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1.Abstract 

'-

Prior research has demonstrated relationshlps between 
. 

whole body electrlcal reslstance (R) and lean body mass ·(LBM~. The 

present study investigates the use of reactance (XC> in the 

measuremeont of body composition. and compares the accurac~' of R 

and Xc measurements in normal versu.s Inalnouri~hed states. 

ln 64 subjects. R and Xc were determined uS1l1g a 

. four-electrode Impedance plethysmograph. Body compos)tlon was 

simultaneously determined by multiple isotope dilution. 
e' 

23 subjects had a normal body composition and 41 were 

mainourished. as measured by isotope dllutlon. Data analysls 

revealed an inverse relationship between the lsotope-measured LBM 

and R (r=.78).' similar to, previous flndings. 

Reactance was found to correlate' inversely wlth ECM/BCM 

(r=: 70>. where ECM ls the isotope-measured extracellular mass and 

BCM ls the body celi roass. This ls a new· findlng. 

The LBM, ECM. BeM and fat mass, calculated from the 

impedance data. height- and welght. correlate sig(l.iflcantly wlth the 

réspective isotope-method measurements, in both normalt}' nourlshed 

and malnourished states. 

The Impedance method ls more accurate ln measurlng normal 

body compositions than ln me~sùring malnourlshed ones. 
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2. Résumé .1 
1\, 

, 
Des recherches antérieures out démoutré relation 

entre la résistance électrique totale de l'orga~sme (R)' e maigre 

, \. (HM) • La présente étude a P<f~ but d'examiner l' ut1llsati 

réactance (Xc) dans la mesu~ de la composition corporelle, et de comparer 

la précision des lIesures de R et de Xc à l'état normal. par oppositi.on à un 

/ 

état de malnutrition. 

Nous avons déterminé R et Xc chez 64 sujets, au moyen d'un pléthysmo-

graphe" à impédance à quatre électrodes. La composition- corporelle fut 
f 

déterminée simulta~ément par multiples dilutions isotopiques. 

Selon l.es mesures par dilution isotopique, 23 sujets avaient une 

composition corporelle normale et 41 souffraient de malnutrition. 

L'analyse des données a révélé ~ uistence d'une relation inverse· et:\tre la 

HM 1Il~8urée par méthode i sotopi que et l.a R (raO, 78), conformément aux 

• résUltats antérieurs. 

Noua avona également observé une corrélation inverseJentre la 

réactance (Xc) ét HEC/MC (r-O, 70), si 'MEC représente la masse utra

cellulaire mesurée par Iléthode isotopique et HC la masse cellulaire. 'n 

~ a' agi. t d'une nouvelle constat8.tlon. 

X. MM, ~ MEC, la MC et la masse grasse, calculés à partir des données 

d'impédence, de 1& taille et du poids, ont une corrélation significative 

1 avec le. mesure. Tespectives paT lDé~hode i:sotopique, à la fo18 chez l.es ./ 
/ 

.ujets Doraaux et chez les" 8ujets souffrant de aaalnutrit1ou. 

Pour la lDe.ure de 1& compost tian e'6l-porelle. la lIé,thode 

.' •• t révéHe~ plue prée1s~ dans l.e. ca. normaux que dan. les 

Mlnutr1 ti01l. 

P&Tiaf 
cal de ! 
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2.LIST OF ABBREVIATIONS 
Meanlng ~ 

'Br •••• ~. percentage of body fat' 
22Na ••••• sodiua-22 isotope 
3B ••••••• tritium isotope 
BCH •••••• body ceU Ilass 
D20,;,TBll •• tot_l body ltater ~e~sured by deuterium dilution 
Db ••••••• body de~sity 
ECrv ••••• r extracellular fluid volume 
ECH •••••• extraceîlular mass ' 
ECH/8CH •• tbe rrtio of extrac~l1ular mass to body ceU mass 
Eq, • • • • • • . equation 
FFH •.•••. fat free mass, equivalent to the lean bodY mass 
Dt ••••••• height . 
Ht2 /R •••• tbe sqare of he1ght divided by the resistance 
KA ••••••• total excbangeable potassium 
LBM :..... 'lean body mass • 
Na. •••••• total 'excbangeable sodium 
Nae IKe ••• the ratio of total exchangeable sodium to, 

exchangeable potassium, defined on page 26 
as an index of the nutritional state. 

P •.••••• probability in the sense of statistical significa~ce 
R .~.~. electrical fesistance 
r •• ~ ••• Pearsonls coefficient of correlation 
RN.+K ••••• ratio of the sodium plus potassium content 

divided by the water content of a ~issue specimen, 
in the context of section 5.6. 

SEE/mean. standard error of the estimate divided by the mean 
of the dependant variable 

TBK •••••• total body potassi~m 
TBY •••••• total })ady "ate~ 
TEl •••••• transthoracic electrical impedance 
~ ••••••• electrical reactance 
Z. ••••••• illpedance 

'Z/elec.dist. illpedance value~divided by the distance between 
tpe inner pair of electrodes (in context of 
page 19) 
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3.PREFACE 

3: I.INTRODUCTION .. 
1 

"> ln the past decade the medical community has become .. 
increasingly aware of the importance of the nutritional state ln 

deterrnlning p'ostoperatlve outcome, host reslstance to infection. ahd , 
capacity for tolerating a. cata_bolle stress·. t\ccordlngly, it Is 

"important to have a simple, safe.and accurate technique for 
o 

aS8essin~ ~he nutritiona! state. 

, The measurement of body composition pro vides a useful index of 

the nutritional state2 • Body composition in the nutritional sense 
f • 

refers to a partit10ning of the body weight Into three main '. o 

compartments; tbe body celI mass (BCM). ext:racellular mass (ECM) 

and tat. The BCM 1s tbe lntracellular protoplasm and the 

metabolically active. energy producing çomponent of body 

composition. The ECM comprises plasma, lymph and interstit!al 

fluid. The sum of the ECM and BCM i6 the lean body mass (LBM). 
1 

Slnce fat 15 relatlvely anhydrous, -t.he LBM contains virtually aIl of 

the total body water (TBW). 

The body composition tec~niQUes cu.rrently used in nutritional 

research, such as isotope dilution, whole-body countlng of 

potassium-40. :Qeutron activation analysis for total body calcium 'and 
" C-

1 Muller Jtd, ·'KelleI\HW. B~enner U. Walter M. HOlzmuller W, 
Indications and Etfects of Preoperatlve Parenteral Nutrition. World 
J. Surg. 1986: 10:53-63. ' 

a ShJzgal HM, The effect of ,malnutrItion on body com~oslt13n. 
Surge!')' 1981;152:22-26. .... 

page CS 

, ' 

, 

.... 



o 

.~. , , 

.' 

o 

nltrogen, compu.~erlzèd tomography and densitometry, are 

lmpractlcal for general clinical use. Simpler methods such as 

anthropometry and fat estlmatlQn by lnfrared~ or ultrasound are not 

sUfficlently accurate. ,-\ 

Impedance plethysmography, since 1ts commercial introduction ln 
. 

1981, is rapld}Y becomlng ;Ropular as a safe. slITlple and nOTl-
f ~ _ J D ",.---

invasive measure- of bOdy composition and mlght gain WideSrad. 

clinical use if further refinements in ac~uracy are achleved. 

Irnpe<!ance plethysmography connotes the measur.ement of the 
. '" . 

resistance and .rea~tance to an electrlcal current appl1ed 1.0 a living 

organisrd. The intra- ,and extraceHular fluids of the body comprise 

an Ionie conductlv~ volume that oUers resistance (R) to the flow 'of 

.current, according to Ohm's law: 

(Resistance) . l\ = y 
l 

(voltage) 
(current) 

Because fat con tains l1ttle water, conductance occurs primarlly 

throu~b th'è LBM. 

. , 

Nyboer, who pioneered résearch relating lmpedanee measurements . ' 
to biological functlon in the 1940's,' conceptual1zed that the • 

reactance (XC> mea :m;er.'J.ent mlght beo related ~o the body cell ' 
1 

membranes acting as the dielectric of a capa~1tor. Basle electronlcs 
• 1 

tells us .that reactance- ls the appa~t resl,tance of a capacitor ln ' 

, an AC circuit, and that,lts ~alue deatea~-as the ~ppl1ed frequency 

Increases, according to the proportlon~ . J. . 1./ ' 
,Xe ~" T 

6.28 F k A 

,-
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'-where 'T ls the thlckness of the dlelectric, F ls the frequency and 
\ , 

A -18 the area of one of the dieiectric plates. At low frequencies 
. '\' 

(- 1 kHz) of ,current applled tp the Iilody, the c~rrent passes mainly 

through the extracellular fluld whUe at highet frequencies ( >500 , 
~-

kHz) it passes through both the extracellular and intracellular 
~ 

",:: compartments. The Impedance plethysmograph currently used by 

mo&\Jnvestigators del1vers a 50 kHz current of 800 microamps. 

" 

• 

ThIs signal is cl1nIcally sate for meâsuring vlrtually any su~Ject and 
r4 

- 18 painless, 
t 

Nyboer was the first investlgator to demonstrate that 
" 

electrlcally meaiured biologles1 volumes were Inversely rellfted· to 

Impedance (Z). resistance and reactance3 • He proposed the equation: 

Because Xc ls relatlvely.much smaller than R. the R valu, ls. 

approxinfately equal to Z. 
1 

Bloelectrical reslstance 8: mathematically related to. the volume 

of the conductor. as shown ln the followlng -steps:' 

li< (a) Glven R " pL lA 

where L ls the conductor length. A Is the cross-

sectional arèa of the conductor and p ls volume 

, reslst-ivlty. ') 

(b) Multlplymg equation A by L/L glves ~ ~ pLaj AL 

where AL 18 the volume (V). Substltutlng V for AL glves 

a Nyboer J. EJectrlcal.Impedance Plethysmography. Sprlngtfeld. 
IL: CC ThOMas. 1970, 2n4 editlon. 
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,. R ~ pL2/V". and ~earrangln~ glves 

(c) V % pL2/R 

Because ot' the complex geometry and bio-ele~trlcal ~omposltlon 
, ~ 

of the human body. equatlon (c) ls likely a slmpl1stic approximation. 

• -'4 but ft ls pertinent in that investigators" have found 6thaLthe 

-regresslon relationship between Rand thè isotope-measured total 

body water ls strengthened best by correcting for the-subject's 

~ geometry' as Htl/R. 

3.2.HISTORICAL REVIEW o 

Early research work on bloimp~dance was focussed on vascular 

and_ respiratory applications. ln 1907 Cremerll noted that capacltor 

measurements varled wlth the beat of a frog's h~art. ln 1932 

Atzler6 placed capacitor plates on either side of the thora:x~f il 
- , 

human and \ecorded diel:ctric changes °related to cardlac activlty . 

• MannT reported ln 1937 th!:lt cont1nuous Impedance measurements of 

limbs varled rhytl\mically wlth the pulse. In 1940. Nyboer' deslgned 
c- 1 fI' o'll-

.. l.ukaski HC. Johnson PEt Bolonchuk WW. Lykken GI. 
Assessment of fat-free mass uslng bioelectrlcal l~pedance .' • 
measurements of the 'human body. Am J Clin Nutr\ 1985;41:810-817. 

\ 
Il Cremer H. UbeI: die Registrierung Mechanlscher Vorgange 

aut electrischem Wege, speziell mIt HUte des Saitengalvonometers 
und Saitenelektrometers. Munchen Med Wschr 1907; 54: 1629. 

6 Atzler E. Lehmann G. Uber ein neues Verfahren zur 
Darstellun'g der Herztatlgkelt (Dlelektrographie). Arbeltsphyslol 1932: 
5:536. '" 

7 Mann H. Study of Peripheral Circulation by Means of an 
Alternatlng Current Bridge. Proc Soc Bloi Med. 1937; 36:670. 

9 Nyboer J. Electricàl Impedance Plethysmography. SprIngfield. 
IL: CC Thomas, 1970. 2nd edition. 
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an Impedance recorder to measure cardiac output. Thomasset9 • 

reporting in- the early 1960'5. was the !irst to use Impedance. in 

measurlng total body water.' and Hoffer10 further deflned the 

relationship between Impedance and TBW in 1969. 

There was l1ttle progress II} this are a during the 1970's. In 1985, 
. 

I..ukaski and co-workers1TTeported on comparlsons between .. 
Impedance measurements. LBM measured by deuterium, and total 

body potassium (TBK) measured by whole body counting in 37 

healthy mén. They found strong correlations between l/R and LBM. 

TBW and TBK. optimis~d by correcting for the subJect's height (as 

Ht2/R). 

To differentiate the normally nourished from the malnourished 

state. 1t ts necessary to know the size of the- body cell mass (SCM) 

relative to the extraceUular mass (ECM). ln the normal state. the 

ratio ECM/BCM is approxirnately 1:1. 50 it ls understandable why 

reslstanee correlated well wlth TBK ln Lukaski's study of healthy 

men. sinee it correlated strongly with LBM. However, in the 

malnourished 8tate. the BCM becomes much smaUer relative to the 

ECM. 

One purpose of our stud~ was to detennine whether Impedance 

could measure the relative changes ln BCM and ECM that occur 

a il Thomasset A. Bio-electrlcal propertles of tissues. Lyon Med 
1963;209: 1325-62. 

10 Hotter EC. Meado; CK. Simpson DC. Correlation of whole
body Impedance wlth total body water. J Appl PhysIol 1969;27:531-
4. 

11 see footnote #4 
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wlth mLtrition. Sinee reslstanee ~'as related to L.BM and TB\\' as 
f 

Showty prior research. our curlosity was focussed on the other 

eomRonent of lmpedance. reactance. 
1 

0\lr second objective was to determine whether the relationship 

" -
betweeI\ Rand LBM ls accurate ln malnourlshed states 

3.3. THE PRESENT STUDY: ORIGINAL FINDINGS 

Impedance and body composition rneasurements by multiple ~ 
" 

isotope dilution were perforrned on 64 hospitaiized patients. the 

majority of whom were malnourished according to isotope-dilution 
" 

• 
results. 

