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Is bioelectrical impedance vector analysis of value in the elderly with
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Abstract Objective: The calculation of body composition using bioelectrical impedance analysis is difficult
in the elderly because most equations have been found to be inadequate, especially in the malnour-
ished elderly. We therefore evaluated the use of bioelectrical impedance vector analysis in elderly
nursing home residents.

Methods: One hundred twelve nursing home residents were included in the study (34 men, 78
women, age 85.1 y, age range 79.1-91.4 y). Nutritional status was determined by the Mini
Nutritional Assessment (MNA), functional status was assessed by handgrip strength, knee extension
strength, and Barthel’s index, and bioelectrical impedance analysis was performed using Nutriguard
M (Data Input, Darmstadt, Germany).

Results: Twenty-two nursing home residents were classified as well nourished (MNA I), 80 were
considered to be at nutritional risk (MNA 1I), and 10 were classified as malnourished (MNA III).
Handgrip strength, knee extension strength, and Barthel’s index were lower in MNA II and MNA
II than in MNA I. Phase angle also decreased significantly with the MNA (4.0, 3.8-4.7°; 3.7,
3.3-4.3° and 2.9, 2.6-3.5°). There was a significant displacement of the mean vector in MNA II
and MNA III compared with MNA 1.

Conclusion: The bioelectrical impedance vector analysis resistance/reactance graph could repre-
sent a valuable tool to assess changes in body cell mass and hydration status in elderly nursing home
residents. © 2007 Elsevier Inc. All rights reserved.
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Introduction

Many studies have shown that nutritional status is fre-
quently impaired in the institutionalized or frail elderly
[1,2]. Malnutrition is associated with changes of body com-
position and functional status, and significant losses of fat
free or muscle mass might already occur when body weight
is still normal [3].

Routine body composition analysis is hampered in this
population due to, e.g., very cumbersome methods such as
dual-energy x-ray absorptiometry, densitometry, or total
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body potassium counting. Furthermore, there is a lack of
adequate reference data for old and very old people.

When using simpler methods such as bioelectrical im-
pedance analysis (BIA), most equations for the calculation
of body compartments using impedance parameters at 50
kHz have been found to be inadequate in the elderly, espe-
cially in the undernourished elderly [4,5]. However, BIA is
easy to use, inexpensive, and non-invasive, which renders it
a safe and attractive bedside method, especially for elderly
and bedridden subjects.

The raw impedance parameters, resistance (R) and reac-
tance (Xc) and the phase angle obtained by the BIA, provide
information about tissue hydration and cell integrity through
the electrical tissue properties. Xc is the resistive effect
produced by the tissue interfaces and cell membranes to the
flow of an alternating electric current, whereas bioelectric R
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is the pure opposition of a biological conductor. The phase
angle reflects the contributions between R and capacitance
(arc tangent of the ratio of capacitance to R transformed to
degrees). Xc values and phase angle have been shown to be
of prognostic importance in many disease settings by pre-
dicting survival in the perioperative setting and in cancer or
human immunodeficiency viral infection [6-10].

Recently, bioelectrical impedance vector analysis (BIVA),
where the R and Xc obtained at 50 kHz and normalized per
height (H) are plotted as a bivariate vector, has gained
attention as a valuable tool to assess patients’ hydration
status and cell mass, because it is independent from regres-
sion equations and body weight [11-13].

However, little is known about these raw impedance
parameters or the vector analysis in the institutionalized
elderly and whether these are useful in indicating alterations
in body composition.

We determined the nutritional and functional status in
elderly nursing home residents by using the Mini Nutri-
tional Assessment (MNA), muscle function tests, and Bar-
thel’s index. We specifically wanted to investigate the
association between nutritional status and impedance pa-
rameters obtained by BIA and to study the mean vector
displacement of the MNA groups on the RXc graph.

Materials and methods
Patients

We included 112 elderly institutionalized subjects (34
men, 78 women, age 85.1 y, age range 79.1-91.4 y). The
main exclusion criterion was severe dementia. Implanted
defibrillators were considered further exclusion criteria for
the BIA and individuals with hemiplegia or severe arthritis
were excluded to avoid potential confounders on muscle
strength. All study participants gave written informed con-
sent and the ethics committee of the Charité-University
Medicine Berlin approved the study. All study participants
were Caucasians.

Nutritional status

Nutritional status was determined with the MNA as de-
scribed by Vellas et al. [14]. Patients were characterized as
well nourished (>23.5 points; MNA 1), at nutritional risk
(17-23.5 points; MNA 1I), or severely malnourished (<17
points; MNA III).

