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Abstract

OBJECTIVE: The primary objective of this study was to determine the validity
of the following six body composition measurement methods against a 3 -
component reference method: total body water (TBW) by isotope dilution; air
displacement plethysimography (BODPQOD®); estimation from body density using
BODPOD®,; skinfold thickness vsing Slaughter equations; whole body bioelectrical
impedance (Bodystat); and leg to leg bioelectrical impedance (YANITA).

|
SUBJECTS: Forty-two healthy Cauca;ian 10— 14 year old boys (mean age 12.9
years SD 1.0) recruited from local schools and youth football teams.

PROCEDURES: The body composition of each subject was measured using ail 7

methods (including the reference). All measurements were carried out by the same
trained observer (the author) and the same criterion for assessment was used for each
child in an attempt to minimise any error. Measures of body fat mass (kg) and body
Tat percentage from the 6 simpler methods were compared and validated against the
measures derived from the reference by calculation of biases and 95% limits of

agreement.

RESULTS: Mean body fatness by the reference method was 16.4% (S 11.6) and
8.7kg (SD 7.0). Lstimates of fatness from TBW had the smallest bias relative to the
reference (+0.9 + 5.0% body fat; +0.5 + 2.9kg fat mass). For all the other 5 methods
tested, large biases and very wide limits of agreement were observed.
CONCLUSIONS: The present study suggests that the validity of newer field and
Iaboratory methods for estimation of body compesition is poor in adolesceni boys,
For applications where high accuracy of estimation at the individual level is

essential, only reference methods would be acceptable
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1.1 The need for valid, simpic methods of body compaosition measurement,

The developed world is becoming more aware than ever before of the problems and
health risks associated with increased body fatness. With the prevalence of eating
disorders and weight related issues being highlighted in today's media, the epidemic
of childhood and adolescent obesity (Troiano et gf, 1995), and the fact that
adolescent cases of anorexia nervosa (Kerruish ef af, 2002) arc on the rise, there is an
increased awarencss of the nced for accurate measurement of body composition
(fatness and fat-free mass - FFM) in a range of ficlds from epidemiology to clinical

research (Reilly, 1998).

Accurate measurement of body composition in the past has required sophisticated
apparatus and techniques beyond the scope of most clinical practice and reseaich, so
workers have generally used simpler methods such as anthropometry and impedance
measwrements, Many of these simpler methods are becoming more widely available
not only to the researchers and practitioners, but also to the general public, However,
a recent study (Wells et al, 1999) has cast doubt on the accuracy of two of the most
popular simpler methods, bio-electrical impedance analysis (BIA) and skinfold
thickness {(SFT). Wells er af (1999) and Reilly (1998) concluded that no simple
methods of measuring body composition in children/adolescents had been validated
and that more research was essential. Simple methods are potentially suitable for use
in the field or at the bedside due to their ease of use, Jow cost and portability. This
therefore makes these methods extremely desirable as a means of ineasuring body
composition, however it is essential that the validity of these methods are assessed

{or use with children and adolescents.




1.2 3 Component reference method for vse with children xnd adolescents.

Reilly (1998) reviewed the various methods of body composition analysis for use
with children and infants and the criteria for determining the choice of method, The
review outlined the necessity for the use of multi -component reference methods (fat
mass, protein, mincral and total body water - TBW) when validating methods in
children. The explanation given by Reilly (1998) is based on the assunptions made
when using a 2-component model (fat mass and FFM) reference method, which
asswmes that the composition of FFM in the subject is constant for any given age/sex
{Lohman, 1989). While ihis can be assumed for adults, the same can not be said for
children since their chemical composition changes from childhood through to
acdulthood, Therefore, any reference model used with children should take these
Tactors into account: it is preferable not to assume constancy of FFM composition in
children but to include TBW and density [Db = body weight (BWt) / body volume
(BV)] to give 3 Component reference method, or ideally to measure TBW and whole
body mineral to give estimates of total body mineral for use in a 4 Component
model. Furthermore, Reilly (1998) reported on the influence of the cheice of
prediction equations used with the simpler methods of body composition analysis,
With many cquations being population specific or inappropriate for use with children
the choice of equation can have a large bearing on the results obtained, often lcading
to misinterpretation and inaccurate esiimation of body composition. Finally, the
review provided a set of criteria to assist the researcher or practitioner when choosing

a body composition method o use for the measurement of children (Table 1).




CRITERIA FOR CHOICE OF BODY COMPOSIFION METHOD

Practical Issues

1s the method acceptable to the child?

Is the cost acceptable?

Training needs: quality control/standardisation of technique.,

Is the method safe?

Validity

Is the method valid?

What are the vnderlying assumptions of the method?

Are these assumptions valid in the children being studied? (Arc the
assumptions appropriate for measuring body composition of
children or adulis?)

Is there a published validation study?

‘Was validity assessed appropriately in that study?

What is the error in the method and does it meet criteria for acceptability?

Is the method valid for individoals as well as groups?

Is the particular variant of the method used valid in the population of
children being studied (i.e. does it have cross-validity)?

Precision

What is the precision of the method?

Is it adequate for deiection of changes in body composition?

Adequate for individuals or groups?

Table 1 - Reilly, 1), Assesstent of Body Composition in Infants and Children. Nulrition 1998; 14:824,
Permission to reproduce this table authorise<| by D 1.3, Reiily .

Wells et al (1999) also recommended that any methods be validated against a multi-
component model of body composition consisting of minfinum measurements of
BWt, BV and TBW. They then described this 3 Component reference methiod for use
with children (Dewit et al, 2000). This reference method, which will be adopted for
the present study, is based on the 3 Component model as recommended by Reilly
(1998). However, in this thesis, BY and Db were estimated by the new (and more
acceptable to children) method of air displacement plethysmography (ADP) as
opposed to hydrodensitometry. TBW was measured by denterium oxide CH,0)

dilution.




1.3  Review of Individual Methods - Bioelectrical Impedance Analysis

Bioclectrical impedance analysis (BIA) has quickly become a preferred tool for body
composition analysis. It is cheap, non-invasive, easily portable, easy to use, quick
and suitable for use with many subject groups that can be problematic with other
methods, such as children, the sick and the elderly (Houtkooper ef al, 1989,
Houtkooper ¢z af, 1992, Fuller, 1993, Reilly, 1998, Abbott and Davies, 2001). There
are 2 main lypes of BIA in general use; the conventional whole body, hand to foot
method (eg. Bodystat 1500MDD) and the newer leg to leg method (eg. Tanita TBF-
521). Both methods work on the principle that the length”/impedance of any
conducting medium is proportional to the volume of that conducling medium. In the
case of body composition, stature (height — He) is used as a proxy for the length of
the conducting medium. The volume of the conducting medium within the body is

essentially TBW (Abbott and Davies, 2001).

Whole body BIA uscs 4 surface electrodes attached to the wrist, hand, ankle and foot
on the right side of the body. The subject is required to lie down for approximately 5
minutes before the measurements are taken to allow body flnid compartments to
equilibrate and then the tests carricd out. With the leg to leg system, the subject
stands on a specially adapted sct of scales, placing their heels and tocs on the four
specially designed metallic plates, The measurements can be tuken immediately and
with no discomfort to the subject. The leg to leg BIA method is quicker and even
more acceptable to most subjects than even the readily accé'pted whole body method.
If valid, leg Lo leg impedance is therefore a particularly desirable tool for
practitioners of body compaosition assessiment, However, doubts regarding BIA have

been raised in respect of the body composition results given directly by the




impedunce equipment. Since the manufacturer’s equations, built into the software of
the machine, are gencraliy a commercial secret, practitioners cannot be sure that
these equations arc relevant to their subject population and could therefore result in
inaccurate measurement and interpretation of results (Fuller, 1993, Abbotit and
Davies, 2001). Both methods of BIA are readily available to the public and in light of
these findings, the interpretation of the results may be misleading to the general user

as well as the researcher.

1.4  ‘Whole Body impedance: Review of use in Adults.

The whole body BIA method has been compared and validated against methods for
use with both adults and children (Lukaski et &, 1985, Kushner & Schoeller, 1986,
Sepal et al, 1988, Houtkooper et al, 1989, Reilly ¢z al, 1996). Lukaski ez al (1985)
were among the first to report on the assessment of FFM using BIA measurements.
Tetrapolar whole body impedance measurement was compared with
hydiodensitometry and TBW derived from *HyO dilution and total body potassium
from whole body counting in 37 adult male subjects. Through use of regression
equation analysis and correlation techniques they concluded that BIA was a reliable

and valid approach for estimating body composition.

Kushner and Schoeller (1986) compared resulis of BIA with 1,0 dilution for
measuring TBW in a total of 58 obese and non-obese adult subjects. After
developing sex-specific equations by multi-regression analysis they also found that
BIA could predict TBW results that correlated highly (r = 0.96 in males and 0.93 in

females) with their “H,O dilution results, and certainly more accurately than Wt, Ht,
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and/or age alone. Jackson er al (1988), examined the reliability and validity of BIA
for measuring body composition and compared its accuracy with the resutts obtained
by standard anthropometric methods. The BIA method in 68 adult subjects was
compared with % body fat (%BF) results derived from hydrodensitometry and ST
measureinents. However, they could not confirm from theijr findings that BIA.
predicted %BF accurately enough o replace either hydrodensitometry or SFT
measuremeiit and concluded that further research was needed to firmly establish the

validity of BIA.

