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ABSTRACT

Background & Aims

To measure undernutrition in terms of fat free mass (FFM), there are several options. The
aim of this study was to assess agreement in FFM between the portable, bedside bio-
electrical impedance spectrometry (BIS) and relatively expensive, non-portable dual-
energy X-ray absorptiometry (DXA) in patients undergoing cardiac surgery.

Methods

In a prospective study, body composition measurements by BIS and DXA were performed
two weeks prior and two months after cardiac surgery. Preoperative and postoperative
agreement in FFM between BIS and DXA were analyzed with Bland and Altman plots.

Results

Twenty-six patients were analyzed. BIS overestimated preoperative and postoperative FFM
by 2 kg compared to DXA (2.3 kg (95%CI: -3.5-8.1 kg) and 2.1 kg (95%CI: -4.5-8.7 kg),
respectively). BIS underestimated FFM change by -0.5% (95%CI: -8.4-7.5%).

Conclusions

There is a large inter-individual variation between BIS and DXA. This hinders the inter-
change-ability of BIS and DXA in routine clinical practice and may lead to misclassifica-
tions and thereby inappropriate nutritional treatment and possible postoperative com-
plications. To evaluate nutritional therapy in patients undergoing cardiac surgery, we
advocate the use of DXA assessed FFM in parallel to BIS assessed extracellular and
intracellular water and FFM.
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Introduction

One-quarter of patients undergoing cardiac surgery are or become undernourished
postoperatively resulting in more postoperative complications, prolonged length of
stay and a decline in quality of life1-3. Most of these findings are based on the pres-
ence of unintended weight loss (WL) or low BMI. Although BMI and WL help to
identify undernourished patients, these parameters are not specific and do not pro-
vide information on body composition. Body mass consists of metabolically-active
fat free mass (FFM) and inactive fat mass. Several studies showed that a low FFM
relates to the occurrence of postoperative complications4,5.
There are several ways to measure whole body FFM. The most applicable reference
standard in assessing whole body FFM in clinical practice, is dual-energy X-ray
absorptiometry (DXA)6,7. However, DXA is a relatively expensive, non-portable
method and involves, although minor, exposure to radiation. In contrast, bioelectri-
cal impedance (BI) is a less expensive, portable bedside method of assessing FFM.
The single frequency BI (SF-BI) method is expected not suitable for cardiac surgery
patients because of variability due to obesity and fluid imbalance8. Population spe-
cific equations can overcome the variability of FFM using the SF-BI for obese and
non-obese9. However, neither SF-BI nor DXA can differentiate between the extra-
cellular water (ECW) part and intracellular water (ICW) part of FFM6. In fluid
imbalance and undernutrition this differentiation is essential as ECW reflects hydra-
tion and ICW reflects nutritional status10. Bioelectrical impedance spectroscopy
(BIS) has the potential to overcome these limitations in differentiating between
ECW and ICW. The BIS uses multi-frequencies from which ECW and ICW can be
derived separately6,8. In addition, BIS uses equations based on physical models
instead of the regression equations used in SF-BI.
The aim of this study was to assess preoperative and postoperative agreement in FFM
between BIS and DXA in patients undergoing cardiac surgery.

METHODS
Study design

In this single-center prospective study, all adult patients (≥ 18 y) visiting the preoper-
ative outpatient clinic of the Department of Cardiothoracic Surgery at the Academic
Medical Center were asked to participate. Patients were scheduled for elective open-
heart surgery (isolated CABG or heart valve surgery) and had no existing organ failure
other than their heart disorder. Patients with pacemakers were excluded.
Two weeks prior to elective surgery and two months after surgery, body composition
was measured using BIS and DXA. The study protocol was approved by the institu-
tional review board and all participants gave written informed consent.
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Patient characteristics

Patient-, cardiac-, and operation-related baseline characteristics and the European
System for Cardiac Operation Risk Evaluation score (EuroSCORE)11, were extract-
ed from medical case notes and from the standard electronic database of the
Department of Cardiothoracic Surgery. Hemoglobin, CRP, albumin and pre-albu-
min concentrations were analyzed according to routine hospital procedures.