Whole-body impedance measurement

Bioelectrical impedance analysis was performed using
Nutriguard M (Data Input GmbH, Darmstadt, Germany)
and applying alternating electric currents of 800 nwA at 50
kHz and the R and Xc were measured.

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 (silver/silver
chloride, Bianostic Classic Electrodes, Data Input) were
placed on the dorsum of the hand and foot of the dominant
side of the body.

The coefficient of variance of repeated measurements of
R and Xc at 50 kHz was assessed in four elderly residents:
The coefficients of variance were 1.2 for R and 2.5 for Xc.

Vectograph

Bioelectric impedance vector analysis uses the plot of
direct measurements of the vector components R and Xc.
According to the RXc graph, R and Xc normalized for body
H are plotted as a bivariate random vector (Xc/H versus
R/H) on the RXc plane. The vector distribution is described
by its associated 95% confidence interval (confidence el-
lipse in the RXc plane). The shortening or lengthening of
the vector indicates hydration status in the form of edema or
dehydration, respectively, whereas a migration sideways
indicates an increase or a decrease in body cell mass [15].

Muscle function

Handgrip strength was measured in the non-dominant
hand with a Digimax electronic dynamometer (Mechatronic
Hamm GmbH, Germany). The study participants performed
the test while sitting comfortably with the shoulder ad-
ducted and neutrally rotated, the elbow supported on a table
and flexed to 90 degrees, and the forearm and wrist in a
neutral position. The study participants were instructed to per-
form a maximal isometric contraction. The test was repeated
twice within 30 s and the highest value of the three measure-
ments was recorded.

Knee extension strength was measured while the study
participants were seated, with the legs not touching the
floor. The right leg was then fixed with a sling that was
connected to the wall behind the study participants and
connected with a force sensor. Patients were then encour-
aged to perform maximum knee extension. The test was
repeated twice and the highest value of the three measure-
ments was recorded.

Peak expiratory flow was assessed with the Assess Peak
Flow Meter (CE Respironics, Health Scan, NJ, USA). Study
participants were told to exhale as quickly and forcefully as
possible. The test was carried out three times and the highest
reading was recorded.

Barthel’s index

Barthel’s index of activities of daily living is an instru-
ment to systematically evaluate the functional status of
older adults as the individual’s ability to independently
perform basic activities of daily living is measured. Subjects
reaching 100 points on the index will be able to care for
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Demographic and nutritional characteristics of the study population*

MNA 1

MNA II

MNA III

85.2 (79.5-91.4)
80 (22/58)

59.5 (53.0-67.7)"

1.61 (1.58-1.68)

22.6 (20.1-24.9)"

87.6 (80.6-92.1)
10 (1/9)

43.5 (35.4-52.4)%

1.59 (1.52-1.65)

16.8 (15.4-20.2)

Age (y) 84.0 (74.4-91.3)
Subjects (male/female) 22 (11/11)

Weight (kg) 68.6 (63.9-81.9)*%
Height (m) 1.64 (1.60-1.72)
BMI (kg/m?) 25.6 (23.0-30.2)**
R/H (w/m) 287.1 (265.5-329.8)*"
Xc/H (w/m) 21.2 (18.8-23.0)

4.0 (3.8-4.7)*
80.0 (45.0-91.3)
16.3 (11.8-21.4)
10.3 (7.3-16.4)*

205.0 (150.0-280.0)*

Phase angle (°)

Barthel’s index (%)
Handgrip strength (kg)

Knee extension strength (kg)
Peak flow (L/min)

352.5 (299.8-385.4)
21.5(18.1-26.3)
3.7 (3.34.3)°"
65.0 (31.3-80.0)
13.7 (8.5-18.0)°F
8.0 (5.0-12.0)
160.0 (108.8-241.3)

372.0 (337.0-455.4)°*
19.3 (17.8-22.6)
2.9 (2.6-3.5)F
22.5 (8.8-76.3)°
6.3 (3.6-10.8)°*
5.0 (3.0-7.0)°F
100.0 (75.0-135.0)"

BMI, body mass index; MNA, Mini Nutritional Assessment; R/H, resistance normalized per height; Xc/H, reactance normalized per height
* Median (interquartile range). Significance between °I and II, °II and III, and °I and III.

TP <0.05.
tp<0.01.
$ P < 0.001.

themselves but might still need help in certain situations. A
person with O point is completely dependent [16].

Statistics

Statistical analysis was carried out using SPSS 13 (SPSS
Inc., Chicago, IL, USA).

