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Abstract

Background & aims: To assess the agreement and the
association between phase angle (PA) and parameters of
nutritional status in surgical patients.

Methods: This was a cross-sectional study that involved
98 patients admitted for elective gastrointestinal or her-
nia repair surgery. The risk and nutritional status were
evaluated through Nutritional Risk Screening 2002 (NRS
2002), Subjective Global Assessment (SGA), Body Mass
Index (BMI) and Total Lymphocytes Count (TLC). These
assessments were compared with the mean standardized
PA (SPA), obtained by Bioelectrical Impedance Analysis
(BIA). Statistical analysis included kappa coefficient, Stu-
dent’s t-test, Mann-Whitney test, and the construction of
aROC Curve.

Results: The highest kappa agreement was obtained
between the SPA and the SGA (0.27; CI95% 0.06-0.48).
Malnourished patients diagnosed by NRS 2002, SGA and
TLC had a significantly lower mean SPA as compared to
those who were well-nourished. A cut-off point of 0.8 for
SPA showed 82.6% (CI95% 65.0-100.0%) sensitivity and
40.6% (CI95% 23.0-58.2 %) specificity.

Conclusion: The SPA presented weak agreement with
the methods of nutritional assessment, as well as low
specificity, and could not be recommended as a marker of
nutritional status, despite the fact that the lowest values
for SPA were found in malnourished patients.
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CONCORDANCIA Y ASOCIACION ENTRE
EL ANGULO DE FASE Y LOS PARAMETROS
DE EVALUACION DEL ESTADO NUTRICIONAL
EN PACIENTES QUIRURGICOS

Resumen

Introduccion y objetivos: Evaluar la concordancia y
asociacion entre el angulo de fase (AF) y los parametros
del estado nutricional en pacientes quirirgicos.

Meétodos: Se desarrollé un estudio de seccion transver-
sal con 98 pacientes admitidos para una cirugia gastroin-
testinal o de hernia. Se evalué el riesgo y el estado nutri-
cional a través del Rastreo de Riesgo Nutricional 2002
(RRN 2002), la Valoracién Global Subjetiva (VGS), el
Indice de Masa Corporal (IMC) y el Recuento Total de
Linfocitos (RTL). Estos métodos fueron comparados con
la media del AF estandarizado (AFE) obtenido por medio
del Analisis de Impedancia Bioeléctrica (AIB). Los Anali-
sis estadisticos incluyeron el coeficiente kappa, el test ¢
Student, el test de Mann-Whitney, y la construccion de la
Curva ROC.

Resultados: La concordancia kappa mas alta se obtuvo
entre el AFE y el VGS (0,27; CI95% 0,06-0,48). Los
pacientes desnutridos diagnosticados por el RRN 2002,
VGSy el RTL, tuvieron una media estadistica de AFE sig-
nificativamente menor comparado con aquellos que esta-
ban bien nutridos. Un punto de corte del 0.8 para un AFE
mostré 82,6 % (CI95% 65,0-100,0%) de sensibilidad y
40,6 % (CI95% 23,0-58,2% ) de especificidad.

Conclusion: El AFE presenté una concordancia débil
con los métodos de evaluacion nutricional, asi como una
baja especificidad y no pudo ser recomendado como un
indicador del estado nutricional, a pesar de que los valo-
res mas bajos del AFE fueron encontrados en pacientes
desnutridos.

(Nutr Hosp. 2011;26:480-487)
DOI:10.3305/nh.2011.26.3.4816

Palabras clave: Evaluacion del estado nutricional. Andlisis
por impedancia bioeléctrica. Angulo de fase. Pacientes quirtir-
gicos.



Abbreviations

BCM: Body Cell Mass.

BIA: Bioelectrical Impedance Analysis.

BMI: Body Mass Index.

NRS 2002: Nutritional Risk Screening 2002.

PA: Phase Angle.

R: Resistance.

ROC curve: Receiver Operating Characteristic Curve.

SGA: Subjective Global Assessment.

SGA A: Well-nourished according to Subjective
Global Assessment.

SGA B: Suspected or moderate malnutrition accord-
ing to Subjective Global Assessment.

SGA C: Severe malnutrition according to Subjective
Global Assessment.

SPA: Standardized Phase Angle.

TLC: Total Lymphocytes Count.

UFSC: Federal University of Santa Catarina.

Xc: Reactance.

Introduction

Hospital malnutrition has become a concern and a
challenge throughout the world,'?* since it has numerous
negative consequences including increased morbidity
and mortality, extended hospitalization, and, in addition,
increased costs for the health care system.** Hospital
malnutrition is related to both a higher frequency and
higher severity of post-operative complications,’ espe-
cially following surgery of the digestive tract.®

The application of a method to detect malnutrition
has been made difficult by the absence of a universally
accepted criterion for its identification.’ At present,
there is no gold-standard method to identify patients
with malnutrition or at nutritional risk.

