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ABSTRACT
Background: The bioelectrical phase angle has shown predictive
potential in various diseases, but general cutoffs are lacking in the
clinical setting.
Objectives: This study evaluated the prognostic value of the fifth
percentile of sex-, age-, and body mass index–stratified phase angle
reference values in patients with cancer with respect to nutritional
and functional status, quality of life, and 6-mo mortality. In a second
step, we also studied the effect of the standardized phase angle (with
a z score to determine individual deviations from the population
average) on these variables.
Design: A total of 399 patients with cancer were studied. Phase
angle was obtained with bioelectrical impedance analysis; muscle
function was assessed by handgrip strength and peak expiratory
flow. Quality of life was determined by the European Organization
for Research and Treatment of Cancer questionnaire. Nutritional
status was assessed by using Subjective Global Assessment. Sur-
vival of patients was documented after 6 mo.
Results: Patients with a phase angle of less than the fifth reference
percentile had significantly lower nutritional and functional status,
impaired quality of life (P , 0.0001), and increased mortality (P ,
0.001). The standardized phase angle emerged as a significant pre-
dictor for malnutrition and impaired functional status in generalized
linear model regression analyses. It was also a stronger indicator of
6-mo survival than were malnutrition and disease severity in the
Cox regression model (P , 0.0001) and according to the receiver
operating characteristic curve.
Conclusions: The standardized phase angle is an independent pre-
dictor for impaired nutritional and functional status and survival.
The fifth phase angle reference percentile is a simple and prognos-
tically relevant cutoff for detection of patients with cancer at risk for
these factors. Am J Clin Nutr doi: 10.3945/ajcn.2010.29215.

INTRODUCTION

The bioelectrical phase angle has consistently been shown to
have great prognostic relevance with regard to morbidity and
mortality in disease (1–4). As a raw variable derived from bio-
electrical impedance analysis, the phase angle reflects the con-
tributions between resistance—the pure opposition of a biological
conductor to the flow of an alternating electric current—and re-
actance—the resistive effect produced by tissue interfaces and cell
membranes (5, 6). Over the past years, the use of raw variables
from bioelectrical impedance instead of the calculation of body
compartments has gained popularity in the clinical setting (3, 7–

11). Impedance variables provide information on hydration
status and cellular membrane integrity without algorithm-
inherent errors or requiring assumptions such as constant tissue
hydration (7).

Disease, inflammation, malnutrition, or prolonged physical
inactivity can result in disturbed electric tissue properties that
directly affect the phase angle. In sepsis, for instance, fluid shifts
from intracellular to extracellular water occur at an early stage
(12) and are accompanied by alterations of phase angle. Not
surprisingly, a low phase angle has therefore been associated with
an impaired outcome in tumor disease such as pancreatic cancer,
colorectal cancer, breast cancer, and lung cancer as well as in
HIV/AIDS, liver cirrhosis, dialysis, pulmonary disease, bacter-
emia, and sepsis (1–4, 8, 9, 12–19). However, most authors
generated phase angle cutoffs within their study population by
using primarily the median or the lowest quartile or created
cutoffs in comparison with a healthy control group. A major
drawback of this method is that these cutoffs are not necessarily
transferable to other populations and might thus not be applicable
in the general clinical setting. By contrast, reference values from
a healthy population offer the possibility of assessing individual
deviations of a patient in relation to the population average and
percentiles that might be used as cutoffs in the general clinical
setting for the early identification of patients at risk of impaired
functional and nutritional status and increasedmortality.Whereas
several reference values have been published, only the reference
values generated in a healthy German population (n = 214,732
adults) (20) were stratified according to sex, age, and body mass
index (BMI), which are established major determinants of the
phase angle.

It is known that �50% of patients with tumor disease expe-
rience cancer cachexia with loss of adipose and skeletal muscle
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tissue, resulting in weight loss, decreased muscle strength, re-
duced quality of life, and decreased survival (21). This pro-
spective study therefore aimed to investigate the prognostic
value of the fifth percentile of sex-, age-, and BMI-stratified
phase angle reference values in cancer patients with respect to
nutritional status, muscle function, quality of life, and 6-mo
mortality. In a second step, to obtain standardized continuous
data for patients in addition to the dichotomous variable (below
or above the fifth reference percentile), we also studied the effect
of the standardized phase angle (with a z score to determine
individual deviations from sex-, age-, and BMI-stratified phase
angle reference values) on nutritional status, muscle function,
quality of life, and 6-mo mortality.

