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Abstract— Bioelectrical impedance phase angle is a poten-
tially sensible indicator of alterations in body composition due 
to malnutrition, frequent in advanced cancer patients. Malnu-
trition is characterized by changes in cellular membrane integ-
rity and alterations in fluid balance leading to alterations in 
body composition. Aim of this study was to investigate the role 
of phase angle as a predictor of survival in patients with ad-
vanced cancer. Twenty patients (12 males, 8 females: age 50.2 
± 3.2 years, weight 51.9 ± 7.1 kg; BMI 19.8 ± 1.8 kg/m²), with 
advanced cancer were evaluated. Single-frequency BIA was 
carried out and the BIA variables, resistance (R), reactance 
(Xc) and phase angle (PhA), were measured. Some anthro-
pometric and biochemical parameters were performed in all 
patients. Phase angle resulted strictly related (p <0.001) with 
survival time, slightly (p = 0.055) related with lymphocyte 
count, but not related with the other anthropometric and bio-
chemical parameters evaluated. Identification of a predictor of 
survival in advanced cancer patients is important to improve 
the therapeutic programme for the disease. Phase angle seems 
to have a role as a marker of morbidity and mortality in a wide 
range of disease conditions. Similar studies on larger sample 
sizes are needed to further validate the prognostic significance 
of phase angle in advanced cancer patients. 
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I. INTRODUCTION  

Malnutrition is a frequent manifestation of advanced 
cancer and is a major contributor to morbidity and mortality 
[1]. Malnutrition is characterized among others by changes 
in cellular membrane integrity and alterations in fluid bal-
ance [2]. As a result, measurement of body composition is 
an important component of overall nutritional evaluation in 
cancer patients [3-5]. Nutritional status has been evaluated 
by different measures, including anthropometric (weight 
change, arm muscle circumference, and triceps skinfold 
thickness) and laboratory (serum albumin, transferrin as-
says) measurements. Bioelectrical Impedance Analysis 
(BIA) is an easy-to-use, non invasive, and reproducible 
technique for evaluating changes in body composition. BIA 
has been validated for the assessment of body composition 
and nutritional status in several chronic diseases, including 
cancer patients [1, 4, 6-16]. BIA measures body component 

resistance (R) and capacitance (Xc) by recording a voltage 
drop in applied current [17]. Capacitance causes the current 
to lag behind the voltage, which creates a phase shift. This 
shift is quantified geometrically as the angular transforma-
tion of the ratio of capacitance to resistance, or the phase 
angle [18]. Phase angle, calculated as capacitance 
(Xc)/resistance (R) and expressed in degrees, reflects the 
relative contributions of fluid (resistance) and cellular 
membranes (reactance) of the human body. Lower phase 
angle suggests cell death or decreased cell integrity, while 
higher phase angle suggests large quantities of intact cell 
membranes. Phase angle has been found to be a prognostic 
marker in several clinical conditions, such as HIV infection, 
liver cirrhosis, chronic obstructive pulmonary disease, 
hemodialysis, sepsis, and lung cancer [19-25].  

Aim of the present study was to evaluate the association 
of BIA-derived phase angle with survival in patients with 
different type of cancer. 

II. WRITING THE PAPER 

A. Patients and Methods 

Twenty patients (12 males, 8 females: age 50.2 ± 3.2 
years, weight 51.9 ± 7.1 kg; BMI 19.8 ± 1.8 kg/m²), with 
advanced cancer consecutively referred to the Clinical Nu-
trition Unit of Federico II University, in Naples for artificial 
nutrition procedure were evaluated. Primary cancer localiza-
tion was colorectal in 5, gastric in 7, esophageal in 3, pan-
creatic in 3 and pulmonary in 2. All measurements were 
performed by the same operator following standard proce-
dures. Weight was measured to the nearest 0.1 kg and 
height to the nearest 0.5 cm. Body mass index (BMI) was 
then calculated as weight (kg)/height²(m²).Single-frequency 
BIA was carried out by the same operator using a BIA 
101(injection of an alternating current, at 800 µA and 50 
kHz) (RJL/Akern System, Florence, Italy). Measurements 
were performed on the non-dominant side of the body, at 
room temperature of 22–24 ◦C, after voiding and after being 
in the supine position for 20 min. The BIA variables con-
sidered were resistance (R), reactance (Xc), and phase angle 
(PhA). Laboratory measurements (serum albumin, prealbu-
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min and transferrin, cholesterol, lymphocytes, haemoglobin, 
cholinesterase) were also performed. 

All patients were free of visible edema or ascites so there 
was control for obvious overhydration. 

The survival time was calculated from the day of first pa-
tient visit to the hospital to the date of death from any cause. 
The Kaplan-Meyer method was used to calculate survival 
and Cox model to evaluate the prognostic effect of phase 
angle independently of other clinical and nutritional vari-
ables. A difference was considered to be statistically sig-
nificant if the p value was less than or equal to 0.05.  

B. Results 

In the sample as a whole, the following parameters were 
registered: age 50.2±3.2 (range 42-61) years, weight 51.9 ± 
7.1 (34-64) kg; BMI 19.8 ± 1.8 (13.7-22.6) kg/m²); weight 
loss 14.3 ± 6.5 kg in the last 6 months. Serum albumin lev-
els were 3.35 ± 0.33 g/dl, cholesterol 136 ± 21.3, choli-
nesterase 5419 ± 1421, lymphocytes 1219 ± 390 mm3, thus 
indicating that the study sample as a whole was at high 
nutritional risk. 

Phase angle (mean 4.25 ± 1.2; range 2.86 to 5.91) re-
sulted strictly related (r = 0.420, p <0.001) with survival 
time, slightly (p = 0.055) related with lymphocyte count, but 
not related with the other anthropometric and biochemical 
parameters evaluated. 

C. Discussion 

A similar study carried out in patients with advanced 
lung cancer stratified the patient cohort by the mean phase 
angle score of 4.5 [25].  Patients with phase angle scores 
less than or equal to 4.5 had a significantly shorter survival 
than those with phase angle scores greater than 4.5. Simi-
larly, in advanced colorectal cancer patients, phase angle 
above the median cut-off of 5.6 was associated with better 
survival [26].  In stage IV pancreatic cancer, phase angle 
above the median cut-off of 5 was associated with longer 
survival [27]. Similar studies on larger sample sizes are 
needed to further validate the prognostic significance of 
phase angle in advanced cancer patients.  

III. CONCLUSIONS  

It is of great relevance from a clinical point of view to 
identify possible survival predictors in advanced cancer 
patients. Phase angle reflects not only body cell mass, but it 
is also one of the best indicators of cell membrane function, 
related to the ratio extracellular/intracellular water and has 
been indicated to be an indicator of the nutritional status. 

This preliminary study confirms phase angle as a prognostic 
indicator in patients with advanced cancer, independently 
from the site of primary tumor and it seems to have a role as 
a marker of morbidity and mortality in a wide range of 
disease conditions. 
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