Segal et al (1988-) produced reseaich evidence which they felt validated further the
BIA method for body composition estimation in adults, This large study over four
lahoratories compared BIA with hydrodensitometry in 1567 adults. With their large
sample group, and the use of regression analysis for Ht 2 and resistance individoally,
they felt that their study provided evidence that BIA again was a uscful and accurate
indicator of body composition in adulls, Ross e# al (1989) ook a slighly differemt
approach when they looked at the sensitivily of BIA to detect changes in body
composition rather than using BIA to directly measure body composition. They
comparcd cslimates of FEM and %BF from BIA and STT with hydrodensitometry in
17 adult males before and after a 10-week diet and cxcicisc regime. Using the j
equations derived for BIA (Lukaski, 1988 and Segal, 1988) they found no significant
differences between the FEM and %BF results from the BIA and the
hydrodensitometry, Furthermore, they concluded that BIA was a valid method for
detecting and tracking changes in body composition over & i)eriod of time and in

particular after a diet and exercise tervention progranime.




1.5  Leg to Leg Impedance: Review of use in Adults

Nunez et al {1997) evaluated the leg to leg BIA system in adults based on pressure
contact foot electrodes. Their study had two aims: firstly, they evaluated the validity
of the footpad clecirodes ia comparison to the gel electrodes of the whole body BIA
systemn. Sccondly, they assessed the potential for body composition assessment by
comparing the leg to leg system results against TBW by *H,0 dilution and FFM by
hydrodensitometry and dual-energy X-ray absorptiometry (DXA). Regression
analysis and paired ‘t’ tests were performed to examine the correlation and statistical
significance of mean differcnces observed in leg to leg impedance measured with
pressure contact and gel clecirodes. The differences between the two clectrode types
were plotted against mean impedance and assessed for 95% limits of agreement
(Bland and Altman, 1986). They concluded that the newer leg to leg system could be
interchanged with the conventional whole body BIA system for the measurement of
body composition in heal'thy aduits. Concerns were expressed, however, over the use
of the footpads for patients or subjects who have foot calluses or other foot problems
that could limit electrode reliability. Jebb er al (2000) evaluated the leg to leg
impedance system (Tanita) for measuring body composition in 205 adults in
comparison with a 4 - component model (fat, water, mineral and protein).
Comparisons were also made with the individual methods of hydrodensitometry,
DXA, and TBW by *H,O dilution, Jebb ez af (2000) found, using correlation and
95% limits of agreement between methods (Bland and Altman, 1986), that the Tanita
Ieg to leg system gave poorer accuracy in comparison to the ‘refcrencc when
compared with the 4 - component model, but accuracy was similar to the reputed
conventional tetrapolar whole body BIA. Given the practical advantage of the leg to

leg system over the whole body BIA system, Jebb et af (2000} suggested that it

e



should be the method of choice in adults if impedance has to be used, Whether this

is true far children is unclear.

1.6  Whole Body Impedance: Review of use in Children and Adolescents

Houtkeoper et al (1989) reported on the validity of BIA for body composition
assessment in children. 94 children aged 10 — 14, were measured using whole body
bioelectrical impedance to estimate FFM in comparison to hydrodensitometry
combined with TBW analysis. Regression equations were derived and the
researchers concluded that the BIA method was a valid predictor of body
composition in this population. Lohman (1989) reviewed the various methods for
measuring body composition in children. With the inclasion of BI1A in his review, he
acknowledged the need for multi-component models to compare the newer methods
to, particularly for use with children because of the changes in water and mineral
content of the FFM thronghout childhood and youth, Referring to the aforementioned
research by Houtkooper ef «! (1989) he concluded that BIA should be a valuable tool
for use in childhood body composition research and due to iis apparent consistency
and ease of use, could be used to track levels of body compaosition in children

through to adult life,

Houtkooper ef al (1992) produced a cross validation study on the use of BIA for
estimating FFM in children and youth. The purpose of the study was to develop and
validate the best prediction equation for estimating body composition, in particular

FFM, in children using BIA. For their initial validation sample they compared BIA



with hydrodensitometry and total body water (I'BW) by isotope dilufion in 94 10 —
14 year old children (Houtkooper ef &, 1989). Prcdiction ecquations were developed
using multiple regression analyses, which were then cross-validated vsing the same
methods with another 131 children over 3 different laboratories. The four samples
were then combined to develop a recommmmended equation for estimating FEM. This
particular equation has since been validated by other paediatric researchers against a
2 - component model (Reilly et af, 1996) as the reference and consequently was used

in the present study,

The accuracy of 4 equations for use with tetrapolar bioelectrical impedance in
children was tested in a study by Reilly ez al (1996), They compared the effect of
four different published equations o the results of 98 children between the age of 7
and 11. The results were compared against hydrodensitometry (2 - component model
used as a reference) where Db was converted to FFM using the model described by
Westrate and Deurenberg (1989) which assumes changing FFM density during
childhood. Calculation of biases and 95% limits of agreement between methods
enabled using the Bland and Altman (1986) technique, Again, this study reported
problems in using hydrodensitometry as a reference method, both in practical
problems due to the nature of the method for use with children, and theoretical
problems with asstunptions made from densitometry and seggested that a multi-
component reference model may be preferable for use with paediatric studies.
However, Reilly et al (1996) suggested that one particular equation (Houtkooper et
al, 1992) out of the four compared had a high degree of cross validity and could be

considered as an acceptable cquation for estimation of body composition in children.

10



Houtkooper er al (1996) produced a revicw which argued that BIA should be widely
used for estimating body fatness in large groups of children. They reported on the
general agreement between researchers that the impedance technique, when used
properly, provides a simple, non-invasive, inexpensive quick and reliable method for
measuring body composition in large healihy populations. Moreover, when different
investigators follow the same standard BIA procedurcs and use the same population
criterion method, similar prediction equations and relatively small prediction errors
have been reported for the measurement of FFM and TBW. Though they claimed
(hat BIA has been reported as having limited accuracy for estimatiog body
composition in individuals, they also suggested that BIA is more sensitive and
specific for grading average body fatness in groups than some other anthropometric
indices calculated on Ht and Wt relationships alone. This suggests that with the use
of indices regarding levels of adiposity, this tool could be utilised as a more accurate
method for national comparisons than the commonly used body mass index (BMI) in

a variety of situations from the doctor’s office to the home.

A further study which again gquestions the value of certain methods used as reference
methods to compare BIA was a study by Gutin ez al (1996) where they compared the
results of BIA, SFT and DXA in 43 9 — 11 year old children in America. Using the
Bland and Altman (1986) approach, intraclass correlation and Speanman rank
correlation they compared all 3 methods. Since they found that the difference
hetween the fat free soft tissue and FFM when using DXA was negligible, indicating
that bone mincral content did not provide independent information, the remainder of
their analyses used the 2 - component model (fat mass and FIM) for ail 3 techniques.
They found that the reliability of each technique was good, but found that althon gh

the three methods were highly correlated, there was a tendency for the DXA results

11




fo be consistently higher than the other 2 methods. From this they concluded, along
with the large 95% limifs of agrecment derived from the Bland and Altman {1986)
procedure that thesc methods should not be used interchangeably, but might be used

as a reliable indicator of changes in body composition.

BIA 1s also readily used as a predictor of body composition in athletes. Various
studies have depicted this use and formed athlete specific equations. Evctovich ef ol
(1997} conducted a validity of BIA to estimate FFM in 117 young athletes aged 9 -
13. They compared |1 published equations and the manufactirer’s equation (via the
resuits obtained directly {rom the impedance equipment) with hydrodensitometry, a 2
- componentt model. In their conclusions they recommended one equation in
particular (Guo ef al, 1989) to be most useful for application with BIA for estimating
FFM in young athletes, This equation requizres skinfold measurements of the calf and
midaxillary and therefore defeats the purpose of the highly acceptable and easy to
use BIA method. The paper docs go on to say however, that the Houtkooper (1989)
equation is a reasonable substitute when the Guo equation is not available or perhaps

the skinfold measurements are not feasible (Evetovich ef af, 1997),

Further research into equations used with tetrapolar bicelectrical impedance was
carried out in a study by Jurimae ef o (1998). 107 boys and 105 girls betwceen the
ages of 9 and 11 had bicelectrical impedance measurements and SFT measurements
taken and O regression equations were applied and compar.ed. Descriptive statistics
(mean, standard deviation [SD]) for cach of the dependent variables were determined
and independent ‘¢ tests were used to indicate sex differences. No reference method

was used for comparison of the results. Onc way ANOVA and paired ‘" tests post

12




hoc procedures were used to examine differences for each regression equation among
the mean estimated %BF valucs and Pearson Product Moment comrelation analysis
was used to examine the refationship among SFI and BIA measurements of body
composition. In their discussion of the study the authors indicated that this
mvestigation demonstrated that great variation existed among %BF values calculated
using different BIA regeession equations. This paper was designed as a review of
variéus equations used with BIA with a view to making recommendations as to
which of the equations are most suitable. However, with the lack of any valid
reference method, conclusions about the validity of any of the equations reached by

Jurimae et ol (1998) are not appropriate.

A recent study to evaluate the use of whole BIA in children was by Lohman ef al
(2000). They reported on the estitnation of body fat from anthropometry and BIA in
Native American children. Their main objective was to derive equations for use with
this population due to the increase in obesity levels of this group and the lack of
prediction equations for cstimating body fatness in this population. They used *H,0
dilution as their reference method in 98 Native American children between the ages
of 8 and 11 and compared various published equations for children of that age group.
The equations used however were for non-native American children. The previously
published equations consistently under-estimated %BF in this population in
comparison with both the reference method and the equations derived from this
population. The authors speculated that this could be as a result of not only
physiological differences between the population groups, buf also the fact that the
previously published equations had been derived from multi - component reference

methods as opposed to TBW alone. ‘Ihis conclusion merely underpins the need for
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the inforimed choice of equalion and reference method when using BIA analysis for

the estimation of body composition in any group irrespective of race or age.

in light of the limited research that has been conducted using whole body BIA with
children a number of very important points are evident. The validity of this method
for use with children is still unclear. The need for validation is extremely important
since this mcthod is highly dependent on the equation chosen and on the population
being tested. Whole body BIA must be tested against an appropriate multi-

component reference method in order to detenmine its validity for use with children

and adolescents.

