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Bioelectrical impedance analysis to assess changes in
total body water in patients with cancer

J.P.F. H. A. SIMONS, A. M. W. J. SCHOLS, K. R. WESTERTERP*, G. P. M. TEN VELDE, E. F. M. WOUTERS

Departments of Pulmonology and *Human Biology, Maastricht University, PO Box 616, 6200 MD Maastricht, The
Netherlands (Correspondence to: JPFHAS, Department of Pulmonology, Astmacentrum Hornerheide, Hornerheide 1,
6085 NM Horn, The Netherlands)

Abstract—Predominantly based on studies in obese individuals, the applicability of single-frequency
bioelectrical impedance analysis (BIA) to measure changes in total body water and fat-free mass has been
questioned. To further clarify this issue, we compared changes in BlA-derived height?/resistance {ht?/R)
with changes in total body water (deuterium dilution, A-TBWdeu) in cancer patients participating in a
clinical trial. Thirty-three patients (mean body mass index 23.2 = 3.5 kg/m?) were studied after an average
follow-up of 11 weeks. Changes in TBWdeu occurred in both directions {(mean +0.2 = 1.6 L, range -3.3
to +3.1 L). These changes were significantly predicted by changes in ht*R (r? 0.43, P < 0.0001, SEE 1.22 L),
although precision was poor (residual SD 1.2 L). There were in this regard no significant differences
between patients with and without underweight. We conclude that in underweight and normal-weight
cancer patients, BIA-derived changes in ht?/R significantly predict changes in total body water assessed by
deuterium dilution.
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Patients

Introduction Patients with the following histologically or cytologically

. o ' . diagnosed, incurable malignancies were considered eligi-
Bioelectrical impedance analysis (BIA) is a body compo-  ble: non-small-cell carcinoma of the lung; mesothelioma;
sition analysis techmgue to measure fat mass and fat-free carcinoma of the digestive tract or pancreas; carcinoma of
mass (FEM) accordn.lg to a two—comp?rtment mgdel. the kidney, bladder or ureter; and disseminated carcinoma
Single-frequency BIA is based on the principle that a fixed,  of unknown origin. All patients were required to have a

low-voltage, high-frequency current, introduced into the  Karnofsky performance status score of at least 60%. The
human body, is conducted almost completely through the  protocol was in accordance with the Helsinki Declaration
fluid compartment of the FFM, which is an equivalent of  of 1975, as revised in 1983, and was approved by the insti-
total body water (TBW) (1, 2). The opposition to the flow of  tutional review board for human research of the University

this current, the resistance (R), is measured. The assumption  Hospital Maastricht. Written informed consent was
that R can be used to predict TBW and FFM has been obtained from all patients.

proven by many studies in healthy individuals. Particularly
the so-called impedance index, height*/resistance (ht*/R),
proved to be a significant predictor (3—14).

Although already widely used in prospective clinical ~ The study duration was 12 weeks. At baseline and after 6
trials (15-19), the applicability of BIA to measure changes  and 12 weeks, body weight, BIA-derived R and deuterium
in TBW and FFM is far from clear. Several studies, most dilution-derived TBW (TBWdeu) were assessed.
of which were performed in obese individuals on a weight
loss program, showed that the reliability of BIA to measure  Height and weight
changes in TBW or FFM was disappointing (20-24). To
expand our knowledge on the ability of BIA to predict
changes in TBW, we measured changes in BIA-derived
ht*R in advanced-stage cancer patients who participated
in a randomized placebo-controlled trial investigating the
effects of a synthetic progestagen on food intake and body
composition (25). In this study, TBW was assessed by
deuterium dilution, which was thus used as a reference
method for the validation of BIA. R was also measured in the morning, in the fasted state and

Study design

Height (ht) was measured, without shoes, to the nearest
0.1 cm by using a wall-mounted stadiometer. Body weight
(wt) was measured in the morning, in the fasted state, after
voiding and without clothing and shoes, to the nearest
0.1 kg by using a beam scale (SECA, Hamburg, Germany).

