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Abstract

Nutrition plays an important role in the growth,
development and puberty of children. Adequate
nutrition is very important for the normal devel-
opment of the child during the various stages of
childhood and into puberty. Unfortunately, we note
the spread of fast food and the adoption of wrong
methods in feeding the child, such as making them
watch TV to motivate them to eat a larger amount
of food etc. This has led to the spread of obesity
and overweight among children. Overweight or
obese children are more likely to enter puberty ear-
ly. Some evidence suggests that obesity can ac-
celerate the onset of puberty in girls and this is a
major reason why girls begin puberty at an earlier
age compared to past decades while overweight
or obesity may delay the onset of puberty in boys.
On the other hand, severe primary or secondary
malnutrition also can delay the onset and progres-
sion of puberty.

The aim of our article is to shed light on the rela-
tion between nutrition and puberty and to focus
on the importance of adequate nutrition to create a
healthy child with a normal development.
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Introduction

Nutritional status in childhood is very important because
it has a profound effect on biological, physical, and
psychological development of children. Nutrition can
affect as much as 25% of pubertal timing variation.
Over-nutrition and obesity seem to trigger pubertal onset.
Neonatal shortness and thinness are associated with
earlier pubertal maturation [1].

Puberty parameters are mainly, height, weight, Tanner
staging and breast development.

Most girls enter puberty between ages 8 and 13 years,
while boys enter puberty from age 10 to 15 years. Strong
associations were found between all pubertal timing
parameters on the one hand and BMI and percentage
of body fat on the other hand. Increased consumption
of processed, high-fat foods may be blamed for this
phenomenon [2,3,4]. Some controversy exists about the
effect of obesity on pubertal onset in males. An expert
panel reviewing existing American pubertal data from boys
in 2005 could not confirm a secular trend in male pubertal
timing[5]. National Health and Nutrition Examination
Survey lll findings reported a mean age of 10.4 years
for Caucasian boys entering Tanner stage G2 [6].

Progression of puberty has been shown to be affected by
prepubertal body composition in healthy boys and girls in
a longitudinal study. Higher prepubertal BMI and fat mass
resulted in earlier attainment of pubertal stages. Both
clearly predicted the age at peak height velocity (APHV)
and puberty duration in both sexes and age at menarche
in girls [7,8].
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Growth in children

Proper growth is the most important factor in health
assessment of children and adolescents. Growth can
be presented as an increase in height and an increase
in body weight. Postnatal linear growth is controlled by
genetic, endocrine and nutrition factors.

Most girls enter puberty between age 8 and 13 years, while
boys enter puberty from age 10 to 15 years. 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”(8,9). A
secular trend for earlier age at menarche associated with
an increase in the prevalence of overweight and obesity
has been reported (10). An accelerated growth rate in
overweight children accompanied by early appearance
of pubertal signs may raise the concern of hormonal
abnormalities such as precocious puberty.

Careful assessment of pubertal status and bone age
determination are important for growth assessment in
children and adolescents. For better sensitivity in the
initial assessment and sequential follow-up of nutritional
status, body composition evaluation could be considered
in routine clinical practice (11).

Nutritional status from fetal to childhood and onset
of puberty:

Nutritional imbalances during pregnancy may be
implicated in the programming of the fetal metabolism,
including the setting of the hypothalamic-pituitary axis(12)
on the one hand, and of insulin resistance and body
composition on the other hand, which could, in turn,
trigger subsequent hormonal changes affecting pubertal
timing(13) .To date, evidence linking prenatal nutritional
imbalances to the timing of puberty is only indirect, using
birth weight as a marker of the intrauterine environment.
Nutritional factors during pregnancy that have been
discussed in relation to an influence on birth weight range
from malnourishment(14) to deficiencies in micronutrients
vitamin B12, or docosahexaenoic acid intake(15). A
recent study has suggested maternal vitamin D status in
early pregnancy may play a role in both birth weight and
subsequent growth velocity(16). With respect to the timing
of puberty, a lower birth weight has been related to an
earlier menarche(17,—18). The DONALD Study confirmed
this association for other pubertal markers (ATO and
APHYV) in both boys and girls (21).