SUBJECTS AND METHODS

A total of 399 consecutively admitted patients (191 women
and 208 men) to the Charité University Hospital (Department of
Gastroenterology, Hepatology, and Endocrinology; the De-
partment of Oncology and Hematology; or the Department of
Radiotherapy) or the Helios Klinikum Bad Saarow were included
between December 2006 and June 2007 in the study. Patients
were considered for the study if they were older than 18 y with
solid or hematologic tumor disease and gave written informed
consent. Patients with implanted pacemakers or defibrillators
were excluded because of the theoretical possibility of in-
terference with the device activity due to the field of current
induced by the impedance measurements; patients with neuro-
muscular disease, hemiplegia, or arthritis located in the hands
were excluded to avoid potential confounders on muscle strength.

Measurements were made within 48 h of admission to hospital
by 2 nutrition scientists. The Ethics Committee of the Charité-
Universitätsmedizin Berlin approved the study. Demographic
characteristics, such as age and sex, and clinical variables such as
Karnofsky Performance Scale, duration of disease (defined as
length of time in days since diagnosis), cancer location, and
UICC (Union contre le Cancer) stage classification were docu-
mented. Moreover, number of drugs per day, number of
comorbidities, type of treatment, and length of hospital stay were
recorded. Patients were contacted via telephone 6 mo after the
first assessment; if patients could not be reached, the local death
register was consulted.

Bioelectrical impedance measurements

Bioelectrical impedance analysis was performed by using
a Nutriguard M (Data Input GmbH, Darmstadt, Germany) ap-
plying alternating electric currents of 800 microamperes (lA) at
50 kHz, and resistance (R) and reactance (Xc) were measured.
The phase angle was calculated by using the following equation:
phase angle (degrees) = arctan (Xc/R) · (180/p). The percentage
of patients with a phase angle below the fifth percentile of sex-,
age-, and BMI-stratified reference values was determined and
compared with the percentage of patients with a phase angle
above the fifth reference percentile. Values for the single fifth
reference percentiles can be found in the article by Bosy-
Westphal et al (20). Individual phase angle values were also
standardized according to the reference values as follows:
standardized phase angle = (observed phase angle2mean phase

angle)/SD of the phase angle, where the mean and SD are from
sex-, age-, and BMI-stratified reference values.

Measurements were made according to a standardized pro-
tocol as described in detail elsewhere (20). In brief, patients were
measured in the morning after an overnight fast, in the supine
position with arms and legs abducted from the body. Source and
sensor electrodes (Ag/AgCl, Bianostic Classic Electrodes; Data
Input GmbH) were placed on the dorsum of both the hand and
foot of the dominant side of the body. The CV of repeated
measurements of R and Xc at 50 kHz was assessed in 5 patients
by the 2 observers: CVs were 2.8% and 3.1% for R and 2.6% and
2.9% for Xc.

Anthropometric measurements

Body weight was measured while subjects were wearing
light clothes with a portable electronic scale (Seca 910; Seca,
Hamburg, Germany) to the nearest 0.1 kg, and height was
measured with a portable stadiometer (Seca 220 telescopic
measuring rod) to the nearest 0.1 cm. Weight and height were
used to calculate BMI (weight in kilograms divided by height in
meters squared).

Further anthropometric measurements were taken to describe
nutritional status. Mid-upper arm circumference was determined,
and triceps skinfold thickness was measured with a Holtain
caliper (Crymych, United Kingdom) on the nondominant arm.
Arm muscle area (AMA) and arm fat area (AFA) were calculated
by applying the formula by Gurney and Jelliffe (22).

Assessment of malnutrition: Subjective Global Assessment

The Subjective Global Assessment (SGA) was carried out by
using the protocol developed by Detsky et al (23) to determine
nutritional status. This assessment relies on the patient’s history
regarding weight loss, dietary intake, gastrointestinal symptoms,
functional capacity, and physical signs of malnutrition (loss of
subcutaneous fat or muscle mass, edema, ascites). Patients were
classified as well nourished (A), moderately malnourished or
suspected of being malnourished (B), or severely malnourished
(C). The examiners were trained together and reached an
interrater agreement of 90% in the test trial.

