
ABSTRACT 

BAUER, S. R. m a r i s o n  of hvdrostatic weinhine to bioelectrical 
irn~edance analvsis in women ereater than thirtv percent bodv ff&. MS in 
Adult Pitness/Cardiac Rehabilitation, 1991, 55 pp. (J.Porcari) 

Twenty-five female Ss age 18-65 years who had participated in a 
community weight loss class volunteered to have their body composition 
determined via hydrostatic weighing (HW) and bioelectrical impedance 
analysis (BIA), All subjects were greater than 30% body fat. It was 
dbscovered that bioelectrical impedance analysis using the BES 2002 
analyzer significantly (p<.05) underpredicted percent fat in all 25 
subjects, compared to HW. Percent fat predicted using the BES 2002 
analyzer was poorly correlated (r - .59) to percent fat using HW. Mean 
percent fat determined by BIA was 33.9 + 6.39 compared to 42.8 + 6.30 
using HW. Mean fat free mass (FFM) was significantly overestimated 
(p<.05) using BIA (54.8 + 6.89) compared to HW (44.1 + 6.80). New 
prediction equations were developed for the impedance analyzer. The 
highest correlation for a developed prediction equation was r - -97. 
This equation predicted FFM using the veriables height squared (ht2), 
weight, age, impedance (R), and waist-to-hip ratio (WHR). Further 
investigation needs to be done to validate the accuracy of this equation 
for the BES 2002 analyzer. 
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CHAPTER I 

INTRODUCTION 

Background 

The prevalence of obesity is high in most Western societies (Lantz 

& Remington, 1990; Seidell et al,, 1986), It has become an important 

health hazard and is associated with many common diseases that may 

increase morbidity and mortality (Bray, 1987; Gray, 1989; Manson et al., 

1990; Seidell, Deurenberg, & Hautvast, 19Fi; Van Itallie, 1990). A few 

oE these diseases and disorders are coronary heart disease (CHD), 

hyperlipidemia, diabetes, and hypertension (Folsum, Prineas, Kaye, & 

Soler, 1989; Gray, 1989; Manson et al., 1990; Remington & Moss, 1989). 

A major problem with obesity is establishing valid tools for 

assessing body composition (Katch, 1983). The "gold standard", 

hydrostatic weighing (HW), assumes that the body has constant densities 

for fat and lean components. This assumption may not be true for obese 

individuals (Deurenberg, Leenan, Van der Kooy, & ~autvakt, 1989). 

In the past decade a number of new methods for the assessment of 

body composition have been developed. These include neutron-activation 

analysis, single-photon absorptiometry, computerized tomography, 

magnetic resonance imaging, total-body electrical conductivity (TOBEC), 

infrared spectrophotometry (Futrex 5000), and bioelectrical impedance 

analysis (BIA) (Eston, Brodie, Coxon, & Kreitzzman, 1989; Forbes, 1988; 

Lohman, 1984: Lukaski , 1987). 



Many o f  1:liese new methods of  body co111posiL1on n n n l y s j s  n ro  

expens ive  nnd a v n i l i t b l r  on ly  i n  l a r g e  ~ s e d i c n l  Cnci l i t t i e s ,  t hus  r c ~ k l n g  

them i lnp roc t i ca l  f o r  widosprcnd use .  'She l a t t e r  mothotl ( B I A )  is  

regardetl  a s  11 vnl it1 111ct11otl f o r  ~ r c i i s i ~ r i n g  botly co~npos i 1:io11, is ro  LnL l vc ly  

inexpens ive ,  i~ntl  can be i l l ) l~ l ie t l  i n  l a r g c r  c~l)itletniologic:n1 s t u d i o s  

( B a u l s g a r t ~ ~ e r ,  Clinineln, & Roche, 1990; Bscon C!L nl . , 1989; LuknskL, 

Johuson ,  Holoncliuk, & Lyklce~~,  1985) .  Howcva~-, tho  RIA  neth hod \ins b~1a11 

found Lo o v c r o s L i ~ ~ l c ~ t e  p e r c e n t  f a t  i n  l enu  ~ n i ~ l c s  nuti u n d e r e s t i ~ n a t o  11 111 

ove~:weight 111i11es when con~pit~:od t o  HW (Sagnl. ,  Guti.11, P~ :os tn ,  Wnug, & Vn11 

Z t n l l i e ,  1985) .  

'I'lio p ro l ) lo~ i~  of  t l c t c rml~ i ing  I,ody co~nposi \:ion o f  obese  s i ~ b j c c  ts 

u s i n g  B I A  is t h n t  each i ~ i s t ~ . u ~ n e u t  llns e q u n t i o ~ l s  Tor predic t . ing Imdy f a 1  , 

whicli a r e  proprogrnm~~lod by Ll~e ~nnr ru fac t i~ re r  . Baiungartner e t  (11 . (1 990) 

s t a t e d  t h a t  n  body c o ~ ~ ~ p o s i t i o n  t o o l  is o ~ i l y  a s  good a s  tile p r e d i c t i o ~ l  

c q u n t i o * ~  f o r  t h e i  p o p i ~ l a r i  on.  Very Tew p r e d i c t i o n  o q i ~ n t i o n s  rlre 

n v a i l n l ~ l e  s p e c i f i c n l l y  Lor obose f e ~ n n l e s .  C o l v i n ,  Pol l o c k ,  Graves ,  t~ntl  

I l rn i t t l  (1988) a l s o  showocl r l ~ a t  p r c d l c t i o n  cqiuiit ions  d o l c r ~ n i n o d  by I l l A  

nre rnorr! nccurncr! wl\on npl,lIc?tl Lo 611e tmpetlanco flnnlyzec Crarn whtch Lll@ 

d a t a  were t aken .  Thus ,  i t  is  important  Lo e s t n l ~ l i s l i  n  p r e d i c t l o n  

equn t ion  f o r  obese  women f o r  onch   nod el of  B I A .  

The purpose o f  t h i s  s t u d y  vns  twofold .  F i r s t  was t o  coinpare HZA 

t o  HW f o r  d e t o n n i t ~ i n g  body composition o f  W ~ I I ~ C I I  whose body f a t  wns 

g r e a t e r  than 30%. Second w i t s  t o  develop n  predi.ccion e q u n t i o n  for Llto 

88s 2002 (Glassfot'd, 1969) that: ~#etduld be v a l i d  it? r)eta):mining body 

composi t ion o f  women who hod g r e a t e r  t han  30% body E a t .  



Need for the Studv 

Determ,.,ing body composition on obese subjects is very difficult. 

Gray et al. (1990) discussed the inadequacy of determining body 

composition by skinfold thickness measurements. A new method, BIA, has 

been proclaimed as a good choice in determining body composition. 

However, n body composition tool is only as good as the prediction 

equation for the specific population tested (Baumgartner et al., 1990). 

Each manufacturer of BIA instruments develops prediction equations 

specific to that instrument. Very few prediction equations are 

available specifically for obese females using BIA. Further, prediction 

equations determined by BIA are more accurate when applied to the 

impedance analyzer from which the data were taken (Colvin et al., 1988). 

This study examined the validity and accuracy of using BIA in the 

determination of body composition in obese females and also developed 

prediction equations for obese women for the BES 2002. 

Hvpotheses 

The following hypotheses were tested in this study: 

1. There will be no significant differences in body fat of obese 

females when measured by RIA and HW. 
I 

2 .  Prediction equations could be developed to accurately predict body 
i 

composition in obese women using the BES 2002 BIA. 

A S S U ~ D ~ ~ O ~ S  

The following items were assumed in this study: 

1. It was assumed that each subject refrained from food, caffeine, and 

tobacco for 4 hours prior to testing. 



2.  I t  was asstuned t h a t  ench s u b j e c t  hnd uot esercisc.d 111 the  puevioi~s 

2 4  11o11rs. 

3 .  I t  was nssu~ned t h a t  anch sub jec t  wns not tnlciug d i u r e t i c s .  

4 .  I t  rvns nssulsed t h s t  each sub jec t  wns not near Ittenses ( 4  days p r i o r  

t o  onse t  ntld days fol lowing) .  

5. I t  was assumed t h a t  ench sub jec t  perforlaed ~ I i a  t e s t  t o  the  b a s t  of  

her  a b i l i t y .  

6 .  I t  was nssulned t h a t  each a u l ~ j e c t  was i n  21 norinn1 s t n t o  of hydrat ion.  

7 .  I t  was assiuned t h t ~ t  each subject: wns o t  her  normal body telrpernture. 

I)eli1111 t a t i o n s  - 
'I'he following l i in i t s  were placcd up011 t l ~ i s  study by the 

researcher :  

1 ,  The s a s ~ p i e  cons i s ted  of 30 fels i~les ,  f r o ~ e  thc I,o Crosse. WI nrerl, 

whose body f a t  wns g r e a t e r  than 30 percen t .  

2 .  The snb joc t s  were between tire ages of  18-65 y e a r s .  

Tho f ' o l l o w i ~ ~ g  \Yere 1i111i t n t i o n s  inheren t  t o  t h i s  s tudy:  

1. The subjec t s  were v o l u ~ ~ t e e r s  and not  r:~ndoaly s e l e c t e d .  

2 .  The s u b j e c t s  d id  t ~ o t  consulno idonti.ct~l.  d i e t s  p r i o r  to the tost i118 

s e s s i o n s .  

Def in i t ion  of T o m  

'I'he f o l l o v i ~ t g  terlns were used 111 t h i s  s tudy .  

Adivose Tissue - Tissue coi~~posecl of n p p r o s i ~ l ~ a t e l y  80% f a t ,  18% water ,  

and 2% p r o t e i n ,  with a  dens i ty  of i~pproxinmtoly . 9 5  gln/ml (Pi-Si~nyer , 



B i o e l e c t r i c a l  Imoedance Analvsis (BIA) - The i n s t r u n e n t  measures the 

body's r e s i s t a n c e  t o  a  800 uA c u r r e n t  and uses t . , i s  va lue  t o  c a l c u l a t e  

body composition (Schulz, 1990). Bioimpedance is based on t h e  f s c t  t h a t  

e l e c t r i c a l  energy flows e a s i l y  through lean t i s s u e ,  which conta ins  the 

major por t ion  of  the  body's water and e l e c t r o l y t e s .  The mass of the  

conductor is d i r e c t l y  r e l a t e d  t o  the  length of the  body and inverse ly  

r e l a t e d  t o  the impedance ( R ) .  Fa t  is  a  poor e l e c t r i c a l  conductor and 

c o n t r i b u t e s  very l i t t l e  t o  the R measurement. Fa t  q u a n t i t y  i s  obtained 

by tak ing  the lean  mass from the  t o t a l  body weight.  

B i o e l e c t r i c a l  impedance a n a l y s i s  uses  a  p r e d i c t i o n  equa t ion  t o  determine 

body composition. The v a r i a b l e  commonly found i n  the  equat ion is  he igh t  

squared divided by impedance ( h t 2 / ~ ) .  

Fat  - Tissue composed of p r a c t i c a l l y  a l l  t r i a c y l g l y c e r o l  and has a  - 
d e n s i t y  of  . 9  gm/ml a t  37' C (Pi-Sunyer, 1988). Fat  is a l s o  anhydrous 

and po tass iu~n  f r e e .  

Fat Free Mass (FFMM) - Tissue having a  dens i ty  of 1.1 gm/ml a t  37' C i n  

the young t o  middle-aged a d u l t ,  and is composed of approximately 7 2 . 5 %  

wate r ,  19.5% p r o t e i n ,  8% mineral ,  and 1-2% glycogen (Heymsfield & 

Williams, 1988). I t  a l s o  has a  potassium content  of 60-70 mmol/kg i n  

men and 50-60 mmol/kg i n  women. 

