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"1.Abstract
. N

Prior research has demonstrated relationships between
whole body elfactr:lcal resistance (R) and lean body mass (LBM). The
present study investigates the use of reactance {X¢) in the
measurement of body composition, and compares the accuracy of R
and X measurements in normal versus malnouri_shéd states. ’

In 64 subjects, R and Xc were determined using a
‘four-electrode impedance plethysmograph. Body composition was
simultaneously determined Lﬂby multiple isotope dilution.’

23 suhjects k;ad a normal body composition and 41 were
malnourished, as me;alsured by isotope dilution. Data analysis

revealed an inverse relationship between the isotope—measured LBM

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

Reactance was found to correlate inversely with ECM/BCM
(r=.70), where ECM is the isotope-measured extracellular mass and
BCM is the body cell mass. This—;; a new-finding.

The LBM, QECM. BCM and fat mass, calcl;lated from the
1mpedanc£a data, height and weight, corrélate significantly with the
réspective isotope-method meésurements, in both normally nourished
and malnourished states.

The impedance method is more accurate in measuring normal

body compositions than in megsdring malnourished ones.

’
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2. Résunmé : ) y -
c )

Des Fecherches antérieures ont démontré qu'il existe une relation

entre la résistance électrique totale de l'organisme (R) et sa masse naigre

de la
*

)

(MM). La présente étude a ;:7\;1' but d'examiner 1'utilisati
e de la composition corporélle, et de comparer

réactance (Xc) dans la mesu

la précision des mesures de R et de Xc & l'état normal par opposition & un

état de malnutrition. . - .

Nous avons déterminé R et Xc¢ chez 64 sujets, au moyen d'un pléthysmo—
graphe & meéd{ance d quatre électrodes. La compositionm corimrelle fut
déterminée simultanément par multiples dilutioms isc;topiques.

Selon les mesures par dilution isotopique, 23 sujets avaient une
composition corporelie normale et 41 souffraient de malnutrition.
L'analyse. des données a révélé 1) existence d'une relation inverse entre la
MM mesurée par méthode isotopique et la R (r=0,78), conformément aux
résultats antérieurs. .

Nous avons, également observé une corrélation inverseentre la
réactance (Xc) ét MEC/MC (r=0,70), si MEC représente la masse extra-
cellulaire mesurée par méthode 1aotopique et MC J;a m;xése cellulaire. * I1
s'agit d'une nouvelle constatation. i

La MM, la MEC, la MC et la masse grasse, calculés & partir des donmnées

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

‘ avec les mesures respectives par méthode isotopique, & la fois chez 1les /

/

/

sujets normaux et chez les sujets souffrant de malnutrition.

Pour la mesure de la composition &GYporelle, la né‘thode par impédance

" s'est révélée.plus précise dans les cas normaux que dans les cas de /

/

aalnutrition. ) ) —
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2.LIST OF ABBREVIATIONS
Meaning N )
%BF ...... percentage of body fat
22Na ..... sodium-22 isotope - ' .
3 ....... tritium isotope : ' *
BCM ...... Dbody cell mass .
D20=-TBW .. total body water measured by deuterium dilution
Db ....... body defisity
ECFV ...... extracellular fluid volume - .
ECH ...... extracellular mass -
ECM/BCM .. the ratio of extracellular mass to body cell mass
Eq ....... equation
FFM ...... fat free mass, equivalent to the lean body mass
Ht ....... height
Ht2/R .... the sqare of height divided by the resistance
Ke «...c.t total exchangeable potasslum
LB ...... ‘lean body mass
Nae ...... total exchangeable sodium . -
Nae/Ke ... 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 significarce
R .c<... electrical fesistance ’
r ...>.. Pearson's coefficient of correlation
RNa+k..... ratio of the sodium plus potassium content
divided by the water content of a tissue specinen,
‘ 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 potassium
TBV ...... total body water
TEI ...... transthoracic electrical impedance
X ....... electrical reactance .
Z. «¢..... impedance
‘Z/elec.dist. impedance value ‘divided by the distance between
the inner pair of electrodes (in context of
page 19)
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3.PREFACE
’ 3.1.INTRODUCTION.

i )
" In the past decade the medical community has become

~»

> . increasingly aware of the importance of the nutritional state in

determining Rostoperative outcome, host resistance to infection, and
capacity for tolerating a catabolic stress;. Accordingly, it is

. important to have a simple, safe_and accurate technique for
assessing jhe nuatritlonal state. ,
' The measurement of body composition provides a useful index of

the nutritional state?. Body composition in the nutritional sensg

‘refer‘s to a partitioning of the body weight into three main )

ci compartments; the body cell mass (?Cfd), extracellular mass (ECM) N

and f—at. The BCM is the intracellular profoplasm and the

metabolically active, energy producing component of body

composition The ECM comﬁrises plasma , lymph and interstitial

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

Since fat is relatively anhydrous,-the LBM contains virtually all of

the total body water (fI‘BW).

The body composition techniqueé currently used in nutritional

o research, such as Isotope dilution, whole-body counting of

o

potassium-40, neutron activation analysis for total body calcium *and

1 Muller JM, “Keuer\}lw Brenner U, Walter M, Holzmuller W,
Indications and Effects of Preoperative Parenteral Nutrition. World
J. Surg. 1986:10:53-63. .

¢

o * Shizgal HM. The effect of malnutrition on body compositidn.
Surgery 1981;152:22-26. : ~ .
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nitrogen, computerizéd tomography and densitometry, are
impractical for general clinical use. Simpler metheds such as
anthropometry and fat estimation by infrared _or ultrasound are not
sufﬂc‘lentlyﬂ accurate. A W
Impedance plethysmography, since its commercial i{ntroduction in
1981, is rapidty becoming pﬁopulm" as a saﬁe_. simple and n‘on-

—

invasive measure of body composition and mlgrit gain wides ad~
clinical use if further refinements in accuracy are achlevedT

Impedance plethysmography connotes the measurement of the

AN

resistance and reactance to an electrical current applied to a living

organism. The intra— .and extracellular fluids of the body comprise
an ionic conductive volume that offers resistance (R) to the flow -of

current, according to Ohm's law:

-

{voltage)
(current) .

(Resistance)” R = ¥
I

Because fat cpntalﬁs little wqater. cqnductance occurs primarily .
through the LBM. ‘
yyboer. who piofneered research relating impedance measlureldnent.s
to biological function in the 1940's, conceptualized that th; -
reactance (X¢) measusenent might be related fo the body cell"

membranes acting as the dielectric of a capa#itor. Basic electronics

i— [
tells us that reactance is the appa@t resls{tance of a capacitor in -

,8n AC circuit, and that.its value decfea}e? ‘as the g.ppued frequency

increases, according to_thé proportion:
J. "
T

Xe =*
\

6.28 Fk A

,'" . 'y .
f - : : page 7



“where T is the thickness of the dielectric, F is the frequency and

N\ '
A is the area of one of the dielectric plates. At low frequencies .

(- 1 kHz) of current applied to the body, the current passes mainl}}r

through the extracellular fluid while at higheg frequencies ( >500

kHz) it passes through both the extracellular and intracellular o

compartments. The impedance plethysmograph currently us“éd by
mos{\lnvestigators delivers a 50 kHz current of 800 microamps.

This slénal is clinically safe for medsuring virtually any sukject and

- 18 palnless.

’
Nyboer was the first investigator to demonstrate that
electrically mea8ured biological volumes were inversely reldted to

impedance (Z), resistance and reactance3. He proposed the equation:

-Z =VYR? + Xc?

¢
[ 4

Because Xc¢ is relatively much smaller than R, the R valug is,

approxinfately equal to Z. ]

Bloelectrical reslstat{ce £ mathematically related to. the volume
of the con&uctor. as shown in the following steps::
., (a) Gtven RS pL /A
where L is the conductor length, A is the cross-—

sectional aréa of the conductor énd p is volume
« - } .
. resistivity, , K .

—

(b) Multiplying equation A by L/L gives R # pL3/ AL

“where AL is the volume (V). Substituting V for AL gives

3 Nyboer J. Electrical Impedance Plethysmography. Sprmgﬂeld
IL: CC Thomas. 1970, 2nd edition.
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¢ geometry as Ht#/R.

R ® pL2/V™, and rearranging gives

(¢) 'V = pL¥R

Because or the complex geometry and bio—elegtrical domposition

—

N 7
of the human body, equation (c) is likely a simplistic approximation,

»

" .« but it is pertinent in that investigators®* have found that_the

‘regression relationship between R and the isotope-measured total
o w « .
body water is strengthened best by correcting for the—subject's ‘

Il

o < . A

3.2.HISTORICAL REVIEW : .
Early research work on b'loimpqdance was focussed on vascular

and respiratory applications. In n1907 Cremer? “no‘ted that capacltoy

megsurements varied with the beat of a frog's ihtlaar't. In 1932 -

Atzler® placed capacif-or plates on eithe;side of the thorax ef a 0

human and (ecorded dielfctric chaﬁges“related to cardiac activity.

‘ .

Mann’ reported in 1937 that continuous impedance measurements of

1imbs var}ed rhythmically with the pulse. In 1940, Nyboer® designed

¢ Lukaski HC, Johnson PE, Bolonchuk WW, Lykken GI.
Assessment of fat—free mass using bioelectrical impedance .
measurements of the human body. Am J Clin Nutr' 1985:41:810-817,

|
5 Cremer H. Uber die Registrierung Mechanisc}\er Vorgange ’
auf electrischem Wege, speziell mit Hilfe des Saitengalvonometers
und Saitenelektrometers. Munchen Med Wschr 1907; 54:1629.

¢ Atzler E, Lehmann G. Uber ein neues Verfahren zur
Darstellung der Herztatigkeit (Dielektrographie). Arbeitsphysiol 1932;
5:536. . ;

%
(>

\

7 Mann H. Study of Peripheral Circulation by Means of an
Alternating Current Bridge, Proc¢ Soc Blol Med. 1937, 36:670.

8 Nyboer J. Electrical Impedance Plethysmography. Springfield,
IL: CC Thomas, 1970, 2nd edition.

e
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an impedance recorder to measure cardiac output. Thomasset® ,
reporting in the early 1960's, was the first to use impedance in
measuring total body water, and Hofferi® further defined the
relationship between impedance and TBW in 1969.

There was little progress in this area during the 1970's. In 1985,
Lukaski ana co-worke:s*f"x"eported on comparisons between
impedance méasurements. LBM measured by deuterium, and total
body potassium (TBK) measured by whole body counting in 37
healthy mén. They found strong correlations between 1/R and LBM,
TBW and TBK, optimised by correcting for the subject's height (as
Ht/R).

"I‘o differentiate the normally nourished from the malnourished
state, it is necessary to know the size of the body cell mass (BCM)
relative to the extracellular mass (ECM). In the normal state, the
ratio ECM/BCM is approximately 1:1, so it is understandable why
resistance correlated well with TBK in Lukaski's study of healthy
men, since it correlated strongly with LBM. However, in the
malnourished state, the BCM becomes much smaller relative to the
ECM.

One purpose of our study- was i:o determine whether impedance

3

could measure the relative changes in BCM and ECM that occur

S Thomasset A. Bio-electrical properties of tissues. Lyon Med
1963;209:13256-52. ’

10 Hoffer EC, Meador CK, Simpson DC. Correlation of whole-
body impedance with total body water. J Appl! Physiol 1969;27:531~-
4.

1! gee footnote #4
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with malnutrition. Since resistance was related to LBM and TBW as
shown /by prior research, our curiosity was focussed on the other
component of impedance, reactance.

\

Our second objective was to determine whether the relationship
N

betweeh R ;a.nd LBM is accurate in malnourished states
3.3. THE PRESENT STUDY: ORIGINAL FINDINGS

Impedance and bod’y composition measurements by multiple 1
isotope dilution were performed on 64 hospitalized patients, the
majority of whom were malnourished according to isotope-—dilution
results. ;

Reactance was found to correlate fairly strqngly with the ratio
ECM/BCM (r = .70), as 1/Xc, from data analysis based on the (
entire éroup 001 64 patients. This relationship for reactance is a
new observation and it is useful because 1t enablgs a calculation of
BCM and ECM based on impedance measurements. The mathematics
are as follows:

Given that LBM = ECM + BCM,
then, dividing by BCM yields
LBM = ECM + 1
BCM BCM then solving for BCM gives

k-
LBM ] .
- where LBM is determined by 1 K
(ECM/BCM + 1) and ECM/BCM by 1/Xc.