Definition of undernutrition and obesity

Preoperative undernutrition was defined as ≥ 5% weight loss in the preceding month
and/or ≥ 10% weight loss in the preceding 6 months and/or BMI ≤ 21.0 kg/m2 and/or
FFM index (FFM divided by their body height squared, FFMI) ≤ 14.6 kg/m2 in
women and ≤ 16.7 kg/m2 in men2,12. For these calculations the mean FFM from BIS
and DXA measurements was used.
Postoperative undernutrition was defined as ≥ 4% postoperative loss of FFM and/or
BMI ≤ 21.0 kg/m2 and/or FFMI ≤ 14.6 kg/m2 in women and ≤ 16.7 kg/m2 in men.
More than 4% loss of FFM was based on twice the test-retest variation of measuring
FFM using the BIS or DXA (<2.0%)13,14. Obesity was defined as BMI ≥ 30.0 kg/m2.

Body composition measurements 

Patients were asked about their usual weight and any weight changes during the pre-
ceding six months. Body weight was measured using an electronic beam scale with
digital read-out to the nearest 0.1 kg (SECA, Hamburg Germany) with all patients
barefoot and in their underwear. Body height was measured to the nearest 0.5 cm
(SECA, Hamburg Germany).
After this, whole body FFM and fat mass were estimated using the BIS. The principle
of bioelectrical impedance is based on the conductance of an electric current
through body fluid. The BIS measures the impedance at a range of frequencies from
which the resistances of ECW and ICW are extrapolated and subsequently FFM is
calculated (Appendix 6.1)15. Additionally, also the ECW/ICW ratio (ECW divided by
ICW) was calculated. The BIS measurements were taken about 3 hours after eating
and within 30 minutes of voiding with a BodyScout (5-800 �A; 5 kHz-1 MHz)
(Fresenius Kabi, Germany). The four-electrode method, as described by Lukaski et
al 198516, was used on the right side of the body.
Whole body FFM and fat mass were also determined using a dual-energy X-ray absorp-
tiometry total-body scanner (DXA) (model QDR 4500 W; Hologic, software ver-
sion Windows XP 12.4, Waltham, MA). This scanner produces two X-ray beams at
100 and 140 kVp. Attenuation of the two beams depends on mass and type of tissue.
Whole body scans were performed and whole body lean tissue, bone mineral con-
tent and fat mass are calculated according to computerized algorithms provided by
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the manufacturer. Whole body FFM was calculated by adding lean tissue and bone
mineral content.

Statistical analyses

Changes between pre- and postoperative visits in body composition and hemoglobin,
CRP, albumin and pre-albumin were analyzed using the paired t-test, or, if not nor-
mally distributed, the non-parametric Wilcoxon signed rank test.
Because body composition alters after cardiac surgery3, agreement in FFM between
BIS and DXA was analyzed separately pre- and postoperatively. Subsequently,
agreement in the percentage of FFM change from the pre- to postoperative periods
was analyzed. Agreement was analyzed using Bland and Altman plots17. In addition,
the correlation between the mean FFM values of BIS and DXA measurements and
the difference in FFM between BIS and DXA (BIS minus DXA), i.e. the Bland and
Altman plot, was analysed using the Pearson correlation test, or, if not normally dis-
tributed, the Spearman correlation test was used. A similar approach was used to
explore the correlations between BIS and DXA measurements separately and the
difference in FFM between BIS and DXA.
Normality was tested using the Kolmogorov-Smirnov test. A p value ≤ 0.05 was con-
sidered to indicate a statistical significance.

Results
Subjects

Between October 2006 and December 2007, 84 patients undergoing cardiac surgery
were eligible for inclusion. In December 2006 and January 2007, and between July to
September 2007 no patients were included because no research capacity was available
(n=28). Twenty-three patients refused to participate. After inclusion two patients
withdrew informed consent, one patient was lost to follow-up and in one patient the
operation was not carried out. In two patients BIS data were not complete because of
technical problems. In the preoperative BIS data there was one extreme, not sound,
outlier. These data were excluded from further analysis.
The remaining data from 26 patients were analyzed. Their preoperative baseline
characteristics are summarized in Table 6.1.
Preoperative undernutrition was present in 3.8% (n=1, BMI ≤ 21.0 kg/m2) compared
with 23.9% (n=7) postoperatively; seven patients lost ≥ 4% FFM, 1 patient had a low
FFMI and no patients had a low BMI. Obesity was present in 38.5% (n=10) preop-
eratively compared with 30.8% postoperatively (n=8).
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Table 6.1 Preoperative baseline characteristics of the study cohort.

