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Abstract

Background—Fat mass (FM) is measured with dual-energy X-ray absorptiometry (DXA), but is
expensive and not portable. Multifrequency bioimpedance spectroscopy (BIS) measures total body
water (TBW) and intracellular and extracellular water (ICW, ECW). Fat mass (FM) is calculated
subtracting Fat Free Mass (FFM) from weight assuming fractional hydration of FFM of 0.73.
Hemodialysis patients (HD), however, have non physiologic expansion of ECW. Our aim was to
apply a model to estimate FM in HD and controls.

Methods—We estimated the hydration of FFM in healthy subjects (C) and HD with BIS
(Impedimed multifrequency) assuming hydration of 0.73 or using a formula allowing ECW and
ICW to vary, deriving a value for FM accounting for variances in ECW and ICW. FM was
measured by DXA (Hologic Discovery W) in 25 C and in 11 HD. We measured TBW, ECW and
ICW with BIS and calculated FM using either Weight - TBW/.73 or with a formula accounting for
variations in ECW/ICW to estimate FM.

Results—ECW/ICW was greater in HD than in C (0.83£0.08 vs 0.76+ 0.04; p=0.001). FM (Kg)
measured by DXA, or estimated from TBW using constant hydration or accounting for variations
in ECW/ICW were not significantly different in C or in HD. Values obtained by all methods
correlated (p<0.001) and none of the Bland-Altman plots regressed (r2=0.00). FM measured by
DXA and by BIS in both C and HD combined correlated (r=0.871).

Conclusion—Expansion of ECW in HD is statistically significant, however the effect on
hydration of FFM is insufficient to cause significant deviation from values derived using a
hydration value of 0.73 within the range of expansion of ECW in the HD population studied here.
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Introduction

Poor nutritional status is strongly associated with morbidity and mortality in hemodialysis
(HD) patients (1-3). Therefore, a valid tool for an accurate evaluation of body composition
modifications of HD patients appears clinically relevant. Fat mass (FM) can be measured
clinically by Dual Energy X-ray Absorptiometry (DXA), however these devices are not
portable. Since body mass index (BMI) (kg/m?) does not distinguish muscle or other water
containing compartments from fat, having a direct measure of FM may assist in
understanding the association between BMI and outcomes in dialysis patients. Having
access to a portable device that can provide reliable information therefore can be useful.

Both multifrequency and single frequency bio-impedance devices are portable and can be
used to measure total body water (TBW) as well as to estimate the distribution of water
between the extracellular and intracellular compartment, known as extracellular water
(ECW) and intracellular water (ICW). FM is estimated as the difference between body
weight and fat free mass (FFM) (4). The composition of FFM is complex and includes water
found in both the extracellular and intracellular spaces, solutes contained in each of these
fluid phases as well as components of limited hydration such as bone mineral (4). The
hydration of FFM is assumed to be 0.73 and has been directly measured across a wide
variety of mammals as diverse as the shrew, the cow and seals (5, 6).

Hydration of FFM is greater in new born mammals (7) and is also increased in elderly
humans (8). In the case of differences within species and with age within species, the
relative proportion of TBW that is distributed between intracellular water ICW and ECW is
physiologically regulated. End-stage renal disease (ESRD) offers a non physiologic
expansion of ECW that may confound estimates of hydration of FFM and lead to bias in the
estimation of adiposity, since the hydration of ECW is approximately 0.98 (9). In particular,
ESRD patients on HD can accumulate a large amount of fluid between dialysis sessions
potentially altering the hydration of FFM introducing systemic error into measures of FM
(10). In this view, the expanded ECW value could play a confounding effect in evaluating
FM in HD patients (11-13).

Bioimpedance spectroscopy (BIS) is a clinically availably portable technique able to
measure TBW and to discriminate between ICW and ECW compartments, more directly and
accurately than single frequency techniques (14-16). In particular, this type of analysis is
able to more precisely verify the effect of edema in HD patients (15).