Reactance was found to correlate fairly strongly with the ratio 

ECM/BCM (r = .70>. as l/Xc. from data analysis based on the 

entire Jroup ot 64 patients. This relationshlp for reactance i& a 

new observation and it is useful because lt enables a calculation of 
,> 

BCM and ECM based on Impedance rneasurements. The mathematlcs 

are as follows: 

Given that LBM = ECM + BCM. 

then, dlviding by BCM yIelds 

LBM = ECM + 1 
BCM 'BCM 

LBM 
BCM = 

then solving for BCM glves 
-p 

(ECM/flCM + 1) 
where LBM 15' determined b\ 1 1< 

and ECM.'BCM by l/À,c. 

ECM 15 then solved as LBM - BCM. 

Slmllar to the .f!ndlngs of other investigators, t.he regresslon 
• J 

relatlng l/R to LBoM was optimlsed by correctlng for the geometry 

of the sullject. as Ht2/R. The regresslon relatlng l/Xc to ECM/BCM 
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was Impr<?ved best by includlng Ht2 as a second Independent 

• variable. 

The measurement of LBM by Ht2/R ln ~he malnol.1rished subjects 

was not as precise (r = .83, SEEoImean = 9.8% 12) as in the 

normally nourished subjects (r = .97. SEE/mean = 7.1%). The 

measure of ECM/BCM by 1/Xc: + Ht2 was comparable in the 

malnourished group ( r = .64. SEE/mean = Il.7%) and the normal 

group (r = .60.SEE/mean = 9%). 

The measure of ECM/BCM by l/Xc was slightly better for the 

total grouR of 64 subjects (r =.7. SEE/mean = 23.8%) than for the 

malnourished subjects (n=41. r=.58. SEE/mean = 19.7%) but was poor 

for the normally nourlshed (n=23. r =.25, SEE/mean = 17.1'lt.). 

Whlle reactance ls certalnly a measure of ECM/BCM. it ls nC't 

sUfficiently precise, uSing curr:ent techniques. to measure smaH 

changes in body composition. 

3.4.ACKNOWLEDGEYENTS 

Muc~ of the lab work relating to processing of isotope-dilution . ( 

specimens was done by Mr. Joseph Vlncelll a.Ed. and Miss Linda 

Grey, two Mc Gill University technicians associated wlth the Body 

Compos! tion Laboratory of tfte Royal Vietoria Hospital. 

This study was funded by a grant from the Medical Research 

Councll ot Canada. 

1J For regresslon analyses, the standard error of the estimate 
dlvlded by the Mean ot the dependant (y axis) value. ls abbreviated 
as SEE/mean y and 18 a measure of the accuracy of thè regresslon 
relatlonshlp. 
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4.LITERATURE ItEVI'EW 

4.l.IMPEDANCE MEASUREMENTS IN THE NORMALLY 
NOURISHED: RESISTANCE CORRELATES STRONGLY WITH LBM, 
TBW AND BCM, BUT REACTANCE HAS NQ PREDICTIVE VALUE. 

\'< 

Lukaski and coworkers13 compt,.ed whole body resistance and 

reactance measurements with fat-free mass assessed ~~' 

hydrodensitornetry, total body water (TBW) determlned. by D20 

.. 

dilution. and total body potassium (TBI\) from whole bOdy countlng. 

in 37 healthy male volunteers. 

The resistance and reactance measurements were made with the 

. RJL Systems plethysmograph. using two pairs of electrodes attached 

to the subject's. hand and foot and- an excitation current of 

800mlcroamperes at 50kHz. Comparlson measurements were made .. .. 
using el~ctrodes placed on the ipsilateral and contralateral sides of 

the body. 

Their resul ts are: 

1. Electrode placement lnfluenèed the observed R but not the Xc 

values. Electrode,configurations uslng the right arm had, 

signlficantly lower (P < 0.05) R values than did the arrangements 
. . 

uslng ~he left arm. perhaps because ln 32 out of the 37 subjects 

the right arm was' dominant. The invesxlgators used the lowest 

observed' R value as representative of an individual on turther 

analysis. The test-retest correlation coeffIcient was 0.99 for a 

13' Lukaski HC, Johnson PEt Bolonchuk WW, Lykken GI. 
Assessment of tat-free mass uslng bloelectrlcal Impedance 
measurements ot the human body. Am J Clin Nutr 1986;41:810-817 
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single measurement and the rel1abll1ty coefficient for a single 

measurement over 5 days was 0.99. As shown in Table l , strong 

relatlonships were found between R values and FFM (r = -0.86), 

TBW (r = -0.86), and TBK (r = -0.79). Signlficant (P < 0.01) 

increases in the correlation coefficients were observed when the 

-
predlctor Ht2/R was r~gressed against FFM (r = 0.98), TBW 

(r :: O~95), and TBK (r = 0.96). 

\ 
Table 1 Correlation matrix of selected variables; 

measurements of 37 nonnally nourished subjects . 
• 

Mass FFM Fat Mass Density TBK TBll lIt/Ht2 . R 

Height .63 
FFM .91 
FatKass .85 .55 
" Fat .65 .29 .93 
Density -.65 -.29 -.92 
T8K .87 .97 .48 -.22 
T8ll .90 .96 .56 -.31 .96 
llt/Ht2 .94 .79 .89 -.75 .71 .80 
R -.7~ -.86 -.45 .23 -.79 -.86 -.77 
Xc -.50 -.54 -.31 .16 -.54 -.55 -.47 .71 
Z -.77 -.86 -.45 .22 -.83 -.86 -.78 .99 

Xc 

.70 

Z 

Bt 2 /R .86 .98 .49 ':.22 .96 .95 .73 -~~9 -.64 -.89 

rFH 
TBK 

vTBi 
R 
Xc 

: tat-tree mass, equivalent 
: 'total body potassium 
: total body vater 

whole body resistance 
whole body reactance 

to the lean body mass 

3. Compared to reslstance. teactance correlated poorly with TBK. 
'J 

, 
FFM. Fat mass, TBW and denslty. The correlation coefficient 

relatlng Rand lmpedance (Z) values (r = 0.99) was signi!icantly 

greater (P <0.001) than that between Xc and Z (r = O.70). Thus. the • oontribution of Xc in measuring body compOSition was consldered 
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negligeable. 

4.2.FAT-FRE~ MASS DETERMINATION BY IMPEDANCE 
COMPARED TO DENSITOMETRY AND ANTHROPOYETRY METHODS 

To f~rther val1date the relationship between bioelectrical 
, 

conductance (ht2/R) and fat-free mass determlned by densitornetry. 

Lukaskl and coworkers14 studied 114 male and female 
'-

volunteers. aged 18-50 years, wlth a wlde range of lean body mass 

(34-96kg) and percent" body fat (4-41~). Anthropometry data, 

cornprislng skinfold thicknesses at the triceps, biceps, 

suprailiac crest, and scapula, were also collected in order to 
j 

compare the prediction errors of body fatness derived from the 
J 

tetrapolar impedance method and skinfold thickness, relative to 

hydrodensltornetry. 

Body denslty was determined from hydrostatic welghlng with 

sirnultaneous measurement o~ residual volume by nltrogen washout 

of the lungs. Percent body fat (%BF) was calculated from body 

density (Db) accordlng to the BrozekH1 formula: 

9iBF = 1001 (4.57 /Db)-4.142). 

Fat-free mass -was calculated as the difference between body 

ma~s and fat mass. where fat mass eQuâfed body mass times percent 

body fat. 

14 Lukaskl HC. Bolonchuk WW. Hall CB," Siders WA. ValldatJon 
of tetral>olar bloelectrical Impedance method to a88ess human body 
composition. J Appl Physiol 1986;60(4):1327-1332. 

la Brozek J. Grande F, Anderson JT. Keys A. Densltometrlc 
analysls of body composition: revlslon of sorne quantitative 
assumptions. Ann NY Acad Sei 1963;110:113-40. 
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Bloelectrlcal Impedance was measured by the same 800 

~lcroanfpere, 50kHz technique as the previous 'study, employlng two 
. 

pairs of wrist and ankle electrodes and taking the lowest observed , . 
res1stance value as repre~entative of an individual. 

The results are: 

1. Fat-free mass determined by densitometry correlated highly 

wlth fat-free m~ss predicte; 09frorn Impedance ~ln.g the eQuation 
~. 

o developed in the previous study of 37 male volunteers, with an r 

of .98 for males. For remal.es, the correl\~ion between 

densltometry-measured fat-free mass and vafues predlcted from the 

cornblned (prevIous and present data) male Impedance formula was 

also strong. r = .95. N.o statistlcal difference was found, between " 

elther the slopes Qr the intercepts of the regression Unes -relating 

~ ht2/R to fat-free mass of the male and female volunteers. 

2. Relative to hydrodensitometry. the Impeda~ce estlmate of body 

fatnesB had a lower' predIctive error or standard err9r of 

• estirnates than the anthropometrle technique (2.,7 vs, 3.9%). The r 

value was .93 for the corre\ation between densltornetry and 

Impeda~ce measured pe.rcent bOdy fat, and .88 for the correlation 

between densltometry and anthropometrlcally measured percent body 

fat. 

. . 
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4.3.COMPARISON ~p IMPEDANèE' MEASUREM~TS wtrH.. DaO ' 
MEASURED TOTAL BODY WATER IN NORMAL AND CiBESE ;-,. .. 
SUBJECTS 

... 

, > 

me~sured by bioelectrlcal Impeds;nce and deuterium-isotope 'dilution 

in 58 subjects. They first ùeveloped se)t-specific and group 
, 

equations by multiple regression analysis in 10 obese and 10 non-

obese men and women,' and th en prospectlvely tested the equatlons 

in a heterogeneous group of 18 patients. 

Bloelectrical Impedance measurements were collected using 

the.. technique standardlzed for the model B1A 101. RJL Systems. 

with a pair of electrodes each on the right hand and foot passing 

an 800 microampere current at 60kHz .. The deuterium-dilution space 

'was determined by sali va sampling befôre and after oral 020 

administrat{on. 

The following observations were made: 

1. The mean coefficient of variation for within-day 
.. 

. intra-individual blolmpedance measurements was smaH, at 1.3". 

2. Ht2/R was the most signit1cant independel!t predi~r of 

D20-TBW. accounting for 94% of the total variabillty assoclated 

\. with 020-TBW (r=.97). The prediction of ri-20-TBW was further 

improved by ad dIng weight to the multipie regression equatlon, 

çlvlng a multiple correlation coefficient r of 0.99 and an 

-
li Kushner RF. Schoeller DA. Estimation of total bOdy water 

by bloelectrical Impedance analysls. Am J Clin Nu tr 1986 ;44 :417-
4-24. 
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", j Improvement 'in the standard error ot the estimate (SEE) from 2.5 
" , 

to 1.76. Adding age to the equatlon ,did not., impFove' the prediction 

of DIO-TBW. 

3. Compared to the group equation, the male':"specific and 

temale-specific equation sl1ghtly reduced the SEE and total 

error, wlthout ImprovJng the r values. 0 

, .. 
4. The equatlons pred1cted DIO-TBW wlth high correlation for both 

non -obese and obese males and females: the regression slopes were 

not statistically different between the obese and non-obese 

subjects. 
"'-

5. ln cross val1datlng the equailons on a prospective population 

of 18 heterogeneous patients, the correlation coeffiçients 
. 

remalned excellent (r of .93 to.97) for both the group equation 
" 

(

and the sex-specific equations, The difference between the 

impedance-calculated DIO-TBW for aIl e.9uations was not 
---

statlstically dlfterent trom the measured DIO dllutlon space. The 
- -

group equation was at least as good or better than sex-specifie 

\~'quat1ons in the prospec~ive portio~ of the study, suggesting 

that the use ot one group equation for both males and females may 
'\ 

be suitable. 

4.4.COMPARISON OP DEUTERIUM YEASURED TOTAL BODY 
WATER WITH IMPEDANCE MEASUREMENTS CORRECTED POR 

.. ELECTROL~E CONCENTRATION 
;\ 

" 
page 18 



-0 

o 

o 

Schloérb and coworkers17 also correlated total body water with 

bio-Impedance but they included corrections for electrolyte 

concentrations in tl\eir regresslon equatlons. 

Total body water was measured in 18 norrnally nourlshed 

adults by urine analysis fOllowing oral a~mlnlstration of 

deuterium. Impedance. was measured uslng the RJL Systems analyzer 

with electrodes attached to the subject's rlght wrlst and ankle. 
, < 

TBW correlated strongly wlth Ht2/Z (r = 0.96), where- Z 15 

Impedance. Males and females conformed· to the same regresslon 

equation: 

" TBW = 6.19 +5683 Ht2/Z 

TBW correlated less weIl wlth Impedance (Z)(t = 0.77), 

height squared (r = 0.80), and body welght (r = 0.84). 

The electrolyte cOl'Tection factor for patients ,wlth altered 

serum sodium concentrations was Incorporated ln the regresslon 

as: 

TBW"= 6.19 + 568!3 Ht2/IZ + Na(.007l'9\Na - 1.00611» 

However. no mention ls made conc:ernlng any improvement ln 
(j 

accuracy by correcting for the serum sodium. The authors' 

conclusIon that body cell mass can be estimated from totâl body 

water predlcte-d by Impedance would be untrue in malnourished 

states where the ratIo of extracellular to intracellular water ls 
~ 

17 Schloerb PRo Gurlan JH. L'ord LM. Winlarski EA. Casey CM. 
Bloirnpedance as a measure of total body water and body ceU rnass 
in surgiea! nutrition. European Surg Res 1986;18(S1):3 .. 
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not constant. 

4.5.EXPERIENCE WITH IMPEDANCE MEASURED USING OTHER 
ELECTRO~E PLACEMENTS AND A 100kHz FREQUENCY 

'" 

Roos 'and coworkers'· comp",ed transthorac!c eiectr!~mpedance 
(TEl) and total hody extracellular fluid volume (ECFV) in 76 people. 

They used the IFM/Minnesota Impedance cardiogr~ph. model' 304A, 
, 

to measure transthorac1c Impedance; this device oel1vers a LOOk,llz 
- "--'''-

alternatlng current from an outer pair of four electrodes placed 

çircumferentially around the subject's neck and below the 
, 

'-.. xlphisternal junctlon. Impedance lS measured from a ~cond pa.ir of 

°sensing electrodes, posltioned nearer the midline, after 1'.5 hours in 

the supine positIon and at end-expiratory apnoea. They found that 

the long recumbent perlod was necessary to achleve stable readings. 