Muscle function

Handgrip strength

Handgrip strength was measured in the nondominant hand
with a Jamar dynamometer (Sammons Preston Rolyan, Chicago,
IL). Patients performed the test while sitting comfortably with
their shoulder adducted and forearm neutrally rotated, elbow
flexed to 90�, and forearm and wrist in a neutral position. Pa-
tients were instructed to perform a maximal isometric contrac-
tion. The test was repeated within 30 s, and the highest value of
3 tests was used for the analysis.

Expiratory peak flow

Expiratory peak flow was assessed with the ASSESS Peak
Flow Meter (Respironics HealthScan Inc, Cedar Grove, NJ).
Patients were told to exhale as fast and forcefully as possible. The
test was carried out 3 times, and the highest reading was recorded.
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Health-related quality of life and depression

Quality of life was determined with the validated core ques-
tionnaire QLQ-30 of the European Organization for Research and
Treatment of Cancer (EORTC). The questionnaire assesses quality
of life in 9 domains. It includes 30 questions exploring 5 functional
scales (physical, role, emotional, cognitive, and social function-
ing), 9 symptom scales (fatigue, nausea/vomiting, pain, dyspnea,
insomnia, appetite loss, constipation, diarrhea, and financial effect
of disease), and one global scale (general health status).

Risk of depression was assessed by using the validated German
version of the Center for Epidemiologic Studies–Depression
Scale (24).

Statistics

Statistical analysis was carried out by using the software
package SPSS version 16 (SPSS Inc, Chicago, IL). All data are
given as means and SDs. Pearson’s correlation was calculated to
assess the relation between variables.

Comparison between patients with a phase angle below or
above the fifth reference percentile was performed with Student’s
t test or Mann-Whitney-Wilcoxon’s test where indicated. The
odds ratios (OR) and the positive predictive value for 6-mo

mortality were calculated for patients with a phase angle below
the fifth reference percentile. The standardized phase angle—
as a measure of the individual deviation from the population
average—was introduced as a risk factor together with disease
severity according to UICC stage, tumor type, type of treatment,
age, sex, BMI, and handgrip strength in all regression models.
We used the standardized phase angle because the absolute
phase angle was no longer significant when the standardized
phase angle was introduced into the regression models.

A generalized linear model (GLM) univariate regression
analysis was used to investigate the effect of standardized phase
angle, disease severity according to UICC stage, tumor type, type
of treatment, age, sex, and BMI on handgrip strength as an
objective indicator of muscle function and on the global function
score of the EORTC quality-of-life questionnaire. Backward
stepwise multinomial logistic regression was used to define risk
factors for malnutrition defined by SGA.

Survival time in days from the starting point of the study
baseline was examined. A stepwise Cox proportional hazards
regression model was used to calculate hazard ratios and 95% CIs
and to identify predictors for enhanced 6-mo mortality. A receiver
operating characteristic (ROC) curve analysis was then performed
to compare these risk indicators with regard to survival prediction

TABLE 1

Tumor type (n = subjects with tumors) and disease severity stage (% with this stage) in patients with cancer (n = 399)1

UICC stage 1 UICC stage 2 UICC stage 3 UICC stage 4

Gastrointestinal tumors (n = 149) 13.4 10.7 14.8 61.1

Head and neck or lung tumors (n = 71) 3.3 1.4 18.3 76.1

Urogenital tumors (n = 23) 26.4 0 0 73.7

Gynecologic tumors (n = 35) 14.3 8.6 5.7 71.4

Neuroendocrine, adrenal, and thyroid tumors (n = 30) 30 3.3 6.7 60

Others (n = 20) 10.6 5.3 21.1 63.2

1 UICC, Union contre le Cancer. Hematologic disease (n = 71): stage 1, 9.6%; stage 2, 19.2%; stage 3, 44.2%; stage 4, 26.9%.