]

) BCM

ECM is then solved as LBM -~ BCM.
Similar to the findings of other mvestigatoJrs, the regression
relating 1/R to LBM was optimised by correcting for ﬂ}e geometry
of the subject, as Ht?/R. The regression relaifing 1/Xc¢ to ECM/BCM

page 11



was improved best by including Ht2 as a second independent

\;arlable.

The measurement of LBM by Ht?/R in the malnourished subjects
was not as precise (r = .83, SEEfmean = 9.8% !2) as in the
normally nourished subjects (r = .97, SEE/mean = 7.1%). The

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

T

malnourished group ( r = .64, SEE/mean = 11.7%) and the normal
group (r = .60,SEE/mean = 9%).

The measure of ECM/BCM by 1/Xc was slightly better for the

total group 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 nourished (n=28, r =.25, SEE/mean = 17.1%).
While reactance is certainly a measure of ECM/BCM, it is not

sufficiently precise, using current techniques, to measure small

changes in body composition.

3.4.ACKNOWLEDGEMENTS

Much of the lab work relating to processing( of isotope-dilution
specimens was done by Mr. Joseph Vincelll B.Ed. and Miss Linda
Grey, two McGill University technicians associated with the Body
Composition Laboratory of the Royal—Vietoria Hospital.

This study was funded by a grant from the Medical Research

<

Councll of Canada.

-

12 For regression analyses, the standard error of the estimate

divided by the mean of the dependant (Y axis) value, is abbreviated

as SEE/mean Y and is a measure of the accuracy of the regression
relationship,
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" 4.LITERATURE REVIEW -

/

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

Lukaski and coworkerst3d compied whole body resistance and
reacfance measurements with- fat—free mass assessed p,v
hydr’odensitometry. total body water (TBW) determxﬁedby D20
dilution, and total body potassium (TBK) from‘whole body counting,
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
800microamperes a.t 50KkHz. Comp‘grison measurem;ants_ were made
using electrodes placedJ on the ipsilateral and contralateral sides of
the body.

. Their results a}e:

1. Electrode placement influenced the observed R but not the Xe¢
values. Ele_ctrode,confi'gurations using the right arm had,
significantly lower (P < 0.05) R values than did the arrangements
using ;tie left arm, perhaps because in 32 out of the 37 subjects
the right arm was dominant. The investigators used the lowest

observed R value as repre'sentative of an individual on further

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

13 Lukaski HC, Johnson PE, Bolonchuk WW, Lykken GI.
Assessment of fat—free mass using bioelectrical impedance
measurements of the human body. Am J Ciin Nutr 1986;41:810-817
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-

single measurement and the reliability coefficient for a single

¢

measurement over &6 days was 0.99. As shown in Table 1 , strong

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

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

increases in the correlation coefficients were observed when the

predictor Ht2/R was regressed against FFM (r = 0.98), TBW w o

(r = 0.95), and TBK (r = 0.96).

\

Table 1 Correlation matrix of selected variables;
measurements of 37 normally nourisl}ed subjects.

Mass
Height .63
FFM - .91
FatMass .85
X% Fat .65
Densgity -.65
TBK .81
TBW .90
Wt/Ht2 .94
R -.76
Xe -.50
Z -.717
Ht2 /R .86

FFM Fat Mass Density TBK TBW VWt/Ht2 . R Xc z

055 ¢ Ie
.29 .93
-.29 -.92

.97 .48 -.22
.96 .56 ~.31 .96
.19 .89 ~.75 .71 .80

-.86 -.45 .23 ~.79 -.86 -.77
-.54 -.31 | .16 -.54 -.55 -.47 .71
-.86 -.45 .22 -.83 -.86 -.78 .99 .70

.98 .49 ~.22 .96 .95 .73 -:89 -.64 -.89

FFM
TBK

R
Xe

: fat-free mass, equivalent to the lean body mass
: ‘total body potassium
vTBN : total body water
: whole body resistance
: vhole body reactance

3. Compared to resistance, Feactance correlated poorly with TBK,

- -

FFM, Fat mass, TBW and density. The correlation coefficient -

relating R and impedance (Z) values (r = 0.99) was significantly

greater (P <0.001) than that between Xc and Z (r = 0.70). Thus, the

contribution of X: in measuring body composition was considered -
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negligeable. -

§

4.2.FAT-FREE MASS DETERMINATION BY IMPEDANCE .
COMPARED TO DENSITOMETRY AND ANTHROPOMETRY METHODS

‘To further validate the relationship between bioelectrical
conductance (ht2/R) and fat-free mass determinéd by densitometry,
Lukaski and coworkers!4 studied 114 male afld female
volunteers, aged 18-50 years, with a wide range of lean body mass
(34-96kg) and percent body fat (4-41%). Anthropometry data,
comprising skinfold thicknesses at the triceps, biceps,
suprailiac crest, and scapula, were also co%lected in order to
compare tghe prediction errors of body fatn;ss derived from the
te;rapolar impedance method a;d skinfold thickness, rel;tive to
hydrodensitometry.

Body density was determined from hydrostatic weighing with
simultaneous measurement of residual volume by nitrogen washout
of the lungs, Peréent body fat (%BF) was calculated from body
density (Db) according to the Brozek!® formula:

%BF = 100{(4.57/Db)-4.142].

Fat-free mass was calculated as the difference between body

ma;s and fat mass, where fat mass equaj:ed body mass times percent ‘

»

body fat.

i

14 Lukaski HC, Bolonchuk WW, Hall CB,-Siders WA. Validation
of tetrapolar bioelectrical impedance method to assess human body
composition. J Appl Physiol 1986;60(4):1327-1832, °

15 Brozek J, Grande F, Anderson JT, Keys A. Densitometric
analysis of body composition: revision of some quantitative
assumptions. Ann NY Acad Sci 1963;110:113-40.

ER Y
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Bioelectrical impedance was measured by the same 800 ®

microantpere, 60kHz technique as the previous study, employing two

——

pairs of wrist and ankle electrodes and taking the lowest observed

—

resistance value as reprepentatlve of an individual.
. §

The results are:

1. Fat;free mass determined by densitometry correlated highly

*

with fat—free méss predicted ”from impedance ' ing the qguation
devioped in the previous study o‘t: 37 male volunteers, with an r
of .98 for r-nales. For females, the correla\tion between
densitometry-measured fat-free mzis_s and\vafues predicted from the
combined (previous and present data) male impedance formula w‘as
also strong, r = .95. No statistical difference was found. between -
either the slopes qr the intercepts of the regression lines -relating
ht?/R to fat-free mass of the male and female volunteers.

2. Relative to hydrodensitometry, the 1m15edax{ce estimate of body
fatness had a lower predictive error br standard error of
estimates than the anthropometrie technique (2.7 vs. 3.9%). The r
value was .93 for the corre\ation between densitometry and
impedance measured npe.rcent body fat, and .88 for the correlation

between densitometry and anthropometrically measured percent body

fat.

page 16
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4.3.COMPARISON op mpmnmcz umsunsuau'rs WITH D10 - .
MEASURED TOTAL BODY WATER IN NORMAL AND OBESE '+~ + °
SUBJECTS - - X '

- 3 LN
Kushner and Schoeller'¢ compared total body wa—e/dg'BW)

measured by bioele&trical impeddnce and deuterium-isotope dilution
P [

4

in 58 subjects. They first developed sex~specific and group
equations by multiple f‘egression analysis in 10 obese and 10 non-

p—

obese men and women, -and then prospectively tested the equations
in a heterogeneous group of 18 patients. '
Bioelectrical impedance measurements were collected using
the- technique standardized 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 saliva sampling before and after oral Dz0
administratfon. ‘

The following observations were made:

1. The mean coefficient of variation for within-day

.
. -

- intra—-individual bioimpedance measurements was small, at 1.3%.

2. Ht?/R was the most significant independeqt predicter of

D20-TBW, accounting for 94% of the total variability assoclated

with D20-TBW (r=.97). The prediction of D20-TBW was further
improved by adding weight to the multipie regression equation,

glving a multiple correlation coefficient r of 0.99 and an

-—

16 Kushner RF, Schoeller DA. Estimation of total body water
by bioelectrical impedance analysis. Am J Clin Nutr 1986:44:417-
424. ,
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; improvement in the standard error of the estimate (SEE) from 2.5

Yy

to 1.76. Adding age to the equation ‘did not, improve the prediction

of D20-TBW.

3. Compared to the group equation, the maie-'-speclfic and

female~-specific equation slightly reduced the SEE and total

-

L4
~

error, without improving the r values.
4. The equatnions predicted DzO-WTBW with high correlatjon for both
non-obese and obese males and females; the regression slopes were

not statistically different between the obese and non-obesg

subjects. o

~ .
5. 1n cross validating the equations on a prospective population

by

of 18 heterogeneous patients, the correlation coefficients .

remained excellent (r of .93. t10.97) for both the group equation

and the sex-specific equations. The difference befween the

impedance-calculated D20-TBW for all equations was not

JE———

statistically different from the measured D20 dilution space. The
group equaiion was at least as good or better ‘than sex-specific
\equations in the prospective portion of the study, suggesting

that the use of one group equation for both males and females may

4
be suitable.

4.4.COMPARISON OF DEUTERIUM MEASURED TOTAL BODY
WATER WITH IMPEDANCE MEASUREMENTS CORRECTED FOR
ELECTROLYTE CONCENTRATION

4

=

t
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Schloerb and coworkers!? also correlated total body water with
bio-impedance but they included corrections for electrolyte
concentrations in their regression equations.

Total body water was measured in 18 normally nourished

adults by urine analysis following oral administration of

deuterium. Impedance was measured using the RJL Systems analyzer

with electrodes attacheci to the subject's_right wrist and ankle.

TBW correlated st‘.rc’m‘gly with Ht_z/Z (r = 0.96), where\'Z is
impedance. Males and females conformed. to the same regression
equation:

. TBW = 6.19 +5683 Ht/Z --

TB\Y correlated :less well with impedance (Z-)(r = 0.77),
height squared (r = 0.80), and body weight (r = 0.84).

The electrolyte correction factor for patients with altered )
serum sodium concentrations wa;s incorporated in t'he regresslonA
as: |

TBW'= 6.19 + 5683 Ht?/|Z + Na(.00719{Na -TOOGII)]

" However, no mention is made concerngng any improvement i{n
accuracy lby correcting for the serum sodium. The .authors' .
conclusion that body cell mass can be estimated from totdl body/
water predicted by impedance would be untrue in malnourished

states where the ratio of extracellular to intracellular water |s

17 Schloerb PR, Gurian JH, Lord LM, Winiarski EA, Casey CM.

Bioimpedance as a measure of total body water and body cell mass

in surgical nutrition. European Surg Res 1986;18(S1):3.
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not constant. .- .

4.6.EXPERIENCE WITH IMPED:&NCE MEASURED USING OTHER .
ELECTRODE PLACEMEN:PS AND A 100kHz FREQUENCY .
Roos and coworkersi® compgred transthoracic eiectric impedance
(TEI) and total hody extracellular\fluid volume (ECFV) in 7'6 people.
They used the IFM/Minnesota impedance cardiograph, model'304A,
to measure transtho_racic impedance; this device delivers 9: maxgi
alternating current from an outer pair of four electrodes placed
circumferentially around the subject's neck and below the
‘xlphisﬁternal junction. Impedance is measured from a s'w’econ,d pafr of
“senslr}g electrodes, positioned nearer tile midline, after ».5 hours in
the supine position and at end—-expiratory apnoea. They found that
the long recumbent period w‘aﬁs necessary to achleve stable readings.
The impedance measurement was corrected for electrod;
placement by dividing impedance by the distance; between the inner
pair of‘ electrodes (Z/elec. dist.). N
- ECFV ’was ~tﬂ:sti‘rmn;‘ed as the bromide-sﬂz distribt‘xti‘or; volume and

was divldgd by the lean body mass as estimated from formulas

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

[
hd

predictor variables. -
(

“They found that transthoracic impedance correlated with ECFV,
changes with an r = -0.76. The correlation between Z/elec.dist.

and ECFV/LBM was -0.66 for men and -0.61 for women.-They .