Hvdrostat ic  Weinhin~  (Hid) - A process  used a s  a  b a s i s  f o r  t h e  

determinat ion of body dens i ty  using t h e  Archimedes P r i n c i p l e  which 

s t a t e s :  An ob jec t  immersed i n  a  f l u i d  l o s e s  an amount o f  weight 

qu ivn len t  t o  the weight of the f l u i d  d i sp laced  (Lukaski,  1987) .  

s a l s o  based on the two component model. The 



Impedance (RZ - It is  the frequency-dependent oppos i t ion  of a  coucluctor 

t o  t h e  flow of an a l t e r n a t i n g  e l e c t r i c  cur ren t  and is  composed of two 

v e c t o r s ,  r e s i s t a n c e  and r e a c t a l ~ c e .  

Lean Body Mass (LBM) - I t  is synonymous with FFM. - 

Reactance - I t  is  the  rec iproca l  of cap i tnnce ,  o r  the s to rage  o f  vol tage 

by a  condenser f o r  a  b r i e f  moment i n  time. I t  is  sinall i n  most 

b i o l o g i c a l  conductors ,  b u ~  rnay have considernble s i g ~ ~ i f i c n n c e  f o r  Lhc 

a n a l y s i s  of  body composition. 

Resis tance - I t  is the  pure opposi t ion of the concluctor t o  the c u r r e n t  

flow and i s  the rec iproca l  of conductance, o r  the a b i l i t y  of the o b j e c ~  

t o  convey an e l e c t r i c a l  c u r r e n t .  

To ta l  J.unc Ca~acit-v (TLC) - The amount of a i r  contained i n  the  lungs a t  

the end of a  maximal i n s p i r a t i o n .  

TLC = I R V  + TV + ERV + RV 

I n s p i r a t o r y  Reserve Volume (IRV) is  the a~nount oC a i r  which can be 

i n s p i r e d  above and beyond the normal t i d a l  volume. T ida l  Volume (TV) is 

t h e  amount of a i r  moved i n  and out  with each brea the .  Expiratory 

Reserve Volume (ERV) is the maximal alnount of a i r  which can be exhaled 

fol lowing a t i d a l  e x p i r a t i o n .  Residual Voluae (RV) is the  alnount of a i r  

remaining i n  the  lungs a f t e r  a  n~aximal, forced exha la t ion .  

Obesity - I t  is  defined a s  g r e a t e r  than 20% body f a t  f o r  lnen and g r e a t e r  

an 30% f o r  women (Gray, 1989) .  

- A law s t a t i n g  t h a t  r e s i s t a n c e  is equal  t o  t h e  vo l tage  

divided by the  c u r r e n t .  



Waist to Hip Ratio (WHR) - It is the circumference in centimeters (cm) 

of the waist compared to the circumference (cm) of the hips, which 

determines abdominal fat distribution. Waist to hip ratio exceeding .80 

to - 8 5  for women and .90  to 1.0 for men have been cited as health risks 



CHAPTER I1 

REVIEW OF RELATED LITERATURE 

In t roduc t ion  

The purpose of t h i s  study was t o  determine the accuracy and 

v a l i d i t y  of BIA f o r  determining percent  body f a t  i n  obese women. The 

s tudy was a l s o  designed t o  develop s p e c i f i c  p r e d i c t i o n  equat ions f o r  

obese females using the BES 2002 B I A  ana lyzer .  This chap te r  was divided 

i n  the  fol lowing manner. F i r s t ,  body composition assesslnent was 

d i scussed .  Second, methods of body composition were addressed focusing 

on densitometry , HW equat ions,  measurement of r e s i d u a l  lung volumes, 

sk info ld  measurements, circumferences, BIA, and f i n a l l y ,  p r e d i c t i o n  

equat ions f o r  B I A  were discussed.  

Bodv C o ~ n ~ o s i  t i o n  Assessetent 

When d i scuss ing  body composition, it  is  important t o  e s t a b l i s h  a  

re fe rence  body composition f o r  males and females. I n  o rder  t o  do t h i s  

one must look a t  e s s e n t i a l  f a t  and s to rage  f a t .  E s s e n t i a l  f a t  is 

loca ted  i n  bone marrow, t h e  h e a r t ,  the  kidney, the lungs ,  and the  l i v e r .  

This   fa^ is required f o r  normal physiologi.ca1 func t ion ing .  The 

e s s e n t i a l  body f a t  l e v e l  f o r  females was e s t a b l i s h e d  from t h e o r e t i c a l  

cons idera t ions  and reported t o  include a  sex s p e c i f i c  q u a n t i t y  

( p r i n c i p a l l y  found i n  the b r e a s t  and pe lv ic  reg ions) .  E s s e n t i a l  body 

f a t  f o r  women ranges between 5% t body weight and should not  

t c h ,  1986). Above t h i s  l e v e l  

dered obese body Eat f o r  males range 



from 3% t o  7% and a  body f a t  exceeding 20% was considered obese (McArdle 

e t  a l . ,  1986; Peterson & Peterson,  1988; Yang, 1988). 

Methods of Bodv Com~os i t ion  Analysis 

A major cons idera t ion  i n  body composition a n a l y s i s  is  t o  choose an 

appropr ia te  method. The i d e a l  method f o r  assess ing  human body 

composition should be r e l a t i v e l y  inexpensive,  r e q u i r e  minimal 

maintenance, e n t a i l  a  small inconvenience f o r  the s u b j e c t ,  be operable  

by u n s k i l l e d  technic ians ,  and y i e l d  highly reproducible  and accura te  

r e s u l t s  (Garrow, 1982). The following s e c t i o n s  d i scuss  var ious  body 

coacos i t ion  methods c u r r e n t l y  a v a i l a b l e .  

Densi tome t r y  

Densitolnetry is  assoc ia ted  with l e s s  t echnica l  e r r o r  than o ther  

methods and is one of  the two "gold s tandards" (energy-ni t rogen balance 

being the  o t h e r )  aga ins t  which the  accuracy of o ther  methods is  o f t e n  

compared (Forbes, 1988). Inherent  i n  ths  densi tolnetr ic  approach is  the  

recogni t ion  of some fundamental assumptions. The chemical composition 

of  FFM (bone, organs,  and muscle) is  assumed t o  be r e l a t i v e l y  cons tan t  

so  t h a t  the dens i ty  of the FFM d i f f e r s  s u b s t a n t i a l l y  from t h a t  of f a t  

( 1 . 1  v s .  0 .9  gm/ml). Other assumptions include a cons tan t  l e v e l  of  

hydrat ion and a  cons tan t  proport ion of bone mineral t o  muscle i n  the  

f a t - f r e e  body (Lukaski,  1987). These assumptions were quest ioned by 

S i r i  (1956), who emphasized t h e  normal v a r i a t i o n  i n  water  con ten t  a s  the  

l a r g e s t  s i n g l e  source of v a r i a b i l i t y  i n  t h e  dens i ty  of  t h e  f a t - f r e e  

body. 

Lohman (1981), Lukaski (1987), S i r i  (1956), and Yang (1988) 

n:mineral  r a t i o  could lead t o  a  



v a r i a t i o n  i n  pe rcen t  body Tat i n  hea l thy  hu~nnns. Even i f  the  

exper imental  technique i n  a s s e s s i n g  body d e n s i t y  was e r r o r  f r e e ,  S i r i  

(1956) s t a t e s  t h e r e  would s t i l l  be u n c e r t a i n t y  i n  Tat e s t i m a t i o n  ( v i a  

densi tometry)  equa l  t o  + 3 . 8 %  body f a t .  Assuming t h e  e r r o r  i n  s p e c i f i c  

popu la t ion  groups would be smal le r  than the  populat ion a t  l a r g e ,  Lohman 

(1981) c a l c u l a t e s  t h i s  e r r o r  i n  es t ima ted  pe rcen t  body f a t  i n  t h e  f o r ~ ~ l e r  

t o  be 2 . 7 % .  Forbes (1988) d i s p u t e s  the  v a l i d i t y  of  choosing only one 

body co~nposi t i o n  method f o r  the  comparison s t a n d a r d .  He s t a t e s  t h a t  

whi le  densi tometry has the  advantage of  being s u b j e c t  t o  l e s s  t e c h n i c a l  

e r r o r  than o t h e r  t echn iques ,  i t  was obviously impossible  t o  d e t e r ~ n i n e  

accuracy f o r  l i v i n g  s u b j e c t s ,  and i t  is l i k e l y  t h a t  t h e  d e n s i t y  of  l e a n  

body mass v a r i e s  with  age and perhaps with  s e x .  

Hvdros ta t i c  w e i ~ l i i n ~  equa t ions .  Hydros ta t i c  weighing equa t ions  

determine the  body d e n s i t y .  The body d e n s i t y  must then be converted t o  

body f a t .  Two widely used equa t ions  f o r  the  c a l c u l a t i o n  o f  pe rcen t  body 

f a t  from body d e n s i t y  i n  a d u l t s  were p resen ted  by Brozek, Grande, 

Anderson, and Keys (1963) and S i r i  (1956). Both of  t h e s e  equa t ions  were 

proposed f o r  young a d u l t  men, based on cadaver chen~ica l  a n a l y s i s  

(Lohman, 1984) .  Body f a t  va lues  a r e  very comparable when the  body 

d e n s i t y  ranges  from 1 . 1 0 - 1 . 0 3  gm/ml, g iv ing  r e s u l t s  w i t h i n  1% body f a t  

(Lukaski ,  1987) .  However, f o r  s u h j e c ~ s  with  g r e a t e r  than 30% body faL,  

the  S i r i  equa t ion  y i e l d s  h igher  va lues  than t h e  equa t ion  o f  Rrozek 

Lohman, 1981) .  

urenberg,  Leenan, Van d e r  Kooy, & Hautvast (1989) s t a t e d  t h a t  

r i ' s  equa t ion  f o r  p r e d i c t i n g  t h e  f a t  percentage from whole-body 

t h e  r e a l  body f a t  percentage by 



a s  much a s  2-4% i n  severe ly  obese s u b j e c t s .  Their  a r t i c l e  demonstrated 

t h a t  with an increase  i n  body f a t ,  t h e  dens i ty  of tha FFM w i l l  

decrease ,  caused by an increase  i n  t h e  r e l a t i v e  amounts of  minerals  and 

p r o t e i n .  

Deurenberg, Westrate ,  and Van der  Kooy (1989b) s t u d i e d  the  use of 

S i r i ' s  equat ion i n  e l d e r l y  obese women and found t h a t  i t  overest imated 

the r e a l  body f a t  percentage by 2-3%, depending on age.  The reason f o r  

the overest imation is  t h a t  i n  women, the  l o s s  of minerals  during aging 

is considerably higher  than the  decrease i n  p r o t e i n  and water i n  FFM. 

A s  a consequence the  change i n  chemical composition i n  FFM i n  females is  

remarkable, and t h e r e f o r e ,  the  dens i ty  (gm/ml) of  the  FFM decreases with 

age. Thus, the  body f a t  percentage c a l c u l a t e d  from body dens i ty  with 

S i r i ' s  equat ion overest imates  t h e  r e a l  body f a t  percentage.  

I n  obese female s u b j e c t s ,  e s p e c i a l l y  the  e l d e r l y ,  S i r i ' s  formula 

f o r  t h e  computatiun of the  percent  body f a t  from body d e n s i t y  

ovel-estimates percent  body f a t  by 2-4%. This overest imation is  caused 

by an overestirr~atLon i n  the  chemical composition of t h e  FFM. Thus, 

Brozek's formula :or the  computation of the  percent  body f a t  may be a 

b e t t e r  cho ice .  