TABLE 2

Nutritional functional and clinical variables in all patients (n = 399) and stratified according to the fifth percentile of the phase angle1

All (n = 399)

Below fifth

percentile

(n = 191)

Above fifth

percentile

(n = 208) P

Age (y) 63.0 6 11.8 64.0 6 11.8 62.1 6 11.8 NS

Sex (M/F) 208/191 96/95 112/96 NS

Nutritional variables

Malnourished according to SGA (B or C) (%) 58.1 78.0 39.1 ,0.0001

BMI (kg/m2) 24.9 6 4.8 23.9 6 4.6 25.8 6 4.8 ,0.0001

AMA (mm2) 4863.3 6 1402.5 4379.2 6 1243.6 5318.3 6 1388.0 ,0.0001

AFA (mm2) 2013.0 6 1174.4 1737.6 6 1023.3 2264.1 6 1250.4 ,0.0001

Protein intake (g/kg body weight) 0.80 6 0.43 0.76 6 0.45 0.83 6 0.41 NS

Energy intake (g/kg body weight) 23.6 6 11.2 23.6 6 11.8 23.6 6 10.7 NS

Functional variables

Handgrip strength (kg) 27.2 6 10.7 24.1 6 9.749 30.1 6 10.8 ,0.0001

Peak expiratory flow (L/min) 339.2 6 135.7 302.9 6 123.7 374.3 6 136.7 ,0.0001

Karnofsky Performance Scale (points) 73.3 6 13.72 69.0 6 13.9 77.3 6 11.2 ,0.0001

Clinical variables

Advanced disease stage (%)2 60.8 71.9 50.8 ,0.0001

Length of stay (d) 11.8 6 11.2 12.7 6 1.0 9.5 6 0.7 ,0.001

1 SGA, Subjective Global Assessment (B = moderately malnourished or suspected of being malnourished, C = severely malnourished); AMA, arm

muscle area; AFA, arm fat area. Student’s t test was used to compare the groups.
2 Patients with solid tumor disease and hematologic disease were both included in this variable.
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capacity, and the area under the curve (AUC) was calculated.
Kaplan-Meier 6-mo survival curves were generated for patients
with a phase angle below and above the fifth reference percentile.

RESULTS

A total of 399 patients were included in the study. Tumor type
and disease stages are given in Table 1. The majority of patients
had tumor disease of the gastrointestinal tract. UICC stage 4
disease was most prevalent in patients with solid tumors. Ac-
cording to SGA, 132 patients (66 men) were classified as
moderately malnourished and 100 as severely malnourished (52
men). Demographic, nutritional, and functional characteristics
are given in Table 2; 47.2% of patients were not receiving active
cancer treatment (not yet or no longer), 31.7% were receiving
chemotherapy, 7.1% were receiving radiotherapy, 10.4% were
receiving combined radio- and chemotherapy, and 3.6% were
receiving other treatment.

Fifth percentile of sex-, age-, and BMI-stratified reference
values as a cutoff

The mean phase angle was 4.59� 6 1.12� and ranged from
2.04� to 8.30�. As expected, phase angle was slightly higher in
men than in women (4.70� 6 1.17� in men compared with
4.47� 6 1.04� in women, P = 0.043) and correlated weakly with
BMI (r = 0.245, P , 0.000) and inversely with age (r = 20.362,
P , 0.000).

One hundred ninety-one patients (47.9%) had a phase angle
below the fifth percentile of sex-, age-, and BMI-specific ref-
erence values. Age and sex distribution did not differ between
groups above and below the fifth percentile of phase angle.

Seventy-eight percent of patients who had a phase angle below
the fifth reference percentile were moderately or severely mal-
nourished in contrast to 39.1% of patients with a phase angle
above the fifth reference percentile (Table 2). Moreover, patients
with a phase angle below the fifth reference percentile also had
significantly lower handgrip strength, peak expiratory flow, and
Karnofsky Performance Scale (Table 2). The close correlation
between phase angle and handgrip strength is shown in Figure 1.
Significantly reduced handgrip strength in both male and

female patients with a phase angle below the fifth reference
percentile is shown in Figure 2. Moreover, all function scales of
the EORTC quality-of-life questionnaire apart from emotional
function were significantly impaired in patients with a phase
angle below the fifth reference percentile, and among the
symptom scales fatigue, nausea and vomiting, pain, dyspnea,
appetite loss, and constipation increased. The risk of depression
as assessed by the Center for Epidemiologic Studies–Depression
Scale was also higher in patients with a phase angle below the
fifth reference percentile (Table 3). Although the reference
values are stratified according to BMI, patients with a phase
angle below the fifth reference percentile still had significantly
lower BMI, AMA, and AFA values (Table 2).

When compared with patients with a higher phase angle,
patients with a phase angle below the fifth reference percentile had
more comorbidities (4.2 6 2.3 compared with 3.5 6 2.2, P ,
0.001) and consumed more drugs per day (7.7 6 3.8 compared
with 5.46 3.6, P, 0.0001) but did not have a longer duration of
disease (28.4 6 49.8 compared with 27.5 6 46.9 mo, NS).

