this analysis
demonstrating that it was the most common weight—related diagnosis giv-
en to obese children at one site. It is also possible that obesity is missing
because multiple other diagnoses are recorded. However, obese children
had on average 1.9 diagnoses/visit, a number unlikely to preclude adding a
diagnosis of obesity. The low rates of diagnosis in primary care and well—
child visits also argue that addressing more acute problems is not a major
factor preventing diagnosis of obesity. We did observe stronger associa-
tion between a diagnosis of obesity and many comorbid diagnoses than
between measured obesity itself and these diagnoses (data not shown),
suggesting that the presence of a comorbid condition such as hypertension
or diabetes may “prompt” a diagnosis of obesity. Adding entries from the
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EHR’s problem list at the largest site increased the documentation rate by
just 3%, showing that this is not a major alternative method of recording
recognition of obesity. It is more likely that pediatricians are not record-
ing obesity diagnoses for reasons other than lack of opportunity, such as
a belief that obesity is best addressed by ‘“non—medical” interventions,
non—reimbursement of obesity diagnoses, or concern for stigmatization
of patients. If we are to improve the quality of care for obese children, we
will need to better document the problem in the medical record, where it
serves not only as a cognitive marker, but as a trigger for additional deci-
sion support around appropriate screening and treatment.

EHRSs provide access to primary clinical data, rather than specifically
coded or prompted responses as on a case report form. This can bias as-
certainment of a datum if it does not reflect a common element of clinical
care. However, it can also be valuable, if it permits ascertainment of af-
fected status directly, rather than relying on diagnoses or similar admin-
istrative data. As we demonstrate, using administrative data to identify
obese children misses over 75% of affected individuals. It is possible that
similar biases affect diagnoses of comorbid conditions used in our analy-
ses. The strong associations seen between obesity and several known co-
morbidities are reassuring in this respect. However, further analyses us-
ing EHR—derived data can provide opportunities for direct assessment of
other conditions, to more reliably establish association with obesity, and
potentially to allow us to better identify subsets of children at higher risk
for specific complications of obesity.

Using EHR data to monitor other aspects of population health will ben-
efit increasingly from structured data in the EHR, such as diagnoses, vital
signs, medications, and diagnostic results. Free text (e.g. clinical assess-
ments and instructions) will require greater, though not necessarily prohib-
itive [21], effort to derive useful population—level information. In addition
to data type, it will be important to understand operating characteristics of
EHR—derived data, since the potential for selection and reporting biases
will be different from other survey methods.

Using clinical information from the EHR, we demonstrate robust as-
sociations between measured obesity and diagnosed comorbidities such
as diabetes and other endocrinopathies [47] [48] [49], hypertension [50]
[51], dyslipidemia [52] [4], liver disease [53], and sleep apnea [54]. Obese
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children had increased overall healthcare utilization as well, about half
of which is explained by excess diagnosed comorbidities. Both findings
highlight public health implications of the high prevalence of obesity for
children today and adults tomorrow. Further study to identify appropriate
markers in the medical record of screening for and treatment of obesity—
associated morbidity will help to define strategies for addressing these
problems.

This study also suggests several opportunities for quality improve-
ment. Overall, 44% of visits did not include sufficient data to assess BMI
and 24% of subjects had no assessments over the two—year study period,
which is recommended at least annually by the American Academy of Pe-
diatrics as a universal practice [55], and is a core objective of the stage 1
meaningful use measures [56]. Only one in five obese children have the
diagnosis recorded, an important step in the medical management of any
condition. Moreover, the low opportunity cost of EHR—derived monitor-
ing, potentially coupled with geocoding or other public health data, makes
it possible to assess the impact of medical and community—based inter-
ventions on obesity in a variety of geographic and demographic settings.
Methods validated using EHR—derived data can also provide direct input
into design of decision support systems to improve quality at the point of
care.