The Impedance measurement wa.S corrected for electrode 
• 

placement by dlvldlng Impedance by the distance between "the Inner 

pair of eJec.tPodes (Zlelec. dist.). 

- ECFV was éstImated as the brom1de-82 distribution vGlume and 

was divided by the Jean body mass as estimated from formulas 
, 

establlshed by Hume and' Weyers using height and weight as the 

predlctor variables .. 
( 

"They found that transthorac1c Impedance correlated wlth ECFV. 

changes wlth an r = -0.76. The correlation between ~/elec.dist. 

and ECF~/LBM was -0.66 for men and -0.61 for women:-They. 
'\ 

li Roos Je, Kootnans HA, Boer P. Dorhout Mees EJ. 
Transthorac1c electrlcal lmpedance as an 'index of extracellular fluid 
v.olume ln man. Intensive Care Med' 1986:11:39-4~ 
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concluded that, ~or repeated measul'ements in the same subject. a 

change in transthoracic impedance ,is possibly li sensitive index for 

a change in ECFV. 

The Z/elec.dist. '1alue was found to rise with inspiration, 

llnd so' the measurel!lents were perfarmed at end-expiration. The 

authors attrlbuted this increase to elongation of the tl}orax and 

electrode distance during respiration, sinee it wlls unllkely th""at 

major fluid shifts wer.e occurring durlng respiration. They suggest . ' 
",' 

that whole-body impedance( trom the neck' to the ankles) is less 

Variable and might be more use fuI ln determining ECFV .. 

~ " 4.6.BODY COMPOSITION MEASUREMENTS' BY MULTIPLE ISOTOPE 
DILUTION; THE INDIRECT MEASUREMENT OP TOTAL 
~XCHANGEABLE POTASSIUM 

The isotope-dilution techniques used in our' lab for m~asurlng 
- . 

body composi~ion' were ' perfècted and val1dat~d by Shlzgal and 

coworkers19• _ 

, , 
The technique involves measuremant of total exehang.eable , 

.... ''''' 

f;odlum (Na.) and total body water 'TBW) by isotope. dUution, 
. 

using sodlum-22 and trItium (3H) respectlvely: Total exchan,geable 

potas.sium (Ke) i~ caleule:ted t'rom thé! following formula:' 

K. = RNa.1I (TBW) - Na. 

where' ,R~~+I Is the ratio of the soqlum plu$ pot~ssium c~ntent. 

dlvided by the water ton'tent ln a satnple of whole· blood: 

19 Sh1zsal .HM. Spanier' AH·,' auinès J,' Wood ri'.' I~(iirect 
measurement of total' e'x~hangeabl~ pot-asslum. Am J Physl01 ' 
1977:233(3):F263-.259. ' • 
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The theoretlcal con.sideratlons behind the indirect 

measurement of K. are (a) the absence of ah osmotic gradient . ". 

between the intrac~l1ular and 'extracellular compartments, and Cb) 
, I? ' 

the observation that the major sources ot body water osmolarity 

are the electrolytes, wlth sodium and, potassium being the 

prIncipal catIons. 1t was postulated that the ratio (RNa .. ) of the 
----/ o. \ 

sum of the tree}y exchangeable sodium and potassium divided by 

the water content would be Identlcal for aIl tissues within an . 

in<llvldual. 

This was expressed mathematically as: 

Equatl,on A: RN •• ' = Na. + K •• whlch on rearranglng glves: 

TBW 
, 

l Equati~n B: K. = RNa+I(TBW) - Na. 
• 

Slnce in aU tissues the total content' ot potassium is 

freely avallable for exchange, K. Is equlvalent to the total 

d 

p.otassium mass, Na. und-erestimates the total sodium conte~t'~ o.t the 

body' because ~uch of the sodium content of bone' Is unavallable fo~ 

exchange. 1 

Equation B was used to calculate K.; RN •• I was calculated by 

mëasurlng the sodium,' PO~SSiU~_' and water content in a sample of 

whole blood. TBW was 'by easured by isotop,e dilution using 
....... ,' 

, '. ~rltlàted water: and Na. by using s'odium-22 . 

. . ' , Equation B was validated ln a 'tour part experlment', Part 1,. 

tested--the basic assumptlon that the' ratio RNa+1. 1& the sarne lIi a11 
, - '- -' ~ ~ 

tls8ues," by measurlng the total mass of s~dium,· potassium, an~' 
, 1 

,water ln muscle, kldney. liver, whole blood, spleen, heart ~nd " 
~ 
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lung in 14 normal ra\s. The tissues were dessicated to a constant 
/ 

dry weight, with the water content calculated as the dltterence 

b~tween the wet and dry weight$. The electrolyte content was 

obtalned arter dlssolving, the drled residue in nitrlc acid, - wlth 
. \. 

measurement of ele,ctrolyte concentration and solution volume. 1 , 

Although s11ght variations exlsted betweerr the calculated R ,ratios 

for the seven ditterent tIssues, the differences were not 

statlstically significant by an analysls of variance. 

In' part 2, tRe K. was determined both Indireetly using 
, 

equation 2 and direetly by careass analysis in 19 normal rats and 

ln four' rats wlth premia. The' Na. was determined by me.asuring the 
~ . 

specifie activity of sodium-22 24 hours after Intravenous 

injection. TBW was measured by dessicating the en tire animal ta a 
1 

constant dry weight. The Ke deterrnined indireetly by equatlon B 

was compared, as the dependent variabie y, with the K. measured 
, -

by' carcass analysis, as the, in,dependent variable X. ln a least 

squares regression analysis. The actual regression, Y = O.99X, was 

almost identical to the Une of, Identity, Y = l.OOX. and the 
J • , 

correlation between the two sets of measurements was excellent, 

( r = 0.91). The st-andard error of the estimate was 2.26 meq. whlch 

was 9~ of the 'mean. 
, 

SlmUar results were obtained in part 3 of the experlment • 
. 

in which K. was simultaneously determined indirectly by equatlon 

2 and directly by potasslum-42 dilution in 16 normal dogs. five 

doge wlth uremia. and 14 dogs ln a hypo-osmolar S'tate induced by 
. 

, pltressln and infusion ot large volumes of water. Each animal was 
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in,lected ï'ntravenously wlth 15 mlcrocuries of sodium-22 .. 500 

mlcrocurles of potasslum-42. and 500 rnlcrocurles of trluated water. 

The serum concentration of 'isotopes was determined by differentlal 

beta and gamma counting twenty-four, hours later. and was 

corrected for the urinary loss. Comparing the direct and indirect 

measurements of K. using the me~hod described for l>àrt 2. the 

regresslon l1ne was virtually identlcal to the Une of Identity. The 
~ 

correlation between Ke detennlned indlrectly and that determined 

• by potassium-42 was excellent (r=O.98). The standard error of the 

estimate was 47.6 meq. whlch was 6% of the mean. 

ln part 4 of the study. Ke was determined simultaneously by 

potassium-42 dilution and indlrectly by the method of equation B 

in _a heterogeneous group of 20 patients. many 'of who.rn were 

~ termlnally 111. The experimental protocol \vas similar to that 

. descrlbed ln part 3. There was an excel1ent correlation 

(r=O.988) between the Ke rneasured indlrectly and that measured 

dlreetly by potasslum~42. Thé Une' of identlty and the regression • 
Une (y = 1.02 X) almost colnc1ded. The standard error of the 

estima te was 141.2 meq, whieh was 7% of the mean. The hlgh 
o 

correlation existed in spi te of the faet that tRe Ke ot a 

rnajor1t~' of patients ln the group was abnormally low. 
, -q 

Additionally. in 25 normal volunteers Ke was determmed 

Indlrectly by eQ':latlon 2 and èompared to the K. measurements 

" reported by Moore JO obtalned by potasslum-42 dilution ln 33 
--.......,.. 

. .. 
ao Moore FO. Olesen KH, MCMurray JO, Parker HV,' BalI MR, 

-Boyden CM. The Body CeU Mass s.nd Its Supportlng Envlronment. 
Body Composition in Health and· Oisease. Philadelphia:' SaUl\ders, 
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normal volunteers. The indirect measurement of K. involv~d 'the 
1 

intravenous injection of 500 mlcro.curies of trltlated water and 8 

mlcrocuries of sodium-22 to de termine TBW and Na., respectivel~·. 

The regressioR, line and 95~ confidence limits for the 

indirectly-determined Ke aimost colncide wlth the regresslon llne 

and confidence limits of the data pUbllshed by Moore. 

The authors conciude that the indirect measur~ment of K. 15 

experimentally val1da;ed, noting that the precision of the 

indirect Ke measurements Is not as good ~ as that obtained with 

potasslUm-42 dilution. Tlle latter involves a single isotope 

dilution rneasurement, while th~ experimental error of the 

indirect measurement ts the SUffi of the experimental errors of the 

measurentent of RNa+I. TBW and Na •. An estimate of the precision 

of the indirect measurement ls the standard error of the estimate 

of the regresslon Une comparing the values of the direct and 

indirect techniques. ln the group of 20 very ill patien ts (part 

4), the standard error of the estimate was 134.9 nteq. which 

represents 7% of the me an Ke. 

The advantages of the indirect measurement of' Ka over the 

direct method using potassium-42 are convenlence and cost. The 

-
short half-lite of potassium-42. 12.5 hours. necessitate frequent 

expensive shlymE!nts and make it inconvenie~t to, use. Th.e counting 

of potasslum-42 i5 complicated by the need to correct for 

radioactive decay before and during the countlng perlod. By .' 
contrast, the two iso'topes used?in the indirect measurement of 

1963;13-42' and 531-635. 
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K •• sodlum-22 and tritium. have half-hves of 950 and 4.5xl03 

days. respectlve}y. 

4.7.BODY COMPOSITION IN THE MALNOURISHED STATE 

Uslng the technIque described above for tjte indirect 

measurement of exchangeable potassium. Shizgal21 has examlned the 

effect of a chronic catabol1c state or starvatlon on body 

composition. 

Body composition studies were done in 75 patients who 

appeared cl1nically malnourlshed. The red cell 'mass was 

determlned from the equilibrated concentration of chromium-51 

tagged red cells. The plasma and extracellular water volumes ·were 
. 

determlned fr.om the plot of the logarithm of the plasma 

concentration of radlo-1odlnated serum albumln and sodium-22 

agalnst Ume. Total body water was calcuJated from the 
, 

equil1brated plasma concentration of tritlum-labeled water. and 

intracellular water was calculated as the difference between 

total body water and extracellular water. The lean body,mass was 

calculated from the total body water uslng the assumption that 
, . 

total body water comprises 7590 of the Jean body' mass. Bod~' fat 

was calculated as body we1ght minus lean body mass. Body cel! . 
msss was calculated from exchangeable potassium as follows: 

BeM - K. x 0.00833 

11 Shlzgal HM. The etfect of malnutrition on body 
composItion. Surgery 1981;162:22-26. 
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The extraceUular mass was derived as the lean body mass minus 

the body ceU mass. 

Another 20 patients were studied before and on the firth 

day after an electlve operation of moderate severlty, usually 
\ 

resection of either the stomach or large intestine: Durlng t~e 

initial five days post-operatlvely. these patients received a 

dally infusion of 3 l1ters of a 5% glucose solution containlng 

sufriclent electrolytes to main tain ,electrolyte balance, but no 

other calorie intake The range of normal body composition was 
. 

established by isotope dilution studies on 25 normal volunteers. 

The results can be summarized as follows. 

1. The lean body mass of the 75 m&lnourlshed patle-nts was not 

significantly different from that of the 2-5 normal volunteeF!'l. 
'" .~ 

However, the composition of the lean body mass in the 

malnourlshed patients was abnormal. with a marked decrease ln the 

body ceU ,ma\s and, a Vorre~POndlng expansion of the extracellular 

rnass. The mean body cell mass ln the malnourished group was 14 7 
.. 

± 0.1 kg, compared wlth 24.7 ± 1.1 kg ln the normal volunteers. In 

the malnourished group. the me an extracellular mass was 31.9 .:t 0.9 

kg com~ared with 25.8 ± kg ln the normal group. In the group of 

20. patients where body compositions preoperatively v:ere compared 

with those at 5 days postop. the body cell mass was reduced b~' 

13.9~ whlle the extracellular rnass was Increased by 9.6%. 
\ 

2. In that malnutrition i8 characterized by a decrease ln the 
o 

body cell maSB accompanled by an Increase ln the extracellular 
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mass. the ratio of exchangeable sodium to exchangeable potassium 

(Na./K.) 16 a sensitive index of nutritIon al status. ln 25 nonnal-

volunteers. the me an Na./K. was 0.98 :t 0.02. with the upper 95% 

confIdence llmlt 'of 1.22. ThIs led to a deflnltion of 

malnutrition as the presence of a Na./K. ln excess of 1.22. In 

the 75 malnourlshed patients. the rnean Na./K. was 1.95 + 0.08. ln 

the ?O patients studied before and 5 days following a major 

operation. the Na./K. increased from 1.04 + 0.08 preop to 1.29 

.:t 0.11 postop. 

Dr. Shizgal reports that a Na./K. greater th an 1.22 was 

vlrtually always assoclated with an al>norrnally decreased body 
'\ 

" 

ceU! mass. and that total parenteral nutrition increases the body 

ceU mass only ln those patients with a ratio greater th an 1.22. 

3. ln the group of 20 patients studied pre- and' postoperatlvely. 

the mean body cell mass decreased by 13.9" whlle the rnean body 

welght decreased by only 3.9'" beca!.l~e o{ a 9.6% lncrease ln the 
~ 

extracellu1ar mass. demonstratlng that body weight changes are 
, 

not a sensitive measure of the nutritiona1 state. Body welg~! 

10ss correlates more cl06ely with lOBS of body fat than with 

changes ln lean body mass or body --tell mass. 

