Clinical Nutrition (2003) 22(2): 167–174
r 2003 Elsevier Science Ltd. All rights reserved.
doi:10.1054/clnu.2002.0617

ORIGINAL ARTICLE

Improved assessment of body cell mass by segmental
bioimpedance analysis in malnourished subjects
and acromegaly
M. PIRLICH,*T. SCH&TZ,* J. OCKENGA,* H. BIERING,* H. GERL,* B. SCHMIDT,* S. ERTL,w M. PLAUTH,z H. LOCHS*
*Medizinische Klinik und Poliklinik, Abteilung Gastroenterologie, Universit/tsklinikum Charite¤, Humboldt-Universit/t zu Berlin,
Germany, wAbteilung fˇr Nuklearmedizin, Helios Klinikum Buch, Berlin, Germany, zAbteilung Innere Medizin, Klinikum Dessau,
Germany (Correspondence to: MP, Medizinische Klinik und Poliklinik, Universit/tsklinikum Charite¤, Humboldt-Universit/t zu Berlin,
10098 Berlin, Germany)

AbstractFBackground: Estimation of body cell mass (BCM) has been regarded valuable for the assessement of malnutrition.
Aim:To investigate the value of segmental bioelectrical impedance analysis (BIA) for BCM estimation in malnourished
subjects and acromegaly.
Methods: Nineteen controls and 63 patients with either reduced (liver cirrhosis without and with ascites, Cushing’s
disease) or increased BCM (acromegaly) were included. Whole-body and segmental BIA (separately measuring arm,
trunk, leg) at 50 kHz was compared with BCM measured by total-body potassium. Multiple regression analysis was
used to develop specific equations for BCM in each subgroup.
Results: Compared to whole-body BIA equations, the inclusion of arm resistance improved the specific equation in
cirrhotic patients without ascites and in Cushing’s disease resulting in excellent prediction of BCM (R2 = 0.93 and 0.92,
respectively; both Po0.001). In acromegaly, inclusion of resistance and reactance of the trunk best described BCM
(R2 = 0.94, Po0.001). In controls and in cirrhotic patients with ascites, segmental impedance parameters did not improve BCM prediction (best values obtained by whole-body measurements: R2 = 0.88 and 0.60; Po0.001 and
o0.003, respectively).
Conclusion: Segmental BIA improves the assessment of BCM in malnourished patients and acromegaly, but not in
patients with severe fluid overload. r 2003 Elsevier Science Ltd. All rights reserved.

BIA prediction equations for BCM usually include
the impedance index (height2/resistance) which is
strongly correlated with total-body water and fat-free
mass, and/or the reactance (Xc) which is dependent on
the capacitant eﬀect of cell membranes and tissue
interfaces (12). Xc has also been found to be inversely
correlated with extracellular ﬂuid volumes (13). Other
approaches include the phase angle (j = arctan Xc/R)
(14), which is thought to be an indicator of extra- and
intracellular ﬂuid distribution (15), or multiple frequency impedance measurements (11). However, the
value of BIA equations to estimate BCM has been
questioned in diseases with loss of BCM (6). In addition,
the validity of whole-body BIA appears also to be
limited in patients with general or compartmentalized
ﬂuid retention such as ascites (16, 17) or in adiposity
(18). Therefore, segmental impedance measurements
(separately measuring impedance of the limbs and
trunk) have been suggested for more precise estimates
of body fat, fat-free mass, or ﬂuid compartments (15,
19–22).
The theoretical background for this approach is based
on the fact that the human body is not an isotropic
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Introduction
Protein malnutrition is a prognostically ominous ﬁnding
in several chronic diseases and its assessment is critical
in the clinical evaluation and management of these
patients (1–6). Estimation of body cell mass (BCM)
has been regarded most meaningful among all body
compartments for the assessment of malnutrition,
especially since BCM comprises the metabolically
active and protein-rich intracellular tissue (7). Precise
estimates of BCM can be obtained by isotope dilution
or the total-body potassium approach, but these
methods are expensive and not generally available for
clinical use. For clinical research purposes, bioelectrical
impedance analysis (BIA) has been used as a noninvasive and inexpensive bedside tool to estimate BCM
(4, 6, 8–11).
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conductor with uniform length and cross-sectional area
as it is assumed for whole-body BIA. In fact, it has been
shown that most of the measured whole-body impedance arises from a small fraction of the total body
volume, i.e. the limbs, while the trunk contributes only
9% of total resistance and 450% of body weight (23).
To our knowledge, no attempts have been made to
evaluate the potential value of segmental BIA for the
assessment of body cell mass.
This tempted us to hypothesize, that in patients with
malnutrition and ﬂuid retention or in patients with
changes of the body geometry (i.e. excess trunkal body
fat) segmental impedance measurements might be
advantageous to the whole-body approach in estimating
BCM.
To prove this hypothesis, we studied body composition using whole-body and segmental BIA in comparison to total body potassium counting as the reference
method in healthy controls and in disease states which
are known to be associated with either reduced (liver
cirrhosis, Cushing’s disease) or increased BCM (acromegaly).