Bioelectrical impedance analysis
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after voiding, by using a 800 pA, 50-kHz tetrapolar impe-
dance plethysmograph (BIA 101, RJL systems Inc, Detroit,
MI). The measurements were performed in the supine
position on the right side of the body. As described by
Lukaski et al. (9), two disposable pregelled electrodes were
affixed to the dorsum of the right hand and two to the
dorsum of the right foot.

Total body water

The evening before each visit to the hospital, at approxi-
mately 2300, all patients drank a weighted dose of approxi-
mately 4.00 g deuterium (99.84 atom percent excess) in
50 mL water. Then the bottle was rinsed once with approxi-
mately 50 mL tap water, which was also drunk. Thereafter,
the patients had to refrain from eating and drinking. They
were asked to void at least once at home before attending
the hospital. Before and 10 h after drinking the deuterium
water, a urine sample was taken. Deuterium was measured
in duplicate in these two samples by using an isotope ratio-
mass spectrometer (Aqua Sira, VG Isogas, Cheshire, UK)
(26). Comparison of the duplicate measurements showed
a precision >99%. TBWdeu was calculated by dividing
the measured volume of distribution of deuterium by 1.04,
thereby correcting for the exchange of deuterium with
non-aqueous hydrogen (27). The use of this test protocol
with an overnight equilibration period of 10 hours has been
extensively validated in our laboratory (28). It was shown
that TBW assessed by using this protocol corresponds very
well (bias 1%) with TBW derived from hydrodensitometry
(28).

Statistical analysis

Results are expressed as mean = SD. For all statistics,
significance was determined at the 5% level (two-sided).
The prediction of A-TBWdeu by A-wt and A-ht’/R was
evaluated by linear-regression analysis. In addition, the
agreement between methods was evaluated by plotting the
residuals of the regression of A-TBWdeu on A-ht*/R relative
to A-TBWdeu. For all analyses, the statistical package
SPSS/PC+ (version 6.0-Windows; SPSS Inc., Chicago, USA)
was used. Slopes and intercepts of different regression lines
were statistically compared by using a small-sample ¢ test
as described by Kleinbaum et al. (29). Subjects were con-
sidered non-evaluable in case of the development of
peripheral edema, as it could not be excluded that such
large fluid shifts would substantially bias the reliability of
the BIA-prediction of TBW change.

Results

Fifty-four advanced-stage cancer patients participated in
the clinical trial that formed the base for the present study
(25). In 38 patients, at least one follow-up measurement of
both BIA and deuterium dilution was available. The other
patients dropped-out before reaching the first evaluation (at

Table 1 Baseline characteristics'

(n = 28 males, 5 females)

Age (¥) 66+ 8
Height (cm) 169 + 7
Weight (kg) 66.3 £ 10.0
PIBW (%)* 10115
Body mass index (kg/m?) 232+35
Weight loss (%) 84+90
Resistance (Q) 535+ 85
TBWdeu (L)* 37253
FEMdew/wt (%)°

males 793+ 6.1

females 66.1+79
Blood urea nitrogen (mmol/L) 6.1x1.8
Creatinine (umol/L) 83+18

"Mean + SD. *Weight expressed as percentage of ideal body weight.
*Weight loss as percentage of pre-illness weight. “Total body water by
deuterium dilution. *Fat-free mass by deuterium dilution (TBWdeu /0.73)
as percentage of body weight.

6 weeks) due to death or physical deterioration (n = 6), side
effects (n = 4), refusal to continue (n = 2), protocol violation
(n = 2), mechanical obstruction of the digestive tract (n = 1)
and hospitalization due to sigmoid perforation and peri-
tonitis (n = 1). As five of the patients with available follow-
up measurements developed peripheral edema, the total
number of patients used in the analysis was 33. Of these
patients, the baseline measurements and those made on
the last follow-up visit (week 6 in seven patients), were
analyzed. In Table 1, the baseline characteristics of these
patients are given.

During the study, changes in body weight as well as
TBWdeu occurred in both directions: mean weight change
was +0.1 = 3.7 kg, range —7.6 to +13.7 kg; mean TBWdeu
change amounted to +0.2 + 1.6 L, range -3.3 to +3.1 L.