All data are presented as median and interquartile range.
Multiple comparisons among the three MNA groups were
performed by the Kruskal-Wallis test, and in case of signif-
icance the Mann-Whitney U test was used for comparison
between groups. Spearman’s correlation was calculated to
assess the relation between variables.

Statistically significant differences between the mean
vectors of the MNA groups were assessed with Hotelling’s
T? test for vector analysis. Mahalanobis distance, D, a
generalized measurement of distance between groups de-
fined by two correlated variables, was also calculated. Vec-
tor analysis was performed with BIVA software (Depart-
ment of Medical and Surgical Sciences, University of
Padova, Padova, Italy, 2002).

An acceptable level of statistical significance was estab-
lished a priori at P < 0.05.

Results

Of the 112 participating residents, 22 (19.6%) were clas-
sified as well nourished, 80 (71.4%) were classified as at
nutritional risk, and 10 (8.9%) were classified as malnour-
ished.

Demographic data and data on impedance and anthropo-
metric parameters, muscle function, and Barthel’s index
according to the MNA groups are listed in Table 1. There
were no significant differences among the three MNA cat-
egories regarding age. According to the World Health Or-

ganization classification, the median body mass index
(BMI) of the well-nourished patients was classified as over-
weight, whereas body weight and BMI were significantly
decreased in MNA groups II and III.

Functional status

As anticipated, nutritional status was closely correlated
with functional status: malnourished elderly (MNA III)
had a significantly weaker handgrip strength than did well-
nourished elderly (MNA 1) or subjects classified at risk for
malnutrition (MNA II; Table 1). Similarly, knee extension
strength and peak flow were lower in MNA III and MNA 1T
than in MNA T subjects. Barthel’s index, an overall mea-
surement of functional ability, was significantly lower in
MNA III than in MNA T subjects.

Bioelectrical impedance measurements

Phase angle was significantly smaller in the MNA 1II than
in the MNA I group and decreased further in the MNA III
group (Fig. 1).

We obtained significant correlations between phase an-
gle and the muscle function parameters handgrip strength
and knee extension strength, as shown in Figure 2. Further-
more, there was a significant correlation between phase
angle and Barthel’s index (r = 0.395, P < 0.0001).

The R and Xc values normalized per height are presented
in Table 1, and as shown in Figure 3, there was a significant
vector displacement of the mean impedance vector in
groups MNA II and MNA III compared with group MNA 1
as can be seen by the separate 95% confidence limits due to
significantly increased R/H values with comparable Xc/H
values.
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Fig. 1. Significantly smaller phase angle in malnourished elderly (MNA
III) and elderly at risk of malnutrition (MNA II) compared with well-
nourished subjects (MNA I). MNA, Mini Nutritional Assessment.

Discussion

In our study population, malnutrition classified by the
validated MNA questionnaire was shown to be associated
with functional impairment as seen by the significantly
decreased Barthel’s index and muscle function. Moreover,
the phase angle was significantly smaller in the residents at
nutritional risk and even further decreased in malnourished
subjects. The phase angle has been shown to be predictive
of poor survival in lung, pancreatic, and colorectal cancer
and in patients with benign diseases such as liver cirrhosis
[17], chronic obstructive pulmonary disease [18], human
immunodeficiency viral infection [8,9], and in patients us-
ing hemodialysis [19].

Thus, the results of our study clearly show that clinically
diagnosed malnutrition is associated with prognostically
relevant changes of whole-body electrical tissue properties.
Moreover, the phase angle correlated significantly with the
muscle function parameters handgrip strength and knee ex-
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Fig. 3. Significant mean vector displacement across MNA groups: MNA 1,
well nourished (n = 22); MNA 1I, at nutritional risk (n = 80); MNA III,
malnourished (n = 10). D, Mahalanobis distance between two groups
defined by the two correlated variables; MNA, Mini Nutritional Assess-
ment; R/H, resistance normalized per height; T2, Hotelling’s T? statistic;
Xc/H, reactance normalized per height.

tension in our study population of elderly nursing home
residents.

Because malnutrition is known to decrease muscle func-
tion and body cell mass [3], these findings per se are not
surprising. However, age, which is known as one of the
most influential factors on phase angle and muscle function,
was not different between well-nourished and malnourished
subjects or those at nutritional risk.

However, when studying the three MNA groups on the
vectograph, it appears that the decrease of the phase angle in
this study population is due to an increased R between
groups MNA I and II, indicating an alteration in hydration
status, with a similar Xc, suggesting comparable propor-
tional cell mass across groups, whereas it is due to increased
R and decreased Xc between groups MNA II and III.

