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Background:A new analytical variation of bioelectrical impedance vector analysis (BIVA), called specific BIVA, has
shown to be more accurate in detecting changes in fat mass than classic BIVA.
Objective: To compare classic and specificBIVA in order to identifywhich ismore strongly associatedwith psycho-
functional and nutritional indicators in a group of institutionalised elderly patients with dementia.
Subjects andmethods: Cross-sectional study. Fifty-four patients (34women, 20men)with dementia inmoderate-
ly severe to very severe stages and aged 60–95 years underwent geriatric nutritional assessment, including body
mass index calculations, the Mini Nutritional Assessment, the Geriatric Nutritional Risk Index, and whole body
composition analysis.
Results: With specific BIVA (unlike with classic BIVA), significant differences were found between women with
moderately severe and very severe dementia. In the BIVA conducted for bodymass index, the confidence ellipses
produced with the classic BIVA approach were highly overlapping; but with specific BIVA, significant differences
were observed between thewomen in different nutritional categories (malnutrition, risk ofmalnutrition, normal
weight and obesity). On the other hand, both approaches distinguished malnourished women from those who

were at risk of malnutrition, according to the Mini Nutritional Assessment; and men with a moderate-high risk
of malnutrition from men with no risk, on the basis of the Geriatric Nutritional Risk Index.
Conclusion:Overall, the findings of the present study suggest that specific BIVA ismore effective than classic BIVA in
identifying bioelectrical changes associatedwith psycho-functional and nutritional indicators in institutionalised el-
derly with dementia.
© 2014 Elsevier Inc. All rights reserved.
1. Introduction

The prevalence of malnutrition in institutionalised patients with de-
mentia has been observed to be above 50% (Faxén-Irving et al., 2005).
However, it should be noted that there is also a high prevalence of undi-
agnosed subclinical malnutrition. This is of particular interest in this
disease, since recent research has associated abdominal adiposity and
high values of BMI in adulthood with an increased risk of developing
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dementia in old age (Gustafson, 2012; Misiak et al., 2012). Indeed,
changes in body composition (especially muscle mass depletion) are
often masked by normal values of BMI. For these reasons, patients
with dementia should undergo nutritional assessment and regular
monitoring.

In clinical practice, geriatric nutritional assessment usually includes
nutritional screening, a simple anthropometric assessment, measure-
ment of various biochemical parameters, such as serum–albumin, and
sometimes (but not always) body composition analysis. Among the nu-
tritional screening tools available, the Mini Nutritional Assessment
(MNA) is the most widely used in the geriatric population. It is also rec-
ommended by ESPEN for use in this group (Kondrup et al., 2003).

Regarding anthropometric assessment, the nutritional indicators
normally used such as the BMI or the percentage of unintentional
weight loss, are based on height and weight measurements. There are
also indicators that combine nutritional and anthropometric parame-
ters, such as the Geriatric Nutritional Risk Index (GNRI). This index in-
cludes the serum albumin level and the percentage of ideal weight,
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and it has proven to be a good predictor of muscle dysfunction (Cereda
and Vanotti, 2005), morbidity and mortality in institutionalised elderly
individuals (Cereda et al., 2008, 2011).

Finally, for the analysis of body composition, techniques are needed
which are non-invasive, affordable, safe and simple, requiring the min-
imumpossible collaboration by the elderly patient. The bioelectrical im-
pedance analysis meets all these criteria and it has been considered by
the European Working Group on Sarcopenia in Older People to be a
good alternative to dual energy X-ray absorptiometry (DXA) for body
composition analysis in older people (Cruz-Jentoft et al., 2010).

Bioelectrical impedance analysis allows volumes of body compart-
ments to be estimated from multiple regression equations. However,
the use of predictive equations requires assumptions to be made about
body compartments, such as there being no fluid imbalance or body
shape abnormalities, and these conditions have been found to be violat-
ed in elderly institutionalised individuals (Norman et al., 2007). In con-
trast, the vectorial approach to bioelectrical impedance analysis, called
bioelectrical impedance vector analysis (BIVA), does not yield any abso-
lute estimate of body compartments, makes no assumptions about body
geometry, hydration state, or the electricalmodel of cellmembranes, and
is unaffected by regression adjustments (Nescolarde, 2006). In the BIVA
approach, soft tissues, hydration status and cell integrity are assessed
with a resistance–reactance (R–Xc) graph, using the two direct compo-
nents of the impedance vector (resistance and reactance, at 50 kHz and
800 μA) standardised by height.

