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ABSTRACT 

Whole-body bioelectrical impedance analysis (BrA) 

was evaluted for its reliability and accuracy in 

estimating body composition in children and youth. The 

established electrical principle for estimating volume in 
2 

a geometrical system from conductor-length divided by 

impedance is the basis for the use of this method in 
2 

humans. The hypothesis that body-height divided by the 

resistance component of impedance (resistance index) can 

be used to estimate total body water (TBW), fat free body 

(FFB), and percent fat (%FAT) was tested. 

Validation studies in adults indicate BrA is a 

reliable and fairly accurate method of estimating TBW, 

FFB, and %FAT but no testing has been completed on 

children. The subjects were 103 nonobese and obese anglo 

males and females from 10 to 14 years old. Within-day 

reliability of resistance and reactance was assessed by 

analYSis of variance with built-in comparisons. Between-

day reliability for all measurements, made four to five 

weeks apart, was evaluated by test-retest correlation 

coefficients and paired t-tests. 

The criterion Variables were FFB and %FAT 

estimated using equations developed for children and youth 

xvi 



xvii 

based on: (1) skinfolds, (2) body density, (3) TBW, (4) 

density and TBW, (5) density, TBW, and bone mineral 

content. Regression and multiple regression analyses were 

used to select the most accurate method of measuring FFB 

and %FAT and to determine the relationship among criterion 

variables and the following independent variables: 

resistance index alone and combined with sex, fatness 

category, sex x fatness, age, sexual maturation status, 

weight, anthropometric variables, and reactance. 

From this study the following conclusions were 

made: (1) BIA measurements were reliable, (2) resistance 

index had a linear relationship with FFB estimated from 

several criterion variables, (3) weight, sex, fatness 

category, sex x fatness, age, and sexual maturation status 

were significant variables for predicting criterion 

variables used in combination with resistance index but 

were not significant when anthropometric variables were 

included in the analysis, (4) prediction accuracy for FFB 

and %FAT from'resistance index was fair (SEE 2.58 kg and 

4.21%) and from resistance index plus anthropometric 

variables and reactance was good (SEE 1.88 kg and 3.26%) 

and similar to that from the best anthropometric variables 

alone (SEE 2.11 kg and 3.19%). 



CHAPTER 1 

INTRODUCTION 

Assessment of human body composition is an 

important factor in the nutritional status evaluation of 

an individual and of populations. There are many body 

composition assessment methods available (Lohman, 1984; 

Roche, 1984); however, each method has limitations in 

accuracy, reliability, validity, and ease of practical 

application in clinical and research settings. Development 

and validation of more accurate methods of body 

composition assessment are essential to progress in the 

body composition field. 

Whole-body bioelectrical impedance (BIA) is a 

relatively new, convenient, portable, noninvasive 

technique for estimating body composition (Hills et al. 

1983; Segal et al. 1985; Lukaski et al. 1985; Lukaski et 

al. 1986). BIA can be used to estimate the volume of 

total body water (Hoffer et ale 1969; Segal et ale 1985; 

Lukaski et al. 1985; Lukaskl et al. 1986). In turn, total 

body water volume can be used to estimate other body 

composition components including fat free body mass, fat. 

mass, and percent body fat (Boileau et ale 1984). 

1 



2 

The theoretical relationship between impedance and 

total body water volume was proposed by Hoffer et ale 

(1969) based on earlier work by Thomasset (1962, 1963). 

Hoffer et ale (1969) proposed the hypothesis that BIA 

measurements can be used to measure total body water 

(TBW). This theory was based on the principle that the 

electrical impedance of a geometric system is a function 

of conductor length and configuration, conductor cross-

sectional area, and electrical signal frequency. Using an 

alternating current with a fixed signal frequency and a 

relatively constant conductor configuration, the impedance 

to the flow of alternating current then becomes a function 
. 2 

of conductor length and conductor volume ( Z= pL IV where 

Z=impedance, p=volume resistivity, L=conductor length, 

V=conductor volume). The equation can be solved for 
2 

volume by rearranging terms (V=pL IZ). 

Nyboer (1970, 1972) and Pethig (1979) continued 

work testing Hoffer's theory in human body tissues and 

fluids. Nyboer and Luedtke in conjuction with RJL Systems 

(Detroit, Michigan) developed the first whole-body 

impedance analyzer to measure mountain climber hydration 

status for the University of Alaska High Latitude Project 

(Mills and Rau, 1983). 

The only three published validation studies (Segal 

et ale 1985; Lukaski et ale 1985; Lukaski et ale 1986) 
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using BIA in adults have shown that impedance measurements 

were highly reproducible and were fairly accurate 

predictors ot total body water and FFB mass in these 

samples. There have been no published BIA validation 

studies for children or youth. Validation studies with 

children and youth need to be conducted to evaluate the 

reliability and accuracy of BIA for estimating body 

composition in this population for both research and 

clinical applications. 

Development and Validation of Body 

Composition Estimation Methodology 

Indirect estimation of human body composition has 

been based primarily on a two component model (Wilmore, 

1984; Lohman, 1984). In this model the body is divided 

into .the fat mass (FM) and fat free body mass (FFB) or 

lean body mass (LBM). The terms FFB mass and LBM are. 

often used interchangeably, but as originally defined 

(Behnke, 1965) are slightly different. Fat free body mass 

is the weight of all tissues in the body minus the ether 

extractable fat (Lohman, 1984). Lean body mass includes 

the essential lipids along with the FFB and therefore ·ls 

slightly larger in mass than the FFB and lower in density 

(Lohman, 1984). 

Host researchers have used densitometry and 

subsequent application of the two component body 
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composition model as the criterion method for indirect 

human body composition assessment (Wilmore, 1984). Body 

density is a function of the densities of the various body 

components and the proportion of the whole body mass 

contributed by each component. The fact that density of 

fat is substantially less than that of other body 

constituents led to the development of equations for 

estimating FH and FFB from body density measurement (Siri, 

1961; Brozek, 1963). Validity of the application of these 

equations in different age groups is based on meeting the 

underlying assumptions of an unchanging FFB composition 

within individuals and among individuals. When these 

assumptions are violated significant errors in estimation 

of body fat will be made (Lohman, 1984; Wilmore, 1984). 

Thus, any indirect body composition criterion method based 

on the two component model has considerable potential 

error for estimating FFB, FH, and percent body fat. 

The major problem associated with using the two 

component model for validation of new body composition 

assessment methods is the relatively large potential 

variability of the FFB mass, both in component density and 

proportionality of the various components. The 

development of multiple component models for assessment of 

body composition may be a way to improve the validity of 

the indirect methods of body composition assessment 



5 

(Lohman,l984 and 1986). The multicomponent approach 

measures water and bone, the most variable components of 

the FFB, which then permits evaluation of the assumptions 

regarding the FFB relative to the two component model. 

Body Composition Estimation in Children and youth 

Estimation of body composition in children and 

youth (U.S. Dept. HEW, 1973) is based primarily on 

formulas derived from studies on young adults. Predicting 

percent body fat in children using adult FFB density 

constants and equations for predicting percent fat that 

were developed for use with adults will result in a 4 to 

13% overestimation of body fatness in nonobese, moderately 

active, prepubescent children (Lohman, 1986; Boileau et 

ale 1985) and a 3 to 6% underestimation in fatness from 

hydrometry (Boileau et ale 1985). These estimation errors 

are probably lower in pubescent and postpubescent youth 

because they are closer to chemical maturity and to adult 

body density values. Thus, estimates of percent fat from 

body density need to be based on equations developed, 

validated, and cross-validated specifically for children 

and youth. 

Presently, little is known about how obesity 

affects body composition estimates for children and youth 

(Garn et ale 1975). Using FFB density values for 

nonobese children to estimate FFB mass and FH of obese 



children and youth may result in inaccurate body 

composition estimates for this particular population. 

6 

Further investigation of the composition of the 

FFB in obese and nonobese children and youth would permit 

the use of multiple component criterion methods for 

estimation of body composition in this population and 

could provide multiple component criterion models for use 

in validation of new body composition methods. Therefore, 

if BIA is a reliable and accurate method of estimating 

total body water its use with children and youth could 

potentially help improve the development of multiple 

component body composition models. In addition, BIA may 

prove to be a practical, rapid, convenient, and 

noninvasive method of estimating FFB and percent body fat 

in clinical and research settings in populations where the 

two component model applies. 

Purpose 

Development and validation of more accurate and 

practical methods of body composition assessment is 

essential to improved estimates of body composition for 

children and youth. This study was designed to determine 

the reliability and accuracy of BIA measurements for 

estimating body composition in nonobese and obese anglo 

children and youth. 
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Specific Aims 

The specific aims of this study were to answer the 

following questions for female and male nonobese and obese 

anglo children and youth: 

How reliable are BIA measurements over a three 

hour period? 

How reliable are BIA measurements when made four 

weeks apart? 

How accurate is BIA as a method of estimating TBW? 

How accurate is BIA as a method estimating FFB 

mass and percent body fat? 

What are the most accurate prediction equations, 

using BIA, for estimating TBW, FFB, and percent body fat 

and what are the standard errors of estimate (SEE) of 

these equations? 

study: 

Research Hypotheses 

There were five major research hypotheses for this 

1. BIA measurements of female and male nonobese 

and obese children and youth will be reliable 

(less than 10 ohm standard error of 

measurement) over a three-hour period. 

2. BIA measurements of female and male nonobese 

and obese children and youth will be reliable 
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(less than 10 ohm standard error of 

measurement) when made four weeks apart. 

8 

Estimates of TBW in female and male nonobese 

and obese children and youth from BIA 

measurements will have a positive linear 

relationship with estimates of TBW determined 

by deuterium oxide dilution. The SEE will be 

between 2.0 to 3.0 kilograms (kg). 

4. Estimates of FFB mass and percent body fat (% 

fat) in male and female nonobese and obese 

children and youth by BIA will have a 

positive linear relationship with estimates 

of FFB and percent fat from each of three 

different criterion methods: densitometry, 

hydrometry, and anthropometry. The SEE will 

be 2.0 to 3.0 kg for FFB and 3.0 to 4.0% for 

percent fat. 

5. Estimates of percent body fat in male and 

female nonobese and obese children and youth 

by BIA will have a closer relationship with 

estimates of percent fat estimated from a 

combination of densitometry and hydrometry or 

from a combination of densitometry, 

hydrometry, and bone mineral content; than 

from one criterion method by itself. 
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Definition of Terms 

Key terms in this .study were operationally defined 

as follows: 

Children. The subjects referred to as children 

were within the age range of six to 11 years. 

Youth. The subjects referred to as youth were 

within the age range of 12 to 17 years. 

Impedance. The hindrance to the flow of an 

alternating current within a conductor. Impedance is 

measured in ohms and is defined by the equation: 

ZCimpedanCe)~ RCResistance)2 + XCCReactance)2 

2 
Impedance Index = standing height Ccentimeters) 

2 
divided by impedance (ohms). (Height /ImpedanceJ 

Resistance. The opposition by a conductor to the 

passage of electric current. 

Reactance. The weakening of an alternating 

electric current caused by passage through a resistor. 

2 
Resistance Index. standing height (centimeters) 

2 
divided by resistance (ohms). [Height /ResistanceJ 
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Fat Free Body. The weight of all tissues in the 

body minus the ether extractable lipids. 

Lean Body Hass. The weight of essential body 

lipids plus the weight of the FFB. The essential lipids 

are the lipids associated with a variety of tissues such 

as the nerve sheaths, the brain, and the cell membranes. 

Essential body lipids are estimated to be 1.5 to 3.0% of 

the weight of the lean body in males and are slightly 

higher in females. 

Conductance. The capacity for conducting an 

electric current. 

Chemical Maturity. Attainment of adult values of 

FFB composition (73.8% water, 6.8% mineral and 18.8% 

protein). 



CHAPTER 2 

LITERATURE REVIEW 

Body composition can be assessed by both direct 

and indirect methods. Direct chemical carcass analysis is 

the most valid method of analyzing body composition. This 

method can be used in animal research but is obviously 

limited in human research to cadaver analysis. Therefore, 

human body composition must be estimated using indirect 

methods. Lohman (1984) summarized the indirect human body 

composition assessment methods that have been developed 

for use with human populations. 

Validation studies of a new body composition 

assessment method must be based on recognition of the 

potential biological and measurement errors of the new 

technique being evaluated and these same categories of 

errors for the standard or criterion method to which the 

new method is being compared. 

The criterion method for estimation of body 

composition has been densitometry based on a two component 

model which divides the body into fat mass (FH) and fat 

free body mass (FFB). The theoretical minimum error for 

estimating percent body fat in a specific population using 

this criterion method is estimated to be about 2.5% fat 

11 
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(Lohman, 1981). Thus, a limitation in the validation of 

indirect human body composition assessment techniques is 

that there is no error-free criterion method. For other 

indirect methods of estimating body fat such as hydrometry 

and anthropometry, the theoretical standard errors of 

estimate are between 3.0 to 4.0% fat (Lohman, 1985). 

The major source of variation in body composition 

is body fat. Estimates of body fatness by all indirect 

methods are influenced by differences in the composition 

of FFB mass among individuals. These differences in FFB 

mass composition are primarily due to differences in 

proportions of total body water and bone mineral content 

in the FFB. To date, variability of the composition of 

FFB has not been investigated well in many populations 

including women, athletes, elderly. This issue has 

recently been investigated in children and youth 

(Boileau et al. 1985; Lohman, 1986; Haschke, 1983). 

Body Composition Variablility in Children and youth 

For over a century, scientists have known that 

young tissues differ from old tissues. Chemical 

composition studies of children and youth have shown that 

body water and bone mineral content of FFB are different 

at different stages of physical development. This 

research has shown that body water content decreases with 

increasing age (Boileau et al. 1984) and bone mineral 
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content increases with increasing age (Lohman et al. 1984) 

from prepubescence through young adulthood. These 

differences in FFB composition at various stages of 

physical development have important implications for 

accurately estimating the body composition of children and 

youth. The nature of these implications relative to 

different approaches to body composition assessment will 

now be discussed. 

DenSitometry 

The current most widely accepted criterion body 

composition estimation method was developed by Behnke et 

ale (1942) and involved determination of body density and 

subsequent use of this density value as the unknown in 

equations developed to predict percent body fat. The 

equations used to predict percent body fat were developed 

based on a two component body composition model. The two 

component model can be defined by the following equation 

(Behnke and Wilmore, 1974): 

(Eq 1) 1/body density = FH fraction/FH density + FFB 

fraction/FFB density 

Body density (Db) is the concentration of the body 

(gm/cc) and is calculated as the ratio of body mass and 

body volume. 

(Eq 2) Db = Mass 
Volume 
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Body mass is estimated by measuring body weight, and body 

volume is estimated from hydrostatic or underwater 

weighing. The underwater weirhing procedure is based on 

Archimedes' Principle which states: A body immersed in 

fluid is acted on by a buoyance force which causes a loss 

of weight equal to the weight of the displaced fluid. 

Therefore: 

(Eq 3) Db = Mass = 
Volume 

Weight in Air 
Loss of Weight in Water 

The density of water is accounted for and adjusted 

according to its temperature. Residual air volumes in the 

lungs (VR) and gastrointestinal tract (VGI) must also be 

considered when measuring the underwater weight. Thus, 

body density is measured and computed according to the 

following equation: 

(Eq 4) Db = BWa 
BWa - BWw (VR + VGI) 

Dw 

BWa = body weight in air 

BWw = body weight in water 

Dw = water density 

VR = residual lung volume 

VGI = volume gastrointestinal tract 
(assume constant of 100 ml) 
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Two Component Body Composition Hodel Error Sources 

Potential errors for estimating FM and FFB from 

densitometry are associated with assumptions underlying 

the method. The assumptions are (Lohman, 1984): 

1. Fat composition and density are similar among 

individuals. 

2. FFB composition and density are stable with 

little inter-individual variability in water, 

mineral, or protein content. 

3. Population differences in mean FFB 

composition have little effect on body 

composition estimates and therefore reference 

man is a good standard for all populations. 

4. Environmental influences, including 

nutrition, have a minor impact on FFB 

composition, e.g. mineral and protein 

content. 

Violation of any of these assumptions decreases 

the accuracy of prediction of body FM and FFB mass using 

the two component model. Assumption one is not violated 

because FM is composed only of ether-extractable lipids 

and the density of this fat appears to be fairly constant 

and similar among individuals (Lohman, 1984). Research 

in human body composition has shown that one or more of 

the remaining assumptions are violated when body density 
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is used to estimate FM and FFB. For example, FFB is 

composed of water, minerals, and protein. The density of 

the FFB is not constant and varies among individuals. 

This is due to variations in the densities of the 

components of the FFB and variations in the proportions of 

FFB components from person to person. This variability is 

due in part to biological variation and according to 

Lohman (1984) is also due to gender, racial background, 

age, stage of development, body type, and physical 

activity. 

Research has shown that children and youth have 

higher proportions of total body water and lower 

proportions and content of bone mineral than adults (Heald 

et ale 1963; Young et ale 1968; Haschke et ale 1981; 

Haschke, 1983; Boileau et ale 1984; Lohman et ale 1984). 

As a result of these differences in the FFB children and 

youths have a lower FFB body density than adults at a 

given fat content (Lohman, 1986). These differences in 

the FFB component proportions and densities lead to 

violations of the assumptions underlying the two component 

model. 

Multiple Component Body composition Models 

Multicomponent body composition models which 

account for variability in the two most variable 

components of the FFB, water and bone, theoretically can 
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provide more accurate estimates of FFB than the two 

component body composition model. Lohman (1984) has 

advocated the use of a multicomponent criterion body 

composition model for children and youth to overcome the 

limitations of the two component model and thereby to 

improve the accuracy of estimation of body composition in 

children and youth. 

A multicomponent body composition model can be 

defined by the following equation: 

(Eq 5) l/body density = f/d + w/d + p/d + m/d + b/d 
f wpm b 

The lower case letters (f,w,p,m,b) indicate the fractions 

of fat, water, protein, nonosseous mineral, and osseous or 

bone mineral, respectively, and the lower case letter d 

with its subscripts indicates the densities of the 

respective components. 

Equations for estimating percent fat can be 

derived using this multiple component model. For example, 
o 

by assuming the density of fat is 0.9007 g/cc, at 36 c. 

water is 0.9937 g/cc, protein is 1.340 g/cc, bone mineral 

is 2.982 g/cc, body mineral other than bone mineral is 

3.317 g/ec, and that body mineral other than bone mineral 

is a constant 1.05% of body weight for all subjects, the 

following equation can be derived (Lohman, 1986): 

CEq 6 ) %FAT = 1.2069/0.4393 (body density) 

- 0.714w + 1.129b - 2.037 
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Multicomponent models include the measurement of 

whole body density (densitometry) and one or more of the 

following methods: bone mineral content (absorptiometry), 

total body water (hydrometry), and skinfolds, skeletal 

dimensions, and body circumferences (anthropometry). The 

theoretical basis and limitations for each of these three 

methods will be briefly discussed and the principles for 

conducting validation studies of body composition 

techniques will be reviewed. 

Single Photon Absorptiometry 

Mineral content of the FFB is a source of 

variation for estimating body composition. In general, 

body composition studies using the two component model 

assume the mineral content of the FFB to be 6.8% (Boileau 

et al. 1985). As percent mineral of the FFB deviates 

from this reference value the density of the FFB will 

vary. Research data indicate that in the prepubescent 

child the bone mineral content is 5.4% and that after 

prepubescence and to adulthood substantial increases occur 

in the FFB bone mineral content (Boileau et al. 1985). 

Thus it is important to account for the changing relation 

of body density to the mineral content of the FFB when 

estimating body composition from body density in children. 

The development by Cameron and Sorenson (1963) of 

a single photon absorption method of measuring bone 
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fRineral content at a given cross sectional area of a given 

long bone has made it possible to develop a method of 

assessing skeletal mineral content. This single photon 

method involves passing a monoenergetic, well-collimated, 

low energy beam (27.3 kev) from a photon source (1-125) at 

a uniform speed across a limb and recording the changes of 

beam transmission or attenuation due to bone mineral 

content. The transmitted radiation is measured with a 

collimated Na1 crystal detector. Both bone width (cm) and 
2 

bone mineral content (gm/cm ) can be measured with this 

method. 

Photon energies less than 50 kev result in 

attenuation in bone mineral two or more times greater than 

that in all other tissues (Lohman et ale 1982). Thus, the 

greater the bone mineral content of a given cross section, 

the greater the attenuation and the lower the count rate 

across the scanning area. The precision and accuracy of 

the direct photon absorptiometric method have been 

demonstrated to be independent of overlying uniformly 

distributed soft tissue. The accuracy of the method has 

been studied by comparing ash weight of 1 cm cross 

sections of bone with the scan integral measured on the 

same intact sections and was found to be very high (Lohman 

et ale 1982). 
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The single photon bone mineral analyzer consists 

of two units, the scanner module and the computer module. 

The scanner module contains a monoenergetic I-125 gamma 

radiation source and a well-collimated detector. The 

subject's arm is covered with a tissue equivalent to make 

it a uniform thickness. Both the photon beam and detector 

move at a predetermined speed at a right angle to the 

scanned site. The computer module incorporates the 

circuitry necessary to control automatically the scanner, 

establish base line values, read the attenuation photons, 

and compute the bone mineral mass per unit length (gms/cm) 

and the width of the bone (cm) (Lohman et ale 1982). 

Measurements are made of the shaft of the radius 

and ulna, one third the distance between the elbow and 

styloid process of the ulna. The scanner moves forward, 

locates the edge of the radius or ulna, and after 

obtaining a basellne reading, executes the scan. The 

radiation dose is less than 25 millirems per scan (between 

10 and 20 for most subjects) and is confined to a 1 cm 

cross section of the forearm. Each scan takes about 25 

seconds to complete. The amounts of radiation in four 

scans is equivalent to about 1/100 of the dose in a 

typical radlograph of the forearm (Lohman et ale 1982). 

The bone mineral analyzer measures bone mineral 

mass in gm/cm across a one cm wide section of bone. The 
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bone is assumed to be a cylinder, not necessarily 

circular, and the bone mineral mass measured would be the 

amount obtained if a one cm thick slice were cut out of a 

bone and the mineral content was determined by ashing the 

sample and was then expressed on the basis of mineral 
2 

content per cm. The bone mineral analyzer provides no 

information about the depth dimension of the bone. If the 

bones could be crushed flat, while remaining the same 

width, the measured amount of bone mineral would be 

identical to the in vivo measurement. Therefore, the 

actual density of bone can not be determined with this 

method (Lohman et al. 1982). 

Bone mineral content of the radius and ulna have 

been proposed as an index of total bone mineral by Mazess, 

1971; Cohen et ale 1975; Cohen and Ellis, 1976. In 

adults, the relationship of body density and bone mineral 

content of the forearm was investigated and found to be 

significantly correlated (Selinger, 1977). Based on the 

association of radius bone mineral with body density 

determined by a study with children, Lohman et ale (1984) 

demonstrated how the mineral content of the FFB can be 

derived from the bone mineral content of the forearm. 

Hydrometry 

The largest component of the human body is water, 

which comprises 40 to 60% of the body mass. water content 
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in the body decreases with age and, as a percentage of 

body weight, is lower in females than males after 

pubescence (Boileau et al. 1984). 

Estimation of body fatness using the two component 

model assumes a constant density of the FFB. water has a 
o 

relatively low density (0.9934 gm/cc at 37 C.), is 

exclusively located in the FFB, and is the largest 

component of FFB (Boileau et ale 1984). Therefore, 

changes in body water will greatly affect the density of 

the FFB and in turn will affect the estimation of FFB mass 

and FH. Heasurement of total body water is therefore an 

important part of any body composition assessment in 

children and youth. 

Total body water measured in liters or kilograms 

is used to calculate FFB by dividing the TBW value by a 

constant that is the fraction of FFB that is water. For 

adults this fraction ranges from .718 to .738 and for 

children ranges for males from .762 at nine years old 

to .747 at 14 years and for females from .770 at nine 

years old to .755 at 14 years (Lohman, 1986). FFB is used 

to estimate percent fat by subtracting FFB from body mass 

to obtain FH and then dividing FH by body mass and 

multiplying by 100. 

Total body water is usually estimated from tracer 

dilution (Schoeller et ale 1985). Relatively recently, 
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whole-body bioelectrical impedance (BIA) has been proposed 

as a new method for estimating total body water (Hoffer et 

al. 1969; Nyboer, 1970; and Lukaski, 1985). Total body 

water (TBW) measurement by tracer dilution is the 

criterion method for evaluating the accuracy of BIA for 

predicting TBW. 

Total Body water Estimation by Tracer Dilution 

The volume of the TBW can be assessed by measuring 

the dilution of a known quantity and concentration of a 

tracer according to the dilution principle which has been 

extensively applied in static systems and is summarized by 

the following equations (Forbes, 1978): 

(Eq 7) e V = e V 
1 1 2 2 

e = concentration 

V = volume 

(Eq 8) a = ev 

a = quantity of a solute 

Therefore, the volume of a solution (V2), in this case 

body water, can be determined by adding a known quantity 

of solute as a tracer, allowing the solute to mix in the 

solvent, and measuring the final concentration (e2) of·the 

tracer: 

(Eq 9) V = Ole 
2 2 
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Ideally, the tracer added to the solvent should 

have four characteristics. The tracer should be (1) 

distributed only in body water, (2) distributed evenly 

throughout body water, (3) nonmetabolizable, and (4) 

nontoxic (Schoeller et al. 1985). Deuterium oxide (0 0) 
2 

is an isotopic tracer that equilibrates in the body water 

space within a three hour period (Schloerb et al. 1950; 

Novak, 1966; and Boileau et al. 1971). Deuterium oxide is 

not subject to extensive metabolism and is nontoxic in 

doses used for TBW determination (Schoeller et al. 1985). 

Thus, D 0 comes close to being an ideal tracer for use in 
2 

estimating TBW. 

Total body water is not constant throughout the 

day and is temporarily altered by fluid intake, food 

intake, and exercise (Schoeller et a1. 1985). Therefore, 

the time and conditions for the measurement of TBW need to 

be standardized. Ideally, TBW should be measured in the 

morning after an overnight fast and restriction of fluid 

intake, and after the bladder is emptied. 

Protocols designed to measure body water at the 

time the isotope is administered are subject to systematic 

errors from water entering the body during the time 

between ingesting the tracer dose and sample collection. 

Sources of water include metabolic water, atmospheric 

humidity, the isotope dose water chaser, ingested foods, 



and beverages. Isotope can also be lost in urine 

production and respiratory water evaporation. It is 
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estimated that water vapor losses are about 0.67 g/kg/hr 

in young adults resulting in the elimination of about 

0.12% of the isotope per hour (Schoeller et ale 1985). 

Ideally no food or beverages will be consumed 

during an equilibration period. The amount of dose and 

chaser may vary from a few millillters to more than 200 

ml, but is usually 1 ml/kg, which expands the pool by 

about 0.2% (Schoeller et ale 1985). Assuming that 

corrections are made for water added with the dose and 

chaser, a four hour TBW measurement protocol in young 

adults using 0 0 will overestimate TBW by 0.3% (Schoeller 
2 

et ale 1985). Because most of the physiological factors 

affecting body water input depend on metabolic rate, their 

influence will be a little greater in children and about 

twice as great in infants (Schoeller et ale 1985). 

Corrections for systematic effects of insensible 

water loss and water entry to the body pool are rarely 

made and are probably not important for studles in which 

the subjects serve as their own controls. However, the 

same protocol should be used for repeated measurements so 

that the errors are consistent (Schoeller et ale 1985). 



Whole-Body Bioelectrical Impedance 

Whole-body bioelectrical impedance (BIA) is a 

relatively new method of indirect body composition 

analysis. The technique is a simple, noninvasive 
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procedure that can be completed in less than five minutes. 

The technique has been used to estimate total body water 

(Hoffer et al. 1969; Nyboer, 1970; Lukaski et al. 1985). 

The BIA equipment is small, relatively inexpensive, and 

portable making it convenient to use in research and 

clinical settings. 

Electrical impedance Is the hindrance to the flow 

of an injected alternating electrical current and is 

defined by the formula: 

(Eq 10) Impedance (Z) =~R2 + xc
2 

R = resistance 

Xc = reactance 

According to Ohm's law, the electrical impedance (Z) to 

alternating current of a circuit is measured in terms of 

voltage (E) and current (I) as Z = Ell. Phase-sensitive 

electronics are used to quantitate the geometrical 

components of Z. Resistance (R) is the sum of the in-

phase vectors and reactance (Xc) is the sum of the out-of-

phase vectors (Lukaski et al. 1985). 

Total Body Water Estimation from BIA. Nyboer 

(1943) first demonstrated that electrically estimated 
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biological volumes are inversely related to impedance. 

Thomasset was the first to apply the principle of 

electrical determination of volume to whole body volume 

assessment. He first demonstrated a relationship between 

whole body electrical impedance and total body water in 

1962 (Thomasset). Hoffer et al. (1969) proposed the 

hypothesis that whole body bioelectrical impedance 

measurements can be used to measure TBW based on the 

principle that the electrical impedance of a geometric 

system is a function of conductor length and 

configuration, conductor cross-sectional area, and 

electrical signal frequency. When the electric signal 

frequency and conductor configuration are held constant, 

the impedance (Z) to the flow of current can be related to 

the size or volume of the conductor as defined in the 

following formula: 

(Eq 11) z = P L/A 

Multiplying equation 11 by L/L results in equation 12 in 

which AL is equal to volume (V). 
2 

(Eq 12) Z = p L IAL or 
2 

Z = P L IV 

Rearranging terms equation 12 becomes equation 13: 



28 

2 
(Eq 13) V = P L / Z 

L = length of conductor (cm) 

p = volume resistivity (ohm-em) 

A = conductor cross-sectional 
2 

area (em ) 
3 

V = volume (em ) 

It is hypothesized that the magnitude of Xc is 

small relative to R, and that R is a better predictor of Z 

than Xc so Z from equation 13 is replaced by R and the 

equation becomes (Hoffer et al. 1969): 
2 

(Eq 14) V = pL' / R 

Measurement of Resistance and Reactance. The RJL 

Systere BlA analyzer measures impedance using a four 

surface electrode configuration, a fixed painless 

electrical signal of 800 p amps and 50 kilohertz. The 

impedance is vectored into the resistance and reactance 

components which are channeled to a digital display on the 

analyzer. The tetrapolar electrode technique is utilized 

because it minimizes the contact resistance, or electrode-

skin interaction, at the current injection site (Hoffer et 

ale 1969). Lukaski et ale (1985) reported that the 

current injected by the RJL impedance system provides deep 

penetration of all body tissues. The data from 

experiments which demonstrate that the electric signal 

introduced by the RLJ impedance analyzer provides deep 
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penetration of body tissues have not been published. It 

appears that the injected current path includes the arm 

and leg of the side of the body to which the electrodes 

are applied and the trunk of the body. The head and the 

arm and leg not attached to the electrodes are probably 

not part of the conducting pathway. 

Limitations for Impedance Estimation of Body 

Composition. The determination of volumes using the 

electrical principle proposed by Hoffer et ale (1969) has 

been demonstrated in simple geometric cubes and cylinders. 