Residual lung volumes. Residual volume (RV) has been t h e  lung 

volurnc. rlrost widelv used durirrg HW because i t  is the volume l e a s t  

affectc?d by hydrcxtatic, p ressure .  However, one must be aware of  t h e  

e r r o r s  nssociatec. with r e s i d u a l  lung volume es t imates  when making bod 

d e n s i t y  i n t e r p r e r a t i o n .  Lohman (1981) has  c i t e d  RV a s  t h e  major sour  

of e r r o r  i n  t h r  cleterminatiou of dens i ty  by 11W. Marks and Katch (1986) 

showed t h a t  ~ n o s t  of t h e  e r r o r  was a t t r i b u t e d  t o  b i o l o g i c a l  var iance  



(81%) whi l e  t echno log ica l  e r r o r  was 19%. 'The aitt.hors concluded thnL 11V 

WAS a n  a c c u r a t e  measure t o  use  when de te r~n in i t lg  lung volumea. 

I t  is important  t o  emphasize t h e  need t o  perforln r c s i d u n l  lung 

volu~ne de to rmina t ions  at. tho  salno t ime of  t h e  underwater weighing.  

Ilowever, Willnoro (1969) sllowed no difference i n  mean bocly d e n s i t i e s  

c a l c u l a t e d  from r e s i d u a l  lung v o l ~ t ~ ~ ~ e s  d e t c r ~ ~ ~ i n o c l  C I L I I - L I I ~  submers ion,  

p r e d i c t e d  from s t a n d a r d  t .ables ,  o r  e s t i ~ ~ ~ a t e c l  fro111 v i  La1 c a p a c i t y  

measuro l~~en t s .  A 1 1  sul)Ject s wwe hen1 thy ,  non s~nok ing ,  phys ica l  l y  clr 1 L V C  

s t ~ ~ d e n t s .  I t  i s  u ~ l l i k e l y  t h a t  a  si lnilnl-  f i n t l i ng  woi~lcl be obtninet l  w i t 1 1  

~nic ldle-aced lnnles and Cel~lolcs 011 vho~n hytlroslnLLc Corccs would enhnncc? 

Anthropome t.ry 

S k i n f o l d s .  'rho use  of an th ropo~ne t ry  f o r  oh ta i l l i ng  aody f a t  

es t i l l la tes  is  well  e s t a b l i s h e d  and suppor t ed  by e ~ r p i r i c a l  and t h e o r e t l c n l  

ev idence  (Bray & Gray,  1988; Chumoln & Baumgartner,  1989; Eston e t  n l . ,  

1989; Kushner & t lass ,  1988; Lohaan, 1984) .  The p r e c i s i o n  o f  a  s k i n f o l d  

t h i c k n e s s  aeasureinent is dependent upon the  a n t h r o p o n ~ e t r i s t  and t h e  s l  l.e 

measured. I n  g e n e r a l ,  all approximate 3-5% body CeL e r r o r  is  a s s o c i a t e d  

w i t h  u s i n g  anthropometry t o  e s t i m a t e  d e n s i t o ~ n e t r i c n l l y  cletermincd body 

f a t  (Lohman, 1981; Lukaski ,  1987) .  Many ccluot io~ls  a r e  ava i  l a l ~ l e  For 

e s t i m a t i n g  p e r c e n t  body f a t  rroln s k i n f o l d s ,  bu t  t h e  v a l i d i t y  o f  each 

e q u a t i o n  is 1l.mited t o  the  p o p ~ ~ l a c i o ~ ~  wi th  t h e  same c h a r a c t e r i s t i c s  

( a g e ,  s a x ,  deg ree  o f  f a t n e s s ,  and Level o f  p h y s i c a l  t r a i n i n g )  a s  t h a t  

used i n  d e r i v i n g  t h e  e q u a t i o n ,  ( i . e . ,  e q u a t i o n s  a r e  p o p u l a t i o n  s p e c i C i c )  

(Lulcaski, 1987: McArdle e t  a l . ,  1986; W i l l i a ~ n s  e t  a l . ,  1990) .  



Jackson and Pol lock (1985) s t a t e d  t h a t  anthropometry is a  method 

t h a t  r e q u i r e s  l i t t l e  t ime,  space ,  equipment,  o r  f i n a n c i a l  o u t l a y ,  and is 

f a i r l y  a c c u r a t e  i n  the  c l i n i c a l  s e t t i n g .  Controversy s t i l l  e x i s t s  i n  

the  l i t e r a t u r e  about  the  r e l i a b i l i t y  of the  s k i n f o l d  measurement 

procedure .  For example, d i f f e r e n c e s  i n  measurement can be  caused by 

t h e  c a l i p e r  (Lohman, 1984) o r  by i n t r a - i n v e s t i g a t o r  d i f f e r e n c e  (Jackson,  

Po l lock ,  & Ward, 1980; Lohman, 1981; Oppl ige r ,  Looney, & Tip ton ,  1987) .  

Few obese s u b j e c t s  have been included i n  s t u d i e s  t o  develop 

equa t ions  t h a t  e s t ima te  pe rcen t  body f a t  from s k i n f o l d  measurements 

(Lohman, 1988) and t h e r e f o r e  it was ques t ionab le  i f  t h e s e  equa t ions  can 

be a p p l i e d  t o  obese i n d i v i d u a l s  (Yang, 1988) .  Jackson and Pol lock 

(1985) suggest  p r e d i c t i o n  e r r o r s  with  t h e i r  equa t ions  may be g r e a t e r  

than expected i n  i n d i v i d u a l s  who have a  sum of s k i n f o l d s  above the  range 

found i n  t h e i r  s tudy  popu la t ion .  Yang (1988) s t a t e s  t h a t  t h e  t a b l e  

dev i sed  by Durnin and Wormsley (1974) may c u r r e n t l y  be t h e  b e s t  f o r  

e s t i m a t i n g  pe rcen t  body f a t  i n  the  obese,  s i n c e  t h e i r  s u b j e c t s  body f a t  

measurements reached 46% and 53% i n  men and women, r e s p e c t i v e l y  (aged 

16-72 y e a r s ) .  Th i s  was provided t h a t  s k i n f o l d s  were taken a c c u r a t e l y  a t  

r equ i red  s i t e s .  Unfor tuna te ly ,  bony landmarks used f o r  s i t e  s e l e c t i o n  

a r e  more d i f f i c u l t  t o  f i n d  i n  t h e  obese and i t  is n o t  p o s s i b l e  t o  p u l l  

away a  s k i n f o l d  from t h e  under ly ing  t i s s u e  (Yang, 1988) .  

Circumferences. Severa l  i n v e s t i g a t o r s  have recommended t h e  use  of  

body ci rcumferences  i n  l i e u  of  s k i n f o l d  measurements f o r  t h e  assessment  

o f  body Eat d i s t r i b u t i o n  (Deurenberg, Van d e r  Kooy, Hulshof ,  & Evers ,  

1989; Forbes, 1990; Micozzi & H a r r i s ,  1990; P e i r i s  e t  a l . ,  1989; Tran & 

Idelt~nan, 1989) .  Eston e t  a l .  (1989) compared ci rcumference o f  the  b u s t ,  



w a i s t ,  and h i p  t o  HW i n  fe~nnles ,  The individuaL c o r r e l a t i o n s  were 

r  - .85,  r - . 91 ,  and r  - .91,  r e s p e c t i v e l y .  Sincc c i r c u ~ ~ ~ f e r e n c e  

measurements can be obtained i n  a l l  obese sub jec t s  and a r c  assoc ia ted  

with l e s s  v a r i a b i l i t y ,  circumferences may be prefcrnble t o  skinfol t ls  i n  

the obese (Yang, 1988). 

Another use Eor circiunferonces, and perhaps more important thn11 

t h e i r  a p p l i c a t i o n  i n  es t imat ing  percent  body r a t ,  i s  t o  determine the 

waist  t o  h i p  r a t i o  ( g i r t h  r a t i o  o r  WIIR). The d i s t r i b u t i o n  of body Cat 

may be more important than t o t a l  body f a t  r e l a t i v e  t o  the h e a l t h  r i s k s  

assoc ia ted  with obes i ty  (Bray & Gray, 1988; <:ray, 1989; S e i d e l l  e t  a L . ,  

1984). I h i l e  there  is not un iversa l  agreement on the cxac t  WtlR c u t -  

po in t  e s t a b l i s h i n g  an " a t  r i s k "  t runka l  o r  abdominal Eat d i s t r i b u t i o n ,  

WHR exceeding .80 t o  -85 f o r  women and .90 to  1 .0  Cor Inen a r e  c i t e d  

(Gray e t  a l . ,  1990; Van I t a l l i e ,  1990). 

B i o e l e c t r i c a l  Impedance Analvsis 

When Cohn (1985) reviewed the B I A  method, he Eound t h a t  

pi-ofessional opinion var i e s  regarding i t s  present  a p p l i c a b i l i t y .  1 % ) ~ -  

example, Gray (1989) s t a t e s  " B i o e l e c t r i c a l  impedance a n a l y s i s  appears t o  

be the f i r s t  p o r t a b l e ,  reproducible ,  and easy t o  use method f o r  

determining body composition i n  p a t i e n t s  with a  wide range of body 

f a t n e s s .  " 

The f i r s t  B I A  method was based on the p r i n c i p l e  t h a t  the  l ean  body 

compartment con ta ins  a  f a i r l y  constant  r a t i o  of water (72.5%) and 

conducting e l e c t r o l y t e s  which provide a  good e l e c t r i c a l  pathway. By 

in t roduc ing  a  low frequency e l e c t r i c a l  impulse, one can measure the 

b a s e l i n e  r e s i s t a n c e  t o  flow of the c u r r e n t .  The res i s ta i l ce  measuremen 



is  then r e l a t e d  t o  the  volume of  water i n  the conductor. The equat ions 

a r e  then appl ied  t o  p r e d i c t  FFM and t o t a l  body f a t  (Khaled e t  a l . ,  

1988).  

Lukaslci e t  al. (1985) performed BIA and HW on 37 hea l thy  young 

a d u l t  men whose body f a t  ranged from 8-43%. T e s t - r e t e s t  c o r r e l a t i o n  

c o e f f i c i e n t  was r = .99 f o r  a  s i n g l e  r e s i s t a n c e  ( R )  measurement. Linear 

r e l a t i o n s h i p s  were found between impedance ( R )  values and FFM ( r  = . 9 8 ) ,  

t o t a l  body water ( r  - . 9 5 ) ,  and t o t a l  body potassium ( r  - .96). The 

authors  concluded t h a t  the B I A  technique is. a  r e l i a b l e  and v a l i d  

approach f o r  the es t imat ion  of human body composition. The authors  d i d  

suggest t h a t  f u r t h e r  v a l i d a t i o n  of t h i s  method is  rpco~nmended i n  

s u b j e c t s  with abnormal body composition. 

Deurenberg, Westrate ,  and Van der  Kooy (1989a) compared t h e  R 

values obtained from t h r e e  i d e n t i c a l  instruments .  D i f f e r e n t  readings 

were obtained when measuring the  same s u b j e c t s .  These d i f f e r e n c e s  were 

s t a t i s t i c a l l y  s i g n i f i c a n t  and presented a  drawback of  the  method, 

e s p e c i a l l y  when comparing r e s u l t s  from o ther  s t u d i e s  us ing  d i f f e r e n t  

methods. These d i f f e r e n c e s  r e s u l t  i n  d i f f e r e n t  p r e d i c t i o n  formulas 

publ ished by s e v e r a l  au thors .  