5.METHODS 

6.1.0VERVIEW 

Impedance measurements and isotope-dilution body composition 
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studies were performed on 64 patients of the Royal Victoria 

HospItal between October 1985 and May 1986. Most of the sUbject,s 
\ . 

were cl1nically malnourished and were referred tO the 

hyperalimentation service for a course of total. parenteral 

nutritIon. Approximately 65% 'Or the patients were general 

surgical, and of these about 15% were crlt1cally ill and 

requlring intensive care. The other 35% of patients wflre referred 

~ from the department of medicine, including the int.ensive care 

unit and bone-marrow transplant unit, or from the gynecc;>log~' and 

oncology servIces. 

The impeda'nce measurements were perforrned just prior to the 

injection of isotopes in each patient. 

Wrltten inforrned consent was obtalned for the isotope study 

and verbal informed consent for the impedance measurements from 

. each subject. The hospital Ethics Commlttee had prevlously 

approved the act of body composItion analysls uslng isotopes. 

5.2.IMPEDANCE 14ETHOD 

Resistance and reactance were determlned uslng a 

four,,:,terminal Impedance plethysmograph (RJL sStstems, .. model lOI, 
, . 

Detroit, MI). The subject was rneasured in a relaxed. suplne 

position on a bed, with the shoe and sock removed from the rlght 

foot. The dorsum of the right hand and foot was gently rubbed 

wlth an alcohol swab to detat the skin surface, and tour alumlnum . 
J 

spot electrodes were appl1ed, one pair on the rlght hand' and the 

other on the rlght foot. The prOXimal detector electrode on the 
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hand was posltloned on the mid-dorsum of the wrlst at the level of 

. the ulnar tubercle. The current-lntroducing electrode was placed 
. 

overlying the dorsurn of the third and fourth metacarpals Just 

proximal to the knuckles. The proximal detector electrode for the 

foot was poslt1oned on the rnld-dorsum of the ankle between the 

maJleol1, whl1e the distal current-introduclng eJectrode was placed 1 

cm proximal to the toes overlying the dorsum of the second and 

third metatarsals. The electrodes were pre-packaged with a làyer of 

electrolyte jeUy on the conductlve side. 

A painless, in§JUl.slble alternating current of 800 mlcroamperes 

at 50kHz was passed Into the patient by swltchlng on the bullt-in 

power supply of the plethysrnograph. Wlth another swltch set to J 

measure reslstance. the plethysmograph displays a digital readout 

of the surn of the ln-phase vectors. With the 'switch set to 

reactance, the dlsplay ls the sum of the out-ot-phase vectors. 

Less than two seconds were requlred for the digital display to 

settle at consistent readings for either reslstance or reactance. 

and these were recorded. AU recordlngs were made wlth the 

electrodes attached to the rlght lirnbs except where this was 

not Ceasible due to amputations, wounds or cathetêr dresslngs. 

For such exceptions, both electrode pairs were placed on the left 

side. 
.. 

6.3.IS~TOPE-DILUTION IIETHOD 

Body composition was determined using the tritium and 
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sodium-22 isotope-dilution technique described by Shlzgal, as 

described ln section 5.6, which provides an indirect measurement of 

total exchangeable potassium (K.). The isotope injections were 

perforrned immediately following the Impedance '{8easurements for 

each patient. 

~ The steps in this teChnique are as follows: 

A. Preparation of Isotope Injections 

Using sterile technique, 10ce's of tritium (3H) solution were 

, drawn into a labelled 10 cc plastic syringe tlpped with a 22 gauge 

needle, and 2 ec's of sodium-22 (UNa) solution were drawn into,1i 

3cc plastic syringe 'tipped with a 25 gauge needle. Each syringe. 

with capped needle attaehéd. was th en weighed on an analytieal 

• balance. 
... 

B. Drawlng ot Basel1ne Samplèfl and Injection of Isotopes 

20cc's of blood were dr:awn from the patient for isotope 

processlng as descrlbed beJow, to provlde a measure _ot baCkground 

radiation activity prior to the injection of the isotopes. 

The 10cc's of 3H solution and 2cc's of 22Na solution were-. 
then injected intravenously into the patient uslng sterile 

precautions. 

The IOee's of the 3H solution comprIse a dose of approximately 
" :r 

. , 

500~ microcuries. The radiation to the patient is' 29 millirads 

assuming a biologica} haIt llfe of 10 days. The 2cc's of Z2Na are 

about 10 microcurles, eX1>0sing the patient to 96 mUl1rads assuming 

a half-lite ot 10 days. The total radiation dose ot 125 mill1rads Is-

approxlmately equivalent to that of two liver-spleen 5cans. 
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The isotope syringes were I*weighed followlng inject1pn, wlth 
... 

the djtference between the full and empty weigh~s used to 

calculate the precise amount of isotope administered. 

JY 

C. Proc8sIlng ot SampI es 

20cc's of bJood were drawn at· 4 hours and 24 hours 

following the isotope injections. AU urine and drainage fJuids, 

such as from nasogastrle tubes and wound or abscess sumps. were 

also collected during the 24 hour period followlng isotope 

injections. 

The blood .sampi es were centr1fùged to separate the plasma 
) 1 • 

fractlJn from the eeU fraction. 3cc's of plasma were pipetted 

into each of two plastie gamma-counter vials. Another 3ec's of 

plasma were added to a test-tube eontaining 3cc's of 10% 

triehloroaeetic aeid. This mixture was then stir.red and 

centrltuged. and lee of the supernatant was pipetted into 'eaeh 'of 
. , 
three glass beta-counter vials eontaining IOcc's of ~quasol. 

The gamma urine or drain-fluld ~amples were prepare<!, by 
" , 

adding 3cc's of the fhtid to eaeh of two gamma vials: To prepare . . 
the .peta samples. tl\e urine or d~àin-fluid was tirst deeolorized 

by fllterlng wlth actlvated chàrcoal. The filtrate was th~n mlxed 

with an equal volume. of trichloroacetle acid, and 1 ee of the 

supernatant was pipettéd into 'eaeh ot three beta vials containlng 
1 • 

10ce's of.aquasol. 

The various beta and gamma samples were then loaded Into 
. 

a beta Uquld scintilla'tlan counter and gamma deep weIl, crystal 
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detector;respectlvely, for differential countlng Qf the radiolsotope -concentrations. lncludlng sodlum-22 and tritium standàrds 

correspondlng to the vial used in preparlng the injections made it 

possible to correct for dlfferences in isotope actlvlty. 

The water content of the blood was measured, from the 24 hour 

specimen, by first determlning the proteln concentration uslng a 
/ 

total sollds meter and then using a conversion chart relatlng( water 

concentration to proteln concentration. 

The serum sodium and potassium concentrations were also 

determlned from the 24 hour sample uslng elther a fIame 

photometer or the blochemlstry services of the hospital. 

Q 

D. Calculatlng BOdy Composition trom the Isotope Data 

The TBW was determlned from the relatlonshlp: 

TBW = ( 3H counts/mw 'iniected - 3H COunts/mln excreted 
24-hour plasma tritium concentration 

... where the cour,ts/m1n injected 15 determined from the amQunt 

Injected and the activlty of the standard, and the counts/mln 
e , • 

excreted Is determined trom the volume of url~e and drainage 

flulds and the Ir radloactlvltles. 

The Na. wa~ d~terItt'ined in a simllar manner: 

Na. = ( :UNa counts/min InJected - ~Na SQunts/mln excreted) 
24-hour plasma uNa concentration 

,', 

. Totai ex~angeable potassium (K.) was determlned trom: 

K. = RN." X TBW - Na. 

... where R •• tl 15 th'e ratio of the sum of the sodium plus' 
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·' potassium content dlvided by the water content in a sample of 

whote blood .. 

The le an body mass (LBM) was detennined by assumlng that the 

total body water comprises 79% ot the LBM. i.e.' 

LBM = 1.333 x TBW 

Body ceU mass (BeM) was calculated as K. x 0.00833. whUe 

extracellular mass (E~) was solved as the difference between the, 

LBM and seM. 

Body fat was calculated as body welght minus LBM . 

. ' .. 

", 
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-6.RESULTs " 

. ' 
6.1.BASIC DATA AND DESCRIPTIVE STATISTICS . ' . , 

The ba-sle data from lsotope-dllution a_I\d Impeçt~~_ce 

measurements .on 64' patients. sorted aecording to the Na./K. 'rat~o" 
. 

are listed ln Table 2. The NJj../K. has been prevfously shown to De 
, .. .. \ 

a useful index of the IlUtrIt10nal state (footnote 17. sect19n 5.7)', 

the upper Umlt of the normal nutrItion al state betng a ratio not 
, 

greater than 1.22. By this crjterium, 41 of the' -&4 patients were , . 
malnourished (Na./K. > 1.22) and 23 were normally nourished'. 

• f· ~ 

The relative sizes of the BCM, ECM and fat partlt1on~ 9f body 
, , 1 

composition for the whoU~ study group and: the nor~al and 

malnQUrished subgroups are -shown as a bar graph of Ine'ans in 
\ 

Figure 1. 
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Table 2. Body composition rneasurements. by isotope dilution and 
'lmpedanee, ôt, 64 subJects,' 41 of. whQm werë malnouric;hed, as 
defined by a Na.lK. ratio > 1.22. ' . 

IItr.Jtlh Stld[ Jo. Sellre.!JJIIIILJlII.1 'I,L! •• CI(lf! lm,,) .JUill 1 Itlell lmktll" Ilobl ~ill!L 
loru1 330' 1 lt .o.li 55.lI .12 29.2l 2"06 2.12 UO.34 51 531 ' Si 
lorIa} mi, 1 li 41.05 n.23' .72 lI." 2'-14 7.27 m.lo il.U m 11 
loull Hl7 1 5.7 'UO 5t.35 .17 31,,45 U .. ,O 30.25 m.u Il.69 m 73 
lorIll 3307 _ 1 lS 3&.34 52.52 •• 3 H.n ZUI 13.H 177.80 65.71 513 '0 56 
IOUal 1240 1 52 3U5' 54.32 .13 n.,. 26.3t n.u 117.96 96.36 510 69 
iom1 m2 , U ".'2 61.01 ' •• 5 34.3' 3Ul 21.10 m.u 95.91 m "50 
aorall 3336 r 21 n .51 31 tU .15 19.01, 1U2 9.32 157.U 47 m Il 
lorall 3301 1 II 35.16".14 .19 n.li .lUS 9.01 n2.l1 51.15 no 55 
loull ml l '3 - 56.41 11.3' ,91 31.19 ,o.16 z&'.14 17Ut 105.50 113 31 ' 
loull 310 , 51 lU' ".U '.92 23.14 23.10 '.U 160.02 053.50 m u 
lorid 3251 1 29 32.16 &S.Ol, .92 21.83 lUS 23.01 Hl." il m 57 
lOUaI 1269 1 51 3tU, 52.25 "4 25.10 27.15 '.H nU4' 62 517 56 
'aoml 3m r 19 31.26 &2.12 .94 20.13 22.69 12.52 16U4 55.(S '" 17 . . 
aorld~_ 3321 1 31 4"'1 ".31 .95 32.61 33." 15.34 nuo Il,.65 420 4t 
loraal m9 1 60 &6.01 63.12 .91 19.C7 13.6i 32.14 180.34 95.(5 U6 55 

o lotll! mo 1" lM' U.U .99 , 11.1S- 24.1' 19.69 117.10 6S.91 fi5 58 
mui ,1lH l '0 39.11 53.n 1.07 23.2& 30.39 9.01 165.10 62.10 ua .: '0 

. ---l~rlal Jll9 1 27 JUS 35.Î2 1.10 16.01 19.11 9.H 15UI '5.36 196 19 
'---JOUal mo 1 51 39.01 SUl 1:11 2~.78 10.75 11.41 180.3' '5 551 50 

loual llH r lO U.U sa.l0 1.17 a.1l lU9 l.U 176.53 61.24 m 38 
mlll JlU 1" ll.90 tl.U f..l7 17.11_ 25.11 a.oo 15f." 61.82 101 ' &S 

-. 

lortal mo r 61 26,93 36.19 1.11 16.02 20.&1 20.11 UD.Ol 51 116 sa 
'uual 3m r 57 2U4 35.H 1.20 14.23 21.16 20.11 162.56 55.55 193 U 

Illlon. 330' '1 l" 33.11 45.41 ~.21 n.50 H.95· lM' m.u Si m 37' 
ulam. 3332 1 14 lI.12 la.Sl 1.25 11.00 21.52 H.U 170.18 55 508 36 
IdIOU. 3m 1 60 34.50 ".2' -1.U U.74 1'.52 Il.7I US.IO '0 sn 63 
ullOll. HU ... 1 U n.u 65.OC 1.29 25.'0 H.U 21.16·1&0.3& .16.36 190 lS 

" ' 
Il1Iou. mo r 5& lUI n." 1.30 19.35 n.n 49." 151.'" 9&." m " 
IIbou. 3251 1 -'0 31.92 41.12 1.32 16.'0 26.82 12.11 157,4& 52 571 59 
IIbou. lln 1 10 30.12 (1.16 1.31 li.n H.13 9.14 161.U 51 m '2 
IdIOU. m2 r U lj.n 50.U 1.3. 19.51 31.a •• 5 17O.U 51.50 su . 32 
ulam. - 3m 1 U &o.u 55.11 1.35 n.u 34.2& .Z9.1% 1IO.l4 15 &71 - 52 
lallon. lm r 15 lU3 33.61 1.36 12.12 20.19 lU2' 162.5, ".73 III -" 
Idlm. lm r·u 3~3 U;ll 1.36 15,.'0 25.U 19.01 110.11 n.li ne 54 
I11Iou. 32U r 11 29.27 &0.09 1.37 1(.11- 25.21 12.91 m." 53.18 m 46 
IdIOU. lllS' F 13 21.03 2UO Ua 10.'YI8.13 10.50 HUD 39.30. ·1046 7J .. 
lalaon. HU r 30 32.19' n.09 1.31 16.99 27.1t lUi nUl 51.15 m 6i 
IllaOU, ll~a r" 32.10 U.9f 1.19 11.50 27.&3 50.11 HUi 95,'91 m u 
I11Iolr. lm 1 50 29.57 ,o.50 1.40 15.79 U.ll 20.00 US.IO 60.50 i1l - 41" <, 

IdIOU. m5 r 31 15.21 lUl 1.41 13.36 21.27 14.91 154.94 n.55 m u 
adloll. UU' '- U 25.01. 3tH 1.4" -n.u U.75 17.6i. US.IO 51 m .. 32 
Illlm. 325' r -u 2U3' 33.C' 1.4'- 12.19 21.%1 32.14 UMO' ".36 - m, II 
ulaolr. ,mo r il 30.05 &1.1& 1.., H." l'.U· n.n tu", H.50 '" U 
IÙIOU. UU r II ":ltll u;ai 1.52 15.71 31.10 'U2 -15&." 51.25 105 53 
uhou. 'mo 1 U n.n &0.19 1.53 15.22 lsJl 16.11 uüa '56.,90 m II 

. ,a,e li 

• ~ 1 ~ '. 