Hoffer et al. (1969) pointed out that there are 

limitations in applying this principle of electrical 

determination of volume to estimate the total body water 

volume because the equations do not consider the complex 

geometry of the human body. 

Thomasset (1963), Pethig (1979), and Nyboer (1970) 

reported that electrical conduction in biological systems 

Is related to water and ionic distribution in the 

conductor. Because FFB mass contains all the water and 

conduction electrolytes in the body, conductivity is far 

greater in FFB than FM. The underlying principle of BIA 

is that electrical signal conductance is greater in FFB 

mass than in FH. Since conductance is equal to l/R, 

resistance (R) is lower in FFB mass than in FH. For 

example, if a standard electrical signal is conducted 
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through two different people who weigh the same but have 

different proportions of weight that are FFB mass and FM 

the person with the largest proportion of FFB mass and, 

therefore, the lower proportion of FH will have the lower 

resistance value. 

Two key assumptions underlying the impedance 

technique are that specific resistivity of tissues and 

organs is constant among individuals and that total body 

impedance is unaffected by changes in bone mineral 

content. The variability of tissue and organ specific 

resistivity are uncertain because it has not been 

extensively investigated. It seems reasonable that age 

related changes in organs and tissues in the FFB and body 

geometry would alter tissue resistivity and therefore 

alter whole body impedance values. Thus, age related 

changes in FFB composition and body geometry probably are 

important factors in predicting body composition from BIA. 

Age related changes in bone mineral content are 

well documented and contribute to variation in FFB mass. 

Presumably the current generated by the impedance analyzer 

system penetrates deep body tissues including bone. 

However, data demonstrating this assumption has not been 

published. It is unknown if the current generated by the 

RJL Systems impedance analyzer penetrates bone and is 

conducted through bone. 
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Validation of Whole Body Bioelectrical Impedance 

for TBW Estimation. Recent investigations have shown that 

successive bioelectrical impedance measurements in adults 

are highly reproducible. Lukaski et al. (1985) 

demonstrated in men a test-retest correlation coefficent 

of 0.99 for a single resistance measurement and a 

reliability coeffiecient of 0.99 for a single resistance 

measurement over 5 days. Lukaski et ale (1985) reported 

linear relationships between resistance values and TBW 

estimated from deuterium oxide dilution with a correlation 

coefficient of - 0.86. Significant (p ~ .01) increases in 

the correlation coefficient were observed when resistance 

index instead of resistance or impedance was used as the 

independent variable to predict TBW. They reported that 

when resistance index was used to predict TBW estimated by 

deuterium oxide dilution the correlation coefficient was 

0.95 and the SEE was 2.09 liters. Earlier work by Nyboer 

et al. (1970) based on adults and using linear regression 

with resistance index as the independent variable and TBW 

as the dependent variable reported a correlation 

coefficient of .93 and SEE of 3.43 liters. When weight 

was added as a term in the regression equation the 

correlation coefficient increased to .96 and the SEE 

decreased to 2.81 liters. 
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The validity of BIA for estimating TBW has not 

been determined for children and youth. If total body 

water could be accurately measured in children and youth 

with the impedance technique, then total body water values 

could be more easily measured and would be more readily 

available for use in multicomponent equations to predict 

body composition. This would increase the number of 

settings in which the multicomp~nent approach could be 

used to estimate body ct)mposi tion. 

Anth:t:Q.pometry 

The clinical impracticality of estimation of body 

density by underwater weighing, total body water by tracer 

dilution, or other laboratory body composition estimation 

methods has led to the development of numerous anthropometric 

approaches for the prediction of body density and 

subsequent estimation of body fat. The skinfold technique 

has been particularly popular. With proper training 

reliable skinfold measurements can be made and the 

prediction error of body fat from skinfolds is only 1 to 

2% higher than the error associated with densitometry 

(Lohman, 1984). 

The valid and accurate estimation of body fatness 

from anthropometry in children and youth is limited by 

three problems (Boileau et al. 1985). First, the lack of 

anthropometric equations that have been cross validated on 
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other samples of children and youth to assess their 

general applicability to this population as well as 

specific subsamples, such as obese, different ethnic 

groups, athletes, and children in different pubertal 

stages. Currently using a selected set of anthropometric 

dimensions, one can fairly accurately estimate the body 

fat of the sample but not for the entire population of 

chIldren and youth. 

The second probl~m limiting the usefulness of 

current anthropometric equations for estimating body 

composition in children and youth is related to the 

chemical immaturity of children. In recent studies with 

children (Slaughter et al. 1964) and in earlier work with 

adults (Durnin and Wormsley, 1974), the skinfold-density 

relationship has been shown to vary with chronological 

age. In children, for a given skinfold thickness, body 

density increases with age. This difference between body 

density of children and adults is due to the chemical 

Immaturity of children. Children have higher proportions 

of water and lower proportions of bone than chemically 

mature adults. Equations, using body density for 

estimation of body fatness, based on adult models that are 

used with children and youth generally result in 

overestimation of body fat by 7 to 13% (Boileau et ale 

1985). According to Boileau et al. (1985) this 
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overestimation of fatness in children and youth results in 

a greater apparent incidence of obesity than is actually 

present and in an underestimation of minimal percent body 

fat which is usually defined as 5% percent fat for males 

and 10 to 13% for females. 

The third problem in using anthropometric body 

composition equations for children and youth relates to 

the changing relationship of anthropometric dimensions to 

body density (Slaughter et al. 1984). As children pass 

through puberty, and the chemical composition of the FFB 

changes, estimates of body fatness change in part because 

of the changing FFB composition rather than changes in the 

actual fat content (Boileau et al. 1985). 

Slaughter et al. (1984) pointed out that several 

multiple regression equations using skinfolds and other 

anthropometric dimensions have been developed for 

different samples of children. Slaughter et al. (1984) 

reported that for their sample of children triceps, calf, 

thigh, and abdomen were the best predictors of body 

density. These investigators also reported that calf and 

triceps skinfold sites appear to be the best predictors of 

body density for a heterogeneous sample of children. 

However, Slaughter and coworkers (1984) concluded that 

further research on the causes of the changes in the 

relation of skinfolds to body density is needed before 
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skinfolds can be used to estimate the body composition of 

children. Future research on the changes in the FFB 

composition and therefore FFB density may improve the 

interpretation of body density and its relation to fatness 

in children and in turn permit the estimation to total 

body fatness from skinfolds in children. 

Thus, the changing FFB composition in young people 

complicates the development of valid anthropometric 

equations in samples of children in various pubertal 

stages (Boileau et a1. 1985). Hulticomponent approaches 

to estimating percent body fat may be a way to deal with 

this problem. 

Multiple component equations for estimation of 

percent body fat from density (D), water (w), and bone 

mineral (m) content of the body can be derived from an 

extension of the Siri (1961) equation to incorporate 

mineral data as follows (Boileau et al. 1985): 

(Eq 15) %fat = [(2.747/D) - .727 (w) + 1.146 (m) 

- 2.0503]100 

Further development of more accurate equations for 

prediction of body fatness in children and youth and 

crossvalidation of these equations in other samples of 

children and youth will lead to improved accuracy, 

reliability, and validity of anthropometry for estimation 

of body composition in children and youth. 
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Impedance for FFB and Percent Fat Estimation 
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In addition to estimating TBW, BIA has also been 

used to estimate body density, percent fat and FFB mass. 

There have been three published validation studies on the 

use of BIA to predict FFB and percent fat (Lukaski et al. 

1985; Segal et al. 1985; and Lukaski et al. 1986). 

Lukaski et al. (1985) as previously reported has 

shown that successive bioelectrical impedance measurements 

in adults are highly reproducible. Lukaski et al. (1985) 

reported linear relationships between resistance values 

and FFB with a correlation coefficient of - 0.86. A 

significant (p ~ 0.01) increase in the correlation 

coefficient (r =.98) was observed when the independent 

variable resistance index was used to predict FFB and the 

SEE was 2.61 kg. Lukaski and coworkers (1986) conducted a 

double crossvalldatlon of linear prediction equations 

using resistance index to predict FFB and percent fat in 

men and women. For the men they reported (r =.93) and a 

SEE of 2.70% for percent fat and for FFB (r =.98) and a 

SEE 2.51 kg. For women they reported (r =.88) and a SEE of 

3.14% for percent fat and for FFB (r =.95) and a SEE of 

2.0 kg. They also reported (r =.98) and a SEE of 2.06 

for FFB using a linear multiple regression equation. 

Lukaski et ale (1985 and 1986) concluded that BIA is a 
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composition in healthy adult males and females. 
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Segal and coworkers (1985) reported a correlation 

coefficient of .912 and a SEE of 4.43 kg for the relation 

between lean body mass estimated from densitometry using 

sex specific equations for adults provided by RJL systems: 

male: density = 1.1554 - 0.841 (weight x resistance) 
2 

/height 

female: density = 1.1113 - 0.0556 (weight x 
2 

resistance) /height 

Addition of height, weight, and sex into the prediction 

equation increased the correlation coefficient to .938 and 

reduced the SEE to 3.80 kg. Segal reported (r =.93) and a 

SEE of 6.10 for prediction of percent fat using the RJL 

equations. 

To date, these two studies of whole body BIA 

measured in adults using the RJL Systems BIA analyzer have 

shown that a resistance index is more highly correlated 

than resistance or impedance alone with FFB mass (Lukaski 

et al. 1985) and with LBM (Segal et al. 1985). 

A review of the limited current work on the 

validation of whole body bioelectrical impedance 

demonstrates that more research is required for full 

validation of BIA as a body composition assessment mp.thod 
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according to principles for validation of any body 

composition method published by Lohman (1984): 

1. Use more than one established body 

composition method as a reference base 

2. Conduct reliability studies on each method 

3. Validate on more than one population 

4. Sample size for each population should be 

greater than 50 

5. Confine sample to a homogeneous age group for 

each population 

6. Report standard error of estimate (SEE) as 
2 

well as R and compare with other 

investigators 

7. Conduct interlaboratory studies on the same 

subjects with standardized methodology. 

Future validation studies using these principles 

are needed to assess the validity of BlA for body 

composition in children, youth, and elderly populations; 

and for people who are highly physically trained, obese, 

extremely lean, have different racial backgrounds and 

individuals with disease states affecting body fluid 

balance. 

The validity of BlA for estimating TBW and FFB has 

not been determined for children and youth, but from a 

theoretical standpoint it appears to be a useful approach. 
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The validation literature for BIA indicates that 

resistance index is the best BIA derived independent 

variable for prediction of TBW, percent fat, and FFB 

(Hoffer et a1. 1969; Nyboer, 1970; Lukaski et a1. 1985; 

Segal et al. 1985; Lukaski et al. 1986). 

The literature on children and youth body 

composition assessment indicates that validation studies 

of new body composition estimation techniques such as BIA 

should include multiple component models as criterion 

variables (Lohman 1986). This literature also suggests 

that due to FFB changes during growth, the effects of sex 

group, body fatness level, the combination of sex and body 

fatness, age, and sexual maturation level on the 

relationship between prediction equations developed from 

new indirect body composition methods, such as BIA, and 

the criterion body composition variables need to be 

included in the investigation of the accuracy and 

reliability of the new body compostion method for 

predicting body composition in children and youth (Boileau 

et al. 1984; Lohman et a1. 1984, slaughter et al. 1984; 

Lohman, 1986). 

The literature on the theoretical basis for using 

BIA to predict body composition indicates that the complex 

geometry of the body is not accounted for by the 

electrical principle for estimating volumes (Hoffer et ale 
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1969). To account for variations in body geometry 

investigations of selected anthropometric body 

measurements of height, weight, circumferences, skeletal 

dimensions, and skinfolds should be used along with 

resistance index to attempt to decrease the prediction 

error for percent body fat and FFB. 

The measurement of whole body bioelectrical 

impedance Is convenient, requires minimal operator 

training, and can be made in less than five minutes. If 

BIA is determined to be a valid method of body composition 

estimation in nonobese and obese children and youth, it 

would be a practical way to measure children's body 

composition for research and clinical purposes including 

health, fitness, and sports programs and in medical 

settings. To establish its validity in children and youth 

much additional research is needed. 



CHAPTER 3 

METHODS 

The purposes of this study were to determine the 

accuracy and reliability of BlA for estimating body 

composition and to develop regression equations using BIA 

to estimate body composition in nonobese and obese anglo 

children and youth from 10 to 14 years of age. 

Research Design 

This research project was a descriptive study 

utilizing both a comparative and an interrelationship 

design. The study was based on a 2x2 factorial plan 

including anglo female and male children and youth from 

10-14 years old divided into two levels of body fatness, 

either nonobese or obese. The goal was to have a minimum 

of three subjects per sex-age-fatness category. The two 

levels of fatness, nonobese and obese, were the 

comparative part of the study design. 

The age for each subject was calculated in years 

to one decimal place based on test date and self reported 

birth date. The National Children and Youth Fitness study 

(NCYFS) norms were used to classify subjects as obese or 

nonobese (Ross et al. 1985). For these norms, the 99th 

percentIle represents the lowest skinfoid values and the 

41 



Table 1. Female and Male National Children and Youth 

Females 

Males 

Fitness study Norms for the Twenty-Fifth 

Percentile of the Sum of Triceps and 

Subscapular Sklnfolds 

Age (years) 

Sex 10 11 12 13 

Sum of Triceps 27 30 29 31 
and Subscapular 
Skinfolds (rom) 

Sum of Trlceps 24 25 24 23 
and Subscapular 
Skinfolds (rom) 

42 

15 

33 

22 
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lOth percentile the highest skinfold values. A sum of the 

triceps and subscapular skinfolds equal to or greater than 

the 25th percentile for age and sex was the criterion for 

classification of subjects as obese. Subjects with a sum 

of triceps and subscapular skinfolds less than the 25th 

percentile were classified as nonobese. 

The criterion variables for estimating body 

composition were: (1) total body water from hydrometry 

using deuterium oxide dilution (TBW), (2) FFB mass from 

skinfolds; densitometry; densitometry and TBW; 

densitometry, TBW and bone mineral content by single 

photon absorptiometry (BHe), (3) percent fat (% Fat) from 

skinfold; densitometry; densitometry and TBW; 

densitometry, TBW and BHC. The independent variables were 

resistance index from BlA and selected anthropometric 

dimensions. 

Sample Selection 

The sample was selected through Amphitheater and 

Catalina Foothills School Districts. University of 

Arizona Human Subjects Committee and School District 

approvals were obtained for the study (Appendix A). 

Physical education teachers at Cross Junior High School 

were trained to measure triceps and subscapular skinfolds. 

These teachers then measured triceps and subscapular 

skinfolds for all students in their school. Graduate 
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students trained in skinfold measurements measured triceps 

and subscapular skinfolds for all the students at Sunrise 

Elementary School in the Catalina Foothills District. 

Triceps skinfolds of elementary students at Manzanita 

School in the Catalina Foothills District were measured by 

a physical education teacher. Fourteen year old high 

school students were visually screened for obesity by 

physical education teachers at Canyon Del Oro High School 

in the Amphitheater School District. 

Subjects in both the nonobese and obese 

classification groups from Cross Junior High School, 

Sunrise and Manzanita Elementary Schools were randomly 

selected from the lists of students screened for skinfold 

thickness by physical education teachers. In Canyon Del 

Oro and Amphitheater High Schools only obese students 

names were provided by the teachers. 

Parents or guardians of selected subjects were 

sent recruitment letters explaining the study purpose, 

measurements, and time line. Appointments for students to 

participate in the study were made by contacting parents 

by phone or at parent information meetings conducted by a 

research project staff member at the selected schools. 

Written informed consent to participate in the study was 
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obtained from subjects and their parents prior to 

participation in the measurement session for the study 

(Appendix B). 

There were 108 subjects measured in the study. 

Three subjects were rejected from data analysis due to 

nonanglo ethnic group status, and two subjects were 

rejected due to medical problems that interfered with the 

body composition measurements. The subjects by age, 

fatness, and sex included in the data analysis are 

summarized in Table 2. 

Table 2. Classification of Subjects by Age and Two 

Categories of Fatness 

Age (years) Totals 
by 

Sex and 
Sex 10 11 12 13 14 Fatness 

Numbers of Subjects 

Females 

nonobese 1 7 13 5 1 27 
obese 6 2 4 8 2 22 

Males 

nonobese 8 7 7 2 8 32 
obese 2 7 6 5 2 22 

Totals by Age 17 23 30 20 13 
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Data Collection 

Data collection in this study included the 

following areas: whole body bie1eci::rica1 impedance 

analysis (BIA), hydrometry, densitometry, anthropometry, 

single photon absorptiometry, physical exam with sexual 

maturation level assessment, medical history, and subject 

demographics. 

All measurements and the physical examination were 

completed in a single three to four hour session that was 

conducted at the same time block on each test day. Five 

to eight subjects were measured on each test day. The 

measurement sessions were scheduled from November, 1985 

through April, 1986 and were conducted in the Department 

of Exercise and Sports Sciences Body Composition 

Laboratory in the Ina Gittings Building at the University 

of Arizona campus. A honorarium of ten dollars was paid 

to each subject after completion of the measurement 

session. Selected anthropometric and bone mineral results 

were returned to each subject and her or his parents or 

guardians after study data had been initially analyzed. 

All subjects were instructed verbally and in 

writing to arrive at their laboratory appointments between 

3:00-3:30 pm, not to eat food or drink beverages, except 

water, after 1:00 pm, and not to participate in vigorous 
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exercise for 12 hours before arriving at the laboratory. 

During the measurement session subjects completed a past 

24-Hour Inventory (Appendix C) indicating general physical 

condition, food and liquid intake, alcohol intake, 

medicine, drug, and tobacco use, physical activity, and 

for girls, date of last menstruation. Subjects also 

provided a completed Health Survey for Project Candidates 

(Appendix D) indicating previous surgeries, physical 

traumas, illnesses, chronic medical conditions or 

diseases, congenital or hereditary diseases, drugs 

regularly used, age of first menstruation for girls, 

appearance of facial hairs for boys, current treatment for 

high blood pressure, respiratory allergies, chest pain, 

obesity, or other conditions. 

Upon arrival at the lab, subjects checked in with 

the lab coordinator who provided each subject with an 

identification number and measurement routing sheet 

(Appendix E). indicating all measurement stations to be 

completed during the testing session. Subjects were 

instructed not to eat, drink, or urinate during the 

measurement session. Subjects were instructed that if 

they had to urinate they could contact a hydrometry 

technician who would provide them with containers to 

collect all voided urine. To insure that all measurements 

were completed for each subject, the technicians at each 
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measurement station initialed the routing form after 

completing each subjects' measurements. Half of the 

subjects were first measured for hydrometry and the other 

half for BIA. After measurement~ at each of the two 

initial stations were completed the subjects were routed 

to the other measurement stations. The order for routing 

to all other measurement stations was assigned on a random 

basis. 

Bioelectrical Impedance Analysis: (BIA) 

Bioelectrical impedance in this study was measured 

using a four-terminal body surface electrode impedance 

analyzer BIA-Hodel 101 (RJL Systems, Detroit, HI). The 

subject had not eaten for three hours nor vigorously 

exercised for 12 hours before the first impedance 

measurement was made. The subject removed the right shoe 

and stocking and sat in an upright position with legs 

extended on a horizontal measuring table with a plastic 

nonconducting surface. The measurement procedure was 

explained to the subject. Then two of the four surface 

self-adhesive spot electrodes were placed on the dorsal 

surface of the right hand, one at the distal metacarpals 

and one between the distal prominences of the radius and 

ulna. The other two electrodes were placed on the dorsal 

surface of the right foot, one at the distal metatarsals 

and one between the medial and lateral malleoli at the 
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ankle. Then the impedance analyzer cables were connected 

to the electrodes as shown in Figure 1. Next, the subject 

reclined in a supine position on the measuring table with 

arms adjacent to, but not touching the body, palms flat 

against the table, and legs adjacent to each other but not 

touching as illustrated in Figure 2. A standard 

conduction current signal (800pA at 50 kHz), so small 

that it could not be felt by the subject, was then sent by 

the impedance analyzer through the two injector 

electrodes, one on the hand and one on the foot. The 

other two electrodes, one on the hand and one on the foot, 

detected the impedance of body tissues to the current and 

the impedance unit analyzed the detected impedance into 

its resistance and reactance components. Resistance and 

reactance were read on a 0 to 1,000 ohm digital scale and 

were recorded on the BIA data sheet (Appendix F). 

A second measurement for resistance and reactance 

was recorded one minute after the first measurement. The 

mean of the two resistance and the mean of the two 

reactance readings were calculated and used for data 

analysis. The position of the electrodes was marked on 

the skin and the electrodes were removed. This protocol 

was repeated two hours after the initial measurements at 

hour-2 and again one hour after the hour-2 measurements at 

hour-3. Each of these two subsequent sets of measurements 
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Figure 1. Locations for the Placement of Electrodes 

on the Right Hand and Foot 



51 

Figure 2. Diagrammatic Representation of the Impedance 

Analyzer Attached to a Subject Using a Four 

Electrode Arrangement 
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were made with the electrodes repositioned at the marked 

sites. 

In January through March, after resistance and 

reactance measurements were made on the right side of the 

body at hour-2, the electrodes were transferred to the 

same anatomical landmarks on the left hand and left foot. 

Resistance and reactance measurements were made on the 

left side of the body on 73 subjects with the same 

protocol used on the right side of the body. This 

protocol was used to determine if there were differences 

In resistance and reactance measurements between the right 

and left side of the body. At hour-3, after the 

measurements on the right side of the body were made on 64 

subjects the electrodes were removed and the skin areas 

covered by the electrodes were washed with an acetone 

soaked cotton ball. The electrodes were reattached. Then 

resistance and reactance measurements were made with the 

same protocol used on the right side of the body. The 

acetone skin wash was used to determine if skin residues 

soluble in acetone affected resistance or reactance 

values. 

The resistance value obtained from BIA was used 

along with height squared to derive the variable 
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resistance index. Resistance index, resistance, and 

reactance were all used as independent variables for data 

analysis. 

The impedance analyzer was tested monthly for 

stability of resistance measurements with a set of 

resistors ranging from 100 to 700 ohms. There were small 

deviations of measured resistor values from the actual 

values of the resistors. The resistance values from these 

callbration checks are reported in Appendix G. 

Hydrometry 

Total body water was measured using a modified 

deuterium oxide dilution technique reported by Lohman et 

al. (1982). First, a control urine specimen was collected 

from each subject. Then each subject consumed a 20 or 30 

gram dose of deuterium oxide administered as a deuterium 

oxide "cocktail". The subject's body size was used to 

determine which dose the subject received. Then a control 

respiratory water sample was collected. 

The subject was instructed to urinate into the 

container and completely empty the bladder. About 20 mls 

of the urine sample were poured into a plastic vial 

sealed and labeled with subject name, identification 

number, and date. Samples were frozen until analysis. 
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Deuterium Oxide Administration. The D 0 in this 
2 

study was purchased from Sigma Chemical Company and was 

99.8% pure. The D 0 dose was measured by weighing with a 
2 

Hettler analytical balance the day of or one day prior to 

administration and was refrigerated in a screw topped 

glass brown bottle. The D 0 dose was poured into a paper 
2 

cup. The bottle containing the 0 0 was flushed with about 
2 

100 ml of tap water and this water was added to the 0 0 in 
2 

the cup to make the 0 0 dose cocktail. This mixture was 
2 

consumed by the subject. Then the cup was filled with 

about 100 ml of tap water. The mouth was rinsed with this 

water and it was swallowed to remove 0 0 residue from the 
2 

mouth. The net D 0 dose, D 0 purity, and volume of urine 
2 2 

collected during the entire measurement session was 

recorded on the Body water Data Sheet (Appendix H). 

Respiratory Water Collection. Three respiratory 

water samples were collected from each subject at hour-O, 

hour-2, and hour-3. At hour-O after the 0 0 dose was 
2 

consumed, the subject continuously breathed into 1/4 inch 

diameter tygon tubing fitted with a 3/8 inch tygon tubing 

mouthpiece. The tubing was placed in a methanol dry ice 

bath and covered so only the mouth piece plus six inches 

of proximal tubing and six inches of distal tubing were 

not immersed in the methanol dry ice bath. The subject 

inhaled through the nose and exhaled through the mouth 
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into the tube for eight to ten minutes. Subjects were 

instructed not to allow saliva to enter the tube. To 

remove saliva from the mouth they were instructed to 

remove the tube from the mouth and cover the mouth piece 

with a finger, swallow the saliva, and immediately resume 

exhaling into the tube. After sample collection, the 

tubing, with the frozen sample inside, was corked on each 

end and allowed to thaw. Then the sample was poured into 

labeled plastic vials and frozen until analyzed. This 

procedure was repeated two hours after the hour-O 

collection and again one hour after the hour-2 collection. 

Analysis of Urine and Respiratory Water Specimens. 

The respiratory water and urine specimens were analyzed 

for D 0 concentration by infrared spectrophotometry 
2 

(Lohman et. al. 1982). A Wilks Miran 1A-FF Infrared 

spectrophotometer connected to a Doric Series 410A Digital 

Trendicator was used to measure the absorbance of D 0 in 
2 

respiratory water and urine samples. The analysis and 

calibration procedures are described in Appendix H. The 

concentration in parts per million of deuterium in urine 

and respiratory water samples was calculated from the 

following equation: 

(Eq 16) ppm = A x (absorbance) - B 

A and B were obtained through analysis of a set of 

standard deuterium concentrations. In the current 
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equation, A = 18241.73 and B = 10.56. The data used to 

develop this equation are reported in Appendix J. 

Respiratory water showed less variability of 

deuterium concentration than urine samples and was 

selected as the method choice for calculation of total 

body water in the study. 

Total body water was calculated from the equation: 

(Eq 17) 

Densitometry 

V 
1 

C 
1 

TBW = ( V C 
1 1 

= volume of 

- VeCe )/C 
2 

D 0 ingested 
2 

o 
at 37 

= concentration of ingested D 0 
2 

(98.8% pure) at equilibrium 

C. 

Ve = volume of water excreted prior to 

equilibrium 

Ce = concentration of water excreted prior to 

equilibrium 

C = concentration of urine or respiratory 
2 

water at equilibrium 

The procedures and instrumentation for measurement 

of the underwater weight were modified from those 

suggested by Akers and Buskirk (1969) and Lohman et. ale 

(1982). The underwater weight was measured with the 

subject seated and submerged on a weighing platform in a 
o 

tank of water warmed to apprOXimately 36 C. The 

underwater weight was recorded (Hewlett-Packard Model 
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1732A) from 4 LVOT force transducers (Oaytronic Corp. 

Model 152A-25) upon which the platform rested. The 

underwater weight was measured at the end of a forced 

exhalation just prior to the functional pulmonary residual 

volume measurement. 

The functional pulmonary residual volume, the 

volume of air occupying the lungs during the underwater 

body weight measurement, was measured with the subject in 

a kneeling or sitting position on the weighing platform in 

the underwater weighing tank. This lung volume was 

measured by a closed-circuit 0 dilution method modified 
2 

from Wilmore (1969). This method involves estimation of 

the N equilibration (Med. Sciences Model 505) in the lung 
2 

from measurement of N breath-by-breath during rebreathing 
2 

of a known quantity of 0 (99.5% pure). Residual volume 
2 

at body temperature pressure saturated (BTPS) was computed 

according to the following equations: 

Vr = [VO (EN - IN ) (AiN - AfN ) - OS] x BPTS 
2 2 2 2 2 

Factor 

Vr = residual volume 

VO = initial volume of 0 
2 

in analyzer system deadspace 

EN = N fraction at equilibrium 
2 2 

IN = N fraction of initial VO 
2 2 2 

when breathing room air 
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AiN = N fraction in alveolar 
2 2 

air when breathing room air 

AfN = N fraction equal to 
2 

EN - IN 
2 2 

OS = deadspace of the valve 

In this equation deadspace of the valve was subtracted 

before the BTPS correction factor was made in the 

procedure. Gas and water temperatures were measured with 

thermister probes in the respective mediums and read from 

a Yellow Springs telethermorneter. 

Equipment Calibration. Calibrations of all 

equipment systems were completed before subjects were 

measured. The equipment calibrated included oaytronlc 

LVOT force transducers, nitralyzer, telethermometer, and 

weight recorder. Calibration procedures for the 

underwater weighing system are reported in Appendix K. 

Subject Preparation. The subject put on a 

swimming suit, showered, then entered the tank. The tare 

weight of the weighing platform was recorded with the 

subject in the water but not on the platform. The subject 

then knelt or sat on the platform, secured a belt attached 

to the platform over the thighs, put on nose clips, and 

removed air bubbles from skin, hair, and bathing suit. 

Water temperature was read and recorded on the subject's 
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underwater weighing data sheet (Appendix L), and then a 

gas temperature probe was inserted into the 

telethermometer. 

Underwater Weight and Residual Volume Measurement. 

The spirometer was flushed with 0 until the air in the 
2 

spirometer read 0.001% or .000% on the nitralyzer. When 

the minimum reading was obtained, the spirometer was 

filled with the desired volume of 0 , about three to four 
2 

liters, and the N concentration was recorded from the 
2 

recorder. The nitralyzer range was changed to 0-100 and 

the recorder switch was set to weight. 

The subject was instructed to exhale as much air 

as possible, lower the head under the water, and hold the 

breath for three to seven seconds. The subject practiced 

the protocol with the breathing apparatus until the 

procedure was comfortable and then was instructed to 

completely submerge performing a maximal exhalation held 

for three to seven seconds. The underwater weight was 

recorded at this time while the technician counted down 

the seconds out loud to the subject. After a steady 

weight was obtained, the subject was switched to the 

closed circuit 0 rebreathing system by simultaneously 
2 

depressing the spirometer button and switching the panel 

switch from weight to nitrogen. The technician knocked on 

the tank as a signal for the subject to return to the 
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kneeling or sitting positon with the head above water. 

The subject was then instructed to "breathe in" and the 

gas temperature was immediately read and recorded. The 

subject continued breathing the 0 from the bag for about 
2 

four to five breaths, until the N reading became stable 
2 

or near a plateau. The mouthpiece and breathing valve 

were removed from the mouth and the underwater weight and 

residual volume measurement procedures were repeated until 

three good trials were obtained. Criteria for a good 

trial were that underwater weights agreed within +/- 0.3 

kg. Then the weight of the weighing platform was measured 

again with the subject in the water but not on the 

platform. 

Anthropometry 

Anthropometric measurements included body weight, 

skinfolds, circumferences, skeletal widths, standing 

height and sitting height. A brief description of each 

measurement is given below. 

Body Weight. Weight was recorded with boys 

wearing only gym trunks or a swim suit and girls wearing 

gym trunks and tee shirt or a swim suit. Weight was 

measured to the nearest 25 grams with an Accu-Weigh beam 

scale (Model 150 TK/A-58). 
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Skinfolds. Skinfold thickness measurements were 

made with a Harpenden caliper. The caliper was checked 

for calibration with a vernier caliper over a range from 

10 to 40 millimeters. The Harpenden caliper measurements 

agreed precisely with those of the vernier caliper. The 

results of this calibration check are reported in Appendix 

M. 