It has been suggested that the postnatal nutritional
environment will, to some extent, override prenatal
nutritional influences (e.g., prepubertal nutritional
deprivation will result in delayed sexual maturity,
irrespective of prenatal influences) (14). On the other
hand, lower birth weight predisposes to rapid weight
gain among those who encounter — in contrast to what
they had “anticipated” in the uterus — a sufficient or even
excessive nutrient supply (mismatch theory) (20). Rapid
weight gain during infancy and early childhood has, in
turn, repeatedly been linked to a notably earlier onset
of menarche(218,—22) and other early and late pubertal

markers.(23,-24) pre- and postnatal genetic/intrauterine
and nutritional influences appear to interact; i.e., infants
with a lower birth weight and subsequent rapid weight
gain during childhood will experience the earliest puberty
onset(17,-25).

Nutrition during early life might also play an important role
in the timing of puberty. Direct evidence for such a link is
largely confined to studies investigating the association
of breastfeeding with pubertal timing. Prospective studies
have not, however, found an independent association
of breastfeeding with age at menarche,(26,-27) ATO, or
APHV(21). In line with this is the observation from the
DONALD Study that protein intake in early childhood (1-2
years) is not critical for the timing of early and late pubertal
markers(28).

Prepubertal attainment of a critical body weight and/or fat
mass (FM) has been thought to have a noticeable role
in the start of sexual maturation whereas underfeeding
and malnutrition in humans has been related to delayed
pubertal onset [29,30,31,32] . In a large population-based
study done in Sweden, large growth data showed that
an increase of one BMI unit between ages 2 and 8 was
associated with an average of 0.11 years earlier for peak
height velocity. In addition children with higher changes
in BMI had significantly earlier timing of pubertal onset.
This suggests that over-nutrition in early childhood can
result in an earlier onset of puberty in both sexes [33] .
Girls with a higher percentage of body fat and BMI at age
5 and 7 had significantly earlier pubertal development at
or by age 9. A strong correlation was reported between
percentage body fat at age 7 and breast development at
age 9 [33,34] .

Nutrition—hormone interaction during critical periods of
growth plays an essential role in the control and prediction
of metabolic adaptation and pubertal development later in
life [19] . Rapid early weight gain leads to taller childhood
stature and higher insulin-like growth factor | (IGF-I) levels,
possibly through early induction of growth hormone (GH)
receptor numbers, and such children are also at risk of
childhood obesity [35]. In the Avon Longitudinal Study
of Parents and Children, rapid infancy weight gain was
associated with increased risk of obesity at 5 and 8
years, with evidence of insulin resistance, exaggerated
adrenarche and reduced levels of sex hormone binding
globulin  (SHBG). Theoretically the increased IGF-I
and adrenal androgen levels can increase aromatase
activity and free sex steroid levels which consequently
can early arouse the GnRH pulse generator. Besides,
obese infants and children have higher leptin levels
with a proven permissive factor in initiating LH pulsatility
[36,37,38,12,39].

Obesity and its effect on puberty:

A three years follow-up study of 8—12-year-old pupils in
China [41] demonstrated that the incidence of menarche
in obese children of all age groups was higher than in
the normal-weight group, while the incidence of first
spermatorrhea in obese children was lower than that in
normal-weight group. Another cohort in Sweden [42]
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involving 1901 children defined the pubertal development
by childhood pubertal height growth, in which the result
suggests that onset of puberty reached for girls/boys was
3.5/2.5 monthly earlier in the overweight and obese group
than the normal-weight and underweight group.

Two included cohort studies [43,53] comprising 788
girls and 776 girls respectively, all showed that girls with
a higher BMI at younger age had significantly earlier
menarche compared with those with lower BMI, which is
consistent with St. George [49] and one case-control study
[44] conducted in Korea with 144 girls, demonstrating an
inverse association between body fat and age at pubertal
onset in girls.

As for the number of girls with menarche, the pooled
estimates showed that obesity is a risk factor for early
menarche, which was in agreement with Frisch [45], who
proposed that the onset of the female adolescent growth
spurt and menarche require a critical weight of 47.8 kg,
and that increased body fat can lead to early height spurt
start age and menarche age in puberty [45,46].