Patients and methods
Patients and Controls
Nineteen healthy controls and a total of 63 consecutive
patients with diﬀerent diseases, potentially associated
with changes of body composition were studied. Patient
subgroups were as follows: liver cirrhosis without ascites
(n=17), liver cirrhosis with ascites (n=16), untreated
Cushing’s syndrome (n=12), and untreated acromegaly
(n=18). Patients with malignancies, clinically apparent
infection, malabsorption, and hyperthyroidism were
excluded. Diagnosis of cirrhosis was conﬁrmed by
histology, and the presence or absence of ascites was
evaluated by ultrasound. Only those cirrhotic patients
who had none or signiﬁcant ascites were included in the
study. Diagnosis of Cushing’s syndrome was based on
elevated urinary cortisol excretion, and abnormal
plasma cortisol response in the dexamethasone suppression test. Acromegaly was diagnosed by elevated IGF1levels and abnormal plasma growth hormone response
in the glucose suppression test.
The study protocol was approved by the Ethics
Committee of the Universitätsklinikum Charité, and
informed consent was obtained for each subject.
Body composition analysis
Total body potassium counting
Total-body potassium content (TBK) has been considered to be an accurate reﬂection of BCM because497%
of all the potassium in the body is intracellular (24).
TBK was determined by measuring the amount of the

naturally occurring radioisotope 40K using a shieldedroom whole-body counter (Nuclear Enterprises Ltd.,
Edinburgh, UK) working with four NaI(TI) detectors
(Berthold, Wildbad, Germany) as described previously
(25). The coeﬃcient of variation for repeated measurements was r2%. In addition, measured total-body
potassium was compared with expected normal values
as calculated by the following predictor equations (4):
TBK = 35.76 H  4.51 age  2483 (male); TBK = 35.76
height  4.51 age  3211 (female). BCM was then
calculated according to Moore (7): BCMTBK = TBK
0.00833.
BIA
BIA was performed by the tetrapolar contact electrode
approach using an impedance analyzer applying an
alternating electric current of 800 mA at 50 kHz frequency (BIA 2000-M, Data Input GmbH, Frankfurt/
Main, Germany). For whole-body impedance measurements, two pairs of current-introducing and voltagesensing electrodes were attached to the dorsum of hand
and foot of the dominant side of the body (26).
In addition, segmental impedance measurements were
performed for the arm, leg and trunk using the method
of Rallison (20) which is a modiﬁcation of the approach
suggested by Baumgartner (15). For the arm measurement, one pair of electrodes was attached on the
standard locations on the hand and wrist and the other
pair on the acromial process of the shoulder (receiving
electrode) with the second electrode placed 5 cm superior in the midaxillary line (source electrode). For
measurement of the trunk, the receiving electrode was
placed on the acromial process as described above, and
the source electrode was attached 5 cm distally over the
deltoid muscle. The second pair of electrodes was placed
on the midaxillary line of the hip with the receiving
electrode located on the iliac crest and the source
electrode located 5 cm distally towards the thigh. For
measurement of the leg, one pair of electrodes was
attached on standard locations on the foot and ankle.
The other pair of electrodes was placed on the
midaxillary line of the hip with the receiving electrode
placed on the iliac crest and the source electrode placed
5 cm superior.
Resistance (R), reactance (Xc), and the phase angle
(j) were measured. All impedance measurements were
taken after a 4-h fast, with the patient supine for at least
30 min before measurement, the arms relaxed at the
sides but not touching the body, and thighs separated.
The coeﬃcient of variation for repeated R and Xc
measurements at 50 kHz was determined in four healthy
controls, and in four patients of each disease group. The
coeﬃcient of variation for R and Xc were o1 and o2%
in controls, and o1.6 and o3% in patients.
One established standard equation based on wholebody 50 kHz monofrequency BIA for BCM estimation
was applied to the study population which has been
developed by Kotler and co-workers in HIV-infected
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and healthy subjects using TBK measurements as
reference method (9). In this equation, parallely transformed reactance and body height and weight were used,
and an exponential rather than linear relation to TBK
was introduced with speciﬁc coeﬃcients for male and
female subjects:

develop predictive equations for BCM in controls and
each patient group separately.