*,

' 1

4

18 Roos JC, Koomans HA, Boer P, Dorhout Mees EJ. T
Transthoracic electrical impedance as an 'index of extracellular fluid I
. volume in man. Intensive Care Med’ 1985;11:39—-42@

€
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concluded that, for repeated measurements in the same subject, a
change in transthoracic impedance is possibly a sensitive index .!"or
a i:l{ange in ECFV. )

The Z/elec.dist. value was found to rise with inspiration,
and eo-the measurements were performed at‘ end—expiration. The
authors attributed this increase to eloﬁgation of the thorax and_
electrode distance during respiration, since it was unlikely that
major fluid shifts were o_ccuri'mg during respiration. Tl}e}’ suggest
that whole-body im;edance(‘ from the neck to the ar;kles) Is less
VAria?le and might be more useful in determininé ECFV. _

\

4.6.BODY COMPOSITION MEASUREMENTS BY MULTIPLE ISOTOPE .-
DILUTION; THE INDIRECT MEASUREMENT OF TOTAL = - ‘
EXCHANGEABLE POTASSIUM

-

The isotope-dilution techniques used in our lab for measuring
body composition were perfected and validated by Shlzgal and
coworkers!e. &

“The technlque invo:lves measuremant of total exchangeeble .
sodium (Nae«) and total body‘ water (TBW) by isotope duutlo;n.
using sodium-22 and tritium (3H) respectively Total exchangeable
potassium (Ke) is calculated rrom the¢ following formula: '
© Ke = Ruasx (TBW) = Nae ‘

where Rn.u is the ratio of the sodium plus potassium content.

divided by the water content in a sample of whole- blood - f Lo

1% Shizgal HM Spanier: AH, "Humes J, Wood D. Indirect
measurement of total’ exchangeable potassium. Am J Physlol

»
<
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" whole blood. TBW was by easur_ed by isotope dilution using

The th'eoretlcal con_slderotlons behind the indirect
measureme'nt of Ke are (a) the absence of ah osmotio gradient
between the intracéllular and ‘extracellular compartments, and (b)
the observation that the major sources of \body wate: oomolarit-y

are the electrolytes, with sodium and potassium being the

principal cations. It was postulated that the ratio (Rwas+x) of the
—~— .

) 3
sum of the freely exchangeable sodium and potassium divided by

the water content would be identical for all tissues within an .

¥
individual.

This was expressed mathematically as: X

" Equation A: Rwesx = Nae + Ke , which on rearranging gives:

- TBW

Equation B: Ke = Ruesx(TBW) - Nae

. ¢

Since in all tissues the total content of potassium is

k]

freely avallable for exchange, Ke is equivalent to the total

potassium mass, Nae underestimates the total sodium content’ of the -

body ‘because much of the sodfum content of bone'is unavailable for
exchange. . " . o / ) o
Equation B was used to caiculate Ke; Ruasx was calculated by

me‘asuring the sodium, potassium, and water confent in a sample of

ST

: .,gritldted water, and Nae by using sodium-22.

Equatlon B was vaudated in a four part experiment Part 1.

~tee:t:cad*-*the basic assumption that the ratlo Riasx is the same in all
" tissues, by measurlng the total mass of sodium. potassium, and - ‘

water in muscle, kidney, liver. whole blooé. spleen, heart and

&
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‘ lung in i4 normal ra}s. The tissues were dessicated to a constant
dry weight, with the water content calculated as the difference =
b“etween the wet and dry welights. The electrolyte content was
obtained after dlssolvmg‘thé dried residue in nltric‘ac.ld.- wlth_
measurement of electrolyte concentrati‘o'n and solution volume." '
Althoughgslight variations existed between the calculated R ratios
for the seven different tlnssues. the differences were not
stat’l;stically significant by an analysis of variance.

In part 2, the Ke was determined both’indlrectly using
equation 2 and directly by carcass analysis in 19 normal rats and
in four rats with ‘uremia. The Nae was d‘etermkned i)y measuring the
specific activity o;’ sodium-22 24 hours after intravenous
injection. TBW was measured by dessicating the entire animal to a
constant dry weight. The Ke determined indirectly by equation B
was compared, as the dependent variable Y, with the Ke measured
by carcass analysis, as thebin,dependeﬂt variable X, in a least
squares regression analyslis. The actual regression, Y = 0.99X, was
almost identical to the line of identity, Y = 1.00X, and the
correiatlon between pf\e two sets of measurement.s was excellent,

(r = 0.‘91). The standard error of the estimate was 2.25 meq, which

was 9% of the -mean.

~

v

Similar results were obtained in part 3 of the experiment,
in which K. was sir'nultaneously determined indirectly by‘equatlon
2 and directly by potassium-42 duution-ln 16 normal dogs.‘ five
>dogs with uremia, and 14 dogs In a hypo-osmolar state induced by :

o pl‘tressin and infusion of large volumes of water. Each animal was
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injected fntravenously with 156 microcuries of sodium-22, 500
microcuries of potassium-42, and 500 microcuries of trinét?d water.
The serum concentration of isotopes was determined by differential
beta. gnd gamma counting twenty-four hours later, and was
corrected for the urinary loss. Comparing the direct and indirect
measurements of Ke using the method described for part 2, the
regression line was virtually identical to the line of~ identity. The
:':orrelation between Ke deten;unegi indirectly and that determined
'by potassium-42 was excellent (r=0.98). The standard error of the
estimate was 47.6 meq, which was 6% of the mean.
. ¥

In part 4 of the study, Ke was determined simultaneously by
potassium—-42 dilution and indirectly by the method of equa;tion B
in .8 heterogeneous group of 20 patients, many of whom were
&termlnélly ill. The experimental protocol was similar to that
- described in part 3. There was an excelient correlation
° (r=0.988) between the Ke measured indirectly and that measured
directly by potassium+<42. Thé line of identity ax;td the regression
line (Y = 1.02 X) almost coincided. The standard error of the
estimate was 141.2 —x;leq, which was 7% of the mea:n. The high
correlation existed in spite of the fact that the Ke of a
majority of patients in the group was abnormally lov.é?.

Additionally, in 25 normal volu;gteers Ke was determined

indirectly by equation 2 and tompared to the Ke measurements

rd
reported by Moore 3° obtained by potassium-42 dilution in 33
\W

% Moore FD, Olesen KH, McMurray JD, Parker HV, Ball MR,
“Boyden CM. The Body Cell Mass and Its Supporting Environment.
Body Composition in Health and.Disease. Philadelphia: Saunders,

n
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normal volunteers. The indiﬂrect measurement of Ke involved the
intravenous injection of 500 microcuries of tritiated water and 8
microcuries of sodium-22 to determine TBW and Nae., respectively.
The regressior line and 95% confidence limits for the
indirectly—determined Ke almost coincide with the regression line
and confidence limits of the data published by Moore.

The authors con'clude that the indirect measurement of Ke 1s
experimentally validated, noting that the prec;sion of the
indirect Ke measurements is not as good-as that obtained with
potassium—42 dilution. The latter invol{res a single isotope
dilution measurement, while the experimental error of the
indirect measurément &s the sum of the experimental errors of the
measurenient of Rxa+x, TBW and Nae.. An estimate of the precision
of the indirect measurement is the standard error of the estimate
of the regression line comparing the values of the direct and
indirect techniques. In the group of 20 very ill patients {(part -
4), the standard error of the estimate was 134.9 meq, which |
represents 7% of the mean Ke.

The advantages of the indirect Jmt;asurement of+Ke over r.he' N
direct method using pofassium—42 are convenience and cost. The
short half-life of potassium~42, 12.5 hours, necessitate frequﬂent
expensive shxpm'ent's and make it int':onvenlent to, use. TQe counting
of potassium-42 is complicated by the need to correct for

radioactive decay before and during the countlngnperiod. By

_ contrast, the two isotopes used-in the indirect measurement of

]

v

1963:13-42 and 531-5636.

—
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Ke, sodium=-22 and tritium, have half-lives of 950 and 4.5x105

-

days, respectively.

-

4.7.BODY COMPOSITION IN THE MALNOURISHED STATE
A Using the technique described above for the indirect
@ measurement of exchangeable potassium, Shizgal®® has examined the

s

effect of a chronic catabolic state or starvation on body

&

composition.

Body composition studies were done in 75 patients who
appeared clinically malnourished. The red cell 'mass was
determined from the equilibrated concentration of chromium—51
tagged red cells. The plasma and extracellular water volumes:were
determined from the plot of the légarithm of the plasma
concentration of radio—iodinated serum albumin and sodium-—22
ageainst time. Tot‘a] body water was calculated from the ’
equilibrated plasma concentration of tritium-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 using the assumption that
» total body water éomprises 756% of the lean body'» mass. Body fat

was calculated as body welight minus lean body‘ mass. Body cell

mass was calculated from exchangeable potassium as follows:

BCM = K« x 0.00833

2 Shizgal HM. The effect of malnutrition on body
composition. Surgery 1981;162:22-26. )
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The extracellular mass was derived as the lean body mass minus
the body cell mass.

Another 20 patients were studied before and on the fifth
day after an elective operation 0;5 moderate severity, usually
resection of either the stomacr? or large intestine. During the
initial five days post-operatively, these patients received a
daily infusion of 3 liters of a 5% glucose solution containing
sufficient electﬂrolytes to maintain electrolyte balance, but no
other caloric 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 madnourished patients was not
significantly different from that of the 25 normal volunteers.
However, the composition of tbt:e lean body mass in the
malnourished patients was abnormal, with a marked decrease In the | K
body cell mass and’a\correspondlng expansion of the extracellular

4

mass. The mean body cell mass in the malnourished group was 14 7
+ 0.1 Kg, compared with 24.7 + 1.1 kg in the normal volunteers. ’ln
&the malnourished group, the mean extracellular mass was 31.9 + 0.9
kg compared with 25.8 + kg in the normal group. In the group of
20. patients where body compositions preoperatlvély were compared

with those at 5 days postop, the body cell mass was reduced by

13.99% while the extracellular mass was lncre\ased by 9.6%.

2. In that malnutrition is characterized by a decrease in the g
@
body cell mass accompanied by an increase in the extracellular

|
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mass, the ratio of exchangeable sodium to exchangeable potassium
(Nae/Ke) 15 a sensitive index of nutritional status. In 25 normal -
volunteers, the mean Nae/Ke was 0.98 + 0.02, with the upper 95%
conflden‘ce limit 'of 1.22. This led to a definition of -
malnutrition as the presence of 2 Na«/Ke in excess of 1.22. In

the 75 malnourished patients, the mean Na./K_c was 1.9§ + 0.08. In
the 20 patients studied before and 5 days following a major
operatvlon. the Nae/Ke iIncreased from 1.04 + 0.08 preop‘ to 1.29

+ 0.11 postop.

Dr. Shizgal reports that & Nae/Ke greater than 1.22 was
vl\rtuall& always assoclated with an abnormally decreased body
cel?l mass, and that total parenteral nutrition increases the body
cell mass only In those patients with a ratlo greater than 1.22.

3. In the group of 20 patients studied pre- and’ postoperatively,
the mean body cell mass decreased by 13.9% while the mean body
weight decreased by only 3.9% because of a 9.6% increase in the
extracellular mass, demonstrating that body weight changes a;:
not a sensitive measure of the nutritional state. Body weight

loss correlates more closely with loss of body fat than with

changes in lean body mass or body —¢ell mass.

65.METHODS
6.1.OVERVIEW

Impedance measurements and isotope-dilution body composition
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studles were performed on 64 patients of the Royal Victoria
Hospltal between October 1985 and May 1986. Most of the subjects

were clinically malno‘urished and were referred to the

*  hyperalimentation service for a course of total parenteral

nutrition. Approximately 65% of the batlents were general
surgical, and of these about 15% were critically ill and
requiring intensive care. The other 35% of patients were referred
, from the department of medicine, including the inrensive care
unit and bone-marrow transplant unit, or from the gyf\ecqlogy and \
oncology services.

The impedance measurements were performed just prior to the
injection of isotopes in each patient.