Patients profile n (%)

Gender: female 5 19.2
Age (y) (mean±SD) 26 59.9±8.1
Age: ≥ 65 y 8 30.8
LVEFa <50% 4 15.4

EuroSCOREb

0-2 (low risk) 16 61.5
3-5 (medium risk) 9 34.6
≥ 6 (high risk) 1 3.8

Laboratory

Hemoglobin ≤ 7.0 mmol/L 0 0.0
CRPc ≥ 5 mg/L 2 7.7
Albumin ≤ 39 g/L 0 0.0
Pre-Alb ≤ 0.19 1 4.2

Nutritional status

≥ 5%WLin1md 0 0.0
≥ 10%WLin6me 0 0.0
FFMI (kg/m2) (mean±SD) 26 20.3±2.2
FFMI ≤ 16.7 kg/m2 f 0 0
BMI (kg/m2) (mean±SD) 26 29.1±5.2
BMI ≤ 18.5 kg/m2 0 0.0
BMI ≤ 21.0 kg/m2 1 3.8
BMI ≥ 30.0 kg/m2 10 38.5

Operative procedure

CABGg 21 80.8
Heart valve surgery 5 19.2

Duration of extracorporeal circulation h

Cardiopulmonary bypass time ≥ 120 min 13 54.2
Aortic cross clamp time ≥ 95 min 7 29.2

a LVEF; left ventricle ejection fraction, b EuroSCORE; European system for cardiac operative risk
evaluation, c CRP; C-reactive protein, d ≥ 5%WLin1m; 5% or more weight loss in the preceding
month, e ≥ 10%WLin6m; 10% or more weight loss in the preceding 6 months, f FFMI; Fat free
mass index. The cut off value for women is ≤ 14.6 kg/m2. The cut off value for men is ≤ 16.7
kg/m2, g CABG; coronary artery bypass graft, h Two patients underwent off pump surgery.
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Table 6.2 Body composition changes 2 months after cardiac surgery.

Body composition Before surgeryd After surgerye p f

(mean±SD) (mean±SD)

Body weight (kg) 88.2±16.5 87.0±16.1 0.010*
BMI (kg/m2) 29.1±5.2 28.8±4.8 0.028*

DXA FFMa (kg) 60.7±10.3 59.9±10.1 0.075
Fat mass (kg) 24.9±10.2 24.6±9.2 0.459

BIS FFMa (kg) 63.0±11.0 62.1±11.4 0.058
Fat mass (kg) 25.2±12.1 24.9±10.5 0.677

ECWb (L) 20.0±3.4 20.5±3.5 0.018*
ICWc (L) 25.5±4.7 24.6±4.8 0.001*
ECW/ICW ratio (L/L) 0.79±0.08 0.84±0.07 0.000*

Impedance at 50 kHz 436.4±66.4 431.0±61.8 0.272

a FFM; fat free mass, b ECW; extracellular water, c ICW; intracellular water, d Median preop-
erative days was 19 d (25th 12, 75th 26), e Median postoperative days was 59 d (25th 48, 75th 68),
f paired t-test; * p≤ 0.05 was considered statistically significant.

Body composition changes from pre- to postoperative period using BIS
and DXA

Overall body weight and BMI decreased from pre- to postoperative period (Table 6.2).
The FFM showed a tendency to decline in both BIS and DXA. Neither BIS nor DXA
showed a change in mean fat mass. ICW decreased, and ECW and the ECW/ICW
ratio increased from pre- to postoperative period.

Changes in laboratory parameters from pre- to postoperative period 

Haemoglobin decreased and CRP increased from pre- to postoperatively (Table 6.3).
Both albumin and pre-albumin showed a tendency to decrease from pre to postoper-
atively, however this decline was statistically not significant.

Preoperative agreement between BIS and DXA

Preoperatively, on comparison with DXA, BIS overestimated FFM by 2.3 kg (95%CI:
-3.5 kg to 8.1 kg). The Bland and Altman plot shows that differences in FFM and
deviation are similar in patients over the whole range of FFM (Figure 6.1A). Differen-
ces in FFM between BIS and DXA were mostly correlated with the BIS measure-
ments, specifically ICW, and not with the DXA measurements (Table 6.4).
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Table 6.3 Changes in laboratory parameters 2 months after cardiac surgery.