Fat mass analysis by bioimpedance is useful not only in patients at nutritional risk, such as
cancer and HD patients, but also in normal condition, such as sports medicine (15). In
particular, bioimpedance is helpful to evaluate FM content at baseline and during patients or
normal subjects ‘ follow-up. An accurate FM evaluation is useful in diagnosing and treating
body composition alterations to improve nutritional status.
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Dou et al. compared the accuracy of BIS in body fluid volume point estimation in HD
patients, showing that body composition spectroscopy equations provide accurate estimation
of ICW and TBW (17). Zhu et al. investigated the agreement between TBW and ECW
measured by both whole body and segmental BIS and tracer dilution (deuterium oxide and
sodium bromide) in dialysis patients and found significant agreement between measures of
water and distribution of water by BIS techniques compared to those obtained by isotope
dilution (18).

However, bioimpedance methods provide only an indirect assessment of FM requiring
assumptions concerning the hydration of fat free mass (FFM). Although DXA is able to give
a detailed and fairly accurate distribution of FFM, FM, and bone mineral content, it is an
expensive device, is not portable and exposes subjects to radiation, albeit at low doses.

BIS is a non invasive technique used to evaluate TBW, ECW, and ICW. FFM is then
determined assuming a hydration of FFM of 0.73 for TBW. FM is then determined as the
difference between body weight and FFM, but its method is indirect and presumes an
equivalent hydration of FFM between individuals having different body compositions and
more importantly different distributions of water within the more greatly hydrated ECW and
less hydrated ICW.

We used a previously described physiological modeling approach to calculate hydration of
FFM within likely limits applied in the situation where ECW was expanded non -
physiologically (9). Our aim was to find whether a constant hydration coefficient of FFM
may affect the accuracy of FM evaluation in a group of HD patients.

We carried out the present study to apply the model proposed by Wang et al. (9) to estimate
FM content in healthy subjects, using BIS and compare the FM value to the one obtained
with DXA and applied the same model to calculate FM in a group of HD patients comparing
these results to the one obtained with DXA within the same group to establish how potential
expansion of ECW confounded estimates of FM in patients undergoing thrice weekly HD.

Materials and methods

The study was approved the Institutional Review Board at the University of California Davis
as well as by Dialysis Clinics Incorporated (DCI). All subjects signed consent. BIS and
DXA measurements were performed at the Clinical Translational Science Center (CTSC).
Dialysis subjects were recruited from among prevalent HD patients. Written informed
consent was obtained from all patients and from healthy subjects, before enrollment in the
study. Exclusion criteria both for control and HD patients was the presence of diabetes
(fasting blood sugar > 120 mg/dL or the use of anti-diabetic drugs) and use of lipid lowering
medication and proteinuria in excess of 300 mg/day.

All subjects had been on maintenance HD for at least 3 months prior to study. They were
studied on the day following dialysis. Weight was determined to 0.1 kg using Scale model #
BWB-800 and height measured using a stadiometer (AYRTON model number S100)
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Whole body BIS was performed using an Impedimed multifrequency device (Impedimed
IMP SFB7 San Diego, Ca). The electrodes and recording pads were placed on the non-
access side of the body in those patients having an arm access. In those patients with a
catheter providing dialysis access the dominant arm was chosen. All the subjects were in
supine position with four gel-type electrodes, two voltage and two current ones, pasted on
the right foot and wrist. Two pairs electrodes were placed: on the hand to foot for injecting
current with frequency from 4 kHz to 1 MHz, and on the wrist to ankle for measuring
voltage, respectively. Data derived from these measurements included resistance, reactance,
phase angle and impedance. DXA was performed with a whole body scanner using a
Hologic Discovery W (Denver CO) using Apex 3.1 software.