The study included nine skinfold measurement sites 

located on the right side of the body including triceps, 

biceps, subscapular, midaxillary, waist suprailiac, 

anterior suprailiac, abdomen, thigh, medial calf. The 

location for each site was marked before measurements were 

made. A description of each site is included in Appendix 

N and the data collection form for skinfolds is presented 

in Appendix o. 

Each skinfold site was measured three times and 

readings were taken to the nearest 0.5 mm. The entire 

series of nine sites were measured and then the series was 

repeated two more times. The mean of the three values was 

calculated and used in data analysis. 

Circumferences. The seven body circumference 

measurements included upper arm (relaxed), upper arm 

(contracted), forearm, chest (end expiration), abdomen, 

middle thigh, and calf. Each circumference measurement 

was made on the right side of the body using a narrow 
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retractable steel tape (Lufkin 146 ME) scaled in 

millimeters and centimeters. Readings were taken to the 

nearest tenth of a centimeter. The tape was positioned in 

a horizontal plane or at right angles to the length of the 

segments with sufficient tension for the tape to be in 

continuous contact with the skin but not depressing it. 

Each of the seven circumference measurements was 

made three times in sequence. The mean of the three 

measurements was used in data analysis. The technique for 

each circumference site is described in Appendix P. 

Circumference measurements were recorded on the 

Anthropometric Measures data collection form (Appendix 0). 

Skeletal Widths. The ten skeletal width 

measurements included shoulder, hip, chest, forearm 

length, elbow, wrist, knee, ankle, standing height, and 

sitting height. All skeletal width measurements were made 

by applying moderate tension compressing the soft tissue 

against the bones using a rigid triangle, narrow blade 

anthropometer or a bow caliper. The fingers of both hand 

were used to locate the precise bony landmarks, placing 

the blades of the anthropometer or the caliper immediately 

over the identified landmarks. Each skeletal width 

measurement was made three times in sequence and readings 

were taken to the nearest tenth of a centimeter. The mean 

of the three measurements for each skeletal width was used 
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for data analysis. The location and measurement technique 

for each skeletal width are described in Appendix R. 

Skeletal width measurements were recorded on the 

Anthropometric Measures data collection form (Appendix 0). 

Single Photon Absorptiometry 

All bone mineral measurements were made by direct 

single photon absorption method developed by Cameron and 

Sorenson (1963) and modified by Lohman et al. (1982) using 

a Lunar Bone Mineral Analyzer Model SPI. The bone mineral 

analyzer was calibrated before each measurement session. 

The calibration procedure is described in Appendix S. 

Subject Preparation. The measurement site was at 

the distal third of the radius and ulna on the nondominant 

arm. The distance between the styloid process of the 

wrist and the olecranon process of the distal end of the 

humerous was taken and recorded on the side of the data 

sheet. The measurement site was located by measuring from 

the distal end of the humerus to two-thirds the distance 

of the entire length and the site was marked with a grease 

pencil. 

The subject was seated in a chair and a tissue 

equivalent was placed around the subject's arm and under 

the stabilizer bar of the bone mineral analyzer. The 

stabilizer bar was firmly pushed down on the tissue 
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equivalent and the subject's arm to minimize air gaps 

between the tissue equivalent and the stabilizer bar. The 

subject was instructed to sit as still as possible 

throughout the readings. Three scans of the radius and 

three scans of the ulna were taken at the marked site. If 

any of the three measurements differed from others by 0.08 

for either mineral content or bone width, a fourth reading 

was taken. Data was stored on floppy disks, reanalyzed, 

and recorded on the Bone Mineral Measures Data Sheet 

(Appendix T). 

Physical Examination and Sexual Maturation Staging 

A physical examination was conducted by a 

pediatrician and included screening for vision, 

examination of the cardiopulmonary system, spine and 

extremities, and assessment of the sexual maturation level 

based on the Tanner scale (Tanner, 1962). The physical 

examination was conducted to screen subjects for health 

problems that could affect body composition measurements 

and to measure sexual maturation development status level. 

The Medical Report form, Descriptive Data form, and Parent 

Information form were completed as part of the physical 

examination (Appendix U). 

The Tanner sexual maturation level assessment 

system for females is based on five stages of development 

of pubic hair, breast development and whether or not 
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menarche has occured. In males the system is based on 

five stages of public hair growth, penis development, and 

testicular volume. Photographs of pubic hair growth, 

breast size, and penis development depicting each of the 

five stages are used to assess stage of development. An 

ochometer that consists of beads representing various 

testicular volumes was used simultaneously with palpation 

to estimate testicular volume. Information from Tanner 

staging evaluations was used to classify subjects as 

prepubescent, pubescent, or postpubescent (Appendix V). 

Reliability 

Reliability of the BIA resistance and reactance 

measurements was assessed using a repeated measures 

design. Within day reliability was determined by 

repeating BIA measurements three times within a day for 

all subjects. These measurements were made when the 

subjects initially arrived at the laboratory (hour-O) and 

were repeated two hours after the initial measurements 

(hour-2) and again at one hour after the second 

measurements (hour-3). For densitometry and anthropometry 

within day reliability has been determined by previous 

research (Wilmore, 1969; Akers and Buskirk, 1969). 

Within day reliability of hydrometry and single photon 

absorptiometry were not assessed. 
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Between day reliability of BIA, hydrometry, 

densitometry, anthropometry, and absorptiometry 

measurements was assessed by repeating the day one 

measurement protocols for all five of these body 

composition assessment methods on a subsample of 14 

subjects in a measurement session four to five weeks after 

the initial session. Deuterium oxide levels in control 

urine samples and the biological half life of deuterium 

oxide were used to correct for residual deuterium oxide in 

the day two respiratory water samples. 

Calculation of Criterion Variables 

Three criterion variables for FFB and percent fat 

were based on equations developed from single component 

body compostion models and two criterion variables were 

based on equations developed from multiple component 

models. The single component models were based on 

skinfolds, body density, and total body water. One 

multiple component model was based on body density and 

total body water and the other multiple component model 

included body density, total body water and bone mineral 

content. The equations used to calculate each of these 

dependent variables were developed for children and youth 

and are summarized in Appendix W. 
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Data Analysis 

Descriptive statistics were used to summarize 

subject characteristics. The sample was composed of 103 

anglo female and male obese and nonobese subjects who were 

10 to 14 years old. There were missing data for two 

subjects for bone mineral values and for three subjects 

for sexual maturation developmental status values. Four 

subjects had TBW values which when expressed as a 

percentage of the FFB were out of the physiological range 

of values and their TBW data were excluded from the data 

analysis. Bone mineral content, developmental status, and 

TBW values were required to calculate percent fat for the 

criterion methods based on TBW and bone mineral content, 

so these criterion variables could not be calculated for 

the nine subjects who had missing data. Therefore, the 

data analysis involving these criterion variables was 

based on a sample size of 94. 

The statistical analyses were based on guidelines 

from Lohman (1981) and Pedhazur (1982). A significance 

level of ~ .05 was used in all statistical analyses. 

Analysis of variance with built-in comparisons was 

used to assess the within-day reliability of resistance 

and reactance measurements. Between-day reliability of 

BIA, hydrometry, densitometry, anthropometry, and 

absorptiometry was assessed by Pearson product moment 
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correlation coefficents and paired t-tests with two-tailed 

probability. comparisons of the differences in BIA 

measurements made on the right and left sides of the body 

and before and after an acetone skin wash were made using 

Pearson product moment correlation coefficients and paired 

t-tests. 

Log transformations of the independent variables 

of height and resistance and of the dependent variable FFB 

used in step-up multiple regression analysis was the 

method employed to determine if the number two was the 

best exponent to use for height to derive resistance 

index. Regression analysis was also used to investigate 

the effects of five different exponents of height in 

resistance index on the accuracy of prediction of fat free 

body measured by total body water. step-up multiple 

regression analysis was used to determine if the 

relationships between the independent variable, resistance 

index, and the dependent variables, FFB mass and percent 

body fat were linear or quadratic. 

A series of regression analyses were then used to 

assess the significance of regression coefficients, 

strength of the relationship, and accuracy of prediction 

of selected independent variables and dependent variables. 

The first series of multiple regression analyses included 

resistance index alone and combined with several other 
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independent variables, with the dependent variables TBW 

estimated from deuterium oxide dilution and FFB estimated 

by the five criterion methods. This regression analysis 

series was also conducted with the independent variables 

of resistance index plus weight with percent fat estimated 

by the five criterion methods. In addition to resistance 

index, the independent variables tested included fatness 

category, sex group, sex x fatness interaction, age, and 

maturation level. 

Next, a series of multiple regression analyses 

were used to determine the most accurate prediction 

equations that used resistance index plus anthropometric 

measures, selected on a statistical and theoretical basis, 

to predict the dependent variables of FFB mass and percent 

body fat. Another series of regression analyses was used 

to determine the best prediction equations which included 

anthropometric variables, with and without resistance 

index, for predicting FFB mass and percent body fat. 

Selected analyses were repeated within samples of sex and 

fatness categories to compare the regression equations and 

SEEs among the sample subgroups. 

Regression analysis was also used to investigate 

the strength of relationships and prediction errors of the 

independent variables of body mass index, impedance index, 

resistance index plus reactance with the dependent 



70 

variables of FFB and percent fat. Finally, regression 

analysis was used to crossvalidate equations developed 

from adult samples to predict TBW, FFB, and percent fat 

with measurements of these body composition values from 

this study. 



CHAPTER 4 

RESULTS AND DISCUSSION 

This study was designed to investigate the 

reliability and accuracy of whole body bioelectrical 

impedance analysis (BIA) for estimating body composition 

in nonobese and obese anglo children and youth. BIA 

provided measurements of resistance and reactance of the 

human body. These BIA measurements were used directly as 

independent variables or were used to derive independent 

variables for data analysis. The criterion methods were 

FFB and percent fat estimated from: (1) skinfolds, (2) 

body density, (3) total body water, (4) body density and 

total body water, (5) body density, total body water, and 

bone mineral content. The subjects were 103 anglo 

children and youths 10 to 14 years old. The sample had 

almost equal numbers of males and females and obese and 

nonobese subjects. 

The results of the study are presented in the 

following order: (1) subject characteristics, (2) 

between-days reliability of measurements for all methods 

and within-day reliability of BIA measurements, (3) 

electrode placement and acetone skin wash effects on BIA 

measurements, (4) development of resistance index, (5) 

71 
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investigation of linear and quadratic relationships 

between FFB and resistance index, (6) accuracy of TBW 

prediction from BIA, (7) comparison of percent fat 

estimated from the five criterion methods, (8) accuracy of 

FFB and percent fat prediction from BIA and anthropometry, 

(9) comparison of percent fat predicted from the Siri 

equation with percent fat predicted from the criterion 

methods, and (10) crossva1idation of equations developed 

from adults samples for prediction of TBW and FFB from 

BIA. 

Subject Characteristics 

The mean age for the total sample was 12.3 years 

with a standard deviation of 1.3 years and range of 10.2 

to 14.8 years. A summary of the ages of subjects by 

sexual maturation level, sex group, and fatness category 

is presented in Table 3. Approximately 36% of the 

subjects were postpubescent, 50% were pubescent, and the 

remainder were prepubescent. Fifty-seven percent of the 

subjects were nonobese and 43% were obese. Ages were 

similar between nonobese and obese subjects within each 

sex and maturation level. The mean difference between the 

mean ages of these groups was .7 years. 

Age, height, weight, BIA measurements, body 

density, total body water, and body mass index 

characteristics are summarized for females in Table 4 and 



Table 3. Ages of Subjects by Sexual Maturation Level, Sex 

and Two Categories of Fatness 

Prepubescent Pubescent Postpubescent 
Age (yrs) Age (yrs) Age (yrs) 

Sex n Mean ±SD n Mean ±SD n Mean ±SD 

1 
Females 

nonobese 1 12.1 20 12.1 0.6 5 13.0 1.0 
obese 2 10.4 0.1 7 11.4 0.9 11 13.4 0.8 

Males 

nonobese 8 10.8 0.5 11 11.6 0.9 13 13.8 0.8 
obese 2 11.2 0.5 13 12.0 0.9 7 13.5 1.0 

Totals 13 51 36 

1 
Missing data for sexual maturation level on one female 
nonobese and two female obese subjects. 

~ 
(.oJ 



Table 4. Characteristics of Female Subjects 

Fcmales
l ~,ollobese 1 Obesc l 

Age, yrs 

Height, cm 

Weight, kg 

Resistance, 
ohms 

Reactance, 
ohms 

Resistance Index 
(Height 2/ 
Resistance). 
ohms-em 

Body Density, 
gm/cc 

2Total Body Water, 
kg 

FFB-OW 

Body ~lass Index 
ll~eight/ 
lIeight 2 ) 

~leans 

12.3 

155.9 

50.0 

643.2 

00.2 

38.7 

1.033 

28.3 

35.9 

19.7 

±SD Range 

1.1 10.2- 14.2 

9.9 132.0-177.2 

14.0 29.9- 99.4 

76.6 458.5-835.3 

6.0 49.5- 80.5 

7.9 26.5- 56.5 

.017 .994-1.065 

6.0 19.4- 41.6 

7.4 25.3- 53.9 

3.3 13.5- 26.7 

~leans ±SD 

12.3 0.82 

154.5 9.7 

42.7 7.3 

668.4 72.5 

60.7 6.4 

36.3 6..l 

1.043 .012 

25.4 4.6 

33.9 6.0 

17.S :!.3 

1 Females total samplc In=.19). nOllohese In=27). obese (n=22) 

ltanJ!c ~leans ±SD 

10.9- 14.2 12.4 1.4 

132.6-169.5 157.7 10.2 

29.9- 59.6 60.2 15.6 

523.5-835.3 612.2 71.2 

50.0- 80.5 59.7 6.9 

26.5- 54.5 41.6 8.8 

I.OZ2-1.0h5 1.021 .IH2 

19.-\- 38.7 30.9 6.7 

25.3- 49.1 38.7 8.3 

13.5- 22.6 22.4 2.6 

, 
-Total body "ater females total sample (n=·II». nOllohcsc (n=2h). ohcsc 111=20) 

Rangc 

10.2- 14.2 

139.2-177.2 

37.4- 99.4 

458.5-743.0 

49.5- 73.5 

28.1- 56.5 

0.994-1.042 

20.9- 41.6 

26.5- 53.9 

18.0- 26.7 

.....:I 

.Do 
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for males in Table 5. The means, standard deviations, and 

ranges for age were very similar for male and female 

subjects and for obese and nonobese subjects. Hean values 

for body height, weight, density, water, and body mass 

index values were similar to those reported by other 

Investigators based on samples of subjects in the same age 

range as this study (Garn et al. 1975; Young et a1. 1968 

(I and IV); Boileau et ala 1984; Haschke 1983 (I and II); 

Heald et ala 1963; Slaughter et ala 1984). 

The female and male subjects were similar in 

height, reactance, resistance index, TBW, FFB, and body 

mass index. The females were higher than males in body 

weight and resistance and lower than males in body 

density. The nonobese and obese female subjects were 

similar in age, height and reactance. The nonobese 

females had higher values than obese females for 

resistance and body density, but lower values for weight, 

resistance index, TBW, and FFB, and body mass index. The 

male nonobese and obese subjects were similar in height, 

reactance, resistance index. The nonobese males had higher 

values than obese males for resistance and body density, 

but had lower values for weight, TBW, and FFB, and body 

mass index. 



Means 

Age, yrs 12.3 

lIeight, em 153. 1 

Weight, kg 47.5 

2 

Resistance, 
ohms 612.7 

Reactance, 
ohms 59.0 

Resistance Index 
(Height2/ 
Resistance), 
ohms-em 39.5 

Body Density, 
gm/cc 1.043 

Total Body 
Water, kg 28.2 

FFB-DW 36.6 

Body ~Iass Index 
lWeight/ 
HeightZ) 19.8 

Table 5. Characteristics of Male Subjects 

~la1cs1 Nonobese l Obese l 

:!:SD Range ~Ieans :!:SD Range ~Ieans :!:SD 

1.4 10.3- 14.8 12.3 1.5 10.3- 14.7 12.~ 1.2 

11.1 132.3-175.1 152.6 12.6 132.3-175.1 153.9 8.7 

12.9 27.2- 96.2 41.6 9.9 27.2- 67.4 56.2 12.1 

79.5 445.0-802.3 626.4 83.5 445.0-802.3 592.8 70.4 

7.4 40.5- 77.3 60.3 7.0 47.3- 77.3 57.2 7.9 

9.8 26.1- 62.2 38.6 10.6 26.1- 62.2 40.9 8.5 

.020 1.000-1.081 1.056 .011 1.029-1.081 1.024 .013 

6.2 18.4- 45.0 27.5 7.1 18.~- 45.0 29.2 4.6 

7.8 23.0- 56.9 35.7 8.S 23.8- 56.9 3S.0 5.S 

3.5 15.0- 29.2 17.6 2.1 15.0- 23.1 23.1 2.6 

IMales total sample (n=54), nonobesc (n=32), obese (n=22) 
., 
~Tota1 body water males total snr.1p1e (n=5:';), nono/lesc In=321. obese (n=21) 

Range 

10.5- 14.8 

137.2-168.4 

39.8- 96.2 

465.0-739.0 

40.5- 72.3 

27.1- 56.9 

1. 000-1. 055 

20.8- 38.3 

27.4- 47.9 

19.5- 29.2; 

...,J 
~ 
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These results indicated that overall, girls were 

fatter than boys even though the two groups were similar 

in height. As expected, these results also showed that 

the subjects classified as obese on the basis of skinfolds 

were fatter than those classified as nonobese. 

Radius and ulna bone mineral content, width, and 

index values are reported for females in Table 6 and for 

males in Table 7. Compared to mean bone mineral values 

for children computed using bone data from both the right 

and left sides combined (Lohman et al. 1984) the mean bone 

mineral content for this sample was similar for the radius 

and slightly lower for the ulna. 

Female subjects had sllghtly lower values for 

radius and ulna bone mineral content and width than males, 

but slightly higher radius and ulna bone mineral index 

values. The nonobese female subjects had slightly lower 

bone mineral content, width, and index values than the 

female obese subjects. The nonobese male subjects had 

slightly lower radius bone mineral content and width than 

obese males, but similar radius index values. The 

nonobese male subjects had slightly higher ulna bone 

mineral content, width, and index values than obese males. 

These results lndicated that overall, the nonobese 

subjects had slightly lower bone mineral values compared 

to the obese. 



Table 6. Radius and Ulna Bone Mineral Content, Width 

and Index for Female Subjects 

1 
., 3 All Females i-Jonobese - Obese 

Mean ±SD Range :-'Iean ±SD Range ~Iean ±SD Range 

Radius, 
g/cm 0.644 0.118 0.475-0.928 0.613 0.090 0.475-0.810 0.634 0.139 0.505-0.928 

Radius 
lvidth, 
cm 1.133 0.120 0.959-1.400 1.113 0.106 0.959-1.366 1.158 0.133 0.959-1. 400 

Radius, 
g/cm2 0.567 0.067 0.425-0.685 0.549 0.050 0.445-0.655 0.589 0.080 0.425-0.685 

Ulna, 
g/cm 0.505 0.111 o. ::59-0.741 0.476 0.098 0.259-0.702 0.505 0.119 0.259-0.741 

Ulna 
l'lidth, 
cm 1.115 0.134 0.809-1. 605 1.lJ!J 7 0.lZ5 0.809-1. 332 1.115 0.144 0.809-1. 60S 

Ulna, ? 

g/cm- 0.451 0.075 0.310-0.593 0.432 0.061 0.319-0.551 0.451 0.854 0.310-0.593 

1A11 Females radius (n=46), ulna (n=48) 
? ....:J 
-i-Jonobese radius Cn=26) , ulna (n=26) CD 

30bese radius (n=20), ulna (n=Z::) 



Table 7. Radius and Ulna Bone Mineral Content, Width, 

and Index for Male Subjects 

Radius, 
g/cm 

Radius 
width, 
cm 

Radius, 
") 

g/cm-

Ulna, 
g/cm 

Radius 
\vidth, 
cm 

Ulna, 
") 

g/cm-

1 
All Females 

~Iean ±SD 

0.648 b.125 

1.183 0.117 

0.544 0.064-

0.510 0.111 

1.1:-0 0.158 

0.433 0.057 

Range 

0.396-1.017 

0.988-1.495 

0.401-0.680 

0.337-0.840 

o . 9 29 - 1. 903 

0.314-0.551 

IA11 Females radius (n=S4), ulna (n=S:) 
.., 
-~onobese radius (n=32), ulna (n=31) 

30bese radius (n=':::2), ulna Cn=2l) 

., 
~onobcse- Obese.) 

i-Iean ±SD Range ~Iean ±SD 

0.646 0.141 0.396-1.0li 0.650 0.101 

1.175 0.124 0.988-1.495 1.194 0.106 

0.545 0.071 o. -WI-D. 680 0.543 0.054 

0.524 0.128 0.337-0.840 0.489 0.078 

1.191 0.186 0.968-1.903 1.140 0.098 

0.437 0.063 0.314-0.55l 0.428 0.048 

Range 

0.505-0.879 

1.018-1.426 

0.453-0.648 

0.377-0.643 

o .929 -1. 297 

0.352-0.526 

....J 
ID 
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Anthropometric characteristics (skinfolds, 

circumferences, and skeletal widths) are summarized for 

females in Table 8 and for males in Table 9. The female 

subjects compared to the male subjects had either slightly 

higher or similar values for skinfolds, circumferences, 

and skeletal width measurements compared to the males. As 

expected, the female and male nonobese, compared 

respectively to the female and male obese subjects, had 

lower skinfolds and circumference values, but only 

slightly lower skeletal width values. 

Reliability 

To estimate between-day measurement reliability, 

repeated measurements were made four to five weeks apart 

on a subsample of 14 subjects for height, weight, BIA, 

body density, TBW, bone mineral content, bone width, and 

bone mineral index, and anthropometric measurements of 

skinfolds, circumferences, and skeletal widths. The 

reproducibility of the measurements was analyzed 

statistically using Pearson product moment correlations 

and paired t-tests. 

Means, standard deviations, correlation 

coefficients, and paired t-ratios between the values 

obtained on the first and second day of measurements for 

height, weight, BIA measurements, body density, total body 

water, bone mineral content, width and index are reported 
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Table 8. Anthropometric Characteristics of Female 

Subjects 

1 2 3 
All Females Nonobese Obese 

Mean ±.SD Range Mean ±.SD Range Hean ±.SD Range 

Skinfolds, mm 
Triceps 16.1 6.5 6.2- 33.5 11.4 2.6 6.2-16.9 22.0 4.7 15.8- 33.5 
Subscapular 10.7 5.7 4.6- 31. 3 7.3 2.4 4.6-13.0 14 .8 5.9 7.9- 31. 3 
Suprail1ac, 

waist 15.9 8.1 3.8- 37.3 11.3 4.3 6.1-21.4 21.5 8.2 3.8- 37.3 
Suprail1ac, 

anterior 11.4 6.6 4.3- 30.6 7.2 2.8 4.3-15.0 16.6 6.2 7.9- 30.6 
Abdomen 18.1 8.6 5.9- 48.3 12.8 4.8 5.9-25.9 24 .6 7.8 10.9- 48.3 
Thigh 23.0 9.6 8.7- 50.0 16.6 4.4 8.7-23.4 30.9 8.1 19.9- 50.0 
Hedial Calf 17.1 8.0 6.7- 37.5 12.1 3.8 6.7-22.1 23.2 7.5 12.9- 37.5 

Circumferences, cm 
Upper arm, 

relaxed 25.8 3.9 18.2- 36.2 22.2 2.2 18.2-27.1 27.9 3.3 23.1- 36.2 
Upper arm, 

con- 25.8 3.9 19.6- 38.3 23.3 2.0 19.6-28.2 28.8 3.5 24.0- 38.3 
tracted 

Forearm 23.1 2.5 19.4- 31.1 21.8 1.5 19.4-25.3 24.7 2.5 21.1- 31.1 
Chest 79.6 8.8 65.5-106.8 74.9 5.5 65.5-90.7 85.3 8.6 69.4-106.8 
Abdomen 67.0 9.4 52.8- 96.2 61.2 4.8 52.8-73.4 74 .0 8.8 57.0- 96.2 
Hip 76.9 11.5 60.5-115.0 70.7 6.8 60.5-89.9 84.4 11.6 66.8-115.0 
Mldthigh 46.5 6.5 35.5- 64.5 42.6 4.1 35.5-51. 5 51. 4 5.5 41. 7- 64.5 
Calf 32.8 4.0 25.7- 43.3 30.6 2.6 25.7-36.7 35.4 3.9 30.3- 43.3 

Skeletal Widths, em 
Shoulder 32.1 3.0 26.2- 38.9 31.1 2.4 26.2-36.3 33.4 3.0 28.8- 38.9 
Chest 22.2 2.9 16.8- 31.6 20.9 1.9 16.8-24.6 23.7 3.1 18.6- 31.6 
Forearm 

length 24.2 1.8 20.1- 27.3 23.9 1.9 20.1-27.0 24.6 1.7 20.1- 27.3 
Elbow 5.9 0.5 4.5- 6.7 5.8 0.4 4.5- 6.6 6.1 0.4 5.1- 6.7 
Wrist 4.8 0.4 4.1- 5.5 4.7 0.3 4.3- 5.5 4.8 0.4 4.1- 5.4 
Knee 8.4 0.5 7.4- 9.5 8.3 0.5 7.4- 9.2 8.6 0.5 7.7- 9.5 
Hip 23.9 3.1 18.4- 32.7 22.6 2.2 18.4-27.5 25.5 3.1 19.3- 32.7 
Ankle 6.4 0.5 5.7- 7.9 6.3 0.5 5.7- 7.7 6.6 0.5 5.7- 7.9 

1 
All females (n=49) 

2 
Nonobese (n=27) 

3 
Obese (n=22) 
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Table 9. Anthropometric Characteristics of Hale Subjects 

1 2 3 
1\11 Hales Nonobese Obese 

Mean 19D Range Mean !.9D Range Mean !.SD Rangp. 

Sklnfolds, mm 
Tr iceps 13.9 6.8 4.9-34.4 9.2 2.9 4.9-15.7 20.8 4.7 13.3- 34.4 
Suhscapular 10.1 7.2 4.2-36.8 5.8 1.3 4.2-10.2 16.3 7.7 7.0- 36.B 
Supralllac, 

Waist 16.0 9.4 4.9-34.9 9.2 3.B 4.9-21.2 25.8 5.4 12.3- 34.9 
Supra lIlac, 

J\nterior 11. 3 B.O 3.4-34.6 5.7 2.2 3.4-11.0 19.4 6.0 10.7- 34.6 
Abdomen 15.5 10.2 3.9-34.1 B.1 4.1 3.9-19.B 26.2 5.7 17.9- 34 .1 
ThIgh 17.6 B.3 2.3-37.9 11.9 4.0 2.3-23.2 25.7 5.7 17.3- 37.9 
Medial Calf 14.0 7.1 4.3-30.5 9.3 3.9 4.3-20.0 20.8 4.6 13.0- 30.5 

CIrcumferences, cm 
Uppp.r arm, 

relaxed 24.4 4.0 18.5-37.7 22.1 2.B 1B.5-29.5 27.6 3.1 23.3- 37.7 
Upper arm, 

con·· 25.7 3.8 19.2-37.7 23.7 2.9 19.2-31.2 28.6 2.9 24.5- 37.7 
tracted 

Forearm 23.2 2.5 IB.8- 29.B 22.1 2.2 IB.B-26.B 24.9 2.0 21.. 9- 29.B 
Chest 78.6 9.4 61.5-115.2 74.0 7.0 61. 5-B9 .9 B5.3 B.5 76.8-115.2 
Abclomen 69.7 10.4 54.6-105.2 63.4 5.B 54.6-79.4 78.7 9.0 64.9-105.2 
Hlp 73.3 11.1 53.8-114.5 67.0 6.6 53.8-86.3 82.5 9.8 69.B-114.5 
Midthigh 44.8 5.7 35.7- 62.8 41. 7 4.1 35.7-51.2 49.3 4.8 42.9- 62.B 
Calf 31. 7 3.5 25.7- 39.6 29.8 2.6 25.7-37.0 34.4 2.7 31. 0- 39.6 

Skeletal Widths, cm 
Shoulder 31.7 3.0 24.8- 38.5 31. 3 3.4 25.0-38.5 32.3 2.4 24.B- 37.4 
Chest 22.4 2.5 16.B- 28.6 21.5 2.5 16.B-27.4 23.7 1.8 20.4- 28.6 
Foreilrm 24.2 2.0 20.5- 28.5 24.0 2.2 20.5-2B.5 24.7 1.6 21.9- 2B.3 
Length 

Elbow 6.1 0.6 4.4- 7.4 6.0 0.5 5.2- 7.4 6.2 0.6 4.4- 7.0 
Wrist 4.9 0.5 4.2- 6.0 4.8 0.4 4.2- 5.B 5.1 0.4 4.4- 6.0 
Knee B.8 0.5 7.7- 9.8 B.6 0.5 7.7- 9.7 9.0 0.5 B.O- 9.B 
Hlp 23.0 2.5 16.2- 30.5 22.2 2.5 16.2-27.1 24.2 2.2 20.5- 30.5 
Ankle 6.8 0.4 6.0- 7.5 6.7 0.4 6.2- 7.4 6.9 0.4 6.2- 7.S 

1 
1\11 Males (n=54) 

2 
Nonobese (n==32) 

3 
Obese (n=22) 
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in Table 10. The same set of between-day reliability 

analyses for anthropometric measurements are presented in 

Table 11. 

The correlations between the first and second day 

measurements were very high (.96 to .999) for height, 

weight, resistance, impedance, resistance index, radius 

bone mineral content and index. The between-day 

correlations were also high (.82 to .92) for reactance, 

body density, TBW, radius bone width, ulna bone mineral 

content and index. The between-day correlation was .76 

for ulna bone width. The between-day correlations for 

skinfolds, circumferences, and skeletal widths were very 

high (.96 to .99) for 13 measurement sites and were high 

(.89 to .95) for the remaining 10 measurement sites. The 

high correlations, except for ulna bone width, indicated 

that values for all of these measurements except for ulna 

bone width were stable between the two days they were 

measured. The standard error of measurement for between

day resistance values was 11.6 ohms. 

