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Objective: To measure body water distribution and to evaluate the accuracy of eight-polar bioelectrical impedance analysis
(BIA) for the assessment of total body water (TBW) and extracellular water (ECW) in severe obesity.
Design: Cross-sectional study.
Setting: Obesity clinic.
Subjects: In all, 75 women aged 18–66 y, 25 with body mass index (BMI) between 19.1 and 29.9 kg/m2 (ie not obese), 25 with
BMI between 30.0 and 39.9 kg/m2 (ie class I and II obese), and 25 with BMI between 40.0 and 48.2 kg/m2 (ie class III obese).
Methods: TBW and ECW were measured by 2H2O and Br dilution. Body resistance (R) was obtained by summing the resistances
of arms, trunk and legs as measured by eight-polar BIA (InBody 3.0, Biospace, Seoul, Korea). The resistance index at a frequency
of x kHz (RIx) was calculated as height 2/Rx.
Results: ECW : TBW was similar in women with class III (4673%, mean7s.d.) and class I–II obesity (4573%) but higher than in
nonobese women (3973%, Po0.05). In a random subsample of 37 subjects, RI500 explained 82% of TBW variance (Po0.0001)
and cross-validation of the obtained algorithm in the remaining 38 subjects gave a percent root mean square error (RMSE%) of
5% and a pure error (PE) of 2.1 l. In the same subjects, RI5 explained 87% of ECW variance (Po0.0001) and cross-validation of
the obtained algorithm gave a RMSE% of 8% and a PE of 1.4 l. The contribution of weight and BMI to the prediction of TBW and
ECW was nil or negligible on practical grounds.
Conclusions: ECW : TBW is similar in women with class I–II and class III obesity up to BMI values of 48.2 kg/m2. Eight-polar BIA
offers accurate estimates of TBW and ECW in women with a wide range of BMI (19.1–48.2 kg/m2) without the need of
population-specific formulae.
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Introduction
As compared to normal-weight women, obese women have a

lower total body water (TBW) per unit of weight (Wt) and a

higher extracellular water (ECW) per unit of TBW (Waki et al,

1991). This ECW: TBW expansion persists after weight loss

and may be an intrinsic feature of obesity (Mazariegos et al,

1992; Van Marken Lichtenbelt & Fogelholm, 1999). Most of

the data on body water distribution of obese subjects were

obtained in women with class I or II obesity and less data are

available for women with class III obesity. Because

ECW: TBW is higher in adipocytes than in other cells (Wang

& Pierson, 1976), we hypothesized that ECW: TBW may be
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higher in class III than in class I or II obesity. The expanded

ECW: TBW of obese women may have prognostic and

clinical implications (Bedogni et al, 2003a). For instance,

the expanded ECW: TBW of obese subjects has been

supposed to play a role in the pathogenesis of hypertension

(Raison et al, 1986). The altered body water distribution of

obese women has nonetheless implications for the assess-

ment of body composition from bioelectrical impedance

analysis (BIA) (Deurenberg, 1996; Steijaert et al, 1997). The

distribution between ECW and intracellular water is in fact a

primary determinant of body resistance (Deurenberg et al,

1989). Eight-polar BIA is a recently introduced technique

with three interesting characteristics: (1) the use of very

practical tactile electrodes for measuring segmental resis-

tances at multiple frequencies, (2) the absence of need to

standardize subject’s posture before analysis and, (3) the

rapidity of measurements. We have shown that eight-polar

BIA offers accurate estimates of TBW and appendicular body

composition in adult and elderly subjects (Bedogni et al,

2002; Malavolti et al, 2003). However, the accuracy of eight-

polar BIA in detecting TBW and ECW in conditions of altered

body water distribution is at present unknown.

The aim of this study was twofold: (1) to establish whether

ECW: TBW differs in class III obesity vs class I–II obesity, and

(2) to evaluate the accuracy of eight-polar BIA in the

assessment of TBW and ECW in obese women.

