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Abstract

Background: This research investigated whether bioimpedance spectroscopy (BIS) has the potential to improve
prognostication in an outpatient clinic for patients with cancer receiving palliative care.

Methods: Survival time, and BIS measures of basal metabolic rate and 11 body composition parameters (ex-
tracellular fluid [ECF], intracellular fluid [ICF], ratio of ECF to ICF, fluid in trunk and each arm and leg, protein
mass, mineral mass, and percent body fat) were recorded for 84 oncology patients.

Results: None of the BIS measures showed a linear association with survival time. However, threshold values
associated with short survival were identified for basal metabolic rate and 6 of the body composition measures
related to fluid (ECF, ratio of ECF to ICF, fluid in right and left arms, and right and left legs). In addition, almost
all patients who died within 6 weeks of assessment reached the threshold values for ECF and/or ECF:ICF ratio.
Conclusion: Results confirm that elevated metabolic rate and accumulation of body fluid are indicators of a poor
prognosis in patients with cancer receiving palliative care. Because BIS is simple for clinicians to use, is non-

invasive, and allows early detection of these parameters, it has the potential to improve prognostication.

Introduction

N ACCURATE ESTIMATE OF SURVIVAL TIME for patients

with a life-limiting illness is desirable for optimal treat-
ment and counseling of patients and their families." For
example, more accurate assessment of the individual’s prog-
nosis can improve decision making about active versus pal-
liative treatments, and enables the timely preparation for an
anticipated death. In addition, health expenditure escalates
exponentially in the last months of life, and improved prog-
nostication promotes more efficient use of limited health care
resources.” Accurate prognosis is particularly important in
countries such as Italy, the United States, and the United
Kingdom, which use estimates of survival time to determine
patients’ access to hospice care and welfare benefits.® How-
ever, currently, clinicians’ estimates of prognosis are often
inaccurate.>”

Ideally, there would be an inexpensive, quick, and non-
invasive way to improve the accuracy of prognosis. Studies
suggest that bioimpedance spectroscopy (BIS) might offer
such a promise.®'® BIS examines the drop in voltage when a

constant alternating current flows through the human body.
The impedance of the current has two components: resistance,
which is the opposition to the current flow in body fluids and
reactance, which is the opposition to current flow due to cell
membranes and the interfaces of tissues.

There have been three broad approaches to the use of
bioimpedance in prognosis. Some researchers focus on phase
angle, which refers to the lag of the current behind the voltage
and is an index of cell integrity'*; others focus on resistance
and reactance.'®'® These measures are dependent on the fre-
quency of the current.'” The third approach uses an arithmetic
transformation to relate patterns of impedance in a range of
different current frequencies to parameters of body compo-
sition (e.g., fat, extracellular fluid) with high accuracy and
reproducibility.”'® Unlike other bioimpedance measures,
body composition data are provided in units (liters, kilo-
grams) that are easily understood by clinicians and patients
and have obvious clinical relevance. Therefore, this study
used BIS to measure body composition.

Many patient factors have ademonstrated relationship with
survival time.'® These include dyspnea and drowsiness,**?!
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site of primary tumor, weight loss,?? edema,??* changes in

performance status,?>?® serum albumin, and lactate dehy-
drogenase.?” Nevertheless, available prognostic tools have
limited sensitivity and specificity.!**"=3!

No prior published studies have examined the usefulness
of body composition measures obtained from BIS for prog-
nosis in cancer patients receiving palliative care. However,
BIS can detect differences in body composition between pa-
tients with and without cancer.** In addition, body compo-
sition assessed by bioimpedance®*¢ or other methods
predicts survival time for patients with several nonmalignant
illnesses. BIS has two unique advantages when measuring
body composition. First, it provides information that cannot
be discovered from a physical examination. For example, a
physical examination is of limited value in identifying whe-
ther weight loss reflects a loss of mineral, muscle, fat, fluids or
a combination of these. However, BIS provides separate
measures of each of these parameters. Second, changes in
body composition that can be discovered by physical exami-
nation can be detected earlier using BIS. For example, BIS
detects abnormal extracellular fluid accumulation up to 10
months before edema is apparent on clinical examination.'®