The use of the standardized phase angle (with a z score to
determine the individual deviations of the population average)
showed that 64.4% of patients had phase angle values ,21 SD,
23.8% had values between 21 and 0 SD, and 11.8% had values
.0 SD from the population average (Figure 3).

Standardized phase angle as an independent risk factor for
reduced functional status and malnutrition

The standardized phase angle was an independent predictor of
muscle function as were sex, age, and SGA in a GLM regression
model and an independent predictor for EORTC global function
score next to SGA, BMI, handgrip strength, and age (see Table 4).
In contrast, disease severity, tumor entity, and type of treatment
had no significant effect on either subjective or objective func-
tional variables.

Multinomial logistic regression showed that a high stan-
dardized phase angle had the strongest positive effect on both

FIGURE 1. Pearson’s correlation between phase angle and handgrip
strength in men (n = 208, solid line) and women (n = 191, dotted line).

FIGURE 2. Box and whiskers plots comparing handgrip strength in men
(n = 208) and women (n = 191) with a phase angle below or above the 5th
reference percentile. Mann-Whitney-Wilcoxon’s test was used to compare
the median handgrip strength.
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moderate (SGA B) and severe malnutrition (SGA C) next to the
BMI, whereas higher age and UICC stage 4 had a negative effect
on malnutrition (see Table 5).

Patients with a phase angle below the fifth reference percentile
also exhibited a significantly higher 6-momortality risk (OR: 4.0;
95% CI: 2.4, 6.8; P , 0.001) (see Figure 4) and a 37.4%
probability of death (positive predictive value). Survival was
particularly impaired within the first 30 d after assessment in
these patients as shown in Figure 4.

Standardized phase angle for prediction of outcome and
6-mo mortality

Length of hospitalization was considerably higher in patients
with a phase angle below the fifth reference percentile (see Table
1). Six-month mortality data were obtained in 362 patients
(90.7%). Ninety-one patients died within 6 mo (median follow-
up: 180 d; range: 2–405 d), whereas most patients (68, 74.7%)
had a phase angle below the fifth reference percentile.

Age, sex, disease severity according to UICC stage (or the
respective hematologic score), SGA, handgrip strength, and
standardized phase angle were entered in a stepwise Cox pro-
portional hazards regression model in which standardized phase
angle, disease severity, and malnutrition defined by SGA
emerged as significant independent predictors (see Table 6) for
6-mo mortality.

ROC analysis revealed that the standardized phase angle with
an AUC of 0.734 performed better than both SGA (AUC: 0.697)
and disease severity (AUC: 0.622) with regard to survival pre-
diction (see Figure 5).

DISCUSSION

With this prospective study in 399 patients with cancer, we
showed that the fifth percentile of sex-, age-, and BMI-stratified

reference values (20) is a suitable and clinically relevant indicator
of cancer cachexia–related symptoms and decreased survival.
Patients with a phase angle below the fifth reference percentile
had a significantly impaired nutritional and functional status,
decreased quality of life, and increased morbidity and short-
ened survival. The use of the fifth reference percentile allows
identification of patients at risk who are in particular need
of intensified medical and nutritional attention. Moreover,

TABLE 3

Quality of life and risk of depression in all patients (n = 399) and stratified according to the fifth percentile of the

phase angle1

All (n = 399)

Below fifth

percentile

(n = 191)