The mean differences between the first and second 

day measurements were small and statistically significant 

for resistance, reactance, impedance, resistance index, 

and circumferences of the upper arm contracted, hip, and 

midthigh; and skeletal widths of the shoulder, chest, 

wrist, and hip. It is not uncommon for small mean 



Table 10. 
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Means and Standard Deviations of Age, Height, 
Weight, Bioelectrical Impedance Analysis, 
Body Density, Total Body Water, and Bone 
Mineral for a Subsample of Subjects on Two 
Different Days with Between-Day Correlation 
Coefficients and Paired T-Tests 

Day 1 Day 2 

Var iable Hean ±.SD Hean ±.SD r t 

Height, cm (n=14) 
Weight, kg (n=14) 
Resistance, ohms (n=14 ) 
Reactance, ohms (n=14) 
Impedance (n=14 ) 

2 
Height /Resistance, 

ohms-cm (n=14) 
1 

Body Density, 
gm/cc (n"'14 ) 
Body Densi ty, 
gm/cc(n"'13) 

2 
Totiil Body 

Water, kg (n=10) 

Bone Hineral 
3 

(n=13 ) 
Radius, g/cm 
Radius Width, cm 
Radius 2Index, 

g/cm 
Ulna, g/cm 

4 
(n=12) 
Ulna width, em 

Ulna Index, 

*p 5.. .05 
1 

g/cm2 

150.9 
44.0 

653.0 
61.0 

665.9 

36.0 

1.0412 

1. 0398 

23.9 

0.597 
1.104 

0.536 

0.470 
1. 054 

0.453 

13.3 150.9 12.7 .99 -.07 
11.8 44.2 11. 4 .99 -.89 
82.6 666.1 77.6 .98 -3.25* 
6.6 63.6 7.2 .84 -2.48* 

82.8 669.2 77.7 .98 -3.26* 

10.4 35.2 9.7 .996 2.64* 

0.02 1.0410 0.02 .82 .07 

0.02 1.0420 0.02 .92 -1. 00 

4.6 24.2 3.8 .88 -.34 

0.151 0.599 0.147 .97 -.16 
0.144 1. 082 0.143 .86 1.01 

0.079 0.547 0.066 .96 -1.70 

0.124 0.435 0.178 .82 1. 20 
0.129 1.022 0.104 .76 1. 29 

0.084 0.4573 0.090 .92 -.48 

1 to Day 2 for one Large difference In underwater weights from Day 
subject was probably due to measurement error. 
analysis is reported with and without data from 

Body density reliability 
thIs subject. 

2 

3 

Total body water data was missing for 1 subject on DiiY 1. 3 subjects 
had nonphysiological values « 65\ or ) 83\) of estimated percent water 
of fat free body and were excluded from the reliability analysis. 

Data analysis based on n=13 due to missing bone mineral data for one subject. 
4 
Data analysis based on n=12 due to missing ulna bone width data for one subject 



85 

Table 11. Means and Standard Deviations of Selected 
Skinfolds, Circumferences, and Skeletal 
Widths for a Subsample of Subjects on Two 
Different Days with Between-Day Correlation 
Coefficients and Paired T-Tests 

Day 1 Day 2 

Variable Hean ±.SD Hean ±.SD r t 

Skinfolds, mrn 
(n=14 ) 
Triceps 15.4 7.1 14.5 5.3 .90 .96 
Subscapular 10.4 6.6 10.4 6.5 .98 -.09 
Suprailiac, waist 15.1 8.7 15.8 7.8 .95 -.86 
Supra iliac, 

anterior 11.0 7.5 11.0 7.1 .98 -.02 
Abdomen 17.0 12.1 15.2 8.8 .96 1. 47 
Thigh 20.6 9.5 20.0 7.7 .96 .68 
Hedial Calf 14.6 8.0 13.3 7.4 .94 1. 70 

Circumferences, cm 
(n=14 ) 
Upper arm, 

relaxed 23.2 3.1 23.7 3.1 .96 -2.07 
Upper arm, 

contracted 24.2 3.1 24.7 2.9 .96 -2.52* 
Forearm 22.0 2.3 22.2 2.5 .97 -1. 55 
Chest 76.2 9.3 76.6 9.3 .99 -1.31 
Abdomen 65.0 8.5 65.8 8.0 .98 -1.63 
Hlp (n=13) 69.9 7.9 70.3 8.5 .95 -0.59 
Hldthlgh 44.1 5.3 43.1 5.0 .97 2.80* 
Calf 30.9 3.4 31.4 3.3 .98 -2.68* 

Skeletal Widths, cm 
(n = 14) 
Shoulder 31.5 3.7 33.0 3.1 .93 -3.81* 
Chest 21.6 3.2 22.5 2.3 .89 -2.15* 
Forearm length 23.6 2.1 24.0 1.9 .92 -1.57 
Elbow 5.7 0.5 5.8 0.5 .97 -1.31 
Wrist 4.6 0.4 4.8 0.3 .92 -4.69* 
Knee 8.4 0.6 8.4 0.6 .97 -1. 73 
Hlp 23.3 3.5 24.2 2.7 .89 -2.15* 
Ankle 6.4 0.5 6.4 0.5 .95 -1. 86 

* P ~ .05 



differences to be significant when the technical 

measurement error within subjects between-days is very 

small. 
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within-day repeated measurements over a three-hour 

period were obtained for resistance and reactance 

determined by BIA. The reproducibility of the 

measurements was analyzed statistically using repeated 

measures analysis of variance with built-in comparisons. 

The results of this analysis indicated there were 

small and significant increases in the mean resistance 

values between hour-O and hour-2 and between hour-2 and 

hour-3 (Table 12). The mean increase between hour-O and 

hour-2 was 8.2 ohms and between hour-2 and hour-3 was 2.6 

ohms. The standard error of measurement for resistance 

across the three trials was 7.2 ohms. The directions of 

changes of resistance values across the three-hours varied 

somewhat from subject to subject. A summarization of the 

directions and magnitudes of within-day changes of 

resistance measurements over a three hour period are 

presented in Table 13. 

Reactance measurements increased slightly across 

the three-hour period. The average magnitude of increase 

between hour-O and hour-2 was 1.6 ohms and between hour-2 

and hour-3 was .8 ohm. The results of the analysis of 

variance of within-day reactance measurements with built-
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Table 12. Analysis of Variance of Resistance 

Measurements Across Three Trials 

Source df ss rna f 

1 
Trial 2 6528.37 3264.18 61.64* 

Within 204 10802.46 52.95 

*p 5.. .05 
1 

Two built-in comparisons were included in the 
analysis. The first comparison was between hour-2 and 
hour-3 (t = -3.19*). The second comparison was between 
hour-O and hour-2 (t = -9.33*). The mean resistance 
values and standard deviations at each hour across the 
3 trials were: Hour-O = 617.7 + 77.7, Hour-2 = 625.9 
~ 79.1, Hour-3 ~ 628.5 ~ 79.6. 
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Table 13. Directions of Changes in Resistance 

Measurements Over a Three-Hour Period 

1 
Directions of Changes 

Hean 
change Number of 

Subjects Hour-O to 2 (ohms) Hour-2 to 3 

33 + 15.1 + 

22 

24 

10 

8 

5 

1 

+ 

o 

+ 

o 

16.4 

3.0 

10.0 

10.4 

0.1 

9.0 

Overall mean direction of changes were: 
Hour-O to 2 = + (X Change 8.2) 
Hour-2 to 3 = + (~Change 2.6) 

o 

+ 

o 

+ 

o 

+ = Increase (criteria: Hean change ~ 8.0 ohms) 

= Decrease (criteria: Hean change ~ 8.0 ohms) 

o = No change (criteria: Hean change ~ 4.0 ohms) 

Hean 
change 
(ohms) 

8.4 

8.5 

3.6 

11.6 

0.4 

10.8 

1.0 
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in comparisons of hour-O with hour-2 and hour-2 with hour-

3 are reported in Table 14. The small increases in the 

mean reactance values between hour-O and hour-2 and 

between hour-2 and hour-3 were significant. 

The small change between the mean hour-2 and hour-

3 values compared to hour-O mean value indicated that the 

hour-2 and hour-3 values were more stable and probably 

closer to the true values for each subject. Therefore, 

the mean of hour-2 and hour-3 mean resistance and 

reactance values was used for data analysis. 

Electrode Placement and Acetone Skin 

Wash Effects on BrA Measurements 

A comparison of BrA measurements using electrode 

placement on the right side of the body with electrode 

placement on the left side of the body was made at hour-2 

using Pearson product moment correlations and paired t

tests. Means, standard deviations, correlation 

coefficients, and paired t-ratios for resistance, 

reactance, impedance, and resistance index measurements 

made on the right and left sides of the body are presented 

in Table 15. The correlation coefficients between the 

right and left sides of the body were .93 for resistance, 

impedance, and resistance index and .89 for reactance. 

The resistance and impedance measurements made on the 

right side of the body were lower than when made on the 
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Table 14. Analysis of Variance of Reactance Measurements 

Source 

1 
Trial 

Within 

*p ~ .05 
1 

Across Three Trials 

df ss mm 

2 323.64 161.82 

204 1124.02 5.51 

Two built-in comparisons were included in the 

f 

29.37* 

analysis. The first comparison was between hour-2 and 
hour-3 (t = -2.31*). The second comparison was between 
hour-O and hour-2 (t = -7.47*). The mean reactance 
values at each hour across the 3 trials were: Hour-O 
= 57.6 ~ 6.8, Hour-2 = 59.2 ~ 6.8, Hour-3 = 60.0 ~ 7.9. 
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Table 15. Comparison of Effects of Electrode Placement 
and Acetone Skin Wash on Resistance, 
Reactance, Impedance, and Resistance Index 
in a Subsample of Subjects 

Right Side Left Side 

Variable Hean ±.SD Hean ±.SD r t 

(n=73) 

Resistance 636.2 68.2 645.0 78.3 .93 -2.52-

Reactance 60.2 6.5 60.5 6.7 .89 - .88 

Impedance 638.8 68.3 647.6 78.2 .93 -2.53-

Resistance 
Index 37.5 7.7 37.1 8.2 .93 .99 

No Acetone Acetone 

(n=64) Hean ±.SD Hean ±.SD r t 

Resistance 639.0 73.1 640.0 74 .0 .999 -1.93 

Reactance 61.8 7.3 61.5 7.3 .95 1.02 

Impedance 641. 7 73.2 642.7 74.1 .999 -1.89 

Resistance 
Index 36.91 8.2 36.85 8.2 .999 2.17-

- p ~ .05 
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left side of the body. The mean differences between the 

right and left side measurements of 8.8 ohms for both 

resistance and impedance were significant. The mean 

differences between the left and right sides of .3 ohm 

for reactance and .4 ohm for resistance index were not 

significant. These differences mean that there were small 

systematic differences in measured BIA values which 

resulted in lower values when measurements were made on 

the right side of the body. 

Lukaski et al. (1985) reported a seven ohm lower 

mean resistance value with electrode placement on the 

right side of the body compared to the same electrode 

placement on the left side of the body in an adult male 

sample. Lukaski et al. (1985) also demonstrated a very 

small .7 ohm difference in reactance measurements between 

the right and left sides of the body in the same adult 

sample. 

Pearson product moment correlation coefficients 

and paired t-tests were used to analyze the effects of 

acetone skin wash on BIA measurements. Means, standard 

deviations, correlation coefficients, and paired t-ratios 

for resistance, reactance, impedance, and resistance index 

measurements made before and after the skin areas under 

the BIA electrodes were washed with acetone are reported 

in Table 15. The correlations between the resistance, 
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reactance, impedance, and resistance index values taken at 

hour-3 before and after the skin areas were washed with 

acetone were very high and ranged from .95 to .999. The 

mean values for all four BIA measures before and after the 

acetone wash were almost i.dentical. The difference 

between resistance index values before and after the 

acetone skin wash was extremely small, .06 ohm-cm or .1%, 

and statistically significant. These results indicated 

that acetone skin wash had no effect on BIA values. 

Development of Resistance Index for Children and Youth 

Hoffer et al. (1969), Nyboer (1970), Lukaski et 

ala (1985 and 1986), and Segal et al. (1985) reported that 

in adult samples when resistance, reactance, impedance, or 

resistance index were used to predict FFB or TBW the 

highest correlations were found for resistance index. 

Regression analyses were used to determine if the height 

exponent of 2.0 used to compute the adult resistance index 

would be the best exponent for height to use to compute 

resistance index for children and youth. 

A multiple regression analysis of the log of 

height and log of resistance as independent variables with 

the log of the five criterion estimators of FFB was 

conducted to determine the relationship among these 

variables. The results of these analyses are repo~ted in 

Table 16. These analyses indicated that the regression 



Table 16. Multiple Regression Analysis of Log of Fat 
Free Body with Log of Height and Log of 
Resistance 

Regression Coefficients 

1 
Dependent Log Log Adjusted 
Variables Height Resistance R R2 SEE Intercept 

Log FFB-S 

Log FFB-D 

Log FFB-W 

Log FFB-DW 

Log FFB-DWB 

(n=94) 

*p ~ .05 
1 

1.966* 

1.830* 

2.038* 

1.970* 

1.950* 

-.714* .95 .90 

-.777* .92 .84 

-.854* .95 .90 

-.782* .95 .90 

-.771* .94 .89 

FFB-S = Fat free body mass estimated from skinfolds 

.028 

.035 

.030 

.028 

.029 

FFB-D = Fat free body mass estimated from body density 
FFB-W = Fat free body mass estimated from total body water 
FFB-DW = Fat free body mass estimated from body density and 

total body water 
FFB-DWB = Fat free body mass estImated from body densIty, total 

body water, and bone mineral content 

-3.82 

- .272 

- .500 

- .566 

- .547 

IoD 
~ 
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coefficents for the five criterion estimators ranged from 
2 

1.830 to 2.038, the adjusted R from .84 to .95, and the 

SEEs from .028 to .035 across the five FFB estimation 

criterion methods. These analyses indicated that an 

exponent of 2.0 was the appropriate exponent for height in 

resistance index for this sample. 

Regression analyses were also conducted using FFB 

estimated from TBW as the dependent variable with five 

different independent variables that were resistance 

indexes computed by raising height to the powers of 1.0, 

1.8, 2.0, 2.2, or 3.0. The results of these analyses are 

reported in Table 17. The exponent 1.0 had the lowest 
2 

adjusted R (.81) and largest SEE (3.62) of the exponents 

tested. The exponents of 1.8 to 3.0 resulted in very 
2 

similar adjusted R values ranging from from .88 to .89 

and SEEs of 2.82 to 2.94. These analyses indicated that a 

resistance index computed using height raised to a power 

anywhere between 1.8 to 3.0 would have equally good 

prediction accuracy for FFB measured from TBW using the 

deuterium oxide dilution technique. 

Investigation of Linear and Quadratic Relationships 

Between Predicted FFB and Resistance Index 

Multiple regression analyses were conducted using 
2 

resistance index and resistance index as independent 

variables and FFB estimated by TBW and by a combination of 



Independent 
Variables 

HT/RESIS 
1.8 

HT /RESIS 
2.0 

HT /RESIS 
2.2 

HT /RESIS 
3.0 

HT /RESIS 

(n=94) 

*p ~.05 
1 

1 

Table 17. Regression Analysis of Fat Free Body 
Estimated from Total Body Water 

FFB-W 

180.321* 

2.64* 

.916* 

.318* 

.005* 

with Height Taken to Five Different 
Powers and Divided by Resistance 

Adjusted 
R R2 SEE Intercept 

.90 .81 3.62 -7.00 

.94 .88 2.94 0.74 

.94 .88 2.87 2.53 

.94 .89 2.82 4.22 

.94 .89 2.82 9.94 

HT = Standing height (cm), RESIS = resistance (ohms) 

U) 

0"1 



body density and TBW as dependent variables. These 
2 

analyses indicated that resistance index was not a 
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significant independent variable for predicting FFB when 

combined with resistance index (Table 18). These analyses 

demonstrated that a linear relationship between resistance 

index and TBW or FFB was characteristic of the 

relationship under study. 

Prediction of TBW from BlA 

step-up multiple regression analyses were used to 

investigate the relationship between the dependent 

variable TBW estimated from deuterium oxide dilution and 

the following independent variables: (1) resistance index 

alone, (2) resistance index plus fatness group (nonobese 

or obese), sex (male or female), sex x fatness 

interaction, age in years, and two built-in sexual 

maturation level comparisons. One built-in sexual 

maturation variable compared prepubescent and 

postpubescent developmental levels and the other sexual 

maturation variable compared the pubescent level with the 

mean of prepubescent and postpubescent developmental 

levels. The results of these analyses are reported in 

Table 19. 
2 

The adjusted R for resistance index alone was .88 

and for all other independent variables was .89. The SEEs 

were approximately 2.0 kg. These correlation coefficients 



Dependent 
Variables 

FFB-W 

FFB-DW 

(n=94) 

*p ~ .05 

Table 18. Multiple Regression Analysis of Fat Free 

Body with Resistance Index and Resistance 
2 

Index 

--
Regression Coefficients 

Resistance Resistance Adjusted 
Index Index2 R R2 SEE Intercept 

1.314* -.0048 .94 .88 2.85 -5.31 

1.261* -.0052 .94 .89 2.55 -4.03 

I.D 
0) 
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Table 19. Multiple Regression Analysis of Total Body 
Water Estimated by Deuterium Oxide Dilution 
with Resistance Index, Age, and Five 
Categorical Variables 

De-
pendent 
Variable 

TBW 
(kg) 

(n=94) 

*p 5.. .05 
1 

Resis-
tance 
Index 

.653-

.644-

.651-

.650-

.600* 

.606* 

Regression Coefficients 

sex3 

Fat-1 X 

Sex 2 
Fat-

HATL" HATt! ness ness Age 

-.590-

-.575- -.438-

-.608- -.484- .257 

-.668* -.443- .271 .451 

-.621- -.465* .126 -.432 .287 

Fatness built-in comparison compared obese and nonobese. 
2 

Sex built-in comparison compared males and females. 
3 

Ad-
jus ted 

R R2 SEE 

.93 .88 2.09 

.94 .89 2.02 

.95 .89 1. 98 

.95 .89 1. 98 

.95 .89 1.96 

.95 .89 1. 95 

Sex X Fatness Is the built-In comparison of sex X fatness Interaction. 
4 

Inter-
cept 

2.96 

3.40 

J.21 

3.26 

-.37 

5.01 

HATL built-in comparison compared prepubescent and postpubescent subjects. 
5 

HATO built-in comparison compared pubescent subjects with the average 
of the prepubescent and postpubescent subjects. 
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and SEEs were almost identical to those reported for an 
2 

adult sample by Lukaski et al. (1985) of r = .95 (R =.90) 
2 

and SEE (2.09 1); the adjusted R was similar and the SEE 

smaller than the correlation and the SEE Nyboer (1970) 
2 

reported (r = .93 ,R = .86, SEE = 3.43 1) for an adult 

sample. 

The SEEs for TBW prediction for this sample were 

similar to those of Lukaski et al. (1985). When the SEEs 

were expressed as a percentage of the TBW, the SEE for 

this sample was 7.0% of TBW weight and for Lukaski and 

associates the SEE was 4.1% of TBW. These differences in 

the SEEs expressed as a percentage of the TBW weight are 

due to the large differences between mean TBW values for 

the children in this sample (28.3 1) and in the adult 

sample (50.6 1) of Lukaski et ale (1985). For Nyboer's 

adult sample, the SEEs were 3.43 1 and 2.81 1. As 

percentages of the TBW weight, they were 8.4% and 6.9% 

respectively. These higher percentages for the Nyboer 

study, compared to both the Lukaski study and the present 

study, reflect both larger SEEs and smaller mean TBW 

volumes. 

The only variables with significant regression 

coefficients in these analyses were resistance index, 

fatness category, and sex group. Significant coefficients 

for these variables mean that for a given amount of TBW, 
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the TBW values will be systematically higher at a given 

resistance index for a subject depending on the fatness 

category or sex group to which he or she belongs. The 

variables of sex x fatness, age, and built-in sexual 

maturation compa~isons were not significant indicating 

that the interaction of sex x fatness, age, or sexual 

maturation would not systematically affect prediction of 

TBW at a given TBW level. 

Comparison of Percent Fat Estimated Qy 

the Five Criterion Methods 

FFB and percent body fat were dependent variables 

estimated for the sample subjects by equations developed 

~or children and youth based on five different body 

composition prediction methods (Boileau et ale 1985; 

Lohman et ale 1985; Lohman, 1986). These five prediction 

methods utilized: (1) skinfolds, (2) body density, (3) TBW 

(4) body density and TBW, (5) body density, TBW, and bone 

mineral content. The equations used to estimate percent 

fat from these methods for all five criterion variables 

are reported in Appendix W. 

The means, standard deviations, and the 

correlation coefficients among the five criterion methods 

for estimating percent fat for the total sample are 

presented in Table 20. The range of mean percent fat 

estimates from the five criterion methods was 18.6 to 



1 
%Fat 

Criterion 

Table 20. Means, Standard Deviations, and 
Intercorrelations Among the Five 
Criterion Methods of Estimating Percent 
Body Fat for the Total Sample 

%Fat 
Total Sample 

Correlation Coefficients 

Method Mean +SD tFat-DW %Fat-D tFat-W tFat-DWB 

%FAT-DW 

%FAT-D 

%FAT-W 

%FAT-DWB 

%FAT-S 

(n=94) 
1 

21.8 

21.2 

19.1 

20.3 

18.6 

8.30 

8.89 .919 

8.94 .967 .794 

8.59 .998 .940 .950 

7.91 .896 .823 .863 

%FAT-DW = %Fat estimated from body density and total body water 
tFAT-D = tFat estimated from body density 
tFAT-W = tFat estimated from total body water 

.887 

%FAT-DWB = %Fat estimated from body density, total body water, and bone 
mineral content 

%FAT-S = %Fat estimated from skinfolds t-A 
o 
N 
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21.8%. The %FAT-S mean was lowest at 18.6% and %FAT-DW 

was highest at 21.8%. The smallest standard deviations 

were found for %FAT-S, %FAT-DW, and %FAT-DWB. Inter

method correlation coefficients ranged from .79 to .998. 

The correlation coefficients were highest among the 

multiple component models. These higher correlations are 

expected because of the common variables used to calculate 

the multicomponent models. 

Prediction Accuracy for FFB and Percent 

Body Fat using BIA, BIA 

Plus Anthropometry, and Anthropometry Alone 

The accuracy of prediction of FFB and percent fat 

from resistance index and resistance index combined with 

other independent variables was investigated in five 

phases. In the first phase the accuracy of prediction for 

FFB from resistance index and percent fat from resistance 

index and weight were investIgated using regression 

analyses for the total sample. Then multiple regression 

analyses were used to determine the effects of sex group 

(male or female), fatness category (nonobese or obese), 

and the interaction of sex x fatness on the prediction of 

FFB and percent fat for the entire sample. In step two, 

age was added as an independent variable. This step was 

followed by removing age as an independent variable and 

adding sexual maturation variables. 
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The second phase of analyses used multiple 

regression to identify anthropometric variables that, 

combined with resistance index, had significant regression 

coefficients and contributed to improving the prediction 

accuracy of FFB and percent fat. 

The third phase determined the effects on 

prediction accuracy for FFB and percent fat when the 

independent variables resistance index, anthropometric 

measurements identified in phase two, sex group, fatness 

category, and sex x fatness interaction were all used. 

The results from analyses in this phase were used to 

develop the best prediction equations for FFB and percent 

fat that included resistance index and anthropometric 

variables. 

The fourth phase investigated which anthropometric 

measurements would most accurately predict FFB and percent 

fat and which anthropometric measurements combined with 

resistance index would result in the most accurate 

prediction of FFB and percent fat. The results were used 

to develop the best prediction equations for FFB and 

percent fat that included only anthropometric variables 

and anthropometric variables plus resistance index. 

The fifth and final phase investigated the 

accuracy of prediction of FFB and percent fat from body 

mass index, impedance index, and resistance index plus 
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reactance. The results were then compared with the 

prediction accuracy obtained using these independent 

variables with that obtained for FFB predicted from 

resistance index, for percent fat predicted from 

resistance index and weight, and for prediction accuracy 

obtained from the three best fitting equations developed 

for this sample that included resistance index combined 

with significant anthropometric measurements and 

reactance; anthropometry alone; and anthropometry combined 

with resistance index. 

Phase One-Prediction of Percent Fat from Resistance Index 

and Weight and FFB from Resistance Index 

In phase one regression analyses were used to 

investigate the relationship between percent fat estimated 

by each of the five criterion methods and resistance index 

plus body weight for the total sample (Table 21). 

Regression coefficients for the independent variables 

resistance index and weight were similar and significant 
2 

for all five dependent variables. The adjusted R ranged 

from .66 to .82 and SEEs ranged from 3.90 to 5.45%. The 
2 

largest adjusted R and smallest SEE were found for the 

relationship of the two independent variables and percent 

fat estimated from skinfolds (%FAT-S). The second largest 
2 

adjusted R and next smallest SEE were for the 

relationship of the two independent variables and percent 



Table 21. Regression Analysis of Percent Body Fat with 

Resistance Index and Weight 

Regression 
Coefficients 

1,2 
Dependent Resistance Adjusted 
Var iables 

\FAT-S 

%FAT-D 

\FAT-W 

%FAT-DW 

\FAT-OWB 

* p ~ .05 
1 

Index Weight 

-.975* .975* 

-.856* .891* 

-1.257* 1. 083* 

-1.106* 1.042* 

-1.115* 1.071* 

\Fat-S = \Fat estimated from skinfolds 

R 

.91 

.82 

.84 

.87 

.86 

tFat-D = tFat estimated from body density 
\Fat-W = \Fat estimated from total body water 

R2 

.82 

.66 

.70 

.74 

.73 

SEE 

3.90 

5.45 

4.85 

4.21 

4.46 

\Fat-OW = \Fat estimated from body density and total body water 
\Fat-OWB = \Fat estimated from body density, total water and 

bone mineral content 
2 

\Fat-s, t Fat-D (n=103)i \ Fat-W, \ Fat-OW, t Fat-DWB (n=94) 

Intercept 

10.06 

12.03 

16.34 

15.16 

12.69 

.... 
o 
0'1 



fat estimated from body density and TBW (tFAT-DW). The 
2 

adjusted R for the relationship of the two independent 
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variables and estimated percent fat from density, TBW, and 

bone mineral content (tFAT-DWB) was similar to that of 

tFAT-DW but the SEE was slightly larger. Prediction 

accuracy for percent fat was similar among the criterion 

variables but the highest prediction accuracy was found 

for tFAT-DW. 

Regression analyses were also used to investigate 

the relationship between FFB estimated by each of the five 

criterion methods and resistance index alone (Table 22). 

Resistance index regression coefficients were significant 
2 

for all five dependent variables. The adjusted R was .88 

for resistance index and all dependent variables, except 

FFB estimated from body density (FFB-D), which had an 
2 

adjusted R of .84. SEEs ranged from 3.11 kg for FFB-D to 

2.78 kg for FFB-S. The SEE for FFB-D and FFB estimated 

from TBW (FFB-W) was 2.58 kg and for FFB estimated by body 

density, TBW, and bone mineral content (FFB-DWB) was 2.66 

kg. These results indicated that prediction accuracy for 

FFB was similar among the criterion variables but that 

prediction accuracy was highest for FFB-OW. 



Table 22. Regression Analysis of Fat Free Body 

Dependent 
Variables 

FFB-S 

FFB-D 

FFB-W 

FFB-DW 

FFB-DWB 

*p i .05 
1 

1,2 

Regression 
Coefficients 

Resistance 
Index 

.831* 

.807* 

.916* 

.832* 

.836* 

with Resistance Index 

Adjusted 
R R2 

.94 .88 

.92 .84 

.94 .88 

.94 .88 

.94 .88 

FFB-S = Fat free body mass estimated from skinfolds 

SEE 

2.78 

3.11 

2.87 

2.58 

2.66 

FFB-D = Fat free body mass estimated from body density 
FFB-W = Fat free body mass estimated from total body water 

Intercept 

5.96 

5.69 

2.53 

4.43 

4.91 

FFB-DW = Fat free body mass estimated from body density and total body 
water 

2 

FFB-DWB = Fat free body mass estimated from body density, total body 
water, and bone mineral content 

FFB-S, FFB-D (n=103}j FFB-W, FFB-DW, FFB-DWB, (n=94) 
I-' 
o 
CXI 
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Phase Two - Prediction of Percent Fat from Resistance 

Index, Weight, Sex, Fatness, Sex x Fatness, Age, and 

Sexual Maturation Variables 

Phase two consisted of a series of multiple 

regression analyses to investigate the relationship 

between percent fat estimated from each of the five 

criterion methods and resistance index plus weight and 

several other independent variables. The results of this 

analysis series for the total sample are presented in 

Table 23. 

The first analysis of this series included the 

independent variables resistance index and weight plus 

sex, fatness category, and sex x fatness interaction. 

This analysis showed that four of the five independent 

variables (resistance index, weight, fatness, and sex x 

fatness) had significant regression coefficients. The 
2 

adjusted R and SEEs were similar. The highest adjusted 
2 

R =.87 and smallest SEE (3.33% fat) were found for percent 

fat estimated from skinfolds (%FAT-S). Percent fat 

estimated from body density and TBW (%FAT-DW) had the next 
2 

highest adjusted R =.80 and SEE (3.68% fat) and these were 

closely followed by percent fat estimated from body 

density, TBW, and bone mineral content (%FAT-DWB) which 
2 

had an adjusted R =.79 and SEE (3.95% fat). 
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Table 23. Multiple Regression of Percent Body Fat with 

Resistance Index, Weight, Age, and Five 

Categorical Variables 

Regression Coefficients 

'FAT-OW 

Bex5 

Resis- X Ad-
Fat-4 oependen~·2tance Weight 

Be; 
Fat-

HATL6 7 jUst~d Inter-
Variables Index (kg) ness ness Age HATQ R R SEE cept 

'\FAT-S -.705* .715* -.513 -2.749* -.947* 
\FAT-O -.565* .613* -.601 -2.930* -1.042* 
'FAT-W -.891* .697* -.217 -3.172* -1. 334* 
\FAT-OW -.776* .693* -.160 -2.905* -1.125* 
'FAT-OWB -.780* .716* -.177 -2.943* -1.139* 

\FAT-S -.661* .721* -.526 -2.641* -.982* -.468 
'FAT-O -.551* .615* -.606 -2.896* -1.053* -1. 480 
\FAT-W -.760* .720* -.316 -2.860* -1.371* -1.400* 
'FAT-OW -.660* .713* -.246 -2.630* -1.158* -1.233* 
\FAT-OWB -.659* .738* -.268 -2.655* -1.173* -1. 292* 

'FAT-S -.707* .716* -.500 -2.745* -.924* -.104 
\FAT-O 
'\FAT-W 
\FAT-OW 
'FAT-OWB 

*p ~ .05 
1 

-.527* .628* 
-.830* .743* 
-.738* .724* 
-.736* .751* 

-.564 -2.828* -.845 
-.180 -2.893* -.955* 
-.109 -2.711* -.829* 
-.131 -2.729* -.825 

\FAT-S = \Fat estimated from skinfolds 
\FAT-O = \Fat estimated from body density 
\FAT-W = 'Fat estimated from total body water 

.504 

.908 

.446 

.565 

.93 .87 

.85 .71 

.88 .77 

.90 .80 

.89 .79 

.94 .87 

.85 .71 

.89 .78 

.91 .82 

.90 .80 

-.546 .93 .86 
-.437 .85 .71 
-.809*.89 .78 
-.643*.91 .81 
-.678*.90 .80 

'FAT-OW = \Fat estimated from body density and total body water 
'FAT-OWB = \Fat estimated from body density, total body water, and 

2 

3 

bone mineral content 

\FAT-S, \FAT-O (n=103); \Fat-w, \Fat-OW, \Fat-OWB (n=94) 
missing data for developmental status (n=3), bone mineral (n=2), and 
total body water (n=4) reduced the number of subjects from 103 to 94 
for three dependent variables 

Sex built-in comparison compared males and females 
4 
Fatness built-in comparison compared obese and nonobese 

5 
Sex X Fatness is the built-in comparison of sex x fatness interaction 

6 

3.33 
5.02 
4.29 
3.68 
3.95 

3.32 
5.04 
4.17 
3.56 
3.84 

3.36 
5.03 
4.18 
3.61 
3.88 

HATL built-in comparison compared prepubescent and postpubescent subjects 
7 

HATQ built-in comparison compared pubescent subjects with the 
average of the prepubescent and postpubescent subjects 

12.68 
14.80 
21.14 
19.56 
17.15 

16.44 
15.98 
32.14 
29.25 
27.30 

12.69 
12.43 
16.31 
16.30 
13.51 
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In the next analysis, age was added as an 

independent variable (Table 23). The regression 

coefficients for resistance index, weight, fatness, and 

sex x fatness were significant for all five criterion 

variables; age was significant only for percent fat 

estimated by TBW (\FAT-W), \FAT-OW, and \FAT-OWB. As in 
2 

the previous analysis adjusted R and SEEs were similar 
2 

and \FAT-S had the highest adjusted R =.87 and the lowest 

SEE (3.32\ fat) followed by \FAT-OW with .82 and 3.56\ fat 

and %FAT-OWB with .80 and 3.84% fat. 

