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Purpose of review

Approximately 370 million children and adolescents worldwide showed overweight or obesity in 2016.
The risk of developing severe comorbidities depends on the age of onset and the duration of obesity. This
review discusses available methodologies to defect excess body fat in children as well as the early life
factors that predict excess body fat and its development.

Recent findings

Factors, such as parental nutritional status, maternal weight gain during pregnancy, maternal malnutrition,
maternal smoking during pregnancy, low and high birth weight, rapid weight gain, and short infant sleep
duration have been independently and positively associated with neonatal, infant, and children adiposity.
Early detection of excess body fat in children through the use of various tools is the first step in preventing

nutrition-related diseases in adulthood.

Summary

The early detection of excess body fat and the implementation of efficient interventions to normalize the
weight of children and adolescents at obesity risk are essential to prevent diseases in adult life.
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According to the WHO, in 2016, 40 million children
under 5 years of age and 330 million children and
adolescents worldwide, aged 5-19 years, showed
overweight or obese [1]. Predicting excess body fat
in children is the first step in preventing nutrition-
related diseases as early obesity can persist into
adulthood. Early obesity prevention may also
reduce the risk of developing comorbidities,
enhancing the success of interventions to normalize
body fat composition [2].

Obesity is an ‘abnormal or excessive fat accumula-
tion that poses a risk to health’ [3]. Children under
Syears of age are overweight when their weight for
length/height falls between +2 and +3 standard
deviations (SD) of the WHO Child Growth Stand-
ards median (99.9th percentile > overweight > 97th
percentile) and are regarded as having obesity when
their weight for length/height is at least +3SD
(>99.9th percentile) of the WHO Child Growth
Standards median [1], as established by WHO
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Multicentre Growth Reference Study [4]. In children
and adolescents aged 5-19 years, one of the most
widely used tools for detecting overweight and obe-
sity is the BMI (BMI = weight/height-squared).
Within this age range, overweight occurs when
BMI for age is greater than 1 SD above the WHO
growth reference mean and obesity with a BMI
greater than 2 SD above the WHO growth reference
median [5].

In the case of the cut-off points recommended
by the International Obesity Task Force (IOTF, cur-
rently World Obesity) [6], overweight and obesity
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KEY POINTS

e BMI does not differentiate between fat mass content
and fatfree mass, which is a disadvantage when
evaluating children.

e Accurate direct methods should be used to identify
excess body fat in children and adolescents.

o Prenatal and postnatal factors, such as maternal BMI
before pregnancy, maternal weight gain during
pregnancy, gestational diabetes, maternal malnutrition,
and maternal smoking have been independently and
positively associated with childhood obesity.

o According fo the context and available resources, the
early detection of children with high levels of fat mass
based on the use of the different techniques currently
available is the starting point for efficient interventions
aiming to normalize fat mass.

correspond, respectively, to BMI values equivalent
to greater than 25 and 30 kg m?, for each age and sex.

BMI, however, entails some limitations. The
most relevant being the fact of not differentiating
between fat mass and fat-free mass (FFM) content or
between different patterns of fat mass distribution.
This is a disadvantage when assessing children as
their proportions of fat and lean tissue masses are
variable, depending on age, gender, ethnicity, and
maturity level [7]. BMI does not always reflect an
increase in fat mass at adiposity rebound or at early
puberty [8™]. Thus, identifying each of the compo-
nents of body composition is of great importance as
excess adipose tissue is associated with a predispo-
sition to health conditions in adulthood, such as
cardiovascular disease and type 2 diabetes mellitus
[9], also having an impact on quality of life, pro-
ductivity, and life expectancy [10]. On the other
hand, low FFM contributes to adverse health out-
comes in childhood, such as insulin resistance, glu-
cose intolerance, metabolic syndrome [11"], and
reduced bone parameters [12™].

Assessing obesity and related diseases, requires
accurate body fat measurements. Currently, there
are various tools to determine body fat in children,
both in clinical and research settings [13""], these
include anthropometric measurements, bioimpe-
dance analysis (BIA), air displacement plethysmog-
raphy (ADP), dual-energy X-ray absorptiometry
(DXA), computed tomography (CT), and MRI,
among others. However, each of these methods
has advantages and disadvantages (Table 1).