1.7  Leg to Leg Inpedance: Review of use in Children and Adolescents

Abbott and Davies (2001) validated the use of the leg to leg BIA method for use in
children (n=32) between the age of 6 and 10, TBW was predicted in the children by
use of the leg to leg impedance measurement and then compared to TBW as
measured by ?H,0 dilution. The Bland and Altman (1986) approach was applied to
compate the measared TBW result with the estimaled one from the BIA method. In
comparison with TBW measures Abbott and Davies (2001) found that the leg to leg
impedance method overestimated TBW on average by 2.8 litres, or approximately
17% of the measured value. However, they noted that this Bias was not constant over
the age range and actually increased as the measured volume increased, resulting in
an overestimation of as much as 6.0 litres at the extremes of their data. In body

composition terms they concluded that this would equate to an eror of up to 8kg in
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FEM in a child weighing only 37kg; clearly unacceptable in termns of accuracy
{Abbott and Davies, 2001). Moreover, they concluded that the majority of these
errors could safely be assigned to problems with the BIA method since in various
previous research studies conducted within their laboratory using the 2H;O dilution
technique, this method has provided precision within §%. Furthermore, they
expressed concerns over the significant correlation between the mean of the
measurements and their difference. According to the researchers this clearly shows
that as the volume of TBW increases, which one could presume equates with the
child getting physically larger, the error increases dramatically. This could cause
considerable concern for use with children over longitudinal studies where the child
is growing or for any ¢stimation of body composition in children declared as

clinically obese or for studies where older and younger children are compared.

Sung ef af (2001) recenily evaluated the measurement of body fat using leg to leg
BIA in Hong Kong Chinese children. They compared the leg (o leg method against
DXA in 49 children beiween the ages of 7 and 18. From their study they concluded
that the leg to leg system could readily be nsed in place of DXA, They found that
although the BXA method consistently over estimated fat mass in comparison to
DXA, their 95% limits of agreement were within an acceptable margin. This is in
conflict with some of the previous reseaich mentioned. However, it should be noted
that this stady used the predictions of body composition from the manufactorer’s
equations (unknown} and did not compare any other previopsly validated equation
for impedance measurement in children. Moreover, in this particular leg to leg
system, age is not entered in to the software but a ‘child measurement’ is chosen.
This presumes that all ages of children should be cntered into an identical equation

which does not take their age into account, but only their Ht and Wt and sex.
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TFurthermore, it is not ¢lear at what age the manufacturer feels a child becomes an
adult and (herefore qualifies for the adult equation. In addition, since Sung ef @l
(2001) did not usc a reference method to measure body composition it cannot be

considered as a validation study.

Rowlands and Eston (2001) investigated the comparisons between whole body BIA
and leg to leg BIA for estimating body composition in children aged 8 to 10 years
old. The measures of %BF and FFM as provided by Lhe leg to leg system and the
whole body system were compared with predictions from SFT measurements using
equations for SFT that had been validated in children using a muiti-component
reference method {equations of Slaughter ef af, 1988). Bland and Altman (1986) 95%
limits of agreement were applied to the results and this study fouad that the
prediction of FEM and %BF from the leg to leg system and the whole body system
were not significantly different. However, they did find that in girls both impedance
measurements predicted resulis, which consistently overestimated %BF, compared to
SFT measurements. Furthermore, they expressed concern over the segression
equation within the leg to leg impedance system, The manufacturer’s equation was
the only one available for use with this method, and with this system being marketed
for home and health club use where there is no access, or no desire to access
alternative equations, it is important that the cquation is suitable. For this reason,
Rowlands and Eston (2001) recommended that further rescarch is required in
validating the use of this method with children. Unfortunately, the advice they gave
was to compare the leg to leg impedance method with DXA which does not

acknowledge the need for a multi-component reference method.
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Tyrrell et al (2001) reported results predicted by the leg to leg BIA system compared
to DXA — derived body compaosition in a multi-ethnic group of European, New
Zealand Maori and Pacific Island childien aged 4 to 11 (n=82). Like Sung et af
(2001), this stady found that the results from the leg to leg BIA system cotrelated
highly with DXA in the estimation of FI'M, I'M and %BI (r = 0.98, 0.98 and 0.94
respectively). However, unlike Sung er al (2001), they concluded that the 95% limits
of agreement between the methods were too wide to render the leg 1o leg system an
acceptable replacement for DXA in the measurement of body composition in
children. Although they did concede that the mean differences between the two
methods were close enough for the BIA system to be acceptably used for large group
studies. Tymell ef al acknowledged that there has been criticism for the use of DXA

as a reference method (Ogle e al, 1993, Reilly ef al 1996),

1.8  Review of Individual Methods - Body Density: Air Displacement

Plethysmography

The BODPOD® (Life Measurement Instruments, Concord, CA)Y ADP body
composition system measures BV and hence, Db by application of gas laws within a
two-chambered plethysmograph (McCrory et al, 1995). Small volume changes are
produced within the chambers and the corresponding pressure change is measured
(Dempster and Aitken, 1995, Nunez et o/, 1999). BV is equal to the reduction in
chamber volume caused by introduction of the subject (McCrory ef al, 1995). The
measured BV is then converted to Db with the equation of Goldman and Buskirk

{1961) and fat mass then caleulated with the Siri equation (Siri, 1961).



This non-invasive method for determining Db, and subscquent calculation of body
composition provides many advantages over the conventional hydrodensitometry
technique. The test procedure is quick, convenient and requires minimat compliance
with very little or no discomfort 10 the subject. It appears that this method is more
suitable for a wide variety of subjects where hydrodensitomelry is not practical,
including the obese, elderly, children and those who are wncomfortable with water

submersion (Elia and Ward, 1999, Ficlds et al, 2000, Wells and Fuller, 2001).

1.9 Air Displacement Plethysmography: Review of use in Adults

Dempster and Aitkens (1995) reported on a rew ADP method for the determination
of human body composition (BODPOD® Body Composition System). The system’s
ability to measure inanimate objects was evaluated for accuracy, reliability and
linearity. Using a wide range of volumes approximating human size (25 - 15G 1),
they produced an equation to assist in the measurement of BV with this system.
They found the reliability over repeated trials was excellent (SD <14ml) and mean
percent error was less than 0.1%. From this high level of precision they suggested
that this mcthod should be very useful for the determination of body composition.
However, this study on inanimaie objects does not have the complications offered by
the study of human body composition due to the confounding effects of lung volume
(LV) and swface area artefact (SAA). The human bedy is not consistent in its
volume, not just from one human body 1o the next but also within the same body the

volume may vary dependent upon time of day, fluid volumes, whether the subject
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has recently eaten or is suffering from a respiratory problem. It is therefore

beneficial to be able to measure or predict L'V and SAA in each subject.

McCrory ef al (1995) also cvaluaied the BODPOD® for measuring body
composition, however, their subjects were not inanimate objects, but 68 adults
hetween the age of 20 and 56 (26 female, 42 male). Predictions of %BF from the
BODPOD® were compared with those of hydrodensitornetry. 1Jsing the Bland and
Altman method, (1986) 95% limits of agreement between the 2 methods were
assessed. McCrory ef al (1995) found that the 95% limits of agreement between
these methods were very narrow and concluded that in comparison Lo the
conventional method of hydrodensitometry, this new ADP method was valid.
Consequently, they suggested that the BODPOD® could provide an easier and more
practical method for predicting %BF in special populations such as the elderly and
the disabled. However, it is important to note that they recommended further

research in a variety of populations to assess the validity of this method.

1.10  Air Displacement Plethysmography: Review of use in Children and

Adolescents

Nunez et al (1999) compared the use of ADP against hydrodensitometry and DXA
for measuring Db. In their study they tested adults for comparison to previous
research, but the main purpose of their study was to assess the use of ADP for
measuring hody composition in children in comparison te other traditional validated
methods, Firstly measurements for Db from hydrodensitometry and ADP were

compared in adults to evaluate the system. Nunez ez al (1999) argucd that it was not
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necessary to compare body fatness as predicted by these two methods since they both
use the Siri equation (Siri, 1961) and would thercfore gain no more insight than that
already offered by the Db result. Tor this reason {hey used %BF as predicied by
DXA with which to compare %BF as predicted by ADP. Subjects were grouped by
age (adults > 20, n = 72) (children < 19, n = 48) and measurements by all 3 methods
were taken. Results were comparcd using various statistical analyses including Bland
and Altman (1986) 95% limits of agreement. The researchers found that the results
from the children differed from the adults. ‘Iheir findings strongly supported body
composition estimation by ADP for use with adults and confirmed earlier research
observations (McCrory et al, 1995), Although their results for the children between
ADP and hydrodensitometry were also highly correlated a small but statistically
significant bias was detected, Similarly, a small bias was observed between ADP
%BF estimates compared to corresponding %BF estimates by DXA., Nunez ef al
(1999) concluded that this was due to a minor systemn calibration problem with the
BODPOD® ADP system. Furthermore, they hypothesised that this problem could
hive been linked to the [2 children within their subject group who weighed less than
the recomnmended weight for use with this system (40kg). Moreover, they
encouraged fuxther research in this arca to identify and correct these problems for use
with children since this method is more practical and acceptable than
hydredensitometry for subject groups such as children. However, it should be noted

that Nunez. ¢ af (1999) did not use an accepiable reference method.