Written lnforl-ned consent was obtained for the isotope study
and verbal informed consent for the impedance measurements from -~
,each subject. The hospital Ethics Committee had previously

approved the act of body composition analysis using lisotopes.

~ 4 on 4

5.2.IMPEDANCE METHOD
Resistance and reactance were determined using a
four~terminal impedance plethysmograph (RJL Systems,«modelj 101,
Detroit, MI). The subject was measured in a relaxed. supine
position on a bed, with the shoe and sock removed from the right
foot. The dorsum of the right hand and foot was gently rubbed
with an alcohol iwab to defat the skin surface, and four aluminum - ,
-

spot electrodes were applied, one pair on the right hand and the

other on the right foot. The proximal detector electrode on the

-
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hand was positioned on the mid-dorsum of the wrist at the level of
‘the ulnar tubercle. The current—introducing electrode was placed
overlylng ‘the dorsum or the third and fourth metacarpals just
proximal to the knuckles The proximal detector electrode for the
foot was positioned on the mid—dorsum of the ankle between the
Amélleoli. while the distal current~introducing electrode was placed 1
cm proximal to the toes overlying the dorsum of the _second and
third metatarsals. The electrodes were pre-packaged with a ldyer of
electrolyte jelly on the conductive side. ’

A painiess, insgpsible alternating current of 800 microamperes
at 50kHz was bassed into the patient by switching on the buillt-in
power supply of the plethysmograph. With another switch set to '
measure resistance, the plethysniograph displays a digital readout -
of the sum of the in—-phase vectors. With the switch set to
re‘actance, the display is the sum of the out—of-phase vectors.

Less than two seconds were required for the digital display to
settle at consistent readings for either resistance or reactance,

~ and these were recorded. All recordings were made with the .
electrodes attached to the right limbs except where this was

not feaisible due to amputations, wounds or cathetér dressings.

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

—

side.

°
2

6.3.1SOTOPE~-DILUTION METHOD

Body composition was determined using the tritium and
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sodium-22 isotope—dilution technique described by Shizgal, as
described in section 6.6, which provides an indirect measurement of
total exchangeable potassium (Ke). The isotope injections were

performed immediately following the impedance yneasurements for

each patient.

¢ The steps in this technique are as follows:

A. Preparation of Isotope Injections

v

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

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

needle, and 2 cc's of sodium-22 (22Na) solution were drawn into.a
3cc plastic syringe tipped with a 25 gauge needle. Each syringe,
with capped needle attached, was then weighed on an analytical
‘balance.

B. Drawing or‘iBasellne Samples and Injection of Isotopes

20cc's of blood were drawn from the patient for isotope
processing as described below, to provide a measure of background
radiation activity prior to the injection of the isotopes.

The 10cc's of 3H solution and 2cc's of ‘”Na solution were”
then injected intravenously into the patient using sterile ]
precautions. \

The 10cc's of the 3H solution comprise a dose of approximately
500+ microcuries. Tt,te radiation to the patient is 29 millirads .
assuming a biological half life of 10 days. The 2cc'.s of 22Na are
about 10 microcuries, exposing the patient to 96 millirads assumlné

a half-life of 10 days. The total radiation dose of 1256 millirads is-

approximately equivalent to that ‘of two liver~spleen scans.
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The isotope syringes were reweighed following injection, with
the difference between thwe full and empty weights used to

@ «

calculate the precise amount of isotope administered.

L]

C. Processing of Samples

20cc's of blood were drawn at: 4 hours and 24 hours
)
following the isotope injections. All urine and drainage fluids,
such as from nasogastric tubes and wourlld or absce'ss sumps, were
also collected during the 24 hour period following isotope

injections.

The blood samples were centrifuged to separate the‘plasma
fractign from the cell fraction. 3cc's of plasma were pipetted
into egch of two plastic gamma-counter vials. Another 3cc's of
plasma were added to a test-tube containing 3cc's of 10%
trichloroacetic acid. This mixture was then stirred and
centrifuged, and lcc of the supernatant was pipetted into ‘each ‘of
'three‘ glass beta~counter vials containing 10cc's of aquasol.

The gan;ma urine or drain-fluid samples were prepared by
adding 3cc's of the fluid to each of two gamma vials. To prepare
the beta samples, tl’le urine or drain fluid was first decolorized
by filtering with activated cha‘rcoal. The filtrate was then mix‘eq
with an equal volunie“ of trithorqacetlc acid, and 1cc of the
supernatant was pii)ettéd lnpo -each ;f threé beta vials containing
10cc's of.aquasol. .

The various beta and gamma samplés were then loaded into

a beta liquid scintillation counter and gamma deep well crystal

5
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detector.respectively, for differential count}ng of the radmi_fitope
concentrations. Including sodium-22 and tritium standards
corresponding to the vial used in Qreparlng the injections made it
possible to correct for differences in isotope activity. -

The water content of the blood was measured, from the 24 hour
specimen, by first determining the protein concentration using a

Vs
total solids meter and then using a conversion chart relat.lng,:(water

concentration to protein concentration. !
The serum sodium and potassium concentrations were also
determined from the 24 hour sample using either a flame

photometer or the blochemistry services of the hospital.

D. Calculating Body Composition from the Isotope Data

The TBW was determined from the relationship:

TBW = (2H counts/mun iniected - SH counts/min excreted )

24-hour plasma tritium concentration

...where the courts/min injected is determined from the amount
injected and the activity of the standard, and the counts/inlp
excreted is determined from _the volume of urine and drélnage

fluids and their radioactivities.

The Nae was determined in a similar manner:

Nae. = ( 2Na counts/min lmgg;g‘g - ®Na counts/min excreted)

24-hour plasma #Na concentration

“Total exghangeable potassium (K«) was determined from:

Ke = Rua+x X TBW - Nae

...where Rwa:x is the ratio of the sum of the sodium ;;lus-

-

S
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, N
potassium content divided by the water content in a sample of

1Y

whoIe blood. .

The lean.body mass (LBM) was determinefi_ by assuming that the
total body w’ater comprises 75% of the LBM, i.e. '
" LBM = 1.333 x TBW
3 Body cell mass (BCM) was calculated as Ke x 0.00833, 'while
) extracellular mass (EC!G) was solved as the difference between the -

LBM and BCM.

Body fat was calculated as body weight minus LBM.

M 3
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6.RESULTS -

6.1.BASIC DATA AND DESCRIPTIVE STATISTICS

W

The basic data from jsotope-dilution a:r\d impéedance
measurements.on 64 patients, sorted acco‘rdlng'to the Nae/Ke 'raﬁo.'

are listed in Table 2. The Nde/Ke has béen previously shown to be

\

a useful index of the nutritional state (i’optnoté 17, seétipn 5.7)'.

the upber limit of the normal nutritional state being a ratio not

(=g

greater than 1.22. By this criterium, 41 of the 64 patients were
L .

0 malnourished (Nae/Ke > 1.22) and 23 were normally nourished.

The relative sizes of the BCM, ECM and fat partitions of body\

11 \ " R
composition for the whole study group and, the normal and
" malnourished subgroups are shown as a bar graph of means in
} . »
Figure 1. ' - _

2
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Table 2. Body compositlon measurements. by isotope dilution and
lmpedance. of' 64 subjects, 41 of whom were malndurished as

defined by a Naes/Ke ratio > 1.22.

Rutr.State Stady Vo. m lgeJll;lmllﬁm la.[_. MH{Kg) MONiEg) JAtIg) Ht{es) Weght(Kq) Dok} L (oin)
58 % - 8

sormal 3308 0.3 55.28 2922 .06 2.1 180.M

worml 3N l 25 41.05 56.23 71 LA W LD I f3.64 D 1
gormal 33T L 51 4.0 53,35 .11 315 2690 0.5 8.2 88,60 08 n
sormal 3307 N 25 ML S2.52 L83 21.60 .81 1305 177.66 §5.77 53 "= 56
porkal 3240 B 57 .65 54032 .8 20.9% . dLM 180,96 96.3¢ W 69
yormal 32 14 4892 61,01 0 LB 3LMONL0 #0184 85.91 450 “50
) gormal 336 @ 21 L1368 L5 19,00, M2 41 190,18 {7 W i
joraa] 3308 X 13 IS4 4804 89 24.26.00.8% SN0 1828 §7.15 410 55
pormal B3 ¥ @ 560 11,36 81 319 (006 L 17099 105.50 3 .
sormal 328 P61 L9 6.0 -0 LML B0 66 160.02 5350 65 {8
porial 3351 1 29 2.8 45.02 .92 21,83 2.8 .M ME.E4 1) 51
pormal 3269 @ 91 LA¢.52.25 0 25.10 LIS AW QML 62 5N 56
Torml NN 118 3.26 42,82 00 20,13 .89 1.5 1616 55.45 66 n
jorml 321 @3 4bL 6631 95 32,67 L6 1800 1T1.M $§.65 40 i
jorst) 339 B 60 46.00 63.12 .97 29.47 36 M 1803 95.45 (%6 55
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pormal B3N N 60 38.I8 8360 1,07 23,28 30.3% 9.0 16510 6.0 Wt - U
N ~aomal 39 1 2618 35,82 1,00 16,01 1941 4. 1.51.“ ££.3 ¥ - N
Toyoradl 3290 K 57 39,08 S3.83 L1l 22,78 0.5 11T 180.34 §5 5851 50
rormal BP0 4241 5R.10 1,.11 .81 3.9 LN 176,59 61.24 S k1)
pormal B3 M 66 JLS0 .69 1.0 D82 051 1hOD 154 f1.82 w88
poradl 3330 P €)  26.93 36.8% 1.1 16.02 20.47 20,11 160.02 51 N6 88
porml 3267 P ST 5.0 3539 120 14.2) QL6 2011 162.56 55,55 19 8
nlaowr. 006 K 8 3307 4546 113 19.50 2595 1056 DTS 56§08 7
slaowr. 3332 1 M .03 3852 LS 17.00 2L52 1048 17018 55 508 3
nlaowr. 202160 M50 0.26 1L 1L NGB L M0 0 5 '3
mlsonr. 3262 X W 148 6504 129 25.80 304 2L - 18004 8636 w0 T3
nhowr. 1250 IAS\S n.1 “.'(47 130 10,35 .12 4.9 15748 - 964 {
mlaowr. 351 1 60 47 0.7 L3 16,90 .82 L 1574 52 M 4]
mlsowr. 31 X 70 0.2 41,26 1.3 1643 B3 A 161.64 51 62 4
plaonr, 3282 1 O&) 3697 S0.6% L 15.51 LM B8 1.1 .50 S .
mhor, ~ 013 1 Y {0.79 55.85 1,35 21.60 3.3 %02 1803 I ) S
alaonr. I3 1S LS .61 16 12.82 20.0% 1400 1B2.56 0713 W 8
nhoar, 328 16 W o Ly 16,80 1.4 10,00 17088 6136 &M 5.
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Body Composition Profiles
means and +/— 1 standard deviation

s

— ‘:-1
ﬁ\\:*‘,‘
n:.,-i
""‘;-_,‘
o 34—“ ‘:‘:A
DTSRI A AT
e e
. a— IR M
PN )
PO LAY
DY PO X
2y RPN e
L — e
) v X
SIS I IS
FOLP I, R APTRIN
). @7¢)
) - %l
p.49.04 ) A p 4 b o >4 > A
10— 25 5 S . SROL
DA ;f : . 9
b
0 TELE ¥ e "0 4 =
d r y
lall subjects ormals| malpour.
measured by isotope dilutiom
Figure 1. . .

1

Bar Graph of the Means of Body Composihon Profiles with vertical
lines indicating + 1 standard deviation for BCM, ECM and FAT. «
all subjects, n=64
normally nourished (Nae/Ke not > 1.22), n=23
malnourished (Nae/Ke > 1.22), n=41
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The body composition profile of the normally nourished group
was not sxgnificantly“dlfferent from that of 25 previously studied
healthy ,volur:teers. The malnounsl:ned group had a significantly
smaller BCM than the normally nourished group, (P<.05). The size
of the LBM is represented as the combined heigiﬂ of the ECM and
BCM bars, and the mean body weight 1s the total height of the
bars (BCM + ECM + Fat). The mean body weight, LBM and fat sizes

were not significantly different between the normal and

malnoﬁrlshed groups, but there is a marked difference in the
-4

" relative sizes of the BCM and ECM.