Several factors are known to influence the vector posi-
tion on the RXc graph such as age, gender, and ethnic origin
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Fig. 2. Significant correlations between phase angle and (left) handgrip strength and (right) knee extension strength in the entire study population (n =

112)
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[14,19]. Whereas the higher prevalence of male gender in
group MNA I might, e.g., contribute to shortening the mean
vector, older age, which modestly lowers the Xc component
for any BMI class [20], was not different across the three
MNA groups and therefore did not likely affect the Xc
component.

The vector migration has also been shown to be depen-
dent on BMI [15,21], because an increase in BMI causes a
proportional decrease in R and Xc in healthy subjects [21].
As BMI decreases significantly with the MNA in our study
population, an influence on the components R and Xc would
be expected and was also observed between groups MNA 1
and II, indicating a preserved soft tissue mass for a given
BMI class.

If the BMI were also the main influencing factor on the
vector of the MNA III, then higher Xc values would have
been expected according to these BIVA patterns. However,
we observed a decreased Xc for the given R, implying less
cell mass than anticipated (i.e., an abnormal soft tissue
structure) in the patients considered severely malnourished.

It is clear that other factors than the BMI such as sickness
and catabolism have a profound effect on cell mass and
structure in the elderly classified as malnourished by the
MNA.

Bioelectrical vector analysis ultimately provides more
detailed information on nutritional and hydration statuses in
the elderly than the phase angle alone.

Limitations of our study are the different sample sizes of
the MNA groups and the gender distribution, but which
represent the demographic distribution of the nursing home
population.

Monitoring body weight alone might not prove sufficient
for the evaluation of nutritional status in the elderly, because
it does not disclose alterations of body composition. Also,
the correlations between BMI and fat mass are no longer as
strong in the elderly as these are in younger people [22].
Methods allowing an easy monitoring of nutritional status in
the elderly are therefore attractive. BIA is considered a
reliable tool for body compartment calculation in healthy
individuals with no fluid imbalance, body shape abnormal-
ities, within a certain BMI range (16-34 kg/m?), and when
appropriate, i.e., when gender- and age-specific equations
are applied [23]. However, these conditions are frequently
not present in elderly institutionalized individuals due to a
higher interindividual variation of fat-free mass hydration
and a higher occurrence of polymorbidity. Therefore, we
did not calculate body cell mass or fat-free mass in our
study population because equations for predicting body
composition using bioelectrical impedance are not adequate
in the elderly, particularly not in malnourished elderly
[5,24].

The main advantages of BIVA, its independence of body
weight or equation-inherent errors, render it an attractive
alternative method. Information about tissue hydration and
cell mass and integrity in the elderly can be gained from the
BIVA. BIVA could represent a valuable tool for the mon-

itoring of the nutritional and functional statuses after an
initial assessment, especially in elderly, demented, or bed-
ridden subjects.

However, to use the BIVA or the phase angle as sole
indicators for nutritional and functional status, reference
data for old and very old subjects are required, providing
cutoff values.

In conclusion, impaired nutritional and functional status
are common in elderly nursing home residents. Simple
bedside methods are required. BIVA represents an interest-
ing tool for monitoring nutritional and functional status in
the institutionalized elderly.

Acknowledgments

The authors thank A. Piccoli and G. Pastori (BIVA
software, Department of Medical and Surgical Sciences,
University of Padova, Padova, Italy 2002) for kindly pro-
viding the freely available BIVA software.

References

[1] Saletti A, Lindgren EY, Johansson L, Cederholm T. Nutritional status
according to mini nutritional assessment in an institutionalized el-
derly population in Sweden. Gerontology 2000;46:139-45.

Zuliani G, Romagnoni F, Volpato S, Soattin L, Leoci V, Bollini MC.

Nutritional parameters, body composition, and progression of disabil-

ity in older disabled residents living in nursing homes. J Gerontol

2001;56A:M212-6.

Norman K, Schutz T, Kemps M, Josef LH, Lochs H, Pirlich M. The

Subjective Global Assessment reliably identifies malnutrition-related

muscle dysfunction. Clin Nutr 2005;24:143-50.

[4] Bussolotto M, Ceccon A, Sergi G, Giantin V, Beninca P, Enzi G.
Assessment of body composition in elderly: accuracy of bioelectrical
impedance analysis. Gerontology 1999;45:39—-43.

