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Growth and Puberty in Obese Children and
Implications of Body Composition
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Childhood obesity is a major public health concern throughout the world. Nutrition, energy balance and hor-
mones interplay in growth and pubertal development regulation. Frequently overweight and obese children
are taller for their age and sex and tend to mature earlier than lean children. The increased leptin and sex hor-
mone levels seen in obese children with excessive adiposity may be implicated in accelerated pubertal growth
and accelerated epiphyseal growth plate maturation. Efforts to detect the impact of obesity in children are
needed to prevent metabolic and cardiovascular disease in later life. This review aims to cover the process of
growth in obese children and implications of body composition on growth and pubertal development and in-

troduce the use of body composition charts in clinical practice.
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INTRODUCTION

Obesity and related complications are major public health con-
cerns and effective prevention strategies are required. The rising
economic burden due to the increase in obesity-related disease
treatment costs has emerged as a social challenge for the next gen-
eration.

In the human body, essential fats are required for sustaining life
and metabolism. However, it is well known that excessive/ectopic
fat accumulation is harmful and could be a disease risk even in chil-
dren."” Accurate adiposity evaluation has become the essential
component of obesity assessment.*

Growth monitoring and nutritional status assessment is the pri-

ority in clinical practice for children and pubertal stage assessment
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is also important in adolescents. The majority of overweight youth
become overweight adults.* Body mass index (BMI) is the widely
used screening tool in obesity assessment. However, BMI cannot
differentiate between fat mass and fat-free mass (FEM) and this
limitation might have greater clinical implications in children and
aged than in adults. Endocrine etiologies for obesity are rare and
usually accompanied by attenuated growth patterns.’ Individual
height and its percentile or z-score should be accompanied by mea-
sures other than BMI and its z-score in childhood obesity evalua-
tion. Asians including Koreans, tend to develop diabetes with a
lesser degree of obesity at younger ages and urgent action for life-
style changes has been called for.®

Being underweight or under nourished are risk factors for in-

creased mortality, especially in elderly patients with accompanying
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disease such as coronary heart disease’, and in terms of FFM loss
in chronic obstructive pulmonary disease®, and cancer.’

Multiple factors affect the timing and tempo of pubertal develop-
ment, including environmental conditions. Adequate nutrition is a
key permissive factor for the normal timing and tempo of pubertal
development. Insulin resistance during puberty may be exaggerated
in the condition of obesity. Obesity during childhood may lead to
early signs of puberty in girls and pubertal delay in boys; adiposity
in early childhood also appears to be linked to advanced puberty in
girls and age at menarche is negatively associated with BML.'’

Early interventions directed to appropriate maternal nutrition
before and during pregnancy, promotion of breast feeding, preven-
tion of rapid weight gain during infancy, and promoting a healthy
lifestyle have been increased."

This is a brief review of growth in obese children and adolescents
and the impact of obesity on growth and pubertal development in
terms of body composition, FFM and fat mass, and scaling these

by height.

Growth in children

Proper growth is the most important factor in health assessment
of children and adolescents. Growth can be presented as an in-
crease in height and an increase in body weight. Postnatal linear
growth is controlled by genetic, endocrine and nutrition factors.
Annual height velocity is approximately 25 cm in the first year of
life, and then decreases over time until a plateau-like phase before
the onset of puberty. There are sex-specific differences in height ve-
locity in childhood that is a hallmark of puberty. Pubertal height
increase in boys exceeds that of girls and remarkable gender differ-
ences exist in annual height velocity during puberty. Girls attain a
peak height velocity at an average age of 11-12 years, in boys, it is
13-14 years of age. Growth hormone (GH) through insulin-like
growth factor (IGF)-1 plays a major role in postnatal growth, to-
gether with thyroid hormones and sex steroids that are active
growth stimulators during puberty." Although adequate nutrition
is essential for normal child growth and obese children are usually
taller than normal weight peers, they do not tend to attain taller
height as adults.">**

Endocrine etiologies for obesity are rare and usually are accom-

panied by attenuated growth patterns. Short stature associated obe-
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sity in children may suggest the possibility of endocrine disorders
such as hypothyroidism, GH deficiency, Cushing syndrome, pseu-
dohypoparathyroidism, or a genetic syndrome such as Prader-Willi
syndrome.’