BCM (males) = 0.00833 (0.76 [59.06 (H1.6/(Xc+ R2/Xc)0.5]
+18.52 W386.66),
BCM (females) = 0.00833 (0.96 [1.3 (H2.07/(Xc+ R2/Xc)0.36]
+5.79 W–30.51).

Clinical characteristics and total-body potassium counting

In addition, in controls and in each patient group we
developed two diﬀerent population-speciﬁc BIA equations using multiple regression analysis. The ﬁrst
equation was based solely on whole-body BIA measurements. The second equation was based on segmental or
segmental+whole-body BIA values. The selection of
parameters for multiple regression analysis was based on
published predictive models, and on the results obtained
by linear correlation and by stepwise regression analysis.
The following parameters were analysed: H, H2, W,
whole body/segmental resistance or resistance corrected
by H or H2, whole body/segmental reactance or phase
angle, and logarithmic transformed reactance or phase
angle.

Statistical analysis
All data are given as mean+SD. Multiple comparison
between controls and patient groups was performed by
ANOVA and subsequent least-signiﬁcant diﬀerence
procedure test. In tables, only signiﬁcant diﬀerences
between controls and patient groups are indicated, but
diﬀerences between patient groups were excluded for
better readability. Spearman’s correlation coeﬃcient
was calculated for testing the relationship between
diﬀerent quantities in a bivariate regression model.
Stepwise and multiple regression analysis was used to

Results

Age and gender distribution as well as body height were
not diﬀerent between controls and patient groups
(Table 1). Body weight was signiﬁcantly higher in
patients with acromegaly.
In healthy controls, mean total-body potassium was
not diﬀerent from predicted values, whereas in LC
without and in LC with ascites and in Cushing patients
mean total-body potassium was signiﬁcantly lower than
predicted (17%34.5% and –18.7%, respectively)
and also signiﬁcantly lower than in healthy controls,
indicating a loss of BCM in these patient groups
(Table 1, Fig. 1). In contrast, in patients with
acromegaly measured total-body potassium was signiﬁcantly higher than the predicted values (Table 1).
Whole-body and segmental impedance data
The results of whole-body and segmental impedance
measurements are given in Table 2. Whole-body
resistance of patients with acromegaly was signiﬁcantly
lower than in controls, but no diﬀerences were found
between controls and the other patient subgroups. In
contrast, whole-body reactance and phase angle were
signiﬁcantly lower in LC without and with ascites as well
as in acromegaly when compared with controls, but in
Cushing patients whole-body reactance was not diﬀerent. Segmental data of controls and of all patient
subgroups demonstrated that the trunk resistance and
reactance were unproportionally low compared with
data obtained by arm and leg measurements. In patients
with acromegaly, all segmental resistance, reactance
and phase angle values were lower than in controls.

Table 1 Clinical data and total-body potassium measurements of the study population
Controls
(n = 19)

LC without ascites
(n = 17)

LC with ascites
(n = 16)

Cushing’s disease
(n = 12)

Acromegaly
(n = 18)

Age (years)
Gender (f/m)
Weight (kg)
Height (cm)
BMI (kg/m)
Lower limb oedema (+)

47.1+7.3
5/14
71.1+8.3
174.5+8.4
25.1+4.6
0/19

53.7+12.4
7/10
74.7+22.1
170.0+6.5
24.8+6.8
8/9

53.4+7.7
4/12
69.2+11.4
168.8+6.8
24.3+3.8
10/6

42.2+13.4
7/5
84.1+16.2
172.1+11.9
28.5+3.1
11/1

50.4+12.6
6/12
91.4+16.5**
175.1+11.1
29.6+4.2**
3/15

Total-body potassium
TBKm (g)
TBKp (g)
TBKm (% of predicted)
Body cell mass (kg)