Also, Colvin e t  a l .  (1988) found t h a t  impedance ana lyzers  from 

d i f f e r e n t  manufacturers vary even a f t e r  c a l i b r a t i o n .  Therefore,  it was 

recommended t h a t  R be measured using the  same type of analyzer  employed 

t o  develop the  appl ied p r e d i c t i o n  equat ion.  

S c h e l l  and Gross (1987) found t h a t  when t e s t i n g  f o r  t h e  R va lue  

t h e  pos i t ion ing  of the  e l e c t r o d e s  is  important f o r  whole body 

measurements. Displacement of the  source e l e c t r o d e s  proximally by 1 cm, 



on e i t h e r  the  hand or  the f o o t ,  reduced the  measured r e s i s t a n c e  by 2.1X; 

when both were d i sp laced ,  the reduct ion was 4 . 1 % .  S c h e l l  and Gross a l s o  

found t h a t  the  limbs should be posi t ioned so Lhat they a r e  no t  i n  

con tac t  with each o t h e r ,  and s l i g h t l y  separated fro11 the  t runk .  

However, abducting the  arm on which the e lec t rodes  were a t t a c h e d  from 30 

t o  90° from t h e  t runk r e s u l t e d  i n  a  i 2  ohm, or  2% increase  i n  

r e s i s t a n c e .  

Pred ic t ion  equat ions f o r  b i o e l e c t r i c a l  impedance a n a l v s i s .  There 

have been s e v e r a l  p red ic t ion  equat ions t h a t  have been developed Eor B I A .  

P red ic t ion  equat ions have been developed f o r  measuring t o t a l  body wate r ,  

FF'M, and percent  body Eat .  The r e s i s t a n c e  measured on the  l e f t  s i d e  has 

been sys temat ica l ly  d i f f e r e n t  than the r i g h t .  This d i f f e r e n c e  is  about 

8 ohms. When developing pred ic t ion  equa t ions ,  the s i d e  on which K was 

measured rnust be s t a t e d .  

Graves, Pol lock,  Colvin, Van Loan, and Loh~nan (1989) showed t h a t  

d i f f e r e n t  manufacturers impedance analyzers  have vary ing  r e s u l t s  even 

a f t e r  c a l i b r a t i o n .  The authors  recommended t h a t  p a r t i c i p a n t s  should be 

measured using the  BIA employed t o  develop the body f a t  p red ic t ion  

equat ion.  The following a r e  some of t h e  p r e d i c t i o n  equat ions developed 

from he igh t  squared divided by r e s i s t a n c e  ( h t 2 / ~ )  f o r  FFM. 

Lukaski e t  a l .  (1985) s tud ied  37 men aged 19-42. The r e s u l t a n t  

ion  equat ion developed was 3.04 + 0.85 (ht2/R) with a  r o o t  mean 

a r e d  e r r o r ' ( r m s e )  of 2 . 6  kilograms (kg) .  The r o o t  mean squared e r r o r  

the same as the s tandard e r r o r  of the mean, which is a rough measure 

average amount by which sample means dev ia te  from the  populat ion 

. Lukaski, Bolonchuk, Hal l ,  and S iders  (1986) developed regress ion  



equat ions f o r  men and women. The s tudy was done on 87 men and 64 women 

aged 18-50 y e a r s .  The regress ion  equa t ion  f o r  the men was 5 .21  + 0 .83  

(htZ/R) with a rmse of 2 . 5  kg and,  the regress ion  equa t ion  f o r  women was 

4.92 + 0.82 ( h t 2 / ~ )  with a rmse o f  2 .0  kg. 

Chumela, Baumgartner, and Koche (1988a) and Cordain,  Whicker, and 

Johnson (1988) included c h i l d r e n  i n  t h e i r  sample s i z e s  when developing 

regress ion  equa t ions .  Chumela e t  a l .  (1988a) includc ' 24 boys, 26 

g i r l s ,  28 men, and 44 women i n  the s tudy .  The s u b j e c t s '  ages  ranged 

from 9 t o  62 y e a r s .  Below a r e  the regress ion  equat ions developed: 

Group Regression Equation rinse 

boys -1 .23  + 0.92 (ht2/R) 4 . 0  kg 
g i r l s  - 1 .38  + 0.96 (ht2/R) 4 . 4  kg 
men 3.50 + 0.87 (ht2/R) 2 .9  kg 
women 11.55 + 0.69 ( h t 2 / ~ )  2 .7  kg 

Cordain e t  a1 .  (1988) s t u d i e d  14 boys with ages ranging from 9 t o  

14 y e a r s .  The regress ion  equat ion e s t a b l i s h e d  f o r  the~n was 6 .86  -1- 0 .81  

(ht2/R) with an rmse of 4 . 1  kg. 

Guo, Roche, Chumela, Miles ,  and Pohlman (1987) developed a 

regress ion  equa t ion  us ing  v a r i a b l e s  from R and anthropometr ic  v a r i a b l e s .  

The au thors  included 77 males and 71 females i n  the  s t u d y .  The 

ages of the  p a r t i c i p a n t s  ranged from 18 t o  30 y e a r s .  The rzgress ion  

equat ions developed were a s  fol lows:  



males 1.5034 - 0.2790 ( h t 2 / ~ )  + 0.6316 ( t r i c e p  
s k i n f o l d )  + 0.3464 (wt) 

female -8.4773 t 0.4296 (b icep  s k i n f o l d )  4- 

1.3405 ( c a l f  c i rcumference)  - 0.8450 
( h t 2 / ~ )  + 0.3833 (vt) 

Guo, Roche, and Houtkooper (1989) developed r e g r e s s i o n  equa t ions  

f o r  males and females aged 7-25 y e a r s .  The s tudy  included 140 Inales and 

110 females .  The r e g r e s s i o n  equa t ions  were a s  fo l lows :  

males -2.9316 + 0.6462 ( w t )  - 0.1159 
( l a t e r a l  c a l f  s k i n f o l d )  - 0.375 
( ~ n i d a x i l l a ~ : y  s k i n f o l d )  .I 0.4754 (or111 
muscle circumference) -I- 0.1822 ( h t 2 / ~ )  

females 4.3383 + 0.6819 (wt) - 0.1846 
( l a t e r a l  c a l f  s k i n f o l d )  - 0.2436 
( t r i c e p  s k i n f o l d )  - 0.2018 
(subscapular  s k i n f o l d )  4. 0.1822 ( h t 2 / ~ )  

Sega l ,  Van Loan, F i t z g e r a l d ,  Hodgdon, and Van I t a l l i e  (1988) 

repor ted  a  ~ n u l t i l a b o r a t o r y  comparison of  FFM p r e d i c t i o n s  from R and 

a n t h r o p o ~ n e t r i c  v a r i a b l e s  i n  1 ,567 a d u l t s .  Each l a b o r a t o r y  used body 

d e n s i t y  t o  c a l c u l a t e  FFH and used the  p r e d i c t i o n  equa t ions  s u p p l i e d  by 

t h e  manufacturers .  These equa t ions  employed ht2/R and weight a s  

independent v a r i a b l e s .  The rmse were 3.7 kg f o r  men and 3 . 2  kg f o r  

women w i  t11 a  sys temat ic  overpred ic t ion  of about  5 . 2  kg f o r  men and 2 .7  

kg f o r  women. I n  o t h e r  s t u d i e s  of the  manufac tu re r ' s  e q u a t i o n s ,  Segal  

e t  a l .  (1985) found an rlnse of  3 .7  kg. Some o t h e r  s t u d i e s  have shown 

t h a t  t h e  manufac tu re r ' s  equa t ions  underpred ic t  FFM i n  l e a n  i n d i v i d u a l s  

( K e l l e r  & Katch, 1985, 1986; Segal  e t  a l . ,  1985) .  

Segal  e t  a l .  (1988) s t u d i e d  a  popu la t ion  of  99 obese s u b j e c t s  wi th  

t h e  goa l  of  developing a  s p e c i f i c  equa t ion  t o  p r e d i c t  FFM i n  men with  



greater than 20 and women with greater than 30% body fat. The root mean 

squared errors were as follows: 2.4-2.5 kg for non-obese men, 3.0 kg for 

obese men, 1.0-2.0 kg for non-obese women, and 1.8-2.1 kg for obese 

women, These results confilm the validity of BIA's and indicate 

that the precision of predicting lean body mass from R can be enhanced 

by sex-and-fatness specific equations. The generalized and the fat- 

specific prediction equations that Segal et al. (1988) developed used 

the RJL-Systems BIA. The equations from this study are listed below. 

GENERALIZED EQUATIONS 

Men (r = .89; SEE = 3.61) 

FFM = 0.00132 (ht2) - 0.04394 (R) 

+ 0.30520 (wt) - 0.16760 (age) + 22.66827 

Women (r = .89; SEE = 2.43) 

FFb1 = 0.00108 (ht2) - 0.02090 (R) 

+ 0.23199 (wt) - 0.06777 (age) + 14.59453 

FAT-SPECIFIC EQUATIONS 

Normal men (<20% fat) (r = .94; SEE = 2.47) 

FFM = 0.00066360 (ht2) - 0.02117 (R) 

+ 0.62854 (wt) - 0.12380 (age) + 9.33285 

Obese men (>20% fat) (r = .93; SEE = 3.03) 

FFM M- 0.00088580 (ht2) - 0.02999 (R) 

+ 0.42688 (wt) - 0.07002 (age) + 14.52435 

Normal women (<30% Eat) (r = .90; SEE = 1.97) 

FFX = 0.0006460 (ht2) - 0.01397 (R) 

+ 0.42087 (wt) + 10.43485 



Obese women (>30% f a t )  ( r  - .95;  SEE - 1 . 9 7 )  

FFM = 0.00031186 (ht2)  - 0.01468 ( R )  

+ 0.29990 (wt) - 0.07012 (age)  + 9.37938 

Gray, Bray, Semayel, and Kaplan (1989) c r o s s - v a l i d a t e d  t h e  r e s u l t s  

of  Segal  e t  a l .  (1988) i n  a  d i f f e r e n t  l abora to ry  and t o  exp lo re  the  

v a l i d i t y  o f  t h e  method over a  wide range of body- fn t  v a l u e s .  The RJL-  

Systems BIA was used.  Gray e t  a l .  (1989) developed g e n e r a l i z e d  

p r e d i c t i o n  equa t ions  f o r  men and women. These p r e d i c t i o n  equa t ions  a r e  

l i s t e d  below: 

Men ( r  = .97)  

FFM = 0.00139 (h t2 )  - 0.0801 (R) 

+ 0.187 (wt) -t 39.830 

Women ( r  = .92) 

FFM = 0.00151 (h t2 )  - 0.0344 (R) 

+ 0.140 (wt) - 0.158 (age)  + 20.387 

Women (>48% f a t )  ( r  = .96) 

FFM = 0.000985 (h t2 )  - 0.0387 (R) 

+ 0.158 (wt) - 0.124 (age)  + 29.612 

McCaughey e t  a l .  (1990) ,  compared p rev ious ly  developed p r e d i c t i o n  

equa t ions  of  normal a d u l t  women t o  obese women. The a u t h o r s  found t h a t  

t h e  p r e d i c t i o n  equa t ions  f o r  normal a d u l t  women overpred ic ted  FFM by 7 . 8  

kg i n  t h e  obese.  The a u t h o r s  then developed p r e d i c t i o n  equa t ions  

s p e c i f i c a l l y  f o r  obese fernales which a r e  l i s t e d  below. 