A-Wt and A-ht*/R were significantly correlated with A-
TBWdeu (respective r 0.43 [P = 0.01] and 0.66 [P < 0.0001]).
On stepwise regression analysis, however, only A-ht*/R
was identified as significant independent predictor of
A-TBWdeu (y=0.09 + 0.3708x, SEE 122 L, r*=0.43,
P <0.0001). In Figure 1, the regression line of A-TBWdeu
on A-ht?/R is shown. To further document the predictive
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Fig. 1 Linear regression of changes in total body water by deuterium
dilution (TBWdeu) on changes in height¥/resistance (ht”/R) by
bioelectrical impedance analysis. Characteristics of the regression line:
y =0.09 + 0.3708x, SEE 1.22 L, /* = 0.43, P < 0.0001.
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Fig.2 Plot of the residuals of the regression of A-TBWdeu on A-ht*/R in
relation to the corresponding changes in TBWdeu. The residual SD is
represented by the dashed lines. Correlation characteristics: » = 0.75,

P <0.0001.

power of BIA to assess TBW-changes, the residuals of the
regression of A-TBWdeu on A-ht*/R are shown in Figure 2.
The residuals are presented in relation to the corresponding
changes in TBWdeu. The residual SD amounted to 1.2 L.
The residual values and observed changes in TBWdeu
proved to be positively correlated (r=0.75, P <0.0001),
indicating that an increasing magnitude of TBW-change
was associated with an increasing underestimation of
TBW-change by BIA.

To investigate whether there was a difference in the
prediction of A-TBWdeu by A-ht¥/R in underweight patients
(arbitrarily defined as having a body weight below 95%
of the ideal body weight [PIBW] [30]) and normal-weight
patients, a separate linear-regression-analysis of A-TBWdeu
on A-ht*/R was performed in each subgroup. Mean PIBW
was 85 £ 7% in the underweight patients (z = 11) and 110 %
11% in the normal-weight subjects (n = 22). The character-
istics of the regression line of the underweight patients
(y = 0.09 + 0.3483x, SEE 1.16 L, ¥ = 0.42, P = 0.03) were
not significantly different from those of the regression line
of the normal-weight patients (y = 0.09 + 0.3802x, SEE
1.30 L, ¥»=0.43, P <0.001); the 95% confidence interval
for the difference between slopes was —0.378 to 0.314.

Discussion

The results of the present study indicate that in cancer
patients, with or without underweight, the BIA-parameter
A-ht*/R is a significant predictor of A-TBW, and that the
use of A-wt as an additional factor does not further improve
the prediction.

These results are in contrast with those of several other
investigators, who overtly raised doubts about the ability
and reliability of BIA to detect changes in TBW and FFM
in longitudinal studies. Some even suggested that A-wt is a
better predictor of A-TBW than A-R (20, 31). In 1989,
Deurenberg et al. (21) reported a study in 13 obese women
losing weight on a 8-week diet. In this study, mean A-FFM
measured by densitometry was significantly under-estimated
by BIA (respective mean A-FFM: 2.3 kg and -0.6 kg). No
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correlation data were reported. In 1992, Forbes et al. (20)
reported in a review of six studies in adults who incurred
a change in body weight and FFM as a result of diet or diet
plus exercise, that in four studies no significant correlation
was found between A-R and A-FFM. Also in 1992, van der
Kooy et al. (22) reported the results of a study in 84 obese
patients losing weight on a 13-week diet. In this study, no
correlation was found between A-R and A-FFM measured
by densitometry. BIA-derived A-FFM was calculated by
using three different previously published prediction equa-
tions. In contrast with the Deurenberg study, all equations,
in a varying degree, significantly over-estimated mean
A-FEM. In 1995, a study was reported by Beshyah et al.
(23) investigating the changes in FFM assessed by three
methods (BIA, dual-energy X-ray absorptiometry [DXA]
and total body potassium [TBK]) in a group of 14 hypo-
pituitary adults during growth hormone treatment. No
significant correlation was found between A-FFMbia and
A-FFM assessed by DXA and TBK. BIA strongly over-
estimated A-FFM measured by TBK, but accurately
predicted mean A-FFM measured by DXA. In contrast with
the previous studies, Valtuefia et al. (32) reported in 1995
in nine obese women, losing weight on a 4-week low-
energy diet, a significant correlation between densitometric
A-FFM and A-FFMbia (r = 0.69, P < 0.05, SEE not stated).
Accuracy was relatively good: mean densitometric A-FFM
amounted to -3.4 kg, versus -2.9kg for A-FFMbia. In
a recent study by Abrahamsen et al. in 18 hemodialysis
patients before and after ultrafiltration (24), no significant
correlation was observed between A-R measured by BIA
and A-TBW measured as weight reduction by dialysis.