127.2+24.4
130.9+21.8
97.7+14.0
27.1+5.1

98.7+32.6**
117.7+22.2w
83.0+18.0**
21.0+6.9**

78.9+15.5***
122.4+20.3w
65.5+14.9***
16.8+3.3***

95.2+24.6**
117.8+31.2w
81.3+12.6**
20.3+5.2**

142.2+38.0
129.5+28.9w
109.3+12.9*
30.2+8.0

Values are given as mean+SD.
LC, liver cirrhosis; TBKm, measured total body potassium; TBKp, predicted total body potassium calculated according to McMillan (4); TBKm
(% of predicted), calculated as (TBKm/TBKp) 100.
*Po0.05; **Po0.01; ***Po0.001 controls vs patient group;wPo0.01 measured vs predicted potassium.
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Fig. 1 Results of total-body potassium counting in controls (n = 19), cirrhotic patients without ascites (n = 17), cirrhotic patients with ascites
(n = 16), Cushing’s disease (n = 12), and acromegaly (n = 18). Box plots with horizontal bars indicating median values, boxes indicating the 25th
and 75th centiles, error bars indicating the 10th and 90th centiles, and symbols indicating values outside the 10th and 90th centiles. Po0.01,
patients vs controls.

Table 2 Whole-body and segmental impedance data
Controls
(n = 19)

LC without ascites
(n = 17)

LC with ascites
(n = 16)

Resistance (O)
Whole body
Arm
Leg
Trunk

500.7+81.9
229.5+42.6
261.3+40.0
77.7+15.9

526.4+137.9
276.2+72.4*
236.8+73.7
62.0+15.9**

556.0+158.3
331.8+83.7**
209.7+79.5*
50.1+10.8**

Reactance (O)
Whole body
Arm
Leg
Trunk

55.8+7.9
23.8+3.6
30.3+4.4
12.7+1.7

46.3+14.2*
24.4+5.9
20.4+8.9**
7.8+2.0**

38.9+11.8**
25.4+5.8
11.9+6.9**
7.6+2.8**

50.3+10.4
22.8+3.5
21.1+10.3**
8.3+1.7**

38.3+6.0**
16.1+2.7**
19.8+3.9**
6.9+1.5**

6.4+0.6
6.0+0.9
6.7+0.7
9.7+2.0

5.0+1.3**
5.2+1.1*
4.8+1.7**
7.5+2.6*

4.0+0.5**
4.6+0.7**
3.0+1.0**
8.7+3.1

5.2+0.8**
5.2+0.8*
4.2+1.7**
6.4+1.4**

5.5+0.7*
5.2+0.9*
5.4+0.9*
8.5+1.9

Phase angle (deg)
Whole body
Arm
Leg
Trunk

Cushing’s disease
(n = 12)
548.0+77.7
264.4+56.0
267.8+52.1
74.6+10.7

Acromegaly
(n = 18)
400.3+54.9*
181.3+31.7*
208.7+25.5*
46.2+7.3**

Values are given as mean+SD; *Po0.05; **Po0.001 controls vs patient group.

Comparison of segmental data between controls and the
other patient subgroups were more complex with the
only exception of phase angle of the arm and leg, which
was signiﬁcantly lower in all patient subgroups.

Linear correlation between TBK and body height, weight
and impedance parameters
In order to estimate the potential value of height, weight
and impedance measurements to predict BCM we ﬁrst
performed a linear correlation analysis (Table 3). In
healthy controls and in all patient subgroups, body
weight was signiﬁcantly correlated with TBK, but R2
values ranging from 0.285 in patients with ascites to 0.76
in cirrhotic patients without ascites indicated a large
variability between patient subgroups. A similar pattern
was observed for body height which explained 480% of
TBK variance in Cushing’s syndrome and acromegaly,
but which was not correlated to TBK in cirrhotic
patients with ascites.

Regarding impedance parameters, best correlations
with TBK were found for segmental resistance of the
trunk (controls and patients with acromegaly) or for
resistance of the arm (cirrhotic patients without and
with ascites, Cushing’s syndrome). In all subgroups,
reactance was not correlated to TBK, and correlation
between phase angle and TBK was either low or not
signiﬁcant.
Prediction of BCM by impedance measurements using
multivariate analysis
In order to analyse the predictive power of parameter
combinations we performed multivariate regression
analysis to develop speciﬁc equations for BCM using
whole-body and/or segmental impedance data. The
resulting parameter combinations which best correlated
with BCM-TBK are shown in Table 4 for each subgroup
separately. In addition, simple regression analysis was
performed to analyse the relationship between an
established standard BIA equation (Kotler) for the
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Table 3 Correlation between TBK and height, weight, and impedance data derived from whole body or segmental measurements