REGRESSION COEFFICIENTS 
I n t e r c e p t  age h t  w t  R h t 2 / ~  r2 SEE 

These d a t a  i n d i c a t e  t h a t  FFM can be pred ic ted  from whole body 

r e s i s t a n c e  (R) i n  obese women b u t  previously developed equat ions may n o t  

be appropr ia te .  The authors  s t a t e  t h a t  a  c r o s s - v a l i d a t i o n  of  OB-EQ 1 

and 08-EQ 2 were required before they can be used p r a c t i c a l l y .  

Most of the research presented i n  the l i t e r a t u r e  using BIA has 

used the  RJL-System analyzer  (Gray e t  a l . ,  1989; Segal e t  a l . ,  1985, 

1988). 

The only p r e d i c t i o n  equat ion f o r  the  BES 2002 is  t h e  one developed 

by the  manufacturer and is  l i s t e d  below: 

LBM = 0.9951 x (h t2  / 2) 

h t 2  = the  he igh t  squared 

Z = the  R to  flow 

This  simple equat ion developed by Glassford (1969) would 

overest imate the  f a t  i n  the  l ean  ind iv idua l  and underestimate t h e  f a t  i n  

the obese. Classford has updated h i s  equat ion but  i t  was not  a v a i l a b l e  

t o  t h i s  researcher .  

Su~nmarv 

Body composition can be determined many ways, such a s  s k i n f o l d  

measurements, circumferences, HW, and B I A .  When determining body 



composition, i t  is important t o  use a  too l  t l ~ a t  is appl icab le  over n 

wide range of body f a t  l e v e l s .  This becomes complox when dea l ing  with 

the  obese populat ion because accura te  sk info ld  lnensurelnents lnny be 

d i f f i c u l t  t o  ob ta in  a t  required s i t e s  (Yaug, 1988). Circull~ferencos have 

been shown t o  be a  good ind ica tor  of  body composition, s i n c e  i t  was 

assoc ia ted  with l e s s  v a r i a b i l i t y ,  making i t  pre fe rab le  t o  s k i n f o l d s  f o r  

t h e  obese (Katch, 1983; Yang, 1988). Hydrostat ic  weighing has been an 

accura te  determinat ion of  body composition bu t  i t  may be d i f f i c u l t  f o r  

an obese person t o  undergo the procedure (Lollman, 1981; L u k n s k ~ ,  1987). 

B i o e l e c t r i c a l  impedance ana lys i s  was an easy procedure f o r  an obese 

person t o  undergo. I t  a l s o  appears t o  be a  r e l i a b l e  and v a l i d  

approach Eor the est imation of the percent  body Eat i n  obese and t~orlnal 

s u b j e c t s  (Gray e t  a l . ,  1989; Lukaski e t  a l . ,  1985; Segal e t  a l . ,  1988). 

Pred ic t ion  equat ions have been developed by ~nanufac ture rs  and were 

b u i l t  i n t o  the  instrument .  Usually these equa t io r~s  e r e  genera l ized  [or 

the  e n t i r e  populat ion bu t  t y p i c a l l y  underpredict  percent  f a t  i n  obese 

s u b j e c t s .  This  study proposed the  developmeht of s p e c i f i c  p r e d i c t i o n  

equat ions f o r  obese women g r e a t e r  than 30% body f a t  us ing  t h e  BES 2002. 



CHAPTER I11 

METHODS AND PROCEDURES 

Introduction 

Methods were developed to assess the accuracy of determining body 

composition of women who had greater than 30% body fat. The items 

discussed are subject selection, development of methods, experimental 

procedures, development of the prediction equations, and statistical 

analysis of the data. 

Subiect Selection 

The subjects used in this study were 30 volunteers from a 

community-based weight loss class held in La Crosse, WI. Each subject 

had to be greater than 20% of their ideal weight based on frame size 

according to the Metropolitan Life Insurance Height and Weight Tables 

(Metropolitan Life Insurance Company, 1983). This was determined the 

first day of the weight loss class. The ages of the volunteers ranged 
/ 

from 18-65 years. The participants were recruited by flyers placed in 

local grocery stores, area businesses, and in the La Crosse County 

office building. Each participant recruited for the weight loss class 

was given the option of being part of this study, Each participant was 

informed of the procedures, read and signed an informed consent document 

(see Appendix A), and completed a medical history questionnaire (see 

Appendix 8 )  before beginning the study. 



Develov~nent of Methods 

A p i l o t  study was conducted t o  determine the exac t  t e s t i n g  

rocedures.  Ten female s u b j e c t s  between the ages o f  31-60 y e a r s  were 

e s t e d .  A s  a r e s u l t  of  the p i l o t  s tudy ,  refirlelnents of the  exper i~nenta l  

p ro toco l  were made. 

E x ~ e r i m e n t a l  Procedures 

A l l  p a r t i c i p a n t s  reported t o  the  Human Perforlnance Laboratory a t  

t h e  Universi ty  of  Wisconsin-La Crosse f o r  n 2 hour t e s t i n g  s e s s i o n .  The 

p a r t i c i p a n t  s igned an informed consent document and f i l l e d  ou t  the 

medical h i s t o r y  ques t ionna i re .  Subjects  had various an thropo~net r ic  

measurements were taken while wearing t h e i r  swimsuit.  Each s u b j e c t  then 

had a B I A  value determined. Following t h i s ,  RV determinat ions using an 

oxygen d i l u t i o n  method (Wilmore, 1969) were performed. L a s t l y ,  the  HW 

procedure was completed. 

Anthro~omet r ic  Measurements 

Hei rh t .  Subjects  s tood with theFr backs t o  the  wall-mounted 

h e i g h t  s c a l e ,  f e e t  toge ther ,  and hands down t o  the  s i d e .  With head 

e r e c t  f a c i n g  forward, the s l i d i n g  he igh t  arm was pos i t ioned  on the  top 

of the  head. The he igh t  was recorded t o  the n e a r e s t  cm. 

Weight. Subjects  stood barefoot  on a Health-0-Meter s c a l e  with 

t h e i r  weight evenly d i s t r i b u t e d .  The weight was recorded t o  the  n e a r e s t  

Maximal abdominal g i r t h .  A g i r t h  measurement was taken ot the 

maximal abdominal circumference using an Ohaus f i b e r  g l a s s  150 cm 

measuring tape .  The measurement was taker) over the  swimsuit and 

recorded t o  t h e  n e a r e s t  .1 cm. 



paximal e l u t e a l  g i r t h ,  A g i r t h  measurement was taken a t  t h e  

maximal g l u t e a l  circumference. The measurement was taken over t h e  

swimsuit using an Ohaus f i b e r  g l a s s  150 cm measuring tape and recorded 

t o  t h e  n e a r e s t  .1 cm. 

R i o e l e c t r i c a l  Xmnednnce Analvsis 

B i o e l e c t r i c a l  impedance was measured us ing  t h e  BES 2002 ana lyzer .  

The s u b j e c t  was placed i n  a supine p o s i t i o n .  To conduct t h e  e l e c t r i c a l  

c u r r e n t ,  f o u r  el.ectrodes were placed on t h e  r i g h t  s i d e  of  t h e  body, two 

on each ex t remi ty .  The wrist e l e c t r o d e  was placed on the  d i s t a l  s i d e  of 

a l i n e  b i s e c t i n g  the  prominent bone of the  wrist and the o t h e r  hand 

e l e c t r o d e  was placed on the f i n g e r s .  The ankle e lec t rode  was placed on 

the  d i s t a l  s i d e  of  a l i n e  b i s e c t i n g  t h e  l a t e r a l  and medial m a l l e o l i  t h a t  

was prominent a t  t h a t  s i t e .  The o ther  e l e c t r o d e  was placed over the  

t o e s .  The e l e c t r o d e s  were placed over two o r  more d i g i t s  on t h e  f i n g e r s  

and toes  t o  assure  good contac t  of the  e lec t rode  t o  s k i n  ( s e e  Figure I ) .  

Figure 1. Placement of  the Four Electrodes 



A c u r r e n t  oE 800 ~ IA  a t  50 KHz was introduced a t  the  d i s t a l  

e l e c t r o d e s  of the  hand and f o o t .  The vol tage drop was de tec ted  by tho 

proxi~nal  e l e c t r o d e s :  the  r e s i s t a n c e  value was used t o  c a l c u l a t e  

conductance ( h t Z / ~ )  and t o  es t imate  FFM. The c u r r e n t  was u t ~ d e t e c t n b l e ,  

no shock hazard was presen t ,  and there  was no known r i s k  from t h i s  

procedure. 

The BES 2002 was designed t o  include an i n t e r n a l  c a l i b r a t o r .  An 

i n t e r n a l  R of 510 ohms is  ~neasured when the TEST and RUN but tons  were 

simultaneously pressed and held.  The reading displayed should be within 

1% of the  i n t e r n a l  R (505-515 ohms). This t e s t i n g  was done p r i o r  t o  the  

f i r s t  t e s t  and then a f t e r  every t e n t h  ind iv idua l  t o  a s s u r e  q u a l i t y  

c o n t r o l .  

Residual Volume 

The s u b j e c t  s a t  i n  the Hid tank with water a t  shoulder  l e v e l .  

Deter~ninat ion of RV was done by the closed c i r c u i t  oxygen d i l u t i o n  

method (Wilmore, 1969). A f a s t  responding e l e c t r o n i c  n i t rogen  analyzer  

(Coll.ins, nd) was used t o  continuously sample tho gas being resp i red  a t  

the s u b j e c t ' s  mouth and the n i t rogen  content  was recorded during the  

maximal exha la t ion  and subsequent rebreatlring by a  c h a r t  recorder  

(Med-Science Elec t ron ics ,  1985). Tho c a l i b r a t i o n  of  the  n i t rogen  

analyzer  and c h a r t  recorder  was checked a f t e r  each s u b j e c t .  

S ix  L of oxygen was s e l e c t e d  a s  an appropr ia te  volume f o r  t h e  

rebrea th ing  p~:ocedure t o  follow Before each RV t r i a l  a  rebrea th ing  bag 

was repeatedly f lushed with oxygen, emptied with a  vacuum pump, and then 

f i l l e d  with the  predetermined oxygen volume. During a l l  r ebrea th ing  

procedures the s u b j e c t s  were s e a t e d .  When an audib le  s i g n a l  was given 



by the  t e s t e r  the  s u b j e c t  i n i t i a t e d  a  forced expi ra tory  maneuver which 

had been previou:;ly demonstrated by the  t e s t e r .  Each s u b j e c t  was asked 

t o  minimize body movement during tho forced expi ra tory  e f f o r t  and, a f t e r  

e x p e l l i n g  a s  much a i r  a s  p o s s i b l e ,  t o  s i g n a l  by r a i s i n g  t h e  r i g h t  index 

f i n g e r .  Immediately a f t e r  t h i s  s i g n a l  was given by the  s u b j e c t ,  the  

valve connect ing t h e  r e s p i r a t o r y  hose t o  the  rebrea th ing  bag was opened. 