Materials and methods
Subjects

The study subjects were: (1) 25 women with body mass index

(BMI) between 19.1 and 29.9 kg/m2 (ie not obese), (2) 25

women with BMI between 30.0 and 39.9 kg/m2 (ie class I and

II obese) and, (3) 25 women with BMI between 40.0 and

48.2 kg/m2 (ie class III obese). Women with BMI o30.0 kg/

m2 were recruited among the personnel of Modena Uni-

versity and those with BMI X30.0 kg/m2 among the in-

patients of the Third Division of Metabolic Diseases of the

Italian Auxological Institute. The subjects were selected on

the basis of the following criteria: (1) age X18 y; (2) absence

of heart, kidney, liver, endocrine and other major disease; (3)

menstrual cycle between the 6th and 10th day for fertile

women; (4) absence of clinically detectable fluid retention

(peripheral edema or lymphedema), (5) no use of drugs

known to interfere with body water homeostasis and, (6)

absence of vigorous physical exercise in the previous 48 h.

The study protocol was approved by the Ethical Committee

of the Italian Auxological Institute and all subjects gave their

informed consent.

Anthropometry

Wt and height (Ht) were measured to the nearest 0.1 kg and

0.001 m following the Anthropometric Standardization Refer-

ence Manual (Lohman et al, 1988). BMI was calculated as Wt

(kg)/Ht (m)2.

Eight-polar BIA

Resistance (R) of arms, trunk and legs was measured after an

overnight fast (X8 h) at frequencies of 5, 50, 250 and

500 kHz with an eight-polar tactile-electrode impedance-

meter (InBody 3.0, Biospace, Seoul, Korea). This instrument

makes use of eight tactile electrodes: two are in contact with

the palm (E1, E3) and thumb (E2, E4) of each hand and two

with the anterior (E5, E7) and posterior aspects (E6, E8) of the

sole of each foot (Figure 1).

The subject stands with her or his soles in contact with the

foot electrodes and grabs the hand electrodes. The sequence

of measurements, controlled by a microprocessor, proceeds

as follows. An alternating current (a.c.) of 250 mA of intensity

(I) is applied between E1 and E5. The recorded voltage

difference (V) between E2 and E4 is divided for I to obtain

the resistance of right arm (RRA). The same operation is

performed with V recorded between E4 and E8 to obtain

trunk resistance (RT) and with V recorded between E6 and E8

Figure 1 Measurement pathways of InBody 3.0 (reproduced with
permission from Biospace). The subject stands with her or his soles in
contact with the foot electrodes and grabs the hand electrodes.
Abbreviations: RRA¼ resistance of right arm; RT¼ resistance of trunk;
RLA¼ resistance of left arm; RRL¼ resistance of right leg; RLL¼
resistance of left leg (see text for details).
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to obtain the resistance of right leg (RRL). The a.c. is then

applied between E3 and E7 and the value of V measured

between E2 and E4 is used to calculate the resistance of left

arm (RLA). Lastly, the value of V measured between E6 and E8

is used to calculate the resistance of left leg (RLL).

Body resistance at frequency x (Rx) was calculated as the

sum of segmental resistances (RRAþRLAþRTþRRLþRLL). The

resistance index at frequency x (RIx) was calculated as Ht

(cm)2/Rx (O). We avoided measuring segmental lengths and

calculating segmental RIs because the above approach is at

least as accurate as the segmental one and less time

consuming (Bedogni et al, 2002; Malavolti et al, 2003). No

caution was taken to standardize the subject’s posture before

BIA, as suggested by the manufacturer. Because the distance

between the foot electrodes of InBody 3.0 is fixed, the legs of

severely obese subjects may come in contact with each other.

To establish the practical significance of this apparent

violation of conduction pathways, we tested whether the

TBW-RIx and ECW-RIx relationships did differ in obese

subjects with leg-to-leg contact vs those without leg-to-leg

contact. The regression lines had similar slopes and inter-

cepts (data not shown), confirming the manufacturer’s

indication that this apparent violation of the conduction

pathways is expected to have a minimal effect on the

assessment of body composition. The within-day precision

of InBody 3.0 in three obese subjects was p2.0O, a value

similar to that observed in nonobese subjects (Bedogni et al,

2002; Malavolti et al, 2003).