Multifrequency BIS can also be used to estimate basal
metabolic rate. No previous studies have examined whether
there is an association between such estimates and survival
time in patients with advanced cancer. However, when met-
abolic rates are assessed by other means, elevated rates are
associated with shorter survival time in patients with cancer®®
and some nonmalignant diseases.*

This research investigated whether BIS has the potential to
improve prognostication in an outpatient clinic for patients
with cancer receiving palliative care by examining the rela-
tionship between patients’ survival time and BIS measures of
basal metabolic rate and a range of body composition pa-
rameters. Because previous research has shown that other BIS
measures taken at a single time point'! and changes over time
in some BIS measures*® are predictors of survival time, it was
predicted that between-patient differences in BIS measures of
body composition would be associated with differences in the
survival time. The original plan was to take repeated mea-
sures of body composition to also assess the relationship
between survival time and within-patient changes in body
composition. It was hypothesized that changes in body com-
position within an individual patient would be more in-
formative than a single assessment. However, due to rapid
decline and death of patients, it was possible to obtain re-
peated BIS measures for only half the sample. These patients
were often assessed long before their death, when abnormal
values for body composition parameters would not be ex-
pected. In particular, this study tested the prediction that
patients with high amounts of body fluid and low protein
mass would have a shorter survival time than other patients.

Method
Participants

All participants had advanced cancer and had been re-
ferred to a specialist palliative care service. The health system
in which the study took place allows such referrals not only
for patients requiring end-of-life care, but also for those with
life-limiting illnesses who do not have a short estimated sur-
vival time if management of complex symptoms or multi-
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disciplinary co-ordination for complex circumstances is
required.

Inclusion criteria were fluency in English, age over 18 years,
and a judgement by their primary medical specialist that they
were in the palliative phase of their illness, showed no severe
cognitive impairments and were sufficiently robust to tolerate
a 40-minute research interview. (The lengthy time commit-
ment was not due to the bioimpedance measures but because
this study was part of a larger project looking at a range of
possible prognostic indicators in patients with advanced
cancer.)

One hundred and fifteen patients attending outpatient
oncology and palliative care clinics at two teaching hospitals
in Adelaide, Australia, were identified as being eligible. A
research nurse who was not associated with patient care ap-
proached 103 of these patients. Four patients declined to
participate (3.9%), 15 were recruited to the study but did
not participate due to physical decline (14.6%), and 84 par-
ticipated in the study (81.6%). The analyses are based on the
78 participants who have since died. More than 90% of the
patients were Caucasian. None of the participants were re-
ceiving artificial hydration.

The study was approved by the relevant university and
health service ethics committees and all participating patients
provided informed consent.

Measures

Data were collected immediately after the patients” sched-
uled clinic visits by the research nurse.

Bioimpedance measures were obtained using an InBody
720 (Biospace Ltd., Seoul, Korea). This is a multifrequency (5-
500 kHz) analyzer that provides measures for the whole body,
and separate measures for the four limbs and trunk. The
electrodes were applied to eight contact sites (two points on
each hand and each foot). Equations are based on segmental
bioimpedance analysis first developed and validated by
Cha et al.,*! which assumes the body can be divided into five
cylindrical conductors. Many studies have demonstrated
the reliability and validity of BIS in measuring body fluid in
healthy adults and medical patients.!""*424 The current
study assessed basal metabolic rate and 11 body composition
parameters: extracellular fluid (ECF), intracellular fluid (ICF),
ratio of extracellular fluid to intracellular fluid (ECF:ICE),
fluid in trunk and each arm and leg, protein mass, mineral
mass, and percent body fat. All measures except percent body
fat, ECF:ICF ratio and basal metabolic rate were adjusted for
patient height.

Statistical analysis

We explored two lines of inquiry. The first examined
whether there were linear relationships between BIS measures
and survival time. Since all patients had died by the end of
follow-up, survival time was not censored. Spearman corre-
lation was used to assess the relationship between survival
time and BIS measures, while the exact Kruskal-Wallis H
procedure was used to examine differences in survival by
groups of patients with high, low, and intermediate BIS
scores. Logistic regression was used to determine predictors
of survival time, after this dependent variable had been
dichotomized. The second, exploratory line of inquiry used
visual inspection to identify possible nonlinear relationships
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between BIS measures and survival, such that thresholds or
tipping points could be identified. These relationships were
then tested using Fisher’s exact test.