" ~ '. ,. , -

,1 .. ' 
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0, fl~lt 1. COltilua frol pre,iolS Plft 

Ittr.State Stad, lo .. Su 1ft !nll,ILlIII,) lil/i. ICIIlglICltI,IllUI" Itlcl), Inf~t(l,l 
. l~boul' 32" '31 39.01, p.U 1.53 U.U 3UI 36.99 162.56 90.50 

uhm. 12U r 37 H.12 49.62 1.55 IU3 32.19 (0.1& 162.56 90.50 
Ilbou. 330& 1 7( 32.00 (LU 1.55 16.53 21.31 12.1' l1O.J1 S, 

. adaOlr. 32St '15 31.11 'Ul 1.59 15.09 21.31 23.13 151.41 '1.21 
1l1101r. 3325 1 H 31.05 '1.53 1.66 15.05 11.U 13.(1 110.11 56 
uhour. 3316 r 73 12.(0 30.61 1.14 10.32 20.36 9.12 m.tO &0.50 

t~ " 1 

ulDOIr. 3236 r 85" ll.n U.48 1.82 1(.32 30.16 22.18 k/-'I 61.50 
ulam. 3218 1 65 39.&3 5U6 1.&2 18.21 36,29 1.(9 l~.s, 63.18 
ulam. 3US 1 11 31.61 U.12 1.8& 1U3 32.29 11.11 112.12 5i.l0 
IIboar. 3316 1 10 31.62 51.53 1.88 16.'2 3U1 23.(1 172.12 15 
uholr. 3212 r 16 li.a 35.95 1.96 11.28 2U7 29.12 US.10 65.91 
uhou. 3305 ! 69 U.58 66.55 1.96 21.1 ( ts.31 9.&5 112.12 16 
Ilhou. 3238 F 16 29.32 '0.11 2.05 11." 28.73 21.13 165.10 63.U 
-uhour. 3255 r 16 29.90 &0.95 2.08 11.91 za.91 31." 165.10 \ 11.U 
1l1mr. 3279 r 63 31.02 50.12 2.19 H.U 36.01 9.21 15U4 60 

:" :Ilboar. 1268 1 69 51.00 69.8i 2.33 19.22 50.65-' I.ll m.n '11.18 
IllD~ar. 3211 1 19 l"34 (1.04 2.6, 12:01 lU6 ,"6 151.U U 
Ilhoar. nu r 10 33.56 '5.97 2.69 11.58 34.39 t.Ol 151.41 51 
_~~~ ....... , .. ~lI,. - ... ," ...... 

ulaGUr. ~328l ! 70 U.20 66.03 2.17 17.68 ".35 9.26 112.12 52.73 
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Figure'l. ~ 
Bar Graph of the Means of Body CompositIon Profiles with vertIcal -
Unes indicating + l standard deviation for BCM, ECM a.nd FAT. 

a11 sUbjects, n=64 
normally nourlshed (Na./K. not > 1.22), n=23 
malnourished (Na./K. > 1.22), n=41 
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The body composition profile of the normally nourlshed group 

was not slgnificantlyl)dlfferent from that of 25 prevlously studled 

healthy 1 volunteers. The malnourlshed group had. a signlflcantl~· 

smaller BCM than the normally nourlshed group, (P<.OS). The size 

of the LBM is represented as the comblned height of the ECM and 

BCM bars, and the mean body welght lS the total helght of t~e 

bars (BCM + ECM + Fat). The mean body weight, LBM and fat sizes 

were not signiflcantl.y different between the normal and 

-malnourished groups . .but there is a marked difference ln the 
~ 

relative sizes of the BCM and ECM. 

6.2.RELATIONSHIPS BETWEEN RESISTANCE, TBW.AND LBM 

Relationshlps were S'ought between the various lsotope-derlved 

components o'f body compositIOn. as the dependent variable, and the 

imp~d:ance measurements as the mde~nt varrable. Referring to 

'Table 3, .which l1sts a correlation matrlx for al! 64 subjects. 

resistance (R) correlated best (as l/R) 'wlth LBM and TBW (r = .78). 

o 

Table 3. Correlatmm matrlx of selected variables. data from aIl 
patients, n=64. 

--------------------------~~----------------------------~ 

m LBl lit II, EC!/BC! Be! ECK ru Bt (cil 
TU 1 
Ln 1 

1a,1I, ".01 
EC!/Be! ".oa 

iCI .17 
EC! .81 
ru .05 

Bt (CI) .62 
!t' .62 

ft (ig) .6~ 

1/1 .78 
1 n'Il .18 

li le .28 

".01 
-.Oa .91 1 
.i1 
.&1 
.05 
.62 
.6~ 
.65 
.1. 
.18 
.28 ' 

".65 ".68 1 
-'9 .t~ .14 

".Il ".11 .10 
".39 ".U .B 
".(0 -.(4 .1( 
".20 -.18 .58 
.2, .19 .U 
.03 -.03 .H 
.75 .10 "125 

1 > 

- .01 1 
.27 .U1 
.26 .01 
,(5 .11 
.71 .11 
.73 .16 
.U ".11 

ploe 39 ' 

1 
1 
,(S .3, 
.61 

-.11 

Bt' ft (tg 1 lilu 
l , 
.'5 1 
.35 .61 1 
.H .65 .93 

".12 .01 .56 

Btlli l/L 

1 
.39 

f.J 
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The relationship between l/R and ECM ls not as suitro bie. as 

will be shown later in thls section . .. 
Figures 2 and 3 demonstrate the scatterplots cornparlng l/R with 

TBW and LBM. The normal subjects are distinguished from the 

maJnourished as ~ indlcated by the legend. 

The followliig regression formuJas were developed and are 

represented graphically as the regression Une ln' each of the plots. 
~ 

The ratio of the standard error of. the estimate to the me an of the 

dependent (y) value (SEE/mean y) ls presented as a measure of the 

recision of the regresslon predJction. 

Equation r p< SEE/mean 

Eq1. TBi = 13~12.05 x l/R + 9.56 0.78 .001 13.5% 
, . 

E$. LBM = 19059.66 x l/R +13.09 0.78 .. 001 13.5% 
1 

The relationships between 1 IR and TBW, and, between 1 IR and 
( 

LBM, are best Improved by taking into account the subject's 

eometry as height2 , wlth the r ImprovIng to -:88-. The resultant 

formulas are: 

Equation r p< SEE/mean y 

Eq3. TBi = 0.44 x Ht 2 /R + 11.99 0.88 .001 10.5% 
----

Eq4. LBK = 0.61 x Ht2 /R + 16.42 0.88 .001 10.5% 

The correlation between Ht2/R and ECM (r = .73) is weaker 

than the prevlously noted correlation between l/R and ECM. 
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F1gure 2. 
Scatterplot comparing l/reslstance with TBW rneasured by isotope 
dilution. and showing the distribution of normal and malnourlstlf~d 
points. The regression Une 15 calculated from Equation 1 
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Figure 3 
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dllution. and showing the distribution of normal and malIi1ouri~hed 
points. The r,egression Une is, calculated from Equation 2. 
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Referring again to Table 3. l/R 15 found to correlate fairl;.: 
1 • 

strongly wlth weight (r=.6I). However. including w'ei&ht as a second 

independent variable neither improves the r nor the precision 

(SEE/mean y) of the relatlonshlp between Ht2 /R and LBM or TB"'. 

6.3.RELATIONSHIPS BETWEEN REACTANCE. Na./K. AND 

ECM/BCM 

Referring again to Table 3. reactance (as l/Xc) was round to 

correlate best with the ratios of Na./K. and ECM/BCM (r =.75 and 

.70 respectively) for the total group of 64 subjects. This is a nev; 

observation in that other mvestigators had considered the 

predictive value of Xc as negllgeable, despite Nyboer's original 

hypothesis that reactance mlgtit measure the effect of ceU 

membranes acting as a dielectric. 

Comparing the correlation matrices of Tables 4 and 5 in whlch 

the normal subjects are analyzed separa tel y from the malnourlshed. 

It 15 apparent that the relationshlps ~tween l/Xc and Na./K. or 

ECM/BCM iJ,re· weak ln the normal group. Reactance 15 Inaccurate in 

predicttng smaH changes ln N a./K. or ECM/BCM. 

Figure 4 shows the scatterplot comparlng l/Xc wlth Na./K •. 
, 

The regression formulas relating Nae/Ke and ECM/BCM' wlth l :Xc. 

based on aU 64 subJects, are: 

Equation 

Eq5. Na./Ka = 35.84 /Xc + 0.51 

Eq6. ECK/,CM ~ 36.98/Xc + 0.68 

r 

0.7'5 

0.70 

P< SEE/meab y 

.001 22. n 

.001 2:3.8tI 
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h~lt" Correlmol Ima of .deeud unabies. bu troa th 23 
lorlll1, 10lrllie4 '''jeet •. 

m LU h./l. ECI/ICI ICI ICI m It 
ur 1 
LU 1 

Ih lIt -.39 -.3! 1 
ICI/ICI -.3& -.lI .91 1 

ICI .H ." -.i6 -.66 1 
Eel .92 .92 -.02 -.00 .H 1 
UT .10 .30 -:10 -.09 .lO .%1 1 
It ." .H -.53 -.53 .72 •• 9 .31 1 Bt' ft 111 

It l .65 .65 -.5& -.53 .12 ••• .:;.J>.l2 1 1 
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r 

.. 
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IIbouuhed nD)eeu. 

UI m lit II. ICI/ICI ICI ICI-ru !t 
TIll 
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Figure 4 
Scatterplot comparing !/rèactance with the Na,/K. ratio determlned 
from isotope dilution measurements, Jl'nd showlng the distribution of 
normal and~alnourlshed points. 
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The relatlonships between' l/Xe and Na./K.. and between' l/Xe 

and ECM/BCM are improved by including Ht2 as a second 

Independent variable: 

Equation r P< SEE/mean 

Eq 7. Na./K. = 34.09/Xc -.000047(Bt 2 ) +1.87 

Eq 8. ECH/BCM= 34.73/Xc -.00OO60CHt 2 ) +2.42 

.81 .001 19.9% 

.79.00120.6% 

6.4. SOLVING FOR THE OTHER COMPONENTS OF BODY 
COMPOSITION " 

The relatlonship between Xe and ECM/BCM 15 partlcularly 

relevant because the body cell mass (BCM) can be calculated_ from 

the ECM/B'CM and LBM. The mathematics are as fôflows: 

Because LBM :d ECM + BOM 

then LBM = ECM + 1 
__ BCM BCM 

and BCM can be sol ved as-~' =LB=K~,,=,,_~ 
(ECM/B~ + 1) 

The extracellular mlt8s (ECM) can then be calculated as the LBM 
" 

mJ{lUS the BCM. and fat can be sflved às the difference between 

body welght and the LBM. 

Using equatlons 4 and 8 to calculate LB~ and ECM/BCl1 from 

the Impedance and height measurements. the values for BCM. ECM. 

and fat can then be calculated ror each subject. , 

6.5.LBM: Impedance Measured Vs. Isotope Yeâ8ured' . ~ \---. 
A measure of the accuracy of the LBM determlnation trom 

- . 
lmpedance 18 obtalned by plottlng the LBM measured by isotope 
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dilution against the LBM values from Impedance,(equation 4). as 

shown in Figure 5. The isotope-dilution LBM ls the independent 
~ . 

variable on the x-axis, and the Impedance LBM ls t~e dependant 

variable on the y-axis. 

The re~ression line represents the regression of the Impedance 
LB~on the isotope LBM. The equatlon ls: 

Equation r p< SEE/mean y 

Eq 9. i~pLBM = 0.77 (1soLBM) + 11111 0.88 .• 001 9.2\ . -
whére lmpLBM i5 the Jean body mass measured fTom Impedance 

data, and isoLBM 15 the lean. body mass measured from the isotope 
data. 

The Une of Identity' lS obtained by plotting the isotope LBM 

values on both axes. The degree to which the regression Une .9 

approxiinates the Une of identity 15 a measure of how closely the 

Impedance LBM values correspond to the isotope values .. 

Comparing the 5catter of the normal and malnourished points It 

can be s~en that the pormal points tend to fall below the l1nes of 

regression and identlty. while the malnourished points tend to CaU , . 

above. This bias i5 better apprec~ated by referrlng to FIgure 6, 

which shows the difference between the Impedance and isotope LBM 

values for each subject, sorted ln order of i~creasing 

malnourishment according to the Na./K. ratio. Values to the lett of 

1.2 on the x-aXIS are normal. while values to the right are 

increasmgly malnourlshed. 
, 

It is clear that the. impedance measurement of LBM (equatlon 4) 

underestimates the normal subjects and overestlmates the 

~alnourlshed subjects. 

1 .. 
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Figure 6 
Bar graph of the dlfferences between the Impedance and isotope 
LBM values. sorted along the x-axis in ,;rder of increasmg 
malnourishment according to the Na./K. ratio. Values ta the 1eft of 
1.2 on the x-axis are

f 

normal. The Impedance calculations for lean 
body mass;=are based 'On Htl/R according to equatlon 4. 
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This disP,arity between normal and malnourished subjects 18 not 

due- to including Ht2 in the regression of equation 4. FIgure 7 

d-emonstrates similar differences when LBM ls calculated by 

, "equation 2, the regression basad on l/R wl~hout Ht2, 
..--

To' understand how the relationship between l/R and LBM 

t 
differs betw,een the' normal and malnourished subjects, separate 

. 

regression equations can be developed for -aach group, These are 

Usted for comparison in Table 6. _ , 

Table 6 

Equation r P< SEE/mea'rl. y 

\ 

for normals, n=23 
EqlO. . LBM = .64 (Bt2 ) lR + 11.43 .91 .001 5.6' 
J 

for malnour.,n=41 
, Eql~. . LBM = .56 (Bt 2 ) JR + 11.3t) .83 .001 il. 8% 

for a11 'subjects, ,n=64 
Eq4.' - LBM,=.61 (Bt2 )/R +j16.42 .88 .oo~ 10.5% 

~ is'the'Pearson coeffièient " 
~EE/mean Y: Standard error of estimate / mean of dependant V~. 