é-:::%

6.2 .RELATIONSHIPS BETWEEN RESISTANCE, TBW .AND LBM

Relationships were sSought between the various isotope-derived
components of body composition, as the dependent variabie, and the
impedance measurements as the indepengdent variable. Referring to
‘Table 3, .which lists a correlation matrix for all 64 subjects.

resistance (R) correlated best (as 1/R) -with LBM and TBW (r = .78).

]

Table 3. Correlatimn matrix of selected variables, data from all
patients, n=64.

T8 LBK Bae/l. ECH/BCE BCX ECYX TIT Bt{cen

" |

LB 1 !
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ECH/BCY -.08 .08 .91 ’ n
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130 SR VRN 3 R L Y + B Y B

Hmroo0% .05 -3 -l 10 -0

Btica) 62 .62 -39 -46 0% 1 .00 1 BY Welkg) lkes NtM/i /L
Bt 62 62 -0 -0 26 01 ],

vt{kg) .65 .65 -0 -8 58 M5 1 M8 W5 )

1) WS | N | R SO § I RO T IS T | S | I )

AR 177 S B LI I N Y £ Y S L 1 N L s L

Ule 38 .28 .05 .00 -2 .66 -1 -1 -0 00 L6 81
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The relationship between 1/R and ECM is not as suitoble, as

v::pill be shown later ln this section.
Figures 2 and 3 demonstrate the scatterplots'comparing 1/R with
TBW and LBM. The normal subjects are distinguished from the
malnourished as indicated by the legend.

The followinig regresgion formulas were developed and are

represented graphically as the regression line 1n'each of the plots.
L7

The ratio of the standard error of,the estimate to the mean of the

dependent (Y) value (SEE/mean Y) is presented as a measure of the

recision of the regression prediction.

Equation - r P« SEE/mean Y
Eql. TBW = 13912.05 x 1/R + 9.56 0.78 .001 13.5%
Eg. LBM = 19059.66 x 1/R +13.09 0.78 ,.001 13.5%

' 3

The relationships between 1/R and TBW, and: between 1/R and
e
LBM, are best improved by taking into account the subject's
eometry as height2, with the r improving to 788. The resultant

formulas are:

Equation r P< SEE/mean Y~
Eq3. TBW = 0.44 x Ht?/R + 11.99 0.88 .001 10.5%
Eq4. LBM = 0.61 x Ht?2/R + 16.42 0.88 .001 10.5%

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

than the previousiy noted correlation between 1/R and ECM.
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points. The regression line is calculated from Equgtion 1}
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Scatterplot comparing l/resistance with LBM measured by isotope
dilution, and showing the distribution of normal and malnourished
points. The regression line is calculated from Equation 2.
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Referring again to Table 3, 1/R is found to correlate fairly
l . - -
strongly with weight (r=.61). However, including weight as a second
independent variable neither improves the r nor the precision

(SEE/mean Y) of the relaﬂonshlp l;etween Ht2/R and LBM or TBW.

6.3.RELATIONSHIPS BETWEEN REACTANCE, Nae/Ke AND
ECM/BCM

Referring again to Table 3, reactance (as 1/X¢) was found to
correlate best with the ratios of Nae/Ke and ECM/BCM (r =.75 and
.70 respectively) for the total group of 64 subjects. This is a new 4
observation in that other investigators had considered the
predictive value of Xc a; negligeable, despi;e Nyboer's original
hypothesis that reactance might measure the effeet of cell !
membranes acting as a dielectric.

Comparing the correlation matrices of Tables 4 and 5 in w:vhlch
the normal subjects are an'alyzed separately from the malnourished,
it is apparent that the relationships b€tween 1/Xc and Nae/Ke or
ECM/BCM are. weak in the normal group. Reactance is tnaccurate in
predicting small changes in Nae/Ke or ECM/BCM.

Figﬁre 4 shows the scatterplot comparing 1/Xc¢ with Nae/Ke.

The regi‘ession formulas relating Nae/Ke and ECM/BCM with 1/Xc,
based on all 64 subjects, are:

Equation « 'r  P¢  SEE/mean Y

Eq5. Nae/Ke = 35.84 /Xc + 0.51 0.75 .001 22.7%  —

Eq6. ECM/BCM = 36.98/Xc + 0.68 0.70 .001 23.8%

7
o
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L Table 4. Correlation matriz of selected variables, data from the 23

wrnally aourished subjects.
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Figure 4 -
Scatterplot comparing l/reactance with the Nae/Ke ratio determined
from isotope dilution measurements, And showing the distribution of
normal andgmalnourished points.
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The relationships.between'1/>€c and Nae/Ke, and between: 1/Xc

and ECM/BCM are improved by 1ncli1ding Ht? as a second

independent variable:

Equation ‘r P( SEE/mean

EqQ 7. Nae/Ke = 34.09/Xc -.000047(Ht2) +1.87 .81 .001 19.9%

Eq 8. ECM/BCM= 34.73/Xc -.000060 (Ht2) +2.42 .19 .001 20.6%

6.4. SOLVING FOR THE OTHER COMPONENTS OF BODY
COMPOSITION

The relationship between Xc and ECM/BCM is particularly

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

the ECM/BCM and LBM. The mathematics are as follows:

Because LBM = ECM + BCM

then LBM = ECM + 1
__BCM  BCM
and BCM can be solved‘ as— LBM -

(ECH/B@ + 1)

The extracellular mdss (ECM) can then be calculated as the LBM
r;ugus the BCM, and fat can be éplved as the difference between
body weight and the LBM. N

Using equations 4 and 8 to calculate LBM and ECM/BCM from
the impedance and height measurements, the values for BCM, ECM,

and fat can then be calculated for each subjeci. _

6.5.LBM: Impedance Measured Vs. Isotope uetsureq' w

A measure of the accuracy of the LBM determination from

impedance is obtained by plotting the LBM measured by isotope
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dilution kagainst the LBM va'lues from lmpedance,(equation 4), as

shown in Figure 5. The isotope-dilution LBM is the independent
( )
variable on the x-axis, and the impedance LBM is the dependant

variable on the y-axis.

The regression line represents the regression of the impedance
LBM,on the isotope LBM. The equation is:

-

Equation ’ r P¢ SEE/_mean Y

Eq ‘9. _iianBH = 0.77 (1salLBM) + 11211 0.88 . .001 9.2%

where ImpLBM is the lean body ;nass measured f;om Impedance
data, and isoLBM is the lean body mass measured from the lsotope
data.

The line of identity 1s obtained by plotting the 'isotope LBM
values‘ on both axes. The degree to which the regression line &
approximates the line of identity is a measure of how closely the
impedance LBM values correspond to the isotope values.

Comparing the scatter of the normal and malnourished points th
canybe seen that the normal points tend to fall below the lines of
regression apd identity, while the malnourished points tend to falf
above. This blas is better appre“ci‘ated by referring to Flgure 6,
which shows tt:ue difference between the impedance and lsotobe LBM
values for each subject, z;orted in brder of increasing
_ malnourishment according to the Nae/Ke ratio. Values to theﬂ left of
1.2 on the x-axis are normal, v;'hile values to the right are

t

iﬁcreasmgly malnourished. ' oo

It is clear that the impedance measurement of LBM (equation 4)
underestimates the normal subjects and overestimates the
malnourished subjects.

2 <

-~ -
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LBM

isotope value vs. predicted impedance value
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Figure & .

Scatterplot comparing the lsotope-measured LBM with the LBM,
calculated from the impedance data using Equation' 4. The

regression line is calculated from Equation 9. The line of identity is
obtained by plotting identical values on both the X and Y axes.
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malnourishment according to the Nae/Ke ratio. Values to the left of
1.2 on the x-axis are normal. The impedance calculations for lean
body massgare based on Ht3/R according to equation 4.
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o o . This les'p_a'rity between normal ;nd malnodrls;hed subjects is not
due' to including Ht? in the regression of equation 4. Figure 7
i L . demonstrates similar differences when LBM is calculated by )
- ':‘eqhation 2, the regression based on 1/R witl;hout Hta.
g ““To- understand how the relationshlp between 1/R and LBM
differs between the’ normal and malnourished subjects, separate
regression equations can be developed for each group. These are

&

: listed for gomparison in Table 6.

NN T

Table 6

- Equation i r P< SEE/mean Y

\

for normals, n=23 . _ .
. Eql6. . LBM = .64 (Ht2)/R + 17.43 .97 .001 5.6%

_ for malnour.,n=41 T : : .
O .. "Eqll.  LBM = .56 (Ht?)/R + 17.36 .83 .001 11.8%

. B + for all subjects, n=64 CoL )
Eq4. " - LBM = .61 (Ht2)/R 4 16.42 .88 .00 10.5%

. r is“the ‘Pearson coefficient
SEE/mean Y: Standard error of estmate / mean of dependant var.

, : ‘, Applying the normal eddation to the normal 'subje:ct-s and th: v
malnourished equatioh. .io the }nalnou'rlshed subjeete. the lrnpedance-

" derived measure of LBM Qcan then \Be compared with the lsotope

. LBM as shown in the scatterplot of Figure 8. Separate regressfon
lines comparing normal impedance ;m‘.h normal isot:ope "LBM, and
malnourished impedance with malnourlshed 1sotope LBM, are plotted

=for comparison with the line of 1dennty‘ -‘ : N
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Scatterplot comparing the isotope-measured LBM with the LBM )

" caleulated from the impedance data using Equation 10 for the

normal subjects and Equation 11 for the malnourished subjects. The
regression line for the normal subjects is calculated from Equation
12, while the regression line for the malnourished subjects is N
calculated from Equation 13.
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The equations for the regression lines of Figure 8 are:

Equataion . r P« SEE/mean Y

Eq.12 normal 1mpLBM .94 (isoLBM) + 3.41 .97 .001 5.4%

.69(isoLBM) + 14.29 .83 .001 9.8%

Eq.13 malnour. impLBX

vhere impLBM is LBM measured by impedaxice, and isoLBM is LBM
measured by isotope dilutaion.

S

It is evident that the normal regression line almost coincides
with the line of identity and that the impedance equation for
no'rmals (equgtion 10) accurately predicts the 1sotope LBM.
Howevexﬁfor the malnourished regression, both the slope (69) and
the y-intercept (11.11) are quite different from the line of ldentity
and the relationship between Ht2/R and LBM in the malnourished
group is not as precise

The relationship between LBM and Ht?/R based on the normally
nourished subjects (Equation 10) is comparable, in terms of r (.97)

and standard error of the estimate (2.87), to that reported in

Lukaski's study? of 37 healthy men (r = .98, SEE = 2.61).
6.6.TBW: Impedance Measured Vs. Isotope Measured

The same observations made above for LBM also apply for total
body water (TBW). This is ‘understandable because the isotope-—
dilution measurement of TBW is directly reiated to the measurement
of LBM (TBW = .75 LBM).

The scatterplot of Figure 9 comparéﬂ; the isotope TBW with the

4

2 Refer to section 4.1.

page 53



»

C% impedance TBW calculated by equation 3. The regression line

L%
represents the redression of the impedance TBW on the isotope

TBW, according to the equation:

Equatioh r P¢ SEE/mean Y

Eqi4. impTBW = 0.76 x isoTBW + 8.16 .88 001 9.2%

where impTB¥ is TBW measured by impedance, and isoTBW is TBW
me_asured by isotope dilution.

Figure 10 demonstrates the difference between the impedance
-and isotope TBW value for each subject, and Tabl& 7 lists the
separate regression equations relating TBW and Ht2/R for the

’ normal, malnourished and total group.