2H2O and Br dilution
TBW was measured by 2H2O dilution and ECW by Br

dilution. Each fasting subject (X8 h) received an accurately

weighed solution made up of 2H2O, NaBr, and drinkable

water. In two unselected obese subjects, 2H2O and Br reached

the equilibrium in plasma between 3.5 and 4.0 h after

administration. Plasma samples were thus collected before

the administration of the solution and 4 h later. Subjects

refrained from eating and drinking during the equilibration

period. 2H2O concentration in plasma was measured by FT-IR

spectrophotometry using the method of Lukaski and

Johnson (1985). TBW was calculated as (2H2O dilution space

�0.95), taking into account nonaqueous distribution of
2H2O. Br concentration was measured by HPLC using the

method of Wong et al (1989). ECW was calculated as (Br

dilution space �0.90�0.95), taking into account nonex-

tracellular distribution of Br and Donnan’s effect, respec-

tively. All samples were measured in triplicate and the

coefficient of variation of 2H2O and Br measurements was

p2%.

Statistical analysis

Sample size was determined by considering that a sample of

25 subjects has a power of 0.99 to detect a slope of 1.00 at an

alpha level of 0.05 when the standard deviation of TBW is 4 l

and that of RI500 is 3O (Bedogni et al, 2002). Aiming at

comparing nonobese, class I–II obese, and class III obese

women, we enrolled 75 (25*3) subjects. Between-group

comparisons were performed by ANOVA using the Fisher’ s

PLSD test for post hoc analysis. Because ANCOVA did not

detect any influence of obesity status (nonobese vs obese

class I–II vs obese class III, PX0.655 and nonobese vs obese

class I–II–III, PX0.353) on the TBW-RIx or ECW–TBW-RIx

relationships, we randomly split the study sample into two

halves. One half (n¼37) was used to develop predictive

algorithms of TBW and ECW that were then cross-tested on

the remaining half (n¼38). The adjusted determination

coefficient (Radj
2 ), the root mean square error (RMSE) and the

percent root mean square error (RMSE%¼RMSE/mean value

of Y) obtained from linear regression of TBW or ECW vs RIx

were used to determine the accuracy of BIA. In the cross-

validation sample, the pure error (PE) of the estimate was

also calculated. Measured and predicted values of TBW and

ECW were compared using paired t-tests. Statistical signifi-

cance was set to a value of Po0.05 for all tests. Statistical

analysis was performed on a MacOS computer using the

Statview 5.1 and SuperANOVA 1.11 software packages (SAS,

Cary, NC, USA).

Results
The measurements of the women are given in Table 1.

Age was similar in nonobese, class I–II obese, and class III

obese women. As expected, Wt and BMI were significantly

higher in obese than in nonobese women. TBW was

significantly higher in obese than in nonobese women but

there was no difference in TBW between class I–II and class

III obesity. However, TBW: Wt was significantly lower in

women with class III obesity than in those with class I–II

obesity and in these latter than in nonobese women. ECW

was significantly higher in obese than in nonobese women

but there was no difference in ECW between class I-II and

Table 1 Measurements of the women

Non obese Obese class I–II Obese class III

n 25 25 25

Age (y) 39712a 43714a 44713a

Wt (kg) 62.279.7a 93.779.3b 105.6712.3c

Height (m) 1.6470.06a 1.5970.06b 1.5670.07b

BMI (kg/m2) 23.073.4a 36.972.3b 43.172.2c

TBW (l) 38.373.4a 40.974.4b 41.674.4b

TBW : wt (%) 6277a 4474b 4073c

ECW (l) 15.172.6a 18.673.3b 19.173.2b

ECW : TBW (%) 3973a 4573b 4673b

R5 (O) 14877155a 12807118b 12077122b

R500 (O) 11407118a 959794b 900790b

Values are given as mean 7 s.d. Abbreviations: BMI¼body mass index;

TBW¼ total body water; ECW¼ extracellular water; Rx¼body resistance at x

kHz; Wt¼weight.
a,b,cValues not sharing the same superscript are significantly different at the

Po0.05 level (Fisher’s PLSD).
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class III obesity. Likewise, ECW: TBW was significantly

higher in obese than in nonobese women but there was no

difference in ECW: TBW between class I–II and class III

obesity. R5 and R500 showed the same trend of ECW and

TBW, being higher in non-obese than in obese women and

similar in class I–II and class III obesity.

