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measured by dual energy X-ray absorptiometry and bioimpedance analysis. Moreover, the large gap
in available information for certain topics makes MR! measurernent a dynamic and growing scientific
area of body composition investigation.

INTRODUCTION ies used body mass index (BMI: kg/m?) that could be de-

Pediatric obesity is a condition of excess body fat accumu- fmte)d da sur.roligate mea;sgre of adllp(t)s(lity ((11:.”&14)' leﬁ?rences

lation and a clinical diagnosis of obesity should based on an 1fnt 0cy \;relfg ttall:(e.on g.m p.a:rt ret;e tt}(: 1ber;nces.mhl:ody

accurate direct or indirect measure of total body fat (1). Sae nf}fz;c rﬁa acur: d:j-lia fgésg_’l.z hegalt}? r;o-;grggflli%ies prt:
Independent of total adiposity, an upper body, central or la‘ée 4 with gbesity (6) even 1;1] childhood (15). Allison and

visceral distribution of fat is believed to be a risk factor for colleagues, using two perspec.tive population—.base d coh(r)lrt

poor health in both adults (2) and children (3). According to studies ShJOWE‘, d among obese indivi duals, that weight loss

the NHLBI guidelines (4), excess in abdominal fat is asso- ', ted with increased mortalit r'lte, and fat loss witt

ciated with hyperlipidemia, cardiovascular risk factors, type hs a.s,socm:je ality rate (16). Acc Bt’ : i ld'1

2 diabetes, and other morbidities. Accurate measurement of Eu.f as;e ;‘32&1 1ty. laézrftra)l' toczm:t:n?lza;_s::ru“;ﬁ;t?c ?ml(i

total and regional body fat is fundamental in order to detect Eli:igalizesearchn & © porary's

?15 :al;f‘?:h?ossjbl; \:S:t(lle)tr a given child is deviating from Aims of the rémainder of the present paper are to dis-
orm es or tre ; . g
Childhood and adolescence are decisive periods in human El;;syrz:lfin;:;gir;fe: dlir;gﬁ;siﬁéng;tsrﬁ;g;;n:(ffi’;%gséitiz}

life. Body composition and psychological changes determine o0 gigtribution in order to ,evaluate metabolic risk factors

nutritional requirements as well as eating and physical ac- 1 cpildren

tivity behavior variability (5). Several recent papers pointed '

out that breastfeeding or the delayed introduction of com-

plementary foods (or both) could reduce the risk of later FAT MASS - TOTAL BODY FAT — FAT DISTRIBUTION

obesity (6-9). On the other hand, animal studies demon- Fat mass increases from approximately 500 g at birth (14% of
| strated that maternal protein restriction during pregnancy body weight) to more than 2000 g at 12 months of age (23%
' and lactation programmes susceptibility to visceral adipos- of body weight) (17). Estimated fat mass increases during the

L ity in the adult rat offspring, and that the coordinated up-  first 2-3 years of life, has little change through 5 or 6 years
regulation of molecular pathways involved in adipogenesis of age, at which time it increases rapidly in girls. Fat mass
and angiogenesis likely plays a key role in this process (10). increases through adolescence in girls while in boys changes
f However, beneficial effects of breastfeeding on avoiding ex- only a little, close in timing to the puberty spurt. Girls have,
cess infant weight gain, childhood obesity and high blood on average, approximately 1.5 times the fat mass of boys in
.pressure have conflicting results (11,12). The lack of agree-  late adolescents (18,19). Males gain almost twice as much
ent among these studies (6-12) has concerned, in part, the fat free mass as females over adolescence, and females gain
fappropriate measure of adiposity and/or obesity. Most stud- about twice as much fat mass as males (19,20).
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Compared with adults, children have much variety in body
composition due to growth and hormones related from in-
fancy to adolescence (18). The traditional reference methods
to assess body composition used in adults, could have seri-
ous model concerns when applied in children (1,18). These
issues could create limitation in the accuracy of component
prediction methods when predicting body fat. Some body
composition methods (i.e. anthropometry, bioimpedance
analysis and total body electrical conductivity) must be cal-
ibrated against a reference method (21). On the other hand,
methods with minimal age-related assumption (i.e. magnetic
resonance imaging, MRI) have an advantage over methods
strictly derived from adult body composition.

The anatomical distribution of adipose tissue shows differ-
ent patterns of changes with age and marked sexual dimor-
phism. Age, ethnic and racial differences in fat patterning
have been previously described (18). In the newborn sub-
cutaneous fat depots contribute to the vast majority of fat
(80%) (22), but even in this age the visceral or central depots
may be of greater metabolic importance and to our knowl-
edge these fat store have not been quantified.