Lockner ez al (2000) compared ADP with hydrodensitometry DXA for assessing
body composition in 54 10 — 18 year olds. Subjects in New Mexico were measured

for Db using all three methods and results were compared using paired t-tests and
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linear regression analysis. The researchers discussed the problems associated with
hydrodensitometry as a reference method for use with this population due to the
practical issues with water submersion and expressed that DXA may be a more
appropriate reference method for use with children. However, they acknowledged
that previous rescarch had produced acceplable results and comparisons between
hydrodensitometry and ADP in adults so the hydrodensitometry was included in this
study and all three methods compared. Db results obtained from the ADP method
and hydrodensitometry were converted to %BF using the 2-component model
conversion formula of Siri (Siri, 1961). Questions regarding the validity of these
results arise from this as it has been frequently published, and readily accepled
amongst researchers, that a multi-component reference method is essential when
measuring body composition in children and the Siri formula is inappropriate for
pacdiatric use. As previously stated, this is due to often inaccurate assumptions
made regarding the composition of the FEM when an adult 2-component model is
applied (Reilly, 1998). However, Lockner ef al (2000) found a bias in Db
measurement by the ADP method, which was related to body size and suggested that
further research to identify a small correction factor may improve the accuracy of

this method for use with children.

Dewit et al (2000) considered the acceptability and feasibility ADP in children to
determine its precision and agreement with hydrodensitometry, Measwements of
BV were obtained using (he ADP system, and the raw BV noted before these values
were transformed into Db by the system. The measurements are adversely influcnced
by conditions created by the subject’s presence in the chamber (isothermal air is
more compressible than adiabatic air), therefore the manufacturers apply cerfuin
correction factors to the software for predicting thoracic gas vofume (TGV) and

volume of air next to the skin (SAA) to adjust isothermal conditions for obtaining

21



each subject’s actual BY (ABV) (Dempster and Aitkens, 1995). Equations involving
TGV and SAA are then applied to obtain ABV. However, whole body ADP
estimates TGV from functional residual capacity (FRC) prediction eguations derived
in adults aged 15 — 91 years (Crapo et al, 1982). Dewitt et o (2000) therefore
substituted these with the children derived prediction equatioss of Rosenthal ef al
(1993) and Zapletal ez i (1976) to calculate BV. These results of BV were compared
with BV results obtained by hydrodensitometry where BV was calculated as the
difference of body mass in air and in water, correcting for density of water and
measured LV (Fuller ef af, 1992). In this study by Dewit ez al (2000), agreement
between the hydrodensitometry and the ADP method was assessed vsing the method
of Bland and Altman (1986). Comparisons between BV as calculated by the
BODPOD® and by using the child specific prediction equations for TGV were also
assessed using the method of Bland and Altman (1986). The researchers found that
the precision of volume measurements and of body composition assessments by
plethysmography was approximately twice as goad as obtained by
hydrodensitometry. Moreover, they reported an improvement in the results when the
child specific equations for the prediction of TGV were applied. Dewit and
colleagues (2000) acknowledged that the 2-componcnt model of body composition
used in this study makes the assumptions of a constant FFM density, though this
assumption is not valid for children. Therefore, they recommend more complex
models of body composition analysis be used as reference models when validating
any particular method for use with children. However, these 3- and 4-component
models all require measurements of BV. These researchers.argued that ADP is a
valid and more suitable method for this role in analysing body composition in

children as part of a multi-component model.
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Wells and Fuller (2001) recently reported on the precision of measurement by whole
body ADP. They investigated methodofogical and biological precision for ADP
across a wide range of body sizes in 28 adults and 30 children aged between 5 and 48
years. Repeated measures of BV and Wt were made using the BODPOD® from
which they derived results for Db, FFM and fat mass. The raw BV results (BV
before corrections were applied for the effects of 1sothermal conditions as described
earlier and cited in Dempster and Aitkens, 1995) were recorded and hence BY
calenlated nsing the adult and child specific correction factors as appropriate (Dewit
et al, 2000). Fat and FFM in the children were then derived from Db using the child
specific equations of Lohman (Lohman, 1989). As a rcsult of their repeated
measures, Wells and Fuller (2001) concluded that the ADP system showed good
precision for BV and Db across a wide range of body sizes, subject to appropriate
correction factors for TGV and SSA, and the appropriate use of equations for

predicting fat mass and FFM.

1.11  Review of Individual Methods - Skinfold Thickness

Skinfold body composition analysis is based on the assumption that approximately
half of an adult’s body fat is in the subcutaneous tissues, that is, the tissucs
immediately beneath the skin (Tritschier, 2000). Overall body composition is
estimated from SFT measurements taken at selected sites on the body using a set of
specially designed calipers. There are more than 100 equations to estimate %BF from
SET (Heyward, 1997). The equations differ by number and location of skinfold sites.

The use of calipers for measuring SFT as an estimation of body fatness has for many

23



years been recognised and generally accepied as an extremely useful tool. This
method is easily portable, cheap, [airly non-invasive, i3 quick and does not require
extensive training (Durnin ¢7 ai, 1997). However, problems arise with the use of
SFT measurements with the large number of published equations for use with this
method, Often inappropriate equations which are age/sex or population specific are
used incorrectly (Slanghter er @, 1988, Reilly, 1998). Furthermore, many of the SFT
prediction equations are based upon the 2-component model of body composifion
where the body is divided into two compartiments for measurement, fat mass and
FEFM, and the assumption is made that FI'M has a constant composition. This
however should not be assumed in the casc of children where their FEM is
continually changing through puberty and should not therefore be presumed to be
constant (Slaughter et af, 1988, Janz ef al, 1993, Reilly, 1998, Jurimae ¢t af, 1998).
For this reason it is important that when using S¥1' measurements for the estimation
of body composition in children to choose the appropriate regression equations for

the subject population (Staughter et al, 1988, Janz et al, 1993, Reilly, 1998).

1.12  Skinfold Thickness; Review of use in Adults

There have been numerous studies which have looked at the use of SFT as an
indication of %BF in adults and as a result many varying regression equations have
been derived to assist in the interprotation of the measurements (Brozek and Xeys,
1951, Pascale et al,1956, Durnin and Rahaman, 1967, Durnin and Womerslcy, 1974,
Jackson and Pollock ,1978). In the UK the equations of Durnin and Womersley
(1974) are probably the most widely used (Jebb and Elia, 1993). These cquations are

based on measurements made ai four sites — biceps, triceps, subscapular and supra-
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iliac and a logarithmic transformation of the sum of the four skinfold thicknesses
praduces a linear relationship with Db which is ape- and sex-specific. Fat mass is
then calculated using the equation of Sivi (Siri, 1961). The regression ¢quations of
Durnin and Womersley (1974) were derived from a study of 481 men and women
aged between 16 and 72 comparing results with those obtained from Db as measured
by hydrodensitomeiry. These cquations have been shown to accurately predict body
fatness in Caucasian adults but different equations are required for use with children
or specific ethnic groups. It is generally accepted amongst practitioners that the
problems arising from the SFT method do not rest solely with the chosen equation,
but also with the location of the measurements and the accuracy of the observer
taking the measurements (Jebb and Elia, 1993). In longitudinal studies it is advised
to maintain the measurements using the same observer to reduce error at the stage of
measurement. However, a recent study by Dumnin ef @l (1997) has cast doubt on this
problem, In their study of 53 women and 45 men they made SFT measurements at
the traditional sites as set out by Tanner ef o (1953) and Bdwards ef al (1955) and
then again al deliberately chosen sites approximately 20mm from the ‘correct” sites,
Durnin ez e (1997) found that the effect of this procedure resulted in differences, in
most cases, of less than 1% in terms of body fatness. However, it could be argued
that they were indeed still following standard procedures. Even at these incorrect
sites as it was the same trained observer taking each mcasurcment and the repeated
measurements were taken at the same point (20mm away from the ‘correct’ sitc)
each time, therefore not making allowances for random measurement or indeed
variation of observer. If in further study however, it was fonnd that rardom
measuremnents and variation of observers, trained and untrained, came to the same
conclusions, this would spark a renewed faith in the use of this method for predicting

body composition both in the field and at the bedsidc.
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1.13 Skinfold Thickness: Review of use in Children and Adolescents

As previously mentioned, many of the prediction equations available for use with
SFT measurciment in predicting body composition are based on the 2-component
model assuming Lhat the FFM is constant. It is now comnmonly known that this is not
true for children and therefore alternative age specific equations are essential when
predicting body composition in children and adolescents. The equations of Slanghter
et al (1988) were derived using a multi-component model which divided the FFM of
310 children into further compartments of bone mineral and TBW. The age range of
the children was not given in this study, however, the children were put into groups
according to their maturation stages using the Tauner Scale (Tanner, 1962) of
pubertal stage development. In the reference method used by Slaughter ef al (1988)
bone mineral was estimated from radius and ulna measurements using photon
absorptiometty and TBW was estimated using H,0 dilution. As a result, a number
of age and sex specific equations were derived for use with SFT ineasurements on
children and adolescents using measurements from 2 sites as opposed to the 4 sites

required for adult measurements.,

Lohman (1989) reviewed the various methods for measuring body composition in
children, including the use of SFT as an indicator of %BF. In this review Lohman
concluded that the equations developed by Slaughter e al (1988) which take into
account the clicets of age on Db, eliminate the previous pro.blcms related to
suppositions about relationships between Db and SFT which resulted in an

overestimation of %BF upon conversion. Also, in this review Lohman underlines the
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need for comparisons with a multi-component reference method whea undertaking

any validation of methods to be used with children and adolescents.