Bioelectrical impedance analysis (BIA) is a sensi-
tive, reliable, safe and inexpensive method*° that is
rarely used for the determination of nutritional status.’
This method may overcome some limitations pre-
sented by other methods by incorporating both func-
tional and morphological assessment.® BIA measures
body component resistance (R) and reactance (Xc) by
recording a voltage drop in applied current.” Resistance
is related to the water content in the tissues, while reac-
tance is the resistive effect produced by the tissue inter-
faces and cell membranes.”*

The phase angle (PA), is calculated directly from R
and Xc, so it reflects the relative contributions of fluid
(R) and cell membranes (Xc).” This measure has a
number of advantages, such as independence from
regression equations,' and the fact that it can be calcu-
lated even in situations in which it is not possible to
estimate the body composition.”® Furthermore, it can
be performed even in patients in whom the current
weight and height cannot be measured.®'" Thus, interest
in comparing the PA with other methods used in the
nutritional assessment of hospitalized patients is

clearly justified, in order to obtain evidence on its per-
formance as an indicator of nutritional status.

The aim of this study was to evaluate the utility of
standardized PA (SPA) in the determination of the
nutritional status of surgical patients by investigating
the agreement, as well as the association between SPA
and nutritional status diagnosed by Nutritional Risk
Screening 2002 (NRS 2002), Subjective Global
Assessment (SGA), Body Mass Index (BMI) and Total
Lymphocytes Count (TLC).

Materials and methods
Patients and procedure

This was a cross-sectional study, carried out
between March and August 2007 with patients of both
sexes, aged = 18 years and admitted for elective gas-
trointestinal surgery or for hernia repair, hospitalized in
Surgical Clinic 1 at the University Hospital of the Fed-
eral University of Santa Catarina (UFSC), Florianépo-
lis, Santa Catarina, Brazil.

Patients who were admitted for bariatric surgery,
those fitted with pacemakers, pregnant women, those
who were breastfeeding or those presenting difficulty
in engaging with the interviewer for data collection
were excluded from the study. The following variables
were assessed in all patients: sex, age, main diagnosis
and associated diseases.

The study was approved by the Committee for
Ethics in Research in Humans at UFSC and, prior to
data collection, each participant signed a term of free
and informed consent.

Nutritional assessment

Nutritional status was evaluated during the preoper-
ative period by the same investigator, according to
NRS 2002, SGA, BMI, TLC and SPA.

Nutritional Risk Screening 2002

The NRS 2002 was performed according to the rec-
ommendations set forth by Kondrup et al.” Nutritional
risk was through two components: impaired nutritional
status and disease severity. Nutritional status was
determined from three variables: BMI, recent weight
loss, and food intake during the week before admis-
sion, taking into account the worst indicator. The dis-
ease severity was analyzed as an indicator of metabolic
stress and increased nutritional requirements. A score
between 1 and 3 was given according to the recommen-
dations for each component. Patients with a total score
of three or more (when the age of the patient was = 70
years, a value of one was added to the total score) were
considered at nutritional risk.
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Subjective Global Assessment

The SGA was carried out using the protocol devel-
oped by Detsky et al.”” This relies on the patient’s his-
tory regarding weight loss, dietary intake, gastroin-
testinal symptoms, functional capacity, and physical
signs of malnutrition (loss of subcutaneous fat or mus-
cle mass, oedema, ascites). Patients were classified as
well nourished (A), moderately or suspected of being
malnourished (B) or severely malnourished (C). For
the purpose of statistical analysis, patients were
grouped in well-nourished (SGA A) and malnourished
(SGAB and C).

Body Mass Index

The BMI was calculated as: current weight (kg)/
height? (m)'* and classified according to World Health
Organization.'*"* Subjects were grouped in well-nour-
ished (BMI = 18.5 kg/m?) and malnourished (BMI <
18.5 kg/m?) patients.

Total Lymphocytes Count

The TLC was analyzed automatically by an ABX
PENTRA 120 automated haematological analyser
(Kyoto, Japan). The TLC value (units per mm®) was
obtained from the medical records of each patient, con-
sidering the cut-off points described by Blackburn &
Thornton.' The patients were grouped in well-nour-
ished (Iymphocytes = 1,200 mm?®) and malnourished
(lymphocytes < 1,200 mm?) for the purposes of statisti-
cal analysis.