The output from the BIS provided an estimate of TBW, ICW and ECW. We calculated FM
as the difference between body weight and FFM. We estimated the hydration of FFM at
73% (FFM = TBW/0.73) or used a formula that calculates hydration of FFM that allows
ECW and ICW to vary (TBW/FFM = 1 +ECW/ICW/(1.569+1.16*(ECW/ICW) (9). The
authors proposed this equation to solve questions related to hydration stability, including
body mass and age effects. The physiological model reveals that four water-related ratios
combine to produce the observed TBW-to FFM ratio over the human life span. This
equation provides a conceptual framework for the TBW-fat estimation method. Therefore,
we tested this method in the circumstance of expected ECW expansion, in HD patients.

We then calculate a value for hydration of FFM to correct for the effects of hon physiologic
expansion of ECW to be applied to both HD patients and normal subjects.

FM was measured directly by DXA in 25 healthy subjects (11 male and 14 female; C group)
median age 40.5y (20-53 y) , weight 76.1 kg (48.3-105.3 kg), body mass index (BMI;
kg/m?2) 25.3 (17.5-34), and in 11 HD patients (10 male and 1 female) (D group) with median
(range) age 46 y (21-55y), weight 97 kg (55.2-120.9 kg), BMI of 30 (20.9-36.9). We
measured TBW, ECW and ICW with BIS and calculated FM using either Weight - TBW/.73
or with the formula to account for differences in ECW/ICW to estimate FM.

Ten of the patients were maintained on regular HD, three times a week, for sessions ranging
from 3 to 4 hours (average 3.5 £ 0.4hr). One patient was dialyzed 4 times a week with a
treatment time of 4 hours. All patients were treated with high permeability flux membranes.
Average Kt/V for patients dialyzed 3 times a week was Kt/V was 1.42 + 0.22. Treatment
Kt/V for the patient dialyzed 4 times a week was 0.88.

All patients were taking antihypertensive medications including angiotensin-converting
enzyme inhibitors, angiotensin 11 receptor antagonists, calcium channel blockers, and
vitamin supplements. All HD patients were under weekly treatment with erythropoietin.
Height and weight were measured in both HD patients and control subjects at the time that
body composition measurements were performed. Both DXA and BIS measures were
performed on the same day in the fasting state, and with regard to the HD patients, the
measurements were performed on a mid week non-dialysis day.

Data are given as Mean + SD. Student’s t test for unpaired data and Mann-Whitney test for
parametric and non-parametric statistical analysis, respectively, and ANOVA test were used
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as appropriate. The association of effects of age, sex, BMI, and treatment on outcome
variables were analyzed by forward stepwise multiple regression analysis. The presence of
significant correlations was assessed according to Spearman’s test. Bland Altman plots to
compare the measurement techniques were used. A p value of < 0.05 was considered
statistically significant.

Anthropometric, demographic, and body composition characteristics of HD patients and
control group are reported in Table 1. ECW/ICW was significantly greater in D group than
in C group (0.83%0.08 vs 0.76x 0.04; p=0.001) (Table 1). When analyzed by multiple
regression analysis this effect was independent of age, sex, race, BMI and total body fat
measured by DXA and only a function of being on dialysis (r? for the model= 0.242;
p=0.003). ECW/TBW for HD patients was also significantly greater than for controls (0.452
+0.02 vs 0.431 £ 0.01; p=0.003). Hydration of FFM (TBW/FFM) calculated from the
model was significantly greater in HD patients than in controls (0.722+0.005 vs
0.718+0.003; p=0.005), although in both cases less than the assumption of hydration of 0.73.

We also analyzed ECW/TBW vs difference between FM by DXA and FM by BIS, and we
found no correlation between ECW/TBW and no difference by both methods in HD patients
(r?=0.007) and in controls (r2=0.0002).

The FM (Kg) estimated by DXA, whole body BIS and the model respectively were not
statistically different in HD patients (25.7+9.7, 25.6£9.5, 24.7+9.4, p=n.s), in control
subjects (22.7 £ 8.9, 21.6 + 8.9, 20.7 £ 9.1, p=n.s.). FM measured by DXA was not
significantly different between C and 22.7 £ 8.9 kg in C and HD 25.7 + 9.7 kg in HD

(p=0.4).