In 1993, Janz et al produced a cross-validation of the Slaughter SFT equations for
children and adolescents. In this cross-validation they compared a selection of the
Slaughter eguations against & criterion measurement (Lohman’s Siri-age adjusted Db
equation) in 122 subjects ranging in sexval maturation from pre- to post pubescent
and ranging in age from 8 — 17. In this study Janz and colleagues found that their
data indicated that the Slanghier equations “hold promise” for estimating body
composition in children and adolescents, as there was a high degree of cosrelation
between the Slaughter equations and the Lohman adjusted equation, However, since
it has been established by many researchers, including L.ohman, that any
comparisons of methods for measuring body composition in children should include
a multi-component reference method, this cross- validation should be treated with
caution, On the other hand, Lohman’s adjusted equation is well received amongst
researchers and this study by Janz ef al (1993) should therefore not be disiissed

entirely.

Jurimae er al (1998) compared the different regression equations used with SFT
measwrements and BIA. The skinfold measurements and impedance measurements
of 107 boys and 105 gitls aged between 9 and 11 were taken and body fatness resuits
compared when used with 6 different regression equations found in the litcrature.
From their stady Turimae and colleagues found a significant difference between the
results given from the various equations and concladed that this provided evidence
that any regression equation should be used with caution. However, they ventured
further to suggest the use of 2 specilic equations from the 6 for use with children in

this age group based on their findings. ‘This advice should be treated with caution

27




since Jurimae et al, have no foundations upon which to make this suggestion since no

reference method, multi-component or otherwise, was included in their study.

Reilly (1998) reviewed various methods for measuring body composition in children
and adolescents, and in pacticular, criteria for detcrmining choice of method. In his
review he also underpinned the need for cautious choice of cquation when using the
SFT method. Ile reported not only that it is essential that the equation should have
been validated against a recognised multi-component method, but also that
comparisons were analysed using Bland and Altman (1986) 95% limils of agreement
rather than correlations coefficients only. This is due to the fact that body
composition methods tend to be highly correlated, though this does not necessarily
mean that they agree. Therefore, although it appears from much of the literature
available that the Slaughter equations are the most appropriate for use with children
and adolescents, it also appears that these recommendations could be flawed. Both
of the following two fandamental conditions that should be applied to any validation
concerned with body composition methods for children — they should be compared to
a multi-component reference metbod and analysed for 95% limits of agreement as

depicied by Bland and Altman (1986) (Reilly, 1998, Wells et al, 1999).

1.14 Rcview of Individual Methods -Total Body Water

It is apparent that the total amount of body water can be determined by drying
various tissues to constant weights (desiccation method). However, due to the nature

of this method, the requirement for tissue removal, this is not appropriate in living
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humans (Chien ef af, 1962). The earlicst, and still the most direct, method for
measuring TBW in living hunais is that based on the isotope dilution principle. In
this technique a tracer dose of labelled or *heavy’ water is used and 2 samples of
body fluid (blood, urine or saliva) are collected, one pre-dose and one post-dose after
an accepted equilibration time of 2-3 hours (Ellis, 2000). The method of analysis is
dependent upon the tracer used, but the most commonly used tracer is 2H,0, which is
analysed by mass spectroscopy. In gencral, TBW values obtained by dilution
methods are considered as the reference methods for comparison againsi other
techaiques. Problems can arise however with the sample collection, especially with
children, and the conversion of TBW results {o calculate %BF for the purposes of

body composition analysis (Westerterp, 1999).

1.15 Review of Individual Methods - Body Mass Index

In 1953 the Metropolitan Life Insurance Company developed the first tables of
desirable BWt for men and women according to their It. These tables and
subsequent revisions of them were based on actuarial data from insured persons; the
data did not represent all ages, races, and socio-econemic groups. Despite their ease
of use and interpretation and appropriateness for some persons, Ht-BWt tables are
msufficient for body composition assessment (Tritschler, 2000). Their use may lead
to invalid conclusions, particularly for those who have a large muscle mass, who may
be perceived as overweight according to the tables. Similarly, a person who has very
little muscle mass but excessive body fat may be perceived as having a desirable
BWt or even under weight according to the tables. BMI is an improvement over the

Ht-BW1 tables, although Ht and BWt are stifl the ouly factors used in the calculation
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of the index. BMI is defined as the ratio of BWt in kilograms to the square of Ht

expressed in meters as follows

BMI = BWr/Ht 2

Estimation of body composition from BMI is widely used in large health studies and
can be very informative but its standard ervor is quite large. 1t is especially prone to
errors in children and the elderly, whose muscle and bone weight in relationship to
their Ht are changing rapidly (Tritschler, 2000), In 1995, Cole et al published centile
curves for BMI in British children from birth to age 23years based on the same large
representative sample that was used to update the Ht and BWt references (appendix
1}. These centile curves are commonly used in paediatrics to assess for the degree of

fatness over or under the national average for a child of a specific BWt and Ht.

1.16  Study Aims and Objectives

The ability of BIA to accurately predict body composition is largely dependent on
the equation chosen. (Reilly ef a/, 1996, Jiwimae et af, 1998). The relatively new BIA
technique, based on lower body (leg to leg) impedance measurement has become
widely available for paediatric use, but its validity is questionable for use with
children. Software for body compositicn estimation contained in commercially
available instraments is a commercial secret, and is often very inaccurate in children
and adolescents. Since leg to leg BIA is even quicker and cheaper than the

conventional wholc body BIA, while being equally acceptable to the child, there is
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an wrgent need to validate it in comparison with a multi-compoenent reference model

(Jebb ef ol, 2000, Rowlands and Eston, 2001).

To my knowledge, the leg to leg system has not currently been validated against an
accepted reference method for use with children, This is a critical age for body
composition assessment due to the many changes in the child’s body as it goes
throngh the various stages ot puberty. Many of the equations available for BIA do
not take these factors nto account and can often result in inaccurate predictions of
body composition. Many BIA equations have been derived but noue for use
specifically with leg to leg BIA until the study by Tyirell ef af (2001), which
developed such an equation based on comparisons between leg to leg BIA and DXA.
Ilowever, this equation was developed for childien between the ages of 4 and 11
years and has not been validated in any other population other than the test group.
Moreaver, since estimates of body composition derived from BIA are based on
theories relaling to TBW, a number of researchers believe that any reference method
used to validale impedance measurements should incorporate TBW measurements
(Abbot and Davies 2001, Wells er al , 1999, Lohman, 1989, Jackson & Pollock,
1988). In addition, the usc of a multi-component reference method or even a gold
standard is desirable as described above, especially when making measurements of
body composition in children. A 2-component method rests on the assumplion of
constant composition of fat mass and FFM (Lohman, 1986, Reilly, 1998, Rowlands
and Eston, 2001). This can be readily assumed in adults, but in children this can not
be asswmed due to the changing chemical composition through childhood into
adulthood. Since there are very few studies which compare the simpler methods
with an accepted reference method, or indeed compare as many of the ssmpler
methods with an accepted reference method, it is the main purpose of this study to

compare and validate the use of these widety available methods for measuring body
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composition in children and adolescents against an accepted multi-component

reference method.
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21  Study Rationale and Referenee Method

The rationale for the study was that a 3 - component model of body composition
using TBW and Db provides measurements of fat mass and FFM which can be used
as a reference method against which other simpler methods can be compared and

validated (Fuller er o, 1992, Wells, 1999),

In the present stndy the 3 — component model developed by Fuller ez al (1992) and
applied by Dewit ez al (2000) was used which separates the body into 3 components:
water, fat and [at frce dry mass (fat free dry mass is essentially protein and mineral)
as the reference method against which all other methods would be compared. Fur (his
method, fat mass was calculated using BWt and BV obtained by ADP having been
adjusted for LV and SAA to give ABV, and TBW measured by deuterium dilution,
using the equation of Fuller ef @/ (1992). Methods for measurement of TBW and BV

are given below

Fat Mass (kg) =[(2.20 x ABV) — (0.764 x TBW)] ~ (1.465 x BWT)

22 Subjects

56 healthy boys and 8 healthy girls aged between 10 and 14 were included in the
study. The University of Glasgow Ethics Committee and the Ethics Committee for

the Glasgow City Counci! Education Department approved the study (App. 2 & 3).




Informed written consent was obtained from the parcats or gnardian of the child
(App- 4). One parent or guardian was present during all stages of the testing and
every effort was made to ensure the comfort of the child during the test procedures.
The subjects were recruited voluntarily by letter through local schools and football

teams (App. 3).

Prior to all tests a hotne visit was arranged by telephone and carried out by the
researcher in order to brief the parents and the child fully with regards (o the exact
nature of the tests. This also provided opportunity for clarification of any point of
confusion or allowed an additional option of withdrawal from the study and could
withdraw consent at any time. At this meeting the subject’s BWt was also taken,
using the same calibrated scales to be used for the testing, for the purpose of accurate
dose preparation for the TBW analysis (part of the 3-component reference method).
All tests were carried out al the University laboratory in the Departiment of Human
Nuirition within the Glasgow Royal Infirmary. Only apparently healthy childien
were included in the study, and the results of the children who for whatever reason
did not complete all of the tests (r = 14) have been excluded. Poor recruitment of
females, due mainly to unwillingness to have bady composition measured, resnlted

in insufficient numbers which led to the study being bascd on the male subjects only.

23  Laboratory Protocol — Anthropometry: height, weight and body mass

index

In alf subjects standing Ht was measured to the nearest 0.1cm using a floor standing

stadiometer (Leicester Teight Measure, Child Growth Foundation, London).



BWt was measured to the nearest 0.1kg using calibrated electronic scales (SECA
ALPHA model 770 ) with the child measured while wearing swimming
trunks/swimming costume. BW1t was also measured as an integral part of the ADP
procedure however, for the calculations presented throughout this study the values

obtained by the SECA ALPHA scales were used.

BMI was also calculated for the subjects using Quetelet’s index (Rolland — Cachera

et al, 1982, Dietz and Robinson, 1998), BMI values were then expressed as centiles
relative to UK 1990 reference data (Colc et al, 1995) for descriptive purposes so that
the sample could be assessed in terms of their degrec of underweight / overweight.