Above fifth

percentile

(n = 208) P

Global health status 42.9 6 24.8 35.5 6 21.9 49.4 6 25.4 ,0.0001

Quality-of-life total score 46.6 6 7.4 45.7 6 7.3 47.7 6 6.5 ,0.0001

Functional scales

Physical function 61.6 6 27.8 51.2 6 27.4 70.7 6 24.9 ,0.0001

Role function 48.1 6 36.7 36.1 6 32.7 58.8 6 36.9 ,0.0001

Emotional function 60.1 6 25.9 59.6 6 27.0 60.6 6 24.9 NS

Cognitive function 74.9 6 26.2 70.1 6 28.1 79.2 6 23.6 ,0.001

Social function 59.2 6 35.9 55.1 6 36.8 62.9 6 34.7 0.039

Symptom scales

Fatigue 52.7 6 30.1 61.3 6 28.4 45.0 6 29.5 ,0.0001

Nausea and vomiting 18.4 6 28.5 22.2 6 30.3 15.1 6 26.3 0.018

Pain 40.8 6 35.7 45.6 6 35.5 36.6 6 35.5 0.016

Dyspnea 35.4 6 34.97 43.6 6 35.6 27.9 6 32.8 ,0.0001

Insomnia 42.9 6 37.5 45.5 6 36.7 40.8 6 38.1 NS

Appetite loss 39.3 6 40.3 49.5 6 40.6 30.1 6 37.8 ,0.0001

Constipation 22.6 6 33.9 26.4 6 34.7 19.2 6 32.9 0.042

Diarrhea 15.7 6 29.2 16.8 6 29.3 14.7 6 29.0 NS

Financial difficulties 29.7 6 36.3 28.7 6 34.5 30.6 6 37.9 NS

CES-D 19.8 6 10.1 21.3 6 10.4 18.7 6 9.8 0.027

1 CES-D, Center for Epidemiologic Studies–Depression Scale. Student’s t test was used to compare the groups.

FIGURE 3. Distribution of the standardized phase angle [with a z score to
determine the individual deviations from the reference values; standardized
phase angle = (observed phase angle 2 mean phase angle)/SD of the phase
angle] showing median and range (minimum–maximum: 25.52–3.09). The
dotted line indicates values , 21 SD. n = 399
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transforming phase angle values into a z score allows the as-
sessment and quantification of individual deviation of patients
from sex-, age-, and BMI-specific population averages, which
clearly enhances its predictive power. The standardized phase
angle emerged as an independent predictor for impaired muscle
function and global function score (EORTC), malnutrition, and
increased 6-mo mortality, where it was shown to perform better
than malnutrition as assessed by SGA and disease severity.

Although our findings are consistent with the results of other
studies that have shown the prognostic potential of the phase
angle (13), the suitability of a phase angle reference percentile as
a simple, clinically relevant cutoff has, to our knowledge, not
been previously published. A generally applicable prognostic
cutoff for clinical practice has been lacking because most studies
have generated cutoffs within their study population, which
questions their adequacy in other disease settings. Generating
cutoffs within a very sick population with an overall reduced
prognosis might also limit their general applicability.

Furthermore, standardizing the phase angle according to sex-,
age-, and BMI-stratified reference values enhances the prognostic
relevance of the phase angle, because individual deviations
from population norms provide better information than absolute
values.

A limitation of the study is the use of 2 examiners, which might
introduce interrater variability bias, even though they were
trained together by one person. Also, the study population was
heterogeneous with regard to tumor entity, type of treatment, and
disease duration and severity, which weakens the results. A more
homogeneous study population would have allowed more robust
conclusions.

Many studies have emphasized the close correlation between
nutritional status and phase angle. Because there is a great body
of evidence that malnutrition is a predictor of shortened survival
in cancer, the association between phase angle and survival is not
surprising. However, although the phase angle has been proposed
as amarker of clinically relevant malnutrition in patients with liver
cirrhosis (characterized by decreased body cell mass, increased
extracellular mass, and low skeletal muscle mass) (18), it failed to
reliably detect clinically relevant malnutrition in other pop-
ulations, such as hemodialysis patients with severe malnutrition
identified by SGA (25). Similarly, Gupta et al (26) observed only
modest sensitivities and specificities for different cutoffs of the

TABLE 4

Significant risk factors for objective and subjective functional status

identified by a generalized linear model univariate regression analysis1

Coefficient B 95% CI P

Global function score (EORTC)

Standardized phase angle 4.121 2.126, 6.115 ,0.0001

SGA 25.069 28.354, 21.783 0.003

BMI 20.611 21.096, 20.126 0.014

Handgrip strength 0.307 0.081, 0.532 0.008

Age 0.203 0.004, 0.402 0.045

Handgrip strength

Sex 214.796 216.202, 213.390 ,0.0001

Age 20.229 20.289, 20.169 ,0.0001

Standardized phase angle 1.902 1.321, 2.483 ,0.0001

SGA 21.239 22.212, 20.266 ,0.0001

1 n = 399. Age, sex, standardized phase angle, Subjective Global As-

sessment (SGA), BMI, handgrip strength [on the European Organization for

Research and Treatment of Cancer (EORTC) scale only], tumor type, disease

severity, and type of treatment were introduced into the generalized linear

model univariate regression model.