The BIVA method is valid for nutritional assessment both in healthy
(Buffa et al., 2009) and pathological (Norman et al., 2007) aged popula-
tions. Comparing BIVA with DXA for body composition analysis in
elderly individuals, it has been found that BIVA is useful for detecting
variations in muscle mass but is less effective for identifying variations
in fat mass (Buffa et al., 2013; Marini et al., 2013). In this regard, a
new analytical variation of the method, called specific BIVA, has shown
to be more accurate in detecting changes in fat mass than classic BIVA
(Buffa et al., 2013; Marini et al., 2013). In specific BIVA (BIVA sp), the in-
dividual values for R and Xc are converted to resistivity (or specific re-
sistance, R sp) and reactivity (or specific reactance, Xc sp) by adjusting
for the length and cross-sectional area of the body. In addition, R sp
and Xc sp of the whole body (total R sp and total Xc sp) are calculated
assuming that the arms account for 45%, the legs for 45%, and the
trunk for 10% of the total R sp and Xc sp (Buffa et al., 2013).

Several studies have examined the relationship between the imped-
ance vector analysis performed with the classic approach and various
nutritional indicators, including the MNA and the Subjective Global As-
sessment (SGA), and significant associations have been observed (Buffa
et al., 2009; Norman et al., 2007, 2008). However, there have been no
previous reports of comparisons with specific BIVA.

The aimof this studywas to compare the twoBIVA approaches (clas-
sic and specific) in order to identify which is more strongly associated
with Global Deterioration Scale (GDS) and MNA scores, BMI, and GNRI
in a group of institutionalised elderly patients with dementia.

2. Subjects and methods

2.1. Subjects

Elderly patients institutionalised in the Psychogeriatric Area of the
Residential Care Centre San Juan de Dios (Palencia, Spain) were recruited
for the study. Inclusion criteria were: Caucasian ethnicity, BMI between
16 and 34 kg/m2, and diagnosis of dementia according to the DSM IV
criteria (American Psichiatric Association, 1997) in moderately-severe
to very severe stages, according to the GDS scale (GDS 5, 6 and 7, respec-
tively) (Reisberg et al., 1982). Patients were excluded if they had ongoing
acute illness, or had pacemakers or metal implants.

Finally, 54 patients participated in the study, 20 (19.6% of patients)
men (mean, 95% CI age: 76.5, 71.9–81.0 y; range: 60–92 y) and 34
(33.3% of patients) women (mean, 95% CI age: 82.1, 79.2–84.9 y;
range: 60–95 y). This study was conducted according to the guidelines
laid down in the Declaration of Helsinki and all procedures involving
human subjects/patients were approved by the Ethics Committee of
the centre. Written informed consent was obtained from all subjects
or their legal guardians.

2.2. Methods

Data on nutritional parameters and indicators used in routine geriat-
ric nutritional assessment were recorded for all patients, assessments
being completed within a single day for each individual. Anthropomet-
ric and whole body impedance measurements were taken first thing in
themorning (following an overnight fast). Then, theMNA full-formwas
completed and GNRI was calculated.

2.2.1. Mini Nutritional Assessment (MNA)
The MNA full-form (Vellas et al., 2006) was used, consisting of 18

point-weighted questions in four categories: anthropometry, global
and dietary issues, and self-assessment.

The items related to self-assessment of health and nutritional status
were rated with the lowest score corresponding to patients unable to
answer due to cognitive impairment. The items concerning dietary in-
take were completed on the basis of information provided by auxiliary
nurses.

2.2.2. Geriatric Nutritional Risk Index (GNRI)
GNRI was calculated and interpreted following the procedure de-

scribed by Bouillane et al. (2005). Serum albumin (necessary to calcu-
late the GNRI) was determined using standard methods (Tietz, 1986).

