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stimating changes in fat free mass,

The aim of this work was 1o compare and validate seven ditferent methods for e

in patients suffering from rheumatoid arthritis. Meastrements were made of 1at and fat free mass before and after
12 weeks on an energy restricted, proteln rich diet and physical training. The subjects were sixteen female and
three male overweight out-patients (mean body mass index atbaseline: 30-kg/m?) suffering from rheumatold arthri-

tis, according 1o the criteria of the American Rheumnatismm Association.
compartment mode), otal body water,
body mass index and skinfold measurements).

ent body composition methods {a Tour-
near infrared Interactance, creatinine excretion,

Mean weight loss was 2.7 kg fat and 1.7 kg fat free mass, Th

Fat free mass was estimated by eight differ-
total -hody polassium, impedance,

ere was no difference between measurements of

mean change in fat free mass by the four-compartment mod:l and the other methods, except for the creatinine
ompartment method, the total body water method gave the most accu-

method {P = 0.03). Compared to the four-c
rate estimate of individual fat free mass ch

ance method, seemed most valid {residual Mean Square:

{residual Mean Square between 1.8 and 19.0 k).
Of eight rnethods for estimatin

anges (residual Mear Square: 0.4 kg),

second to this method, the imped-
0.8kg). Accuracies of the other methods were lower

g changes in FFM, the TBW method gave the most accurate estimate of individual

None of the other methods were valid for

FFM changes, compared o a four-compartment mode! used asreference.
estimating changes in FFM on an individual leve. Estimalion of ndividual changes in fat free mass by most methods

may not be sufficient for clinical purposes,

Keywords: iat frée mass, rheumatoid arthritis,"welght redustagregmen, body ecmposition changes,

Introduction

Ectimation of changes in body composition is of impor-
fance in a varety of clinical sitvations, for instance in the
assessment of diagnosis, in the evaluation of response 1o
trealment and in the determination of fluid volumes and
metabolically active body mass. Also, in subjects undergo-
ing a diet, it would be usefu] if body composition, rather
than simple measures of body weight, conld be measured
over time in a simple manner,

Subjects suffering from chronic diseages may be over-
weight but at the same time have relatively less lean mass
than overweight subjects free of disease. Recent studies!
have suggested that this may be the case for patients with
theumnatoid arthritis,

Provided the changes in body mass are found mainly in
te fat compartment, weight reduction in this group of
_pau'cnts may be of particular value, since the exira weight
15 2 burden to the affected joins. In such patients, it js
therefore of particular importance 1o Jollow changes in
bﬂ?)’ compositicn rather than simple changes in body
weight,

Whereas changes in body weight can be measured very
casily, assesment of changes in body composition is ofien
more difficulr, Several sophisticated methods for estimating
b_oiiy Composition are presently available. However, man;

of these methods are inconvenient, unpleasant, difficult for
the wbjects to perform, unsuitable for bad-ridden subjects,
time consuming or require large and stationary equipment,
ofter of high cost. For these reasons, simpler methods have
beendeveloped. A description of the individnal differences
between estimaies of changes in far free mass (FFM) from
varims methods was the purpose of the present study.,
Nindeen overweight patients suffering from rhenmatoid
arthrtis had FFM estimated by eight different body compo-
sition metheds, before and after 12 weeks on an energy
restricied, protein rich diet and physical training.* A four-
compartment model® for estimating FFM, based on mea-
sures of body weight, height, total body water and total
body potassium was used as reference method, and com-
pared to estimates of FFM from total body water (TBW),
total body potassium (TBK), impedance (Imp), near
infrard interactance (NIR), creatinine excretion {Crea),
skinfild measures (Sf) and body mass index {(BMI).