In the last analysis of the series, age was 

removed as an independent variable and the two different 

built-in comparisons for sexual maturity were added to the 

independent variables. The results of this analysis are 

presented in Table 23. Regression coefficients were 

significant for resistance index, weight, fatness, sex x 

fatness for all five criterion variables. Only the sexual 

maturation built-in comparison of pubescent with the mean 

of prepubescent and postpubescent subjects was significant 

for \FAT-O, %FAT-OW, and \FAT-OWB. Once again the 
2 

adjusted R and SEEs were similar. The pattern of the 
2 

highest adjusted R and lowest SEE seen in the previous 

two analyses was also seen in this analysis. The adjusted 
2 

R and SEE were .86 and 3.36% fat for %FAT-S, .81 and 

3.61% fat for %FAT-OW, and .80 and 3.88% fat for %FAT-DWB. 
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Phase Two - Prediction of FFB from Resistance Index, Sex, 

Fatness, Sex x Fatness, Age, and Sexual Maturation 

Variables 

The phase two results of the series of multiple 

regression analyses used to investigate the relationship 

between FFB estimated from each of the five criterion 

methods and resistance index plus several other 

independent variables are presented in Table 24. The 

first analysis of this series included resistance index 

plus fatness, sex, and sex x fatness; regression 

coefficients for three of the five independent variables 

(resistance index, fatness and sex) were significant for 

all five dependent variables. The exception was sex for 
2 

FFB-W. The adjusted R and SEEs were similar. The 
2 

highest adjusted R =.90 and smallest SEE (2.41 kg) were 

found for FFB estimated from density and water (FFB-DW). 

FFB estimated from body density, TBW, and bone mineral 
2 

content (FFB-DWB) had the next highest adjusted R =.69 and 

SEE (2.51 kg). 

In the next analysis in the series, age was added 

as an independent variable. The results (Table 24) showed 

that the regression coefficients for resistance index and 

fatness were significant for each of the five criterion 

variables; sex was significant only for FFB-S , and age 

was significant only for FFB-W, FFB-DW, and FFB-DWB. The 
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Table 24. Multiple Regression Analysis of Fat Free Body 

with Resistance Index, Age, and Five 

Categorical Variables 

Regression Coefficients 

FFB-DW 

Resis- Sex X
5 

Dependent 1,2 J ance Fat-
Sex4 

Fat-
HATL 6 HAT07 

Adjuited 
Variables Index ness ness Age R R SEE 

FFB-S .808* .989* -.539* .257 .95 
FFB-D .781*-1.146* -.485- .202 .93 
FFB-W .910* -.794- -.565 .409 .95 
FFB-DW .826* -.825* -.564- .311 .95 
FFB-DWB .831* -.826- -.564* .310 .95 

FFB-S .791--1.014* -.532- .269 .15 .95 
FFB-D .768*-1.166- -.479 .211 .128 .93 
FFB-W .827- -.894- -.495* .432 .751* .95 
FFB-DW .754- -.912- -.504- .311 .652- .95 
FFB-DWB .756- -.917- -.502 .331 .678* .95 

FFB-S .786- -.995* -.531- .208 -.302 .106 .95 
FFB-D .719--1.160* -.472 .042 -.750 .354 .94 
FFB-W .817- -.820- -.503 .173 -1. 040 .505- .95 
FFB-DW .754- -.845- -.519* .119 -.794 .411- .95 
FFB-DWB .754* -.848- -.515 .111 -.856 .427* .95 

*p ~ .05 
1 

FFB-S = Fat free body mass estimated from skinfolds 
FFB-D = Fat free body mass estimated from body density 
FFB-W = Fat free body mass estimated from total body water 

.89 2.58 

.86 2.90 

.89 2.76 

.90 2.42 

.89 2.51 

.89 2.59 

.86 2.91 

.90 2.69 

.90 2.37 

.90 2.47 

.89 2.59 

.87 2.87 

.90 2.63 

.90 2.35 

.90 2.43 

FFB-DW = Fat free body mass estimated body density and total body water 
FFB-DWB = Fat free body mass estimated from body density, total body 

2 
water, and bone mineral content 

FFB-S, FFB-D (n=103); FFB-W, FFB-DW, FFB-OWB (n=94) 
Hissing data for developmental status (n=3), bone mineral (n=2), 
and total body water (n=4) reduced the number of subjects from 
103 to 94 for three dependent variables. 

3 
Fatness built-in comparison compared obese and nonobese. 

4 
Sex built-in comparison compared males and females. 

5 
Sex x fatness is the built-in comparison of sex x fatness interaction. 

6 

7 

HATL built-in comparison compared prepubescent and 
postpubescent subjects. 

MATO built-in comparison compared pubescent subjects with the 
average of the prepubescent and post pubescent subjects. 

Inter-
cept 

6.98 
6.87 
2.88 
4.86 
5.35 

5.71 
5.83 

-3.07 
-0.37 
-0.95 

7.85 
9.32 
6.59 
7.72 
8.37 
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2 
adjusted R and SEEs were similar. FFB-DW had one of the 

2 
highest adjusted R of .90 and the lowest SEE of 2.37 kg 

2 
and was followed by FFB-DWB with the same adjusted R 

value of .90 and a slightly larger SEE of 2.47 kg. 

In the last analysis of the series age was removed 

as an independent variable and the two built-in sexual 

maturity comparisons were added as independent variables. 

The results are presented in Table 24 and showed that 

regression coefficients were significant for resistance 

index and fatness for all five criterion variables. Sex 

was only significant for FFB-S and FFB-DW. The regression 

coefficients for the sexual maturity built-in comparison 

of pubescent with the mean of prepubescent and 

postpubescent groups were significant for FFB-W, FFB-DW, 

FFB-DWB. 

The significant regression coefficients for the 

sexual maturity built-in comparison indicated that 

adjustments for predicted FFB-DW based on the 

developmental status of the subject are needed. The 

adjustment for prepubescent subjects was -.383 kg, for 

pubescent -.822 kg, and for postpubescent 1.205 kg. These 

adjustments are calculated using the regression 

coefficients and the dummy variable coding for sexual 

matuity level. The calculations for these adjustments are 

reported in Appendix Y. 
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2 
The adjusted R and SEEs were similar among the 

five FFB criterion variables. The pattern of the highest 
2 

adjusted R and lowest SEE seen in the previous two 
2 

analyses was also seen here. The adjusted R and SEE were 

respectively .90 and 2.35 kg for FFB-DWand .90 and 2.43 

kg for FFB-DWB. 

Phase Two - Regression Analyses Results Summary 

The significant regression coefficients identified 

for weight, fatness category, sex x fatness, age, and 

sexual maturity level indicated that some aspect of body 

composition, such as body volume or body size, reflected 

by these variables affects the relationship between 

resistance index and percent fat or FFB estimated by the 

different criterion methods. 

The criterion methods of \FAT-W, \FAT-D, \FAT-DW, 

and \FAT-DWB predict percent fat based only on primary 

indirect laboratory body composition assessment methods. 

Skinfolds are a secondary indirect method of estimating 

percent fat because primary indirect body composition 

estimation methods such as body density, TBW, and bone 

mineral are used to develop the equations used to predict 

\FAT-S. \FAT-S prediction equations are then used in a 

secondary step to estimate percent body fat. 

The four primary indirect laboratory criterion 

methods were chosen at this step as the basis for 
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selection of the criterion variables with the highest 

prediction accuracy for percent ·fat and FFB to be used in 

the remainder of the analyses in phase three. The phase 

two series of regression analyses indicated that the 

criterion variable %FAT-S had the highest correlations and 

lowest SEEs when predicted from the selected independent 

variables. The next highest correlation and lowest SEE 

were ~ound for %FAT-DW, a primary indirect criterion 

variable. The dependent variable %FAT-S appeared to be 

the best criterion estimator of body fat for this sample, 

but because it was a secondary indirect percent fat 

estimation method it was not selected as the criterion 

variable. For the dependent variable FFB, the highest 

correlations and lowest SEEs were found for the primary 

indirect criterion variables of FFB-DWand FFB-DWB with 

FFB-DW having slightly lower SEEs. 

Theoretically, the multiple component model based 

on the combination of density, TBW, and bone should 

provide the most accurate prediction of FFB or percent fat 

followed by the combination of density and TBW, and then 

the models based only on body density or TBW (Lohman 

1986). The results of these analyses basically supported 

this theory. The two multiple component models had lower 

SEEs than the models based on only body density or TBW. 

However, between the two multiple component models, FFB-DW 



and %FAT-DW had slightly lower SEEs than FFB-DWB and 

%FAT-DWB. 
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FFB-DW and %FAT-DW were selected as the criterion 

variables for the rest of the data analysis. These 

criterion variables were selected because of the 

theoretical support for improved prediction accuracy with 

multiple method body composition models and the results of 

all of the previous regression analyses that indicated 

that there were relatively high inter-method correlations 

and similar predicted percent fat and FFB results among 

all the criterion variables. Finally, the phase two 

analyses also indicated that %FAT-DW and FFB-DW had the 

lowest SEEs and therefore the highest prediction accuracy 

of the primary indirect criterion methods. 

Phase Three - Development of Prediction Equations for FFB 

and Percent Fat from Resistance Index and Anthropometric 

Variables Identified on a Statistical and Theoretical 

Basis 

In phase three, two approaches, statistical and 

theoretical, were used to identify significant 

anthropometric measurements that contributed to improved 

prediction accuracy for percent fat or FFB when combined 

respectively with resistance index plus weight and 

resistance index alone in multiple regression analyses. 

The statistical approach used multiple regression analyses 
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to identify which anthropometric measurements of body 

circumferences, skeletal widths, or skeletal lengths when 

combined with resistance index and weight would improve 

the prediction accuracy of percent fat and when combined 

with resistance index alone would improve the prediction 

accuracy for FFB. In the theoretical approach, 

anthropometric variables that theoretically represented 

estimators of body resistivity and volume were selected 

and evaluated using multiple regression analyses to 

determine which variables when combined with resistance 

index and weight would improve the prediction accuracy for 

percent fat and when combined with resistance index would 

improve the prediction accuracy for FFB. 

statistical Approach to FFB Prediction Equation 

Development. The results of the multiple regression 

analyses for step one of the statistical approach which 

used FFB-DW as the dependent variable and that identified 

anthropometric independent variables that had significant 

regression coefficents are summarized in Table 25. 

Significant regression coefficients were found for 

resistance index, the abdomen and chest circumferences, 

hip skeletal width and forearm length. 

In step 2, these four anthropometric measurements 

were combined with five other independent variables: 

resistance index, fatness, sex, sex x fatness, and the sum 



Table 25. Regression Analysis of Fat Free Body 
Estimated from Body Density and Total 
Body Water with Resistance Index and 
Circumferences, Skeletal Widths, and 
Lengths 

Regression Coefficients 

FFB-DW 
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Independent 
Variables Circumferences Skeletal Widths Lengths 

(n=94) 
Resistance Index 

Circumferences: 
Forearm 
Upper Arm Contracted 
Calf 
Hldthlgh 
Abdomen 
Chest 

(n=94) 
Resistance Index 

Skeletal Widths: 
Wrist 
Elbow 
Knee 
Ankle 
Hlp 
Shoulder 

(n=93) 
Resistance Index 

Lengths: 
Forearm Length 
Leg Length 

2 
Adjusted R 
SEE 
Intercept 

* p ~ .05 

.657-

-.176 
-.263 

.248 

.103 
-.151-

.409* 

.92 
2.11 

-12.47 

.736* 

-.009 
-.951 

.900 

.650 

.609* 

.095 

.92 
2.15 

-6.69 

.733* 

.646* 
-.027 

.89 
2.50 

-6.31 
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of tricep, abdomen, and thigh skinfolds. These nine 

independent variables were used in a multiple regression 

analysis with the dependent variable FFB-DW (Table 26). 

The results of this analysis showed that 

resistance index, hip skeletal width, forearm length, and 

chest circumference had significant coefficients. These 

results indicated that when resistance index was combined 

with key anthropometric variables the independent 

variables fatness, sex, and sex x fatness no longer had 

significant regression coefficients and only coefficients 

for resistance index, chest circumference, hip skeletal 

width, and forearm length were significant. It appeared 

that these three anthropometric variables more adequately 

represented the same aspects of body composition 

variability as fatness, sex, and sex x fatness and 

therefore, these three categorical variables were no 

longer significant for predicting FFB-DW. 

In the third step, resistance index, chest 

circumference, hip skeletal width, forearm length, and 

reactance were used in a multiple regression analysis to 

investigate which of these variables had significant 

regression coefficients (Table 27). The results indicated 

that resistance index, chest circumference, hip skeletal 

width, and reactance had significant coefficients for the 

total sample and for males. Significant coefficients for 
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Table 26. Regression Analysis of Fat Free Body 
Estimated from Body Density and Total Body 
Water with Resistance Index and Three 
Categorical Variables, Sum of Three 
Skinfolds, and Four Significant 
Anthropometric Variables 

Independent Variables 

Resistance Index 

Sex x Fatness 

Fatness 

Sex 

Hip, Skeletal Width 

Forearm Length 
1 

Sum of 3 Skinfolds 

Chest Circumference 

Abdomen Circumference 

2 
Adjusted R 

SEE 

Intercept 

(n=93) 

* p oS. .05 
1 

Regression Coefficients 

FFB-DW 

Total Sample 

.364 

.092 

-.040 

.358* 

-.008 

.367* 

-.134 

.94 

1. 89 

-22.62 

Sum of 3 skinfolds = triceps + abdomen + thigh 
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Table 27. Regression Analysis of Fat Free Body Estimated 
from Body Density and Total Body Water with 
Resistance Index, Three Slgnlflcant 
Anthropometric Variables, and Reactance 

Independent 
VarIables 

Reslstance 
Index 

Chest 
Ch:cumference 

Hlps, Skeletal 
Width 

Forearm Length 

Reactance 

R 
2 

Adjusted R 

SEE 

Intercept 

*p ~ .05 

Total 
Sample 
(n=93) 

.673* 

RegressIon CoeffIcIents 

Hales 
(n=53) 

.711* 

FFB-DW 

Hales Hales 
Nonobese Obese 

(n=32) (n=2l) 

.699* .648* 

Females 
Females Nonobese 

(n=40) (n=24) 

.614* .550* 

Females 
Obese 

(n=16) 

.640* 

.156* .114* .130 .187 .239* .238* .291 

.487* .380* .243 .586 .513* .347 .850 

.195 .243 .300 .319 .259 .542 -.154 

.121* .171* .108* .235* .043 -.027 .163 

.97 .98 .99 .96 .96 .97 .96 

.94 .96 .98 .90 .92 .92 .88 

1.86 1.55 1.27 1.89 2.11 1.68 2.81 

-24.81 -24.91 -20.02 -39.14 -26.24 -22.46 -37.35 
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nonobese and obese male subjects were found for resistance 

index and reactance. The significant coefficients for 

females were resistance index, chest circumference, and 

hip skeletal width. For nonobese female subjects 

significant coefficients were found for resistance index 

and chest circumference and for female obese subjects only 

resistance index had a significant coefficient. 

For the total sample in this analysis the adjusted 
2 

R =.94 and the SEE was 1.86 kg. Males had a slightly 
2 

higher adjusted R =.96 and lower SEE (1.55 kg) while the 
2 

females had a slightly lower adjusted R =.92 and a larger 
2 

SEE (2.11 kg). The highest adjusted R =.98 and lowest SEE 

(1.27 kg) were found for the males nonobese while the male 
2 

obese had an adjusted R =.90 and a SEE (1.89) which was 

almost equal to that of the total sample. Female nonobese 
2 

subjects had an adjusted R =.92 and a SEE (1.68 kg) close 

to that for the males. Female obese subjects had the 
2 

lowest R and the largest SEE (2.81 kg). The prediction 

accuracy for FFB-DW from these independent variables in 

decreasing order was male nonobese, males, female 

nonobese, total sample, male obese, females, and female 

obese. The larger prediction error for the female obese 

subjects, relative to the other groups of subjects, may 
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have been due to the large residual value (2.5 standard 

deviations below the mean) for one subject and a small 

group size of 16. 

In the fourth and final step of this statistical 

approach, the four independent variables from the last 

step were used in a step-up multiple regression analysis 

to determine which variables had significant coefficients 

(Table 28). This analysis produced the final prediction 

equation for FFB-DW which included resistance index, chest 

circumference, hip width, and reactance. Reactance was 

added as an independent variable because Lukaski et ale 

(1986) identified that reactance added to a prediction 

equation for FFB including resistance index and body mass 

led to an increase in prediction accuracy. 
2 

The adjusted R increased and the SEE decreased 

after each independent variable was entered into the 

analysis. The final equation for the total sample had an 
2 

adjusted R =.94 and a SEE of 1.88 kg. As in the previous 

step of this series of analyses, compared to the total 
2 

sample, the adjusted R was higher and the SEE lower for 
2 

males and the adjusted R 

females. 

was lower and the SEE higher for 
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Table 28. Regression Analysis of Fat Free Body 
Estimated from Body Density and Total 
Body Water with Resistance Index, Two 
Significant Anthropometric Variables, 
and Reactance 

Independent 
Var iables 

Resistance 
Index 

Chest 
Circumference 

Hips, Skeletal 
Width 

Reactance 

2 
Adjusted R 

SEE 

Regression Coefficients 

FFB-DW 

Total sample Hales 
Cn = 94) Cn = 53) 

.675* .652* .713* .669* .669* .752* 

.249* .155* .150* .186* .112* .112* 

.494* .493* .369* .419* 

.121* .178* 

.92 .93 .94 .94 .95 .96 

2.20 2.00 1.88 1.89 1. 81 1.55 

Females 
Cn = 41) 

.767* .669* 

.292* .230* 

.492* 

.90 .92 

2.29 2.12 

.693* 

.224* 

.484* 

.045* 

.92 

2.13 

Intercept -8.93 -12.20 -21.41 -4.16 -6.79 -21.76 -15.32-18.38-21.38 

*p ~ .05 
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Theoretical Approach to Percent Fat Prediction 

Equation Development. In the theorectical approach in 

phase three for identifying key anthropometric variables 

to combine with resistance index to obtain the highest 

prediction accuracy for FFB-DW, six anthropometric 

variables were identified as independent variables which 

theoretically would be good estimators of body resistivity 

and body volume. These independent variables were forearm 

length, leg length, chest circumference, abdomen 

circumference, calf circumference, and hip width. These 

independent variables were combined with resistance index 

and used in a multiple regression analysis to predict FFB

DW (Table 29). 

For the total sample, resistance index, hip 

skeletal width, chest and abdomen circumferences had 

significant regression coefficients. In the next step, 

these four independent variables were combined with sex, 

fatness, and sex x fatness in a multiple regression 

analysis and the results showed that only resistance 

index, hip skeletal width, and chest circumference had 

significant coefficients (Table 29). These were the same 

anthropometric independent variables identified as 

significant at step three in the statistical approach used 

to identify which anthropometric variables combined with 



Table 29. 

Independent 
Variables 
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Regression Analysis of Fat Free Body Estimated 
from Body Density and Total Body Water with 
Resistance Index and Three Significant 
Anthropometric Variables; and with Resistance 
Index, Three Categorical Variables, and Three 
Significant Anthropometric Variables 

1 
Total 
Sample 

Regression Coefficients 

FFS-DW 

2 
Independent 

Variables 

3 
Total 
Sample 

Resistance Index .626* Resistance Index .613* 

Hip, Skeletal Width 

Chest, Circumference 

Abdomen, Circumference 

2 
Adjusted R 

SEE 

Intercept 

*p ~.05 
1 

(n=93) 
2 

.508* Sex x Fatness 

.338* Fatness 

-.161* Sex 

Hip, Skeletal Width 

Chest, Circumference 

Abdomen, Circumference 

.94 

1.91 

-14.86 

is the built-in comparison of sex x fatness 

.309 

.188 

.028 

.484* 

.352* 

-.141 

.94 

1. 92 

-16.32 

Sex X fatness 
interaction. 
Sex built-in 

Fatness built-in comparison compared obese and nonobese. 
comparison compared males and females. 

3 
(n=94) 



resistance index were significant and provided the 

most accurate prediction of FFB-DW. 
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Best FFB Prediction Equation Including Resistance 

Index Plus AnthroO-ometric Variables. Both approaches, 

statistical and theoretical, identified the same 

anthropometric variables (chest circumference and hip 

skeletal width) which, when combined with resistance 

index, had significant regression coefficients. These two 

anthropometric variables were used to develop the best 

prediction equation for FFB-DW which also included 

resistance index and reactance. The anthropometric 

variables included in this equation indicate that the 

trunk is an important addition to resistance index for 

predicting FFB-DW. The addition of reactance to this 

equation also led to a small improvement in prediction 

accuracy as it did in the multiple regression equation 

reported by Lukaski et al. (1986). 

The final best prediction equation for FFB-DW for 

the total sample was: 

FFB-DW = .713 (resistance index) + .150 <chest 

circumference) + .493 (hip skeletal width) 

+ .121 (reactance) - 21.41 
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statistical Approach to Percent Fat Prediction 

Equation Development. In phase three the same statistical 

and theoretical approaches and procedures used to identify 

significant anthropometric measurements for inclusion in 

the best equation for predicting FFB-DW were also used to 

develop the best equation for predicting %FAT-DW. The 

results for step one, which used %FAT-DW as the dependent 

variable and identified anthropometric independent 

variables that had significant regression coefflcents are 

summarized in Table 30. Significant coefficients were 

found for resistance index, weight, upper arm contracted 

and abdomen circumferences. 

In step two, these two anthropometric measurements 

were combined with six other independent variables: 

resistance index, weight, fatness, sex, sex x fatness, and 

the sum of three skinfolds (triceps, abdomen, and thigh). 

These eight independent variables were used in a 

regression analysis with the dependent variable %FAT-DW. 

The results of this analysis indicated that resistance 

index, sum of three skinfolds, and chest circumference had 

significant coefficients (Table 31). When resistance 

index was combined with key anthropometric variables the 

effects of fatness, sex, and sex x fatness were no longer 

significant. It appears that the anthropometric variables 

were better representatives of the same aspects of body 



Table 30. 

Independent 
Variables 

Resistance Index 
Weight 

Circumferences: 
Forearm 
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Regression Analysis of Percent Fat Estimated 
from Body Density and Total Body water with 
Resistance Index and Circumferences, 
Skeletal Widths, and Lengths 

Regression Coefficients 

\FAT-DW 

Circumferences Skeletal Widths Lengths 

-.929* 
.486* 

-.593 
Upper Arm Contracted 1.269* 
Calf 
Midthigh 
Abdomen 
Chest 

Resistance Index 
Weight 

Skeletal Widths: 
Wrist 
Elbow 
Knee 
Ankle 
Hip 
Shoulder 

1 
(n=93) 
Resistance 
Weight 

Lengths: 
Forearm 
Leg 

Adjusted R 
SEE 
Intercept 

(n=94) 

*p ~ .05 
1 

2 

Index 

.345 

.162 

.283* 
-.206 

-1.223* 
1.137* 

1.153 
2.723 
-.091 

-1. 415 
-.549 
-.011 

.80 .75 
3.71 4.16 

-5.22 16.54 

n=93 due to missing data on forearm length for 1 subject 

-1. 030 
1.042* 

-.313 
-.040 

.74 
4.22 

21.36 
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Table 31. Regression Analysis of Percent Fat Estimated 
from Body Density and Total Body Water with 
Resistance Index, Three Categorical Variables, 
Sum of Three Skinfolds, and Three Significant 
Anthropometric Variables 

1,2 
Independent 
Variables 

Resistance Index 

Sex X Fatness 

Fatness 

Sex 

Sum of 3 Skinfolds 

Abdomen, Circumference 

Regression Coefficients 

, FAT-DW 

Total 
Sample 

- .410* 

-.487 

-.600 

-.867 

.177* 

.276* 

Upper Arm contracted, Circumference .371 

Weight 

2 
Adjusted R 

SEE 

Intercept 

(n=94) 

*p ~ .05 
1 

.092 

.85 

3.18 

-3.26 

Sex X Fatness is the built-in comparison of sex x fatness interaction. 
Fatness built-in comparison compared obese and nonobese. 
Sex built-in comparison compared males and females. 

2 
Sum of 3 skinfolds = triceps + abdomen + thigh. 
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composition as sex, fatness category and sex x fatness and 

therefore these three variables were no longer significant 

variables for the prediction of \FAT-DW. 

In the third and final step, resistance index, 

abdomen circumference, and sum of three skinfolds, and 

reactance were used in a multiple regression analysis to 

investigate which of these variables had significant 

regression coefficients (Table 32). The results of this 

analysis indicated that for the total sample, males, 

females, and female nonobese subjects the independent 

variables of resistance index, abdomen circumference, and 

Bum of three sklnfolds had significant coefficients. For 

male nonobese subjects resistance index and sum of three 

skinfolds had significant coefficients and for male obese 

subjects none of the independent variables had significant 

coefficients. For female obese subjects only the sum of 

three skinfolds had a significant coefficient. 

Theoretical Approach to Percent Fat Prediction 

Equation Development. In the theoretical approach in 

phase three, six anthropometric variables (forearm length, 

leg length, chest circumference, abdomen circumference, 

calf circumference, and hip width) were identified as 

independent variables which might be good estimators of 

body resistivity and body volume. These variables were 

combined with resistance index and weight in multiple 



1 
Independent 
Variables 

Resistance 
Index 

Abdomen, 
Circumference 

Sum of 3 
Skinfolds 

R 

Adjusted R,2 

SEE 

Intercept 

*p 2 .05 

Table 32. 

Tot:!.l 
(n=94) 

..,--* -. -..);)" 

.252* 

.231* 

.9': 

.35 

3.26 

-.0-1-1 

Regression Analysis for Estimating Percent Fat 
from Body Density and Total Body Water with 
Resistance Index, Abdomen Circumference, and 
Sum of Three Skinfolds 

Males 
(n=53) 

-.22-1* 

.276* 

.2S3* 

.9-1 

.38 

3.17 

-2.33 

Regression Coefficients 

g.;F.\T -ow 

!-Jales
Nonobese 

(n=3:) 

-.233* 

.271 

.32-1* 

.3-1 

.67 

2.7-1 

-3.-13 

~Jales

Obese 
(n=-2l) 

-.209 

.313 

.175 

.70 

..+0 

3.34 

1.17 

Females 
(n=-Il) 

-.351" 

.478* 

.192* 

.90 

.79 

3.18 

-5.02 

Females-., 
Nonobese 

(n=2-1 ) 

-..l47* 

.709* 

.150* 

., ;) 

.49 

3.18 

-13.98 

Females
Obese 
(n=I;) 

-.203 

.228 

.229* 

.79 

.54 

3.34 

-1.53 

ISum 0 f 3 skinfo Ids Tri,;~ps'" Abdomen ... TI1igh 
., 
-React:mce I,as a signiiic:lnt independent ,-,ariable only for the female nonobese and increased 

the adjust~d R2 by .12 anti Jecr::ased t!,e SEE by .39. 

...... 
w 
w 



regression analysis to predict %FAT-OW. The results 

indicated that resistance index, weight, abdomen 

circumference, and calf circumference had significant 

coefficients (Table 33). 
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In the next step, these four independent variables 

were combined with sex, fatness, and sex x fatness, and 

sum of three skinfolds in a regression analysis; only 

resistance index, sum of three skinfolds, and abdomen 

circumference had significant coefficients (Table 33). 

These were the same independent anthropometric variables 

identified as significant at step three in the statistical 

approach used to identify which anthropometric variables 

combined with resistance index would improve the 

prediction of %FAT-DW. 

Best Percent Fat Prediction Equation Including 

Resistance Index Plus Anthropometric Variables. This 

series of multiple regression analyses produced the final 

prediction equation for the total sample for %FAT-OW and 

included resistance index, sum of three skinfolds, and 

abdomen circumference. The anthropometric variables in 

this equation indicated that the trunk was an important 

variable in addition to resistance index for predicting 

%FAT-OW. 



135 

Table 33. Reg~ession Analysis of Pe~cent Fat Estimated 
from Body Density and Total Body Water with 
Resistance Index, Weight and Two Significant 
Anthropometric Variables and with Resistance 
Index, Weight, Sum of Three Skinfolds, Two 
Significant Anth~opomet~ic Variables, and 
Three Catego~ical Variables 

Regression Coefficients Regression Coefficients 

Independent 
Variables 

Abdomen Circumference 

Resistance Index 

weight 

Calf Circumference 

2 
Adjusted R 

SEE 

Intercept 

(n=94) 

* p ~ .05 
1 

Total 
Sample 

.369* 

.971* 

.551* 

.610* 

.79 

3.81 

-11.19 

1,2 
Independent 
Variables 

Resistance Index 

Sex X Fatness 

Fatness 

Sex 

Sum of 3 Skinfo1ds 

calf Circumference 

Abdomen Circumference 

Weight 

Sex X Fatness is the interaction of the built-in comparison 

'Fat-DW 

Total 
Sample 

-.365* 

-.414 

-.618 

-.840 

.193* 

.123 

.319* 

.080 

.85 

3.19 

-2.69 

of sex x fatness. Fatness built-in comparison compared obese and 
nonobese. Sex built-in comparison compared males and females. 