14.5 CONCLUSION

We are still early in the process of incorporating the EHR into clinical and
public health practice. This study demonstrates the potential for integrat-
ing EHR—derived data from multiple sources to monitor childhood obesity
and its correlates. Given the breadth of information collected in EHRs, we
believe this potential extends to many areas of population health manage-
ment; utility for specific conditions will depend on the degree to which
critical data are consistently captured and can be meaningfully recovered
from the EHR. Further, the close linkage of source data to patient care
may allow systems that incorporate EHR—derived data to more effectively
translate results into clinical practice. Developing a nationwide cross—in-
stitutional data sharing system holds the potential for population health
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surveillance, quality improvement, and ultimately formation of the digital
infrastructure of a transformative, learning health system for the nation [5].
Both health information exchanges and clinical research networks such as
HMORN and PEDSNet will contribute to understanding the logistical and
scientific requirements for effective use of clinical data in this process.
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CHAPTER 15

CHILDHOOD OBESITY, PREVALENCE
AND PREVENTION

MAHSHID DEHGHAN, NOORI AKHTAR-DANESH,
and ANWAR T. MERCHANT

15.1 INTRODUCTION

Childhood obesity has reached epidemic levels in developed countries.
Twenty five percent of children in the US are overweight and 11% are
obese. About 70% of obese adolescents grow up to become obese adults
[1-3]. The prevalence of childhood obesity is in increasing since 1971 in
developed countries (Table 1). In some European countries such as the
Scandinavian countries the prevalence of childhood obesity is lower as
compared with Mediterranean countries, nonetheless, the proportion of
obese children is rising in both cases [4]. The highest prevalence rates of
childhood obesity have been observed in developed countries, however,
its prevalence is increasing in developing countries as well. The preva-
lence of childhood obesity is high in the Middle East, Central and Eastern
Europe [5]. For instance, in 1998, The World Health Organization project
monitoring of cardiovascular diseases (MONICA) reported Iran as one
of the seven countries with the highest prevalence of childhood obesity.
The prevalence of BMI (in percentage) between 85th and 95th percentile
in girls was significantly higher than that in boys (10.7, SD = 1.1 vs. 7.4,
SD = 0.9). The same pattern was seen for the prevalence of BMI > 95th
percentile (2.9, SD = 0.1 vs. 1.9, SD = 0.1) [6]. In Saudi Arabia, one in
every six children aged 6 to 18 years old is obese [7]. Furthermore, in both
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developed and developing countries there are proportionately more girls
overweight than boys, particularly among adolescent [6,8,9].

TABLE 1: Changes in the prevalence of overweight and obesity in some developed countries

Country/Year Agelyr Study (author) Change in obesity

USA

1973-1994 5-24 Bogalusa [67] Mean level increased 0.2 kg/yr, twofold
increase in prevalence of obesity

1971-1974 6-19 NHANES I [68] Relatively stable

1976-1980 6-19 NHANES 1I [68] Relatively stable

1988-1994 6-19 NHANES 1I1I [68] Doubled to 11%

1999-2000 6-19 NHANES IV [68] Increased by 4%

Japan

1974-1993 6-14 Kotani [69] Doubled (5% to 10%)

UK

1984-1998 7-11 Lobstein [70] Changed from 8% to 20%

Spain

1985/6—1995/6 67 Moreno [71] Changed from 23% to 35%

France

1992-1996 5-12 Rolland—Cachera [72] Changed from 10% to 14%

Greece

1984-2000 6—12 Krassas [73] Increased by 7%

Overweight and obesity in childhood have significant impact on both
physical and psychological health; for example, overweight and obesity
are associated with Hyperlipidaemia, hypertension, abnormal glucose tol-
erance, and infertility. In addition, psychological disorders such as depres-
sion occur with increased frequency in obese children [10]. Overweight
children followed up for 40 [11] and 55 years [12] were more likely to
have cardiovascular and digestive diseases, and die from any cause as
compared with those who were lean.
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15.2 DEFINITION OF CHILDHOOD OBESITY

Although definition of obesity and overweight has changed over time
[13,14], it can be defined as an excess of Body Fat (BF). There is no con-
sensus on a cutoff point for excess fatness of overweight or obesity in
children and adolescents. Williams et al. [15] measured skin fold thick-
ness of 3320 children aged 5-18 years and classified children as fat if
their percentage of body fat was at least 25% and 30%, respectively, for
males and females. The Center for Disease Control and Prevention defined
overweight as at or above the 95th percentile of BMI for age and "at risk
for overweight" as between 85th to 95th percentile of BMI for age [16,17].
European researchers classified overweight as at or above 85th percentile
and obesity as at or above 95th percentile of BMI [18].