Materials and methods

Subjects .
The goup studied consisted of 16 female and 3 male out-

Cer . : : . -
espondence 10: B, L. Heitmann, Institde of Preventive Medicine, Copentagen Health Services, Municipal Hospitat of Copenhagen

DH-13589 Copenhagen K, Denmark,
Recelved 15 March 1994, accepled 27 June 1694
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Mean xd. Minimurm " Maximum

Agpe (yr3) 557 101 340 71.0
Height (cm) 1655 8.2 1520 187.0
Weight (kg) ) 812.5 12.9 56,6 i11.5
Weight change (kp} 4.5 2.3 0.} ~7.5
Normal weight

for height (kg) 62.0 . 59 532 8.8
BML s (kg/m) 30,0 ap 257 . 352
ABMI (kg/m?) -1.6 0.8 3.0 0.1
FFM (kg) " 500 9.2 35.8 742
AFFM (ig) -L7 2.7 7.6 34
A BF (kg) w7 3.8 ~10.9 3.4

patients suffering from rheurnatoid arthritis, according to
the criteria of the American Rheurnatism Association.$

. Duration of disease was 11.1 3.0 years. Average age was
36 (range 35-71) years. Patientt were selecied from three

general hospitals in the Greater Copenhagen Area, were ar
least 10% overweight, Jjudged by reference values,? and
were furthermore motivated for weight Joss, Ten of the
paticnts were taking prednisolone in doses from 2510 12.5
mg per day and almost all (15/19) 100k non-steroid antj-
inflammatory drugs (NSAID). During the 12 weeks of the
study the patients continved their vsual medication. Mean
BME at baseline was 20.0 (range: 35.7 - 252) ka/m®. Other
characteristics of the subjects, before and 2fter the weight
seducing regimen, are given in Table 1.

Reference method
A four-companmment mods] » described by Bruce e al S
based on measvrement of body weight, height, 10121 body
water (TBW) and total body potassivm (TBK), was used as
reference for calculation of FFM. The model calculates body
cell mass (BCM) and intra-ceilular water {CW) from TBK,
exira-cellular water from BCM and TBW, fal-free extra cel-
Jular-solids (FFECS) from ‘normal’ body weight for height
(BW). FFM is the sum of these three compariments,
Caleulation of FFM from ejther total body water or 1ota)
body potassivm is based on assumptions of constant com-
paosition of FFM with respect to water and potassivm. The
four-compartment mode] does not rely on these assump-
tions, but relies on assumpltions of constant refations with

: age between total body potassium and body cell mass
(2ssuming  an average potassivm/nitrogen ratio of 3

mmolig, and a protein content of 259 in eellular tissuet),
between intracellular water and body cell mass {asspming
75% water) and between fat-free extra cellular solids and
normal weight for height (assuming that FFECS makes up
12% of nommal body weight for height and that dry fat-free-
bore weight covers 70% of FFECS).5

Total body water
Measurement of 1ota] body water (TBW) was caried out
by isotope ditution technigue,

Afier emptying the bladder and collecting a sample of
urire, all panticipants were given an oral dose of 3.7 Mbg
tritited water. Afier 2 b a venous blcod sample was taken.
Duing the 2 h equilibrium period no food or drink was
elloved. Tritium activity was determined by liguid scintil-
latin counting (Packard Tri-Carb 4530) of plasma,
Comting efficiency in plasma was determined by adding a
knovn amount of radioactivity to paralle] duplicate sam-
plesof plasma. Total body. water was calculaied by com-
parion with total aciivity given. Calculation of FFM from
mezitrement of total body water was based on the assump-

tion hat the water content of FFM is, 0.73 ne®

Totd bedy potassiovm
Whoe body potassivm (TBK) was determined by measur-
ing éecay of radioactive ‘0K naturally present as a fraction
of 2} potassivm. Measurements were performed in a
Nuckar Enterprise whole body monitor (NE 8102),
equirped with four 6 X 4 inch Nal (T1) scintillation probes,
two wove and two below the patient support, Before enter-
ing the steel-room all participants were asked to wash hair
and body, and dress in hospital underwear, to avoid inter-
ference from external natural and artificial contamination,
TB{ was calculated by comparison with activity in a
phantm filled with potassivm solution (5.00 g K/kg), the
phantum being of equal weight and dimensions as the per-
son measured. Calculation of FFM from measurernent of
total body potassium was based on the assumption that
potassam content of FFM is either 68.1 mmolkg'™ or 60
mmolkg in women and 66 mmol/kg in men N