Why did the present study show a significant correlation
between A-ht’/R and A-TBW, while most of the longitu-
dinal BIA studies, reviewed above, did not? Apart from
differences in group size, rapidity, magnitude and range
of TBW changes, and reference methods used, an additional
explanation could be the fact that in most studies the vali-
dity of BIA to measure changes in FFM was investigated
in obese individuals on a weight-loss program. Several
previous studies revealed that obesity, on a body composi-
tional level, is characterized by an absolute elevation of
ICW and an absolute and relative increase of ECW,
resulting in an increased hydration coefficient of the FFM
and an increased ECW/ICW ratio (33, 34). It was also
shown that weight loss in these patients is accompanied by a
decrease in ICW, while ECW remains stable or decreases
only slightly (33, 35). If the 50-kHz BIA-current is more
easily conducted through the ECW than through the ICW,
which is suggested in literature (36), over-time changes
in ECW/ICW ratio, and inter-individual variation in these
changes, might importantly contribute to the poor BIA re-
liability observed in most follow-up obesity studies. In
addition, the results might have been further confounded
by concomitant changes in the hydration coefficient of the
FFM, for example due to ICW losses mainly consisting of
(glycogen-bound) pure water.

Finally, in some of the reviewed studies the reliability of
BIA might have been also influenced by the use of TBW
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prediction equations that, in addition to R, contain variables
(for example weight) of which changes are not necessarily
proportionally related to changes in TBW.

Although in the present study it was shown that changes
in BIA-derived ht*/R significantly predict changes in TBW
in normal-weight and underweight individuals, some draw-
backs of the technique need further discussion. Firstly, the
precision of the prediction of TBW-changes is poor. This
statement is based on the finding of a high residual SD
of the prediction (1.2 L) in relation to the SD and range of
the changes in TBWdeu observed (respectively 1.6 L and
—-3.3 to +3.1 L). This poor precision was shown to be due
(at least in part) to the fact that BIA progressively under-
estimates TBW-changes as these changes become larger.
Secondly, it should be stressed that the use of different
prediction equations (as presently available in literature) to
calculate TBW from R not only leads to different absolute
values of TBW (37,38), but also to different values of TBW-
change. The larger the relative importance of R (or ht?/R)
in the formula is, the larger the assessed A-TBW for a given
A-R will be. When for example R changes from 540 ohm
to 500 ohm and weight from 66 kg to 71 kg in a 65 year-
old-male with a height of 170 cm, TBWbia will change
from 33.2 L to 35.3 L when the formula developed by
Deurenberg et al. (TBW = 0.72%(0.340(ht*/R) + 0.1534(ht)
+ 0.273(wt) = 0.127(A) + 4.56 (sex; m= 1, £=0) — 12.44)
[5]) is used, versus 35.9 L to 38.8 L in case of the formula
by Kushner et al. (TBW = 0.59(ht*R) + 0.065(wt) + 0.04
[13]). The laiter increase in TBWhia is = 40% higher than
the increase assessed by using the first formula. This
inherent problem of quantification can only be circum-
vented by exclusively analyzing and reporting within- and
between-group changes in R or ht”/R. When quantification
is nevertheless desired, which probably often will be the
case, it is obviously important to report in addition to (the
analysis of) the ‘crude’ R values, the exact formula by
which TBW or FFM is calculated. Unfortunately, however,
this is not at all common practice in prospective clinical
studies to date.
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