With respect to the power of statistical analyses, a sample of
47 patients would allow detection of correlations between
survival time and BIS parameters that were of a magnitude
likely to have clinical significance (r > 0.40) with 80% power
and o = 0.05. However, it was anticipated that the distribution
of data for BIS variables would often be skewed. Because this
was likely to inflate the type I error rate and require the use of
less powerful nonparametric statistics, a larger sample size
was sought.

Analyses were undertaken using the SPSS 15.0 statistical
package (SPSS Inc., Chicago, IL).

Results

Table 1 shows the gender and primary diagnosis for par-
ticipants. The mean age of participants at the first visit was
65.9 years (standard deviation [SD]=10.8 years). Patients
were recruited in a health care system that promotes the early
referral to palliative care of patients with noncurable malig-
nancy and unmet needs. Thus, while the median survival
from the date of first assessment was less than 6 months (22.0
weeks), a large percentage of patients had lengthy survival
times (range, 0.3-230 weeks).

Preliminary analyses indicated that there was no relation-
ship between survival time and either gender or primary site
of malignancy. Hence, data were pooled across these vari-
ables in all subsequent analyses.

There was no linear relationship between any BIS measure
and survival time. Spearman correlations showed no rela-
tionships between the rank order of patients on any BIS
measure and the rank order of their survival time (all p values
<0.14). Kruskal-Wallis tests found no differences in survival
time between four groups of approximately equal size formed
on the basis of higher and lower scores for body composition
measures (all > < 6.0, all p>0.15).

Nonlinear relationships between BIS measures and sur-
vival were examined in a planned exploratory analysis. Data
were sorted in order of ascending survival time. Where pos-
sible, values in BIS data that appeared to differentiate patients
with longer and shorter survival were identified using visual

TABLE 1. PATIENT CHARACTERISTICS (N = 84)

Characteristics Y%

Males 63
Primary malignancy
Lung
Colorectal
Prostate
Pancreas
Unknown primary
Hematologic
Upper gastrointestinal tract
Melanoma
Other urologic
Breast
Liver and bile dust
Adrenal gland
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TABLE 2. DEMONSTRATION OF METHOD OF IDENTIFYING
THRESHOLDS BY VIsUAL INsPEcTION: ECFE.ICF RATIOS
FOR FIRST THIRTY-FIVE PARTICIPANTS RANKED
IN ORDER OF ASCENDING SURVIVAL TIME

Survival time ECF:ICF ratio

0.65
0.83
0.62
0.49
0.54
0.61
0.60
0.52
0.63
0.68
0.59
0.56
0.51
0.68
0.56
0.68
0.61
0.57
0.65
0.53
0.64
0.60
0.53
0.50
0.68
0.55
0.65
0.57
0.58
0.55
0.50
0.59
0.57
0.57

6 weeks or less

7 to 12 weeks

13 to 26 weeks

Values under the threshold are marked in bold.
ECF, extracellular fluid; ICF, intracellular fluid.

inspection (Table 2). Such potential threshold values were
identified for 9 body composition measures (ECF, ICF, EC-
F:ICF ratio; fluid in legs, fluid in arms, fluid in trunk, per-
centage body fat) and basal metabolic rate (Table 3). Fisher
exact tests confirmed that 7 of these thresholds predicted
survival time of 6 weeks or less: ECF (p=0.024), ECEICF
ratio (p=0.024), fluid in right (p=0.045) and left arms
(p=0.019), right (p=0.026) and left legs (p=0.011), and
basal metabolic rate (p =0.033). There was a strong relation-
ship between whether a patient met the thresholds for ECF
and/or the ECF:ICF ratio and their survival time, 3 (3) = 14.7,
p=0.002 with Yates correction (Table 4).