Laboratory parameters Before surgeryb After surgeryc pd N
(mean±SD) (mean±SD)

Haemoglobin (mmol/L) 8.7±0.6 8.0±7.3 0.000* 22/22
CRPa (mg/L) (median±range) 1.2±5.1 2.0±7.3 0.040* 26/22
Albumin (g/L) 44.8±2.2 43.9±2.0 0.078 26/23
Pre-albumin (g/L) 0.33±0.08 0.29±0.06 0.118 24/22

a CRP; C-reactive protein, b Median preoperative days was 19 d (25th 12, 75th 26), c Median
postoperative days was 59 d (25th 48, 75th 68), d paired t-test or Wilcoxon signed ranks test if
not normally distributed; * p ≤ 0.05 was considered statistically significant.

Postoperative agreement between BIS and DXA

Postoperatively, BIS overestimated FFM by 2.1 kg (95%CI: -4.5 kg to 8.7 kg) in com-
parison with DXA. The Bland and Altman plot showed that difference in FFM
between BIS and DXA was smaller but with a larger deviation in patients with an
FFM below 65 kg (Figure 6.1B). BIS consistently overestimated DXA in patients
with a FFM above 65 kg. This systematic bias was confirmed by the significant cor-
relation between the mean FFM of BIS and DXA and the difference in FFM
between BIS and DXA (r=0.4, p=0.04) (Table 6.5).

Table 6.4 Preoperative differences in fat-free mass between BIS and DXA:
Correlations with BIS and DXA measurements.

re r2 f pg

FFMa BISDXA 0.229 0.052 0.261
FFMa BIS 0.352 0.124 0.078
FFMa DXA 0.093 0.009 0.650

FMb BISDXA -0.468 0.219 0.016*
FMb BIS -0.570 0.325 0.002*
FMb DXA -0.338 0.114 0.091

ECWc BIS 0.103 0.011 0.617
ICWd BIS 0.431 0.186 0.028*
ECW/ICWBIS -0.609 0.371 0.001*

a FFM; fat-free mass, b FM; fat mass, c ECW; extracellular water, d ICW; intracellular water,
e r; Pearson correlation, f r2; R square (i.e. explained variance), g Pearson correlation analysis,
* p≤ 0.05 was considered statistically significant.
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Table 6.5 Postoperative differences in fat-free mass between BIS and DXA:
Correlations with BIS and DXA measurements.

re r2 f pg

FFMa BISDXA 0.406 0.165 0.039*
FFMa BIS 0.522 0.272 0.006*
FFMa DXA 0.267 0.139 0.187

FMb BISDXA -0.266 0.071 0.189
FMb BIS -0.393 0.155 0.047*
FMb DXA -0.113 0.013 0.583

ECWc BIS 0.395 0.156 0.046*
ICWd BIS 0.555 0.310 0.003*
ECW/ICWBIS -0.459 0.211 0.018*

a FFM; fat-free mass, b FM; fat mass, c ECW; extracellular water, d ICW; intracellular water,
e r; Pearson correlation, f r2; R square (i.e. explained variance), g Pearson correlation analysis,
* p≤ 0.05 was considered statistically significant.

This postoperative correlation between mean FFM and the difference in FFM between
BIS and DXA was stronger compared with the preoperative correlation (r=0.2,
p=0.26) (Table 6.4). Also, the correlations between the differences in FFM between
BIS and DXA and ICW and ECW became stronger postoperatively than they were
preoperatively, especially the correlation between ECW and difference in FFM
between BIS and DXA (Table 6.5). Similar to preoperatively, the difference in FFM
between BIS and DXA were mostly correlated with BIS measurements and not with
the DXA measurements.

Agreement in change of FFM between BIS and DXA

The BIS underestimated FFM change compared to the DXA by -0.5% (95%CI: -8.4%
to 7.5%). The Bland and Altman plot shows that in patients with an increase of FFM
the BIS consistently overestimates the amount of increase compared to the DXA
(Figure 6.1C). In patients with a decrease of FFM the BIS slightly underestimates the
amount of decrease compared to the DXA but with a very large individual variation.
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Figure 6.1 Agreement in fat free mass (FFM) between BIS and DXA: Bland and
Altman plots. A; Preoperative agreement, B; Postoperative agreement,
C; Agreement in FFM change from pre to postoperative.
Bold solid line; mean difference, dotted lines; mean difference±2 SD
(i.e., 95% CI, limits of agreement, inter-individual variation).