All of the fat mass measurements obtained with
these techniques are often reported in absolute or
relative values (kg or %), both of which can lead to
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misinterpretation; for instance, tall children with
protein-energy malnutrition may have fat mass val-
ues similar to shorter but well nourished children.
To avoid such estimation errors, it is possible to
construct indices, such as the normalized index
for height FMI = fat mass (kg)/height (m)%. FMI
values can be interpreted in the light of ethnicity-
matched reference values [14]. Recently, other fat
mass indicators have been suggested, such as the
triponderal mass index (TMI), which is calculated as
weight (kg)/height (m?®). TMI has been said to be a
better body fat predictor in children and adolescents
better than BMI [15] but this is still under discussion.

The localization of excess body fat is also para-
mount in childhood and adolescence. An excess of
visceral adipose tissue (VAT) is associated with high
metabolic [16] and cardiovascular risks [17], possibly
because of an increase of VAT lipolytic activity
leading to a rise in circulating free fatty acids. Fat
in additional body locations may also lead to other
health implications, such as the subcutaneous adi-
pose tissue (SAT), which acts as a reservoir for excess
energy and triglycerides and impedes the flow of
lipids to other tissues. It is likely that when SAT
capacity is exceeded, VAT growth and fat accumu-
lation in nonadipose tissues (perihepatic, intramus-
cular, epicardial, and perivascular) is favored [18].

Currently, several anthropometric indicators
have been described that provide information on
the disposition of body fat at different body loca-
tions, namely, waist circumference [19], neck cir-
cumference [20], waist-to-height ratio (WHtR)
[19,21], waist-to-hip ratio (WHR) [19], and A Body
Shape Index [ABSI = WC/(BMI?? x height!/?) [22].
Other techniques offer specific information on the
distribution of both VAT and SAT and measure-
ments of localized fat deposits (Table 1) [9].

Early risk factors for childhood obesity

Obesity risk factors may appear from the very early
stages of life, even at conception. Thus, maternal
BMI before pregnancy, maternal weight gain during
pregnancy, gestational diabetes, maternal malnutri-
tion and maternal smoking during pregnancy have
been independently and positively associated with
neonatal, infant and children adiposity. Apart from
the nutritional status of the mother, studies have
shown that the father’s BMI is also associated with
childhood obesity [23]. After birth, other factors
have also been related to a higher risk of adiposity
and obesity, such as birth weight, namely, low birth
weight (<2500 g) and high birth weight (>4000g),
rapid postnatal weight gain during the first months
of age, and formula feeding [23] (Fig. 1).
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Table 1. Comparative analysis of the methods to evaluate fat mass in children

Technique Principle/fat mass estimation Advantages Disadvantages Reference

Anthropometr/ Measurement of subcutaneous fat and  Quick In children with obesity and [41]
skinfolds equations to defermine fat mass. Minimal material requirements children with edema these

Portable techniques are less accurate
Simple and precise
Adapted to most age groups Intra-observer and infer-observer
Noninvasive variability
Predictive equations may not be
valid in populations other than
those from which they were
derived.

Bioelectric Measurement of the impedance of Fast, Susceptible to changes in a [42]
impedance different tissues, according to their Simple patient's fasting and hydration
analysis (BIA) different water content. Low cost status

BIA assumes that 73% of fat free mass  Portable
is body water, which is a good
electrical conductor, whereas fat
mass is a poor conductor because of
its lower hydration
Equations developed for specific
populations are used to predict total
body water, then fatfree mass and
finally fat mass

Dual-energy X ray  High-energy and low-energy beams Fast Requires trained staff. [43,44]

absorptiometry pass through the body to differentiate  Relatively well tolerated (requires  Bidimensional assessment.
between soft tissues and bone minimal radiation exposure, Assumption of constant hydration
Fat mass, visceral adipose tissue and similar to a single day’s of the lean soft tissues.
subcutaneous adipose tissue background radiation at the  Impossibility to determine the fat
sea level) fraction in solid organs, such as
Relatively cost-effective liver or muscle.
compared with other
assessment modalities, such
as computed tomography and
MRI

Air displacement  Measurement of body density and then ~ Noninvasive High cost [45]

Plethysmography body fat % using Siri’s equation. It does not require patient Error susceptibility because of the
From the calculated percentage of radiation exposure approximation of the density of
fat, the software estimates the fat Excellent adherence to different tissues.
mass. measurement protocol

Can be used even in newborns
and infants.