Baumgartner and colleagues described changes during
adolescence related to stages of sexual maturity (23). In gen-
eral, subcutaneous adipose tissue deposition increases on
the trunk in boys during adolescence, and gluteal-femoral fat
increases in girls (18-21,23). It is well known that metabolic
disorders are more directly associated with abdominal adi-
pose tissue than subcutaneous fat patterning. It has been
shown using computed tomography (CT) that age influ-
ences visceral adipose tissue as well as gender and ethnic-
ity (24,25), and Huang and colleagues estimated the rate
of increase in visceral adipose tissue to be approximately
5.2 cm?/year over a 3- to 5-year follow up period in children
8 years old at baseline (26).

Having estimates of body fat content are relevant to
studies of performance, thermoregulation, physical activity,
sports and ultimately risk factors for several diseases. Fat dis-
tribution is also fun damental, as variation in the distribution
of fat is a risk factor in the development of several diseases
later in life and in adults in particular, such as non-insulin-
dependent diabetes mellitus and cardiovascular diseases.

IMAGING
Imaging methods such CT and MRI are considered the most

accurate means available for in vivo quantification of body
composition at the tissue-organ level (27). Both CT and MRI
are the methods of choice for calibration of field methods
designed to measure adipose tissue and skeletal muscle in
vivo and are the only methods available for measurement
of internal tissues and organ (28) MRI is increasing in use,
particularly in children, because of radiation exposure asso-
ciated with CT (29). .
Adipose tissue can be divided into subcutaneous, V1§~
ceral and intra-muscular adipose tissue (30). Organ volumes
quantified included liver, kidney, spleen and brain, and in
adults the mass of these organs predicts precisely resting en-
ergy expenditure (31); in children, however, the energy cost
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of growth requires a peculiar model to estimate energy ex-
penditure (32).

MRI also is a well-suited method for evaluating infants,
but because the tissue structure in such subjects is small,
higher resolution is required than in adults for adequate ac-
curacy (29). To avoid artifacts caused by motion, infants
should ideally be measured when sleeping after being fed,
with a pulse oximeter to monitot blood oxygen saturation
during the scan. Another important issue is related to room
temperature, which usually is low because of liquid helium
or liquid nitrogen in the superconducting magnet. It is im-
portant to keep the subject warm with blankets or even a ball
of warm water around the subject. In our unit, using this ap-
proach, we are able to scan also subjects below 3000 g and
also between 34 and 40 weeks of gestational age (personal
unpublished data). This opens the potential for studying the
nutritional status of premature infants.

Recently we pooled data from various investigators to
evaluate the relationship between anthropometry and MRI-
derived abdominal fat in children and we evaluate the effect
of puberty and ethnicity on the relationship between anthro-
pometry and MRI. We concluded that waist circumference
can be considered a good predictor of abdominal adipos-
ity according to its relationship with visceral adipose tissue
measured by MRI (33).

Intramyocellular lipid and intrahepatic lipid have been
measured in children by non invasive proton (or 1-
hydrogen) magnetic resonance spectroscopy (MRS) for the
reason that these two lipid compartments are related to in-
sulin resistance (29). This spectroscopic method requires
pre-scan adjustments, such as selection of anatomic loca-
tion and suppression of water signals. The intramyocellular
lipid and intrahepatic lipid is quantified from corresponding
spectral peaks and results are expressed as a ratio to creati-
nine or water content (29). Also cardiac MRI is now being
used in relationship with adipose tissue in pediatrics, as car-
diovascular disease is a major consequence of obesity (29).

Measurements by MRI are especially suitable for compar-
isons between individuals, and MRI can be used to evaluate
body composition in longitudinal studies. The reproducibil-
ity of MRI measurements of subcutaneous adipose tissue in
infants is 2.4-4.0% (1,34).

Potential problems and solutions

For children it is usually difficult to stay immobile during
MRI measurements and even to follow instructions. This is
particularly true for children between the ages of 6 months
to 4 years. Recent advances in MRI technology provide a
potential solution. In fact new acquisition data could re-
duce artifacts caused by movements (35). This technique
reduces movement artifacts but remains a need to develop
techniques that could compensate artifacts induced by mus-

cle movements (35)-

CONCLUSIONS :
MRI produces high-resolution images of all major body
composition components at the tissue-system level (28).
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Although access and cost remain obstacles to routine use,
these imaging approach are now used extensively in body
composition research.

The acquired data in pediatric studies could provide
unique nutritional and metabolic information not obtain-
able by other methods. No known health risks are associated
with MRI measurements.

MRI can serve as a reference method for measuring tissue
and organ volumes because estimates will be reliable inde-
pendent of age. In fact, it is likely that MRI can be used to
validate measures of important molecular level components
such as fat measured by Dual energy X-ray absorptiome-
try and bioimpedance analysis. Moreover, the large gap in
available information for some topic in pediatric makes MRI
measurements a dynamic and growing scientific area of body
composition investigation.
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