However, it appears that measures of body water are
overlapping. For example, all patients with scores over the
threshold for ECF:ICF ratio (1 = 22) also had scores for fluid in
both legs and/or both arms over the relevant thresholds.
When all measures of body water were included in a logistic
regression predicting survival time of 6 weeks or less, only the
ECF.ICF ratio was a significant predictor (Wald(1)=4.22,
p=0.04).
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TABLE 3. RELATIONSHIP BETWEEN BoDY COMPOSITION MEASURES AND SURVIVAL
TIME FROM BIOIMPEDANCE ASSESSMENT

% patients meeting threshold

<6 weeks 7-12 weeks 13-26 weeks 27 weeks+

Biointpedance measute n=10 n=16 n=19 n=233
Total body water

Extracellular fluid /height (L/cm) >0.09 60.0 37.5 21.1 18.2

Intracellular fluid /height (L/cm) <0.11 30.0 25.0 10.5 12.1

Extracellular: intracellular fluid >0.6 60.0 43.8 10.5 21.2
Segmental fluid distribution

Right arm fluid/ height (L/cm) >0.15 50.0 31.6 31.6 24.2

Left arm fluid/ height (L/cm) >0.15 50.0 25.0 26.3 24.2

Right leg fluid/ height (L/cm) >0.40 60.0 37.5 21.1 24.2

Left leg fluid/ height (L/cm) >0.40 60.0 375 15.8 212

Trunk fluid /height (L/cm) >0.12 50.0 63 21.1 21.1
Body composition

% body fat <17 30.0 25.0 10.5 12.1

Protein mass/height (kg/cm) >0.10 30.0 18.8 21.1 6.1

Mineral mass/height (kg/cm) >0.20 50.0 25.0 21.1 15.2
Basal metabolic rate (kcal) >1600 50.0 25.0 15.8 15.2

Discussion

This research investigated whether BIS had the potential to
improve prognostication in an outpatient clinic for patients
with cancer receiving palliative care. To do this, it assessed
the relationship between a range of measures yielded by BIS
and patients’ survival time. It introduced a number of inno-
vations. First, it used BIS to assess basal metabolic rate and
body composition. Body composition measures are easy-to-
understand for both patients and clinicians. In contrast, most
previous research involving cancer patients has used BIS to
measure overall body resistance and reactance to electrical
current, or phase angle."'™'3'¢17* Second, the study explored
both linear and nonlinear relationships between body com-
position measures and survival time. Third, the sample in-
cluded patients with a very wide range of survival times. In
particular, the sample included a natural comparison group in
the large percentage (47%) of patients who survived for longer
than 6 months.

In our study, one-off BIS measures of basal metabolic rate
and several measures of body composition showed no linear
relationship with survival time. This is consistent with pre-
vious research using other bioimpedance measures.'>** In
contrast, this study identified nonlinear, threshold relation-
ships or tipping points that may be important markers of the

TABLE 4. RELATIONSHIP BETWEEN SURVIVAL TIME
AND THRESHOLDS FOR EXTRACELLULAR FLUID
AND THE RATIO OF EXTRACELLULAR FLUID
10 ToTAL BoDY FLUID

% Patients with ECF >0.09

Survival time or ECF:ICF ratio >0.6 n
6 weeks or less 90.0 10
7-12 weeks 60.0 16
13-26 weeks 26.3 19
More than 26 weeks 30.3 33

ECF, Extracellular fluid, ICF, Intracellular fluid.

trajectory of illness. Similar threshold effects have been shown
in the relationship between survival time and other patient
factors”?! and other bioimpedance measures.!'-1344 Basal
metabolic rate and six measures of body composition, all of
which relate to fluid (ECF, ratio of ECF to ICF, fluid in right
and left arms and right and left legs), showed significant
nonlinear relationships with survival time.

Thus, the prediction that patients with high amounts of
body fluid have a shorter survival time than other patients
was supported. Previous research has also found peripheral
edema to be an important predictor of survival,*> and the
association between clinical edema and survival has led to its
inclusion in both the Palliative Prognostic Index* and the
Cancer Prognostic Score.”® Although edema can be detected
through a physical examination, BIS is able to detect fluid
changes before these are clinically manifest.*® In addition,
previous findings show that higher basal metabolic rates were
associated with shorter survival.*** Through early identifi-
cation of edema and estimation of basal metabolic rate, BIS
has potential as a prognostic tool.

The prediction that patients with low protein mass had
shorter survival time than other patients was not supported.
One-off measures of protein, mineral and fat were not asso-
ciated with survival. However, temporal changes in these
parameters may be more informative than single-point mea-
sures and may warrant further investigation.