Ultrasound Reflection of ultrasound waves at the Noninvasive Operator-dependence [9,44]
interface between tissues of different  Accurate Lack of standardized measurement
densities. Reproducible protocol

Visceral adipose tissue, subcutaneous Fast Insufficient data in children
adipose tissue. Available
Low cost

Computed High-resolution three-dimensional image  High accuracy High X-ray exposure [9,44]
tomography of each structure in a selected area,
(CT) based on differences in attenuation of

fat and lean tissues.

Total adipose tissue, subcutaneous
adipose fissue, visceral adipose fissue
and inferstitial adipose fissue.

MRI On the basis of behavior of protons No radiation High cost [9,44]
under the influence of high-intensity
electromagnetic field.

Total adipose tissue, subcutaneous
adipose tissue, visceral adipose
tissue, inferstitial adipose fissue and
fat fraction of brown adipose tissue.

Deuterium Measurement of total body water based  No radiation Time-intensive protocol [9,45]
dilution on concentration of deuterium in the ~ Reference method Specialized equipment/technical

collected samples; by total body
water, the fat free mass can be
calculated assuming that the fat free
mass is constantly hydrated at
73.2%, and the fat mass is
calculated from this value.

training.

Error susceptibility because of the
approximation of the water
content of different tissues.
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Maternal and paternal BMI before
pregnancy

A systematic review with a subsequent meta-analysis
aimed at understanding the association between
maternal prepregnancy weight and childhood obe-
sity identified a significant increase in the odds of
childhood obesity with increasing maternal BMI;
this association was strongest when the mother
had obesity, which increased the odds of childhood
obesity by 264%, followed by maternal overweight,
which increased the odds by 89% [24]. Three theo-
ries have explained the intergenerational transmis-
sion of body adiposity: first, a genetic component;
second, epigenetic processes in the womb that may
contribute to obesity in the offspring, including
alterations in DNA methylation; and the third
mechanism concerns exposure to obesogenic envi-
ronments, promoting less healthy lifestyles [25].

Some studies also associate paternal BMI with
excess fat and obesity in the offspring [23]. Although
the mechanisms are still unclear, biological (epige-
netic factors in sperm, such as DNA methylation,
chromatin modifications and noncoding RNAs) and
social factors (influence of the father on the moth-
er’s environment, for example, by passive exposure
to smoke, stress, emotional support, etc.) [26] are
currently being investigated.

Maternal undernutrition

Maternal undernutrition can also lead to childhood
obesity. Although malnourished mothers frequently
have small-for-gestational-age babies, limited
nutrient supply in utero has been reported to lead to
metabolic adaptations to optimize extrauterine
growth, characterized by excessive nutrient storage
when nutrient supply is not limited after birth [277].

Maternal weight gain during pregnancy

Excessive maternal weight gain leads to an altered
intrauterine environment that influences fetal
growth and can also lead to persistent child weight
programming with consequent poor health out-
comes in the offspring. Children of mothers with
excess gestational weight gain have more adiposity
at 3 years; similarly, maternal gestational weight
gain is associated with obesity risk in adolescence
and early adulthood. In addition, the timing of
gestational weight gain influences the future health
of the offspring: significant gestational weight gain
in the first and second trimesters but not in the third
trimester, is associated with higher BMI and adipos-
ity at birth [28]. This significant excess weight gain
during pregnancy is related to an altered balance
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between energy intake and expenditure because of
high intake of refined sugars and an inadequate
distribution of polyunsaturated fatty acids (high
omega-6 content fatty acids and low intake of
omega-3 fatty acids), accompanied by insufficient
physical activity levels during pregnancy [9].
Although the mechanisms whereby maternal
weight gain at pregnancy are linked to child weight
are yet unclear, it may be because of both increased
lipid transfusion and increased glucose delivery
from the mother to the fetus [29]. This may result
in increased fetal insulin secretion, which promotes
adipogenesis and fat cell hypertrophy [30] and leads
to epigenetic alterations that include changes in
DNA methylation, histone modifications and
changes in noncoding RNA expression [277].