'-. 

1 a-r, ~ 

Applylng the normal ~Quatlon to' the normal subject-s and the ./ 
- " 

malnourlshed equatioh. to the malnourlshed subjects, the Impedance-
- ., ...... 

~ derived measure of LBM ean then ~e (!ompared with the is-otope 

.. LBM as shown in the scatterplot of Figure 8. Sepa,rate regresston , " . 

Unes compa~ing normal:' im~dancè ,with normal isotope, -LBM, and 
, . 

malnourlshed Impedance with malnourlshe.d isotope LBM, are ,plotted 

"'. for comparlson with thè line of Id~ntltY. " . 

,. > 

. ' 
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The equations for the regresslon llnes of Figure 8 are: 

Equatlon r p< SEE/mean y 

Eq.12 normal lmpLBM = .94 (isoLBM) + 3.41 .97 .001 5.4% 

Eq.13 malnour. impLBM = .69 (isoLBM) + 14.29 .83 .001 9.8% 

where impLBK is LBM measured by impedance, and isoLBK 1S LBM 
measured by isotope dilutlon. 

It is evldent that the normal regresslon Une aimost coincides 

with the llne of Identity and that the lmpedance equatlon for 
1 

normals (equation 10) accurately predlcts the Isotope LBM. 

Howeve1 for the malnourished regre5sion. both the slope (69) and 

the y-lntercept (11.11) are quite dlfferent from the Une of Identity 

and the relattonship between Ht2 /R and LBM ln the malnourlshéd 

group 15 not as precise 

The relationship between LBM and Ht2/R based on the normally 

nourlshed subjects (Equation 10) ls comparable. ln terms of r <.97) 

and standard error of the estimate (2.87), t;O that reported in 

Lukaski's study22 of 37 healthy men Cr = .98, SEE = 2.61). 

6.6.TBW: Impedance .Measured Vs. Isotope Measured 

The sarne observations made above for LBM a150 apply for total 

body water (TBW). This ls 'understandable because the lsotope-
- . 

dilution measurement of TBW ls dlrectly reIated to the measurement 

of. LBM (TBW = .75 LBM). 

, < 
The scatterplot of Figure 9 comparés the isotope TBW wlth the 

22 Refer to section 4.1. 
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Impedance TBW calculated by equation 3. The regression line 
... 

.. 

represents the relression of the Impedance TBW on the isotope 

TBW. according to the equation: 

Equatioh r P< SEE/mean y 

Eq14. impTBV = 0.76 x isoTBi + 8.16 .88 .001 9.2% 

where iapTli is TBi measured by impedance, and isoTBW is TBi 
measured by isotope dilutlon. 

Figure 10 dernonstrates the difference between the Impedance 

,and isotope TBW value for each subject. and Tabl~ 7 l1sts the 

separate regresslon equations relatlng TBW and Ht2/R for the 

normal, malnouris~ed and total group. 

Table 7 
1 

Equation r P< SEE/mean y 

for normals, n=23 
Eq.15 TBV = .46{Bt2 )/R + 12.73 .97 .001 5.6% 

\ 

1 

for malnour. n=41 
Eq.16 TBi = .41(Bt2 )/R + 12.68 .83 .001 11.8% 

th 
for all subjects, 1)=64 
Eq·.3 TBi = .44(Bt2 )/R + 11.99 ,.88 .001 10.5%' 

SU/lean y : standard error of estimate 1 mean of dependant 
vâriable 

FIgure 11 plots Impedance TBW for the normal and rnalnourished 

subjects. C.lcUI~r~~~ 15 and 16. '.gainst the Iso\o~e 
TBW. 
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Bar graph of' the differences between the impedance and isotope 
TB'N values. sorted along the x-axis in order of increasing 
malnourishment accordlng to the Na,/K, ratio. 
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Figure Il • 
Scatterplot comparing the isotope-measured TBW with the TB\\ 
calculated from the Impedance data uslng Equation 15 for the 
normal subjects and Equation 16 for the malnourlshed subjects. The 
regression Une" for the normal subJects ls calculated from Equation 
17, while the regression Une for the malnourlshed subjects ls 
calculated from Equation 18: 
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The normal and malnc;>urished regressions llnes compare the 

Impedance TBW with the isotope TBW and are derived from the 

following equatlons: 

Equation r P< SEE/mean y 

for normals, n=23 
Eq.17 impTBV = .92 (isoTBW) + 2.65 .97 .001 7.1% 

malnour • n=41 
Eq.18 impTBV = .69 (isoTBW) +10.42 .83 .001 9.8% 

where iapTBi is TBW measured by impedance, and iloTBW is TBi 
measured by isotope dilution. 

The ynpedance measure of TBW ls evidently more accurate in 

"'e normal subjects than the mal7url&hed subjects. 

6.7.ECM/BCM: Impedance Measured Vs. Isotope Measured 

The accuracy of the measurement of the ratIo of the 

extracellular to intracellular mass (ECM/BCM) by Impedance can be 

assessed by plotting the Impedance-measured ECM/BCM values, 

calculated according to equatlon 8, as the dependent variable on -

the Y axis, against the isotope values as the independent variable. 

This scatterplot ls shown in Figure 12. The regresslon Une 
• 1 . 

represents the following equation: . 
Equation- r P < SEEhiean y 

Eq.19 impECK/BCK = .62 (iloECK/BCK) +.61 .79 .ob! 16.3% 

where iapICK/BCK il the ECK/BCK,_easured by impedance, and 
iaolCK/BCK il the ECK/BCH measured by isotope dilution. 

The normal and malnourished subjects are represented by 

ditterent point markers as shown in the legend. 
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The distribution of the normal and malnourlshed points about , 

the Une of )dentlty seems skewed. with fewer normais fall1ng beiow 

and more malnourlshed falling below. Examining Figure 13 reveals 

that thls ls the case; equation 8 biases the Impedance ECM/BCM 

measurements by overest1matlng in the normal subjects and slightly 

underestimating in the malnourlshed. 

-This dlscrepancy between the normal and malnourished 

Impedance ECM/BCM ls not caused by includlng HtZ as a second 

independent variable in equatlon 8. Figure 14 shows the difference 

between ttte Impedance ECM/BCM calculated from equation 6. with 

lIXc as the single Independent variable. The bias between normal 

and malnourished appears worse th an that of equation 8. 

Separate regresslons for the normal and malnourished subjects 

are useful for understanding how the relationship b,etween lIXc and 

ECM/BCM ls different for these two groups. The separate 

• regresslon equatlons are l1sted ln table 8 along wlth equation 8 for --
comparison. 

Table 8 

Equation r P= SEE/mean y 

-------
for norlllals, n=23 
Eq.20 ECH/BCM=12.53 (1/Xc)-.000031{HtZ)+1.81 .60 .011 14.4% 

for malnour. n=41 
Eq.21 ECH/BCM=27.\~(~/Xc)-.000046(Ht2)+2.3 

for all 8ubj ecta, \;-64 

.6~ <.001 11.7' 

Eq.8 ECH/BCM-34. 73 U/Xe ) -.00006 (Rtl) +2.42 .79 <.001 20.6'0 

SIE/ •• an Y: standard error of estiaate 1 aean of dependant 
variable. 
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Equations 20 and 21 can be used to generate lmpedance. 

ECM/BCM values for the~normal and malnourlshed subjects. and 

these are plotted against the isotope ECM/B'CM as shown in figure 

15. 

The n<1rmal and malnourlshed regresslon Unes were calculated 

from equati0rs comparlng the Impedance ECM/BCM and isotope 

ECM/BCM for each group: 

Equatio.D r p= SEE/mean 

for normals, n=23 
Eq.22 impECM/BCM = .36"'isoECK/BCK +.71 .60 .002 9% 

for malnour. n=41 
Eq.23 impECK/BCK = .41"'isoECK/BCM +1.11 .64 < .001 11.1% 

where iapECK/BCK ls the ECK/BeM measured by lmpedance, and 
iaoECII/BCK is the ECK/BeM measured by isotope dilution h 

The sI opes of both regresslons Unes are about .4 lndlcatlng a 

po or preâiction of ECM/BCM uslng Impedance data ln both the 

normal and malnourlshed subjects. 

, , . 
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6.8.Na./K.: Impedance Measured Vs. Isotope Measured 
l , 

The obse}'vatlons 're~iu'ding lhe use of impedance to predict the ,. 

isotope Na./Ke ratib are qualitatively slmllar to" thos.e for 

. ECM/BCM, although Impedance 15 'slightly more accurate at 

measuring Na./K. than ECM/BCM: The relatlonshi'p between the 

Impedance Nae/Ke predicted by .equaiion 7 and th~ isotope Na./K. 
_ .. ~ _ ~ ... • l ... ,. 

ls demonstrated in f,{gure 16. The regresslon Une 15 determined by 

the equatlon: 

Equation -- .- - r p< SEE/mean y 

'i 
Eq.24 impNae IK. ;: .66 (isoNae Ile) + .48 .79 .001 16.4% 

wher~ iapNa./K. is the exchangeable sodium 1 exchangeable 
potassium ratio predicted from impedance data, and boN .. /L is 
the ratio measured by isotope dilution. 

The slope of the regression (.66) i5 50mewnat cJoser to the 
} l ' 

, ~ ~ 
identity Une than the regresslon slope for ECM/BCM (.62). Figure 

17 demonstrates that equation 7 overestimate5 the Na./K. for the 

'1 n'Ormal subjects, and to a lesser degree underestlmates ror the 

malnourished group. 
, • r • 

Separate regresslon equatlons relatlng impedance to the isotope 

Na./K. are l1sted in table 9. 

" . 

<l / 
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Table 9 
,fO 

Equation 
r, 

r P= SEE/mean y 

for normals, n=23 
Eq.25·Na./~ = 9.73(1/Xc)-.000023(Ht2 )+1.48 .61 .009 12.5% 

~r ma}ftoür. n-41 
Eq.26 Nae/Ka =27.98(1/Xc)-.000031(Ht 2 )+1.7 .70 <.001 18.1% 

for~all subjects, n=64 
Eq.7 Nae/Ka =34.09(1/Xc)-.000047(Ht 2 )+1.87 .81 <.001 19.9% 

SEE/mean y : standard error of the estimate / mean of the 
dependant variable. 

From equations 25 and 26 the normal and malnourished group-
\ 

, 

specifie Na./K. can be calculated and then plotted against the 

isotope Na./K •• as shown in figure 18. 

The regression Unes represent the following regressions of 'the l 

Impedance Na./K. on the isotope Na./K. for the normal group and 

malnourished group: 

Equation r p= SEE/mean 
-,----

fer normals, n=23 
Eq.27 impNa./1C.e = .37(isoNa./IC.e) +.61 .60 .002 7.3% 

for malnou~. n=41 
Eq.28 impNaa/Ke = .49 (isoNa./Ke) +.85 .70 <.001 12.7% 

where iapNa./1C.e is the exchangeable sodium / exchangeable 
potassium ratio predicted trom impedance data, and isoNa./Kt i5 
the ratio measured by isotope dilution. 

The slope for the' normal regresslon (,37) ls the same as that for 

ECM/BCM (.36). whlle the malnour15hed Na./K. 51 ope (.49) 15 better 

th an the correspondlng slope for ECM/BCM (.41), indicatlng that 
o 

for the malnourlshed subjects. the relatlonship of Impedance wlth 

Na./K. ls better than tllat wlth ECM/BCM. 
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FIgure 18 
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Na.IKe ratio calcula ted from the Impedance data u-s,ing Equation 25 
for the normal subjects and Equation 26 for the malnourlshed 
subjects. The regression Une 'for the normal subjects 15 calculated 
from Equatio:p 27. whlle the regression Une for the malnourlshed 
subjects 15 calculated trom Equation 28. 

7 

• 
page 69 



" 

o 
. . 

6.9.BCM: Impedance Measured Vs. Isotope Measured 

On analyzlng the body ceU mass (BCM) predicted by Impedance. 

the observations are found to be similar to thOS) prevlously 

descrlbed for LBM and TBW; the regresslon descrlbing a11 64 

subjects is blased. underestlmating the BCM of the norrnally 

nourished subjects. and the regression ls more precise for the 

normally nourished th an for the malnourished subjects. 

Figure 19 demonstrates a scatterplot comparing the isotope-

measured BCM, as the Independent variable on the x-axis. with 

BCM on the y-~ls calculated from the équation. 

Eq.29 BCM = LBM 
(ECH/BCH +1) 

... where LBM is calculated by eQuatlon 4 and ECM/BCM by eQuatlon 

8. The regression llne represents the regression of the Impedance 

BCM (y-axis values) on the isotope BCM (x-axis values): 

Equation r p< SEE/mean y 

Eq.30 impBCM = .69 (isoBCM) + 5.69 .87 .001 12.9% 

where iapBCK is the BCM calculated from Equation 29, and i.oBCH 
is the BCM measured by isotope dilution. 

The r ('~7) ls good but the regression slope (.69) i5 quite 
" f 

dl1'ferent from Identlty and cursory examlI).ation suggests that Most 

of the scatterpoints representlng the normal subjects faU below 

both ,the regression Une and the Une of Identity. lndeed.. plottlng 

the dlfference between the impedance and isotope BCM sorted by 

nutritional index. as shown ln figure 20. reveals that equation 29 

blases the Impedance-measured BCM, underestlmatlng the normal 

sUbJects and overestimatlng the malnourlshed . 
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Bar graph of the differences between the impedance and isotope 
BCM values. sorted along the x-;-axls ln order -of 'increaslng' 
malnourishment. 
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To better appreciate this dlscrepancy. the Impedance BCM for 

the normal subjects was calculated using the LBM and- ECM/BCM 

values from equations 10 and 20. while the Impedance BCM for the 

mainourished group was calculated from the malnourlshed-based 

equatlons 11 and 21. The normal and malnourlshed BCM values so-

obtained are plotted on the y-axis against the isotope-BGM. as 

shown ln figure 21. 