The correlation between estimated adiposity using either a fixed or variable estimation of
FFM from BIS or the model to allow ECW and ICW to vary independently and DXA
correlated (p< 0.001).

In HD patients the correlation coefficient between FM measured by DXA and BIS was
r2=0.914 and FM by DXA vs the model was r2=0.90 (Figure 1). For control subjects the
correlation between FM measured DXA and BIS was r2=0.85 and between DXA and the
variable hydration model was r2=0.82 (Figure 2).

Bland-Altman plots did not regress in either group using either hydration of FFM as 0.73 or
the model (r2=0.00 for all models in both Figures 3 and 4). For control subjects, FM was
1.06 £ 3.48 kg less than estimated by BIS assuming hydration of 0.73, and was 1.99 + 3.94
kg less than with use of the model. These differences were not significant for the group. For
dialysis subjects, FM was 0.079 + 2.81 kg less with use of BIS assuming hydration of 0.73
and was 0.95 + 3.07 kg less with use of the model. These differences were not statistically
significant for the group.

FM measured by DXA and BIS correlated with one another r2 = 0.87 for all subjects
combined (Figure 5) when using the estimation of hydration of FFM of 0.73 for both HD
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and C. By contrast, the correlations between FM mass measured by any of the modalities
and BMI, while significant, correlated less well (BMI vs FM by DXA r2 = 0.58 for all
patient combined, BMI vs FM by BIS rZ = 0.52 for all patients combined, BMI vs FM by the
variable hydration model, r2 = 0.50; data not shown).

Discussion

Body mass index (BMI), the formula which considers body weight divided by height
squared, is one of the most used anthropometric parameter to evaluate nutritional status. The
most relevant limitation of BMI, as a nutritional marker, is its inability to distinguish among
the alterations of the human body’s composition and to distinguish FM from body cell mass
as well as to estimate any pathologic contribution to body composition contributed by
pathologic expansion of ECW as might occur in subjects with renal failure. Measurement of
TBW provides a measure of hydration than can be used to calculate FM, as well as
measurement of ICW providing further evaluation of body cell mass. Several studies
highlighted the role FM depletion as a strong predictor of increased morbidity and mortality
in HD patients (19, 20). Thus having the capacity to measure FM provides clinically
important information beyond that derived from measurement of BMI alone.

Measurement of TBW, ICW and ECW directly, while outside the scope of clinical
determinations, can be accomplished by isotope or chemical dilution, using DO, total body
potassium (TBK) and dilution of solutes that are confined to the extracellular space such as
bromide (21). By contrast measurement of FM experimentally is more challenging. Direct
measurement of FM (as opposed to adiposity) is carried out by tissue extraction of whole
body homogenates of carcasses with organic solvents that are then dried to constant weight
(22). In living humans FM is measured by the uptake of cyclopropane or radioactive 8°Kr,
both substances that are insoluble in water (23). FM includes cell membranes and non-
adipose tissue that contain lipids, while adipose tissue is partially hydrated. Measures of FM
and adiposity therefore, while generally correlated with one another are not equivalent.