Maternal smoking during pregnancy

Similarly, intrauterine exposure to tobacco smoke has
been associated with anincreased risk of obesityin the
offspring. It is likely that nicotine and other compo-
nents of tobacco cross the placenta and impair fetal
growth, leading to low birth weight in infants and
subsequent rapid postnatal weight gain associated
with increased adiposity later in life [31].

Low and high birth weight

Low birth weight (LBW) is mainly induced by intra-
uterine growth restriction. LBW is associated with
an increased risk of obesity later in life, likely
because of a more significant accumulation of vis-
ceral [23], hepatic, and pancreatic fat when later
catch-up growth occurs, accompanied by low lean
mass and increased peripheral resistance to nutrient
utilization programed from the intrauterine stage.
Other theories point to a lower number of adipo-
cytes, which could be associated with the overload
of individual adipocytes and impaired expansion
capacity of adipose tissue [32].

On the other hand, high birth weight (i.e.
weighing more than 4000 g at birth) has been asso-
ciated with greater total and truncal adiposity in
adults [33] and an increased risk of subsequent
obesity [34]. Hypernutrition during pregnancy can
cause an increase in fat mass or FFM because of
hyperglycemia and hyperinsulinemia, accompanied
by increased levels of insulin-like growth factors I
and II and changes in DNA methylation, as well as
modification of genetic predisposition [35].

Rapid infant weight gain
Rapid infant weight gain (RIWG), defined as a
change of more than 0.67 standard deviations in
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weight-for-age z score between two-time points dur-
ing childhood, has been associated with overweight
and obesity in childhood and adulthood ([36].
Although the mechanisms of this relationship
remain unclear, this may be as infants experiencing
rapid weight gain have high levels of insulin resist-
ance and total and central fat [37], as well as alter-
ations in their microbiota [38]. RIWG in periods
with positive energy balance, and consequent tissue
storage, triggers a body mass increase characterized
by a greater fat mass than FFM.

The exact RIWG period during childhood that
predicts overweight and obesity is subject of discus-
sion. Although some studies indicate that the period
between birth and 2 years of age may be decisive,
others favor the period between birth and the first
week of life [38].

As for the risk factors associated with RIWG, low
birth weight, which as previously mentioned, is
related with a more significant accumulation of
fat, and therefore, a greater risk of overweight and
obesity. Likewise, formula feeding, and higher pro-
tein intake have also been described as RIWG risk
factors [38].

The adverse effect of early high protein intake
on overweight and obesity risk later in life, may be
because of increased intake of insulinogenic amino
acids, which in turn stimulate secretion of insulin
and insulin-like growth factor 1 (IGF-1), and
increase adipogenic activity [39,40]. This situation
is exacerbated by a regular intake of high-energy
foods, the consumption of sugary drinks, and the
lack of regular physical activity [40].

Short infant sleep duration

Some studies have shown a relationship between the
hours of sleep in infancy and the risk of overweight
and obesity later in life. Children who slept less than
12 h a day were twice as likely to have overweight at
age 3 years [40].

Finally, in the prevention of childhood obesity,
healthcare professionals, public health policy-
makers, and society, in general, will have to pay
more attention to those prenatal and postnatal fac-
tors that predispose to excess body fat in childhood
and adolescence. Early childhood is a crucial time to
establish positive behaviors that prevent excess
weight in the future. Therefore, healthy eating prac-
tices, regular physical activity, and changes away
from a sedentary lifestyle should be encouraged. In
addition, we should ensure early detection of excess
body fat and the implementation of efficient
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interventions to normalize the weight of our chil-
dren and adolescents at risk.
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