Phase Angle

Tetrapolar BIA was performed using a calibrated
Biodynamics portable apparatus, model 310e (Seattle,
WA, USA), which applies a current of 800 uA at a sin-
gle frequency of 50 kHz. The measurements were
made early in the morning, with patients fasting for at
least 4 h. BIA was conducted while patients were lying
supine on a bed, with legs apart and arms not touching
the torso. Those who were able to urinate were asked to
do so before the measurements were carried out. The
examination procedures, as well as control of other
variables affecting the validity, reproducibility and
precision of the measurements were carried out accord-
ing to standards of the National Institutes of Health."”
Resistance (R) and reactance (Xc) were directly mea-
sured in ohms, with a single assessment being made of
each. The phase angle was calculated using the follow-
ing equation: [arc tangent (Xc /R)] x (180/m).

Before employing the PA as a nutritional parameter,
it was first standardized using the reference values for
sex and age of a Swiss population,'® since there are still

no published data for the Brazilian population. The
SPA was calculated from the equation: [(observed PA-
mean PA for sex and age)/standard deviation of PA for
sex and age], where a SPA < 0.8 was considered as an
indicator of malnutrition.®

Statistical Analysis

Statistical analysis was performed using Stata, ver-
sion 9.0 for Windows (Stata Corporation, College Sta-
tion, TX, USA). Results are expressed as mean =+ stan-
dard deviation. Association among the categorical
variables was determined with Fisher’s test. The agree-
ment between SPA and NRS 2002, SGA, BMI and
TLC in the diagnosis of malnutrition was investigated
using the kappa coefficient, with the following criteria
being applied in the interpretation of values: k < 0.20
(poor agreement); 0.21 < k < 0.40 (weak agreement);
0.41 = k =< 0.60 (moderate agreement); 0.61 < k < 0.80
(good agreement); k> 0.80 (very good agreement)."

Quantitative variables with normal distributions
were analyzed with Student’s # test and non-parametric
variables were analyzed with the Mann-Whitney test to
compare SPA values according to the categories of
NRS 2002, SGA, BMI and TLC. A level of signifi-
cance of p <0.05 was used.

The sensitivity and specificity of cut-off points for
the PA were analyzed by constructing a ROC
(Receiver Operator Characteristic) curve, considering
the SGA as the reference method.

Results

During the data collection period, 98 of 416 patients
admitted to the clinic were enrolled in the study, follow-
ing the pre-specified eligibility criteria. The main reason
for the exclusions was the high number of patients admit-
ted for surgical procedures other than those included in
this study (gastrointestinal or hernia repair).

These 98 patients were aged between 20 and 85
years (46.3 £ 13.6 yr). Men had a higher mean age
(49.3 = 13.5 yr) than women (44.8 + 13.5 yr). Table I
presents the general characteristics of the patients.
Women comprised 67.3% of the sample, and the
majority of the sample consisted of adults (84.7%).
According to the main diagnosis, women predomi-
nantly presented benign diseases of the pancreas or bil-
iary tract (74.2%), while amongst men the most com-
mon conditions were gastrointestinal cancer (25%) and
abdominal hernia (31.3%). Two-thirds of all patients
did not present any associated disease.

Table II shows the nutritional risk and the nutritional
status of the patients, according to NRS 2002, SGA,
BMI, TCL and SPA. The prevalence of nutritional risk
and malnutrition in the whole sample varied markedly
according to the method used, as follows: 27.5% (NRS
2002), 29.6% (SGA), 4.1% (BMI), 11.5% (TLC) and
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Table I
Socio-demographic and clinical characteristics of the patients, by sex (n = 98)

Men Women
Variable N (%) p-value*
N (%) N (%)
N patients 98 (100.0) 32 (32.7) 66 (67.3) <0.001
Age (years) 0.6
<60 83(84.7) 26 (81.3) 57 (86.4)
=60 15(15.3) 6 (18.8) 9 (13.6)
Main diagnosis <0.001
Gastrointestinal cancer 14 (14.3) 8 (25.0) 6 9.1)
Benign disease of the pancreas or biliary tract 60(61.2) 11 (34.4) 49 (74.2)
Benign disease of the oesophagus 10(10.2) 3 9.4) 7 (10.6)
Abdominal hernia 14 (14.3) 10 (31.3) 4 6.1)
Associated diseases 1.0
No 65 (66.3) 21 (65.6) 44 (66.7)
Yes 33(33.7) 11 (34.4) 22 (33.3)

“Fisher’s exact test for association with sex.

23.5% (SPA). There was no difference by sex in the
prevalence of malnutrition based on these methods.
According to SGA, 18.4% of the patients presented
moderate malnutrition or suspected malnutrition and
11.2% severe malnutrition. With regard to BMI, 3.1%
of the patients exhibited mild thinness (BMI 17.0-

18.49 kg/m?) and 1.0% moderate thinness (BMI 16.0-
16.99 kg/m?). In relation to TLC, 7.7% presented mod-
erate malnutrition and 3.9% severe malnutrition. It
should be noted that TLC values were unavailable for
20 patients, so this parameter was analyzed in 78 indi-
viduals only.