There are also several methods to measure the percentage of body fat. In
research, techniques include underwater weighing (densitometry), multi—
frequency bioelectrical impedance analysis (BIA) and magnetic resonance
imaging (MRI). In the clinical environment, techniques such as body mass
index (BMI), waist circumference, and skin fold thickness have been used
extensively. Although, these methods are less accurate than research meth-
ods, they are satisfactory to identify risk. While BMI seems appropriate
for differentiating adults, it may not be as useful in children because of
their changing body shape as they progress through normal growth. In
addition, BMI fails to distinguish between fat and fat—free mass (muscle
and bone) and may exaggerate obesity in large muscular children. Fur-
thermore, maturation pattern differs between genders and different ethnic
groups. Studies that used BMI to identify overweight and obese children
based on percentage of body fat have found high specificity (95-100%),
but low sensitivity (36—66%) for this system of classification [19]. While
health consequences of obesity are related to excess fatness, the ideal
method of classification should be based on direct measurement of fatness.
Although methods such as densitometry can be used in research practice,
they are not feasible for clinical settings. For large population—based stud-
ies and clinical situations, bioelectrical impedance analysis (BIA) is wide-
ly used. Cross—sectional studies have shown that BIA predicts total body
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water (TBW), fat—free mass (FFM), and fat mass or percentage of body fat
(%BF) among children [20-23]. Also, it has been shown that BIA provides
accurate estimation of changes on %BF and FFM over time [24]. Waist
circumference, as a surrogate marker of visceral obesity, has been added
to refine the measure of obesity related risks [25]. Waist circumference
seems to be more accurate for children because it targets central obesity,
which is a risk factor for type II diabetes and coronary heart disease. To the
best of our knowledge there is no publication on specific cut off points for
waist circumference, but there are some ongoing studies.

15.3 CAUSES OF OBESITY

Although the mechanism of obesity development is not fully understood, it
is confirmed that obesity occurs when energy intake exceeds energy expen-
diture. There are multiple etiologies for this imbalance, hence, and the ris-
ing prevalence of obesity cannot be addressed by a single etiology. Genetic
factors influence the susceptibility of a given child to an obesity—conducive
environment. However, environmental factors, lifestyle preferences, and
cultural environment seem to play major roles in the rising prevalence of
obesity worldwide [26—29]. In a small number of cases, childhood obesity
is due to genes such as leptin deficiency or medical causes such as hypothy-
roidism and growth hormone deficiency or side effects due to drugs (e.g.
— steroids) [30]. Most of the time, however, personal lifestyle choices and
cultural environment significantly influence obesity.

15.4 BEHAVIORAL AND SOCIAL FACTORS

15.4.1 DIET

Over the last decades, food has become more affordable to larger num-
bers of people as the price of food has decreased substantially relative to
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income and the concept of 'food' has changed from a means of nourish-
ment to a marker of lifestyle and a source of pleasure. Clearly, increases in
physical activity are not likely to offset an energy rich, poor nutritive diet.
It takes between 1-2 hours of extremely vigorous activity to counteract a
single large—sized (i.e., >=785 kcal) children's meal at a fast food restau-
rant. Frequent consumption of such a diet can hardly be counteracted by
the average child or adult [31].