For pubertal development and menstrual function in girls, it is
essential to achieve a certain minimum weight or percentage of
body fat (PBF): the “critical weight hypothesis.”*'¢ A secular trend
for earlier age at menarche associated with an increase in the preva-
lence of overweight and obesity has been reported."” An accelerat-
ed growth rate in overweight children accompanied by early ap-
pearance of pubertal signs may raise the concern of hormonal ab-
normalities such as precocious puberty.

Obesity screening using BMI percentile is recommended in all
children once a year.'* BMI has a curvilinear shape with respect to
age and inverted BMI (cm?/kg) has been referred to as a better
proxy for body fat in adults.'” More attention is required with re-
spect to application of BMI in obesity work-ups in children com-
pare to adults. The calculation of BMI includes height, and if he or
she is tall, even if the weight is too high, he or she might be classi-
fied as overweight instead of obese, in other words, the risk for
obesity complications might be overlooked. In children and adoles-
cents, BMI levels are strongly associated with fat free mass index
(FFMI) as FFM makes up about 75% (girls) to 80% (boys) of the
weight and there is a strong association between FFM and height.””
Among children with a BMI-for-age > 85th percentile, BMI levels
were strongly associated with fat mass index (FMI).*°

Careful assessment of pubertal status and bone age determina-
tion are important for growth assessment in children and adoles-
cents. For better sensitivity in the initial assessment and sequential
follow-up of nutritional status, body composition evaluation could

be considered in routine clinical practice®

Adiposity rebound in early childhood

Early childhood has emerged as a critical period for assessing the
beginnings of obesity and instituting preventive measures.” It is
well-known that early adiposity rebound is a risk factor for adult
obesity** The importance of early-life obesity prevention is increas-
ing and obesity interventions may have the greatest preventive ef-
fect if begun early in life.”?

The “first 1,000 days”—conception through age 24 months—
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are critical for the development and prevention of childhood obesi-
ty. Modifiable risk factors for childhood obesity occurring in the
first 1,000 days and feeding for healthy infancy weight gain should
be addressed.** As most recent studies have reported a positive as-
sociation between higher infancy weight or weight gain and later
childhood overweight*, preconception, pregnancy, and early life
have emerged as critical periods for obesity prevention.

Beyond milk nutrient composition, there appears to be a linear
relationship between total energy intake and weight gain during in-
fancy, at least among formula-fed infants.”®

A systems-level approach to obesity prevention in early life, in-
cluding during pregnancy, has been suggested due to the consistent
association between rapid growth and weight gain during infancy
and higher risks for obesity in later childhood and adult life.* The
World Health Organization Commission on Ending Childhood
Obesity has called for low- and high income countries to develop
multisector approaches to reducing childhood obesity across the
life course including during pregnancy (e.g., higher maternal pre-
pregnancy BMI, prenatal tobacco exposure, and excess gestational
weight gain), infancy (e.g,, high infant birth weight, accelerated in-
fant weight-for-length gain), gestational diabetes, child care atten-
dance, low strength of the maternal infant relationship, curtailed in-
fant sleep, inappropriate bottle use, introduction of solid food in-
take before age 4 months, and infant antibiotic exposure.”” The Na-
tional Academy of Medicine, formerly called the Institute of Medi-
cine and National Institutes of Health have established obesity pre-
vention intervention development as a priority that must be con-
ducted at systems and policy levels; thus, the challenge is to create
population-level obesity prevention interventions that are cost-ef-
fective and sustainable.*"*’

In Korea, health screening program for infant and early child-
hood undertaken by The National Health Insurance Service might
be a powerful tool for early detection of the timing of adiposity re-
bound and starting early intervention. For a child with a rapid
crossing of BMI percentiles, it is necessary to provide parent educa-

tion and a close monitoring schedule.