[5] Lupoli L, Sergi G, Coin A, Perissinotto E, Volpato S, Busetto L.

Body composition in underweight elderly subjects: reliability of bio-

electrical impedance analysis. Clin Nutr 2004;23:1371-80.

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.

Gupta D, Lammersfeld CA, Burrows JL, Dahlk SL, Vashi PG, Grutsch

JF, et al. Bioelectrical impedance phase angle in clinical practice: impli-

cations for prognosis in advanced colorectal cancer. Am J Clin Nutr

2004;80:1634-8.

Ott M, Fischer H, Polat H, Helm EB, Frenz M, Caspary WF, et al.

Bioelectrical impedance analysis as a predictor of survival in patients

with human immunodeficiency virus infection. J Acquir Immune

Defic Syndr Hum Retrovirol 1995;9:20-5.

Schwenk A, Beisenherz A, Kremer G, Diehl V, Salzberger B,

Fatkenheuer G. Bioelectrical impedance analysis in HIV-infected

patients treated with triple antiretroviral treatment. Am J Clin Nutr

1999;70:867-73.

[10] Toso S, Piccoli A, Gusella M, et al. Altered tissue electric properties
in lung cancer patients as detected by bioelectric impedance vector
analysis. Nutrition 2000;16:120—4.

[11] Nescolarde L, Piccoli A, Roman A, Nunez A, Morales R, Tamayo J,
et al. Bioelectrical impedance vector analysis in haemodialysis pa-
tients: relation between oedema and mortality. Physiol Meas 2004;
25:1271-80.

[2

—

3

—

[6

—_

[7

—

[8

=

[9

—



[12]

[13]

[14]

[15]

[16]

[17]

(18]

K. Norman et al. / Nutrition 23 (2007) 564-569

Piccoli A, Pittoni G, Facco E, Favaro E, Pillon L. Relationship
between central venous pressure and bioimpedance vector analysis in
critically ill patients. Crit Care Med 2000;28:132-7.

Toso S, Piccoli A, Gusella M, et al. Bioimpedance vector pattern in
cancer patients without disease versus locally advanced or dissemi-
nated disease. Nutrition 2003;19:510-4.

Vellas B, Guigoz Y, Garry PJ, Nourashemi F, Bennahum D, Lauque
S, et al. The mini nutritional assessment (MNA) and its use in grading
the nutritional state of elderly patients. Nutrition 1999;15:116-22.
Piccoli A, Rossi B, Pillon L, Bucciante G. A new method for mon-
itoring body fluid variation by bioimpedance analysis: the RXc graph.
Kidney Int 1994;46:534-9.

Mahoney FI, Barthel D. Functional evaluation: the Barthel index. Md
State Med J 1965;14:56-61.

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.

Faisy C, Rabbat A, Kouchakji B, Laaban JP. Bioelectrical impedance
analysis in estimating nutritional status and outcome of patients with
chronic obstructive pulmonary disease and acute respiratory failure.
Intensive Care Med 2000;26:518-25.

[19]

[20]

[21]

[22]

[23]

[24]

569

Maggiore Q, Nigrelli S, Ciccarelli C, Grimaldi C, Rossi GA, Michelassi
C. Nutritional and prognostic correlates of bioimpedance indexes in
hemodialysis patients. Kidney Int 1996;50:2103-8.

Buffa R, Floris G, Marini E. Migration of the bioelectrical impedance
vector in healthy elderly subjects. Nutrition 2003;19:917-21.
Bosy-Westphal A, Danielzik S, Dorhofer RP, Piccoli A, Muller MJ.
Patterns of bioelectrical impedance vector distribution by body mass
index and age: implications for body-composition analysis. Am J Clin
Nutr 2005;82:60—8.

Campillo B, Paillaud E, Uzan I, et al. Value of body mass index in
the detection of severe malnutrition: influence of the pathology
and changes in anthropometric parameters. Clin Nutr 2004;23:
551-9.

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

Bussolotto M, Ceccon A, Sergi G, Giantin V, Beninca P, Enzi G.
Assessment of body composition in elderly: accuracy of bioelectrical
impedance analysis. Gerontology 1999;45:39-43.



	Is bioelectrical impedance vector analysis of value in the elderly with malnutrition and impaired functionality?
	Introduction
	Materials and methods
	Patients
	Nutritional status
	Whole-body impedance measurement
	Vectograph
	Muscle function
	Barthel’s index
	Statistics

	Results
	Functional status
	Bioelectrical impedance measurements

	Discussion
	Acknowledgments
	References