Electrical impedance

Electrical impedance (R} was measured using a BIA-103
RIL-system-analyser (RJ L-systems, Detroity with a 50
KHz, 300 pA device, following the instructions given by
the manufacturer, Measurements were taken with snbjects
lying rrlaxed on a couch, using a tetrapolar electrode place-
mment, ¥ith electrodes placed on the dorsal surfaces of the
right band and foor, at the distal metacarpals  and
meixtasals, respectively, and between the distal promi-
nences of the radivs and the vina at the wrist and the medial
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and lalera! mallecii at the ankle. Calculation of FEM from
measures of impedance was based on equations developed

carlier,”?

Near infrared interactance (NIR)

Measurements of NIR were performed tsing a NIR-device
(Futrex-5000, Futrex Inc, Gaithersburg, Maryland, USA)
The instrument uses a single beam rapid scanning mono-
chromator with low leve) clectromagnetic radiation (600
and 2500 run) and a fibre optic probe. The light is transmir-
ted through the upper sight arm, midway on the biceps
muscle, at approximately 10 cm from the acromion. A sili-
con detector measvres intensity of the remined light which
is expressed as optical density at the two radiation Jevels.
The procedure has been described by Convey er ol and

by Hgie eral. ™

Urinary creatinine
Creatinine was measured in 24-h urine collected by ail

patients after careful instruction by trained -nurses.
Caleulation of FFM from measures of urinary creztinine
was based on equations developed by Forbes and
Bruining.!s ',

Anthropometry

Skinfolds Right skinfolds (biceps, triceps, subscapular
region, suprailium, chest, axilla, thigh and abdomen) were
taken in triplicate with z Harpenden Caliper, and the aver-
age of each was used for further calculation. Percentage
body fat was calewlated from sum of biceps, triceps, sub-

scapular region and suprailium (SDW)), based on the

¢quations developed by Dumnin and Womersley,' and FFnM
calculated from BES by subtraction of body fat from body
weight. Similarly, equations developed by Pollack!? were
used for calevlating FEM from sum of triceps, subscapular
region, suprailivm, chest, axilla, thigh and abdomen
(51(Po)).

Height and weight Height (H1) was measuvred 10 the pear-
est’ 0.5 em. with subjects standing without shoes, heels
together and head in horizontal Frankfurter plane.

Body weight (BW) was measured to the nearest 0.1 ke,
using a2 SECA scale, with subjecis only lightly dressed.
Body mass index (BMI) was czleulared from height and
wc:ighl. and FFM estimated from equations developed ezrli-
er.’t

In each subject, all measurements of impedance, total
body water, toral body potassium, height, weight, pear
infrared interactance and urinary creatinine were carjed
out on the same day at baseline, before the beginning of the
dietary regimen, and at the end of the 12 weeks on dier,
when subjects were considered to be in stcady state,
Measurements of skinfolds were taken within one week of
the other body composition measurments,

The weight reducing regimen

'I:hc stdy was initiated by a one week dietary recall, by a
d]clﬁcian. The patients were then instructed 10 reduce ener-
£y miake by 30%, primarily by reducing fat inake 10
approximately 30 g per day for women and 30-50 g for
men. A high proteinflow energy, vitamin/mineral supple-

menied  preparation  (Nutrilett,  Nycomed Pharm:
Norway)'* was employed as a dictary supplement
increase protein intake. Five sachets containing a 1ol o
€1.5 g high quality protein per day were taken. The weiph
reducing treatment Jasted 12 weeks. After the first week z]
patichts had a brief second interview in order 1o solve indi-
vidual adherence problems. Compliance was estimated by
one week dietary recalls initally, after 6 weeks and at the
end of the study, The reported protein intake was compared
o protein oxidation estimated from 24-h urea excretion ¥
Reported energy intzke was related 1o 1otal energy expendi-
wre as calcolated by 2 modification of the factorial method:
estimated basal metabolic rate was muliiplied by zn activity
factor calculated according to the patient’s reported physi-
tal activity during the Jast week. The different activities
were weighed as reported previously.'® This has been
described in more detail elsewhere