A second audib le  s i g n a l  by the t e s t e r  cued the s u b j e c t  t o  commence deep 

and r a p i d  rebrea th ing  of oxygen. Each sub jec t  continued deep and r a p i d  

v e n t i l a t i o n s  u n t i l  a  r e l a t i v e  equi l ibr ium was a t t a i n e d  with respec t  t o  

the n i t rogen  content  of the resp i red  gas .  Based on the c losed  c i r c u i t  

oxygen d i l u t i o n  method the  fol lowing equat ion was used t o  c a l c u l a t e  

r e s i d u a l  volume (RV): 

VO, - I n i t i a l  bag volume i n  system 
AN, = I n i t i a l  percent  of n i t rogen  i.1 a l v e o l a r  a i r  
I N ,  = Impurity of oxygen 
EN, = Percent n i t rogen  i n  equi l ibr ium 
FN2 = Percent n i t rogen  i n  a l v e o l a r  a i r  a t  end of t e s t  
DS = Dead space of mouthpiece dnd a r e a  con ta in ing  n i t rogen  

sens ing  needle 

Hvdrostat ic  W e i ~ h i n q  

Elec t ron ic  load c e l l s  fas tened  t o  the  HW c h a i r  were used t o  

determine the weight of the s u b j e c t  underwater. Load c e l l s  bend 

s l i g h t l y  under the  s t r e s s  of  t h e  s u b j e c t ' s  weight.  The change i n  the  

r e s i s t a n c e  through t h e  load c e l l s  is  used t o  c a l c u l a t e  body weight.  

Once i n  the  t ank ,  the s u b j e c t  w a s  i n s t r u c t e d  t o  kneel  down and remain 

motionless so  the  computer could c a l i b r a t e  t h e  HW c h a i r .  Once t h e  water 

was s t i l l ,  t h e  computer determined c a l i b r a t i o n  a t  0 kg. The s u b j e c t  



remained i n  the  same pos i t ion  and 2 kg weights were placed on each s i d e  

of  the  c h a i r .  The load c e l l  was then c a l i b r a t e d  t o  the new weight oE 

the  c h a i r  (4 lcg). The sub jec t  was sea ted  a f t e r  the 4 kg weight was 

removed from the  c h a i r .  

A weight b e l t  ( 4  kg) was placed over the l a p  of  the s u b j e c t ,  An 

e f f o r t  was made by t h e  s u b j e c t  t o  remove a l l  a i r  bubbles t h a t  had 

accumulated i n  the  t h e i r  s w i m  s u i t s  o r  h a i r .  With t h e i r  f e e t  011 the  

bottom rung and gent ly grasping the  s i d e  of the c h a i r ,  they were 

i n s t r u c t e d  t o  exhale  maximally and slowly lean forward p u l l i n g  the upper 

body down towards the thighs u n t i l  the head and body was completely 

submerged, The sub jec t  was then i n s t r u c t e d  t o  i n d i c a t e  t o  the  t e s t e r  

when a l l  t h e i r  a i r  had been expired using a  "thumbs-up" i n d i c a t i o n .  The 

s u b j e c t  remained submerged u n t i l  the  reading had been d i sp layed  on the 

computer (approximately 2 seconds) .  A minimum of s i x  t r i a l s  were given 

t o  al low the  s u b j e c t s  t o  ge t  accustomed t o  the procedures and doternline 

an accura te  underwater weight. 

Comvutation of  Bodv Densitv and Percent Fa t  *- 

Based on HW the  following equat ions were used t o  determine body 

dens i ty  and percent  f a t .  The value of the underwater weight was 

determined by s u b t r a c t i n g  the  weight of  the b e l t  ( 4  kg) from the  t o t a l  

weight.  This  was sub t rac ted  before the  new value was imputed i n t o  t h e  

computer t o  compute the body f a t .  



BD - Body density 
MA = Mass in air 
MW - Mass of water displaced 
DW - Density of water 
RV = Residual volume 

Brozek et al. (1963): 
Percent Fat - (4.57/BD - 4.142) x 100 

Develo~ment of the Prediction Equations 

Prediction equations were developed to determine FFM and also 

percent body fat. The variables used for the prediction equation were 

age, height2, R, WHR, and ht2/~. From these variables, a multiple 

regression analysis was performed using the Math Statistics Program 

(Ytse, 1982). 

Statistical Analvsis 

Paired t-tests and a Pearson product-moment correlation were used 

to determine potential differences in body fat and FFM as determined by 

BIA and HW. Multiple regression analysis was used to develop a 
, 

regression equation for prediction of body composition using the BES 

2002 BIA. The following variables were used: height, weight, age, R, 

ht2/~, and WHR. Statistical significance was set at p<.05 for all 

analyses. 



CIIAPTER 1V 

IIESUL'l'S AND I)ISCUSSION 

I n t r o d u c t i o n  -- 
The purpose  o f  t h i s  stucly wns twofold .  I'il-st w i l s  t o  conlpnre B l A  

t o  HGJ f o r  deter in inin& body conlposit ion of  wolnen whose body Eat wns 

g r e a t e r  t h n ~ ~  30%. Second wns t o  develop n  p rec l i c t ion  ecluntion f o r  t.110 

I\ES 2002 B I A  t h n t  would be vrllitl In detor in ining 1,otly c o n ~ p o s ~  t l o n  o r  

thesu  women. The r e s u l t s  o f  L l ~ i s  s tudy  wore s e p a r a t e d  i n t o  two 

s e c t i o n s .  'rile f i r s t  compared B I A  t o  IIW entl t.hc soconcl p e r t  clenlt  w i th  

t h e  p r e d i c t i o n  eqnn t ion .  'l'ho l e v e l  o f  s t n t i s t i c n l  s l g n i  f icnnco was 

est:nbllshatl  a t  tho  .05 l e v e l  f o r  811 nunlyses  

T h i r t y  s t ~ l > j e c t s  froin n  colas~unity wei,@it: l o s s  c l n s s  volut i teere t l  f o r  

body c o ~ n p o s i t i o n  a n a l y s i s .  F ive  p a r t i c i p i i n t s  f a i l e d  t o  c o n ~ p l e t e  t h e  

t e s t i n g .  Two of t h e  Eivo s u b j e c t s  d i d  n o t  fo l low t h e  p rope r  p r o t o c o l  

f o r  t h e  t e s t i n g  aud t h e  o t h e r  t l lrne were unab le  t:o c o ~ n p l e t e  t h e  IIW 

p rocod i~ ro .  D e s c r i p t i v e  dn tn  o f  t h e  s u b j e c t s  who coinpleted t h e  t e s t i n g  

n r e  presontocl i n  'l'nblo 1. 
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Table  1. Descr ip t ive  C h a r a c t e r i s t i c s  of  t h e  S u b j e c t s  (N - 25) 

Mean S D Range 

Age ( y r )  43.16 11.96 20 - 64 

Height ( a n )  164.99 52.46 154.93-185.59 

Weight (kg) 83.70 16.94 70.0-123.0 

WHR . 9 1  .04 .85- .98 

Body Fa t  (HW) 42.84 7.99 29.75-68.50 

Comparison of  Methods 

One of  t h e  major focuses  of  t h e  paper was t o  compare t h e  accuracy 

of  B I A  t o  HW. 

H v ~ o t h e s i s  One 

Hypothesis one s t a t e d  t h a t  t h e r e  would be no s i g n i f i c a n t  

d i f f e r e n c e s  i n  body f a t  of  obese females when measured by BIA and HW. 

Pa i red  t - t e s t s  and Pearson product-moment c o ~ r e l a t i o n s  were used t o  

compare body f a t  and FFM a s  determined by B I A  and HW. Table  2 p r e s e n t s  

t h e  r e s u l t s  of t h e  a n a l y s i s .  

Table 2 .  Co~nparison o f  Body F a t  and FFM a s  Determined by BIA t o  HW 

BIA HW r Di f f  (%) 

Body F a t ( % )  33.92 + 6 .39  42.84 5 6.30 .59 -8 .92(20)* 

FFM (kg) 54.79 + 6.89 44.08 + 6.80 .63 10.7(24)* 

* I n d i c a t e s  S i g n i f i c a n t  Di f fe rence  Between Methods p<.05 



The r e s u l t s  showed t h a t  a l l  25 p a r t i c i p a n t s  had B I A  va lues  below 

t h e  HW \-alues, with the  means being s i g n i f i c a n t l y  (p<.05) d i f f e r e n t  from 

each o t h e r .  The c o r r e l a t i o n  between the  two methods was r = .59.  

Hypothesis one was r e j e c t e d .  

Hvpothesis Two 

Hypothesis two s t a t e d  t h a t  a  p r e d i c t i o n  equat ion could be 

developed t o  accura te ly  p r e d i c t  body composition using t h e  BES 2002 B I A .  

Mult iple  regress ion  a n a l y s i s  was used t o  develop s e v e r a l  regress ion  

equat ions f o r  p red ic t ion  of body composition using the BES 2002 B I A .  

The equat ions used the v a r i a b l e s  he igh t2 ,  weight,  age,  R ,  WHR, and 

h t 2 / ~ ,  and pred ic ted  e i t h e r  FFM o r  percent  body f a t .  Table 3 p r e s e n t s  

t h e  e i g h t  p r e d i c t i o n  equat ions t h a t  were developed from t h e  d a t a  i n  t h i s  

s tudy ,  a long with the  c o r r e l a t i o n  c o e f f i c i e n t s  and s tandard  e r r o r  of t h e  

es t imate  (SEE) f o r  each equat ion.  
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Table  3 .  P r e d i c t i o n  Equations Developed t o  P r e d i c t  FFM and 
Body Fat  (%)  

- - 
FFM - 

1. FFM = 83.92938 - .04275 (age)  + .00043 (ht" + .49633 (wt) 

- ,00052 (R) - 96.72187 (WHR) (K = , 9 7 ;  SEE = 2.29) 

2. FFM = 95.11549 - .03942 (age) + ,49696 (wt) + ,09118 ( h t 2 / ~ )  

- 102.18383 (WHR) ( K  = . 96 ;  SEE = 2.44) 

3 .  FFM = 7.37932 - .I6918 (age)  + .00065 ( h t 2 )  + .34317 (wt) 

+ .00163 (R) ( r  = .91;  SEE = 3.62) 

4 .  FFM = 19.34258 - . I7301 (age)  + .31900 (wt) + .I5637 (ht2/R) 

( r  = - 8 9 ;  SEE = 3.82) 

Body Fat  

1. Body Fat  = 125.07 (WHR) + .07595 (age) - .00039 (h t2 )  + 

.04624 (wt) - .00026 (R) - 67.22633 ( r  = - 9 1 ;  SEE = 2.88) 
I 

2. Body Fat  = 130.11444 (WHR) + .07252 (age) + .04663 (wt) 

- .08029 ( h t 2 / ~ )  - 77.84045 ( r  = .90;  SEE = 2.94) 

3 .  Body Fa t  = 31.76350 + .23944 (age) - .00067 (h t2 )  

+ .24435 (wt) - .00305 (R) (r = .74;  SEE = 4.63) 

4 .  Body Fat  = 18.64399 + .24262 (age) + .27323 (wt) 

- .I6329 ( h t 2 / ~ )  (r - .71; SEE = 4.76) 



Each of the  p red ic t ion  equat ions developed used tho v a r i a b l e s  

weight and age.  The e i g h t  p red ic t ion  equat ions d i d  have t h r e e  q u a l i t i e s  

t h a t  could d i f f e r e n t i a t e  them from each o t h e r .  The f i r s t  c h a r a c t e r i s t i c  

was t h a t  t h e  equat ion e i t h e r  p red ic ted  FFM or  percent  body Eat .  The 

equat ions p r e d i c t i n g  FFM had higher  c o r r e l a t i o n s  t o  HW ( r  - .89 t o  .97) 

than those p r e d i c t i n g  percent  body f a t  ( r  - . 71  t o  . 9 1 ) .  The second 

c h a r a c t e r i s t i c  of t h e  e i g h t  p red ic t ion  equat ions was us ing  t h e  ht2/R a s  

a s i n g l e  v a r i a b l e  o r  height2 and R s e p a r a t e l y .  Those equat ions using 

the  v a r i a b l e s  height2 and R had a  s l i g h t l y  higher  c o r r e l a t i o n  t o  HGI 

( r  = .74 t o  . 9 7 )  than htZ/R ( r  = - 7 1  t o  . 9 6 ) .  The l a s t  c h a r a c t e r i s t i c  

was t h e  inc lus ion  of the  WHR v a r i a b l e .  The equat ions t h a t  used t h i s  

v a r i a b l e  had a  higher  c o r r e l a t i o n  t o  HGl ( r  = .90 t o  .97 )  than t h e  

equat ions t h a t  d id  not  use the  v a r i a b l e  ( r  = -74  t o  . 9 1 ) .  The b e s t  

p r e d i c t i o n  equat ion developed from this study used the v a r i a b l e s  

he igh t2 ,  R ,  WHR, weight,  age,  and pred ic ted  the  FFM. Hypothesis two 

was accepted,  s ince  an accurate  p red ic t ion  equat ion was developed. 