Table IT
Nutritional status of the patients according to Nutritional Risk Screening (NRS 2002), Subjective Global Assessment (SGA),
Body Mass Index (BMI), Total Lymphocytes Count (TLC) and standardized phase angle (SPA), according to sex (n = 98)

Men Women
Variable N(%) p-value*
N (%) N (%)

NRS 2002 0.3
<3 71(72.5) 21 (65.6) 50 (75.8)
=3 27(27.5) 11 (34.4) 16 (24.2)

SGA 0.8
A 69 (70.4) 22 (68.8) 47 (71.2)

B+C 29 (29.6) 10 (31.3) 19 (28.8)

BMI (kg/m?) 0.3
=25 53 (54.1) 14 (43.8) 39 (59.1)
18.5-24.99 41(41.8) 16 (50.0) 25 (37.9)
<185 4(4.1) 2 (6.3) 2 (3.0)

TLC’ (mn?’) 1.0
=1,200 69 (88.5) 24 (88.9) 45 (88.2)
< 1,200 9(11.5) 3 (11.1) 6 (11.8)

SPA 0.8
=0.8 75 (76.5) 24 (75.0) 51 (77.3)
<0.8 23(23.5) 8 (25.0) 15 (22.7)

NRS 2002, Nutritional Risk Screening 2002: NRS 2002 < 3 normal nutrition; NRS 2002 = 3: nutritional risk; SGA, Subjective Global Assessment:
SGA A: normal nutrition; SGA B + C malnutrition; BMI, Body Mass Index: BMI = 18 kg/m?: normal nutrition; BMI < 18.5 kg/m? malnutrition;
TLC; Total Lymphocytes Count TLC = 1,200 mm?*: normal nutrition; TLC < 1,200 mm?®: malnutrition; SPA, Standardized Phase Angle: SPA =0.8:

normal nutrition and SPA < 0.8 malnutrition.
“Fisher’s exact test for association with sex.
"There were 20 values ignored for this variable.
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Table IIT
Agreement between the standardized phase angle (SPA) and Nutritional Risk Screening (NRS 2002), Subjective Global
Assessment (SGA), Body Mass Index (BMI) and Total Lymphocytes Count (TLC), in diagnosing malnutrition,
according to sex (n = 98)

Kappa coefficient (CI*)
Definition criteria for malnutrition
Total Men Women
NRS 2002 =3 0.25(0.04-0.46) 0.33(-0.01-0.68) 0.20 (-0.06-0.046)
SGAB+C 0.27 (0.06-0.48) 0.39 (0.04-0.73) 0.21 (-0.04-0.47)
BMI< 18.5 kg/m? 0.01(-0.13-0.14) 0.11(-0.21-0.43) -0.06 (-0.13-0.02)
TLC < 1,200 mm™® 0.22(-0.02-0.46) 0.29 (-0.11-0.69) 0.19(-0.10-0.47)

NRS 2002, Nutritional Risk Screening 2002: NRS 2002 = 3: nutritional risk; SGA, Subjective Global Assessment: SGA B + C: malnutrition; BMI, Body Mass Index: BMI <
18.5 kg/m* malnutrition; TLC, Total Lymphocytes Count: TLC < 1,200 mm*: malnutrition; SPA, Standardized Phase Angle: SPA <0.8: malnutrition.

95% confidence interval.
*There were 20 values ignored for this variable.

The agreement between the SPA and NRS 2002,
SGA, BMI and TLC in the diagnosis of malnutrition
is shown in table III. The results show poor to weak
agreements. The highest (weak) agreement was found
between SPA and SGA (0.27; CI195% 0.06-0.48), fol-
lowed by NRS 2002 and TLC [(0.25; CI95% 0.04-
0.46) and (0.22; CI195% -0.02-0.46), respectively].
The lowest (poor) agreement was seen between SPA
and BMI (0.01; CI95% -0.13-0.14). Men presented
weak agreement between SPA and NRS 2002, SGA
and TLC [(0.33; CI95% -0.01-0.68), (0.39; CI95%
0.04-0.73) and (0.29; CI95% -0.11-0.69), respec-
tively]. Meanwhile, among women only the SGA pre-
sented weak agreement with SPA (0.21; CI95% -
0.04-0.47).