(results section 3.2, Table 5).

24  Laboratory Protocol - Estimates of Fatness from Skinfold Thickness

SET was measured in friplicate with Harpenden Calipers in all subjects at the triceps
and subscapular sites (fig I & 2). Previous studies relative to a 2-component
relerence method (hydrodensitometry) have suggested that measurement at these (wo
sites in children and adolescents are both more practical, and as informative as

multiple site measarement for predicting adiposity in children (Reilly ef al, 1995).




ACromion process

on shoukder blade ~f
R {hidipoinl
Forsarm, palm dowit b o
across B : R
body .+ Olecranon. /
. process of
ihe ulna

fig 1; Location of ticep skinfold site. Repraduced from Robbins GE, Trowbridge FL. [u: Nuurition
Assessment: A Compreliensive Gulde for Planning Iniervention by M.D. Simko, C.Cowell, and .A. Gilbride,

p. &7,

Left shouider
blade

\ Left arm behind back

fig. 2: Lecation of subscapulac skiufold site. Reproduced from Robbins GE, Trowbiidge Fi. In: Nutritinn
Assessment: A Comprehensive Guide far Planning latervention by M.D, Simko, C.Cowell, and J.A. Gilbride,

p. 87
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All SFT measurements were made by the same observer (the author) after a period of
training and standardisation. The age and sex specilic equations of Slanghter et al
(1988) were used to calculate an estimate of %BF from the average measirement at

cach site.

For a sum of friceps and subscapular less than 35mm, the following equation was

applied (Slaughter ez al, 1988).

Boys % BF= 1.21 (iriceps + subscapular) -- 0.008 (triceps +

subscapular)® 1.7

For a sum of riceps and subscapular greater than 35mm, the following equation was

applied (Slaughter er al, 1988).

Boys %BF = 0.783 (triceps -+ subscapular) + 1.6

These equations were derived by Slaughter ef o (1988) using a multi-component
method utilising measurements of Db, TBW and bone mineral content of the radius
and ulna of 66 children (mean age 9.8 years) from the USA. These were used in the
present study because they were more accurate when compared to a 2-component
model than alternative published skinfold thickness equations in children and

adolescents (Reilly et al, 1995).
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2.5 Laboratory Protocol — Estimates of Fatness from Total Body Water

TBW was calculated from the distribution of a dose of “H,0Q in body water. Each
subject was given a sterilised dose of 99.9% “H;0 manufactured by SIGMA-Aldrich
Chemical Company, Poole, UK, in the form of a single drink (diluted 1:10 with tap
water), The dose given was 0.05g of 2H,0 per kilogram of BWt as described by
Wells er al, 1999, and Prosser and Scrimgeour (1995). The precise amount of “HyO
consumed was determined by adding the weights of the container, water and 2H,0
and then subtracting an aliquot for ditution analysis and subtracling the weight of the
bottle. Prior to consuming the drink the subjects provided a urine sanple in a sterile
universal container to establish the natural abundance levels of deuterium within the
subject’s body water. After the dose consumption, fruit juice or drinking water was
used to rinse the container that contained the dosc and this was also consumed.
Subjects were required to measure the volume, note the time and collect a sampie
(approximately 10ml) of all urine produced for up to 5 hours post dose, or for 3
sarnples post dose, whichever was longer. These urine samples weye stored in a
freezer at —20°C until taken for analysis at the University of Glasgow Human
Nutrition Laboratory within Yorkhill Hospital. All urine samples, diluted doses and
tap water used to make up the diluted doses were analysed for deuterium content by
continuows-flow isotope ratio mass spectrometry (Hydra, PDZ Europa). Samiples
were analysed in triplicate after equilibration with a refcrence gas (5% hydrogen in
helium) over a platinum catalyst. The mass specirometer w-zis calibrated using
gravimetric standards of known deuterium content, which were prepared and
analysed with each batch of samples. (Prosser and Scrimgeour, 1995, Scrimgeour ef

al, 1993). TBW was calculated by dilution of the deuterium dose after correction for
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non-aqueous hydrogen exchange taken as deaterium dilution space/1.04 and for

deutcriuun passed in the wine (Reilly, 1998).

Hydration of FFM changes dwring childhood and adolescence (Reilly er al, 1998}, In
order to calculate FEM from TBW in children and adolescents, it is therefore
necessary {0 assume an age and sex specific constant for hydration of FFM. In the
present study FEM was calculated incorporating Lohmans hydration factor for
children of each specific age group the validity of which has been confirmed
previously (Wells ez o, 1999) Body fat was calculated by the difference between

BWt and FFM.

2.6 Laboratory Protocel — Estimates of Fatness from Whole Body

Biovelectrical Impedance Analysis

Whole body bioelectrical impedance was measured using the Bodystat 1500MDD
(Bodystat UK, Isle of Man) hand to foot method. In this method a current of 800uA
at a single frequency of 50kHz was passed between electrodes on the right hand and
right foot of the subject. The surtace area of the skin was cleaned with alcohol wipes
and the cwrrent electrodes were placed on the dorsal surfaces of the right hand and
the right foot at the distal metacarpals and metatarsals, respectively. The detector
clectrodes were applied to the right pisiform prominence of the wrist and between
the medial and lateral malleoli at the ankle, according to the manufacturer's

instructions (sce fig. 3 & 4).
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Fig 3 Electrode placement at right hand. Fig 4 Electrode placement at right foot.

The drop in voltage between the two points was calculated to give an estimate of

impedance or resistance.

It was important to ensure consistency among subjects, therefore, subjects were
asked to fast for 4 hours prior to the measurements and to refrain from any physical
exercise for the same period. Subjects were rested in the supine position for 5
minutes before the measurements were taken, to allow body fluid compartments to
equilibrate (Kushner and Schoeller, 1986, Reilly, e al 1996). FFM was calculated
using the impedance value corrected for Ht and BWt using the Houtkooper equation
(Houtkooper et al, 1996). The Houtkooper equation has previously been shown to be
most accurate of those available when compared to 2-component reference methods

in children and adolescents (Reilly er al 1996)

FFM (kg) = 0.61 (H*/Z) + 0.25 BWt + 1.31

Where Ht = height (cm), Z = impedance (£2) and BWt = weight (kg).

The results from these calculations were compared to the 3-component model, as

were the results predicted by the Bodystat 1500MDD software using the

manufacturers equations, which are unfortunately unavailable to the user.
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2.7 Laboratory Protocol — Estimates of Fatness from Leg to Leg

Bioelectrical Impedance Analysis.

Working on the same principles of electricity conduction as for the hand to foot
method, again a small current of 800pA at a single frequency of 50kHz was passed,
this time between two electrodes in the form of metal foot plates on a set of specially
designed scales. For the purpose of this study the TANITA model TBF-521 was
used (fig. 5). The current was passed from one foot to the other via the legs only.
The subject stood on the metal plates for this procedure. As with all bioelectrical
impedance measurements, the position of the electrodes was important to the
measurement (Jebb and Elia, 1993), therefore, the positioning of the subjects’ feet
were kept the same as far as possible and prepared by cleaning and drying prior to
stepping on the electrodes. The subjects were also asked to stand completely still for

the duration of the measurement (approximately 20 seconds).

fig 5 TANITA leg — leg bioelectrical impedance model TBF-521.
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The ability of the leg to leg method for predicting body composition using (he
manufacturer’s software was compared to the 3-component model (again, these
equations are not available to the user) and the actual impedance smeasurement

cannot be obtained from this model,

2.8 Laboratory Protocol — Estimates of Fatness from Whole Body Air

Displacement Plethysmography

Db and BV were measured using ADP by mcans of the BODPOD® body
composition system (Life Measurciment Instruments, California, USA) (McRory ¢t
al, 1995, Dempster and Aitkens, 1995, Dewit et al, 2000, Wells and Fuller, 2001).
Measurements were taken according to the manufacturer’s instructions with
subjects wearing a tight fitting swimming costume and swimming cap and all
jewellery removed in oxder to minimise the amount of trapped air between the
subject and their clothing, which can result in an inaccurate measurement

(Dempster & Aitkens 1995, McCrory et af, 1995, Dewit ez al 2000).

Before each subject was measured, a volume calibration was conducted using a
known volume metal cylinder. Subjects eatered the BODPOD® and were required
to sit completely still and breathe normally for the duration of the measurements
(less than 2 minutes). Subjects sat inside the anterior chamber of the BODPOD®

which was connected to a measuring chamber at the rear of the system via

43



oscillating diaphragms used to induce pressure changes in the anterior chamber

(fig. 6).

Fig 6 Diagrammatic representation of major system compoenents of BODFOD®,
Pempster and Aitkens, Med. Sci. Sports Bxerce.Vol. 27, No. 12, pp. 1692-1697

Two measuwrements of BV lasting approximately 50 seconds each were performed.
A third measurement was occasionally required when the first two measurements
differed by more than 150ml (Dempster and Aitkens, 1995, Dewit ¢t af, 2000, Wells
and Fuller, 2001). The mean of the closest two measurements was then recorded and
the whole procedure repeated to iniprove method precision (Dewit er al, 2000, Wells

and Fuller, 2001).