H
W
Rwhole body
Rarm
Rleg
Rtrunk
Xc whole-body
Xc arm
Xc leg
Xc trunk
jwhole-body
jarm
jleg
jtrunk

Controls
(n = 19)

LC without ascites
(n = 17)

LC with ascites
(n = 16)

Cushing’s disease
(n = 12)

Acromegaly
(n = 18)

0.251*
0.393**
0.512**
0.519***
0.443**
0.536***
0.204
0.138
0.084
0.020
0.257*
0.310*
0.264*
0.419*

0.414*
0.760***
0.529***
0.636***
0.303*
0.108
0.033
0.177
o0.001
0.038
0.336*
0.297*
0.262*
0.028

0.117
0.285*
0.457**
0.479**
0.313*
0.197
0.242
0.205
0.144
0.006
0.121
0.07
0.004
0.04

0.802***
0.696***
0.154
0.528*
0.06
0.032
0.023
0.034
0.015
0.116
0.216
0.494*
0.042
0.178

0.821***
0.613***
0.402**
0.462**
0.198
0.464**
0.004
0.01
0.03
0.001
0.422**
0.293*
0.347*
0.284*

Numbers are R2 values; ***Po0.001; **Po0.01; *Po0.05; H = height, W=weight, R = resistance at 50 kHz Xc=reactance at 50 kHz, j=phase
angle at 50 kHz.
Table 4 Prediction models based on whole-body or segmental BIA measurements to estimate BCM-TBK

Controls
LC without ascites
LC with ascites
Cushinǵs disease
Acromegaly

Equation

R2

P

SEE

0.534 H/Rwhole-body+0.233Xc whole-body 19.25, (1)*
1.752 jtrunk+0.267W10.12. (2)**
Kotler*
0.174 H/Rwhole-body+11.44 ln jwhole-body+0.129W17.11 (3)*
0.102 H/Rarm+7.559 ln jwhole-body+0.125 W11.83 (4)**
Kotler*
0.148 H/Rwhole-body+9.98 ln jwhole-body5.163 (5)*
0.026 Rarm+6.93 ln jwhole-body+15.892 (6)**
Kotler*
0.172 Xc whole-body+42.353 H61.287, (7)*
0.052  Rarm+0.622 Xc arm+29.48  H31.04 (8)
Kotler*
0.373 H/Rwhole-body+0.447 Xc whole-body+0.156 W 30.499, (9)*
0.034 H/Rtrunk+1.332 Xc trunk+0.208 W21.115 (10)**
Kotler*

0.875
0.865
0.856
0.913
0.930
0.903
0.601
0.562
0.459
0.914
0.922
0.697
0.934
0.943
0.893

o0.0001
o0.0001
o0.0001
o0.0001
o0.0001
o0.0001
o0.003
o0.005
o0.004
o0.0001
o0.0001
o0.001
o0.0001
o0.0001
o0.0001

1.95
2.02
2.03
2.28
2.04
2.25
2.24
2.35
2.51
1.71
1.60
3.03
2.29
2.12
2.72

H, height (in m); W, weight; R, resistance at 50 kHz; Xc, reactance at 50 kHz; j, phase angle at 50 kHz.
*denotes equations which only contain whole-body measurements; **denotes equations which contain segmental or segmental+whole body
measurements.

estimation of BCM and BCM-TBK. The corresponding
R2-, P- and SEE-values are also shown in Table 4.
Controls
The best prediction of BCM was obtained by using the
combination of whole-body resistance corrected by H2
and whole-body reactance (Equation (1). The subject’s
body weight was not found to be an independent
variable. The resulting R2 value was higher than the
value obtained by the equation of Kotler. Multiple
regression analysis including segmental impedance
measurements resulted in a formula based solely on
the phase angle of the trunk and body weight (Equation
(2)). The resulting BCM estimates from this equation
were also signiﬁcantly correlated with BCM-TBK, but
with respect to SEE, there was no advantage seen to the
whole-body impedance approach.
Cirrhotic patients without ascites
In these patients, the combination of resistance of
the arm corrected by H2, the logarithmic transformed

phase angle of the whole body and the body weight
provided the best population-speciﬁc equation (4)
with excellent R2 and SEE values of 0.93 and
2.04, respectively. When using only whole-body impedance values (Equation (3) we found a lower
correlation with BCM-TBK comparable to the equation
of Kotler.