The present study had limitations. All statistically signifi-
cant results were found in planned exploratory analyses.
These analyses were based on a small sample size and need to
be confirmed through hypothesis testing. In addition, BIS
measures that were not included in the present study have
also shown relationships with survival>11-13354044 Unlike
the machine used in this study, the most recent BIS machines
can provide these other measures in addition to body com-
position and metabolic rate. We recommend that future
studies use the full complement of BIS output variables now
available: body composition, metabolic rate, resistance, reac-
tance, F function, and phase angle and its shift. Another
shortcoming of this research was that sufficient data for an-
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alyses were available only for a single point in time. Changes
in body composition and metabolic rate identified through
repeated assessment, may offer better prognostic information.
It would also be useful for future research to use multivariate
modeling to determine whether these BIS parameters im-
prove prediction over that obtained using usual prognostic
factors (e.g., weight loss, serum albumin), which were not
measured in this study.

In conclusion, BIS appears to have potential in predicting
survival time in patients with advanced cancer. In this study,
measures of body water and basal metabolic rate were asso-
ciated with survival time. Because BIS can detect body com-
position changes before these are clinically manifest, and
provides a simple way for clinicians to assess basal metabolic
rate, it has the potential to improve prediction of survival time.

Acknowledgments

This research was funded by the National Health and
Medical Research Council, Australia. This research would
not have been possible without the contribution to recruit-
ment and data collection of our dedicated research nurses,
Ms. Libby Heinsohn-Deer and Ms. Beverley Heidenreich. We
also thank A/Prof. Tim Price for his assistance in recruit-
ment and data collection. Finally, we thank the patients and
staff of Lyell McEwin and The Queen Elizabeth Hospitals,
South Australia, for the generous contribution of their pre-
cious time and energy.

Author Disclosure Statement

No competing financial interests exist.

References

1. Wijnia JW, Corstiaensen IJ: A poor prognosis: Guide or
misleading? Am ] Hosp Palliat Med 2008;25:5-8.

2. Glare PA, Sinclair CT, Downing M, Stone P, Maltoni M,
Vigano A: Predicting survival in patients with advanced
disease. Eur ] Cancer 2008;44:1146-1156.

3. Higginson IJ, Costantini M: Accuracy of prognosis estimates
by four palliative care teams: A prospective cohort study.
BMC Palliat Care 2002;1:1-5.

4. Christakis N, Lamont EB: Extent and determinants of error
in doctors’ prognoses in terminally ill patients: Prospective
cohort study. BMJ 2000;320:469-473.

5. Llobera J, Esteva M, Rifa ], Benito E, Terrasa J, Rojas C,
Pons O, Cataldin G, Avella A: Terminal cancer: Duration
and prediction of survival time. Eur J Cancer 2000;36:2036—
2043.

6. Twomey F, O'Leary N, O’Brien T: Prediction of patient
survival by healthcare professionals in a specialist palliative
care inpatient unit: A prospective study. Am ] Hosp Palliat
Med 2008;25:139-145.

7. Vigano A, Dorgan M, Buckingham ], Bruera E, Suarez-
Almazor ME: Survival prediction in terminal cancer pa-
tients: A systematic review of the medical literature. Palliat
Med 2000;14:363-374.

8. Chertow G, Jacobs D, Lazarus J, Lew N, Lowrie E: Phase
angle predicts survival in hemodialysis patients. ] Ren Nutr
1997;7:204-207.

9. Di Iorio B, Bellizzi V: Association of mortality and morbidity
with bioimpedance analysis. Kidney Int 2000;58:464.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22.

23.

24.

25.

26.

1013

Di Iorio B, Terracciano V, Querques M, Ammirati G, De
Franceso G, Lopez T: Bioimpedance indexes predict survival
in hemodialysis patients. ] Ren Nutr 1997,7:216-217.

Gupta D, Lammersfeld CA, Burrows JL, Dahlk SL, Vashi PG,
Grutsch JE, Hoffman S, Lis CG: Bioelectrical impedance phase
angle in clinical practice: Implications for prognosis in ad-
vanced colorectal cancer. Am ] Clin Nutr 2004;80:1634-1638.
Gupta D, Lis CG, Dahlk SL, King ], Vashi PG, Grutsch JF,
Lammersfeld CA: The relationship between bioelectrical
impedance phase angle and subjective global assessment in
advanced colorectal cancer. Nutr J 2008;7:19-25.