Before the stdy, acrobic capacily was measured by a
licycle exercise test, carried ont for two slcady state peri-
ods of 10 min each, at 50% and at 65% respectively of the
etimated V,max.® Heart rate and subjective rating of per-
cived exertion? were registered at the end of each period,
The test was sepeated after the study, employing the same
ssolute work Joad for each patient.

The physical training programme was adjusted 10 each
puient and took place in the patients’ homes minimum
tiree times per week. The programme was composed of
dimamic srength and conditioning exercises for approxi-
malely 20 min, initiated by 10 min-of warming up, and ter-
minated by 5 min of stretching:exercises. At non-exercise
dys the:patients were 10ld 10 take a walk for 30 min. The

“initruction WS given by a physiotherapist before the study,

and followed up by the 'same’ therapist 1 and 6 weeks into
thi trial.

Stlistical methods
Pafred r-test was used 1o evalvate differences betwesn mean

vales of changes in body composition estimated by differ-
ent methods. Regression analysis, including estimation of
resdual mean square and correlation coefficients, was used
1o show association between reference method and other
mthods. The test for significant differences berween the
stardard deviations of various methods jn Tzbie 3 was per-
forned, correlating the sum of the differences of the indj-
vidial methods 1o the difference of the differences of the
mehods. This procedure has been described earljer 2
Differences were considered statistically significant for val-
vesof P < 0.05.

The project was approved by the Ethics Commitiee of
Copenhagen, and is in accordance with the Helsinki 11 dec.
laration,

Results

Reporied mean energy intake during the study (6.6 = 1.6
MI)was Jess than calenlated mean encrgy expenditure (9.8
= L6 MI). Al the midway interview, increased Frolein
intake (113 % 318 8) was equal 10 measured protcin oxida-
tion {114 = 32 £). At the final interview, proiein oxidatjion
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Tzble 2 Mean, standard deviation (s-d.) and range of the ten FFM estimates {kg) calculated from eight methods al baseling and
follow-up, together with a statistica! analysis of change in FFM betwesy baseline and follow-up

Forfree moss al followe-vp afier 17 weels (kg)

Method Farfree mass ot baseline fkp)
-
- Mean & 5.d Ronge Mean + 5.d Range Povalue
—_—
Reference 50.1 9.2 398 ~74.2 484 4.1 40.0-71.8 0.6G]
TAW 509 99 40,5773 487 9.3 396737 0.02
TBK (68.1) 386 11} 263 - £5.7 373 10} 252-601 0.20
TBX (56/60) 425 105 29.5-67.8 414 9.6 286620 022
: Impedance 498 93 41.1-756 486 90 40.2-73.8 0.000]
: NIR 539 99 43.1-79.} 525 104 40.6-73.5 0.00]
i Creatininc 390 93 295 -67.9 367 33 58— £33 0.03
[ BM] 5L 103 41.9-80.0 481 97 . 37.0-743 0.0001
R ST (DW) 493 119 373-78.5 © 467 119 36.1-75.2 0.0001
FE Sf (Fo) 528 113 41.0-80.6 515 117 20.6-79.7 0.000]
Forbi es al’’, TBX 168.1); equations developed by Wormsley o ol TR

f: TEW: Total body waler, TRX: Toral body potassium (equations developed by
L ( equiions developed by Durnin & Womersley's, Spow); €GUOLioR3 deyel.