The ability of the whole body ADP system to predict body composition was tested
using 2 approaches. Firstly the manufacturer’s soltware, the adult-specific equation
of Siri (1961) was used to give a predicted value for %BE. Secondly, by using the
children’s age-specific densities of FFM of Lohman (1989) incorporated info the

fundamental 2-component equation presented by Brozek et al (1963) (table 2).
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Age (years) Male Tar-free density kg/l Fermle Fat fiee density kg/l
L 1068 1.069
12 1071 1071
34 jois T T e —,"j‘ﬁg'—.—-—
6. L0790 1075
78 1081 o7
5-10 1084 1.082
1112 1.087 _ 1086
13-14 1.004 T 5 -~ S —
1516 1.0% 1094

Table 2. Density of FFM corrected for age. T, G. Lohman, Pediatric Exercisc Science, 1989,

Yol. 1, pp. 19 - 30

%F=1/Db{didy)/di~dy] - [dp/ (dy—d)] x 100

(Brozek ef al, 1963)

Where Db = body density as provided by the BODPOD®,
d = Density of FFM according to the tables of I.ohman (1989)

dy = Density of fat (0.90kg/1 for all ages)

The resulis predicted from these equations were compared with the 3-component
model which used the ABV calculated by the ADP system, The equations of
Rosenthal et al (1993) and Zapletal et al (1976) to correct for TGV and the equations
of Dubois and Dubois (1916) to correct for SAA were l‘hen-applied to the raw body

volume measurement (Wells and Fuller, 2001), to give ABV.
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ABV = RBV 1 0.4TGV - SAA

(Dempster and Aitkens, 1995)

Firstly surface area (SA) was calculated using the Dubois and Dubois (1916)

equation:

SA =71.84 x BW™ x gt

Where BWt was in kg and Ht was in cm, this is then multiplied by a constant k to

give SAA:

SAA=kxSA (Dewit ez al, 2000)

where k = -4.67 x 10° (Wells, 2001 personal communication)

TGV was then calculated by

TGV =FRC + 0.5TV

Where FRC is functional residuat capacity and TV is tidal volume, all values in
litres. The equations for FRC (Rosenthal ef af, 1993) are different for males and

females and are it dependent.

For males below the height of 162.6cm the following equation was used (L is in cm)

FRC = (0.02394 x Ht} -1.716

(Rosenthal ez al, 1993)
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For males above the height of 162,5¢m the following equation was used (Ht is in cm)

FRC = (0.03918 x HY) -7.036

(Rosenthal et af, 1993)

The equations for TV (Zapletal et al, 1976, published in Czech, JCK Wells personal

communication) for both sexes, using log-ten values with Ht in ¢m, arc as follows

LogTV = (1.8643 x LoglIt) — 1.3956

(Zapietal et al, 1976)

Using BV obtained from the above equations, TBW from the I1L,0 dostng and BWE,

fat mass was calculated from the following equation (Dewit er al, 2000).

FM (kg) = (2.20 BV) — (0,764 TBW) — (1.465 BWt)

And %BF calculated from the equation

%BF = |Fat mass(kg) / BWt (kg)] x 100
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2.9  Statistical Analysis - Tests of Validity: comparisons with the reference

method

The limits of agreement between the various methods were investigated by plofting
the individual between-method differences against their respective means (Bland-
Altman plot). Helerocedasticity was examined by plotting the absolute (positive}
differences against individual means and calculating the Spearman’s correlation
coefficient. If the heterocedasticily correlation was close to zero and the differences
were normally distributed (Shapiro-Wilk’s test), the mean bias and the 95% limits of
agrecment were calculated as mean * 1.96 SD of the between-method differences

(results section 3.3, fig 7 and table 4),
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3.0 Results



3.1 Recrunitment of subjects and drop out

56 apparently healthy 10 -14 year old boys were recruited from the Glasgow area
through schools and local amateur foothall teams. 42 of the subjects tested complied
with all the necessary procedures and the present study is based on these. 'the other
14 dropped out at crucial stages in the testing or failed to comply with the study
protocol ¢ither by not completing the tests, failing to supply urine samples, or taking

the urine samples too soon after the “B;0 had been administered.

3.2 Physical characteristics of subjects

Mean age of the 42 male subjects was 12.9 (SD 1.1) years, median 13.0 (range 10.1 —
14.5) years. Mean height was 1.59 (SD 0.11) m, median 1.59, (range 1.36 — 1.86)
m, and mean weight 51.8kg (SD11.9; median 49.4 range 35.6 — 74.6). BMT was
calculated and assessed as a centile score relative to UK 1990 population reference
data, as a simple index of under/overweight: mean BMI was 20.2 (SD 3.0; median
20.1, range 16.49 to 27.74)kg/m?, Individual characteristics of subjects are given in
table 3. Summary data for each method of estimating body composition are given in

table 5. A graph of the BMI scores plotted on the centile curves is given in fig 9.
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3.3  Biases and Limits of Agreement Relafive to the Reference

Biascs were generally large, and 95% limits of agreement between each method and
the reference were generally wide, though 95% limits of agreement were narrowest
for the 2-component approach based on TBW, which also had the smallest bias
(Figure 7); Summary statistics for the biases and 95% limits of agreement are given
in table 4. In all cases except skinfolds, errors were not significantty correlated with
the size of the fat mass. The assessment of skinfold errors are presented separately
(figure 8) where it is clear that the agreement between the skinfolds and the reference

is also poor at the level of the individual,
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Table 3. Characteristics of subjects (n 42)

Age Sex Height Weight BMI Centile scores for 9RF (ref.
{m) (kg) degree of method)
ovm‘/updcl'wgight
12 M 1.56 67.4 27.70 >99,6th 45.95
10 M 1.36 2.7 23.09 98th 41.81
11 M 1.55 413 17.19 50th 17.73
13 M 1.59 50.5 19.98 75" 25.99
10 M 1.3 36.6 18.04 75" 24.35
13 M 1.60 n3 17.11 250 17.79
11 M 1.49 383 17.25 50" 29,94
12 M 1.60 43.1 16.34 257 22.26
12 M 154 612 25.81 98th 42.14
14 M 167 46.9 16.82 g~ 13.38
13 M 1.77 64.7 20.65 75™ 28.14
14 M 1.57 440 18.22 25 1.92
13 M 1.60 47.6 18.59 500 22.09
13 M 1.61 39.5 22.95 Olst 26.90
14 M 1.70 63.8 22.08 750 4.94
13 M 1.64 746 27.74 93th 35.65
14 M 167 67.5 24.20 91% 17.97
14 M 171 52.5 17.95 25m 5.41
14 M 151 38.5 16.89 T 6.37
11 M 145 35.6 16.93 25¢h 3.50
14 M 1.62 54,0 20.58 75" 7.98
12 M 1.46 36.4 17.08 25" 5.84
14 M 1.62 537 20.46 75th | 897
12 M 1.48 363 16.57 25t 489 ]
14 M 1.68 68.5 24.27 91st 9.47
14 M 1.50 38.9 17.29 Cid 549
14 M 1.58 46.2 18.51 25th 6.18
14 M 1.86 73,7 21.30 755 4.40
i4 M 1.71 69.1 23.63 9 14.40
14 M 1.76 65.7 21.21 750 6.18
i4 M 1.71 66.5 22.74 91st 5.01
13 M 1.64 53.4 20,23 75" 9.61
i3 M 1.56 453 18.61 507 25.90
12 M 1.57 50.7 20.57 75% 26.56
12 M 1.61 54.1 20.87 75" 8.08
13 M 1.49 36.6 16.49 ot 15.56
i3 M 1.50 38.8 17.24 25% 12.29
13 M 151 46.6 20.44 750 9.09
12 M 1.47 4572 20,92 915t 26.53
14 M 1,70 70.2 24.29 91st 10.80
13 M 1.66 535 19.42 500 20.23
13 M 1.59 48.2 19.07 50th 10.79
Mean 12.84 Mean Mean Mean 202 Mean 164
159 | 518
SD 1.3 | SD 011 | SD 119 | SD3.0 SD 116
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4.0 Discussion
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4.1 Main findings and imptications

As previously noted, the developed world is becoming more aware of the problems
and health risks associated with increased body fatness. As well as a heightened
awareness of increased BWt many more people are becoming obsessed with BWt
gain/loss prompted by the present social pre-occupation with beauty and thinness
advocated by current media trends. Nevertheless, a recent government health study
in Scotland (Dong & Erens, 1998) has voiced concerns over the increase in levels of
obcsily, pariiculatly in children, attributed to a combination of the current desire for
fast foad and lack of exercise. With this heightened focus on levels of body fat there
is an increased awareness in the need for accnrate measurement of body composition
(fatness and FFM) in a range of fields from epidemiology to clinical research (Reilly,

1998).

Accurate measurement of body composition in the past has required sophisticated
apparatus and techniques beyond the scope of most clinical practice and rescarch, so
workers have generally used simpler methods such as anthropometry and BIA.
Many of these simpler methods are becoming more widely available not only to the
rescarchers and practitioners, but also to the general public. With the apparent
increase in awareness of body fatness, it is essential that methods publicly available
for measuring body composition are safe, reliable and accurate. A recent study
(Wells ez al, 1999) has cast doubt on the accuracy of two of the most popular simpler
methods, BIA and SFI’. Wells e af (1999) and Reilly ( 1998.) concluded that no
simple methods of measuring body composition in children/adolescents had been
validated and that more research was essential. Since these methods have been

shown to accurately predict body composition in adults (Lukaski ef al, 1985,
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Kushner and Schoeller, 1986, Segal ef al, 1988), they are generally assumed to be
reliable for use with children. However, due to the problems associated with
presuming a constant FFM in children which is inherent in these methods, it can not
be assumed that these simpler methods are appropriate, but should be tested and
compared with a multi-component reference method. It is desirable that these
methods should be validated for their use with children since the simple methods are
highly suitable for use in the ficld or at the bedside due to their ease of use, low cost
and portability. If these methods are not accurate and reliable, they are open to
misinterpretation, which could result in sertous repercussions, particularly in the field
of medicine where a drug dosage may be dependent upon a child’s body
composition. The present study therefore set out to validate in childven several of the
simpler methods for measuring body composition against a reputable 3-component

reference method.