Table IV shows the mean values for SPA according
to categories of nutritional status based on parameters
of nutritional status assessment. Malnourished patients
diagnosed by NRS 2002, SGA and TLC had a signifi-
cantly lower mean SPA (-0.7, -0.7 and -1.0, respec-
tively) as compared to those who were well-nourished
(0.0, 0.0 and -0.2, respectively). Men who were mal-
nourished according to NRS 2002, SGA and TLC had
significantly lower mean SPA than well-nourished
men. Among women, just those diagnosed as malnour-
ished by NRS 2002 had significantly lower mean SPA
values than the well-nourished women.

The cut-off point of 0.8 for standardized phase angle
presented a sensitivity of 82.6% (CI195% 65.0-100.0%)
and a specificity of 40.6% (C195% 23.0-58.2) (fig. 1).

Discussion

The importance of the phase angle (PA) is evident in
many clinical situations.” The PA, as a predictor of
body cell mass (BCM), has been evaluated as a marker
of nutritional status in adults and children,'**'?> making
it relevant to investigate whether lower values for PA
could be interpreted as malnutrition,'" as proposed in
our study.
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Fig. .—ROC (Receiver Operating Characteristic) curve for the
best cut-off point of the phase angle for malnutrition, using SGA
as the reference method (n = 98).

We found a percentage of 23.5% of malnourishment
by means of standardized PA (SPA), while in another
study the prevalence of malnutrition was 73.9%.° Other
work has shown that in patients undergoing elective
gastrointestinal surgery, for whom a cut-off point of
PA <5 was considered, the prevalence of malnutrition
was 18.5%.% It should be noted that it is difficult to
assess such patients due to the lack of reference values
for this parameter.> As a result, different cut-off points
have been used for the diagnosis of malnutrition in
each study, which in turn makes it difficult to compare
the results of different studies.

The most notable agreement in the diagnosis of mal-
nutrition, although still weak, was found between SPA
and SGA (0.27), with this being greater amongst men
than women. The study by Barbosa-Silva and col-
leagues [23] reported an agreement of 0.39 between
PA and SGA, which was similar (0.33) to that obtained
in a study conducted in patients with advanced colorec-
tal cancer.”

In our study, malnutrition defined by a SPA below
0.8 did not show good agreement with the methods
investigated. The higher agreement found between
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Table IV
Mean values of the standardized phase angle (SPA) according to the classes of nutritional status diagnosed by Nutritional
Risk Screening (NRS 2002), Subjective Global Assessment (SGA), Body mass index (BMI) and Total Lymphocytes
Count (TLC), according to sex (n = 98)

PA -Value PA -Value PA
Method (whole sample) r (men) P (women)
Mean (CF) Mean (CF) Mean (CI)

NRS 2002 0.001° 0,03

<3 0.0 (-0.2-0.3) 0.0 (-0.4-0.4) 0.0 (-0.3-0.3)

23 -0.7 (-1.2-0.2) -0.9 (-1.9-0.0) -0.6 (-1.2-0.0)
SGA 0.001° 0.002®

A 0.0 (-0.2-0.3) 0.1 (-0.4-0.6) 0.0 (-0.3-0.3)

B+C -0.7 (-1.1-0.4) -1.2 (-1.8-0.6) -0.5 (-0.9-0.1)
BMI (kg/m?) 0.2 0.3

>18.5 0.2 (-0.4-0.1) -0.2 (-0.7-0.2) -0.1 (-0.4-0.1)

<18.5 -0.8 (-2.1-0.4) -1.2 (-10.0-8.4) -0.5 (-4.4-35)
TLC! (mm’) 0.03¢ 0.02¢

>1,200 0.2 (-0.4-0.1) -0.1 (-0.6-0.4) -0.2 (-0.5-0.1)

<1,200 -1.0 (-2.0-0.1) -1.8 (-4.7-1.1) -0.7 (-1.8-0.5)

NRS 2002, Nutritional Risk Screening 2002: NRS 2002 < 3 normal nutrition; NRS 2002 = 3: nutritional risk; SGA, Subjective Global Assessment:
SGA A: normal nutrition; SGA B + C malnutrition; BMI, Body Mass Index: BMI = 18 kg/m* normal nutrition; BMI < 18.5 kg/m? malnutrition;
TLC; Total Lymphocytes Count TLC = 1,200 mm?*: normal nutrition; TLC < 1,200 mm®: malnutrition; SPA, Standardized Phase Angle:

“95% confidence interval.

*Student’s #-test for comparison of values between categories for independent variables.
‘Mann-Whitney test for comparison of values between categories for independent variables.

“There were 20 values ignored for this variable.