: (6850} NIR: near infrared Interaciance, BMI: Body mass index, of- Skinfolds

oped by Follack?, Sfrpoy),

\
showed 2 small decreass (101 = 24 g) and was orﬂy slightly
less than reported protein jntake (112 % 22 g). All subjects
lost weight (range 0.1 kg - 7.5 kg). On average, patients
lost 4.5 & 2.3 kg of which 27=38kgwas fatand 1.7 + 2.7
kg lean mass. Six of the nineteen subjects gained an aver-
ageof 1.1+ 1.2 kg FFM during the diet regimen,

Tabje 2 gives mean s.d., minimum and maximum valpes
of the ten FFM estimates calculated from the cight meth-
ods. Two different cquations were used for calculation of
FFM from total body potassium and from skinfold mea-
sirements. A paired #est “showed that-in atumethods,
except for both methods based on potassium measvrements,
the difference between baseline and follow-up measure was
significant, :

Both at baselins and fo]iow-up, the creatinine and the
two TBK methods were found to underestimate FEN {(F<
0.0001) compared 1o the reference, whereas the NIR
method and the skinfold method, based on the equations
developed by Pollack,' overestimated FFM (P < 0.007).
No significant differences were seen for the other tech-
niques, .

Table 3 gives mean difference and standard deviation
(s.d.) between changes in FFM during the 12 weeks diet
measured by the reference and the other methods. There

wer no significant differences in change in FFM betwesn
the ieference and the otber methods, except for the creatj-
nint method (P = 0.03). A comparison of standard devia-
tiont in Table 3 showed a significantly smaller standard
deviition for TBW than for 2ny other method (P < 0.0601),
The standard deviation regarding changes in FEM mea-
sured by impedance was furthermore found 1o be lower
thanthose of both skinfold -methods (SADW), P = ppo1
Sf{Pg); P = 0.006), the BMI method (P =0.04) and margin-
ally bwerthan those.of the TBK. {(66/60) (P = 0.07) and the

© creatinine: methods AF = 0.08).-There was no-difference. ..o

between the standard deviations of the impedance, the NIR,
and the TBK (68.1) methods, but a lower standard devia-
tion was found for TBK{(68.1) than for TBX(66/60) (P <
0.0001). Furthermore, SHDWY had 2 larger standard devia-
tion tan the NIR (P = 0.004) and the BMI method {P=
0.04),and the standard deviation of creatinine was higher
than those of the NIR {P =0.04) and the S£(Po) methods (fd
= 0.03),

Table 4 gives standard errors (residuval mean squares),
explained varjance (R% and Pearson correlations (R) of
changes in FFM from the different methods compared to
the refrence method. There were large differences between

Table 4 Residual mean Square and correlation {R) of the change
in FFM ts measured by the different methods, compared 1o the

- Residual mean Eplained Correlosion

Difference in mean change in FFM sd, Sguare variance

(kg) tke} RES (ke) e (R

——
TBW 0.4 10 TBW 0.4 0.97 098
TBK (68.1) 0.7 s . TBX (68.1) 11.2 0.12 0.26
TBK (65/50) -0.6 39 TBX (66/60) 13.9 0.2 . 024
Impedance 05 2.8 Impedance 0.8 0.0 022
NIR 0.4 3 IR 23 0.0001 -0.0%
Creatinipe =23 4.2 Creatinine 15.0 0.07 0.1
Bmr 13 33 BMl 2.6 0.02 ~0.14
Sf{bw; 14 : 36 Sr{DwW) 3 . 039 ~0,40
ST {Po) 0.4 a3 SI(Po) 1.8 0.25 ~0.46
—————— —
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One patient developed tenat malfunclien
during follow-up, and was excluded,

Flgure 1 Differences between change In FFm measured by the referencs and each of the olher methods, expressed as functions of
changs in FFM measured by the refarence method, TBW: Totat body water, TBK: Total body potassivm {equations developed by
Forbes et ar%0 Tpk {68.1), equations developed by Womersley et a/ ™1, Ty {66/60); NiR: near Infrared Interactance, BM!; Bedy mass
Irdex, Sf: Skinfoids {equations developed by Dumnin & Womerstey™, S{DW) equations developed by Pollack™, Si{Pa)).