15.4.1.1 CALORIE INTAKE

Although overweight and obesity are mostly assumed to be results of
increase in caloric intake, there is not enough supporting evidence for
such phenomenon. Food frequency methods measure usual diet, but
estimate caloric intake poorly [32]. Other methods such as 24—hour
recall or food diaries evaluate caloric intakes more accurately, how-
ever, estimate short—term not long—term intake [32]. Total energy in-
take is difficult to measure accurately at a population level. However,
a small caloric imbalance (within the margin of error of estimation
methods) is sufficient over a long period of time to lead to obesity.
With concurrent rise in childhood obesity prevalence in the USA, the
National Health and Nutrition Examination Survey (NHANES) noted
only subtle change in calorie intake among US children from the 1970s
to 1988—-1994. For this period, NHANES III found an increase calorie
intake only among white and black adolescent females. The same pat-
tern was observed by the latest NHANES (1999-2000). The Bogalusa
study which has been following the health and nutrition of children
since 1973 in Bogalusa (Louisiana), reported that total calorie intake
of 10—year old children remained unchanged during 1973—-1988 and a
slight but significant decrease was observed when energy intake was
expressed per kilogram body weight [33]. The result of a survey car-
ried out during the past few decades in the UK suggested that average
energy intakes, for all age groups, are lower than they used to be [34].
Some small studies also found similar energy intake among obese chil-
dren and their lean counterparts [6,35-37].
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15.4.1.2 FAT INTAKE

While for many years it has been claimed that the increase in pediatric
obesity has happened because of an increase in high fat intake, contradic-
tory results have been obtained by cross—sectional and longitudinal stud-
ies. Result of NHANES has shown that fat consumption of American chil-
dren has fallen over the last three decades. For instance; mean dietary fat
consumption in males aged 12—19 years fell from 37.0% (SD = 0.29%) of
total caloric intake in 1971-1974 to 32.0% (SD = 0.42%) in 1999-2000.
The pattern was the same for females, whose fat consumption fell from
36.7% (SD = 0.27%) to 32.1% (SD = 0.61%) [38,39]. Gregory et al. [40]
reported that the average fat intake of children aged 4-18 years in the
UK is close to the government recommendation of 35% energy. On the
other hand, some cross—sectional studies have found a positive relation-
ship between fat intake and adiposity in children even after controlling for
confounding factors [41,42]. The main objection to the notion that dietary
fat is responsible for the accelerated pediatric obesity epidemic is the fact
that at the same time the prevalence of childhood obesity was increasing,
the consumption of dietary fat in different populations was decreasing.
Although fat eaten in excess leads to obesity, there is not strong enough
evidence that fat intake is the chief reason for the ascending trend of child-
hood obesity.

15.4.1.3 OTHER DIETARY FACTORS

There is a growing body of evidence suggesting that increasing dairy in-
take by about two servings per day could reduce the risk of overweight
by up to 70% [43]. In addition, calcium intake was associated with 21%
reduced risk of development of insulin resistance among overweight
younger adults and may reduce diabetes risk [44]. Higher calcium intake
and more dairy servings per day were associated with reduced adiposity
in children studied longitudinally [45,46]. There are few data reporting
the relation between calcium or dairy intake and obesity among children.

Between 1970 and 1997, the United State Department of Agriculture
(USDA) surveys indicated an increase of 118% of per capita consumption
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of carbonated drinks, and a decline of 23% for beverage milk [47]. Soft
drink intake has been associated with the epidemic of obesity [48] and
type II diabetes [49] among children. While it is possible that drinking
soda instead of milk would result in higher intake of total energy, it cannot
be concluded definitively that sugar containing soft drinks promote weight
gain because they displace dairy products.

15.4.2 PHYSICAL ACTIVITY

It has been hypothesized that a steady decline in physical activity among
all age groups has heavily contributed to rising rates of obesity all around
the world. Physical activity strongly influenced weight gain in a study
of monozygotic twins [50]. Numerous studies have shown that sedentary
behaviors like watching television and playing computer games are as-
sociated with increased prevalence of obesity [51,52]. Furthermore, par-
ents report that they prefer having their children watch television at home
rather than play outside unattended because parents are then able to com-
plete their chores while keeping an eye on their children [53]. In addition,
increased proportions of children who are being driven to school and low
participation rates in sports and physical education, particularly among ad-
olescent girls [51], are also associated with increased obesity prevalence.
Since both parental and children's choices fashion these behaviors, it is not
surprising that overweight children tend to have overweight parents and
are themselves more likely to grow into overweight adults than normal
weight children [54]. In response to the significant impact that the cultural
environment of a child has on his/her daily choices, promoting a more ac-
tive lifestyle has wide ranging health benefits and minimal risk, making it
a promising public health recommendation.