Growth in obese children
Excess adiposity during childhood can affect the process of
growth and puberty. Childhood obesity is related to an acceleration
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in linear growth during prepuberty. Early childhood rapid weight
gain is often accompanied by an increase in height velocity and
bone age advancement.”®* Advanced skeletal maturity has been
shown to precede linear growth acceleration in overweight individ-
uals, as well as subsequent height velocity reduction due to a lesser
growth spurt during puberty.'>#*$3°

The majority of tall obese children will have a final height reflect-
ing their genetic growth potential, however, in some patients, ab-
normal growth caused by pathological processes during childhood
needs to be considered. Linear growth is associated with skeletal
maturation and the difference in bone age between obese and nor-
mal weight children was shown to be significant."* Different pat-
terns of childhood and adolescent height growth have been report-
ed for individuals who became normal weight, overweight or obese
as young adults.”

According to a longitudinal cohort study, overweight or obese
young adults stood taller in childhood, particularly in early child-
hood, but had relatively less growth in height throughout the teen-
age years, compared with normal weight young adults."**’

Increased insulin secretion is a normal feature in adolescence and
it probably plays a role in activating insulin receptors at the growth
plate. Hyperinsulinemia was found to be associated with advanced
bone age and was a strong predictor of advanced bone age in obese
children.* The hyperinsulinemia seen in obesity is a contributor to
GH suppression in obesity.** Obese children have reduced GH se-
cretion with normal IGF-1 levels.** In some clinical conditions
such as GH deficiency secondary to craniopharyngioma surgery
that are accompanied by the presence of low GH serum levels, in
normal growth or even accelerated growth associated with obesity,
a “circulating factor” that stimulates growth independent of GH has
been observed but remains unidentified.**

Puberty is the process by which children develop secondary sex-
ual characteristics and reproductive capacity. Nutrition plays a key
role in the timing and tempo of pubertal development. Obesity
and increased adiposity may alter hormone secretion and sensitivi-
ty, including leptin and insulin.

Insulin resistance and compensatory hyperinsulinemia in adoles-
cents may represent common contributors to pubertal changes,
thus interfere at different levels in the process of pubertal develop-

ment in obese children.** Early hyperleptinemia related to over-
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nutrition was associated with early pubertal development.*”

In prepubertal obese children, adrenal androgens such as dehy-
droepiandrosterone and androstenedione were increased, as well as
free leptin and IGF-1.* High levels of insulin, leptin, and androgens
are observed in obese children. Leptin can act as a skeletal growth
factor with a direct effect. Increased leptin and androgens may be
implicated in earlier onset of puberty and accelerated pubertal
growth.* Potential links between low GH and elevated leptin levels
associated with increased body fat accumulation in children has
been reported.***' GH pulsatile secretion was greater in girls with
later age at menarche.*

High leptin levels and leptin-to-adiponectin ratio may be sex-
specific predictors of obesity gain in non-obese and prepubertal
children and routine body composition measurement was suggest-
ed to assess fat mass growth and distribution during childhood and
adolescence.”

Obese children are frequently tall for their age, with associated
accelerated linear growth.” Accelerated epiphyseal growth plate
maturation possibly due to early estrogenization and the action of
insulin on the IGF-1 receptor and the degree of body fatness may
trigger the neuroendocrine events that lead to the onset of puberty;
these may explain the findings that obese girls tend to mature earli-
er than lean girls.*

Rapid weight gain during infancy was a risk factor for both in-
creased childhood adiposity and early menarche in girls*, and BMI
standard deviation score reduction in overweight children was as-
sociated with later onset of puberty in girls, suggesting earlier pu-
berty in obese girls.** Children maturing faster are not only taller
for their age but also fatter, and this means that the FMI remains
correlated with height.* Bone age advancement after adjusting for

age and sex was associated with body fat mass.*

Body composition analysis to overcome the limitations
of BMI

The interest in body composition in children is increasing within
the context of obesity and it is focused on PBE. Most of the weight
gain during growth in children comprises FFM (used here as a syn-

2047 and both increased fat

onym for lean mass) rather than fat mass
mass and reduced FFM may represent pathways to an increased

risk for adult disease.””
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Body composition is not routinely measured in patients, al-
though body composition evaluation was suggested as a useful tool
for clinical practice.’ The use of FMI and FFMI improves on the
use of PBF and BMI by allowing for the independent assessment
of fat mass and FEM.* Growth charts for weight and height have
provided the basis for assessment of children’s nutritional status.
Growth chart data is expressed in age- and sex-specific standard
deviation score or percentiles. The majority of children do not
cross up or down through the centiles, but tend to track along a
given centile, indicating that growth is self-regulating and target-
seeking®, and abrupt centile crossing is an indication of a clinical
growth abnormality.