these estimates of nean squares, with TBW and impedance  of disagrecment between the various technigues, Only
mtthods clearly superior, and creatinine and TBK clearly TBW showed good agrecment with the reference method at
inferior 1o other methods, the individual Jeve), For the other methods positive rela-

Figure ] shows individual differences between reference tionships ware found between the methed-differences and
and other methods expressed as fonctions of the reference the change in FFM, indicating a poor individual agrecment

method. 2 This was done in order 10 assess the magnitude between the reference and these other methods.
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Discussion

Mean and individual changes

The present study describes a comparison of eight methods
for estimzting changes in body composition, after a 12
week diet and physical activity, in overweight patients with
rheumatoid arthritis.

The study shows that, even though all techniques except
the creatinine method gave estimates of mean change in
FFM similar to the reference estimate, significant differ-
ences Were seen between the accuracies of the methods
which invalidated estimates at the individual Jevel. Similar
results have been reported in healthy subjects. Compared
w0 the reference, the TBW method hsd clearly lower varia-
tion, and estimated change in FFM with higher acruracy,
than other methods, both at mean and individval Jevel. This
is 1o be expected, as the reference method used was based
on measerernent of total body water. However, even though
the reference method is also based on measprement of tota)
body potassium, this method estimated neither mean nor
individual FFM or FFM changes correctly. The four-com-
partment model assumes that almost 2} potassium resides
intracellularly. Thus TBK depends primarily on the size of
BCM. As there is a large varjation jn BCM within FFM,
the poor estimation of mean and indjvidual changes in FFM
is presumably explained by larger violztion of assumptions
when estimating FFM from TBK rather than from TBW,
due to larger variations in the potassium content than in the

hydration of FFM. 2

in the present study, only obese subijects were examined.

Compared 1o Jean subjecis, the estimation of FEM from
toial body potassium js underestimated in obese, as the
potassium rich body cell mace comprises 2 smaller fraction
of FFM; while TBW-cstimated FEM js overestimated
because of a higher hydration of FFM in obese than in
lean.®® As a consequence of this, with weight Joss, FFM
changes will be slightly overestimated using TBW and
vnderestimated using TBK methods, as evident when com-
Pared with the estimates from the four-compartment model,

Next to TBW, impedance was found 1o have the highest
accuracy for predicting mean changes. However, even
though at the individual Tevel, agreemen:t between reference
and irpedance measures of FFM changes was better than
for other methods, Figure | shows 2 substantial difference
in loss of FFM between impedance and the reference
method. For most subjects, impedance underestimated the
true loss of FFM. This has also been found by others 26~
It has been argued that impedance measurements are influ-
enced by the ratio of intracellular to extracellular water,2®
This would result in overestimating tie FFM loss and
underestimating true FFM £2in in obese, opposite to what
Was seen in the present study.

Urinary creatinine excretion is generally considered to be
an index of muscle masg?®3 provided the diet does fior
contain excessive amounts of preformed creatinine (from
meay). Creatinine excretion does, however, vary somewhat
from day 10 day, even during a constant diel or fasiing 2
'Furihermorc, tall individuals excrete more Cr than smail
individuals. In the present study, the patients furthermore
May be expecied 10 have Jower muscle mass than healihy

subjects.™* Calculation of FFM from creatinine may there-
fore rely on erroneous assumptions. Poor reproducibility of
the creatinine method, incomplete vrine collections or day-
to-lay variations in creatinine excretion may alse be
responsible for the poor agreement with the reference

