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Growth: healthy status and active food model in
pediatrics

NC Battistini'*, M Malavolti!, M Poli' and A Pietrobelli*

'Human Nutrition Chair, Modena and Reggio Emilia University, Italy; and 2pediatric Unit, Verona University Medical
School, Verona, Italy

OBJECTIVE: The brain integrates peripheral signals of nutrition in order to maintain a stable body weight. Nutritional status
defined as the results of introduction, absorption, and utilization of the nutrients could be interpreted with the base of the
relationship between nutritional status and healthy status. In this view, energy balance, body function, and body composition
are three entities correlated to each other to the healthy status.

AIM: To discuss the nutritional status in relation with healthy status, and its relationship with growth and nutrients.
METHODS: A review of the available literature on food patterns and active food model was carried out.

RESULTS: In the reviewed studies, strategies that could offer promising results to prevent overweight and obesity were
discussed, in particular in the light of functional foods that effect energy metabolism and fat partitioning.

CONCLUSION: At this moment it is necessary to proactively discuss and promote healthy eating behaviors among children at an
early age and empower parents to promote children’s ability to self-regulate energy intake while providing appropriate structure

and boundaries around eating.
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Introduction

The brain integrates peripheral signals of nutrition in order
to maintain a stable body weight.! However, this physiolo-
gical system is not simple and easy to describe. Brain centers
including the hypothalamus, brainstem, and reward centers
using neuropeptides are able to regulate energy homeostasis.
Peripheral signals of adiposity such as leptin, insulin, and
adiponectin ‘represent’ the nutritional status of the body
and could influence these circuits. Peripheral signals from
the gastrointestinal tract (ie, ghrelin, pancreatic-polypeptide,
proglucagon products, cholecystokinin) modulate these
pathway, and the final product is either appetite stimulation
or satiety effects.

The definition of nutritional status that is defined as the
results of introduction, absorption, and utilization of the
nutrients could be interpreted with the base of the relation-
ship between nutritional status and the healthy status. In
this view, energy balance, body function, and body composi-
tion are three entities correlated to each other (Figure 1).2
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Nutrnients are usually divided into macro- and micro-
nutrients in relation to their presence in the normal body.
Macronutrients (ie, protein, lipids, and carbohydrates) have
energetic and structural functions, while micronutrients (ie,
vitamins and minerals) do not have energetic functions;
they could however take part in structural functions but
they have in particular homeostatic functions.? Also, water is
another fundamental element of the human body, with no
energetic function, but it is by far the most abundant of the
constituents of the body. The percentage of body weight as
water varies from 70 to 75% at birth to less than 40% in
obese adults.

The aim of this paper is to discuss the nutritional status in
relation to the healthy status, and its relationship with
growth and nutrients.

Growth

Significant changes, both external and internal, occur during
the years spanning infancy through young adulthood.*
External changes (ie, body proportion, height, weight, and
pubertal status) are measured appropriately using physical
examination and anthropometric measurements, while
internal changes (ie, body composition and hormonal
status) require specific and specialized tests. Compared with
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Figure T Functional definition of active healthy status in relation with body
function, energy balance, and body composition. Adapted from Bedogni

et al.?

adults, children have much greater variation in body
composition attributable to growth and development from
infancy to adolescents. We need to remember that our
population is not ‘mature’ and growth is the first factor that
influences the pediatric body composition measurements.
Boys and girls grow differently and it is fundamental to assess
this natural aspect when we measure young patients. In fact
a certain amount of fat is fundamental in girls to reach or
develop puberty.® During growth fat-free mass hydration
changes from birth (80.6%) to adult age (73%), and it is used
an indicator of growth and cellular development,

Early identification of adolescents at risk for obesity and its
related metabolic complications requires reliable, simple,
and specific measures of excess body fat for this age group.”®
Waist circumference secins to be the best simple anthropo-
metric predictor for the screening of the metabolic syndrome
in children and adolescents.*” Recently Cole et af* compared
the performance of different measures of body mass index
(BMI) measured longitudinally in a group of kindergarten
children over a 9-month period. This issue has implications
for short-term studies targeting the prevention of weight
gain in children at risk for obesity or the treatment of
children that are already obese.” They concluded that it is
fundamental to look for an appropriate method to assess
adiposity change when following children at risk of obesity.”