Discussion

Although overall BIS and DXA assessed FFM seems to be interchangeable as the BIS
only slightly overestimated FFM by approximately 2 kg and slightly underestimated
FFM change by -0.5% in comparison with DXA, there was a large inter-individual
variation between BIS and DXA. This large inter-individual variation between BIS
and DXA assessed FFM hinders the interchange-ability of BIS and DXA in routine
clinical practice. For example, BIS assessed FFMI may be approximately 1.5 kg/m2

below or 3 kg/m2 above FFMI assessed by DXA. It is evident that this variation leads
to misclassifications and thereby inappropriate nutritional treatment and possible
postoperative complications.
This large inter-individual variation is consistent with previous studies14,18,19. One of
the explanations for this difference in FFM between BIS and DXA might be the
validity of the BIS measurements. Although BIS models, constants and equations
generated in healthy populations have shown to be accurate6, Moissl et al20 showed
in patients with renal failure and imbalanced fluid status that the BIS method
underestimated ICW with 0.7±2.5 L compared to total body potassium and ECW
was underestimated with 0.7±1.7 L compared to dilution methods. In healthy sub-
jects with a mean BMI 25.0±3.5 kg/m2, this underestimation was 0.4±2.5 L for ICW
compared to total body potassium, and there was an overestimation of 0.9±1.4 L for
ECW compared to dilution methods20. These observations doubt the validity of
ECW and ICW measurement using the BIS in cardiac surgery patients. Cardiac
surgery patients tend to have higher BMI’s and extracellular fluid imbalances are
expected because of their underlying cardiac disease and post-surgical situation.
The BIS assumes a constant hydration factor of FFM of 0.73815. However, in inflam-
matory states the hydration factor is higher10,21. This implies that less volume should
be added to total body water to estimate FFM in inflammatory compared to non
inflammatory states22. This means that in inflammatory states FFM as computed
with BIS may overestimate FFM. In this study it was seen that two months postop-
eratively the inflammatory state was still more pronounced compared to preopera-
tively, i.e. CRP levels were increased, albumin and pre-albumin decreased.
Consistent with these inflammatory changes ECW and the ECW/ICW ratio
increased. This postoperative inflammatory state might explain the increased bias in
differences in FFM between BIS and DXA postoperatively, and the large inter-indi-
vidual variation in FFM change between the BIS and DXA. It remains a complex
area because although it is clear that ECW increases in inflammatory states due to
fluid surplus, it is not clearly established to which degree this applies to ICW.
It should be realized that although the ECW/ICW ratio is often referred to as oedema
index, the name oedema index may lead to the spurious impression of fluid overload
in subjects with lower ICW, i.e. in undernourished patients with decreased metabol-

115

Agreement in fat-free mass between BIS and DXA



ically-active cell mass23. The patients in this study cohort were examined for the pres-
ence of oedema. Only in five patients at most minimal signs of oedema were present.
In summary, most likely the relatively high postoperative ECW/ICW ratio in this
study cohort was a result of changes in fluid -, inflammatory - and nutritional status
as a result of surgery10,24.
Another explanation for the difference in FFM between BIS and DXA might be the
validity of the DXA measurements. The DXA compares the ratio of photon attenua-
tion at low and high energy beams to experimental photon attenuations of fat and
lean soft tissue25. Both severe obesity and severe over-hydration may affect this ratio.
As a result, the DXA overestimates fat mass and underestimates FFM compared with
multi-compartment models in both healthy and ill subjects25. However, as in this
study population only six patients (23%) had a BMI >35 kg/m2 but still less than 40
kg/m2 (n=3) or showed at most only minimal signs of oedema (n=5), it seems safe
to assume that in this specific population the DXA method was reasonably valid in
assessing FFM. Secondly, we assumed the DXA superior to the BIS as it is increas-
ingly accepted as a reference standard to evaluate BIS in healthy subjects6,25.
However, it should be emphasized that the difference in FFM between the BIS and
DXA might not only stem from limitations in the BIS but also from limitations in
the DXA14,25,26. For instance, also the DXA assumes a constant hydration and elec-
trolyte content of lean tissue. Last but not least, even if DXA accurately measures
FFM, it should be realized that it does not distinguishes between under, normal or
over-hydrated FFM25.
Our results show that the agreement in FFM between BIS and DXA seems to be
comparable both pre- and postoperatively. However, systematic bias between the
two methods is more present in the postoperative setting. This can be explained by
postoperative changes in inflammatory and nutritional status. Further, it is remark-
able that the BIS measurements, specifically the ICW component, and not the DXA
measurements were associated with differences in FFM between the two methods.
However, due to for example the relatively small sample size, no definite conclusion
can be drawn from the lack of a statistical significant correlation between FFMDXA