15.5 PREVENTION

Almost all public health researchers and clinicians agree that prevention
could be the key strategy for controlling the current epidemic of obesity
[55]. Prevention may include primary prevention of overweight or obesity
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itself, secondary prevention or avoidance of weight regains following weight
loss, and prevention of further weight increases in obese individuals unable
to lose weight. Until now, most approaches have focused on changing the
behavior of individuals on diet and exercise and it seems that these strate-
gies have had little impact on the growing increase of the obesity epidemic.

15.5.1 WHAT AGE GROUP IS THE PRIORITY FOR
STARTING PREVENTION?

Children are often considered the priority population for intervention
strategies because, firstly, weight loss in adulthood is difficult and there
are a greater number of potential interventions for children than for adults.
Schools are a natural setting for influencing the food and physical activity
environments of children. Other settings such as preschool institutions and
after—school care services will have similar opportunities for action. Sec-
ondly, it is difficult to reduce excessive weight in adults once it becomes
established. Therefore it would be more sensible to initiate prevention
and treatment of obesity during childhood. Prevention may be achieved
through a variety of interventions targeting built environment, physical
activity and diet.

15.5.2 BUILT ENVIRONMENT

The challenge ahead is to identify obesogenic environments and influ-
ence them so that healthier choices are more available, easier to access,
and widely promoted to a large proportion of the community (Table 2).
The neighborhood is a key setting that can be used for intervention. It
encompasses the walking network (footpaths and trails, etc.), the cycling
network (roads and cycle paths), public open spaces (parks) and recre-
ation facilities (recreation centers, etc.). While increasing the amount of
public open space might be difficult within an existing built environment,
protecting the loss of such spaces requires strong support within the com-
munity. Although the local environment, both school and the wider com-
munity, plays an important role in shaping children's physical activity, the
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smaller scale of the home environment is also very important in relation to
shaping children's eating behaviors and physical activity patterns. Surpris-
ingly, we know very little about specific home influences and as a setting,
it is difficult to influence because of the total numbers and heterogeneity
of homes and the limited options for access [56]. Of all aspects of be-
havior in the home environment, however, television viewing has been
researched in greatest detail [57-59].

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

1. Built environment

1. Walking network
a. Footpaths (designated safe walking paths)
b. Trails (increasing safety on trails)
2. The cycling network
a. Roads (designated cycling routes)
b. Cycle paths
3. Publis open spaces (parks)
4. Recreation facilities (providing safe and inexpensive recreation centers)
II. Physical activity
1. Increasing sports participation
2. Improving and increasing physical education time
3. Using school report cards to make the parents aware of their children's weight problem
4. Enhancing active modes of transport to and from school
a. Walking (e.g. walking bus)
b. Cycling
c. Public transport
III. TV watching
1. Restricting television viewing
2. Reducing eating in front of the television
3. Ban or restriction on television advertising to children
IV. Food sector

1. Applying a small tax on high—volume foods of low nutritional value (e.g. soft drinks, confec-
tionary, and snack foods)

2. Food labeling and nutrition "signposts" (e.g. logos for nutritious foods)

3. Implementing standards for product formulation
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15.5.3 PHYSICAL ACTIVITY

Stone et al. [60] reviewed the impact of 14 school-based interventions
on physical activity knowledge and behavior. Most of the outcome vari-
ables showed significant improvements for the intervention. One interdis-
ciplinary intervention program in the USA featured a curriculum—based
approach to influence eating patterns, reduce sedentary behaviors (with a
strong emphasis on television viewing), and promote higher activity levels
among children of school grades 6 to 8. Evaluation at two years showed a
reduction in obesity prevalence in girls (OR = 0.47; 95%CI: 0.24 — 0.93),
but not in boys (OR = 0.85; 95%CI: 0.52 — 1.39) compared to controls.
The reduction in television viewing (by approximately 30 min/day) was
highly significant for both boys and girls. Increases in sports participa-
tion and/or physical education time would need policy—based changes at
both school and education sector levels [61]. Similarly, increases in ac-
tive modes of transport to and from school (walking, cycling, and public
transport) would require policy changes at the school and local govern-
ment levels, as well as support from parents and the community. In some
communities a variety of such programs have been implemented e.g. road
crossings, 'walking bus', and designated safe walking and cycling routes
[51].