Although there ls considerable overlap of the normal and 

malnourlshed scatter points. the regression llnes relating impedane.e 

BCM with isotope BCM are qulte different. as l1sted in Table 10 

Table 10 

Equation r • p< SEE/aean y 

for normals, n=23 
Eq.31 impBCM = .83*isoSCM +4.08 e .94 .001 7.6\ . 
for malnour. n=41 
Eq32 lmpBCM = !66*lsoBCK +5.36 .76 .001 11.9\ 

where iapBCM lS the SCM calculated' from impedance data; and 
isoBCK lS the seM measured by isotope dilution. 

• • 

SEl/a,an : standard error of the esti~ate 1 mean of the dependant 
variable. /--

/ 

The normal regression Une almost coinc1des wlth the Identity 

Une, and both the r (.94) and the SEE/mean (7.6%) are better than 

those for the malnourished and total group. 
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Figure 21 
Scatterplot comparing the isotope-measured BCM with the BCM 
calculated from the Impedance values derived from Eqtlation 10_ 
(LBM) and Equation 20 <ECM/BCM) for the nprmal subjects, and 
trom Equation 11 (LBM) and Equation 21 (ECM/BCM) for the 
malnourlshed subJects. The regresslon Une for the normal subjects 
i5 calèulated trom Equation 31, while the regression Une for the 
malnourlshed subjects 15 calculated trom Equatï'on 32. 
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6.10.ECM: Impedance.. Measured Vs. Isotope Measured 

Similar to the findings for BCM. the measurement of 

extracellular mass (ECM) by impedance i5 also more accurate for 

normal 5uNects than for the malnourished. but the ECM partition 

• is the only partition of body composition ln which the regresslon 

equation developed for the total group seems unbiased. wlthout 

overestimating or underestimating the normal or malnourlshed 

sUbgroups. 

The ECM is calculated as: 

Eq.33 ECM = LBM - BCM 

where LBM 15 calculated from equation 4 and BCM from equation 

29. 

Figure 22 plots the Impedance ECM. as the dependant variable. 

against the isotope-measured ECM. as the 1ndependent variable. The 

regression of the Impedance ECM on the isotope EOM 15 plotted 

according to the· equatlon: 

Equation r P< SU/ •• an y 

Eq.34 impEC~= .77 (isoECK) + 7.03 .83 .001 12.1% 

where iapECK is'the ECK calculated trom impedance data, and 
isolCM is the ECH measured by isotope dilution. 

The scatter of the data points for ECM 15 widèr than .that for 

BeM and the r 15 not as strong (.83 vs .. 87) although the SEE/mean 

15 the approx1mately the 5ame 02.1 ~). 
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Referring to Figure 23. the impedance - isotope ditferences ln 

.. 
the measured ECM are sorted according to the Na./K. ratIo. The 

dIstribution about 0 on the Y axis is fairly even. suggestlng th-at 

equation 34 fairly r~presents both the normal and malnourlshed 

subjects desplte it being' derived from the -LBM and BCM equatlons 
1 

whlch give biased results. both underestimating the normal subje.cts 

and overestimating the rnalnourished subjects. 

For Figure 24. equation 33 was recalculated uSing the "normal" 

equatlons 10 and 20 for the normally-nourished subjects and the 

"malnourished" equatlons Il and 2~ for the malnourished sl,lbjects. 

The two new sets of Impedance ECM data. as the y-axis, are 

plottea against isotope ECM on the x-axis . 
.. 

The normal and malnourished regresslon Unes are derlved 

equations 35 and 36. l1sted in Table Il. 

Table 11 

. Equation 
'II 

r p< SEI/aean y 

for normals, n=23 
'Eq.35 impECK = .90 (isoECK) + 2.94 .90 .001 8.6\ 

for malnour. n=41 
Eq.36 impECK = .62 (isoECK) + 11.22 .80 .001 11.7% 

where iapECK is the ECK calculated from impedance data, and 
isoECK is the ECK measured by 1sçtope dilution. 

from 

. Co·nsidering the slopes. r a~d SEE/rnean. the ECM relatl.onshlp 

developed for the normal subjects is more precise than that for the 

malnourlshed. 
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6.11.FAT: Impedance Measured Vs. Isotope Measured 

Because the fat partition of body composition is conceptually the 

dlfference between the body weight and the le an body mass, 

Impedance fat 15 calculated as: 

Eq.37 Fat = Body Wt. - LBM 

... where LBM 15 calculated by equation4 and' the body welght was 
,) 

measured on hospltal scales. 

, Figure 25 plots the impedance-calculated fat on the y-axis 

agalnst the isotope-fat on the x-axis. The regresslon Une Is. 

determlned by the eQuatlon relating the impedance-fat as the 
, 

de pendant variable to isotope-fat as the independent variable: 

Equation r P< SEE/mean y 

·Eq.38 imp Fat:: .94 (iso Fat) + .46 .89 .001 32.6% 

lfbere iapfat is the fat measured' trom impedance data, and isolat 
is the fat measured from isotope-dilution data. 
SU/ •• an ! standard error of tbe estimate / _mean of the dependant 
variable. 

• 
The large SEE/mean value of 32% 15 understandable w.hen one, 

c~nsiders that the SEE aPiroximates the SEE for LBM whlle the 

mean fat value 06.8 Kg) 15 much smaller than the mean LBM 

(47.9 Kg). 

The negative fat values plotted in Figure 25 are mathematicaHy 
'. 

correct according to Equation.38 but are, of course. physlcally 
1 

impossible. As shown in Figure 26, where the' difference between 
~ 

the impedance and isotope measured fat is ~orted into normal and 

malnourlshed groups, equa~lon 37 overpredlcts the fat measurement 

- ln "he normal subJects and tends to underestlmate tor the 
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malnourlshed. This blas is understandable sinee the equation 4 for 

LBM under~_,ates the normals and overestlmates the 

malnourlshe~ 
By SUb~~tUting the normal and mal~~ur~shed regression 

-, equatlons 

for, LBM (equations 10 and 11) in equation 38. separate -normal and 

malnourlshed regression l1nes ean be developed. as demonstrated in q l ,\, 

Figure 27, describing the relationshlp between Impedance fat as the . '. 
dependant variable and isotope fat as the independent variable. Th~ 

equ'ations that descrlbe these regression lines are listed in Table 12 

Table 12 

Eqijation r p< SE~/lDean y 

for Dormals, n=23 
Eq.39 impFat = 1.05(i~oFat) -.92 .97 .001 17.4% 

0 

foX; malnour. n=41 , 
,Eq.40 impFat = .9,2 (isoFat) ,+.84 .89 .001 33~4% 

where illlpFat is the fat calculated from impedance data /' and 
isoFat is the fat~calculated from isotope-dilution data. 
SIE/mtan: standard error of tb~ estimate / mean of the dependant 
variable. 

Understandably, the observations are the same as those for LBM; 
" 

~q~ relationship between imp~dance and the fat mass 15 more 

precise for the normal subjects than for the malnourlshed, 
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7.CONCLUSIONS: 

1. In a compàrison of Impedance measurernents wlth lsotope-

dilution' measurements ln 6~ subJects, whole body reslstance was 

found ~o correlate weIl with l~an body mass (liR vs. LBM. 

r = .78, SJ!jE/mean = 13.5%). On separatlng the 64 subjects Into 

normally nourished (n = 23) and rnalnourlshed (n = 41) groups 

according to the Nae/Ke ratio, the relationshlp between l'IR and 

LBM was found to have greater precision ln the normally nourished 

group (r·= .92, SEE/mean ':: 8.4%) compared to tl}e malnourished 

group (r = .78. SEE/mean = 13.3%), 

2. As reported by previous investigators 19, the relationshlp between 

1/R and LBM was optimlsed by including a correctIon factor for 

the subject's height. expressed as Htz/R,: This correction Improved 

the rand SEE/mean as demonsnated ln Table 13: 

. l 
Table 13 Comparison of 1/R vs. LBM with Bt2 /R va. LBM 

llR vs. LBM Ht 2 /R vs. LBM 
Group r SEE/.ean LBM r SEE/mean LBM 

-' 
AlI subjects, n=64 .78 13.5% .88 10.5% 
Normals, n=23 .92 8.4' .96 5.7% 
llalno,urished, n=41 .78 13.3% .82 12.1% 

r :,Pearson coefficient, 
SEE/.ean : standard error of the estimate / me an of ~he 

dependant variable 

" 

le Lukaskl HC, Johnson PE, Bolonchuk WW. Lykken GI. 
Assessment of fat-free mass uslng bloelectrlcal Impedance 
measurements of the human body. Am J CUn Nutr 198i;41:810-811. 
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Applying a correction factor for body weight to the relationshlp 

between Ht2/R and LBM did not improve the statistlcs. 

3. The. rand SEE/mean values described above for LBM are" 

identlcal for the respective relatlonships· between the total- body 

water (TBW) ~and l'IR or Ht2"/R. This 15 because our isotope method .. 
calcula tes LBM as the product of the isotope-measured TBW and a 

constant (TBW x 1.333). 

4. Reactance was found to correlate Inyersely wlth the isotope-

measured l.atlo of extracellular to Intracellular mass O/Xe vs. 

ECM/BCM, r ::: .70, SEE/mean = 23.8% for a11 64 subjects). The 

relationship between l/Xc and EClÙBCM _ was found to he weal< in 
~ 

the hormally nourlshed group (r = .25, SEE/mean = 17.1%, n=23) 

compared to the malnourished group {!r = .c:5a, SEE/mean = 19.7%, 

n=4D. 

5. The 5tatistics for l/Xc are Improved by Including HtZ as a 

secon!i Independent ,variable, as shown in, Tabfe 14. 
,: 1 
1 

1 
Table 14 .. Comparison of lIXc VI. ECK/8CM with (l/Xc +Bt l ) VI. 

1/Xc vs. ECK/BeM 

Group _ t
AlI sUbjects l n=64 .70 
Normals, n=23 .25 
Kalnourished, n=41 .58 

SEE/aean ECK/8eM 
23.8% 
17.1% 
19.7% 

ECK/8ÇM 

(1/Xc+Ht2 ) vs. ECK/SCM 

t- SEE/mean ECK/BCM 
.79 20.6% 
.60 14.4% 
.64 18.6% 

where l/Xc is the inverse of reactance, and ICK/BCM is the ratio 
of the extracellular to intra~e~lular mass measured by isotope 
dilution. 
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6. The body ceU mass (SCM) can be calculated from the 
• 

impedance-measured LBM and ECM/BCM as :. 

LBM 
BCM = 

ECM/BCM + l 

The extracellular mass (ECM) can 'then be calculated 'as the LBM 

minus the BCM, and the fat mass ls calculated a""s body welght 
o 

minus LBM. In this way the Impedance method was devised to 

measure aIl partitions of body composition from measurements of 

resistance, reactance, height and welght . 
.,. 

The regression formulas of the impedance method, based on the 

·total group of 64 subjects, are summarized in Table 14. 

Table 15. Formulas for calculating boay composition trom 
impedance da ta, beigb t and "e~gh t. 

( a ) LBM = o. 61 (H t 2 / R ) + ~ 6 . 42 

(b) ~CM/BCM =34.73 (1/Xc) '-.O~006\(Bt2) +2.42 

L~M 
(c) BCK = W4 L where LBM is calculated from (a) 

(ECM/BCM) + 1 ECM/DCM is calculated from 

(d) ~CM = LBH - SCM where LBM is calculated trom (a) 

" 

BCM is calculated trom (c). 

(e) Fat = BOdy weight'- LBM ,LBM ïs calculated from (a) • 

7. The precisIon of the BCM. ECM. LBM and fat measupements 

uslng the 'Impedanoe rnethod can be evaluated by regresslon _ .. 
equations comparlng the impedance-measured partition. as the 

dependant variable, with the <!orrespotldlng Isotope-measured 

partition. as the Independent variable. The statlstics ot these 
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regressicms are llsted'n Table 16. wlth analysis of the total group • 

of f!lubJects and the nTal and malnourlshed subgroups for 

comparlson purposes. 

The precision of the Impedance method in measuring BCM, ECM. 
1 

LBM and fat ls better ln the normal subjects compared to the 

malnourlsh ed. 

J T&bl.16. 
Comparison of statistics of the regressions Y • JAX + b, where Y 
is body composition measured by impedance, using the .formulas 
listed in Table 15, and X is body composition measured by isotope 
dilution. 

Group 

All 
Bubjects 
n-64 

Normals 
n=23 

Malnour. 
ns 41 

SU/ ... n . . 

Par,tition of BodX Com:Qosi tion 

BCM EClf LBM rat 

r SEE/mtan r SU/maan r SU/.ean r SEE/maan 

.87 12.9% .83 12.1% .88 9.2' .89 32.6% 

.91 10.5' .90 9.4% .97 5.4% .97 15.0% 

.74 14.1' .81 12.8\ .83 10.3\ .8837.7% 

the standard error of the estimate, divided by the 
me an of the body composition partition as measured by 
impedance. 

The large SEE/mean for fat ~32.6%) ls understandable wh en 

consldering that the fat measut:,e Is calculated as body welght minus 

LBM. The SEE for fat (5.48) 15 comparable ln sIze to the SEE for 

LBM (4.42). but the mean fat mass Is mu ch smaller than the meari 

LBM (16.8 Kg vs. '47.9 Kg). 

8. The formulas l1sted ln Table 15 represent analyses of the total 
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o group of 64 subjects. the majority (64%) of whom were 

malnourished according to isotope-dilution results. The formulas for 

LBM and HCM are found to biaa the calculated measurements by 

underestlmatlng the meas'Urements of the normally nourlshed , 

subjects and overestimatlng in the malnour!shed group. Conversely. 

the formula for fat overestimates the- normal subjects' and sllghtly 

underestimates the malnourished. The formula for ECM appears 

unbiased. 