TABLE 5

Risk factors for malnutrition assessed by Subjective Global Assessment

(SGA) identified by backward stepwise multinomial logistic regression1

Odds ratio 95% CI P

Moderate malnutrition (SGA B)

Standardized phase angle 0.633 0.504, 0.794 ,0.0001

BMI 0.917 0.866, 0.972 0.004

Age 1.036 1.013, 1.060 0.002

UICC stage 42 4.344 1.721, 10.966 0.002

Severe malnutrition (SGA C)

Standardized phase angle 0.449 0.337, 0.597 ,0.0001

BMI 0.879 0.815, 0.948 0.001

Age 1.051 1.021, 1.082 0.001

UICC stage 42 4.071 1.62, 12.164 0.012

1 n = 399. SGA B, moderately malnourished or suspected of being

malnourished; SGA C, severely malnourished; UICC, Union contre le Can-

cer. Age, sex, standardized phase angle, SGA, BMI, handgrip strength, tu-

mor type, disease severity, and type of treatment were introduced into the

backward stepwise multinomial logistic regression model.
2 Reference variable: UICC stage 1.

FIGURE 4. Kaplan-Meier 6-mo survival curves in patients below (n =
183, dotted line) and above (n = 179, solid line) the fifth percentile of phase
angle reference values.

TABLE 6

Predictors for 6-mo mortality from a stepwise Cox proportional hazards

regression model1

HR 95% CI P

Standardized phase angle 0.567 0.470, 0.683 ,0.0001

SGA 1.617 1.218, 2.148 0.001

UICC stage 32 10.812 1.495, 77.960 0.018

UICC stage 42 10.455 1.377, 79.352 0.023

1 n = 362. UICC, Union contre le Cancer; HR, hazard ratio; SGA,

Subjective Global Assessment. Age, sex, standardized phase angle, SGA,

handgrip strength, tumor type, disease severity, and type of treatment were

introduced into the Cox proportional hazards regression model.
2 Reference variable: UICC stage 1.
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phase angle when comparing it with the SGA in patients with
advanced colorectal cancer. Nevertheless, malnutrition has a
strong effect on electric tissue properties and thus on the phase
angle (ie, reduced reactancewith maintained resistance, indicating
comparable hydration but loss of cell mass in malnutrition) (27).

In this study, malnutrition as assessed by SGA and phase angle
both emerged as independent risk factors for impaired 6-mo
mortality, which suggests that the phase angle is more than an
indicator of nutritional status.

Phase angle has also been associated with function (18). In
agreement with this finding, we showed earlier that both re-
sistance and reactance are predictors of muscle strength (28), and
in this study population phase angle correlated with handgrip
strength (Figure 1) and peak expiratory flow, functional com-
ponents of the EORTC quality-of-life questionnaire and the
Karnofsky Performance Scale (data not shown).

Interestingly, the standardized phase angle performed better
than did handgrip strength as a risk indicator with regard to 6-mo
mortality. Handgrip strength has been shown repeatedly to be an
excellent indicator of short- and long-term outcome (29–32), but
in this setting handgrip strength lost its prognostic significance
when the standardized phase angle was included in the regression
models for survival analysis.

Our focus was to study the clinical relevance of the fifth phase
angle reference percentile with regard to a multivariable profile
including muscle function, nutritional status, and quality of life
(which are frequently impaired in cancer cachexia); risk of de-
pression; and 6-mo survival. Fearon et al (33) used a similar

symptom complex with decreased lean body mass and handgrip
strength, Karnofsky Performance Scale, and components of the
EORTC questionnaire to describe the adverse functional aspects
of cachexia in pancreatic cancer. They observed that a 3-factor
profile including only weight loss, reduced nutritional intake, and
increased inflammation was associated with the effect of ca-
chexia on physical function, but they did not evaluate the phase
angle in their study.

In conclusion, standardizing the phase angle with regard to
sex-, age-, and BMI-stratified reference values enhances its
predictive power. The standardized phase angle is an independent
predictor for impaired functional and nutritional status and
a better indicator of 6-mo mortality than are malnutrition and
disease severity in cancer. In the clinical setting, the fifth phase
angle reference percentile appears to be a simple and prognos-
tically relevant cutoff for detection of patients with cancer at risk
of these factors.
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