2 
Sum of 3 skinfolds = triceps + subscapular + thigh 
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The final best prediction equation for the total 

sample was: 

%FAT-DW = -.235 (resistance index) + .252 (abdomen 

circumference) + .281 (sum of three skirifolds) 

- .044 

Phase Four - Development of Prediction Equations for FFB 

and Percent Fat from Anthropometric Variables Alone and 

Combined with Resistance Index 

Phase four of the analysis was conducted in two 

steps for each of the two dependent variables .FFB-DW and 

%FAT-DW. In step one, all anthropometric variables 

(skinfolds, circumferences, skeletal widths and lengths) 

were used in multiple regression analyses to predict the 

dependent variables FFB-DW and %FAT-DW. In step two, 

resistance index was combined with the anthropometric 

measurements that were significant in step one. This 

combination of independent variables was used to identify 

variables with significant regression coefficients. 

FFB Prediction Equation Development. The results 

of step one for predicting the dependent variable FFB-DW 

are summarized in Table 34. The results of these analyses 

showed that for the total sample, height, forearm 

circumference, triceps skinfold, midthigh circumference, 

and skeletal width of the chest were the anthropometric 
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Table 34. Regression Analysis of Fat Free Body 
Estimated from Body Density and Total 
Body water with Significant 
Anthropometric Variables for the Total 
Sample, Males, and Females 

Regress10n Coeff1clents 

FFB-DW 

Total 
Independent Sample Independent Hales Independent Females 
Varlables (n=94) Varlables (n=53) Varlables ( n:a41) 

Helght .31· He1ght .27· Height .27· 

Forearm Forearm Forearm 
c1rcumference 1.12· circumference .76· c1rcumference 1.72· 

Trlceps -.41· Supra111ac Abdomen 
wa1st sk1nfold -.26· 
sklnfold -.18· 

Hldthlgh Chest Shoulder 
circumference .50· circumference .65· skeletal width .40· 

Chest skeletal Hidax1l1ary Calf 
width .52· sklnfold -.33· circumference .56· 

2 
Adjusted R .92 .93 .92 

SEE 2.11 1.99 1. 98 

Intercept -64.83 -67.22 -73.62 

I' P ~ .05 



variables that had significant regression coefficients. 

For males alone, height, forearm, and chest 
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circumferences, and the suprailiac waist and midaxillary 

skinfolds had significant coefficients. For females, 

significant coefficients were found for height, forearm 

circumference, abdomen and calf circumferences, and 

shoulder skeletal width. 

Resistance index then was added to anthropometric 

measurements identified as significant by the three 

preceding regression analyses and this combination of 

independent variables was used to predict the dependent 

variable FFB-DW (Table 35). This final analysis showed 

that for the total sample the variables of height, triceps 

skinfold, chest skeletal width, forearm and midthigh 

circumferences, and resistance index had significant 
2 

coefficients. The adjusted R =.94 and the SEE was 1.87 

kg. 

For males, the anthropometric variables with 

significant coefficients were height, chest skeletal 
2 

width, and resistance index. The adjusted R was .95 and 

the SEE was 1.77 kg. For females, height, triceps 

skinfolds, chest skeletal width, and midthlgh 

circumference had significant coefficients. The adjusted 
2 

R =.93 and the SEE was 1.91 kg. 
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Table 35. Regression Analysis of Fat Free Body Estimated 
from Body Density and Total Body Water with 
Five SIgnificant AnthropometrIc VarIables and 
Resistance Index for the Total Sample, Males 
and Females 

Regression Coefficients 

FFB-DW 

Independent Total Sample Hales 
(n=53) Variables (n=94) 

Helgh~ .172* 

Trlceps skinfo1d -.169* 

Chest skeletal width .514* 

Forearm clrcumference .281 

Hldthigh circumference .343* 

Resistance index .392* 

2 
Adjusted R .94 

SEE 1.87 

Intercept -35.91 

* p ~ .05 
1 

Almost signlficant (p=.053) 

.117* 

-.086 

.446* 

.036 

.216 

.527* 

.95 

1.77 

-21.81 

Females 
(n=41) 

.212* 

-.260* 

.576* 
1 

.956 

.355* 

.243 

.93 

1.91 

-52.22 
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Best Prediction Equation for FFB Including Only 

Anthropometric Variables. This series of regression 

analyses was used to obtain the best prediction equation 

for the total sample that used only anthropometric 

variables. The equation was: 

FFB-DW = .31 (height) + 1.12 (forearm circumference) 

- .41 (triceps skinfold) + .50 (midthigh 

circumference) + .52 (chest skeletal width) 

- 64.83 

Percent Fat Prediction Equation Development. For 

step one in phase four, the results of the regression 

analyses for predicting the dependent variable %FAT-DW 

using only anthropometric variables are summarized in 

Table 36. The results of these analyses showed that for 

the total sample, triceps and suprailiac abdomen 

skinfolds, hip and chest circumferences, and ankle 

skeletal width were the anthropometric variables that had 

significant regression coefficients. 

For males, thigh, suprailiac abdomen, medial calf, 

and subscapular skinfolds, and wrist and shoulder skeletal 

widths had significant coefficients. Significant 

coefficient for females were found for abdomen and 

midaxillary skinfolds and forearm and upper arm relaxed 

circumferences. Based on the lower SEE within sex, it 

appears that an increase in prediction accuracy was found 
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Table 36. Regression Analysis of Percent Fat Estimated 
from Body Density and Total Body Water with 
Significant Anthropometric Variables for the 
Total Sample, Males, and Females 

Independent 
Variables 

Triceps skinfold 

Supralliac abdomen 
skinfold 

Ankle skeletal 

Total 
Sample 
(n=94) 

.69* 

.51* 

width -2.60* 

Hlp circumference .25* 

2 
Adjusted R 

SEE 

Intercept 

* p ~ .05 

.85 

3.19 

22.42 

Regression Coefficients 

'Fat-DW 

Independent 
Variables 

Th1gh skinfold 

Hales 
(n=53) 

.46* 

Supraillac abdomen 
skinfold .71* 

Medial calf 
sklnfold .34* 

Wrist skeletal 
width -4.06* 

Shoulder 
skeletal width .31* 

.93 

2.44 

13.21 

Independent 
Var1ables 

Abdomen 

H1daxlllary 
sklnfold 

Forearm 
c1rcumference 

Upper arm 
relaxed 
circumference 

Females 
(n=41) 

.51* 

.42* 

-2.71* 

-1.87* 

.84 

2.70 

27.15 
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by developing separate prediction equations for males and 

females. 

Resistance index was added as an independent 

variable to the anthropometric measurements identified as 

significant from the regression analyses in step one for 

the total sample and then multiple regression analysis was 

conducted with %FAT-DW as the dependent variable. For the 

total sample, triceps, suprailiac-abdomen skinfolds and 

hip circumference had significant coefficients (Table 37). 
2 

The adjusted R was .92 and the SEE was 3.17 kg. 

Best Prediction Equation for Percent Fat Including 

Only Anthropometric Variables. This series of analyses 

was used to obtain the best prediction equation for the 

total sample that used only anthropometric variables. 

This prediction equation was: 

%FAT-DW = .622 (triceps skinfold) + .271 (hip 

circumference) + 0.460 (suprailiac abdomen 

skinfold) + 11.88 

For males at this step of the analysis, the 

significant anthropometric variables were height, chest 
2 

skeletal width, and resistance index. The adjusted R =.95 

and the SEE was 2.98 kg. For females, triceps skinfold 

and hip circumference were significant. The adjusted 
2 

R =.80 and the SEE was 3.46 kg. Resistance index did not 
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Table 37. Regression Analysis of Percent Fat Estimated 
from Body Density and Total Body Water with 
Five Significant Anthropometric Variables 
and Resistance Index for the Total Sample, 
Males, and Females 

Independent 
Variables 

Triceps skinfold 

Resistance index 

Ankle skeletal width 

Hip circumference 

Supraillac abdomen 
sklnfold 

Chest circumference 

R 
2 

Adjusted R 

SEE 

InteJ:cept 

• p ~ .05 

Total 
(n=94) 

-.146 

-1. 768 

-.084 

.92 

.85 

3.17 

11.88 

Regression Coefficients 

'Fat-DW 

Hales 
(n=53) 

-.155 

.648 

-.181 

.95 

.89 

2.98 

3.28 

Females 
(n=41) 

-.245 

-1.690 

.348 

.068 

.80 

.75 

3.46 

6.11 



144 

have a significant regression coefficient in any of these 

analyses. 

Phase Five - Comparisons of Predicted FFB and Percent Fat 

from Several Prediction Equations 

In the fifth and final phase of the investigation 

of the accuracy of BIA for predicting FFB and percent fat 

the regression analyses was conducted with the independent 

variables of body mass index, impedance index, resistance 

index, and resistance plus reactance as independent 
2 

variables. Comparisons of the adjusted R and SEEs 

obtained from these analyses were then compared with those 

obtained from analyses with the best fitting equations 

developed in phases two through four of this aspect of the 

study. 

Comparisons of Predicted FFB from Seven Prediction 

Equations. The results of the analyses in which FFB-DW 

was the dependent variable are summarized in Table 38. 

Body mass index had the lowest prediction accuracy. 

Impedance index alone or resistance index alone had an 
2 

adjusted R =.88 and had the same prediction accuracy with 

SEEs of 2.58 kg. When reactance was added to resistance 
2 

index the adjusted R improved slightly to 0.89 and the 
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Table 38. Regression Analysis of FFB-DW with Body Mass 
Index, Resistance Index, Best Fitting Equations 
that Include: Resistance Index Plus 
Anthropometric, Anthropometry, Anthropometry 
Plus Resistance Index 

FFB-DW 

Independent 
Variables 

1 
BHI 

2 

Impedance Index 

Resistance Index 

Resistance Index 
plus Reactance 

Best Fitting 
Equations: 

Resistance Index 
Anthropometry and 
Reactance 

3 
Anthropometry 

4 
Anthropometry plus 

Resistance Index 

(n=94) 

R 

.56 

.94 

.94 

.95 

.97 

.96 

.97 

Adjusted 
R2 

.30 

.88 

.88 

.89 

.94 

.92 

.94 

1 2 
Body Hass Index (BHI) = weight (kg) / height (m) 

2 

SEE 

6.33 

2.58 

2.58 

2.48 

1. 88 

2.11 

1. 87 

FFB-DW = .713 (resistance index) + .150 (chest circumference) 

Intercept 

11.93 

4.38 

4.43 

-5.91 

-21. 41 

-64.83 

-35.91 

+ .493 (hip skeletal width) + .121 (reactance) - 21.41 
3 

4 

FFB-DW = .31 (height) + 1.12 (forearm circumference) - .41 
(triceps skinfo1d) + .50 (midthlgh circumference) + .52 
(chest skeletal width) - 64.83 

FFB-DW = .172 (height) - .169 (triceps skinfo1d) + .514 (chest 
skeletal width) + .281 (forearm circumference) + .343 
(midthigh circumference) + .392 (resistance index) - 35.91 
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SEE slightly decreased to 2.48 kg. The-three best fitting 

equations had similar SEEs that were lower than those of 

the previously tested independent variables. The best 

fitting equation that included only anthropometric 
2 

measurements had an adjusted R =.92 and SEE of 2.11 kg. 

The best fitting equations that included resistance index 

plus anthropometry or anthropometry plus resistance index 
2 

had equally good prediction accuracy with adjusted R =.94 

and SEEs of 1.88 and 1.87 respectively. 

The relationships between FFB-DW with: (1) 

resistance index, (2) best fitting equation including 

resistance index plus significant anthropometric 

measurements and reactance, (3) best fitting equation 

including only significant anthropometric measurements, 

are presented in Figure 3. 

Comparison of Predicted FFB from Best Equation for 

this Sample with FFB Predicted by Other Investigators for 

the Same Independent Variables. The SEEs for prediction of 

FFB in this sample are comparable to those reported for 

adults by Lukaski et al. (1985 and 1986) and Segal et al. 

(1985). Lukaski et al. and Segal et al. predicted FFB 

from body density. Lukaski et al. (1985) reported SEEs of 

2.61 kg for prediction of FFB using the prediction 

equations that included only resistance index and that 
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Figure 3. Linear Regressions of FFB-DW and A. resis
tance index B. best prediction equation 
including only anthropometric variables C. 
best prediction equation including resis
tance index and anthropometric variables 
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were developed from their sample of healthy adult males. 

Using prediction equations that included resistance, 

weight, and reactance and that were developed from a 

sample of male and female subjects Lukaski and coworkers 

(1986) reported a SEE of 2.06 kg. 

Segal and associates (1985) based on a sample of 

healthy adult males and females reported a SEE of 4.43 kg 

when using sex specific equation provided by the RJL 

Systems Company for predicting body density. Using the 

body density values predicted from these equations they 

then calculated percent fat using the Siri equation [%FAT 

= «4.95/BD) - 4.50) x 100). This percent fat value was 

then used to calculate fat mass and finally FFB was 

calculated with the following equation (FFB = Weight - Fat 

Weight). Segal and coworkers reported a SEE of 3.80 kg 

when using a prediction equation for FFB that included 

resistance index and was developed from their sample. 

Comparison of Predicted Percent Fat from Seven 

Prediction Equations. The results of the analyses in 

which %FAT-DW was the dependent variable are summarized in 

Table 39. Body mass index had the lowest prediction 

accuracy. Impedance index alone or resistance index alone 
2 

had the same prediction accuracy with adjusted R =.74 and 

SEEs of 4.21% fat. When reactance was added to resistance 
2 

index the adjusted R improved slightly to .75 and the SEE 
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Table 39. Regression Analysis of Percent Fat-DW with 
Body Mass Index, Impedance Index Plus Weight, 
Resistance Index Plus Weight, Resistance 
Index Plus Reactance and Weight, Best Fitting 
Equations that Include: Anthropometry Alone, 
Anthropometry Plus Resistance Index, Resis
tance Index Plus Anthropometry 

Independent 
Variables 

1 
BHI 

Impedance Index 
plus Weight 

Resistance Index 
plus Weight 

Resistance Index 
plus Reactance 
and Weight 

Best Fitting Equations: 
2 

3 

4 

Anthropometry 

Anthropometry 
plus Resistance 
Index 

Resistance Index 
plus Anthropometry 

(n=94) 

R 

.73 

.86 

.87 

.87 

.92 

.92 

.92 

'Fat-DW 

Adjusted 
R SEE 

.53 5.67 

.74 4.21 

.74 4.21 

.75 4.16 

.85 3.19 

.85 3.17 

.85 3.26 

1 2 
Body Hass Index (BHI) = weight (kg) I height (m) 

2 
'Fat-DW = .69 (triceps skinfo1d) + .51 (suprailiac, abdomen, 

skinfold) - 2.60 (ankle skeletal width) + .25 (hip 
circumference) + .22 (chest circumference) + 22.42 

3 
'Fat-DW = .622 (triceps skinfold) - .146 (resistance index) 

Intercept 

-13.46 

15.22 

15.16 

25.47 

22.42 

11.88 

-.044 

- 1.768 (ankle skeletal width) + .271 (hip circumference) 
+ .460 (suprailiac abdomen skinfold) - .084 
(chest circumference) + 11.88 

4 
'Fat-DW = -.235 (resistance index) + .252 (abdomen circumference) 

+ .381 (sum of triceps + abdomen + thigh skinfolds) - .044 
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slightly decreased to 4.16% fat. The SEEs of the three 

best fitting equations were similar and were lower than 

for the previous independent variables. The best fitting 

equation that included resistance index plus 
2 

anthropometric measurements had an adjusted R =.85 and a 

SEE of 3.26% fat. The best fitting equations that 

included only anthropometry or anthropometry plus 

resistance index had equally good prediction accuracy with 
2 

adjusted R =.85 and SEEs of 3.19% and 3.17% fat 

respectively. 

Comparison of Predicted Percent Fat for this 

Sample with Predicted Percent Fat Qy other Investigators 

from the Same Methods. The SEEs from the equations for 

predicting percent fat for this sample are comparable to 

those reported by Lukaski et al. (1986) and lower than 

those reported by Segal et al. (1985). Lukaski and 

coworkers (1985) estimated percent fat using body density 

estimated from hydrodensitometry and the equation from 

Brozek et al. (1963) (%Fat= [(4.570/BD) - 4.1421 x 100). 

Lukaski et al. (1986) reported SEEs of 2.91% fat for males 

for prediction of percent fat using the prediction 

equations including only resistance index and developed 

from their sample of adult males. Using prediction 

equations developed from a sample of male and female 

subjects that included resistance index, Lukaski and 
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coworkers (1986) reported a SEE of 2.70% fat for males and 

3.13% fat for females. Segal et al. (1985) using a sample 

of adult males and females reported a SEE of 6.10% fat 

using prediction equations for estimating body density 

provided by RJL Systems Company and then calculated 

percent fat using the equation of Siri. 

Comparison of Percent Fat Predicted from the Siri Equation 

with Percent Fat Predicted by Criterion Methods 

A summary of the predicted percent fat values 

based on equations developed specifically for children and 

youth with predicted percent fat values from the Siri 

equation developed for adults is presented in Table 40. 

As expected based on previous research, in all cases, the 

percent fat is overestimated by the Siri equation (Boileau 

et ale 1985; Lohman, 1986). Compared to %FAT-D the Siri 

equation overestimated percent fat by about 4.5%. 

compared to \FAT-DW the overestimation by the siri 

equation was about 4.0%. 

Crossvalidation of TBW and FFB Prediction Equations 

Developed from Adult Samples 

Regression analysis was used to conduct a 

crossvalidation of predicted TBW values, using equations 

previously developed by Lukaski et ale (1985) and Nyboer 

(1970), with TBW values measured in this study. The 
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Table 40. Estimated Percent Fat from Six Different Methods 

1 
%Fat 
Estl- Total Hales Hales Females Females 
mation Sample Males Nonobese Obese Females Nonobese Obese 
Hethod Hean .±SD Hean ±SD Hean .±SD Mean ±SD Mean ±SD Hean ±SD Mean iSD 

(n=94) (n=53) (n=32) (n=21) (n=41) (n=24) (n=17) 

%FAT-D 21.2 8.3 19.9 9.4 13.9 5.4 29.0 6.5 22.8 7.9 18.3 5.7 29.2 6.0 

%FAT-W 19.1 8.9 17.5 9.9 11.0 6.2 27.5 5.1 21.1 7.0 17.0 4.6 27.0 5.4 

%FAT-DW 21.8 8.3 20.4 9.1 14.2 4.7 29.9 5.0 23.5 6.9 19.2 4.5 29.5 5.0 

%FAT-DWB 20.3 8.6 18.9 9.4 12.6 4.8 28.6 5.3 22.1 7.2 17.7 4.8 28.3 5.2 

%FAT-S 18.6 7.9 16.9 8.5 11.0 3.6 25.9 5.1 20.8 6.6 16.2 4.0 27.2 3.2 
2 
Siri-

Density 25.9 8.5 24.4 9.1 18.5 5.1 33.4 6.0 27.8 7.3 23.7 5.3 33.6 5.5 

1 
Prediction equations in Appendix W. 

2 , 

4.5~1 
, 

SIRI %Fat =t ~12S - X 100 
~ Body ) .ensity 

I-' 
(J"I 

l\.) 
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results of this analysis are reported in Table 41. A high 

degree of prediction accuracy for TBW was found using all 
2 

three equations as indicated by high adjusted R values 

(.88 to .94) and similar or smaller SEEs than those 

reported when the equations were used to predict TBW in 

the original sample. The relationship between the 

measured TBW and the predicted TBW values using the 

Lukaski et al. (1985) and Nyboer1 (1970) equations had the 
2 2 

same adjusted R and SEE. The adjusted R and SEE for the 

total sample were, respectively, 0.88 and 2.09 kg, for 

males were .91 and 1.91 kg, and for females were .87 and 

2.06 kg. The SEEs expressed as a percentage of the TBW 

weight were: 7.4% for the total sample, 7.3% for females, 

and 6.8% for males. These percentages were similar to 

those reported earlier for this sample when TBW was 

predicted from resistance index. 

The Nyboer2 equations had the highest prediction 
2 

accuracy for all three groups of subjects with adjusted R 

and SEEs respectively of .92 and 1.65 kg for the total 

sample, .92 and 1.79 kg for the males, and .94 and 1.42 kg 

for females. When expressed as a percentage of TBW weight 

these SEEs represented the following percentages of TBW 

weight: 5.8% for the total sample, 6.3% for males, and 

5.0% for females. 



Estimated 
TBW 

Subject Values 
Group (kg) 

Total 
Sample 
(n=94) 27.99 

Males 
(n=53) 28.19 

Females 
(n=41) 27.72 

*p ~ .05 

Table 41. Cross Validation Analysis of Three Published 
Adult Total Body Water Prediction Equations 
that Include Resistance Index 

TBW (kg) 

Lukaski 1 2 3 Nyboerl Nyboer2 Adjusted Regression 
~lean Mean ~Iean R R2 SEE Coefficient 

26.33 - .94 .88 2.09 1.037*-
29.23 .94 .88 2.09 1.499* 

28.29 .96 .92 1.65 1.256* 

26.91 .95 .91 1.91 .978* 
29.71 .95 .91 1.91 1.414* 

28.72 .96 .92 1. 79 1. 214* 

25.59 .93 .87 2.06 1. 217* 
28.71 .93 .87 2.06 1. 760* 

28.16 .97 .94 1..:12 1. 339* 

1Lukaski 2.03 + (~63 X Resistance Index) (Lukaski, 1985) 

2Nyboer1 = (.436 X Resistance Index) + 12.3374 (:Jyboer, 1970) 

3Nyboer2 = (.1706 X weight) +(.3383 X Resistance Index) + 7.3143 (Nyboer, 1970) 

Intercept 

.855 
-15.53 
-7.55 

2.02 
-13 .44 
-6.43 

-3.23 
-22.47 
-9.}3 

~ 
(J'I 
~ 
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Regression analysis was used for crossvalidation 

of the predicted FFB values from three equations published 

by Lukaski et al. (1965 and 1966) and two equations 

reported by Segal et al. (1985) with FFB-DW values 

measured in this study (Table 42). A high degree of 

prediction accuracy for FFB-DW was found using all five 
2 

equations as indicated by high adjusted R values 

(.88 to .95) and similar or smaller SEEs than those 

reported when the equations were used to predict FFB 

values in the original samples. 
2 

The highest adjusted R =.92 and the smallest SEE 

(2.44 kg) for the total sample were obtained when the 

equation I.uk3 reported by Lukaski et al. (1986) was used 

to estimate FFB. The other two equations published by 
2 

Lukaski and coworkers had the same adj~sted R =.88 and 

SEEs of 2.87 kg. For male subjects, the Luk3 equation 
2 

also resulted in the highest adjusted R =.95 and the 

lowest SEE (1.73 kg) and the male specific equation of 

Segal et al. (1985) had similar results with an adjusted 
2 

R =.94 and SEE of 1.96 kg. The Luk1 and Luk2 equations of 

Lukaski and coworkers (1985 and 1966) resulted in the same 
2 

adjusted R =.92 and SEEs of 2.15 kg. For females, the 

same pattern of results for males was repeated with the 

Luk3 equation and female specific equation published by 
2 

Segal et al. had the highest and similar adjusted R 



Table 42. Cross Validation Analysis of Five Published 
Adult Fat Free Body Prediction Equations 
that Include Resistance Index 

FFB 

SEGALN
4 

FFB-D1\ ., 
LUK3

3 
or 

Subject ~Ieasured LUKl
l LUKZ- SEGALF

5 Adjusted Regression 
Group Value (kg) t-Iean Mean f.lean ~Iean R R2 SEE Coefficient Intercept 

Total 
Sample 
(n=94) 36.29 35.83 .94 .88 2.87 1.077* -.743 

36.52 .94 .88 2.87 1.093* -2.035 
35.33 .96 .92 2.44 1.126* -1.922 

Males 
(n=53) 36.58 36.37 .96 .92 2.15 .918* 3.19 

37.29 .96 .92 2.15 .931 * 2.09 
35.90 .98 .95 1. 73 .977* 1. 74 

44.45 .97 .94 1.96 1.099* -11.96 

Females 
(n=41) 35.90 34.83 .93 .86 2.72 1.159* -4.21 

35.53 .93 .86 .., -.., 
'-_1- 1.176* -5.60 

34.60 .95 .91 2.21 1.150* -3.63 
38.57 .94 .89 2.45 1.207* -10.35 

*p ~ .05 

lLUKl = (.85 X Resistance Index) + 3.04 (Lukaski, 1985) 
., 
-LUK2 (.838 X Resistance Index) + 4.179 (Lukaski. 1986) 

3LUK3 (.756 X Resistance Index) + (.110 X I~eight) + (.107 X Reactance) - 5.463 (Lukaski. 1986) 

4SEGAL~1 = -8.98751 + (.36273 X Resistance Index) + (.21411 X Height) + (.13290 X Weight) (Segal et al.. 1985) 

5SEGALF = -8.98751 + (.36273 X Resistance Index) + (.21411 X Height) ... (.13290 X I~eight) -5.463 (Segal et a1., 
1985) 

~ 
U'I 
0"1 
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values of .91 and .89 respectively and the lowest SEEs of 

2.21 kg and 2.45 kg respectively. The Luk1 and Luk2 
2 

equations had the same adjusted R =.86 and SEEs of 2.72 

kg. 

When expressed as a percentage of measured FFB-DW 

for subjects in this sample the SEE for predicted FFB from 

Lukl and Luk2 equations represented the following 

percentages: 7.9% for total sample, 5.9% for males, and 

7.6% for females. For Luk3 equations the SEEs of FFB 

expressed as a percentage of measured FFB-DW were: 6.7% 

for total sample, 4.7% for males, and 6.2% for females. 

The SEEs for FFB from the sex-specific equation of Segal 

et ale (1985) expressed as a percentage of measured FFB-DW 

were: 5.4% for males and 6.8% for females. 

The SEE for Lukaski et ale (1985) equation for 

predicting FFB expressed as a percentage of measured FFB 

in the adult male sample was 3.8%. The SEE for Lukaski et 

ale (1986) prediction equation for FFB for males and 

females expressed as a percentage of measured FFB for 

these subjects were: 3.2% for males, 5.0% for females, and 

3.9% for males and females combined. For the Segal et al. 

(1985) equations the SEE expressed as a percentage of the 

measured FFB represented the following percentages of the 

FFB weight: 5.7% for males and 7.5% for females. 
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In summary, the SEEs for TBW and FFB predicted for 

children and youth in this study from equations developed 

on adult samples were the same order of magnitude as 

predicted values for adults. However, when these SEEs 

were expressed as a percentage of the measured FFB the 

percentages were on the average somewhat higher values for 

children when compared to adults. 



CHAPTER 5 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

The major purpose of this study was to evaluate 

the validity of whole-body bioelectrical impedance 

analysis (BIA) for estimating body composition in nonobese 

and obese anglo children and youth. The study design 

included investigations of BIA reliability, development of 

equations that included BIA to predict TBW, percent fat, 

and FFB, and determination of the prediction accuracy of 

these equations. 

The subjects were 103 male and female nonobese and 

obese children and youth from 10 to 14 years old. The 

following measurements were obtained for each subject in a 

single four-hour session: resistance, reactance, body 

weight, skeletal lengths, skeletal widths, body 

circumferences, skinfolds, underwater weight, residual 

volume, total body water, radius and ulna bone mineral 

content and width, and sexual maturation status. 

Resistance and reactance were each measured twice 

on the right side of the body at hour-O, hour-2, and hour-

3 during the measurement session with a RJL BIA-Model 101 

impedance analyzer. Measurements were also made on the 

left side of the body on a subsample of 73 subjects at 

159 
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hour-2. At hour-3 on a subsample of 64 subjects 

measurements were repeated on the right side of the body 

after washing the skin area under the BIA electodes with 

acetone. Weight was measured using an Accu-Weigh beam 

scale. Height was measured with a wall-mounted 

stadiometer. The other skeletal lengths and widths were 

measured with a narrow blade anthropometer or spreading 

bow caliper. Circumferences were obtained with a narrow 

Lufkin steel tape and skinfold thicknesses were measured 

with a Harpenden skinfold caliper. Underwater weight was 

measured using four LVDT force transducers at the end of a 

forced exhalation just prior to the functional pulmonary 

residual volume measurement. Total body water weight was 

obtained using deuterium oxide dilution and infrared 

spectrophotometer analysis of respiratory water samples. 

Bone mineral measurements were obtained using a single 

photon Lunar Bone Mineral Analyzer Model SP1. Sexual 

maturation level was assessed using Tanner staging. All 

measurements were made by trained personnel following 

standardized procedures and always using the same 

measuring instruments. 

Within-day reliability of BIA measurements of 

resistance and reactance was assessed by repeating the 

measurements three times within the four-hour measurement 

session. Between-day reliability of all measurements was 
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evaluated by repeating all measurements on a subsample of 

14 subjects four to five weeks after the initial 

measurement session. 

The between-day reliability of measurements was 

assessed using test-retest correlation coefficients and 

paired t-tests. Within-day reliability of BIA 

measurements was evaluated using analysis of variance with 

built-in comparisons between hour-O and hour-3 

measurements and hour-2 and hour-3 measurements. 

Comparisons of the resistance and reactance measurements 

between the left and right sides of the body and before 

and after the acetone skin wash were made by test-retest 

correlations and paired t-tests. The statistical 

signIficance level for all analyses was set at ~ .05. 

Regression analyses were used to determine the 

best exponent to use for the expression of height in 

resistance index and to investigate linear and quadratic 

relationships between resistance index and FFB. 

Regression analyses were also used to develop equations 

for predicting TBW and the criterion variables FFB and 

percent fat. The criterion variables were obtained by 

using equations developed for children and youth based on 

five assessment methods: (1) skinfolds, (2) body density, 

(3) TBW, (4) body density and TBW, (5) body density, TBW, 

and bone mineral content. The independent variables used 



162 

to predict FFB and percent fat were resistance index, 

selected anthropometric measurements, and reactance. TBW 

was predicted from resistance index. 

Regression analyses were used to compare percent 

fat values estimates among the five criterion methods and 

to compare percent fat estimated from each of the five 

criterion methods with percent fat estimated from the 

adult Siri equation (Siri, 1961). Finally, regression 

analyses were used to conduct a crossvalidation of adult 

equations for predicting TBW and FFB. 

Summary Qf Findings 

The major findings of the study were: 

Subject Characteristics 

The nonobese and obese subjects were similar in 

age. Half of the subjects were pubescent, a third 

postpubescent, and the remainder prepubescent. The 

physical characteristics of subjects in each age and sex 

group were comparable to the characteristics for subjects 

in similar age and sex groups reported in other body 

composition studies of children. 

The females and males were similar in height, 

resistance index, reactance, TBW, bone mineral content, 

circumferences, skeletal widths, FFB and body mass index 

values. The females compared to males had lower 
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body density, radius and ulna bone width and bone mineral 

content values and had higher body weight, resistance, 

bone mineral index, and skinfold values. Overall, the 

females were fatter than males. 

As would be expected, the subjects classified as 

nonobese were leaner than those classified as obese but 

the obese males and females had about the same percent 

body fatness while the nonobese males had a lower percent 

body fat than nonobese females. The obese and nonobese 

subjects within each sex group were similar in age, 

height, and reactance but the nonobese had lower weight, 

FFB, TBW, body mass index, circumference, skeletal width 

and skinfold values and slightly lower radius bone mineral 

content and width. The nonobese compared to the obese 

also had higher resistance and body density values. 