SPA and SGA might be explained by the fact that SGA
is associated with abnormal tissue structure as well as
loss of body mass, and that these altered electrical tissue
properties are not detected by the other methods.*!" In
addition, both techniques have revealed a prognostic
function in previous work in the literature. SGA pre-
dicted complications related to nutritional status in
numerous populations of hospitalized patients, includ-
ing surgical patients.>"* The PA, in turn, was described
as a prognostic index for complications in patients
undergoing elective gastrointestinal surgery,® as well
as for patients on haemodialysis,”*?' on peritoneal dial-
ysis,? with cancer,” with cirrhosis® and who were
HIV+ (human immunodeficiency virus positive).”
However, it has been questioned whether SGA and PA
are indicators of the severity of disease merely because
of their relationship with malnutrition.?' Thus, other
studies should seek to determine whether SGA and the
PA represent wider indicators of general health or sim-
ply nutritional markers.

The lowest value for agreement was found between
SPA and BMI. This result was probably due to the ele-
ments of BIA, such as PA, and anthropometric mark-
ers, such as BMI, that express different aspects and
stages of nutritional deficiency. According to Edefonti

et al.,” BIA is more sensitive than anthropometry in
detecting changes in body composition, and conse-
quently cases of malnutrition may be identified at an
earlier stage using this method. This is supported by the
fact that in patients with tumours of the head and neck,
with normal BMI, the PA was reduced before the
appearance of ostensible signs of cachexia and weight
loss.?!

Considering the distribution of the mean values of
SPA according to the classes of nutritional status of
patients diagnosed by the investigated methods, a
decrease in the mean SPA values became apparent in
malnourished patients, with a significant difference in
relation to patients identified as well-nourished by
NRS 2002, SGA and TLC. Among women, this differ-
ence in mean SPA was seen only for categories of NRS
2002. These results could be associated with a large
number of the male patients having malignant gastroin-
testinal tumours, while women presented a higher pro-
portion of benign pancreatic or biliary tract disease.

To our knowledge this is the first study to show an
association between the PA and TLC and with the
screening instrument NRS 2002. In relation to TLC,
although this was determined in a smaller number of
patients, the difference in mean SPA values between
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malnourished and well-nourished patients might be
explained by the effect on this marker of non-nutri-
tional conditions, such as the presence of an underlying
disease. As a result we cannot state with certainty that
the PA is indicating the patients’ nutritional status
exclusively. SPA decreased significantly with poor
nutritional status, according to SGA and NRS 2002,
indicating the ability of PA to detect changes in nutri-
tional status prior to any alteration in anthropometrical
measurements. With regard to the SGA, this finding
had been previously shown in other studies.*** Mean-
while, although our study did not find significant dif-
ferences in mean SPA values between patients diag-
nosed as malnourished and well-nourished by BMI, a
study conducted in surgical patients,> one in patients
with benign gastrointestinal disease® and another per-
formed in patients undergoing haemodialysis,*
reported that the mean PA was significantly lower in
patients with a lower BMI, when compared to those a
with higher BMI.

The lower mean SPA values observed in malnour-
ished patients may indicate its tendency to reflect a
compromised nutritional status. According to Mag-
giore and colleagues,” BIA parameters, including the
PA, tend to be altered in the presence of severe malnu-
trition resulting from various pathological states. In
this way, although the PA did not present good agree-
ment with methods of assessment of nutritional status,
our findings do suggest the capacity of BIA, through
the PA, to detect changes in nutritional status.

A specific cut-off level of PA that would help in the
assessment of hospitalized patients and to identify if
patients are either well-nourished or malnourished
remains unavailable. Therefore, it is necessary to
choose a cut-off point that closely matches the sensitiv-
ity and specificity of the traditional nutritional tests. In
the present study, this goal was achieved by evaluating
PA against SGA.

The use of SPA, in the present study, in diagnosing
malnutrition showed greater sensitivity than specificity.
According to Barbosa-Silva et al.,” the cut-off point of 5
for both sexes exhibited sensitivity of 31% and 47%, and
specificity of 97% and 94% for men and women, respec-
tively. In patients undergoing haemodialysis, the rela-
tionship between SGA and the quartiles for PA, when
analysis was limited to the lower quartile, presented a
sensitivity of 67% and a specificity of 78%.*'

In our study, considering the cut-off point of 0.8 for
SPA, we could not find simultaneously high levels of
sensitivity and specificity. The cut-off point for SPA
that showed the best result for the whole sample was
0.63 (72.4% sensitivity and 68.1% specificity).

Overall, it is difficult to provide a complete explana-
tion of the results found since the biological signifi-
cance of the PA has yet to be thoroughly eluci-
dated.®'? One explanation that might be considered is
that PA and SGA capture different aspects of nutri-
tional status and, thus, they should be used as comple-
mentary tests to each other in nutritional assessment.”