Because ANCOVA did not detect any influence of obesity

status on the TBW–RIx or ECW-RIx relationships (see under

Statistical analysis), we randomized the study sample in two

halves. One-half (n¼37) was used to develop predictive

algorithms of TBW and ECW that were cross-tested on the

remaining half (n¼38).

As in our previous study (Bedogni et al, 2002), we

developed an equation for predicting TBW from RI500 (panel

a1 of Figure 2). RI500 explained 82% of TBW variance

(Po0.0001) and the RMSE% was 5%. The mean7s.d. bias

of this equation was 0.072.0 l, corresponding to a measured

value of TBW of 40.674.8 l vs an estimated one of 40.674.4 l

(P¼ 0.361). The residuals of the TBW–RI500 regression were

uncorrelated with Wt (P¼ 0.968) and BMI (P¼0.838). For a

more direct comparison, it may be noted that RI500

explained 36% more variance of TBW than Wt (Radj
2 ¼0.46,

Po0.0001). The cross-validation of the TBW equation

yielded a RMSE% of 5% and a PE 2.1 l (panel a2 of

Figure 2). The mean7s.d. bias associated with the cross-

validation was 0.072.1 l, corresponding to a measured value

of TBW of 39.973.7 l vs an estimated one of 39.973.4 l

(P¼0.284).

As expected by electrical theory, the most accurate

prediction of ECW from RI was obtained at 5 kHz, that is,

the lowest frequency measured by eight-polar BIA. RI

explained in fact from 2 to 3% more variance of ECW at

5 kHz than at higher frequencies (data not shown). The

predictive equation of ECW from RI5 is given in panel b1 of

Figure 2. RI5 explained 87% of ECW variance (Po0.0001)

and the RMSE% was 8%. The mean7s.d. bias of this

equation was 0.071.4 l, corresponding to a measured value

of ECW of 18.073.9 l vs an estimated one of 18.073.7 l

Figure 2 Generation (a1 and b1, n¼37) and cross-validation (a2 and b2, n¼38) of predictive equations for total body water and extracellular
water in two random subsamples of women. Abbreviations: TBW¼ total body water; ECW¼ extracellular water; RIx¼ resistance index at a
frequency of x kHz; BIA¼bioelectrical impedance analysis; Radj

2 ¼ adjusted determination coefficient; RMSE¼ root mean squared error;
RMSE%¼percent root mean squared error; PE¼pure error.
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(P¼0.968). The residuals of the ECW-RI5 regression were

uncorrelated with Wt (P¼0.061) but were associated with

BMI (Radj
2 ¼0.19, P¼0.008). For a more direct comparison, it

may be noted that RI5 explained 26% more variance of ECW

than Wt (Radj
2 ¼0.61, Po0.0001) and 49% more than BMI

(Radj
2 ¼0.38, Po0.0001). Inclusion of BMI as a predictor

together with RI5 did not however improve the accuracy of

the estimate, as judged by an unchanged RMSE% (8%). The

cross-validation of the ECW equation yielded an RMSE% of

8% and a PE of 1.4 l (panel b2 of Figure 2). The mean7s.d.

bias associated with the cross-validation was 0.071.3 l,

corresponding to a measured value of ECW of 17.273.0 l vs

an estimated one of 17.272.7 l (P¼0.564).

Discussion
In this study, we found no difference in ECW: TBW between

class III and class I–II obesity even if obese women had an

expanded ECW: TBW as compared to nonobese women.