Summary of the  Resu l t s  

Body composition v i a  BIA was s i g n i f i c a n t l y  underpredicted i n  a l l  

25 p a r t i c i p a n t s .  This  i n d i c a t e s  t h a t  the  p r e d i c t i o n  equat ion f o r  the  

BES 2002 needs t o  be modified t o  be a more accura te  t o o l  f o r  a s s e s s i n g  

body composition i n  obese women. Various p r e d i c t i o n  equat ions were 

developed from t h e  d a t a  c o l l e c t e d  i n  t h i s  s tudy.  The b e s t  c o r r e l a t i o n  

between t h e  BIA p r e d i c t i o n  equat ions developed i n  t h i s  s tudy and HW was 

= .97. This equat ion pred ic ted  FFM and used t h e  v a r i a b l e s  he igh t2 ,  R, 

R ,  weight,  and age,  The following s e c t i o n s  d i scusses  t h e  p r e d i c t i o n  



Discussion 

This section discusses the significance of the findings in 

relation to published research. 

Bioelectrical Impedance Versus Hvdrostatic Weiphing 

Many authors have proposed that BIA is a highly accurate method to 

determine body composition when compared to tlW (Guo et al., 1987; 

Lukaski et al., 1986, Lukaski, 1987). The results of this study show 

that the BES 2002 BIA significantly underpredicted body fat in women 

with greater than 30% body fat. This is consistent with the findings of 

other authors (Eston et al., 1989; Segal et al., 1985). Cohn (1985) 

argues that the principle of BTA is that the body has a uniform and 

inherent distribution of body fluids. This inay not be the case in all 

individuals. 

The other factor in this study is the instrument used. The 

RJL-Systems is the machine that is frequently used for research 

purposes, and as such, many accurate prediction equations have been 

developed for this instrument. The BES 2002 has only the prediction 

equation developed from the manufacturer, which is a generalized 

prediction equation used for all populations. Thus, it seemed important 

to develop a specific prediction equation for obese women using the BES 

2002 B1A. 

Prediction Equations for Bioelectrical Impedance Analvsis 

Traditionally, prediction equations for BIA use ht2/~ to predict 

body Eat. This was thought to be the best predictor of body composition 

(GUO et al., 1987, 1989; Khaled et al., 1988; Lukaski et al., 1986). 



a s  two separa te  v a r i a b l e s  and Eouud very high c o r r e l a t i o n s  between the 

BIA equat ions f o r  the  RJ1,-Systems machine and HIJ. The r e s u l t s  from t h i s  

study showed s l i g h t l y  b e t t e r  c o r r e l a t i o n s  when using he igh t2  and R 

s e p a r a t e l y  a s  compared t o  using h t 2 / ~ .  

The p r e d i c t i o n  equat ions developed i n  t h i s  s tudy were f o r  PFM and 

f o r  percent  f a t .  The pred ic t ion  equat ions f o r  FFM had higher  

c o r r e l a t i o n s  t o  HW than d i d  the equat ions f o r  percent  f a t .  Most 

p r e d i c t i o n  equat ions p r e d i c t  FFM (Khaled e t  a l . ,  1988; Lukaski e t  a l . . ,  

1986; Segal  e t  a 1 . ,  1988). 

The b e s t  p red ic t ion  equation developed f ro~n  t h i s  s tudy pred ic ted  

FFM and used the v a r i a b l e s  height2,  R ,  weight,  WHR, and age.  When the 

WHR was incorporated i n t o  the pred ic t ion  equaLion the h i g h e s t  

c o r r e l a t i o n  c o e f f i c i e n t  ( r  = .97) was obtained.  Thin c o r r e l a t i o n  was 

higher  than the ones reported i n  the l i t e r a t u r e  using the  RJL-Systems 

BIA machines on obese s u b j e c t s .  Segal e t  01. (1988) repor ted  a 

c o r r e l a t i o n  c o e f f i c i e n t  of r - -95 .  Gray e t  n l .  (1909) repor ted  a  

c o r r e l a t i o n  of r - .92 f o r  women 31-482 Eat and r = .96 f o r  women 

g r e a t e r  than 48% f a t .  Both s t u d i e s  used the  v a r i a b l e s  o f  he igh t2 ,  R ,  

weight,  and age. 

Gray e t  a l .  (1990) concluded t h a t  sk info ld  measurements tend t o  

underestimate t o t a l  body f a t n e s s  and t h a t  would no t  be a  good assessment 

t o o l  t o  use by i t s e l f .  However, anthropome t r i c  nleasurelnents have been 

added t o  B I A  p red ic t ion  equat ions t o  increase  t h e i r  accuracy.  L i t t l e  e t  

a l .  (1990) used the  sum of four  sk info lds  ( t r i c e p ,  scapula ,  abdomen, and 

c a l f )  i n  a d d i t i o n  t o  t h e  v a r i a b l e s  height2,  R ,  and age f o r  t h e  

p r e d i c t i o n  equat ion.  The a d d i t i o n  of  sk info lds  was found t o  increase  



the accuracy of the prediction equation by 3% and improved the 

correlation coefficient from r - .86 to I: = .89. Chumela, Baumgartner, 

and Roche (1988b) suggested the possibility that prediction equations 

using R could be improved with the addition of other anthropometric 

measurements. This can be accomplished by adding a measure of fat 

distribution such as the WHR. The authors stated that whole body 

impedance may be relatively insensitive to changes in intra-abdominal 

fat. Bioelectrical impedance analysis may also underestimate total body 

fatness in the presence of increasing intra-abdominal fat because the 

greatest proportion of body resistance is accounted for in the arm and 

leg with a smaller fraction in the trunk. Thus, for obese people, the 

IJHR variable may increase the reliability of BIA prediction equations. 

This study found that it did improve the correlation between BIA and HW. 

Summary 

This project was designed to examine the validity of the BES 2002 

BIA compared to HIJ in women whose body fat was greater than 30%. The 

results showed that the BIA method significantly underpredicted body fat 

in this population. 

This project was also designed to develop prediction equations for 

women with greater than 30% body fat when analyzed using the BES 2002 

impedance instrument. The best prediction equation developed was highly 

cor~elated with HW (r = .97). The equation predicted FFM and used the 

variables height2, R, weight, WHR, and age. The variables that 

increased the correlation of the prediction equation to HW were WHR and 

height2 and R as two separate variables. Also, the equation predicted 

FFM. These variable significantly increased the prediction of body fat. 



CHAPTER V 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Sum~narv 

The purpose of t h i s  study was t o  determine body co~nposi t ion i n  

wolnen with g r e a t e r  than 30% body f a t  ant1 t o  develop a  p r e d i c t i o n  

equat ion f o r  the  BES 2002 BIA s p e c i f i c  f o r  t h i s  sample. 

T h i r t y  wolnen enro l led  i n  a  com~nunity weight l o s s  c l a s s  i n  La 

Crosse volunteered t o  have t h e i r  body composition assessed .  Each 

s u b j e c t ' s  body composition was determined by BIA and H W .  A t o t a l  of 25 

women completed the  test!ng procedures. 

The r e s u l t s  showed t h a t  a11 the BIA values unclerpredicted body 

f a t n e s s .  This  value was s i g n i f i c a n t l y  d i f f e r e n t  than the  HIJ value 

(p<.05) .  Pred ic t ion  equat ions f o r  body f a t  and FFM were then developed 

which used the  following v a r i a b l e s :  height2,  R, weight ,  age,  WHR, and 

h t 2 / ~ .  The h ighes t  c o r r e l a t e d  pred ic t ion  equat ion used the  v a r i a b l e s  

ht2/R, weight ,  age ,  and WHR. This equat ion pred ic ted  FFM. 

Conclusions 

This  s tudy showed t h a t  the manufacturer 's p r e d i c t i o n  equat ion used 

with the  BES 2002 BIA underpredicts  body f a t  i n  women with va lues  of 

g r e a t e r  than 30%. To increase the c o r r e l a t i o n  between BIA and HW, new 

p r e d i c t i o n  equat ion needed t o  be developed. The c o r r e l a t i o n  between the  

manufacturer 's  p red ic t ion  equation and HW was r - .59.  The b e s t  

equat ion developed from t h i s  s tudy had a  c o r r e l a t i o n  of r = .97 .  The 



v a r i a b l e s  used f o r  t h a t  p r e d i c t i o n  equat ion were he igh t2 ,  R ,  age,  

weighz, and WMR. One f a c t o r  t h a t  increased the  c o r r e l a t i o n  between U W  

and BIA was t h e  use of the  WHR. 

Other methods e x i s t  t o  determine body composition. Hydrostat ic  

weighing, which was used i n  t h i s  s tudy ,  is  h igh ly  accura te  b u t  no t  a 

p r a c t i c a l  assessment t o o l  f o r  women with g r e a t e r  than 30% body f a t .  The 

women i n  t h i s  s tudy found i t  d i f f i c u l t  t o  perform t h e  H W  t e s t ,  Skinfold 

measurements a r e  a l s o  used t o  determine body composition. Gray e t  a l .  

(1989) concluded t h a t  sk info ld  measurements would tend t o  underest imate 

t o t a l  body f a t n e s s .  Skinfold measurements have been used i n  conjunct ion 

with BTA p r e d i c t i o n  equat ion t o  increase  the  accuracy of  t h e  equat ion 

( r  = . 8 9 ) .  However, a b e t t e r  anthropornetric t o o l  used i n  conjuncti.on 

with a B I A  equat ion f o r  women g r e a t e r  than 30% body f a t  is thn WHR. 

Chumela e t  a l .  (1988b) found t h a t  BIA may underestimate t o t a i  body 

f a t n e s s  i n  the  presence of  increas ing  intra-abdominal  f a t  because the  

g r e a t e s t  proport ion of  body r e s i s t a n c e  is accounted f o r  i n  t h e  arms and 

l e g s  with a smaller  f r a c t i o n  i n  t h e  t runk .  This  s tudy found a high 

c o r r e l a t i o n  between t h e  new p r e d i c t i o n  equat ion and HW. Also, BIA is a 

non- invas ive ,  non-threatening instrument  used on obese s u b j e c t s .  Thus, 

BIA with a h igh ly  c o r r e l a t e d  p r e d i c t i o n  equat ion t o  HW would be a good 

assessment t o o l  to  use f o r  women g r e a t e r  than 30% body f a t .  



Recommendations for Future Research - 
Based upon the findings of this study, the author recommends the 

Eollowing for future research: 

1. This study used 25 participants for the sample size. A larger 

sample size with more representation from each age group would ba 

more appropriate. 