The nonobese females compared to the obese females 

had had lower values for bone mineral index and resistance 

index. The nonobese males compared to obese males had 

similar values for resistance index and radius bone 

mineral index and higher ulna bone mineral content, width, 

and index. 

Reliability 

Within-day repeated measurement results for 

resistance indicated there was an 8.2 ohms difference 

between hour-O and hour-2 measurements and a 2.6 ohms 
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difference between the hour-2 and hour-3 measurements and 

the differences were statistically significant. The 8.2 

ohms difference expressed as a percentage of the hour-O or 

hour-2 values was 1.3\. The small differences between the 

hour-O and hour-2 (1.6 ohms) and hour-2 and hour-3 (.8 

ohm) reactance measurements were also statistically 

significant. The 2.6 ohms difference expressed as a 

percentage of the hour-O or hour-2 reactance values was 

2.7%. The relatively small within-day differences 

indicated that resistance and reactance values had the 

greatest variation between hour-O and hour-2 and then 

stab1ized between hour-2 and hour-3. The standard error 

of measurement across the three trials was 7.2 ohms. The 

mean of the mean values for hour-2 and hour-3 for 

resistance and reactance were used for data analysis. 

The high test-retest correlations and small mean 

differences of the between-day reliability analyses 

indicated that all measurements completed in the test 

sessions were highly reproducible, except for ulna bone 

width. The standard error of measurement for between-day 

resistance values was 11.6 ohms. Body density and total 

body water measurements were subject to the greatest 

technical measurement error. 



Electrode Placement and Acetone Skin Wash Effects on 

Resistance and Reactance. 
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There was a small, but statistically significant 

difference between resistance values measured on the right 

and left sides of the body. Right side mean resistance 

was 8.8 ohms lower and mean reactance was .3 ohm lower 

than when measured on the left side. There were no 

effects on resistance or reactance values after the skin 

under the electrode was washed with acetone. 

Resistance Index Development 

The exponent of 2.0 for height used to compute 

resistance index for adults also was the best exponent for 

height when computing resistance index in this sample. 

Linear and Quadratic Relationships Between Resistance 

Index and TBW or FFB 

The relationship between resistance index and FFB 

or TBW was linear and not quadratic. 

Accuracy of TBW Prediction from BIA 

TBW could be predicted from an equation including 

resistance index with a SEE of 2.0 kg. Sex and fatness 

variables had significant regression coefficients 

indicating that prediction of TBW could be improved by 

inclusion of these variables. 



Comparison of Percent Fat Estimated from the Five 

Criterion Methods 
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The small mean differences and similar high 

correlations among the predicted percent fat values from 

the five criterion methods indicated that percent fat 

estimates from the five criterion methods were comparable. 

Percent fat estimated from the two multiple component 

models %FAT-DW and %FAT-DWB had similar SEEs and the SEEs 

were lower than those for percent fat predicted only from 

density or water alone. 

Accuracy of FFB and Percent Fat Prediction from BlA and 

Anthropometry 

FFB-DW and %FAT-DW were the criterion variables 

predicted with the lowest SEE from resistance index alone 

and combined with sex, fatness, sex x fatness, and sexual 

maturation variables. Resistance index, sex, fatness, and 

the sexual maturation variable with a built-in comparison 

of pubescent with the mean of prepubescent and 

postpubescent subjects were significant independent 

variables for predicting FFB-DW before anthropometric 

variables were included in the prediction equations. 

After significant anthropometric variables identified by 

regressIon analyses were included in prediction equations 

only resistance index and the anthropometric variables 

were significant. The addition of reactance to the 
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prediction equation improved prediction accuracy. The best 

FFB-DW prediction equation included resistance index, 

chest circumference, hip width and reactance. The 
2 

adjusted R =.94 and the SEE was 1.88 kg. The SEE 

expressed as a percentage of FFB was 5.2%. 

Resistance index, weight, fatness, and sex x 

fatness were significant independent variables for 

predicting \FAT-OW. When significant anthropometric 

variables identified by regression analyses were added to 

the prediction equation only resistance index and 

anthropometric variables were significant. The best \FAT-

DW prediction equation included resistance index, abdomen 

circumference, and sum of triceps, abdomen, and thigh 
2 

skinfolds. The adjusted R =.81 and the SEE was 3.61% fat. 

The best prediction equation for FFB-OW using only 

anthropometry included height, forearm circumference, 

triceps skinfold, midthigh circumference, and chest 
2 

skeletal width. The adjusted R =.92 and the SEE was 2.11 

kg. The \FAT-OW best prediction equation using only 

anthropometry included ankle skeletal width, triceps and 

suprailiac skinfolds, hip and chest circumferences. The 
2 

adjusted R =.85 and the SEE was 3.19% fat. The addition of 

resistance index decreased the SEE for FFB-OW to 1.87 kg 

and did not affect the SEE for \FAT-OW. 
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The best prediction equations for FFB-DW and %FAT

DW that included resistance index plus anthropometry and 

reactance or anthropometry alone had higher prediction 

accuracy than prediction equations including only body 

mass index, resistance index, impedance index, or 

resistance plus reactance. 

Comparison of Predicted Percent Fat from Siri Equation and 

the Five Criterion Equations 

The Siri equation-predicted percent fat values 

were, on the average, 4.0 to 4.5% higher than the percent 

fat values predicted by the criterion equations developed 

specifically for children and youth. 

Crossvalidation of Adult Equations for Prediction of TBW 

and FFB 

Crossvalidation of three adult equations (Lukaski 

et al. 1985; Nyboer 1 and 2, 1970) for prediction of TBW 

indicated that the Lukaski and Nyboer 1 equations 

predicted the measured mean TBW values for this sample 

with an SEE of 2.09 kg and the Nyboer 2 equation had a SEE 

of 1.65 kg. The prediction error was lower for males 

using Nyboer 2 (1.79 kg) and Lukaski and Nyboer 1 (1.91 

kg). For females, prediction accuracy was equivalent to 

that for the total sample using Lukaski and Nyboer 1 

(SEE=2.06 kg), and higher for Nyboer 2 (SEE 1.42 kg). 
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When the SEEs were expressed as a percentage of the TBW 

for this sample and for the adult samples used to develop 

these equations the SEEs ranged from 3.0 to 7.3% for 

children and 4.1 to 8.4% for the samples of adults. 

Results of crossvalidation of three adult 

equations published by Lukaski et ale (1985 and 1986) for 

FFB indicated that prediction accuracy for the total 

sample using these equations ranged from 2.44 to 2.87 kg. 

These SEEs are higher than those for prediction equations 

developed for this sample. When the Lukaski equations 

were used to predict FFB for males or females alone, the 

SEEs decreased to a low of 1.73 kg and 2.21 kg 

respectively. These prediction errors were similar to 

those for the best prediction equations developed for this 

sample and lower than those reported for the adult sample 

used to develop the prediction equations. Sex-specific 

prediction equations for FFB published by Segal et ale 

(1985) had SEEs of 1.96 kg for males and 2.45 kg for 

females. These SEEs for children and youth were lower in 

magnitude than those for the adult samples used to develop 

the equations. 

When the SEEs of predicted FFB values for children 

obtained using adult equations were expressed as a 

percentage of the FFB for this sample and the adult 

samples, the SEEs usually represented a larger proportIon 

of variation of FFB for children than for adults. 



Conclusions 

The following conclusions were drawn based upon 

the results of this study: 
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The within-day and between-day BrA measurements of 

resistance and reactance were found to be highly reliable. 

The relationship between TBW, FFB, and resistance 

index was linear. For TBW the SEE was 2.09 kg. For FFB 

the SEEs ranged from 2.78 to 3.11 kg. For percent fat 

estimated from body density, TBW, and anthropometry and 

resistance index, the SEEs ranged from 3.90 to 5.45% fat. 

Estimates of percent fat from the combinations of 

body density plus TBW, and body density plus TBW and bone 

mineral content had closer relationships with resistance 

index than the relationship between resistance index and 

percent fat estimated by body density or TBWalone. 

The relationship between resistance index and FFB 

or percent fat is affected by body size. Prediction 

accuracy of FFB and percent fat is improved by addition of 

key anthropometric variables to the prediction equations 

that include resistance index. The best prediction 

equations for FFB and percent fat include resistance index 

and anthropometric measurements which primarily represent 

trunk measurements. Anthropometric variables alone can 
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predict percent fat with a degree of accuracy comparable 

to resistance index combined with anthropometric 

variables. 

BIA appears to be a valid method of assessing body 

composition in nonobese and obese children and youth in 

this sample. Crossvalidation of the prediction equations 

developed in this study with other samples of children and 

youth is needed in order to determine more adequately the 

validity of BIA for body composition estimation in this 

population. 

Recommendations 

Recommendations for further study of BIA in 

children and youth are: 

1. Conduct additional studies on reliability of 

BIA using larger numbers of subjects to permit 

determining the reliability of BIA with a 

higher level of confidence. 

2. Conduct validation, crossvalidation, and 

double crossvalidation studies of the 

equations developed in this study for 

predicting FFB and percent fat with other 

samples of children and youth including 

children from different ethnic groups and 

highly physically trained subjects. 
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3. Investigate the effects of eating, exercising, 

and decreasing and increasing body core and 

skin temperature on BIA measurements. 

4. Conduct segmental measurements of resistance 

and reactance of the arms, legs, and trunk to 

investigate the contribution these make to 

whole body resistance and reactance values. 

5. Investigate ways to improve the accuracy of 

prediction of TBW using BIA and anthropometry. 

6. Determine the effects of dehydration (from 

sweat loss due to exercise and diuretics) and 

overhydration (with water or electrolyte 

replacement solutions) on BIA measurements and 

predicted TBW, FFB, and percent fat. 
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THE UNIVERSITY OF ARIZONA 

II F" 1111 S(, II N (TS C'[ N'I FIt 
IV(,SON. AHIi'ONt\ H5i~" 

IInl·" "'nttn~ ("O'''''lllr 
If·""" \\ "Rill' IUI'II UI\Ci ~:ili. ROf)\I II: 

Tllllothy G. Luhman. Ph.[). 
Ikp,lI·tnlt'nt of Physical Education 
Md,;t1e ~1t'mol'ial Center 
MAIN CAMPUS 

Deal' [)I·. Lohman: 

22 October 1985 

Wp arC! in receipt of your 14 Octobel' 1985 mc·morandum and the accom-
1',IIlYlnA re'vised conSl'nt fo/'m for your' PI·oj{,ct. "Fat and Fat-Frl'l' Body Compo
"Ilion in Children" (HSC #81-103). It is our unde/'standing that the: changl's 
l'c'l !o'cll'd in t.his revision pose no fu rthr.r /'isk to the pa rt in pa ting su bjl!C'ts. 
'1'111'1'('[01'1'. approval for these changes is grantl·d effective 22 October' )985. 

Th" change's approved arc: 

I. Addition of a proC'edurc to ml'asun~ rC'sist.anC'r. of body tissuI's to an 
Idl!rtrlc,,1 C'u/'rent, This ml'"surcml'nt will bl' takt'n with a fOUl'-termlnal 
body sudac(' eh:ctrode impedance analyzC'r. which is a comnwrrially 
a va ila bl!' dl!vic:e. 

2. Addition of info,'mation to the consC'nt form that docs not affl'ct tlH' 
sludy procedures. 

Apr"oval is g,'anted with the understancling that no further' changC's ClI' 

;l<ldlllOns will be madl! either' to the proccdun·s followpd or the consent fot'm(s) 
lIsl·d (c:opil's of whirh WC' have on fill') without the knowll'Clge and apP/'oval of 
IIic' Human Subj"C'ts Committee and your Collc·ge or Dt'partmpntal R('vicw Com
mittl'c'. Any physical or psychological harm to any subjec:t must also be' 
rc,pol· ... d to each committee. 

" IIllivl"'sity policy requires that all sign<'c1 suhjeC'1. C'onSt'llt fOI'IIIS be 
kt'pl In a fll'rlllanl'nt flit! in an ,,/'(.'a dl'signat{'d for' that PllI'POSC' by thl! 
flq"'I'tml'lIt IIt:ad or comparable authority. This will ilSSllre thC'i1' acC'pf;sibility 
III tilt' ev(!nt th"t university offic:ials rcquil'e the information and tIl!' principal 
IIIV(·"lig"lol' is unava,labfc, for some ,'I!"SOIl. 

~!:-i f jill 

t .. : 1', II I' \I' i a C, F a liT h i I d. I' h • () • 
IlI'pa"IIIII'lIlal H,·v,c·\\' COlllmittl'I' 

Milan Novak. M.D •• Ph,\). 
Chairm.11I 
1IIIIIhin Subjl'c·t s Commillc'l' 
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PARENT/GUARDIAN INFORMED CONSENT FOR THE BODY 
COMPOSITION DEVELOPMENT IN CHILDREN AND YOUTH 
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You (your child) are being invited to participate 

in a research study to measure body size and make-up in 

growing children and to compare the size of the body to 

its fat content. You (your child) have been asked to 

participate because you (your child) are a healthy 

individual between the ages of 9 and 15. The anticipated 

number of participants in this study is 150. 

If you (your child) agree to participate, your 

child will be asked to come to the Exercise and Sport 

Sciences Laboratory one time only. At this time, a number 

of body measurements will be taken. These include: 

skinfold thickness, body circumference, body width at 

several sites, and body density. Prior to this time, you 

and your child will be visited by a staff member or 

invited to a meeting and asked to complete health and 

activity questionnaires so that we may learn more about 

your family. 

The skinfold measurement will be taken by gently 

pinching your skin at different locations with a special 

instrument that will give a thickness measurement. The 

body circumference measurements will be taken with a tape 

measure. The body wldth will be measured at several 

locations using an anthropometer where two pieces of board 

are placed between the section of body to be measured and 
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the distance between these boards is recorded. 

The body density measurements involve measuring 

your weight while you are completely under water. After 

the weight is recorded, you will be asked to blow all your 

air out so that we can see how much air you leave in your 

lungs. In addition, we need to measure the amount of bone 

minerals in a small section of your forearm. For this 

measurement, a small amount of radiation Is delivered to a 

one-half inch section of the forearm. This amount of 

radiation is the same as 1/100 delivered in a typical x

ray of the forearm. Lastly, to complete the body density 

measurements, the amount of water in the body will be 

measured. This will be done by giving you a small amount 

of deterium oxide (heavy water) mixed with a glass of 

drinking water. Then urine samples will be collected and 

analyzed to measure the way this heavy water is diluted in 

your body. Heavy water is found in all drinking water in 

small amounts and these natural levels will be elevated 

only a small amount. Within 6 weeks 95% of the dose is 

removed by the body. 

Bioelectrical impedance in this study will be 

measured using a four-terminal body surface electrode 

impedance analyzer (RJL systems, Detroit, MI). The 

subject will not eat or vigorously exercise for three 

hours before the impedance measurement is made. The 
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subject will lay on his/her back on a horizontal table 

with the arms adjacent to the body, but not touching the 

body, and legs adjacent to each other but not touching. 

Two of the four surface electrodes will be placed on the 

right hand and the remaining two electrodes will be placed 

on the right foot. A standard conduction current signal 

(800 pA at 50 kHz), that is so small that it cannot be 

felt by the subject, will be sent by the impedance 

analyzer through the four electrode system. The 

resistance of body tissues to this signal will be measured 

by the impedance analyzer. 

There may be minimal risks, either physical or 

psychological. Some participants may experience 

discomfort associated with pinching of the skin during 

skinfold thickness measurements or due to holding their 

breath underwater. In our experience in working with 

heavy water in over 400 children during the past five 

years we have had no adverse effects or reports from the 

children or parents. 

The benefits of this study to the participants 

involved include a rather precise estimate of growth and 

body composition status. However, the significance of the 

study lies in potentially better understanding the growth 

and development of children, adolescents and young adults 

at different age levels as well as the ability to better 



measure fat and fat-free body weight in the clinical 

setting. 
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Participation is completely voluntary and data 

will be confidentially handled. No subject will be forced 

to cpntinue if he/she wishes to withdraw at any time 

during the study. 

I have read the preceding description and 

understand the nature of the proposed research activity in 

which my child, I is to be 

involved. I have been informed of the need for the 

research and the risks involved and may withdraw my child 

from participation at any time throughout the course of 

the research activity. I also understand that this 

consent form will be filed in an area designated by the 

Human Subjects Committee with access restricted to the 

principle investigator or authorized representatives of 

the particular department. A copy of this consent form is 

available to me upon request. In addition, I understand 

that Dr. T.G. Lohman (626-1088) will provide more 

information whenever necessary. 

Signature of Parent/Guardian Date 

Child's Name 



Dr. Lohman has explained what he wants me to do for him 

and I understand his explanation. 

Child's Signature Date 
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I have carefully explained to the subject the nature of 

the above project. I hereby certify that to the best of 

my knowledge the subject who is signing this consent from 

understands clearly the nature, demands, benefits and 

risks involved in participating in this study. A medical 

problem or language or educational barrier has not 

precluded this understanding. 

Investigator's Signature Date 
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24-lIour Inventor" 

::ame ~ ____ --=-:-______ -:-:-:-:-:-:-_-=-

Last First Middle I. 
Uate Time a.m. _____ p.m. 

I~STRVCTIONS: Make sure to fill in each item. Use a cross mark (X) to indicate appropriate 
items, a dash (-) to indicate those you consider not applicable. The purpose of the dash 
(-) is to make sure that no item was overlooked. 

General Condition: Head Cold 
Chest Cold-
Nasal Congestion 

Headache Intestinal Disorder 
Sore Thro~ General Fatigue 
Digestive Upset ~Iuscle Sureness 

--Other -------------
Huw do you feel? Good Fair (average) __ Not so gaud __ 8ad 

If not so good, or bad, specify ____________________________ __ 

Rest 

Sleep last night: Time to bed ___ ~:lll: i i a.m. N H T me ar sing ___ p.m. o. ours 

Quality: Wakeful Restless Normal Very Sound 

Bed Rest Today: Yes No ___ If yes, time to bed Time up __ 

Fuod Intake 

Last ~Ieal: Time Starting ___ ~:lll: 

List kind and amount of food: 

Time Ending a.m. p.m. Time Since End 

No. Hours 

K iml Amount Kind Amuunt 

food and Liquid Intake Since Last Nea 1: Yes No 

If Yes: Time Kind Amount 

Alcohol Yes No If Yes, indicate kind, amount and time 

Time Kind Amount 

IO/JIJ/!lS/l uf 3 
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-:!-

Ycs No 

Indicate medicines t.lkcn in the paRt 24 hours: kind, a:1ount. time of tI.lY 

!antl Amount Time 

._------------------

----- ---- ------- --
lobacco Yes 

If j"ps, indicate kind, amount, time 

Kind Amount Time 

Pl!.vsical Activity 

lias your physic.lI .lctivity p.lttern over the past I:! hours been: 

Vl'ry vi ;.;oruus __ Vigoruus Nurmal llclow normal Very mild __ 

C:iVl' further det.lils, inrJ icat ing the kinds of activity engaged in over the past I:! hour.,;: 
Check 

Kind .lntl Length of Time Yesterd-;V--Tuda~ Time of Dav 

Other: Please indic.lte any unusual circumstances which might affect the data collected, 
e.g., a difficult experience, etc. If confidential, merely indicate way in which you 
have been affected. 

----_.- -.-------.- -.- .. -----

)O/JO/85/2 "f J 



In tile pa~t 7 day.,; has the par-ticipant suff"r~d from: 

f.::vt!r 

._cold/flu 

.. _ .. kidney/bladder infection 

___ vomiting 

diarrhea 

___ asthma/coughing 

injun': 
--·sp~ciry 

seizure 

__ eye/t!or/skin infection 

__ bleeding/blood donation 

__ dehydration/making wei~ht 

Other: 
--specify 

Was any medication taken regularly (including contraceptives)? 

No Yes Specify: 

Date of last menstruation 

Smoking habits 

IO!JU/B:;/:l uf 3 
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Body Composition Laboratory 

HEALTH SURVEY FOR PROJECT CANDIDATES 

Due to the nature of the project, it is important to ensure that the 

participants are free of any disease or illness that could have an impact on the 

measurements to be performed. First, a survey of past ~urgeries and prolonged' 

illnesses must be completed to verify that the youngster' has remained healthy. 

A recent medical history will be administered immediately prior to the testing 

to insure that the youngster was healthy the week before the tests. Finally, a 

medical evaluation is performed as part of the test package. 

Name _________________ __ Date of Birth __________ _ 

Address ______________ _ ~eight _____ _ Weight ___ _ 

Telephone (I ___________ _ 

School ______________ _ 

Parents' names ________________________________________ ___ 

If the participant has lived elsewhere than Tucson, please indicate the city/state 
of previous residence and length of stay. 

Location Length of Stay 

10/30/85 
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Please complete the following categories indicating the nature of the surgery/traumal 
illness, the year and month (if possible) it was performed, and the age of the youngster 
at that time. Also indicate the duration of inactivity after the operation (the time 
after surgery for return to typical or "normal" activity) using the following categories: 

1. Less than 1 week 
2. 1 to 3 weeks 
3. 4 to 26 weeks 
4. Longer than 26 weeks 
5. Ongoing 

A. Previous surgeries/operations performed on the participant (including major dental 
surgeries): 
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~ature Month/year Age 
Duration of inactivity 
after the operation 

1. 

2. 

3. 

4. 

5. 

B. Previous trauma including fractures not operated, major sprains/dislocations, burns, 
and closed head injuries: 

1. 

2. 

3. 

4. 

5. 

Nature Month/year Age 
Duration of inactivity 
after the operation 

C. Major illnesses including pneumonia, tuberculosis, meningitis, encephalitis, urinary 
(bladder/kidney) infections, drug or heavy metal intoxication, arthritis, ricketts, 
coma, shock, stoppage of urination. 

Nature 

1. 

2. 

3. 

4. 

10/30/85 

Month/year Age 
Duration of inactivity 
after the operation 



D. Does the participant present any of the ongoing conditions? 
(Check those which apply.) 

Any tumor 
---Specify: 

______ Cerebral palsy 

______ Motor development retardation 

______ Heart malformation 

______ Large blood vessel malformation 

Serious heart murmur (with 
------ restriction in physical activity) 

______ Asthma 

______ Thyroid dysfunction 

______ Diabetes 

______ Sickle cell anemia 

___ Nuscular dystrophy 

______ Severe joint laxity 

Anemia 

___ Porphyruria 

Other: 
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______ Cystic Fibrosis 
---Specify _______________ _ 

_____ Malabsorption Malformation: ---Specify _______________ _ 

_____ Food allergies 

_____ Glomeruloneph=itis 

_____ Rheumatic fever 

E. Does the participant suffer from any congential or hereditary disease? 
(e.g. phenylketonuria, glycogen storage disease •••• etc.) 

No Yes Specify __________________________ __ 

F. Does the participant take any drugs on a regular basis (including contraceptives)? 

No ___ Yes ___ Specify ________________________________________ _ 

G. Age of first menstruation, if occurred: ______ _ 

Age of appearance of facial hairs (male): ________ _ 

H. In addition, are you under treatment for (check those that apply) 

_____ high blood pressure 

____ respiratory allergies (hay fever, etc.) 

___ chest pain/angina 

______ obesity/overweight 

with diet: type ____ _ calories ______ _ 

other: specify ________________________ ~ _____ _ 

10/30/85 
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Date __________________ __ 

!lod)' Coml'o~ftfun !.:tburnrory 
SUBJECT IltllJTINU FOrtl.\ 

Name _____________________ _ ~I/hjc,·t t~" .. _. ________ ... ____ _ 

Blrthdate _________ __ A~c ____ _ 

DIRECTIONS: Place a V In the IJI:tnk IJl.!sldc l'at:h rne:lsurerll~/lt statlun .. fter slJtJjeCt 
has be~n measured. 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

Measurement Station 

Hydrometry 

Control 
Hour 2 
Hour J 

Impedance 

I 
2 
J 

Anthropometry 

Skln(old 
Ht and Wt 
Circumferences 
Skeletal Widths 

Bone Minerai 

Underwater Weighing 

Physical Exam 

Forms 

24 hour 
Inventory Par(!nt Into foorm 

lIealth Sllrvl~y 
InforrneJ C(lns~nt 
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Body Composition Laburatory 
l,hole-Body Bioelectrical Impedance Measures 

!lame Birthdate Date 

Tested by _______________ _ Recurded by --
Variable 

Suhject 

Sex 

Test Type 

Test Number 

Group Number 

Treatment Number 

Age (years) 

Weight (kg) 

Standing Height (em) 

Sitting Height (em) 

Resistance 11 

12 

13 

Resistance 21 

22 

23 

Resistance 31 

32 

33 

Reactance 11 

12 

13 

Reactance 21 

22 

23 

Reactance 31 

32 

33 

Project Number 

Format Columns ---
F .... O (1-'" ) 

Fl.U '( 5) 

F2.0 (6-7) 

Fl.O (8) 

Fl.O (9) 

Fl.O (10) 

F4.2 (11-14) 

F4.1 (15-18) 

F4.1 (19-22) 

F4.1 (23-26) 

Impedanct> (uhms) 

F3.0 (27-29) 

F3.0 (30-32) 

F3,.0 (33-35 ) 

F3.0 (36-38) 

F3.0 (39-41 ) 

F3.0 (42-44) 

F3.0 (45-47) 

F3.0 (48-50) 

F3.0 (51-53) 

F2.0 (54-55) 

F2.0 (56-57) 

F2.0 (58-59) 

F2.0 (60-61) 

F2.0 (62-63) 

F2.0 (64-65) 

F2.0 (66-67) 

F2.0 (68-69) 

F2.0 (70-71) 

F4.0 (76-80) 

Time 

Space 

---
---
---
----
---
---
---
---
---
--
--
--
--
--
--
--
--
--

~_5_~ ___ 
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Resistance Values Measured with a RJL-Bioelectric 
Impedance Analyzer (Model 101) Using Five Resistors 

Across Four Months 

Calibration Check Resistor Readings - Ohms 

Dates Mean 
Resistor De-
(ohms) 11/21/86 12/6/86 2/18/86 3/31/86 viations 

100 98 98 98 98 -2.0 

220 218 218 218 218 -2.0 

470 466 465 464 465 -5.0 

550 556 558 558 559 +7.8 

700 705 705 704 705 +5.0 
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Body CompoRition Laboratory 
Body 1~(1ter Data ShcE:t 

I,ame ________________________ _ Date _____________ _ 

Variable -----
Sub j .'C t :':umber 

Se~: 

Tcst Type 

Test r:umber 

Card :~umber 

Treatment Number 

Body I~eight 

Purity 

Net 020 Dose (g) 

Urine Volume, Control 

Urine Volume, Hour 2 

Urine Volume, Hour 3 

Absorbence, Control 

Absorbence, Control 

Absorbence, Control 

Ahsorbence, Hour 2-1 

Absorbence, Hour 2-2 

Absorbence, Hour 2-3 

Absorbence, Hour 3-1 

Absorbence, Hour 3-2 

Absorbence, Hour 3-3 

Project ~umber 

Comments: 

10/)0/85 

Format 

F4.0 

FLO 

F2.0 

FLO 

FLO 

FLO 

F5.2 

n.3 

F6.4 

F4.1 

F4.1 

F4.1 

F4.4 

F4.4 

F4.4 

F/,.4 

F4.4 

F4.4 

F4.4 

F4.4 

F4.4 

F5.4 

Column Nu"!!>er 

(1-4) 

(5) 

(6-7) 

(8) 

(9) 

(10) 

(11-15) 

(16-18) 

(J 9-24) 

(25-28) 

(29-32) 

(33-36) 

(37-40) 

(41-44) 

(45-48) 

(49-52) 

(53-56) 

(57-60) 

(61-64) 

(65-68) 

(69-72) 

(76-80) 850 1 ----
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Protocol for Determining Deuterium Oxide 
Concentration in Body Fluid Samples by 

Infrared Spectrophotometry 
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The following procedure is used to determine the 

deuterium concentration in body fluids. An infrared 

spectrophotometer (Wilks Hiran 1A-FF) with a digital 

display (Doric trendicator 410A) is used to measure the 

absorbance of body fluid samples. Deuterium concentration 

in calculated from absorbance readings by using a 

regression equation developed from samples of known 

deuterium concentration. The steps in the development of 

this regression equation are summarized in the PROCEDURE 

FOR DEVELOPING A REGRESSION EQUATION TO CALCULATE 

DEUTERIUM CONCENTRATION IN BODY FLUIDS FROM ABSORBANCE 

READINGS. 

The body fluid sample is injected into the cell of 

the spectrophotometer with a tuberculin (Icc) syringe. To 

prevent particulant matter from entering the cell 0.22 pm 

nylon filters are also used. A circulating water bath 

connected to the spectrophotometer maintains the 
o 

temperature of the cell at 35 C. The spectrophotometer Is 

calibrated with distilled water. The cell of 

spectrophotometer is flushed with acetone before and after 

calibration and, before making measurements on a new 

sample. The spectrophotometer cell is vacuumed dry after 

each injection of fluid sample into the cell. A new 
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filter is used for every subject. For each sample, the 

filter is simply vacuumed dry. Additionally, new syringes 

are used for each sample of every subject. Calibration is 

checked after every sixth sample. The steps in this 

procedure are summarized in the SPECTROPHOTOMETER BODY 

FLUID SAMPLE ANALYSIS PROCEDURE. 

Procedure for Developing a Regression Equation to 

Calculate Deuterium Concentration in Body Fluids 

from Absorbance Readings 

1) Weigh out 50 gm of distilled water to the nearest 

.0001 gm (Mettler H20 Balance). 

2) Based on the weight of distilled water, calculate 

the weight of deuterium required for the desired 

concentration (ppm). 

moles of 

moles of 

H 0 
2 

D 0 
2 

- wt of H 0 (gm)/18.0I5 
2 

= (ppm) (moles H20) 
(I-ppm) 

wt of D 0 (gm) = D 0 X 20.028 
2 2 

3) Use the procedure outlined above to make deuterium 

samples of these approximate concentrations: 50 

ppm, 150 ppm, 200 ppm, 300 ppm, 400 ppm, 500 ppm, 

900 ppm, 1300 ppm, and 1900 ppm. 

4) Use the following calculation to obtain exact 

deuterium concentration. 



5) 

moles 0 0 = wt D 0/20.028 
2 2 

moles H 0 = wt H 0/18.015 
2 2 

ppm = moles = DO/moles 0 0 
2 2 

Use the procedure outlined above 

+ moles H 0 
2 
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to make deuterium 

samples of these approximate concentrations: 50 

ppm, 150 ppm, 200 ppm, 300 ppm, 400 ppm, 500 ppm, 

900 ppm, 1300 ppm, and 1900 ppm. 

6) Use the spectrophotometer Body Fluid Sample 

Analysis Procedure to obtain an absorbance reading 

for each sample. 