method 22

Thereference method

The use of the present four-compartment model relies on
assumptions of constant intracellular potassiom, bone min-
erzl, and intracelluler water with age. These assumptions
are itss subject to inter-individual variation, even under dif-
ferences in hydration status, than the assumptions of the
simpler two-compartment models.’ However, althou gh
assumptions may 10 somne degree be violated, these vioja-
tions may be of lesser imponance when change in body
composition is considered. On the other hand, jt may be
questioned if these assumptions are valid in patients with
rheumatoid arthritis. First, more than half of the patients in
the present study took Jow dose prednisolone, and almost
all 1ok non-steroid anti-inflammatory drugs (NSAID) dur-
ing the whole course of the dict regimen. In general, how-
ever, intracellvlar potassium concentration remains cop-
stant inder various conditions, 3 3** and specifically it has
been lovnd that intracellular potassium and BCM remain
unchaged during prolonged cortisone treatment. 3% 1p
accordance herewith the patients taking prednisolone in the
presert study. Jost similar amounts’ of BCM (0.6 = 2.0 kg
compred 10.0.5 +.2.0 kg) as those.-who did nor take this
mediction. NSAID vse did not inflnence this data. Second,
bert nineral is often'reduced in RA patients.3 However,
the estinated change'in FFECS would be influenced only if
bone nineral decreased during the 12 weeks dictary regi-
men. Adecrease as Jarge as 0.05% per week would theoret-
ically wesult in an overestimation of FFECS at the follow-
up exanination, and thereby an underestimation of the
FFM dange of approximately 0.03 kg. Third, ECW may
be increased in RA patients. However, there is no reason to
believethat estimated change in ECW should be invalid in
either normal subjects or RA patients. Indeed, there was no
differerce in loss of ECW per kg FFM between patients
taking prednisolone compared to those who did not take
this medication (0.40 = 0.03 1kg vs 041 = 0.05 1/kg).
Similarly, effects on change in ECW resulting from hydro-
gen exthange of tritium with carboxyl and hydroxyl
groups” during the equilibrium of tritium, js probably neg-
ligible. Furthermore, the variation in the degree by which
TBW isoverestimated by tritium is bnknown,* and varjes
with thelength of the equilibrivm time, which in the pre-
sent study was short (2 h only). The use of the four-com-
partment model as reference in the present study seems

therefore justified.

Measurement errors

Last, but not Jeast, the precision of measvring individual
changes over time is dependent on the sum of measurcment
emors of both initial and later measures. As the reporicd
changes in the present study, as in most studies from the Jit-
erature, often are small, measurement errors of inival and
follow up measurements Jead 1o 2 relatively large error
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when measuring changes.

Assuming preeision of body weight and hzight to be
0.01 kg and 0.5 cm, respectively, and precision of TBW
and TBK 10 be 2% and 3%, respectively,™3? the precision
for estimation of FFM from TBW, TBK and the four-com-
partient model is & 1.2kp, + 0.75kg and + 0.43kg, respec-
tively. The precision of change in FFM is therefore 1.7 kg,
1.06 kg and 0.61 kg. Thus, in agreemnt with others, 238 we
find that the presently vused multi-compartment mode] has a
greater precision than the 1wo-compartment models.
Kushner et al® have estimated hat individual changes of
less than 1.4 kg FFM may not be shown by any method.
Similar findings (Jess than 1.54 kp) were reported by Jebb
er al.® In the present study, 2 change of 1.7 kg FFM was

found. Thus, the four-compartment model, with jts caleular--

ed precision of 1.22 kg, should sufficiently captore the
changes of FFM in the present study. However, measure-
ment bias of several of the other methods may be 106 Jarge
to estimate F*M changes. Indeed, in a classical substrate
balance study, Jebb er 212 found that individoal changes in
fat mass estimated by methods like TBW, TBK, BM]I, skin-
folds and impedance should exceed between 0.81 znd 6.05
kg. In the present study somewhat similar bizs were found

(2.0 kg (TBW} 10 8.2 kg {Creatinine)).

The diet regimen

The fine agreement between reported protein intake and
oxidation suggests a good compliance throughout the study.
However, this can not be used to validate energy intake
since a large part of the protein intake, but not energy
intake, stemmed from the dietary supflement. The calculat-
ed energy balance suggests a daily energy deficit of 3.2 MJ
which, in theory, should have resulted in 2t Jeast 7.1 kg
weight Joss, assuming the energy equivalent of weight loss
is 38 MI/kg, the energy content of fat, In the present study,
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