Gupta D, Lis CG, Dahlk SL, Vashi PG, Grutsch JF, Lam-
mersfeld CA: Bioelectrical impedance phase angle as a
prognostic indicator in advanced pancreatic cancer. Br J
Nutr 2004;92:957-962.

Selberg O, Selberg D: Norms and correlates of bioimpedance
phase angle in healthy human subjects, hospitalized pa-
tients, and patients with liver cirrhosis. Eur ] Appl Physiol
2002;86:509-516.

Cornish B: Bioimpedance analysis: Scientific background.
Lymph Res Biol 2006;4:47-50.

Toso S, Piccoli A, Gusella M, Menon D, Bononi A, Crepaldi
G, Ferrazzi E: Altered tissue electric properties in lung
cancer patients as detected by bioelectric impedance vector
analysis. Nutrition 2000;16:120-124.

Toso S, Piccoli A, Gusella M, Menon D, Crepaldi G, Bononi
A, Ferrazzi E: Bioimpedance vector pattern in cancer pa-
tients without disease versus locally advanced or dissemi-
nated disease. Nutrition 2003;19:510-514.

Ward LC: Bioelectrical Impedance Analysis: Proven utility
in lymphedema risk assessment and therapeutic monitoring.
Lymph Res Biol 2006;4:51-56.

Maltoni M, Caraceni A, Brunelli C, Broeckaert B, Christakis
N, Eychmueller S, Glare P, Nabal M, Viganod A, Larkin P,
De Conno F, Hanks G, Kaasa S; Steering Committee of the
European Association for Palliative Care: Prognostic fac-
tors in advanced cancer patients: Evidence-based clinical
recommendations—A study by the steering committee of
the European Association for Palliative Care. J Clin Oncol
2005;23:6240-6248.

Cheung WY, Barmala N, Zarinehbaf S, Rodin G, Le LW,
Zimmermann C: The association of physical and psycho-
logical symptom burden with time to death among pallia-
tive cancer outpatients. ] Pain Symptom Manage 2009,37:
297-304.

Palmer JL, Fisch MJ: Association between symptom distress
and survival in outpatients seen in a palliative care cancer
center. ] Pain Symptom Manage 2005;29:565-571.

Vigano A, Bruera E, Jhangri GS, Newmann SC, Fields AL,
Suarez-Almazor ME: Clinical survival predictors in patients
with advanced cancer. Arch Intern Med 2000;160:861-868.
Chuang R-B, Hu W-Y, Chiu T-Y, Chen C-Y: Prediction of
survival in terminal cancer patients in Taiwan: Constructing
a prognostic scale. ] Pain Symptom Manage 2004;28:115-122.
Morita T, Tsunoda J, Inoue S, Chihara S: The Palliative Pro-
gnostic Index: A scoring system for survival prediction of
terminally ill cancer patients. Support Care Cancer 1999;7:
128-133.

Stone P, Kelly L, Head R, White S: Development and vali-
dation of a prognostic scale for use in patients with ad-
vanced cancer. Palliat Med 2008;22:711-717.

Hartsell WF, Desilvio M, Buner DW, Scarantino C, Ivker R,
Roach M 3rd, Suh J, Demas WF, Movsas B, Petersen IA,
Konski AA: Can physicians accurately predict survival time



1014

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

in patients with metastatic cancer? Analysis of RTOG 97-14.
] Palliat Med 2008;11:723-727.

Glare PA, Eychmueller S, McMahon P: Diagnostic accuracy
of the Palliative Prognostic Score in hospitalized patients
with advanced cancer. ] Clin Oncol 2004;22:4823-4828.
Head B, Ritchie CS, Smoot TM: Prognostication in hospice
care: Can the Palliative Performance Scale help? ] Palliat
Med 2005;8:492-502.

Morita T, Tsunoda J, Inoue S, Chihara S: Improved accuracy
of physicians’ survival prediction for terminally ill cancer
patients using the Palliative Prognostic Index. Palliat Med
2001;15:419-424.