Because the highest BMI of our women was one of 48.2 kg/

m2, we cannot exclude that an expansion of ECW: TBW may

occur at higher levels of class III obesity as compared to class

I and II obesity (Mazariegos et al, 1992; Guida et al, 2003).

However, as far as values of BMI up to 48.2 kg/m2 are

considered, ECW: TBW appears to be the same in class I–II

and class III obese women.

As the prediction of TBW and ECW from eight-polar BIA is

concerned, this study shows that common predictive

algorithms can be employed in obese and nonobese women,

at least as values of BMI up to 48.2 kg/m2 are considered. BMI

had in fact no influence on the TBW–RI500 relationship and

its contribution to the ECW–RI500 relationship was modest

(19%). While this latter finding suggests that obesity may

affect the estimate of ECW from eight-polar BIA, BMI was a

less powerful predictor than RI5 and did not add to the

prediction of ECW from BIA. BMI is however just a surrogate

index of body composition, especially in nonobese indivi-

duals, and accurate measurements of body fat are needed to

test the influence of body composition on the TBW–BIA and

ECW–BIA relationships.

The TBW equation obtained in this study has virtually the

same slope (1.0 vs 1.1) of that obtained in a previous study of

50 nonobese subjects of both sexes (Bedogni et al, 2002).

However, the intercepts are different (14.0 vs 11.1), possibly

because only women with a greater interindividual varia-

bility in BMI were considered in the present study. The nil or

negligible effects of Wt and BMI on the estimates of water

compartments suggest nonetheless that eight-polar BIA may

be less population-specific than four-polar BIA. However, a

direct comparison of the two methods is needed to test this

hypothesis.

We consider of great importance the fact that BMI and Wt

contributed nothing or little to the variance of TBW and

ECW unexplained by RI. A critique often raised to BIA is in

fact that anthropometric indicators may be better predictors

of body composition. We have the policy of systematically

testing this hypothesis in our BIA studies. For instance, we

have not been able to show that four-polar BIA at 50 kHz is

more accurate than Wt in estimating TBW and appendicular

body composition in anorexic women (Scalfi et al, 1997;

Bedogni et al, 2003b). Even if the use of multifrequency

instruments may change this evidence, the use of an

impedance-meter is clearly not justified in these circum-

stances. However, the present study and our experience so

far (Malavolti et al, 2003) suggest that eight-polar BIA is

substantially better than Wt as an indicator of body compo-

sition. As we have suggested elsewhere (Malavolti et al,

2003), unique characteristics of eight-polar BIA that may

contribute to its very low dependency from Wt are: (1) the

use of tactile electrodes, avoiding problems connected with

adhesive electrodes, (2) the fact that whole-body eight-polar

R is the sum of segmental resistances obtained with a

5-cylinder model of the human body (Figure 1) and, (3) the

insensitivity of eight-polar BIA to subject’s posture.

Interestingly, the RMSE% and the PE associated with the

cross-validation of the TBW equation in the present study

were lower than in our previous study (5 vs 8% and 2.1 vs

3.1 l). Besides the larger number of subjects, it is likely that

the greater interindividual variability in TBW: Wt observed

in the present study has contributed to this result (Scalfi et al,

1997). Not unexpectedly (Bedogni et al, 1997), the RMSE%

associated with the cross-validation of the ECW equation was

higher than that associated with the TBW equation (8 vs 5%).

However, such a RMSE% is still acceptable for field studies of

body composition. The fact that RI explained more variance

of ECW at 5 kHz than at higher frequencies is in agreement

with electrical theory. However, the increase in the explained

variance of ECW was only p3% so that the inclusion of

frequencies o5 kHz in the spectrum of eight-polar BIA may

increase its ability to estimate ECW.

In conclusion, ECW: TBW did not differ in women with

class III and class I–II obesity and eight-polar BIA offered

accurate estimates of TBW and ECW in women with a wide

range of BMI (19.1–48.2 kg/m2) without the need of popula-

tion-specific algorithms.
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