The limitations of the present investigation include
the size of the sample, which was relatively small, and
the fact that it was composed of a specific group of
patients, thereby restricting the generalization of the
findings. It has been suggested that the direct bioim-
pedance measures (R, Xc and PA) vary depending on
age, gender and body mass characteristics of the study
population.'” Nevertheless, the use of the SPA, in the
present study, was important in order to make the val-
ues comparable with different populations. In addition,
the k test performed better in men than women suggest-
ing that different cut-off points for each sex would
result in better findings.

Considering that treatment should maintain or lead
to a gain of BCM, as a metabolically active component
of the lean tissue,' PA may be a useful parameter to
assess the effectiveness of nutritional therapy.®

In conclusion, the SPA presented a weak agreement
with the methods of nutritional assessment investi-
gated, as well as low specificity, and could not be rec-
ommended as a marker of nutritional status according
to our results, despite the fact that the lowest values for
SPA were found in malnourished patients.

These data will need to be corroborated by future
studies for a more complete understanding of the exact
value of PA as an indicator of nutritional status, as well
as for monitoring dietary interventions. Finally, it is
necessary to produce reference values for different
populations.

Acknowledgements

The authors are grateful to Professor Francisco de
Assis Guedes de Vasconcelos, for the loan of the Bio-
electrical Impedance apparatus, and the Post-Graduate
Program in Nutrition of the Federal University of Santa
Catarina. We thank the patients and staff of the Univer-
sity Hospital of the Federal University of Santa Cata-
rina. Financial support was obtained through the Fundo
de Incentivo a Pesquisa of the Federal University of
Santa Catarina-FUNPESQUISA, and a scholarship
from the Fundagdo de Apoio a Pesquisa Cientifica e
Tecnolégica do Estado de Santa Catarina-FAPESC
(Prémio Mérito Universitdrio, call for applications n
05/2006).

Statement of authorship: LS was responsible for
the conception and design of the study, the collection
and interpretation of data, and drafted and wrote the
manuscript. EW was responsible for the conception,
design and coordination of the study, and interpreta-
tion of data, and also helped with drafting and revi-
sion of the manuscript. JLB carried out the analysis
and interpretation of data, and helped to draft and
revise the manuscript. TRC carried out the interpreta-
tion of data and revision of the manuscript. LMN car-
ried out the interpretation of data and revision of the
manuscript. All authors read and approved the final
manuscript.

486 Nutr Hosp. 2011;26(3):480-487

L. Scheunemann et al.



References

1.

10.

11.

15.

16.

Waitzberg DL, Caiaffa WT, Correia MI. Hospital malnutrition:
the Brazilian national survey (IBRANUTRI): a study of 4000
patients. Nutrition 2001; 17: 573-80.

Correia MI, Campos AC. Prevalence of hospital malnutrition in
Latin America: the multicenter ELAN study. Nutrition 2003;
19: 823-5.

Beghetto MG, Luft CV, Mello ED, Polanczyk CA. Accuracy of
nutritional assessment tools for predicting adverse hospital out-
comes. Nutr Hosp 2009; 24 (1): 56-62.

Pirlich M, Schiitz T, Norman K, Gastell S, Liibke HJ, Bischoff
SC, et al. The German hospital malnutrition study. Clin Nutr
2006; 25: 563-72.

Kuzu MA, Terzioglu H, Genc V, Erkek AB, Ozban M,
Sonyurek P et al. Preoperative nutritional risk assessment in
predicting postoperative outcome in patients undergoing major
surgery. World J Surg 2006; 30: 378-90.

Barbosa-Silva MC, Barros AJ. Bioelectric impedance and indi-
vidual characteristics as prognostic factors for post-operative
complications. Clin Nutr 2005; 24: 830-8.

Gupta D, Lammersfeld CA, Burrows JL, Dahlk SL, Vashi PG,
Grutsch JF et al. Bioelectrical impedance phase angle in clinical
practice: implications for prognosis in advanced colorectal can-
cer. Am J Clin Nutr 2004; 80: 1634-8.

Mika C, Herpertz-Dahlmann B, Heer M, Holtkamp K.
Improvement of nutritional status as assessed by multifre-
quency bia during 15 weeks of refeeding in adolescent girls
with anorexia nervosa. J Nutr 2004; 134: 3026-30.

Norman K, Smoliner C, Kilbert A, Valentini L, Lochs H, Pir-
lich M. Disease-related malnutrition but not underweight by
BMI is reflected by disturbed electric tissue properties in the
bioelectrical impedance vector analysis. British Journal of
Nutrition 2008; 100: 590-595.

Nagano M, Suita S, Yamanouchi T. The validity of bioelectri-
cal impedance phase angle for nutritional assessment in chil-
dren. J Pediatr Surg 2000; 35: 1035-9.