It is important during growth to assess the effect of energy
€xpenditure, including resting metabolic rate, total energy
expenditure, and activity energy expenditure, as well as
substrate oxidation (respiratory quotient). Energy intake and
€nergy expenditure are difficult to assess, and many factors
have influenced the measurements per se. However, it is to
Mmeasure the fat intake that it is critical in regulation of
energy intake and body weight, 34

The fundamental issue is also to know body composition
changes during pregnancy in order to determine the safety
and development of the fetus and the newborn. Data on
fat and water gain during pregnancy would be a beneficial
adjunct to regular prenatal care. Since high gestational fat
83in could contribute to obesity development and conse-
quently is not particularly beneficial to fetal growth,
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Table 1 Changes jn body compasition during pregnancy and recommended
weight gain based on pre-pregnancy weight

Prepregnancy Underweight Normalweight Over weight Obese
weight (BMI1<19.8) (BMI19.8-26) (BMI> 26-29) (BMI> 29)
Recommended 12.5-18 11.5-16 7-11.5 7-9.2
weight gain (kg)

Weight gain weeks 12.6 12.2 11.0 8.7
14-37 (kg)

Fat gain weeks 4.8 3.9 2.8 0,2
14-37 (kg)

BMI =body mass index (kg/m?). Based on Lederman et a/°, and IOM Institute
of Medicine'®.

reducing maternal fat gain is highly important.® Table 1
reported the recommended weight gain during pregnancy
based on prepregnancy weights.® !

Kramer and colleagues showed for the fist time the
association between breastfeeding and protection agalnst
overweight.!! Recent meta-analyses'?'3 showed that breast.
feeding has a protective effect against childhood obesity due
to several potential mechanisms. First of all, breast-fed
infants control the amount of milk they consume and it
implies that infants could learn earlier the capacity to
respond to satiety rather than infants who are bottle fed
that are encouraged by the parents to finish their bottle.
Also, high protein intake of formula feed could influence
higher insulin secretion.* Finally, leptin levels, the hormone
that controls body fatness, were lowest in subjects who
received breast milk.'> We may conclude that breastfeeding
could be promoted as one strategy among othcis to nrevent
overweight in children.

On the other hand, it is important to also consider that
maternal control during feeding may promote childhood
obesity or disordered eating patterns.'® It is well known that
restricting children'’s access to preferred food increases the
probability that children will eat those foods when given free
access."” Faith et al'® using the National Longitudinal Survey
of Youth in a cohort of 3-6-y-old children showed that
mother allotted child food choice and child eating com-
pliance were associated with child BMI percentile. This
finding is fundamental in order to underline that maternal
feeding practices are associated with variations in child
weight status, and it is important when we treat pediatric
overweight subjects.!8

Finally, it is fundamental to underline the potential merits
of studying related individuals (ie, twins and siblings) when
conducting pediatric treatment/prevention studies on
obesity.'” In fact, these studies have the potential to inform
us about between-child variatlons in treatment response,
providing unique information that cannot always be gleaned
by studying unrelated children.2°

Food patterns
Definition of food/eating patterns is related to patterns
of meals, frequency of meal consumption, snaking habits,
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beverage consumption, portion size, and daily dietary
quality. It is well known that individuals who consumed
the highest variety of food from all food groups had the
most adequate nutrient intake.”' In a healthy diet, carbo-
hydrates should constitute 55-65% of daily caloric intake,
protein should range from 8% on 6-10y of age to 13-15%
on 13-14y period, and total lipid should not exceed 30%
of daily intake.?*?* It has been observed that dietary
variety obtained from fruit and vegetable consumption
was inversely associated with body fatness, while dietary
variety obtained by sweets, snacks, and carbohydrates
was directly associated with body fatness.?* It was recently
shown that trends in childhood nutrition over the past
20-30y, such as changes in fast food and soft drink
consumption, could explain the increasing prevalence of
overweight in children and could critically address the
issies contributing to these changes in nutrient intake,
knowing the link between childhood obesity and metabolic
abnormalities.?®

Popkin and Gordon-Larsen®® described the ‘nutrition
transition’ closely related to the demographic and epide-
miological transition. The diets of the developing world
are shifting rapidly, particularly with respect to fat, caloric
sweeteners, and animal source foods.” Also, in developed
countries daily energy intake appears to be increasing in
particular from energy-dense, nutrient-poor foods and an
increase in snacks.?® More meals are being consumed away
from home and portion size offered in restaurants has
increased significantly.?’ On the basis of several studies,
increasing fruit and vegetable intake, reducing sweet drink
consumption, and decreasing portion sizes are strategies that
could offer promising results to prevent overweight and
obesity.3%32

Active food model

There is evidence that children’s diet is still too high in fat
and too low in complex carbohydrates, and it is difficult to
reduce the intake of energy-dense food, especially dietary fat
intake.16 Recently, functional foods that effect energy
metabolism and fat partitioning were suggested as adjuncts
to a dietary approach to body weight control.** Among
functional foods we briefly reviewed beverages (ie, water, tea,
and milk) that could attempt to prevent weight gain and/or
promote weight loss.