Table 7 \

Cr : Equation r P¢ Sf:E/mean Y
for normals, n=23
Eq.15 - TBY = 46 (Ht2)/R 4+ 12.73 .97 .001 5.6%
for malnour. n=41 )
, Eq.16 TBW = .41(Ht2)/R + 12.68 .83 .001 11.8%
3

for all subjects, p=64
Eq.3 TBW = .44(Ht2)/R + 11.99 ,.88 .001 10.5%

SEE/mean Y : standard error of estimate / mean of dependant
variable :

Figure 11 plots impedance TBW for the normal and malnourished
/\_/ -
subjects, calculated from equatlens 15 and 16, '‘against the isotope

i
)

TBW.

page 54



TBW | '

: isotope value vs. predicted impedance value

60 O normal
/ ! X malnour
/B I v regression

(84
Q
1

— % —1dentity

dance TBW (Kg)
8 5

impe

-

n
o
1

' 10 1 1 4 1
10 20 30 40 50 60

isotope TBW (Kg)

-

Figure 9 . '
Scatterplot comparing the isotope—measured TBW with the TB%
calculated from the impedance data using Equation 3. The

regression line is calculated from Equation 14. The line of identity
represents Y = X.
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Bar graph of the differences between the impedance and isotope
TBW values, sorted along the x—axis in order of increasing

malnourishment according to the Nae/Ke ratio.
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Scatterplot comparing the isotope-measured TBW with the TBW
calculated from the impedance data using Equation 15 for the
normal subjects and Equation 16 for the malnourished subjects. The
regression line for the normal subjects is calculated from Equation
17, while the regression line for the malnourished subjects is
calculated from Equation 18:

-
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The normal and malnourished regressions lines compare the
impedaﬁce TBW with the isotope TBW and are derived from the

following equations:

Equation r P< SEE/mean Y

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

malnour.n=41

Eq.18 inpTBV .69 (isoTBW) +10.42 .83 .001 9.8%

where impTBW is TBW measured by impedance, and iso?ﬁ is TBW
measured by isotope dilution.

The impedance measure of TBW is evidently more accurate in

t:he normal subjects than the malnpurished subjects.

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

The accuracy of the measurement of the ratio of the
extfacelluiar to intracellular mass (ECM/BCM) by impedance can be
assessed by plotting the impedance-measured ECM/BCM values,
calculated according to equation 8, as the dependent variable on
the Y axis, against the isotope values as the independent variable.
This scat;terplot is shown In Figqre 12. The regression line
represe’;\ts the following equation:

Equation ; ’ r P< SEE/mean Y

Eq.19 impECM/BCM = .62 (isoECM/BCM) +.61 .79 .001 16.3%

where impECM/BCM is the ECM/BCM.measured by impedance, and
i80ECN/BCM is the ECM/BCM measured by isotope dilution.

The normal and malnourished subjects are represenied by

different point markers as shown in the legend.
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Figure 12 '
Scatterplot comparing the isotope—measured ECM/BCM with the

LECM/BCM calculated from the impedance data using Equation 8.

The regression line is caltulated from Equation 19. The line of
identity represents Y = X.
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The distribut}on of the normal and malnourished ’points about
the line of jdentity seems skewed, with fewer normals falling below
and more malnourished falling below. Examining Figure 13 reveals
that this is the case; equation 8 biases the impedance ECM/BCM
measurements by overestimating in the normal subjects and slightly
underestimating in the malnourished.

-This discrepancy between the normal and malnourished
impedance ECM/BCM is not caused by including Ht? as a second
independent variable in equation 8. Figure 14 shows the difference
between the impedance ECM/BCM calculated from equation 6, with
1/Xc as the single independent variable. The bias between normal
and malnourished appears worse than that of equation 8.

Separate regressions for the normal and malnourished subjects
are useful for understanding how the relationship between 1/Xc¢ and
ECM/BCM ls different for these two groups. The separate

regression equations are listed in table 8 along with equation 8 for

comparison.

Table 8

Equation r P= SEE/mean Y

for normals, n=23
Eq.20 ECM/BCM=12.53 (1/Xc)~-.000031 (Ht2}+1.81 .60 .011 14.4%

for malnour. n=41
Eq.21 ECH/BCH=27.%:;(1/X.=)-.000046(Ht2)+2.3 .64 <(.001 11.7%

for all subjects, .=-64
Eq.8 ECM/BCM=34.73(1/Xc)-.00006(Ht2)+2.42 .79 <.001 20.6%

SEE/mean Y: standard error of estimate / mean of dependant
variable.
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Figure 13 i

Bar graph of the differences between the impedance and isotope
ECM/BCM values, sgrted along the x—axis in order of increasing
malnourishment. The impedance-measured ECM/BCM values are
calculated using equation 8, with 1/X¢ and Ht? as two independant
variableg.
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Figure 14
. Bar graph of the differences between the impedance and isotope
ECM/BCM values. The impedance-measured ECM/BCM values are

calculated using
equation 6, with 1/Xc as the only independant variable.
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O Equations 20 and 21 can be used to generate impedance
ECM/BCM values for the normal and malnourished subjects, and
these are plotted against the isotope ECM/BCM as shown in figure

16. . . .

The normal and malnourished regression lines were calculated
from equations comparing the impedance ECM/BCM and lsotope
ECM/BCM for each group:

Equatien r P= SEE/mean

for normals, n=23 \
Eq.22 impECM/BCM = .36*isoECM/BCM +.71 .60 .002 9%

for malnour. n=41
Eq.23 impECM/BCHM = .41*isoECM/BCM +1.11 .64 <.001 11.7%

vhere impECM/BCM is the ECM/BCM measured by impedance, and
isOECM/BCM is the ECM/BCM measured by isotope dilution,

] The slopes of both regressions lines are about .4 indicating a -
poor prediction of ECM/BCM using impedance data in both the

normal and malnourished subjects.

£l
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. Figure 156 S R o

Scatterplot comparing the isotope-measured ECM/BCM with the
ECM/BCM calculated from the impedance data using Equationh 20 for:
the norreal subjects and Equation 21 for the malnourished subjects.
The regression line for the normal subjects is calculated “from ¥
Equation 22, while the regression line for the malnourished subjects -,
is calculated.from Equation 23.
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6.8.Nae/Ka: llmped‘ance Measured Vs. Isot‘oge Measured

The observations ‘regérding ‘the use of impedance to predict the |

isotope Nae/Ke rativ¢ are qualitatively similar to those for

"ECM/BCM, although impedance is -slightly more accurate at

o 4

measuring Nae/Ke than ECM/BCM.’ The relationship between the

__impedance Nae/Ke predicted by equation 7 and the isotope Nae/Ke

is demonstrated in fi'gure 16. The regression line is determined by

the equation: ;

Equation = _ __ T r P< SEE/mean Y

.o

EQ.24 impNae/Ke = .66(isoNae/Ke) + .48 .79 .001  16.4%
where impNae/Ke is the exchangeaﬁle sodium / exchangeable

potassium ratio predicted from impedance data, and isoNae/Ke is
the ratio measured by isotope dilution.

The slope of the regression (.66) ris somewhat closer to the
identity line than the regression slopé for ECM%Cﬁ (.62). Figure
17 demonstrates that equation 7 overestimates the Nae/Ke for the
normal su;jects. and to a }esserldpgree underestimates for the
malnourished group. )

" ' R r o
_ Separate regression equations relating impedance to the isotope

Nas/Ke are listed in table 9. - - )



impedance NAe/Ke
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Nde/Ke

isotope value vs. predicted impedance value
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Figure 16 — )
Scatterplot comparing the isotope-measured Nae/Ke ratio with the
Nae/Ke ratio calculated from the impedance data using Equation 7.
The regression line is calculated from Eguation 24. The line of

identity is obtained by plotting y~values equal . to x-values.
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Bar graph of the differences between the impedance and isotope
Nae/Ke values, sorted along the x-axis in order of increasing _
malnourishment according to the isotope—measured Nae/Ke ratio.
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Table 1”9

Equation r P= SEE/mean Y

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

for—mainour-—nmdl
Eq.26 Nae/Ke =27.98(1/Xc)-.000031(Ht2)+1.7 .70 <.001 18.1% °

for all subjects, n=64
Eq.7 Nae/Ke =34.09(1/Xc)-.000047(Ht2)+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-
specific Na«/Ke can bé calculated and then plotted against the

isotope Nae/Ke, as shown in figure 18.

—

The regression lines represent the following regressions of the &
impedance Nae/Ke on the isotope Nae/Ke for the normal group and

malnourished group:

Equation " r P= SEE/mean

for normals, n=23
Eq.27 impNae/Ke = .37 (isoNae/Ke) +.61 .60 .002 7.3%

for malnour. n=41
Eq.28 impNae/Ke = .49 (isoNae/Ke) +.85 .70 <.001 12.7%

5t
where impNa«/Ke is the exchangeable sodium / exchangeable

potassium ratio predicted from impedance data, and isoNae/Ke is
the ratio measured by isotope dilution.

The slope for the normal regression (.37) is the same as that for
ECM{BCM (.36), while the malnourished Nae/Ke slope (.49) is better
than the corresponding slope for ECM/BCM (.41), indicating that o
for the malnouriéhed subjects, the relationship of impedance with

Nae/Ke s better than that with ECM/BCM.
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Figure 18
Scatterplot comparing the isotope—measured Nae/Ke ratio with the
Nae/Ke ratio calculated from the impedance data using Equation 25
for the normal subjects and Equation 26 for the malnourished
subjects. The regression line for the normal subjects is calculated
from Equation 27, while the regression line for the malnourished
subjects is calculated from Equat@lon 28.
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6.9.BCM: Impedance Measured Vs. Isotope Measured

On analyzing the body cell mass (BCM) predicted by impedance,
the observations are found to be similar to thOSEj previously
described for LBM and TBW; the regression describing all 64
subjects is biased, underestimating the BCM of the normally
nourished subjects, ar;d the regression is more precise for the
normally nourished than 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-agis calculated from the equation.

Eq.29 BCM = LBM .

(ECM/BCM +1)
...where LBM is calculated by equation 4 and ECM/BCM by equation
8. The regression line 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%
vhere impBCM is the BCM calculated from Equatlon 29, and isoBCK |
is the BCM measured by isotope dilution.

The r (.87) is good but the regression slope'(.'69) is quite
dlfferex;t from identity and cursory examination sugge;té that most
of the scatterpoints representing the normal subjects fall below
both the regression line and the line of identity. Indeed, plottl—ng ”
the difference between the impedance and isotope BCM sorted by
nutr'ltional index, as shown in figure 20, reveals that equation 29
biases the impedance-measured BCM, underestimating the normal

éubjects and overestimating the malnourished.
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Figure 19 . --

Scatterplot comparing the isotope-measured BCM with the BCM
calculated from tiR.impedance data using Equation 29. The
regression line is calculated from Equation 380. The line of identity
is obtained by plotting y-values equal to x-—values.
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To better appreciate this discrepancy, 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
malnourished group was calculated from the malnourished-based
equations 11 and 21. The normal and malnourished BCM values so-
obtained are plotted on the y-axis against the isotope—-BGM, as
shown in figure 21.

Although there is conslderabl’e overlap of the normal and

malnourished scatter points, the regression lines relating impedance

BCM with isotope BCM are quite different, as listed in Table 10

Table 10

Equétion J r i ¢ SEE/mean Y

for normals, n=23
Eq.31 impBCM = .83*isoBCM +4.08 - .94 .00} 7.6%

for malnour. n=41
Eq32 impBCM = f66*isoBCM +5.36 .76 .001 11.9%

where impBCM is the BCM calculated from impedance data, and
isoBCM is the BCM measured by isotope dilution.

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

/

7

The normal regression line almost coincides with the identity
line, 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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Pigure 21
Scatterplot comparing the isotope-measured BCM with the BCM

caiculated from the impedance values derived from Equation 10 .

(LBM) and Equation 20 (ECM/BCM) for the normal subjects, and

from Equation 11 (LBM) and Equation 21 (ECM/BCM) for the
malnourished subjects. The regression line for the normal subjects

is calculated from Equation 31, while the regression line for the
malnourished subjects is calculated from Equation 32. .
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6.10.ECM: lmpedancg Measured Vs. Isotope Measured

Similar to the findings for BCM, the measurement of
extracellular mass (ECM) by impedance is also more accurate for
normal subjects than for the malnourished, but the ECM partition °
is the only partition of body composition in which the regression
‘ equation developed for the total group seems unbiased, without
overestimating or underestimating the normal or malnourished
subgroupi
‘The ECM is calculated as:
Eq.33 ECM = LBM - BCM -
where LBM is calculated from equation 4 and BCM from equation
29.
Figure 22 plots the impedance ECM, as the dependant variabie,
aghinst the isotope—measured ECM, as the independent variable. The
regression of the impedance ECM on the isotope EGCM is plotted

according to the equation: g

Equation ’ r  PC SEE/mean Y

Eq.34 impECM-= .77 (isoECM) + 7.03 .83  .001 12.1% P

where impECM is'the ECM calculated from impedance data, and
i80ECM is the ECM measured by isotope dilution.