7) With this data use simple linear regression 

analysis to produce an equation to calculate 

concentration (ppm) from absorbance. The 

following equations are used in the regression 

analysis: 

Y = a + b X where a is the intercept 
1 1 1 

and b is the slope 
1 

bl = nE x~ - {E xl uo:; :ll 
2 2 

n E x - ( E x) 

where x = absorbance reading from spec 

y = known ppm of calibration sample 

a = Y-b 
1 1_ 

The equation, Y - a 
1 

-+ b X, can then be used to 
1 

calculate the deuterium concentration (Y=ppm) from 

absorbance readings (X=absorbance) of body fluids. 
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spectrophotometer Body Fluid Procedure 

1) The spectrophotometer should be on at least 24 

hours before samples are analyzed. Turn on water 

bath, vacuum pump, and plug in digital display. 

Let equipment warm up for ten minutes. Check to 
o 

be sure the temperature of the water bath is 35 C. 

2) Flush spectrophotometer with acetone by injecting 

a .5 cc sample of acetone into the 

spectrophotometer port with a 1 cc tuberculin 

syringe. Vacuum the sample out of the port. 

3) Calibrate the spectrophotometer with distilled 

water. The criterion is three consecutive trials 

within +/- .0004 of zero. Adjustments at the 

spectrophotometer are made by using the top dial 

on the back of the spectrophotometer. 

4) Flush with acetone following step 2) directions. 

5) The tip of a 1 cc syringe is attached to a 1 cc 

syringe. The fluid sample is injected into the 

spectrophotometer port through a 0.22 pm nylon 

filter. Extrude the sample to the end of extender 

before injecting the sample into the 

spectrophotometer in order to prevent air from 

being injected into the cell window. It is 

critical to support the input port stem to prevent 

it from bending. 
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6) Take the absorbance reading 90 seconds after 

injecting the sample into the spectrophotometer. 

7) Repeat steps 4) to 6) until two readings are within 

~ .0004. 

8) Between measurements on each sample vacuum the 

spectrophotometer. Between samples of a subject 

(e.g., hour 0, hour 1, etc.) vacuum the 

spectrophotometer and filter, then flush with 

acetone. A new syringe is used for each 

sample and a new filter is used for each subject. 

9) Check the calibration with distilled water at 

least every sixth sample. Flush with acetone 

before and after the calibration check. 

10) When finished analyzing the last sample, flush the 

spectrophotometer with acetone and turn off the 

water bath and digital display. 

11) Replace filters in input and output stems to 

prevent dust from entering the spectrophotometer. 



APPENDIX J 

, 
SPECTROPHOTOMETER CALIBRATION LINE DATA 

203 



204 

spectrophotometer Calibration Line Data 

Readings from Spectrophotometer Optical Density 

(y) SG GF LH (X) 
ppm 8/28/85 9/2/85 9/30/85 Mean 

50 .0036 .0034 .0035 .0035 
140 .0082 .0090 .0085 .0086 
200 .0122 .0112 .0126 .0120 
300 .0172 .0164 .0175 .0170 
410 .0239 .0199 .0233 .0224 
500 .0280 .0270 .0274 .0275 
550 .0315 .0301 .0308 .0308 
750 .0431 .0393 .0419 .0414 
900 .0516 .0498 .0505 .0506 

1320 .0732 .0711 .0722 .0722 
1900 .1055 .1054 .1046 .0152 

- - - - - - - - - - - - - - - - - - - - - -

E X 
2 

E X 

X 

SO 

Optical 
Density 

ppm (00) 

7020 .3912 

7,597,600 .02328 

638.2 .03556 

558.4 .03061 

E xy = 420.4 

-4 
Variance = 9.37 X 10 

X 
Covariance = 17.0870 

Slope = 18,241.73 

Intercept = -10.56 

ppm = 18,241.73 (00) - 10.56 
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Underwater Weighing System Calibration Procedures 

A. Calibration of force <underwater weight) recording 

system 

1. Turn on all instruments and allow at least 30 

minutes warmup time. 

2. Fill the tank with water warmed to 

approximately body temperature. 

3. Position and balance the weighing platform 

upon the four force transducers. 

4. Secure the rebreathing hose to the closest 

upright support of the weighing platform. Use 

a rubber stopper to plug the end of the hose. 

The hose should be completely submerged in the 

water. The belt also should be secured to the 

weighing platform and not touching the tank. 

S. Use the zero control knobs to set the zero 

reading on the summing and amplifier module 

to zero. 

6. Switch the chart recorder from standby to 

record and adjust the recorder to read zero 

using the zero adjust knob. The zero should 

be set at least one major division from the 

baseline so that negative tare weights can be 

recorded. 



7. Place the calibration weight on each 

transducer and check the output on the 

summing and amplifier module. 
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8. Use the gain adjust knob on the summing and 

amplifier module to set the module reading to 

equal the weight of the calibration weight. 

9. Switch the chart recorder from standby to 

record. The chart recorder output should 

equal the weight of the calibration weight 

(~0.02 Kg). It if does not, check the 

summing and amplifier module for drift. If 

necessary, readjust the module reading to 

equal the weight of the calibration weight. 

Then, check the chart recorder output for 

equivalency (~O.02 Kg) with the module 

output. 

10. If the output on the chart recorder and 

summing and amplifier module continue to 

disagree, remove the calibration weight and 

check the zero settings on the summing module 

and chart recorder (steps 4 and 5). Readjust 

the zero settings if drifting has occurred. 

11. Repeat steps 6-8. If the output on the 

summing module and chart recorder continue to 

disagree, adjust the output on the chart 



recorder to equal (±O.025 Kg) the module 

reading by turning the gain adjust screw. 

208 

12. Remove the calibration weight and check the 

zero settings on the summing m9dule and chart 

recorder. If no drifting of the zero 

settings has occurred, the system is 

calibrated and ready for use. 

13. The zero settings on the summing module and 

chart recorder should be checked routinely 

between each subject. If drifting occurs, 

adjust the zero on the summing module using 

the zero control knob. The chart recorder 

zero should reflect the summing module zero. 

The summing module gain adjust and the chart 

recorder zero and gain adjust controls should 

not be adjusted without recalibrating the 

system. 

B. Calibration of Telethermometer 

1. Remove temperature probe from the Yellow 

Springs telethermometer and switch on the 

instrument power switch. 

2. The instrument is ready for use if the meter 

responds with a red line reading. If the 

meter does not respond with a red line 
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reading, adjust the calibration control screw 

until a red line reading is obtained. 

3. If the instrument cannot be adjusted to red 

line, replace the battery, and recalibrate. 

c. Calibration of Nitralyzer 

1. Switch on the nitralyzer and nitralyzer 

vacuum pump and allow at least 30 minutes 

warmup time. The nitralyzer is calibrated to 

dry room air. The nitrogen needle valve 

should be removed from the rebreathing valve 

and allowed to sample room air. 

2. Occlude the tubing connecting the needle 

valve to the nitrogen ionization chamber. 

The meter should indicate 0% nitrogen. If 

the reading is higher than 0% N , check the 
2 

vacuum system for leaks, and if necessary, 

correct. A leaking vacuum system results in 

reduced needle valve resolution and overall 

system stability. 

3. Allow the needle to draw in room air. The 

meter output should read 79.6% N. If it 
2 

does not, adjust the reading to 79.6 by 

turning the gain control on the front panel 

of the nltralyzer. 
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4. The nitralyzer should be checked for driftin~ 

before testing each subject. Remove the 

needle valve from the rebreathing valve and 

allow it to draw in room air. Check the 

nitrogen zero by occluding the tubing so no 

nitrogen is drawn into the ionization 

chamber. Check the meter reading for room 

air (79.6%) and adjust, if necessary, using 

the gain control knob. 

5. Adjustment of nitrogen probe (needle valve) 

a) The needle valve has been adjusted to 

optimize the flow of gas into the 

ionization chamber and hence detection 

of the nitrogen concentration. No 

adjustment is ordinarily needed. The 

flow of gas is affected by environmental 

conditions, especially relative 

humidity, and changes in environmental 

conditions, may necessitate readjustment 

of the probe. Of course, after any 

mechanical disturbance of the probe, 

such as an inadvertent blow to the 

valve, its calibration must be checked. 

Poor response of the nitralyzer to 

changing nitrogen concentrations may 
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indicate a readjustment of the valve is 

needed. 

b) To adjust the needle valve, loosen the 

lock nut on the valve and turn the valve 

fully clockwise (closed). The meter 

should indicate 0% N. Slowly turn the 
2 

needle valve counterclockwise until a 

maximum reading is obtained (a peak 

reading). Adjust the gain control on 

the nitralyzer until the meter reading 

is 79.6% N. Now turn the needle valve 
2 

clockwise until the meter indication is 

reduced by 3% (from 79.6 to 76.6% N ). 
2 

Tighten the lock nut on the needle 

valve. Readjust the meter reading with 

the gain control to read 79.6% N. The 
2 

nitralyzer is now ready for use. 
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Harpenden Skinfold Caliper Calibration Check 

with a Glougau's Vernier Caliper No. 12 

Harpenden Caliper Readings (mm) 

Vernier Trial 
Caliper 
Setting 

(mm) 1 2 3 4 

10 10.00 10.00 10.00 10.00 

20 20.00 20.00 19.98 19.99 

30 29.98 29.97 30.00 29.98 

40 39.80 40.02 39.90 39.91 
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Skinfold Measurement Site Descriptions 

Triceps (upper arm): The subject stands erect with 

the arm relaxed at the side of the body and a vertical 

fold is raised midway between the right olecranon and 

acromion processes on the posterior of the brachium. The 

skinfold is picked up 1 centimeter (cm) above the midpoint 

and the measurement i5 taken at the midpoint. 

Biceps (upper arm): The subject stands erect with 

the arm relaxed at the side of the body and a vertical 

fold is raised 1 cm above the line marked for the triceps 

skinfold on the front of the right arm, directly above the 

cubital fossa. 

Subscapular (back): The subject stands erect with 

the arms relaxed at the sides of the body. The skinfold is 

picked up 1 cm below the inferior angle of the right 

scapula inclined downwards and laterally in the natural 

cleavage of the skin. 

Midaxillary (side): The subject stands erect with 

the shoulder slightly abducted and the skinfold is picked 

up 2 cm superior to the fifth rib. 

Suprailiac (waist): The subject stands erect with 

arms relaxed at the sides of the body. A vertical fold is 

taken on the midaxillary line above the iliac crest of the 

right side. The skinfold is raised 2 cm above the crest 

and the caliper is applied below the site. 
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Anterior Suprailiac: The subject stands erect and 

a diagonal fold anterior to the midaxillary line about 3 

cm above the anterior superior iliac spine is taken so the 

fold runs forward and slightly downward. The caliper is 

applied below the site. 

Abdominal: The subject stands erect and a vertical 

fold is be taken 2 cm to the right of the umbilicus. The 

skinfold is picked up at the level of the umbilicus and 

the caliper is applied below the site. 

Thigh: The midpoint of the thigh is located with 

the subject seated. The subject then stands erect and the 

foot is placed on a bench with the knee slightly flexed 

and thigh muscles relalxed. The skinfold is raised midway 

on the anterior of the thigh between the trochanterium and 

proximal border of the patella. The fold is lifted 

parallel to the long axis of the thigh. 

Medial calf: The foot is placed on a bench with 

the knee slightly flexed. The caliper is applied at the 

medial side at the largest circumference of the calf. 

• 
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Body Composition laboratory 
Skin fold Measures 

r:ame _________________ _ Birthdate 

Tested by _______________ _ Rt!corded by 

Variable 

Subject :\umber 

Se:~ 

Test Type 

Tt:st :\umber 

Croup ::umber 

Treatment Number 

Age (years) 

Weight (kg) 

Standing Height (cm) 

Sitting Height (c~) 

Triceps 

Biceps 

Subscapula 

Hidaxillary 

Suprailiac (waist) 

Suprailiac (anterior) 

flbdominal 

Thigh 

~!ed ia I Calf 

Project Number 

10/30/85 J 

Format 

F4.0 

Fl.O 

F2.0 

Fl.O 

Fl.O 

Fl.O 

F4.2 

F4.1 

F4.1 

F4.1 

Skinfolds (mm) 

Trials 

F3 .1 

n.l 
n.l 

n.l 

F3.1 

1'3.1 

F3.1 

n.l 

n.l 

F5.0 
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Date ____ _ 

Time ____ _ 

Columns 

(1-4) 

(5) 

(6-7) 

(8) 

(9) 

(10) 

(11-14) 

(15-18) 

(19-22) . 

(23-26) 

(30-32) ---
(33-35) ---
(36-38) ---
(39-41) ---
(42-44) ---
(45-47) ---
(48-50) ---
(51-53) ---
(54-56) ---
(76-80)..1. _8 __ 5_ ..2.- _1_ 
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Body Circumferences Measurement Site Descriptions 

Upper arm (relaxed): The subject stands erect with 

the arms relaxed at the sides of the body. The 

circumference is taken horizontally half way between the 

acromion process and the elbow joint. 

Upper Arm (contracted): The subject stands erect 

and flexes the elbow until the thumb touches the acromion 

process of the shoulder. The upper arm is approximately 

parrallel to the floor. The tape measure is positioned 

around the brachium, and the subject is requested to clench 

the fist and contract the biceps as strongly as possible. 

The tape measure is repositioned so that the measurement 

can be taken perpendicular to the long axis of the brachium 

at the location of maximum circumference. 

Forearm: The elbow is flexed to a 90 degree angle, 

with the forearm parallel to the floor, the hand supinated, 

the fist clenched, and the biceps relaxed. The measurement 

is taken immediately distal to the elbow joint, at the 

maximal girth. 

Chest: The subject stands erect, arms slightly 

abducted. The tape is placed horizontally around the chest 

at the level of the fourth intercostal space. The subject 

is asked to breath normally, and the measurement is taken 

at the end of a normal expiration. The measurement is 

taken at the same place for both males and females. 
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Abdomen: The subject stands erect, with the 

abdomen relaxed. At the end of a normal expiration the 

minimal abdominal circumference is taken midway between the 

xyphoid process and the umbilicus (anteriorly) and midway 

between the tenth rib and the iliac crest (laterally). At 

this level of minimal abdominal width the side profiles are 

slightly concave. Measure is taken at the umbilicus. 

Middle Thigh: The subject stands erect, feet 

slightly apart, with the weight evenly distributed and the 

thigh relaxed. The tape is placed horizontally, midway 

between the trochanterium and the proximal border of the 

patella on the anterior of the thigh. 

Calf: The subject stands erect, the feet slightly 

separated, and the weight evenly distributed on both feet. 

The horizontal circumference of the calf is taken at the 

level of maximal girth. 
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Name _________________ _ Birthdate _______ Date 

Tested by ___ _ 

Variahle --.---- .. 

Suhject Number 

Se:< 

Te<;t Type 

Test Nllmher 

Grollp ::lImb('r 

Treatment Numher 

--------------
Format 

F4.0 

FLO 

n.o 
FLO 

FLO 

FLO 

Age (year, two decimals) F4.2 

Recorded by ______ Time 

Colur.ns Sp.l("(' ---
(1-4) 

(5) 

(6-i) 

(8) 

(9) 

(10) 

(ll-I!.) 

CIRCU}IFERE::TlAL }IEASl:RES (C}!) 

Upper arm (relaxed) 

Upper arm (contracted) 

Forearm 

Chest (end (':,pirat lun) 

Abdom£'n 

~!iddle Thigh 

Galf 

Shuulder 

IIlp 

Chest 

Right For~arm L£'n~th 

Left Forearm Length 

ElbOl~ 

I~r I st 

Knee 

,\nkle 

H! p C I rCllrnf t' renn' 

I' ru j ee t IllImlJl'r 

fonD/8S 

Trials 

FI,.I 

F4.1 

F4. I 

1'"4.1 

1'"4. I 

F~. I 

F~. I 

STRUCTUR.\I. NEASURES 

F3. I 

n.1 

F3.1 

F3.1 

F3.1 

F3.1 

F3.1 

F3. I 

1'3. I 

n.1 

1'5.0 

~feans 

(18-21) 

(22-25) 

(26-29) 

(JO-J) 

(34-37) 

(38-41 ) 

(42-45) 

(CN) 

(46-48) ---
(49-51) ---
(52-5:' ) --.-
(55-5i) ---
(58-60) ---
(61-63) ---
(64-66) ---
(67-69) ---
(70-72) ---
(73-75) - ---
(76-80) _1_ ~ _5 _....Q. _1_ 
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Shoulder width: The subject stands erect with the 

back to the technician and the body weight distributed on 

both feet. The acromion processes are palpated with the 

index fingers. One end of the anthropometer is placed on 

the most lateral edge of the left acromion process. The 

other blade of the anthropometer is moved until it is on 

the most lateral edge of the right acromion process. This 

measurement is made with the ends of the anthropometer 

pointing slightly upward. 

Hip width: The subject stands erect with the back 

to the technician. Body weight is evenly distributed on 

both feet. The iliac crests are palpated. The blade ends 

of the anthropometer are placed on the lateral sides of the 

crests at the points which result in the greatest hip 

breadth. The anthropometer is held with ends pointing 

slightly upward. 

Chest Width: The subject stands erect with the 

arms abducted slightly to allow for placement of the 

anthropometer at the level of the fifth to sixth rib. This 

position is at the nipple level for children, all male 

youth and most female youth. The technician places the 

anthropometer in a transverse plane on the front of the 

subject so that its blades intersect the fifth and sixth 

ribs. The arms are then be adducted to the sides of the 

body. The subject i~ requested to continue breathing 



normally, and the measurement is taken after a normal 

expiration. 
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Forearm length: The subject stands erect with the 

left brachium at the side of the body and the elbow flexed 

at 90 degrees so that the arm crossed the chest with the 

palm midway between supination and pronation. One end of 

the blade is placed on the posterior portion of the lateral 

epicondyle of the humerus. The other blade of the 

anthropometer is placed on the distal tip of the styloid 

process of the radius. Measurement is made with the ends 

of the blades pointing slightly upward. 

Elbow Width: In a standing position, the subject 

raises the supinated arm forward to approximately the level 

of the shoulder joint. The elbow is then be flexed to form 

a right angle. The most lateral points on the distal end 

of the humerus are palpated. The ends of the anthropometer 

are be applied against these points so that the plane of 

the anthropometer bisects the angle of the elbow joint. 

Wrist Width: In a standing position the arm is 

pronated and the elbow flexed to form a right angle. The 

width is measured across the styloid processes, oblique to 

the long axis of the arm. 

Knee Width: From a standing position, the subject 

places the right foot on a bench so that a right angle is 

formed at the knee, with the thigh horizontal and the leg 

vertical. The most lateral points on the distal end of the 



femur are palpated. The ends of the anthropometer are 

applied against these points so that the plane of the 

anthropometer bisects the angle of the knee joint. 
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Ankle width: The subject places the foot on a 

bench forming a right angle between the thigh and the heel. 

The anthropometer blades are placed on the internal and 

external malleolus at an angle of 45 degrees between the 

sole of the foot and the anthropometer. 

Standing Height: The measurement is taken with the 

subject standing with heels together against a stadiometer 

and the body held in a maximally erect position. Hands are 

placed on the hips, thumb and index finger in superior 

position directly posteriorly and anteriorly respectively. 

The head is held in the Frankfurt plan, the eyes and nose 

are directly straight forward, and a maximal inspiration is 

taken. The subject is instructed to put hands on hips, 

look straight ahead, and take a deep breath. A rectangular 

piece of wood is placed on top of the suject's head and 

flat against the stadiometer. Height is read at the point 

of intersection of the wood rectangle and stadiometer. 

Sitting Height: This measurement is taken with the 

subject sitting on a bench. The subject sits maximally 

erect with hands and head positioned in the same way as in 

the standing height measurement. 
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Bone Mineral Analyzer Calibration 

1. Instrumentation: a) Lunar single photon absorptiometer (Lunar SPI) 
b) Northstar "Advantage" computer with Epson printer 
c) Source = Iodine 125 
d) Nal detector 

2. Calibration procedure: a) First determine peak, i.e., peak detection and b) scan 
standard. 

a) Peak detection - This is determination of highest number 
of counts per unit time at various settings for gain. 
Peak detection is done with standard in place, with 
scanner positioned over the large standard. 

Procedure: 

1) set gain to previous days peak (usually approximate
ly 58) - 20 units. 

2) obtain counts per unit time. 
3) increase gain by four units, then obtain counts 

per unit time. 
4) Continue the process - (increase gain 4 units, 

obtain count) until 10 scans are obtained (previous 
days peak +20 units gain). 

5) The gain setting giving highest number of counts 
per unit time is chosen as the peak for the day. 
All further scans (scans of subjects) are done 
with the gain set at the gain corresponding to 
peak. 

b) Scan of standard 

1) Gain should be set to previously determined peak. 

2) Standard is placed under photo detector (Nal crystal) 
so that large standard is scanned first, followed 
by medium, then small standard. 

3) Each standard is scanned eight times and a printout 
of the individual value, mean and standard 
deviations for each standard is obtained. Operator 
has the option of reviewing data and eliminating 
any scans which are out of line (bad scans). 

4) Data from scans of standards are used to normalize 
subject scans. 

3. Description of Standards - The standards are constructed to approximate the composi
tion of bone. 

BMC (g) 
Width (cm) 

Bone Mineral Standards 

Large 

1.277 
1.59 

l\ledium 

0.731 
1.35 

Small 

0.398 
0.96 
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BorlE rmIER/\L !lEt.SURES 
DATA SHEET 

Name Date 

Subject !Iumber (1-4 ) --------
Sex (5) 

Test type (6-n --
Test !Iumber ('8) 

Group rlumber (9) 

Treatment lIumber O'Q 

Age (years, blO decimals) (11-14) ----
Right Side 

Trials Means 

Radius 

Bone mi nera 1, lib (g/cm) ---- (p; -17,) ---
Bone width (cm) ---- (18-20) ---
Ulna 

Bone mineral, I1b (g/cm) ---- ( 21-23) ----
Bone width (cm) ---- (.24-26) ----

Left Side 

Radius 

Bone mineral, lib (g/cm) ---- ( 27-29) ---
Bone width (cm) ---- ( 30-32) ---
Ulna 

Bone mineral, Nb (g/cm) ---- ( 33-35) --.-
Bone width (cm) ---- ( 36-38) ----
Project rlumber (76-00) -----
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DESCRIPTIVE DATA 
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BUDY CO~IPLlS lTIO~ SH'UY llj' CIIII.lJ':t::; .\:;U YOlI"J II 

m:UICAI. REPOI:I 

'11", full.:)\~i:1!; findings were record~d: 

I. Vision screening test: Left I -----

U"" t ,. tl f 
L~:am I n.l t ion 

I 

----------_._------_ ... _---------... _----

2. Cardiopulmonary examination: 

Comments: 

235 

---------------------------------

3. Spine and extremities: 

Comments: -----------------------------------_. 

4. Other: 

Comments: 

Con.;lus1,)n: capable of all forms of physical activity 

capable of restricted physical activity. Restrictions: 

-----_ .. - '--'--'-'- ._. 

___ needs special remedial/correctiv~ program. Programs: 

Si;;nature: ------_._-_. ---"-"--'--- Uate 

luno/g, 



OEseR rPTI\'C DATA 

Project ::u!:lber ___________________ _ 

Se:-: 

Test Type 

Teo;t Number 

Card Number 

Treatment Number 

Ethnic Group 

S0cio-economic 

Geographic 

Birthdate 

IIdght 

t~e i ~h t 

Oral Temperature (DC) 

Dry Bulb Temperature (oC) 

t~et Bulb Temperature (oC) 

Barometric Pressure (mmHg) 

Sitting IIR 

Sitting Systolic BP 

Sitling Diastolic BP 

Project Number 

Format 

F:'.O 

Fl.O 

F2.0 

FLO 

Fl.O 

FLO 

FLO 

FLO 

F2.0 

F6.0 

F6.0 

F4.2 

F5.2 

F5.2 

F3.1 

n.l 
FJ.l 

F4.1 

F3.0 

FJ.O 

F3.0 

FJ.O 

F3.0 

F3.0 

F3.0 

F5.0 

t:L·lu::m 

(1-4) 

(5) 

(6-7) 

(Il) 

(9) 

(1U) 

(11) 

(12) 

(13-14) 

(15-20) 

(21-26) 

(27-30) 

(31-35) 

(36-40) 

(41-43) 

(44-46) 

(1,7-49) 

(50-53) 

(54-56) 

(57-59) 

(60-62) 

(63-65) 

(66-68) 

(69-71) 

(72-74) 

(76-80) 
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PARENT INFORNIITTON FOR}I 

~Iother' s Name ___________ . __________________ _ 

Occupation 

Highest level of education attained __________________ _ 

Father's Name ____________________________ _ 

Occupation 

Highest le~el of education attained __________________ _ 

Family address ___________________ _ Phont! ____ _ 

Children participating in study 

Name Birthdate Grade, School 
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Determination of the Sexual Maturation Level 

Use of 1 - Pubic hair stages 

2 - Testicular size determined by the Prader 
testometer 

3 - Breast development stages 

4 - Meanarche occurrence 

Prepubescent Level = Developmental Status 1 

for boys: pubic hair stage 1 

testicular volume ~ 3 

for girls: pubic hair stage 1 

breast development stage 1 

no occurrence of menarche 

Pubescent Level = Developmental Status 2 

for boys: pubic hair stages 2&3 

testicular volume = 4 to 8 

for girls: pubic hair stages 2&3 

breast development stages 2&3 

no occurrence of menarche 

Postpubescent Level = Developmental Status 3 

for boys: pubic hair stages 4&5 

testicular volume ~ 8 

for girls: pubic hair stages 4&5 

breast development stages 4&5 

menarche occurrence 

239 



APPENDIX W 

EQUATIONS FOR PREDICTION OF PERCENT BODY FAT 

240 



241 

Equations for Prediction of Percent Body Fat 

Equation 

Skinfolds 

%FAT-S = 1.35 X (Sum Triceps 

+ Subscapular) - 0.12 

x (Sum Triceps + 
2 

Subscapular) - 6.4 

%FAT-S = .785 X (Sum Triceps 

+ Subscapular) - 1.6 

%FAT-S = 1.35 X (Sum Triceps 

+ Subscapular) - .012 

X (Sum Triceps + 
2 

Subscapular) - 4.4 

%FAT-S = .51 X (Sum Triceps 

+ Subscapular) + 

10.3 

Body Density ~ 

%FAT-D = ~5.30 
'( BD 

%FAT-D = (5.25 
,BD 

%FAT-D = (_5 .16 
'=BD 

4.89) X 

4.84) X 

4. 7-0 X 

100 

100 

100 

Subject Group 

[Male subjects with sum 

triceps + subscapular 

< 49] 

[Male subjects with sum 

triceps + subscapular 

> 50] 

[Female subjects with 

sum triceps + subscapu-

lar < 49] 

[Female subjects with 

sum triceps + subscapu-

lar > 50] 

[Males 10.00-11.99 yrs] 

[Males 12.00-12.99 yrs] 

[Males 13.00-13.99 yrs] 
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%FAT-D = C:. 08 4.6~ X 100 [Males 14.00-15.99 yrs) 
BD 

%FAT-D =(5.43 5.09 X 100 [Females 10.00-11.99 yrs) 
BD 

%FAT-D = ~.25 4.8~ X 100 [Females 12.00-12.99 yrs) 
BD 

%FAT-D = ~.12 4.6~ X 100 [Females 13.00-15.00 yrs] 
BD 

Total Body Water (TBS) 

%FAT-W = (weight - FFB-~\ X 
\: Weight "7 

100 

%FAT-W = TBW (kg) [Male prepubescent] 
.750 

%FAT-W = TBW (kg) [Male pubescent] 
.748 

%FAT-W = TBW ( k~il> [Male postpubescent) 
.733 

%FAT-W = TBW (k2) [Female prepubescent] 
.759 

%FAT-W = TBW (k~) [Female pubescent] 
.753 

%FAT-W :.: TBW ~kg) [Female postpubescent] 
.737 

Density and water 

%FAT-DW = (2.057 

" BD 

.786 w - 1.28~ X 100 

Where: W = % water of body weight 
100 
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Density, Water, and Bone 

%FAT-OWB = 12.747 
'()O 

B = 

.727 W + 1.146 B - 2.050~ X 100 

Where: W = % water of body weight 
100 

(2.0 X RBM) + 4.16 X FFB-S 
Body Weight 

Where: RBM = Radius bone mineral 

content (gm/cm) 

FFB-S = Fat Free Body estimated 

from skinfo1ds 
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Ages, Sex, Fatness and Developmental Status of 
. 

Nine Cases Rejected Due to Missing or Nonphysiological 

Values for Data 

Sex Fatness 
l=Non- Develop- Reason 

Age l=Hale obese mental for 
Subj (yrs) 2=Female 2=Obese Status Rejection 

2043 10.8 2 2 Missing 
Developmental 
Status 

2044 13.7 2 1 Hissing 
Developmental 
status 

2045 13.6 2 1 Missing 
Developmental 
status 

2025 12.3 2 1 2 Nonphysiological 
water Data 

2075 14.2 2 2 3 Nonphysiological 
Water Data 

2077 13.4 2 2 3 Nonphysiological 
Water Data 

2099 14.8 1 2 3 Nonphyslologlcal 
Water Data 

2033 12.5 2 2 3 Hissing Bone Data 

2062 12.4 2 1 2 Missing Bone Data 

1 
2 = pubescent, 3 = postpubescent 
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Independent Variable Coding and Regression 

Coefficient Adjustment Calculation Procedure 

Independent Variable Coding for Regression Analysis: 

Fatness 1 = non obese 

Sex 1 = male 

-1 = obese 

-1 = female 

247 

MATL (comparison of prepubescent and postpubescent) 

1 = prepubescent 

o = pubescent 

-1 = postpubescent 

MATQ (comparison of pubescent with mean of prepubes

cent and postpubescent) 

1 = prepubescent 

-2 = pubescent 

1 = postpubescent 

Regression Coefficient Interpretation and Adjustment 

calculation Procedure: 

Significant regression coefficients indicate that 

for a given value of the dependent variable the predicted 

value for that dependent variable will be systematically 

affected by the independent variable by the magnitude of 

the adjustment value for the regression coefficient. 

Step 1: An adjustment value for a dependent 

variable is obtained by multiplying the independent 

variable code number by the regression coefficient or 

coefficients obtained by the regression analysis. 
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step 2: The adjustment values is then added to 

the value of the variable being predicted to obtain the 

final predicted values for the dependent variable. 

Example - Calculation of Adjustment Value for the 

Significant Regression Coefficient for MATQ When 

Predicting FFB-DW (Table 24). 

step 1: 
Regres- Refgres-

Sexual sion sion 
Matura- MATL Coeffl- MATQ Coeffl-
tion Vari- x cient + Vari- x cient = Adjust-
Level able for able for ment 
Status Code MATL Code MATQ Value 

Pre- 1 x -.794) + ( 1 x .411) = -.382 
pubescent 

Pube- ( 0 + (-2 x .411) = -.822 
scent 

Post- (-1 x -.794) + ( 1 x .411) = 1.205 
pubescent 

step 2: 

Adjustment Value + Unadjusted Value = Adjusted FFB-DW 

Value 
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