Water

Water is essential for life, serving as a solvent for biochemical
reaction and as a transport media. It is often neglected
because the volume of total body water is well regulated in
health. A 15% decrease in body water due to dehydration is
life threatening, and it is fundamental to keep in mind this
information in pediatrics because even a small change in
total body water can produce a measurable change in body
weight.

International Journal of Obesity

Table 2 Distribution of water in the reference young male

Model Compartment kg %Total body water
Molecular total body water 40 100
Cellular Intracellular 23 57
Extracellular 17 43
Tissue Intracellular 23 57
Plasma 2.8 7
Interstitial 8.0 20
Bone 2.8 7
Dense connective tissue 28 7
Trans-cellular 1.6 4
Adapted from Snyder et al.¢

Water is an important constituent at the molecular,
cellular, and tissue levels according to the classical models
describing body composition.>® In fact, at the molecular
level, water constitutes a well-defined component, hydrogen
oxide. At the cellular level, water is found in two compart-
ments: the body cell mass and the extracellular fluid
compartment. At the tissue level, water is present in five
compartments: intracellular water, plasma water, interstitial
water, dense connective tissue waler, and traps-cellular water.
Table 2 summarizes the distribution of water and each of the
levels in a ‘young reference’ male.*®

Water is the food component that has high capacity to
reduce energy density as it increases weight without adding
energy.’’

Tea

It is well known that tea polyphenols are antioxidants that
could reduce LDL-cholesterol oxidation.*® Several studies
analyzed the relationship between tea consumption and
energy expenditure and found that tea could positively
influence energy expenditure, both 24h and fasting, and
fat oxidation in normal-weight adults.***" More studies are
needed to confirm the role of tea in weight maintenance, but
there are promising results from the published studies.***"
Two important factors, however, must be taken into account,
the caffeine content in the tea and the addition of sugar.
Both factors could reduce the potential of tea as a functional
food for weight maintenance.

Milk

It has been hypothesized that high Ca?* diets protect
against fat gain by creating a balance of lipolysis over
lipogenesis in adipocytes.*’ An increase in dietary calcium
could reduce 1,25-dihydroxyvitamin D concentrations,
resulting in the downregulation of calcium transfer into
adipose and pancreatic cells. It is important to underline that
in the adipocytes, a reduction in intracellular calcium
decreases fatty acid synthetase transcription that results in




lipogenesis decrease and lipolysis increase.*> In pancreatic
cells, a reduction of intracellular calcium concentration
decreases insulin output and the result is a lipogenesis
reduction and lipolysis improvement in adipocytes.*?> The
final outcome is that high intakes of calcium are associated
with lower levels of fat mass.*® It is also important to note
that the beneficial role of dietary Ca®* in weight manage-
ment is markedly greater from dairy vs nondairy sources of
Ca2*.*! Several studies confirmed the inverse relationship
between calcium intake and body weight in children ** that
supports the role of dietary calcium and dairy foods in
controlling excess adiposity.*® Recently, Zemel et al*® showed
in young adults that three six-ounce servings of yogurt in
the daily diet markedly augments fat loss secondary to
modest energy restriction and results in a selective increase in
the loss of central adiposity. On the other hand, Lappe et al*’
found that calcium-rich diets do not cause excessive weight
gain in pubertal girls, but do contribute positively to overall
nutrition.

Discussion

The fundamental importance of changing the nature of the
environment toward greater inducement of obesity has
been reported in the WHO Technical Report*® as follows:
‘Changing in the world food economy has contributed to
shifting dietary patterns, for example, increased consumption
ol encrgy-dense diets high in fat, and low in unrefined
carbohydrates. These patterns are combined with a decline
in energy expenditure that is associated with a sedentary
tifestyle’.8

Food insecurity may contribute to the inverse relation
of obesity prevalence with socioeconomic status,*® as
well as lack of consistent access to healthy food choices,
particularly fruit and vegetables. Absence of family meals is
associated with lower fruit and vegetables consumption as
well as consumption of more fried food and carbonated
beverages.*’

At this moment it is necessary to proactively discuss and
promote healthy eating behaviors among children at an
early age and empower parents to promote children’s ability
to self-regulate energy intake while providing appropriate
structure and boundaries around eating.

Conclusion

It is important for the clinician to know nutritional factors,
energy intake, and composition of the diet, nutrition and
hormonal status, food preference, and behavior, and the
influence of non-nutritional factors.*® When these are all
taken together with an accurate and precise body composi-
tion assessment, it may be possible to control growth process
and to predict adult status in order to reduce the risk factors
of various diseases.>! Lissau et a/°? mentioned that there are
essentially six relevant levels, which could be involved in the
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prevention of child and adolescent obesity: family (child,
parents, siblings, etc), schools, health professionals, govern-
ment, industry and media. Therefore, it is incumbent on the
pediatric community to take the leadership role in preven-
tion and early recognition of pediatric obesity.
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