15.5.4 EFFECTS OF DIETARY PATTERN AND TV WATCHING

It appears that gains can be made in obesity prevention through restricting
television viewing. Although, it seems that reduced eating in front of the
television is at least as important as increasing activity [58]. Fast foods are
one of the most advertised products on television and children are often the
targeted market. Reducing the huge volume of marketing of energy—dense
foods and drinks and fast—food restaurants to young children, particularly
through the powerful media of television, is a potential strategy that has
been advocated. Television advertising to children under 12 years of age
has not been permitted in Sweden since commercial television began over
a decade ago, although children's television programs from other coun-
tries, and through satellite television, probably dilute the impact of the ban
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in Sweden. Norway, Denmark, Austria, Ireland, Australia, and Greece also
have some restrictions on television advertising to young children [51].
The fact that children would still be seeing some television advertisements
during adult programs or other types of marketing, such as billboards,
does not contradict the rationale for the control on the television watching
of young children.

15.5.5 FOOD SECTOR

Food prices have a marked influence on food—buying behaviour and, con-
sequently, on nutrient intake [62]. A small tax (but large enough to affect
sales) on high—volume foods of low nutritional value, such as soft drinks,
confectionery, and snack foods, may discourage their use. Such taxes cur-
rently applied in some parts of the USA and Canada [63]. In addition, food
labeling and nutrition 'signposts' such as logos that indicate that a food
meets certain nutrition standards might help consumers make choices of
healthy foods. An example is the 'Pick the Tick' symbol program run by
the National Heart Foundations in Australia and New Zealand [64]. The
'Pick the Tick' symbols made it easier for consumers to identify healthier
food choices and are frequently used by shoppers. In addition, the nutri-
tion criteria for the products serve as 'de facto' standards for product for-
mulation, and many manufacturers will formulate or reformulate products
to meet those standards.

15.5.6 EFFECTIVENESS OF THE PREVENTION METHODS

It has been shown that focusing on reducing sedentary behaviour and en-
couraging free play has been more effective than focusing on forced ex-
ercise or reducing food intake in preventing already obese children from
gaining more weight [65]. Recent efforts in preventing obesity include the
initiative of using school report cards to make the parents aware of their
children's weight problem. Health report cards are believed to aid preven-
tion of obesity. In a study in the Boston area, parents who received health
and fitness report cards were almost twice as likely to know or acknowledge
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that their child was actually overweight than those parents who did not get
areport card [66]. They also were over twice as likely to plan weight—con-
trol activities for their overweight children.

A summary of prevention and intervention strategies is presented in
Table 2.

15.6 CONCLUSION

Obesity is a chronic disorder that has multiple causes. Overweight and
obesity in childhood have significant impact on both physical and psy-
chological health. In addition, psychological disorders such as depression
occur with increased frequency in obese children. Overweight children
are more likely to have cardiovascular and digestive diseases in adulthood
as compared with those who are lean. It is believed that both over—con-
sumption of calories and reduced physical activity are mainly involved in
childhood obesity.

Apparently, primary or secondary prevention could be the key plan for
controlling the current epidemic of obesity and these strategies seem to be
more effective in children than in adults. A number of potential effective
plans can be implemented to target built environment, physical activity,
and diet. These strategies can be initiated at home and in preschool in-
stitutions, schools or after—school care services as natural setting for in-
fluencing the diet and physical activity and at home and work for adults.
Both groups can benefit from an appropriate built environment. However,
further research needs to examine the most effective strategies of inter-
vention, prevention, and treatment of obesity. These strategies should be
culture specific, ethnical, and consider the socio—economical aspects of
the targeting population.
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