The scatter of the data points for ECM is wider than ‘that for
BCM and the r is not as strong (.83 vs. .87) although the SEE/mean

is the approximately the same (12.1%).
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Figure 22

Scatterplot comparing the isotope—measured ECM with the ECM
calculated from the impedance data using Equation 33. The
regression line is calculated from Equation 34.
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tReferring to Figure 23, the lmpedance - isotope differences in
the measured ECM are sorted a;cording to the Na«/Ka ratio. The ‘
distribution about 0 on the Y axis is fairly even, éuggesting that
equation 34 fairly represents both the normal and malnourished
subjects despite it being derived from the LBM anq BCM equations
which give' biased resuits, bo;h un&erestlmating the normal subjects
) and overestimating the malnourished subjects.

For Figure 24, equation 33 was recalculated using the "normal”
equations 10 aqd 20 for the normally—-nourished subjects ar{d the
"malnourished” equations 11 and 2} for the malnourished subjects.
The two new sets of impedance ECM data, as the y-axls, are
plotted against isotope ECM on the x-axis.

The normal and malnourished regression lines are derived from

equations 35 and 36, listed in Table 11.

—

Table 11

- Equation , r P< SEE/mean Y

fof normals, n=23
'Eq.35 impECM = .90 (isoECM) + 2.94 .90 .001 8.6% ‘

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

where impBCM is the ECM calculated from impedance data, and
is0ECM is the ECM measured by isotope dilution.

)

- Considering the slopes, r and SEE/mean, the ECM relationship

developed for the normal subject§ is more precise than that for the

malnourished.

[y

page 77



e

impedance—isotope differcnce

ECM

-

predicted impedance value — actual isotope value

15

10 4

]

'\Fnormal

@ malnour.

Q

‘_15 IR R R AR AR R R R R R R R AL R AN A N R R A RN R !
s x - o « - w - 8
a =) o et -t -t - o o
nutritional index (NAe/Ke) o
Figure 238

Bar graph of the differences between
ECM values, sorted along the x-axis
malnourishment.

the impedance and isotope
in order of Increasing

s page 78 -



(S

impedance ECM (Kg)

60

ECM

normal and malnourished regressions ' ,

0O normal

X malnour
—5—— regres., Norm.
, —&— regres. maln.

~— ¢ —identity 2

1 - ¥ I g H

20 30 40 50 80
isotope ECM (Kg)

o
- s )

Figure 24
Scatterplot comparing the isotope—measured ECM with the ECM

_calculated from the impedance values: derived from Equations 10 and

~malnourished subjects is calculated from Equation 36.

20 for the normal subjects, and from- Equatlons 11 and 21 for the .
malnourished subjects. The regression line for “the normal subjects
is calculatéed from Equation 35, while the regression line for the
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6.11.FAT: Impedance Measured Vs. Isotope Measured

Becéuse the fat partition of body composition is conceptually the‘
difference between the body weight and the lean body mass,

impedance fat is calculated as:

- Eq.837 Fat = Body Wt. - LBM =

. where LBM is calculated by fequation4 and‘thg? body weight was
measured on hospital scales.

- Figure 25 plots the impedance-~calculated fat on the y-axis
against the isotope—fat on the x—axis. The regression line is.
determined by the equation relating the im;:edance-fat as the
dependant variable to isotope-fat as the independept variable:

0

Equation r P<¢ SEE/mean Y

Eq.38 imp Fat = .%4(iso Fat) + .46 .89 .001 32.6%

vhere impFat is the fat measured’ fror impedance data, and isoFat
is the fat measured from isotope~dilution data.
SEE/mean : standard error of the estimate / mean of the dependant

variable.

The large SEE/rgean value of 32% is understandable when one,
cqnsiders that the SEE apProximates the SEE for LBM while the
mean fat value (16.8 Kg) is much smaller than the mean LBM
(47.9 Kg).

The negative fat wvalues plotted in F&gure 25 are mathematically
correct according to eqiation_aa but are, of .course, physically
impossible. As shown in Figure 26, v;rher‘e the difference between
the Impedance and iso‘tope measured fat @s sorted into normal and

malnourished groups, equation 37 overpredicts the fat measurement

- in ghe normal subjects and tends to underestimate for the

page-80



impedance Fat (Kg)

9

Fat

Isotope value vs. predicted impedance value
. nortal

o

860

X  malnour.
—%— regression
— = — jdentity

! . -
t
:
1
[}
40 - !
i
!
1
{
",
]
. 1
20 - !
H
!
' '
[
o-ih '
X
7 |
/ ! x °
1
- :
-20 : — ' -
-20 0 20 40
isotope Fat (Kg)
Figure 26 -

60

Scatterplot comparing the isotope-measured fat mass with the fat
calculated from the impedance data using Equation 37..The
regression line is calculated from Equation 38. The line of identity
is obtained by plotting the y-values equal to the x-values.
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Fat values, sorted along the x-axis in order of increasing
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malnourished. This bias is understandable since the equation 4 for

LBM underestipmates the normals and overestimates the

malnourisheéu

»
o

By substﬁ(tuting the normal and malnourished regression equations

Na
N

for -LBM (equationis 10 and 11) in equation 38, separate -normal and
malr}!ourished regression 11ne§ can be q1eveloped. as demonstrated in
F%gure 27, describing thg relationship between impedance fat as the
.dependant variable and isotope fat as the independent variable. The

equations that describe these regression lines are listed in Table 12

Table 12

Equation r P SEE/mean Y

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

Q
q

for malnour. n=41 ‘ .
£q.40 impFat = .92(isoFat) +.84 .89 .001  33.4%

vhere impFat is the fat calculated from impedance data, and
isoFat is the fat:calculated from isotope-dilution data.
SEE/mean: standard error of the estimate / mean of the dependant
variable.

Understandably, the observations are the same as those for LBM;
the relationship between impedance and the fat mass fs more

precise for the normal subjects than for the malnourished. Fe
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Figure 27

Scatterplot comparing the isotope—-measured Fat with the Fat
calculated from the impedance values derived from Equation 10 for
the normal subjects and from Equation 11 for the malnourished
subjects. The regression line for the normal subjects is calculated
from Equation 39, while the regression line for the malnourished
subjects is calculated from Equation 40.
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7.CONCLUSIONS: | Ny
1. In a comparison of impedance measure;ﬁent.s with isotope-
dilution ‘- measurements in 64 subjects, whple body resistance was
found to correlate well with lean bddy r\n\z';ss (1/R vs. LBM,

= .78, SEE/mean = 13.6%). On separating the 64 subjects into
normally nourished (n = 23) and malnourished (n = 41) groups
according to the Nae/Ke ratio, the relationship between 1/R and

LBM was found to have greater precision in the normally nourished

group (r. 8.4%) compared to the malnourished

-

group (r

.92, SEE/mean

.78, SEE/mean = 13.3%).

2. As reported by previous investigators!?, the relationship between

o

1/R and LBM was optimised by including a correction factor for

-

the subject's height, expressed as Ht2/R; This correction improved

the r and SEE/mean as demonstrated in Table 18:

) ? .
Table 13 Comparison of 1/R vs. LBM with Ht2/R ys. LBM

1/R vs. LBM Ht2 /R vs. LBM
Group . r SEE/mean LBM | r SEE/mean LBM
All subjects, n=64 .78 13.5% .88 10.5%
Normals, n=23 .92 8.4% .96 5.7%
Malnourished, n=41 .18 13.3% .82 12.1%

r : Pearson coefficient.
SEE/mean : standard error of the estimate / mean of the
dependant variable

O ®

1% Lukaskl HC, Johnson PE, Bolonchuk WW, Lykken GI.
Assessment of fat-free mass using bioelectrical impedance
measurements of the human body. Am J Clin Nutr 1986;41:810-817.

-
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Applying a correction factor for body weight to the relationship
between Ht2/R and LBM did not improve the statistics.
3. The r and SEE/mean values described above folr LBM are"
identical for the respective relationships’between the total body
water (TBW)¢and 1/R or Ht#/R. This is because our isotope method
calculates LBM as the product of the iz;otope—measured TBW and a
constant (TBW x 1.333).
4. React‘ance was found to correlate inversely with the isotope-
measured ratio of extracellular to intracellular mass (1/Xc vs.
ECM/BCM, r = .70, SEE/mean = 23.8% for all 64 subjects). The
relationship between 1/Xc and ECM/BCM _was found to be weak in
the normglly nourished groupﬂ (r = .25, SEE/mean = 17.1%, n=23)
compared to the malnourished group (r = %58, SEE/mean = 19.7%,
n=41j. -
6. The statistics for 1/Xc are improved by including Ht? as a

second independent variable, as shown in Table 14.
. K |
}

Table 14. Compari‘son(of 1/Xc vs. ECM/BCM with (1/Xc +Ht2) vs.

ECM/BCN
1/Xc vs. ECM/BCM (1/Xc+Ht2) vs. ECM/BCM
Group r SEE/mean ECM/BCM | r_ SEE/mean ECM/BCM
All subjects, n=64 .70 23.8% .79 20.6%
Normals, n=23 .25 17.1% .60 14.4%
Malnourished, n=41 .58 19.7% .64 18.6% .

where 1/Xc is the inverse of reactance, and ECM/BCK is the ratio
of the extracellular to intracellular mass measured by isotope

dilution.
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6. The bod&' cell mass (BCM) can be calculated from the
impedance—measured LBM and ECM/BCM as :

LBY

BCM =
ECM/BCH + 1

a

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

-~

a

minus the BCM, and the fat mass is Salculated a8 body weight
minus LBM. In this way the impedance method was devised to
measure all partitions of body composition from measurements of
resistance, reactancel, height and weight.

The regression forn;ulas of the impedance method, based on the
'tota} group of 64 subjects, are summarized‘ in Table 14.

Table 15. Formulas for calculating body composition from
impedance data, height and weight.

(a) LBM = 0.61(Ht2/R) + 16.42 ‘ e

(b) ECM/BCM =34.73(1/Xc) '-.00006(Ht?) +2.42

LBX .
(c) BCN = ————wilbee———e where LBM is calculated from (a) and
(ECM/BCM) + 1 _ECM/BCM is calculated from (b).
(d) ECM = LBM - BCM where LBM is calculated from (a) and
. BCM is calculated from (c).
(e) Fat =

Body weight - LBM ,LBM is calculated from (a).

! ©
a

7. The preéisioh of the BCM, ECM, LBM and fat measurements
l;sing the“impedaﬁce me‘thlod can be evaluated by regression
equations comparfng the impedance-measured partitioﬁ. as the
dependant variable, with the éorresponding isotope—measured
partition, a; the independent variable. Tile statistics of these
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regressions are listhed.‘in Table 16, with analysis of the total group

of subjects and the nqémal and malnourished subgroups for

comparison purposes.

The precision of the impedance method in measuring BCM, ECM,

LBM and fat Is better in the normal subjects compared to the

malnourished.

Table 16. !

Comparison of statistics of the regressions Y = mX + 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.

-

Partition of Body Composition

BCM ECM LBM Fat
Group r SEE/mean | r _ SEE/mean r SEE/mean |r SEE/mean
All .87 12.9% .83 12.1% .88 9.2% .89 32.6%
subjects ’ .
n=64
Normals .91 10.5% .90 9.4% .97 5.4% .97 15.0%
n=23 ‘ .
Malnour. .74 14.1% . .81 12.8% .83 10.3% .88 37.7%
p=41 ‘

SEE/mean : the standard error of the estimate, divided by the
mean of the body composition partition as measured by
inpedance. °

Tl:é large SEE/riean for fat (32.6%) is understandable when
considering that the fat measure is calculated as body weight minus
LBM. The SEE for fat (5.48) Is comparab}e in size to the SEE fo;‘
LBM (4.42), but the mean fat mass is much smaller than the mean
LBM (16.8 Kg vs. '47.9 Kg).