Cirrhotic patients with ascites
In patients with ascites, the equation of Kotler explained
less than 50% of TBK-BCM variance. This value was
lower than the value obtained by linear correlation
analysis using resistance of the arm alone (see Table 3).
However, population-speciﬁc prediction formulae with
a combination of BIA parameters were also disappointing and only slightly improved the prediction of BCM.
The best equation was based on resistance of the whole
body corrected by H2 and the logarithmic-transformed
phase angle of the whole body (Equation (5)). Body
weight did not contribute to the predictive power of the
resulting equation.
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Cushing’s syndrome
As described above, in patients with Cushing’s disease
body height was a strong predictor of TBK. It was,
therefore, not unexpected that the population-speciﬁc
equations included height as an independent variable.
The equation based on whole-body measurements
included the reactance, but the resistance of the whole
body did not contribute to the predictive power
(Equation (7)). However, the best prediction formula
was obtained using the resistance and reactance of the
arm (Equation (8)) explaining 92% of the variance of
BCM-TBK. In contrast, the standard equation of
Kotler explained only 69% of the variance of BCMTBK.
Acromegaly
Patients with acromegaly represented the only group in
which resistance and reactance of the trunk (together
with body weight) provided the best parameter combination explaining 94% of BCM-TBK variance. Regarding the Kotler equation, we found also a highly
signiﬁcant correlation but a higher SEE value.

Discussion
The purpose of this study was to evaluate the value of
segmental application of monofrequency BIA in comparison to the conventional whole-body approach to
estimate BCM in normal and in malnourished subjects.
The selection of diﬀerent patient subgroups permitted us
to study BIA under conditions with a wide range of
BCM values and distinct changes of body composition
and geometry. Liver cirrhosis frequently is associated
with protein-energy malnutrition and ﬂuid retention (10,
16, 27, 28). Cushing’s syndrome is characterized by
markedly increased trunkal fat mass and loss of muscle
mass (29), and in acromegaly an increase of the BCM
is expected (30, 31). In our population, these expected
changes of BCM were plausibly reﬂected by TBK
measurements as the reference method: Patients with
liver cirrhosis and Cushing’s disease had a signiﬁcantly
reduced BCM. The observed loss of BCM was most
impressive in cirrhotic patients with ascites (34.5% of
predicted values). In contrast, in patients with acromegaly we found an increased TBK when compared with
predicted values.
The results of BIA measurements in our study clearly
demonstrated the superiority of population-speciﬁc to
standard BIA equations in estimating BCM in all
patient groups and even in healthy subjects. This ﬁnding
further illustrates the limitations of BIA when standard
equations well validated in one population are applied
to another population or diﬀerent disease states (6, 8, 9).
In healthy controls, we found no advantage of the
segmental BIA approach compared with whole-body
measurements, but it is remarkable that a very simple