9. ln contrast to ~revious investigators. reactance is found to be 
• 

-' 

important in the measurement of body composition. especlally ln 

malnourished states characterized ey an expansion of the 

extracellular mass ~nd contraction of the body cell mass. 

o However, the relationshlp between reactance and ECM/BCM ls 

not as strong as the relationshlp ,'between reslstance and lel\n body 
o 

mass. Referrlng to the SEE/mean values of Table 16. the 9% to 33% 

error of body composition measurements from it;npedance may be too, 

high for some cllnical applications. Further refinement Is needed. 

The Impedance plethysmograph used for this study dellvers a 

current of fixed frequency and amperage. Conceivably. ~easuring 

with other frequencies at different °intensities might improve the 

accuracy of body composition measurements. 

" 
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8. DISCUSSION 

Whlle there 15 statistlcal evldence and electrophyslologic. 
~ -

reasoning ln support of the relationship between LBM and Ht2/R. 
r 

the rationale for chooslng O/Xc + Ht2) as the optimal solution for 

ECM/BCM ls open to question. A problem with thls Interpretation 

for Xc ls its inaccuracy in the normally nourlshed subjects. where 

lIXc correlates poorly wlth ECM/BCM (r = .25). However, l/Xc also 

Icorrelates fairly well with ECM in both the normal (r=.76) and 

malnourished subjects (r=.66). Therefor, one could sp,eculate that 

1/Xc ~ht correlate well with the product of ECM/BCM and ECM. 
"-

Le. ECM2/BCM. 'J 
The following relations};üp ~s obtalne~: 

tor aU 64 patients: 

p< r 1 SEE/mean 

ECK*ECM/BCM = 2026.41*1/Xc - 3.05 .0001 .80 32% 

This relatlonship is not Improved (ln tenus of r or SEE/mean) 

by including Ht2 or welght as second independent variables. 

ECM can be solved trom ECM2/BCM and LBM as a qua,dratic 

equation: 

X 2 + aX -ab = 0 where X is ECM. a 15 ECM2/BCM. and b i5 

ECM+BÇM. 1.e. LBM. 

Applying the general .solution to a quad~atic equation, the 

solution for ECM Is: 

-(Iep/BCIO +-J (ICIP,BCK)2 - 4«-ECIP/BCK) ;X LBM) 
ECK • 

2 

page 90 1 



t' 

O· 

o 
page 91 



(~ 1 , 

\ 

pt! , 
_, The result&' llsted above can be cotnpared wlth those presented, 

prevlously for the relationshlp between l/Xc ,+ Ht2 and ECM/BCM: 

for all patients,n-64: 
Equation 

iœpECK K .77 isoECM + 6.98 
impBCK K .69 isoBCM + S~69 

for no~mals,n=23: 
Equation 

impECM & .97 lsoECM +.98 
impBCK = .79 isoBCM +2.64 

for malnourished,n=41: 
Equation 

1 
.. 

• 1 Î. 
11lpECK = .70 isoECM + 9.57 1 

iapBCK &: .78 isoBCM + 4.51 

p< 

.001 

.001 

p< 
--:- l, 

.001 

.001 

p< 

.001 

.001 

r 

.83 
?87 

r 

.90 

.91 

r 

.81 

.74 

Thus, the relationshlp between ECM2/BCM and 

SEE/Ilean y 

12.2% 
12.9% -

SEE/Illean y 

9.4% 
'10.5%' 

SEE/mean y 

12.8% 
14.1% 

1 /Xc see~s' to 

provlde a sl1gh1;ly better measurement of ECM and BCM ln the .. 
norm!ll subjects compared to the relationshlp between ECM/BCM 

, 

and (l/Xe +HtZ), whil'e the latter relationshlp 15 sl1ghtly stronger 

tor the malnourished subJect~, 

However, the relatlon5hlp between _ l/~c and ECM2/BCM doe5 not 

remove the bias ln the Impedance measurement ot BCM. Referring 

to Figure 28, on plotting the dlfferences between the Impedance

measured BCM and the lsotope-measured BCM. the same trend -of 

underestlmation of the normal subjects and overestlmatlon of the 

malnourlshe~ subjects ls present as was found uslng Equation 29 

(Flgure 20). whlch ls based on the relatlonshlp between O/Xe + 

Hta) and ECM/BCM. 

1 
'/ ,1 
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5 
i . 
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" ! I! l ' 

CD 
ci 

nulritional index (NAe /I<;e) 

FIgure 28 
Bar- gràph of the differences between the Impedance and isotope 
B~ values, 5Q.rted along the x .. axis. ln: arder of Increaslng . 
m nouri~hment. The Impedance BeM 15 calculated as the dltference """"
b~ ween the LBM and the ECM, where the LBM 15 calculated uSlJ1g 

" e uation 4 and EÇM 15 calculated as:, , 

1 ~'----------------
1 -(EC~/BCM) +-J (ECM2/BCK)2 - 4«-ECK2/BC;K) x LBK~ 

ICM = 
. 1 

1 _ • 

2 1;1 

) 

page '93-

." 

; '-' 

,< • 



o 

~ ~ 
, 

0 

. ., 

f 

ECM 
Il impedance value - isolope value 

15~----------------------------------------------~c:J ~ 

CV 10 
CJ 
r:I 
CV 
r... 
CV 

:::: .... 
"d 

cv 
0. 0 
0 -...., 
0 
fIJ ..... 
1 -5 
cv 
tJ 
r:I 
m 

1 

1 
1 

°0 malnour. 
1 • 

~ 
"d -10 

CV 
C. 
e .... 

-15 
.... ID 
N N 

.' 

Plgurê 29 
Bar graph of the dlfferences between the Impe<!Ance and isotope 
ECM valués,. sorted along the x-axis in order of lncreasing 
malnourlshment. The Impedance caiculatton for ECM 15 based on the 
followlng formula: ' 

EClf = 
(ECIP/BClf) + -I(ECH2/BCH)2 - 4«-ECK2/BCH) x LBH) 

2 
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The EC1L~&lgl,Ù,ated trom .the quadratiç solution of tne 

relatioQship between l/Xc and ECM2/BCM shows no obvious bias 

b~tween the normally nourished and malnourished subjects. as 
• . .... 

shown ln Figure 29. This ls the same observation as that noted for 

EOM calculated using Equation 33 (FIgure 23).--

The explanatlon for the bias observed rn the Impedance 

measurements of BCM and LBM i6 somewhat of a mystery. although 

there ls sorne evldence trom this study and fronrprior research -to 

suggest that uslng a signal trequency hlgher than 50 kHz might 

both. remove the bias and lmprove the precision of the BCM and 

LBM measurements. It is improbable that the bias is dué to our 

isotope-dllution measurements because the technique used was 
. 

prevlously val1dated in comparlson wlth other technIques, such as 
l . ~ ') 

the direct measuremènt of exchangeable potassium and whole-

carcass analysIs, anCl no bias was observed. 

The evidence ln favor 01 uslng a hlgher frequency is as follows: 

(A) The impedance method of this study. uslng a 50 kHz 

freque~cy, underestlmates the LBM and BOM measurements in the 
, 

normally nourlshed subJects compared to the malnourished. subjects. 

The LBM m~asurement ls based on the measure of r~slstance and 
-

helght and not on, reactance. Removing helght from the relatlonship . 

does not resolve the bias. However. no bias was tound in the 

tneasured extràc~llular watet-Œ.QM>, which ls based on both 
• 

_-=-----=""reactance and resistance measurements. 

o 
\, .---~-

Compared to malnourished subjects, normally nourlshed subjeets 

have a larger fraction ot the total body water dl~trlbuted in thé 
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o ' . 

intracellular space. The bias of our impedance calculatlons could 
o -

reflect an incomplete penetration of the Intracellular space by the , 

50 kHz signal. Tl1eoretically. the reimlt of such an lncomplete 

penetration would be an underestlmatlon of the lntracellular water • 
. 

l.e. body ceU mass. and also of the total body water. This 
j l' 

underestimatlon would be more apparent ln the norma.lly nourlshed 

subjects sinee more of their total body water ls Intrâcellular. Since 

there was no obvious blas--in the extracellular water measurement. 
o 

perhaps the 60 kHz signal ls I:tpproprlate for reactance 

measurements, whlle resistance measurements would benetlt from a 

'higher frequency. 

(B) Lofgren has shown that intracellular conduction is excluded 
. ... 

at low frequencies but is Included at higher frequancies 20. 

(C) In stüdying the electrical characteristlè.s of ti;sues at varlous 

frequencles, t:'Jyboer eoncluded that resis,tance and capac1tance both 
"-

have hlgh values at frequencles below 10 kHz; capacitance drops to . , 

If/I' a minimum in the frequency range. of i 00 to 1000 kHz whlle 

resistancé continues to diminish beyond 1000 kHz 21. 

Based ·on this information, further body composition studles 
comparlng isotope-dilution measurements with impedance_ 
measurements uslng multiple frequencles from 60 to. say, 500 kHz 
mig~t Identify a frequency at which there' ls no bJas in the 
measured BCM ."and' LBM between normal and m~lnourlshed- states. 

, 

aO oLofgren B. The Electrlcal Impedance of a Complex Tissue 
âiid its Relation to Changes in Volume and Fluld Distribution. A 
Stlldy of Rat Kidneys. Acta PhysioÎ Scand 1961;23:1-61'. 

21 Nyboer J. Electrical Impedance Plethysmog,r~phy. " 

Sprlngfleld, IL: CC Thomas, 1970, 2nd edlt1on. 
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< 10.APPENDIX: The followlng paper was publ1s.hed ln th~ Surglcal 
Forum, 1 986:XXXVl1:42-44, and was presented at the Amerlcan 
College of Surgeons 72nd Annual Cllnlcal Congress, in New Orleans, 
October 1986. 
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BODY COMPOSmON MEASUREMENTS FROM WHOLE 
BODY RESISTANCE AND REACfANCE 

David McDougall, ,MO, , 
and Harry M. Shizgal, MO, FRCS(C), FACS 

A REJ....\ 110NSHIP bas beeD demonstrated bctween wbole body bia
e.lèCtrical R:SÎSWlCC CR) and 'total body water. The present ltUdy wu un
denaken ra determinc the relationship between wbole body reactmce <Xc) 
md body composition. Xe is related te impedance (Z) by the relationship 
Z2 - R2 + xl. _ 0 

MATERIAlS AND METBODS 
ln 64' patients, R and Xc were determincd using a four-electrode imped

ance plctbysmognaph (JUL Systems. Detroit). An 8()()"microamp. SO-kHz 
CUMIlt was applied via a pair of electrodes anached to the dorsum of the 
band and fo8t., witb a second set of proximal sensing electrodcs. Body 
composition WIS simultaneously dclennined by multiple isotope dilutiOD 
(1). 

-------- - RESVLTS :AND DISCUSSlON 
-

A normal body compositioD was present in 23 ppients and a malDour-
iIbed body composition in 41. Data analysiB revèà1ed an inverse rdatioo
lhip becweeD Jean body mus (LBM) and ~ while the ratio of the IWO 
compooeIIIS of LBM; the CXU'ICel1u1ar mus (ECM) aDd the body cel1 
muS (BCM), WIS ilrvene1y JdJted ta the Xc.. The ratio of excbangeable 
lOdium to excbaageabJe potassium (NaJKJ. a semiûve index of the DU

tritioaal SIIte, wu a1so iDvenely reiated to Xe. The swistics of the re
suIWlt regrcssioos were improvcd by including the subject's heigbt (HJ. 
as an iDdepeDdeDt variabl~, to correct for the subject's geometry. l'be 
fono~g leJl'ClSiODJ ~ obtIined: 

LBM - 16.4 + O;61(HJ21R r - 0.88. P < 0.001 
ECMIBCM - 2.4 + 34.8IXe - 5.97 x JO-S(Hf' - 0.79. P < 0.001 
Na.tKc • 1.87 + 34.11Xc - 4.66 x JO-5(HJ , - 0.79. P < 0.001 . 
, Since LBM - SCM +' ECM. and body fat • body weigbt - LBM., 
body composition CID he determined from the measuremeDt of Rf Xe. and 
fit. A statisticalJy significant corrc1atiOll exists between the campements 
of body composition ~ br !s9toPe dilution. as the ~t 
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variable, and chose determined by impedance plethysmoaraphy, u the 
depcodent vlriable (Table 1). Tbc corrcl\tiOll.coeflic:ienu (r) for the nor· 
mal lubjects, malnourisbed subjec:ts, ud bolh groups combined blve been 
iDcluded iD Table 1. For ail the Vlriables, • better correlabon CliIted for 
die lubjects witb • normal body oompositioo. The precilion of Îbc imped
'ance determinations wu cstîmatéd by dividing the standlni enor o~ 

• esrimm (SEE) by the mean of the depcodcot variable. Altboup . 
wu • JOOd correlation betweCD the IWO me&SW'etDCDts, the error wu 
signiticant. ~ relaùonship bc$'een the isotope dilution mcuuremcnt of 
BCM and the impedanœ determination is depicted in Figure 1.' . 

Tobit I-BelDtionahip littwHn body. compoaWon COmpoMnta Ga dcccj-. 
mincd by ï.otopt dilution ond ~ plethY'mDIf1"GPhy '. 

NonDa!!z MariIbed ud .alDoarbbed NonuIty 
DCIGIiIbed ~ 

VIriIbIe !lq!_J~. ,. , SEElMIa ( .. ) (r)' (r) 

BOt y - S.69 + 0.69)( 0.87 <0.001 12.9 0.91 • O., .. 
!CM Y - 6.91 + O:17X 0.13 <0.001 12.2 0.90 0.10 
LBM Y - 11.11 + o.m 0.18 <0.001 9.2 0.96 0.113 
Body fat Y - 0.46 • .'0.94)( 0.97 <0.001 32.6 0.97 o.a8 

X'. iJocope cUllItJoo 1DCISUmDCDt. Y • UDpeducc pIedI)'IIDOIJ'IJIhy delcnDIIIIliaà. 

ImpedlDCt 
BOf 

(q) 

.. 

CONCLUSIONS .. 

1'h;e simultaneous measuremeot of R and Xe providet- a simple and . , 
DODÏDVasivc mew of meuuring body composition. Howevcr. the ICCU

racy of Che delermiJwiooa ~ a ~Iem. 
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