and the differences in FFM between BIS and DXA27.
The ICW component of the BIS seems to be the most vulnerable to bias. This might
be explained by overestimation of ICW due to the effect of inflammation on resistiv-
ity at tissue level22,28. That fat mass measurements by BIS were even stronger associ-
ated with differences in FFM between BIS and DXA can be explained by the fact
that BIS calculates fat mass by subtracting FFM from the actual body weight (BW)15.
Fat mass measurements by DXA are independent from its FFM measurements. This
also explains why adding FFM and fat mass calculations by BIS nicely fit BW in con-
trast to DXA. The underestimation of mean BW by DXA when adding up mean fat
mass and FFM might be explained in part from the finding that large people might
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not fit the DXA machine. Hendel et al29 found in patients with an actual BW >95 kg
an approximately 3 kg lower BW calculated by DXA. In our cohort eight patients had
a BW >95 kg.
Our study had some limitations. The fact that half of patients were not willing to
participate limited the generalization of the results because it may have lead to selec-
tion bias. This also explains in part the relatively low prevalence of undernutrition
and low preoperative operation risk. In more severely ill cardiac surgery patients,
body composition is more disturbed and therefore the agreement between BIS and
DXA in these patients is expected to be worse. 
Since one-quarter of cardiac surgery patients is or becomes undernourished after
cardiac surgery, care should be taken that these patients are identified and adequately
treated to reduce postoperative complications and increase quality of life2,3. The
clinical implication of our findings is that the role of BIS is limited for routine clinical
use in patients undergoing cardiac surgery, especially postoperatively. However, in
clinical practice the differentiation between ICW and ECW for a correct interpreta-
tion of nutritional state is essential, and the evaluation of nutritional therapy should
include dynamic assessment of body composition30. DXA is limited by its lack of dif-
ferentiation in hydration state of FFM. Therefore, we advocate, despite the recog-
nized limitations of both methods, that cardiac surgery patients indicated for nutri-
tional therapy are monitored for therapy efficacy with BIS assessed FFM, ICW and
ECW. We advocate the use of the more sophisticated DXA method to assess FFM in
parallel to BIS but with a lower frequency of assessment. Fluid - and inflammatory
status has to be integrated in the nutritional assessment of cardiac surgery patients to
correctly interpret the BIS and DXA measurements and therapy efficacy24. Future
research has to reveal whether BIS methods incorporating health status specific ICW-
and ECW-resistivity constants or tissue specific ECW/ICW ratios further improve
nutritional assessment22,28.
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Appendix 6.1

BODYSCOUT equations15:

ECW=[ρECW*KB*Ht2*(BW/D)0.5/R0](2/3)

where ρECW is extracellular resistivity (women: 39 Ω cm, men: 40.5 Ω cm), Ht is body
height (cm), BW is body weight (kg), D is body density (1.05 kg/l) and KB=4.3 is a
shape factor.

ICW=ECW*[((ρTBW*R0)/(ρECW*R inf))(2/3)-1]

where total body resistivity ρTBW was calculated as

ρTBW=ρICW-(ρICW-ρECW)×(R inf/R0)(2/3)

and ρICW is intracellular resistivity (women: 264.9 Ω cm, men: 273.9 Ω cm).
The equation used by the BIS proprietary software to predict FFMBIS is:

FFMBIS=(δECW*ECW)+(δICW*ICW)

where δECW is 1.106 kg/l and δICW is 1.521 kg/l.

BFBIS was calculated as BW minus FFMBIS.

The constants are based on the assumption that the FFM consists of 6.8% bone, 73.8% water
(with 44.3% ICW and 29.5% ECW), and 19% protein (with virtually all protein in the cell and the
cell is 30% protein and 70% water), and 0.4% protein in the ECW. It is assumed that the ICW-
protein ratio remains constant. The effect of bone on density is spread equally over the
ECW and ICW.
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