Growth charts for BMI and age- and sex-specific BMI percentile
values have been used in obesity assessment.**** Age- and sex-spe-
cific BMI percentile values are easy to calculate and are correlated
with the PBF, especially for high BMI values. However, BMI does
not provide information on the proportions of multi components
of weight, such as lean mass, fat mass, and bone mass. BMI is corre-
lated with each of these but, it cannot differentiate between them.
BMI cutoff values to diagnose obesity have high specificity, but low
sensitivity to identify adiposity** Although a high BMI-for-age is a
good indicator of excess fat mass, BMI levels among children
should be interpreted with caution. BMI differences among thin-
ner children can be largely due to FFM™, and it is more important
in underweight children. PBF also has limitations as an index of ad-
iposity and high PBF values might reflect high fat mass or low
FEM.**

BMI can be divided into two components: the FFMI (FFM/
height?) and the FMI (fat mass/height?), each expressed in the
same kg/m” units as BML*%** FMI was a better screening tool for
predicting the presence of metabolic syndrome than BMI and PBF
in men and women.*®

It should be emphasized that body composition data from differ-
ent techniques cannot be used interchangeably, and existing refer-
ence data can only be used if data are collected using the same
method.”” Interpopulation variability in body composition may de-
rive in part from genetic factors, suggesting a universal human body
composition reference may not be viable.””

In the Korean pediatric population, characterization of diabetes
type and detection of atypical diabetes cases and early adjustment
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Figure 1. Plotting FFMI and FMI in adolescents with diabetes on a body composi-
tion chart. The X-axis represents FFVII, and the Y-axis depicts individual FMI. The
lines for BMI and PBF were added to same plane. FMI, fat mass index; BMI, body
mass index; PBF, percentage of body fat; FFMI, fat free mass index; T1M, type 1
diabetic boy; T1F, type 1 diabetic girl; T2M, type 2 diabetic boy; T2F, type 2 diabetic
girl. Reprinted from Park et al. J Korean Med Sci 2012;27:1385-90.%

of diabetes management strategy using a body composition chart
(BC chart) was reported (Fig. 1).** Remission in cases of type 2 di-
abetes in teenage girls with intensive lifestyle modification that in-
cluded BC chart monitoring as an aid for motivation has been re-
ported (Fig. 2).% The changes in FFMI and FMI are easily visual-
ized on a BC chart and this is helpful for increasing intervention
compliance. Growth charts for children’s body composition have
been produced and reference values for Korean children have also
been presented.** Data from body composition growth charts will
improve understanding of the effects of low birth weight, wasting,

and stunting as well as obesity in children and later life.

CONCLUSION

A worldwide epidemic of obesity is an ongoing global health
concern and the diagnosis, treatment and monitoring of obesity in
the pediatric age group is a priority in global health. Obese children
are usually taller for their age but also fatter and mature faster, but
they do not tend to attain taller height as adults since excess adipos-
ity during early childhood has an influence on the process of
growth and puberty. To discern the impact of excessive fatness in
the trajectory of linear growth in obese children early, body com-

position analysis should be included along with growth and puber-
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Figure 2. Plot of changes in FFMI and FMI in two adolescent girls with T2DM who
achieved remission. FMI, fat mass index; BMI, body mass index; PBF, percentage
of body fat; FFMI, fat free mass index; T2DM, type 2 diabetes. Reprinted from Lee
etal. J Obes Metab Syndr 2017;26:71-5.%

tal status assessment.

A BC chart based on FFMI and FMI along with BMI percentiles
for age, sex, and PBF should be included in growth charts along
with height, weight, weight for height and BMI. This should be
considered an essential part in clinical practice for the pediatric
population. Body composition growth charts could be a solution
to the need for an easy and accurate tool that can be used in assess-
ment and follow-up to monitor individuals with skewed subclinical

metabolic conditions and early cardiovascular risk origins.
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