Stone CA, Tiernan E, Dooley BA: Prospective validation of
the Palliative Prognostic Index in patients with cancer. ] Pain
Symptom Manage 2008;35:617-622.

Stone PC, Lund S: Predicting prognosis in patients with
advanced cancer. Ann Oncol 2007;18:971-976.

Maturo G, Vespasiani G, Mohamed E, Maiolo C, Finazzi
Agrd E, Forte F, De Lorenzo A: Evaluating body composi-
tion of Italian prostate cancer patients without metastases.
Acta Diabetol 2003;40:5168-5170.

Calling S, Hedblad B, Engstrém G, Berglund G, Janzon L:
Effects of body fatness and physical activity on cardiovas-
cular risk: Risk prediction using the bioelectrical impedance
method. Scand ] Public Health 2006;34:568-575.

Palmieri V, Roman M]J, Bella JN, Liu JE, Best LG, Lee ET,
Howard BV, Devereux RB: Prognostic implications of rela-
tions of left ventricular systolic dysfunction with body com-
position and myocardial energy expenditure: The Strong
Heart Study. ] Am Soc Echocardiogr 2008;21:66-71.

Schols AM, Broekhuizen R, Weling-Scheepers CA, Wouters
EF: Body composition and mortality in Chronic Obstructive
Pulmonary Disease. Am ] Clin Nutr 2005;82:53-59.

Vestbo J, Prescott E, Almdal T, Dahl M, Nordestgaard BG,
Andersen T, Sprensen TI, Lange P: Body mass, fat-free body
mass, and prognosis in patients with Chronic Obstructive
Pulmonary Disease from a random population sample:
Findings from the Copenhagen City Heart Study. Am ]
Respir Crit Care Med 2006;173:79-83.

Beddhu S, Pappas LM, Ramkumar N, Samore M: Effects of
body size and body composition on survival in hemodialysis
patients. ] Am Soc Nephrol 2003;14:2366-2372.

38.

39.

40.

41.

42.

43.

44.

45.

CRAWFORD ET AL.

Bosaeus I, Daneryd P, Lundholm K: Dietary intake, resting
energy expenditure, weight loss and survival in cancer pa-
tients. ] Nutr 2002;132:34655-3466.

Tajika M, Kato M, Mohri H, Miwa Y, Kato T, Ohnishi H,
Moriwaki H: Prognostic value of energy metabolism in
patients with viral liver cirrhosis. Nutrition 2002;18:229—
234.

Slinde F, Grénberg A, Engstrom C-P, Rossander-Hulthén L,
Larsson S: Body composition by bioelectrical impedance
predicts mortality in chronic obstructive pulmonary disease
patients. Respir Med 2005;99:1004-1009.

Cha K, Shin S, Shon C, Choi S, Wilmore DW: Evaluation of
segmental bioelectrical impedance analysis (SBIA) for mea-
suring muscle distribution. J Int Council Health Phys Educ
Recreation Sport Dance 1997;(Spring):11-14.

Chumlea W, Guo S, Cockram D, Siervogel R: Mechanical
and physiologic modifiers and bioelectrical impedance
spectrum determinants of body composition. Am J Clin Nutr
1996;64:4135-422S.

Cornish B, Chapman M, Hirst C, Mirolo B, Bunce IH, Ward
LC, Thomas BJ: Early diagnosis of lymphedema using mul-
tiple frequency bioimpedance. Lymphology 2001;34:2-11.
Gupta D, Lammersfeld CA, Vashi PG, King J, Dahlk SL,
Grutsch JF, Lis CG: Bioelectrical impedance phase angle as a
prognostic indicator in breast cancer. BMC Cancer 2008;8:
249-255.

Faris M: Clinical estimation of survival and impact of other
prognostic factors on terminally ill cancer patients in Oman.
Support Care Cancer 2003;11:30-34.

Address correspondence to:

Gregory Brian Crawford, M.B.B.S., M.D.
Discipline of Medicine

The University of Adelaide

Calvary North Adelaide Hospital

89 Strangways Terrace

North Adelaide

South Australia 5006

Australia

E-mail: gregory.crawford@adelaide.edu.au