DXA is the clinically relevant gold-standard to evaluate body composition in human
subjects and has been used in HD patients especially for estimating FM (24, 25). However,
DXA does not measure body fluid compartments and does not allow one to evaluate
distribution of TBW between ECW and ICW so as to estimate body cell mass. In fact, the
body fluid content could potentially have a significant impact on the measurement of FM
and FFM by DXA (25). We find that the significant expansion of ECW demonstrated in HD
patients here effected only a minimal and non-significant estimation of FM when compared
to the assumption of a uniform hydration of FFM of 0.73. A possible explanation for this
phenomenon may be related to the minimal influence of the expansion of ECW on the
hydration of FFM, as demonstrated in dialysis patients (26). Furthermore the FM calculated
by DXA and FM calculation by BIS using the unadjusted measurement of TBW correlated
more closely with one another than did FM and BMI. Thus use of TBW output from
multifrequency BIS for estimation of FM provides a more accurate measure of body
composition and FM than does BMI, even in the presence of expansion of the essentially fat
free ECW compartment.
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However, the assumption of hydration of FFM of 0.73 yielded a measure of adiposity that
was not significantly different than that obtained with DXA, and while use of the formula
that allows ECW and ICW to vary independently produced a measure of FM that was
somewhat less than that assuming hydration of FFM of 0.73, the differences between the
estimates were small and not statistically significant, and without bias, suggesting that BIS is
an appropriate tool for measuring adiposity both in normal subjects and in HD patients (9).
In the case of control subjects both the assumption of hydration of FFM of 0.73 and the
model yielded measures of FM that were slightly and not significantly less than DXA, with
the lowest value yielded by the model. In the case of the dialysis patients, who were
significantly volume expanded in comparison to the control subjects, the assumption of
hydration of FFM of 0.73 yielded a value that was nearly identical to that provided by DXA,
while the model accounting for variable hydration yielded a slightly lower measure of FM,
similar to what was found for the control subjects. Although our interpretation of the results
obtained in this study is in line with the existing literature, we acknowledge that our study
has some limitations, including the small number of patients and controls enrolled, the lack
of appropriate balance in gender in HD group and the difference in body weight at baseline
between groups.

Conclusion

Our data show that the value for FM calculated both in healthy control subjects and, in
particular, in HD patients were comparable to those obtained using DXA, despite significant
variations in hydration between dialysis patients and normal subjects.
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Fig 1.

Correlation between Fat Mass Measured in Hemodialysis patients by DXA, BIS and
Variable Hydration Formula.
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Correlation between Fat Mass Measured in Control group by DXA, BIS and Variable
Hydration Formula.
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Fig. 3.

Bland-Altman Plot for Fat Mass by DXA vs BIS (left side) and DXA vs Model (right side)
in Control group.
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Fig. 4.
Bland-Altman Plot for Fat Mass by DXA vs BIS (left side) and DXA vs Model (right side)

in Hemodialysis patients.
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Fig. 5.

Correlation between Fat Mass Measured by BIS and DXA in Control and Hemodialysis
Patients.
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Demographic, anthropometric, and body composition parameters in hemodialysis (HD) patients (D group) and
healthy subjects (C group) (mean = SD)

Sex, n (male: female)
Age, years (median; range)
Weight, kg

Race (AA:C:A:H:0)
BMI

ECF (BIS)

ICF(BIS)

ECF/ICF (BIS)

TBW (BIS)

FFM (BIS, %)

BCM (DXA)

BMD (DXA)

FFM (DXA, Kg)

FFM + BMD (DXA, Kg)
Body Mass (DXA, Kg)

Trunk Fat (DXA, %)

D group
(n=11)

10:1
46 (21-55)
92.48+22.1%
7:4:0:0:0
29.845.5"

22.13+4.85%
26.8145.71

0.83+0.08°

48.94+10.29"
72.92+5.42
2.67+0.45
121+0.14
61.09+13.43"
63.76:13.62"
89.46+21.38"
28.247.59

C group
(n=25)

11:14

40 (20-53)
76.2+19.89
3:12:4:5:1
25.7+4.67
17.2045.09
22.76+6.73
0.76+0.04
39.86+11.65
71.46+8.81
2.50+0.52
1.22+0.12
48.79+14.04
51.29+14.51
73.96+19.22
31.52.#9.1

p<0.05;
#p=0.01;

p<0.01

AA (African American), C (Caucasian), A (Asian), H (Hispanic), O (Other), Body Mass Index (BMI), Extracellular Fluid (ECF), Intracellular
Fluid (ICF), Total Body Water (TBW), Fat Free Mass (FFM), Body Cell Mass (BCM), Bone Mineral Density (BMD), Biompedance Spectroscopy
(BIS), Dual Energy X-ray Absorptiometry (DXA).
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