2. Height was a variable in the prediction equation. Three of the 25  

women were taller than 178 cm. These three women had a large range 

between the body fat predicted from HW and BIA. A study should be 

done to determine if the prediction equations developed from this 

study for body composition of women greater than 178 cm is accurate. 

3 .  A study could be done on men with greater than 20% body fat and a 

prediction equation could be developed using the same variables as 

this study. Waist-to-hip ratio could be used to see what effect it 

would have on predicting body fat for men. Since lnen and women 

deposit their fat differently, the \JHR variable may not be as 

significant in the men's prediction equation. 

4. The equations developed in this study need to be cross-validated. A 

prediction equation should always be tested on many subjects of 

the population that it was developed for and on the instrument being 

evaluated. Only then can its validity be determined as an 

appropriate assessment tool. 
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APPENDIX A 

INFORMED CONSENT DOCUMENT 



' INFORMED CONSENT AND RELEASE 
BODY COMPOSITION DETERMINATION OF WOMEN GREATER THAN 30 PERCENT BODY FAT 

PRINCIPLE INVESTIGATOR: S h a r i  Bauer 
TELEPHONE NUMBER: 782-0663 

PLEASE READ THOROUGHLY BEFORE AGREEING TO PARTICIPATE I N  THIS STUDY. 
YOUR INFORMED CONSENT AND RELEASE, AS EVIDENCED BY YOUR SIGNATURE BELOW, 
MUST BE OBTAINED PRIOR TO HAVING ANY TEST ADMINISTERED. 

1 ,  , volunteer  t o  have my body co~npositiori 
determined v i a  underwater weighing and b i o e l e c t r i c a l  impedance a n a l y s i s .  
The purpose of determining my body composition is t o  a s s e s s  my percent; 
of l e a n  t i s s u e  and body f a t .  The importance of a s s e s s i n g  a person 's  
body f a t  is  t h a t  excessive amounts a r e  assoc ia ted  with a v a r i e t y  of 
h e a l t h  r e l a t e d  problems. 

PROCEDURES 

The fol lowing procedures w i l l  be used t o  determine your body 
composition. The f i r s t  th ing  you w i l l  do is  review and s i g n  the  
informed consent i f  you decide t o  p a r t i c i p a t e  i n  t h e  s tudy .  Af te r  t h a t  
you w i l l  be asked t o  complete a medical h i s t o r y  ques t ionna i re .  Once 
t h i s  i s  cumpleted, you w i l l  pu t  on your swimsuit and have your h e i g h t ,  
weight ,  and wais t  measurements taken. Then you w i l l  l i e  down on a t a b l e  
t o  have your body composition determined by b i o e l e c t r i c a l  impedance. 
Four e l e c t r o d e s  w i l l  be a t t ached  t o  your body and a small  e l e c t r i c a l  
c u r r e n t  w i l i  be s e n t  through your body. You w i l l  no t  f e e l  any pa in .  
The e l e c t r o d e s  w i l l  be removed and you w i l l  be asked t o  shower. You 
must g e t  your e n t i r e  body wet from head t o  toe .  Once t h i s  i s  done, you 
w i l l  s t e p  i n t o  the  hydros ta t ic  weighing tank and have your r e s i d u a l  
volume and body composition determined v i a  h y d r o s t a t i c  weighing. A 
complete r e p o r t  of the  r e s u l t s  from the  t e s t i n g  w i l l  be explained t o  you 
before l eav ing  t h e  l a b .  The d e t a i l s  of &he procedures performed today 
a r e  l i s t e d  below. 

BIOELECTRICAL IMPEDANCF:: Four e lec t rodes  w i l l  be placed on your body. 
Two on the  hand region and two on the f o o t .  An e l e c t r i c a l  c u r r e n t  w i l l  
be s e n t  through your body buL you w i l l  not  f e e l  i t .  Your body's 
r e s i s t a n c e  t o  t h i s  small e l e c t r i c a l  cur ren t  w i l l  be determined and used 
t o  c a l c u l a t e  bcdy f a t .  

RESIDUAL VOLUME: This  procedure is  used t o  determine t h e  amount of a i r  
l e f t  i n  your lung a f t e r  a forced e x p i r a t i o n .  A c l i p  w i l l  be placed on 
your nose and you w i l l  b rea th  from a bag f i l l e d  with oxygen. A f t e r  you 
have ad jus ted  t o  t h i s ,  your w i l l  b rea the  i n  deeply and then e x p i r e  a l l  
the  a i r  i n  your lungs.  Keeping your mouth on t h e  c y l i n d e r  mouth p iece  
deep brea th ing  is continued u n t i l  the t e s t e r  t e l l s  you t o  s t o p .  

HY??OSTATIC WEIGHING: This procedure w i l l  be done i n  t h e  h y d r o s t a t i c  
weighing tank with the  body submerged up t o  t h e  shoulders .  You w i l l  be 
asked t o  blow out  a l l  of the a i r  i n  your lungs and b r i n g  your body 
forward submerging your body and head i n  t h e  water  while  remaining 



sea ted  on the  c h a i r .  When a l l  your a i r  is  blown o u t ,  s i g n a l  t h e  t e s t e r  
by r a i s i n g  your f i n g e r .  Hold a s  s t i l l  a s  poss ib le  f o r  f i v e  seconds. 
The t e s t e r  will i n s t r u c t  you t o  come up ou t  of the  water .  

DISCOMFORT OR RISKS 

A discomfort with the  r e s i d u a l  volumes i s  t h a t  a maximal exha la t ion  of  
a i r  i s  requi red  and you may experience some lLght headedness. Another 
discomfort  may be t h e  nose c l i p  t h a t  you a r e  i n s t r u c t e d  t o  place on your 
nose when determining r e s i d u a l  volume. A r i s k  o r  discomfort  with 
h y d r o s t a t i c  weighing i s  t h a t  you a r e  requ i red  t o  blow out  a l l  a i r  and 
remain s t i l l  f o r  a couple of seconds under t h e  water which may cause 
some f e a r .  The b i o e l e c t r i c a l  impedance machine sends a small  e l e c t r i c a l  
c u r r e n t  through t h e  body bu t  the  vo l tage  is small  and does no t  cause 
adverse e f f e c t s .  

BENEFITS 

The b e n e f i t  of the t e s t i n g  today i s  t h a t  you w i l l  know your percent  f a t .  
This  w i l l  he lp  you eva lua te  your r i s k  f o r  unhealthy d i s e a s e s  i n  the  
f u t u r e  . 

WITHDRAWAL 

I have the  opportuni ty t o  withdraw from t e s t i n g  a t  any time without  
p re jud ice .  

QUESTIONS 

I have t h e  a b i l i t y  t o  ask quest ions a t  any time about t h e  procedures and 
r e s u l t s  of  t h e  t e s t i n g .  I f  you have quest ions a t  any time c a l l  the  
p r i n c i p a l  i n v e s t i g a t o r  a t  t h e  l i s t e d  number above. 

A l l  of t h e  r e s u l t s  from the t e s t i n g  w i l l  be kep t  c o n f i d e n t i a l ,  b u t  may 
be used f o r  research purposes i n  an anonymous form. 

The purpose and the procedures of  t h i s  research p r o j e c t  have been 
explained.  I have been t o l d  about ,  and understand,  a l l  t h e  p r e d i c t a b l e  
discomforts ,  r i s k s ,  and b e n e f i t s  t h a t  might r e s u l t .  Nevertheless ,  I 
agree t o  p a r t i c i p a t e  a s  a s u b j e c t  i n  t h i s  research  p r o j e c t .  

I ,  the  undersigned, r e l e a s e  and hold harmless and f r e e  from a l l  
l i a b i l i t y  assoc ia ted  with these  s e r v i c e s  t h e  t e s t  admin is te r s  and t h e  
Univers i ty  of  Wisconsin-La Crosse toge ther  with a l l  of  i t s  agents .  

Your S igna ture  Date 

v i t n e s s  Date 



APPENDIX B 

MEDlCAL HISTORY QUESTIONNAIRE 



MEDICAL HISTORY OUESTIONNAIRE 

PLEASE NOTE: A l l  t he  information you provide w i l l  be kep t  CONFIDENTIAL 

Name : Sex: 

Date of  B i r t h :  Today's Date: -- 
DIET 

1. Height: Weight: 

Elbow Breadth/Frame S ize :  

2.  H0.w long have you been a t  your c u r r e n t  weight? - 
3 .  Does your physician want you t o  l o s e  weight? 

4 .  Are you c u r r e n t l y  fol lowing a d i e t  p rescr ibed  by your physician o r  

d i e t i t i a n ?  - Yes - No I f  yes ,  what type o f  d i e t ?  

- Weight Reduction - S a l t  R e s t r i c t e d  - Diabet ic  

- Low-fat,  Low-cholesterol - Other ( spec i fy)  

5. How much water  do you dr ink  per  day? - (glasses/day)  

6 .  Do you dr ink  cof fee?  - Yes - No 

I f  y e s ,  how many cups (8 oz) per  day? 

7 .  Do you dr ink  d i e t  soda? - Yes -- No 

I f  y e s ,  how many cups (8 o z )  per  day? - 
8 .  Do you dr ink  t e a ?  - Yes - No 

I f  y e s ,  how many cups (8 oz) per  day? - 
9 .  Are you tak ing  d i u r e t i c s ?  - Yes - No 

10.  Are you near menses (wi th in  4 days)? - Yes - No 

11. Have you exerc i sed  i n  t h e  p a s t  24 hours? - Yes - No 

12.  Have you e a t e n  i n  the  p a s t  4 hours? - Yes - No 

13 .  Have you drank any products  t h a t  were ca f fe ina ted  today? 

Yes -- No 

14.  Have you drank a t  l e a s t  one g l a s s  of  water today? 

- Yes - No 



1. How many days per  week do you p a r t i c i p a t e  i n  solre type of e x e r c i s e  

s e s s i o n  t h a t  l a s t s  a t  l e a s t  20 minutes? 

2 .  What type of exerc i se  do you p a r t i c i p a t e  i n ?  

I 
MEDICAL ASSESSMENT 

1. Please c i r c l e  any of the following h e a l t h  problems you p r e s e n t l y  

have. (Ci rc le  a l l  t h a t  npply) 

Blood Tota l  Cholesterol. a t  o r  above 200 ~ng/dl 

HDL-Cholesterol Level below 35 mg/dl 

Elevated Tr ig lycer ide  Levels above 250 ng/dl 

Heart Attack o r  Heart Disease Rheums t i c  Fever 

Per iphera l  Vascul n r  Disease Kidney Stones 

Abnormal Electrocnrdiograa~ Being a Male 

Disease of the Ar te r ies  Cons t i p a t  ion  

Chronic Lower Back Pain Strokes 

Gallbladder/Galls tones Ulcors 

High Blood Pressure Anemia 

Diabetes Mel l i tus  Smoking ( C i g a r e t t e )  

Family History of Heart Disease ( < 55 years  of age) 

2.  Do you ever  experience any of the following? ( C i r c l e  a l l  t h a t  npply) 

Heart Pa lp i  t a t i o n s  Chronic S ton~ach Pain 

Chest Pain Joint: Pain 

Dizziness  o r  Fa in t ing  Spe l l s  Shortness  of BrenLh 

3 .  Please l is t  any personal  medical problems? 

4 .  Please l i s t  any cur ren t  medications you a r e  taking? 



APPENDIX C 

RAW DATA 





HW Values - BIA Values 

22 .4  

3 4 . 3  30.5  

3 6 . 4  

4 0 . 2  

3 7 . 8  

4 4 . 3  

3 2 . 5  

2 8 . 9  

26.5 