The results of the present study suggest that validity, at the level of the individual
child, is poor for most or all of the methods tested. Using the Bland and Altman
(1986) statistical method for comparisons the results showed wide limits of
agreement in all cases and large biases for most, This outlined the inaccuracy of most
of the simpler methods, some of which weie up to 14% over or under the result as
given by the reference method. For a child whose BWt is approximately 50kg, this
figure can equate to a difference of over 7kg in fat mass, which is a significant
amount, Of the 2-component methods tested, TBW had highest accuracy, and this is
consistent with a recent study by Wells ez af (1999). It should be noted that even for
the estimates derived from TBW, errors were also fairly large at the individual level.
Tor example, table 4 illustrates a 0.5kg bias for fat mass (with mean fat mass 8.7kg),

and 95% limits of agreement of 0.5 plus or minus 2.9kg. For the popular approaches
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of BIA and ADP the results of the present study are not encouraging. The greatest
bias and widest 95% lumits of agreement (table 4) were found using the TANITA
impedance method: bias with the TANITA was 2.3kg fat mass (again with a mean fat
mass for the reference of 8.7kg); 95% limits of agreement 2.3kg plus or minus 7.8kg.
A correction might be applied to reduce the bias observed, but wide 95% limits of
agreement indicate large errors at the individual level and these seem unavoidable.
Newer methods such as the BODPOD® and TANITA systems are very atfractive
from a practical point of view in paediafrics, but the present siudy suggesis that
estimates of body composition obtained from them should be interpreted cautiously,
and this is in broad agreement with the few comparable studies in this area. Fields
and Goran (2000) for example also reported wide 95% limits of agreement for
BODPOD® relative to a 4-component reference method in 14 boys and 11 girls aged
0-14 yeass. 1t is worrying that the lack of accuracy at the individual level found in
these methods commonly goes unreported or unnoticed. Since many of these
mmethods are available to the general public, the figure obtained from the chosen
equipment, would be the figure used and relied upon, and it is apparent that these
figures presently aie inaccurate in many individual cases. This could lead to
misinterpretation of the results in many ways, not oaly in the field of medicine as
previously described, but also in the home where many of these impedance
instruments are used {o track levels of fat mass. This is particularly worrying in those
monitoring their weight and could assist in heightening the problems, which can
exacerbate many psychological disorders associated with weight management
(Kerruish ef al, 2002). 'The results of the present study indicate that simpler methods
for measuring body composition, while they are easy, quick and relatively cheap,
they are not accurate enough to be described as measuring body composition, but
merely estimating it. In cases where a more accurate measurement is required, a

multi-component reference method is essential. It must be noted however, that cven a
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multi-component method only provides estimates but we know the accuracy of these

estimates will be within certain limits.

The present study provided a comprehensive assessment of the validity of several
body composition methods against a reference method. A recent review (Fields ez al,
2002) concluded that there is au urgént need for more research in which several
techniques are compared simultaneously against a reference method. There is also a
consensus that comparing methods of unknown validity against each other does not
address the issue of method validity (I.ohman ef al, 1993, Reilly, 1998, Wells et al,
1999, Fields et al, 2002) th01lgh recent paediatric body composition literature is
dominated by comparisons between non reference methods (e.g. Nunez ef af, 1999,
Cole et al, 2000, Nicholson er al, 2001, Tyrell er al, 2001). A number of authors
have recommended that future research employs larger, more homogenous samples,
as here, so that conclusions as to the validity of methods for any agefsex group can

be made with greater confidence. (e.g. Fields er al, 2002).

Conchusions can he made from this study with some confidence on the validity of
most of the commonly used paediatric body comnposition methods, at least for 1014
year old Caucasian boys. The relatively homogenous sample (same sex, narrow ige
range; n 42) tested in this study was a strength in that it permitted reasonable
confidence in our conclusions at least for this sex/age group. Extrapolation of the
results to gitls, or children of different ages should be carried oul cautiously, and the
findings may best be regarded as providing testable hypotheses for other population
groups. However, it should be noted that the (limited) literature comparing methods
with 2- and multi-component reference methods (Reilly ef al, 1995, Pintauro ez al,
1996, Reilly et al, 1996, Reilly, 1998, Wells ez al, 1999, Ellis, 2000, Fields and

Goran, 2000, Tields er al, 2002) has generally produced similar conclusions as to the
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validity of most methods. The study design was another strength, the use of a multi-
component modcl reference method to deterinine validity is essential though many of
the previous studies have not included one (eg Cole et al, 1995, Nunez et al, 1997,
Nicholson ef al, 2001, Tyrell ef af, 2001). Furthermore, multiple methods were
compared with the reference giving an overall view of the simpler methods widely

available for use both in the field and clinical settings.

4.2 Sources of Methodological Error

Detailed treatment of this issue is available in recent reviews (Reilly, 1998, Wells et
al, 1999, Fields and Goran, 2000, Ellis, 2000, Fields ef al, 2002). Our study design is
now fairly standard practice in that simpler methods were compared against a multi-
component reference method, and the reference inevitably included some of the
individual methods tested. This is less of a problem than it might seem since when
used in the multi-cornponent model the techniques are used to provide measures of a
componeit or property of the body, but when used as body composition estimation
methods additional assumptions must be applied. For example, comparing
BODPOD® estimates of fatucss with the reference simulianeously tests the accuracy
of the raw measurement of Db with the accuracy of the assuwmptions applied to the
raw measure: errors observed suggest that the assumptions of constant density of
FEM (presumably using Siri’s equation) incorporated into the BODPOD® software
are a source of error in children, as cxpected. Applying the Lohman constants for
density of FFM did not improve accuracy greatly. This conclusion is consistent with

a previous study by Wells ef al (1999).




Similarly, for the TBW method, when used as a 2-component method, the same raw
data are used in both the reference method and the 2-component estimates. The
Lohman values for FFM hydration (plus the density measurements and corrections
which appear to have very small error for volume measurement; Fields and Goran,
2000) are therefore effectively what is being tested. The minimal bias observed for
TBW, and narrower 95% limits of agreement, imply that the L.ohman hydration
assumptions used are appropriate, again consistent with the earlier study by Wells et
al (1999). For the BIA and SFI' miethods an analysis of sources of error is more
complex since thesc use a variety of approaches (with or without assumptions, use of
regression equations, as well as variation in the raw measurement). The main
practical conclusion must be that the BIA and SFT approaches were not accurate at

the individual level in this study.

4.3 Stody Limitations

A few limitations of the present study should be noted. For some of the methods used
the study was limited by the software incorporated in these methods. 1t is
conceivable that the raw impedance values from the two BIA approaches tested
might be incorporated into empirically derived predictions in order to improve
accuracy, but such improvements may only be small (Sung et @i, 2001) and testing
this hypothesis was beyond the scope of the present study. The usc of a 3-component
model as reference might be seen as a disadvantage (relative (o a 4-component
model), but an earlier study by Wells ef a (1999) found empirical evidence that the
3-component approach, as used here, was acceptable and it represents a significant

improvement over simple comparisons between non-reference methods. A



determining factor in the decision not to use a 4-component model was (hat the
meastrement of body bone mineral is likely to be hardware or software dependent to
some degrec (Reilly, 1998, Wells ef al, 1999), and large errors have been reported
with some combinations of hardware and software (Reilly, 1998, Wells ez o, 1999).
This study could not include al! available body composition methods (DXA was not
included for example). This is potentially important because DXA can provide fairly
precise body composition estimates, and accuracy is potentially good (Jebb and Elia
1993), though it has recently been reported as poor relative to a 4-component model
in female youth (Pintauro et al, 1996). Furthermore, though the homogeneity and
large sample size were strengths in the present study in the sense that it permitted
reasonable confidence in our conclusions, at least for this sex/age group,
extrapolation of the results to girls, or subjects of different ages, or to extremes of
body fatness should be carried out cautiously. Puberial staging of subjects could not
be carried out for practical and ethical reasons, potentially inclusion of information
on pubertal status might improve accuracy of prediction (Slanghter et af, 1988). The
pessimistic findings of this study may best be regarded as providing testable
hypotheses for other populations. However, the (limited) literature comparing
methods with reference methods (Reilly ez af, 1995, Reilly et al, 1996, Reilly, 1998,
Wells ez al, 1999, Ellis, 2000, Fields and Goran, 2000, Fields ef al, 2002, Wong et al,

2002) has generally produced similarly negative conclusions as to their validity.

65




4.4 Suggestions tor Further Research

Further research aimed at improving the accuracy of simple field methods is
essential. Further research on girls, subjects of different ages and extremes of body
fatness is essential to gain an overall view of the accuracy of these simpler methods
in comparison to a multi-component reference method, Equations for improving the
accuracy of the immpedance methods should be derived and tested against a reference
method in large samnples of relatively homogeneous subjects in order Lo attain valid
results and conclusions. If possible, DXA should be included in any further study to
provide an overall view of all available methods for estimating body composition in

children and adolescents,

4.5 Main Conclusions

In conclusion, the present study found that accuracy of most of the popular field and
laboratory methods for assessment of body composition was poor in 10 — 14 year old
boys. This is particularly worrying since many of these methods are commonly used
in paediatrics and it is not known how the results are interpreted and how much
reliance is placed on their accuracy, Accuracy may be even poorer in disease states
(Reilly, 1998, Wells ef al, 1999), and this study suggests that all existing (non
;eference) methods are used with caution at an individual level. It is evident that if
no reference method is available then TBW is more accurate than the other methods,
however, if accuracy is imperative then a multi-component method is essential.

YFurther research aimed at improving the accuracy of simple field or clinical methods
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ol body composition estimation is essential. Alternatively, the relatively poor
accuracy of the cxisting methods may have to be accepted. The present study again
confirms that, il high accuracy of body composition estimatcs in individuals is
cssential, multi-component methods for measurement must be used without

gxception.
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