Barbosa-Silva MC, Barros AJ. Bioelectrical impedance analy-
sis in clinical practice: a new perspective on its use beyond
body composition equations. Curr Opin Clin Nutr Metab Care
2005;8:311-7.

Kondrup J, Rasmussen HH, Hamberg O, Stanga Z, Ad Hoc
ESPEN Working Group. Nutritional risk screening (NRS
2002): a new method based on an analysis of controlled clinical
trials. Clin Nutr 2003; 22: 321-36.

Detsky AS, Mclaughlin JR, Baker JP, Johnston N, Whittaker S,
Mendelson RA et al. What is subjective global assessment of
nutritional status? J Parenter Enteral Nutr 1987; 11: 8-13.
WHO-World Health Organization. Physical status: the use and
interpretation of anthropometry. Geneva; 1995, 452 p.
WHO-World Health Organization. Obesity: preventing and
managing the global epidemic. Geneva; 1998, 276 p.
Blackburn GL, Thornton PA. Nutritional assessment of the
hospitalized patient. Med Clin North Am 1979; 63: 1103-15.

Agreement and association between

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

NIH-National Institutes of Health. Bioelectrical impedance
analysis in body composition measurement: National Institutes
of Health Technology Assessment Conference Statement. Am J
Clin Nutr 1996; 64: S524-32.

Kyle UG, Genton L, Karsegard VL, Raguso CA, Dupertuis
YM, Pichard C. Percentiles (10, 25, 75 and 90th) for phase
angle (PhA), determined by bioelectrical impedance (BIA), in
2740 healthy adults aged 20-75 yr. Clin Nutr 2004; 23:758.
Petrie A, Sabin C. Medical Statistics at a Glance. London:
Blackwell science; 2000, p. 138.

Scheuneman L, Wazlawik E, Trindade EBSM. Aplicag@o do
angulo de fase na prética clinica nutricional. Rev Bras Nutr Clin
2008; 23 (4): 292-297.

Maggiore Q, Nigrelli S, Ciccarelli C, Grimaldi C, Rossi GA et
al. Nutritional and prognostic correlates of bioimpedance
indexes in hemodialysis patients. Kidney Int 1996; 50: 2103-8.
Pupim LB, Caglar K, Hakim RM, Shyr Y, Ikizler TA. Uremic
malnutrition is a predictor of death independent of inflamma-
tory status. Kidney Int 2004; 66: 2054-60.

Barbosa-Silva MC, Barros AJ, Post CL, Waitzberg DL,
Heymsfield SB. Can bioelectrical impedance analysis identify
malnutrition in preoperative nutrition assessment? Nutrition
2003;19:422-6.

Barbosa-Silva MC, Barros AJ, Wang J, Heymsfield SB, Pier-
son Jr RN. Bioelectrical impedance analysis: population refer-
ence values for phase angle by age and sex. Am J Clin Nutr
2005; 82:49-52.

Gupta D, Lis CG, Dahlk SL, King J, Vashi PG, Grutsch JF,
Lammersfeld CA. The relationship between bioelectrical
impedance phase angle and subjective global assessment in
advanced colorectal cancer. Nutrition Journal 2008; 7: 19.
Mushnick R, Fein PA, Mittman N, Goel N, Chattopadhyay J,
Avram MM. Relationship of bioelectrical impedance parame-
ters to nutrition and survival in peritoneal dialysis patients. Kid-
ney Int 2003; 64: S53-6.

Toso S, Piccoli A, Gusella M, Menon D, Bononi A, Crepaldi G
et al. Altered tissue electric properties in lung cancer patients as
detected by bioelectric impedance vector analysis. Nutrition
2000; 16: 120-4.

Selberg O, Selberg D. Norms and correlates of bioimpedance
phase angle in healthy human subjects, hospitalized patients, and
patients with liver cirrhosis. Eur J Appl Physiol 2002; 86: 509-16.
Schwenk A, Beisenherz A, Romer K, Kremer G, Salzberger B,
Elia M. Phase angle from bioelectrical impedance analysis
remains an independent predictive marker in HIV-infected
patients in the era of highly active antiretroviral treatment. Am J
Clin Nutr 2000; 72: 496-501.

Edefonti A, Picca M, Damiani B, Garavaglia R, Loi S, Ardis-
sino G et al. Prevalence of malnutrition assessed by bioimped-
ance analysis and anthropometry in children on peritoneal dial-
ysis. Perit Dial Int 2001; 21: 172-9.

De Luis DA, Aller R, Izaola O, Terroba MC, Cabezas G, Cuel-
lar L. Tissue electric properties in head and neck cancer
patients. Ann Nutr Metab 2006; 50: 7-10.

the phase angle and nutritional status

Nutr Hosp. 2011;26(3):480-487

487