equation solely based on phase angle of the trunk and
body weight almost reached the precision of the wholebody impedance equation for BCM estimation. Therefore, the segmental approach could be useful in
otherwise healthy patients with lymph oedema of the
extremities or limb amputation.
In contrast, in cirrhotic patients without ascites, in
Cushing’s disease and in acromegaly inclusion of
segmental impedance data improved the predictive
power of the ﬁnal BIA equation indicated by higher
R2 values and lower SEE values. In cirrhotic patients
without ascites and in Cushing’s disease, the arm
resistance better reﬂected BCM than whole-body
resistance. In both patient groups we observed a
signiﬁcant loss of BCM, which is predominantly related
to a loss of skeletal muscle mass, especially of the limbs.
Thus, one could expect that resistance of the leg is equal
or even better in predicting BCM, because the legs
represent a much larger portion of BCM than the arms.
However, we could not ﬁnd any improvement by
inclusion of leg data, and we observed a markedly
lower correlation between leg resistance and TBK than
between arm resistance and TBK. An explanation of
this ﬁnding may be the presence of lower limb oedema
observed in a relevant number of patients without
ascites and in patients with Cushing’s disease (Table 1),
especially since none of the patients had oedema of the
upper extremities.
A negative inﬂuence of ﬂuid overload on BIA
precision to estimate total-body water (16, 17) or fatfree mass (32) has been previously described in patients
with cirrhosis, especially in those patients with ascites.
In accordance with these studies, we found in patients
with ascites that even the best speciﬁc equation
explained only 60% of BCM-TBK variance. In these
patients, the linear correlation between body height,
weight, resistance and reactance, and TBK was lower
than in all other subgroups studied (Table 3), andFcontrary to our initial hypothesisFinclusion of segmental
impedance data did not improve the predictive power of
the ﬁnal equation.
It is tempting to speculate that in patients with
moderate ﬂuid overload, which can be expected in
cirrhotic patients without ascites (16) and in patients
with adiposity (33), changes of the electrical conductivity of the lean body tissue might be less marked in the
arms than in the legs. In these patients, BIA appears
to be reliable to assess BCM, especially when arm
resistance measurements are included. However, in
patients with severe ﬂuid overload such as patients with
ascites, interindividual diﬀerences of lean tissue hydration are probably too high to develop an uniform
equation to precisely assess BCM.
Since body fat is an electrical isolator the increase in
trunkal body fat might inﬂuence whole-body resistance
measurements in patients with Cushing’s disease as it
was reported in a previous study in obese subjects (18).
This might explain the rather poor correlation between
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the values obtained by a standard BIA equation and the
excellent correlation with a low SEE value obtained by a
speciﬁc equation based on resistance and reactance of
the arm.
In acromegaly, best description of BCM-TBK was
obtained by using resistance and reactance of the trunk.
In these patients, potential sources of error for the BIA
method may be the markedly increased bone masses of
the limbs together with changes in skin thickness and
skin hydration possibly inﬂuencing the extension of the
electrical current. This might explain the advantage of
trunk measurements to whole-body or limb measurements observed in our study.
In a more general view, the large diﬀerences observed
between normal and malnourished patients demonstrated that the relationships between impedance or
biologic parameters and TBK are complex and almost
not predictable. For example, linear correlation analysis
demonstrated that body height or weight were weak
predictors of TBK in healthy subjects, and whole-body
or segmental resistance values alone or corrected by H2
much better described the variance of TBK. In contrast,
in Cushing’s disease body height was the best predictor
of TBK and resistance of the whole body was not
correlated with TBK. This situation became more
complex when various parameters were included in
multiple regression analysis. Parameters which were not
linearly correlated with TBK became independent and
signiﬁcant predictors of BCM, and, thus, were included
in the ﬁnal model. For example, in healthy controls or in
Cushing’s disease the reactance of the whole-body was
not correlated with TBK but signiﬁcantly improved the
predictive power of the ﬁnal speciﬁc BCM equation.
It is obvious that this complex interrelationship
between biologic parameters, impedance measurements
and TBK cannot be described by general or uniform
algorithms (8). Thus, despite convincing theories and
models on the electrical behaviour of diﬀerent human
tissues (12, 13, 15, 19) the application of BIA on body
composition analysis still requires empirical evaluation
in diﬀerent clincal situations.
On the other hand, the residuals between methods
depend not only on the validity of BIA but also on the
validity of the criterion method. To our knowledge,
there are no data regarding the validity of TBK to
estimate BCM in Cushing’s syndrome or acromegaly.
However, the possible inﬂuence of electrolyte disorders
on the cellular potassium content has been investigated
in patients with liver cirrhosis. The intracellular
potassium has found to be normal even in patients with
ascites or under diuretic treatment (34–36), and the
clinical signiﬁcance of TBK losses has been demonstrated in patients with diﬀerent causes of protein
malnutrition (1, 4, 5). Therefore, TBK can be considered
as an adequate criterion method for BCM estimation in
malnourished patients.
Although the number of subjects investigated was
too small for cross-validation studies or to consider
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sex-speciﬁc analysis, our data allow some important
conclusions: in patients with large alterations of the
body’s geometry or hydration status (i.e. patients with
ascites, hypercortisolism or acromegaly), application of
standard BIA equations is not appropriate to assess
BCM.
Inclusion of segmental impedance parameters (i.e.
of the arm or trunk) should be considered for the
development of speciﬁc BCM equations in patients with
reduced BCM and in acromegaly. However, in patients
with severe ﬂuid overload segmental BIA measurements
can probably not improve the precision of BCM
estimation.
In conclusion, the segmental BIA measurement of
the arm or the trunk may be a promising and simple
approach for improved assessment of BCM in the
majority of patients with reduced BCM and in
acromegaly.
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