8. The i’ormulas listed in Table 15 represent analyses of the total
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group of 64 subjects, the majority (64%) of whom were

malnourished according to isotope-dilution results. The formulas for
LBM and BCM are found to bias the calculated measurements by
ﬁnderestlmating the meas)lrements of the normally nourished
subjects and overestimating in the malnourjshed group. Conversely,
the formula for fa: overestimates the normal subjects and slightly
underestimates the malnourished. The formula for ECM appears
unbiased.

9. In contx"ast to plrevious invéstig'al;ors, reactance is found to be
important in the measuremeth of body composition, especially in

~

malﬁourished states characterized by an expansion of the
extracellular mass and contract;on of the body cell mass.

However, the relationship between reactance and ECM/BCM is
not as strong as the relationship fbetwegn resistance and lean body
mass. Referfing to the SEE/mean values of Tablel 16, the 9% to 33%
error of body composition measuremen£s from impedance may be too,
high for some clinical applications. Further rgfinement is needed.

The impedance plethysmograph uséd for this study delivers a

current of fixed frequency and amperage. Conceivably, measuring

het

o 3
with other frequencies at different ‘intensities might improve the

]

accuracy of body composition measurements.

{f
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8. DISCUSSION

While there is statistical evidence and electrophysiologic-
reasoning in sn.;pport of the relationéhip between LBM and Ht#R,
the rationale for choosing (1/Xc + Ht2) as the optimal solution for
ECM/BCM is open to question. A problem with this interpretation
for Xc¢ is its inaccuragy in the normally nourished subjects, where

1/Xc correlates poorly with ECM/BCM (r = .25). However, 1/Xc also

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

-

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

17/Xe rgéght correlate well with the product of ECM/BCM and ECM,
A

l.e. ECM2/BCM. _
, The following relationship is obtai;gi:

for all 64 patients: ¢

Equation P< r, SEE/mean

ECM*ECM/BCH = 2026.41*1/Xc - 3.05 .0001 .80 32%
This relationship is not improved (in terms of r or SEE/mean)

by including Ht2 or weight as second independent wvariables.

°

a

ECM can be solved from ECM?/BCM and_ LBM as ‘a quqdratic

equation:

A

X2 + aX =ab = 0 where X is ECM, a is ECM?/BCM, and b is
ECM+BCM, l.e. LBM,
Applying the general .solution to a quadratic equation, the

solution for ECM is: ¢

- (ECH2 /BCN) +~ (ECM2,BCM)® - 4((-ECM?/BCM) x LBM)
ECH =

2
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Using the above equation to calculate ECM and solvlng for BCM
as LBM - ECM. the regression comparisons between the impedance
measured ECM and BCM and the corresponding isotope—measured

!I

valueg are as follows:

for all patients,n=64: -

Equation ) P¢ r SEE/mean Y

impECM = .73 isoECN + 7.97 .001 .83 11.6%

impBCM = .70 isoBCNv+ 5.55 .001 .86 13.6%

. -

for normals,n=23: | ;- 5

Equation ‘ R A r EE/mean Y

inpECM = .94 isoECM + 1.83 . .001 .94 . 6.8%

impBCM '= .79 jsoBCM + 2.63 .00l 92 s 9.3%

for malnourished,n=41: L

Equation , P« r SEE/mean Y
i _ .

impECM = .66 isoECM + 10.54 +-:001 .19 12.8%

impBCH = .86 isoBCM + 3,31 +001 .13 15.7%

vhere impECK and impBCM are the respective impedance measured
values, and isoECM and isoBCM are the isotope measured values.
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The results listed above can be compared with those presented

previously for the relationship between I/Xc + th and ECM/BCM

for all patients,n=64:

Equation R 1 r SEE/mean Y
impECH = .77 isoECM + 6.98 .001 .83 12.2%
impBCN = .69 isoBCM + 5.69 .001 ”.87 12.9% -

for normals,n=23:

Equation ' ¢ r SEE/mean Y  *
impECM = .97 isoECM +.98 .00 .90 9.4%
impBCH = .79 isoBCM +42.64 .001 .91 10.5%°

for malnourished, n=41:

Equation ) ¢ r SEE/mean Y
\

impECH "= .70 isoECM + 9.57'  .001 .81 ' . 12.8% -

impBCM = .78 isoBCM + 4. 51 .001 .74 14.1%

Thus. the relationship between ECM“/BCM and 1/Xc seems to
provide a slightly better measurement of ECM and BCM in the
normal subjects compared to the relationship between ECM/BCM
and (1/Xc +Ht?), while the la'tter relationship is sligﬁtly stronger
for the malnourished subjects.

However, the relationship between 1/Xc and ECM¥/BCM does not
remove the bias in the impedance measurement of BCM. Referring
to Figure 28, on plotting the differences between the impedance-
measured BCM and the lsotope-n{eas'ured BCM, the same trend of
underestimation of the normal subjects and overestimation of the
malnourlshed subjects ils present as was found using Equation 29
(Figure 20), which is based on the relationship between (1/Xc +

A -

t’) and ECM/BCM.

! -
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" Figure 29
Bar graph of the differences between the impedance and isotope
ECM values, sorted along the x-axis in order of increasing
malnourishment. The impedance calculation for ECM is based on the
following formula: ' :
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The ECM.calculated from the quadratic solution of the
relationship between 1/Xc and ECM2/BCM shows no obvious bias
between ‘the normally nourished and malnourished subjects, as .

shown in Pigure 29. This is the same observation as that noted for
ECM calculated using Equation 33 (Figure 2-3).“

The explanation for the bias observed in the impedance
measurements of BCM and LBM is somewhat of a mystery, although

there is some evidence from this study and from prior research -to

v ©

suggest that using a signal frequency higher than 50 kHz might
both  remove the bias and improve the precision of the BCM and
LBM measurements. It is improbable that the bias is dué to our
isotope~dilution measurements beéause the technique used was
previously valic!ated' in compa;lson with Ugther‘ techniques, such as
the direct measurement of exchangeabile potassi?:m and whole-
carcass analysis, and nho bias was observed.

The evidence in favor of usiné a higher frequency is as follows:
(A) 'I"he impedance method of this study, using a 50 kHz
frequency, underestimates the LBM and BCM measurements in the
normally nourished subjects coﬁu')ared to the malnourished. subjects.
The LBM measurement is based on the measure of \rgsistance and
height anQd not on reactance. Removing height from the relationship .
does not resolve the bias. However, no bias was found in the
measured extx:dce_llular water_(ECM), nwhlch is based on both -

reactance and resistance measurements.

Compared to malnourlshed subjects, normally nourished subjects
have a larger fraction of the total body water distributed in the
- page 95
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intracellular space. The bias of our impedance calculations could
reflect an incomple—te penetration of the intracellular space by the
50 kHz signal. Theoreticaily, the result of such an incomplete
penetration would be an underestimation of the intracellular water,

i.e. body cell m.ass, and also of the total body water. This ) . -
] - ~—

‘ underestimation would be more apparént in the normally nourished

subjects since more of their total body water is intracellular. Since

there was no obvious bias—in the extracellular water measurement,
perhaps the 50 kHz signal is gppropriate for reactance ‘ -—
measurements, while resistance measurements would benefit from a

‘higher frequency.

@

(B) Lofgrgn has shown that intracellular conduction is exbludeq

at low frequencies but is included at higher frequ:ncies 20,

(C) In studying the electrical characteristics of ti;sues at varjous

frequencies, Nyboer concluded that resistance and capacitance both
N . Y > o .
have high values at frequencies below 10 kHz; capacitance drops to

-

a minimim in the frequency range.of 100 to 1000 kHz while
resistancé continues to diminish beyond. 1000 kHz 2.

Based -on this information, further body composition studies
comparing isotope-dilution measurements with impedance.
measurements using multiple frequencies from 60 to, say, 500 kHz
might identify a frequency at which there is no bias in the
measured BCM -and' LBM between normal and malnourished states. =

g

v

o 3°" Lofgren B. The Electrical Impedance of a Complex Tissue

and its Relation to Changes in Volume and Fluid Distribution. A

Study of Rat Kidneys. Acta Physiol Scand 1961;23:1-61.

® ’ . rs‘ - D
~ % Nyboer J. Electrical Impedance Plethysmography.

Springfield, IL: CC Thomas, 1970, 2nd edition.

4
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10.APPENDIX: The following paper was published in the Surgical
Forum, 1986;XXXV11:42-44, and was presented at the American
College of Surgeons 72nd Annual Clinical Congress, in New Orleans,
October 1986.

LY

BODY COMPOSITION MEASUREMENTS FROM WHOLE
SURGICALFORM  BODY RESISTANCE AND REACTANCE

v

-

David McDougall, MD,
- : and Harry M. Shizgal, MD, FRCS(C). FACS

A RELA'I'IONSHIP has been demonstrated between whole body bio-
electrical resistance (R) and total body water. The present study was un-
demken to determine the relauonslnp between whoie body reactance (X,)

2 ; eomposmon X_ is related to impedance (Z) by the relationship
Z

[

MATERIALS AND METHODS

In 64 patients, R and X, were determined using a four-electrode imped-
ance piethysmograph (RJL Systems, Detroit). An 800-microamp, 50-kHz
current was applied via a pair of electrodes attached to the dorsum of the
hand and foBt, with a second set of proximal sensing electrodes. Body

_ composition was simultaneously determined by multiple isotope dilution
T~ (1.

" - RESULTS AND DISCUSSION  ° \
A normal body composition was present in 23 patients and a malnour-
ished body composition in 41. Data analysis an inverse relation-
ship between lean body mass (LBM) and R, while the ratio of the two
compooents of LBM, the extracellulsr mass (ECM) and the body cell
mass (BCM), was iniversely related to the X.. The ratio of exchangeable
' sodium to exchangeable potassium (Na/K,), a sensitive index of the nu-
tritional state, was also inversely related to X.. The statistics of the re-
sultant regressions were improved by including the subject’s beight (H,),
as an independent variable, to correct for the subject's geometry. The

following regressions were obtained: ,
LBM = 16.4 + 0.61(H)*R r = .88, P < 0.001
: ECM/BCM = 2.4 + 34.8/X. - 5.97 X 10-5(1-1&)% = 0.79, P < 0.001
% » Nag/K, = 1.87 + 34.1/X. ~ 4.66 x 10-5(H)¢ r = 0.79, P < 0.001

. Since LBM = BCM +'ECM, and body fat = body weight — v
! body composition can be determined from the measurement of R, X, and
H,. A statistically significant correlation exists between the components
of body composition determined by isotope dilution, as the indepeadent

s From she Deparsmens of Surgery, McGill University as Royel Vicreria Nespisal, Mantreal, Concds Suppereed by o
; o from it Modical Resesrch Cowncil of Cande.
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vamble. and those dctexmmed by impedance plcthysmognphy. as the
dependent varisble (Table 1). The correlition. coefficients (r) for the not-
mal :ubjects, malnourished subjects, and both groups combined have been
included in Table 1. For all the variables, a better correlstion existed for
the subjects with a normal body composition. The precision of the imped-
ance determinations was estimated by dividing the standard eror of the
estimate (SEE) by the mean of the dependent variable. Although .
was a good comrelation between the two measurements, the emor was
significant. The relationship between the isotope dilution measurement of
BCM and the impedance determination is depicted in Figure 1. * -
Table 1—Relationship between body. compotition components as deter-
mined by isotope dilution and impedance plethysmography .

Normally acurished and mainourished Normally
s pourished Malnourished
Variable Regression® r P SEEMean (%) (r) (r)
BCM Y = 560 + 0.69X 0.87 <0.001 12.9 . 091 , 0.74
BCM Y = 695 + 0.77X 0.83 <0.001 12.2 0.90 0.80
LBM Y = L1l + 0.77X 0.88 <0.001 9.2 0.96 0.83 .
Body fat Y = 0.46 +.0.94X 0.97 <0.00} 32.6 0.97 0.88 .

X°= isotope dilunon measurement, Y = impedance plethysmography determunation.

(-]
S
3
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Figl—BCMnmedbympa&ncpmhyW nphmBCMuw
sured by isotope diluton. The solid Line is the regression and’the broken Line is the line of  *

—

CONCLUSIONS *

The simultancous measurement of R and X, provides a simple and -
poninvasive means of measuring body composition. However, the accu-

3

, ncyoftheduuminnionsminumblem.
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