Only one cohort[52] studies have evaluated the association
between obesity and the timing of genitalia development
in boys in our systematic review, which showed that boys
with higher BMI trajectory were more likely to be later
mature compared with lower BMI trajectory, which is
consistent with cross-sectional studies conducted by Lee
[50] and Wang [51], where boys with a higher BMI were
more likely to be classified as late maturers. However,
another cohort based on 1060 boys [47] reported that
BMI-for-age z score at 5 years were positively associated
with pubic hair development, which is consistent with the
results in girls. It is hard to draw a definite conclusion that
obesity led to early puberty timing in boys due to the limited
number of studies with small sample size in this meta-
analysis. Compared with the study of girls, there are few
studies on boys; the reason may be that data can be even
more difficult to interpret in boys considering that early
staging of genitalia and subsequent progression through
puberty (without assessment of testicular volume) is more
subjective, with no easily identified event like menarche in
girls [48,40].

Malnutrition

Under-nutrition, chronic diseases and pubertal growth:
Under-nutrition is the most important cause of growth
retardation worldwide. Poverty in the poor countries
and self-induced food restriction in the rich countries or
malabsorption and chronic systemic

diseases are the main causes. Primary or secondary
malnutrition leads to serious consequences including
impaired growth, osteopenia, anemia, and different
syndromes caused by deficiency of vitamins, minerals,
essential fatty acids and amino acids, and trace elements
[54,55,56,57].
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Chronic primary malnutrition during childhood modulates
the timing of adolescent sexual development in both sexes
and is associated with later age of menarche (as well as
secondary amenorrhea) [57,58,59].

Patients suffering from secondary malnutrition due to
chronic diseases also have delayed onset of puberty and
a reduced pubertal growth spurt. Although the etiology
of abnormal puberty in these patients is multifactorial,
nutritional deficiency largely contributes to their growth
and pubertal delay[60,61]. Insufficient food supply due to
decreased appetite, eating disorders and/or malabsorption
of nutrients can be observed in these patients. Moreover,
increased energy expenditure is another mechanism of
hastening malnutrition in these children[62]. More specific
factors due to the disease itself may be involved in
growth and puberty disorders. Abnormalities of the growth
hormone (GH-IGF-1) axis and gonadotrophin secretion
have been described in patients with chronic renal failure,
cystic fibrosis and Crohn’s disease[63,64,65].

More recently, it has been shown that cytokines produced
during chronic diseases such as juvenile idiopathic arthritis
and CF may affect the GH-IGF-1 axis. The associated
medication, namely corticosteroids, which are often given
to these patients, also contribute to delayed puberty and
poor pubertal growth[66,67].

Endocrine disruptor (EDs) and pubertal development:
EDs accumulate in the environment in the long term and
are introduced into the human body through water, air,
foodstuffs, orthroughequipmentusedintheofficeandhome.
Human studies have shown that several EDs including
DDT/dichlorodiphenyldichloroethylene  (DDE), PCBs,
polybrominated biphenyls (PBB), hexachlorobenzene,
endosulfan, dioxins, heavy metals and phthalates affect
puberty in humans. A significant relationship has been
found between intrauterine exposure to high doses of
PBB pesticides and early thelarche and pubarche in girls.
In addition, an association between serum DDT/DDE
concentrations and early menarche was reported in textile
workers. Exposure to phthalate esters (used as plastic
softeners and in some cosmetic products, shampoo,
and perfumes) has been linked with early thelarche. A
bisphenol A (BPA) (found in huge amounts in baby feeding
bottles), has also been suggested to have estrogenic
effects causing precocious puberty. Heavy metal exposure
especially to lead was associated with delayed pubarche
and menarche. Avoiding different methods of exposure to
these EDs should be enforced to avoid abnormalities of
pubertal development and reproduction[68,69,70,71].
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Conclusion

In summary, nutritional condition can affect pubertal
development and we will outline it in a few points:

* Increased adiposity during childhood, advances puberty
in girl and delays puberty in boys.

 Nutrition during early life might also play an important
role in the timing of puberty.

 Rapid growth during infancy was related to early pubertal
maturation

 Higher prepubertal BMI and fat mass resulted in earlier
attainment of pubertal stages.

* Malnutrition during childhood modulates the timing of
adolescent sexual development in both sexes.

* Likelihood that timing of puberty (menarche) may be set
in utero or early in life, even though it can be modified
by changes in nutrition, body size and composition in
childhood.
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