2.2.3. Anthropometry
Anthropometric measurements were taken in accordance with the

SENPE and SEGG protocol (Wanden-Berghe, 2006). Body weight
(W, kg) was measured, to the nearest 100 g, using a SECA 954 chair
scale with the subject in underwear; and height (H, m) was estimat-
ed from a knee height measurement with the equation of (Chumlea
et al., 1985).

BMI was calculated as weight (kg) divided by height squared
(m2). Patients were classified into five categories by BMI cut-offs
established for elderly individuals (Wanden-Berghe, 2006): malnutri-
tion (b18.5 kg/m2), risk of malnutrition (18.5–21.9 kg/m2), normal
weight (22–26.9 kg/m2), overweight (27–29.9 kg/m2) and obesity
(N30 kg/m2).

Triceps, biceps, subscapular and suprailiac skinfold-thickness mea-
surements were taken on the nondominant side of the body, with a
Holtain constant pressure (10 g/m2) calliper (to the nearest 0.2 mm).
Arm, waist and calf circumferences were measured with a flexible, in-
elastic measuring tape (to the nearest 1 cm).

2.2.4. Bioelectrical impedance vector analysis (BIVA)
The bioelectrical values of resistance (R, Ohm) and reactance

(Xc, Ohm) were obtained with a single-frequency impedance analyser
(BIA 101, Akern, Florence, Italy) using an operating frequency of
50 kHz and applying a current of 800 μA. Whole body impedance
measurements were taken in accordance with the protocol described by
Lukaski (1991). Phase angle (PA, degrees) and impedance (Z, Ohm)
were calculated from R and Xc as arctan Xc/R and (R2 + Xc2)0.5,
respectively.

In order to assess which of the two BIVAmethods (classic or specific)
is more powerful to detect differences between subgroups obtained
considering the BMI, GNRI and GDS andMNA scores, 95% confidence el-
lipses were plotted for men and women. Direct impedance measure-
ments, R and Xc, were standardised by the subject's height (classic
BIVA, R/H and Xc/H, Ohm/m) and by cross-sections of the body together
with the height (specific BIVA, R sp and Xc sp, Ohm∗cm), following the
procedure described by Buffa et al. (2013).



Table 2
Anthropometric variables by sex.

Men (n = 20) Women (n = 34)

Weight (kg) 60.75 (56.97–64.52)* 53.45 (49.33–57.58)
Height (m) 1.65 (1.63–1.67)*** 1.50 (1.47–1.53)
AC (cm) 25.60 (24.53–26.68) 26.27 (25.00–27.54)
WC (cm) 92.41 (88.33–96.49) 89.93 (85.35–94.51)
CC (cm) 34.44 (32.36–36.52) 33.84 (31.52–36.16)
TS (mm) 12.00 (7.00–24.95)** 21.55 (19.89–24.21)
BS (mm) 7.42 (6.30–8.54)** 14.07 (11.49–16.66)
SS (mm) 15.48 (12.91–18.05) 16.48 (14.00–18.96)
SiS (mm) 13.00 (9.54–16.46)** 20.91 (17.31–24.51)

AC, arm circumference (cm);WC, waist circumference (cm); CC, calf circumference (cm);
TS, triceps skinfold (mm); BS, biceps skinfold (mm); SS, subscapular skinfold (mm); SiS,
suprailiac skinfold (mm).
Median valueswere significantly different from those of thewomen: *P b 0.05, **P b 0.01,
***P b 0.001.
Results are expressed as mean (95% CI) ormedian (P5–P95).
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2.2.5. Statistical analysis
Statistical analysis was carried out using the SPSS® version 18·0

(SPSS, Chicago, IL, USA). All data are presented as mean (95% CI) or me-
dian (5th–95th percentiles). The normality of the distribution of the
variables was checked by the Kolmogorov–Smirnov test, and the homo-
geneity of variances by Levene's test.

Multiple comparisonswere performed by ANOVA or Kruskal–Wallis
tests, and post-hoc analysis by the Bonferroni test. A t-test or U deMann
Whitney test was used for pairwise comparisons, and correlation anal-
yses were performed with Pearson or Spearman correlation tests. The
level for significance was set at p b 0.05.

Vector analyses (classic and specific) were performed with BIVA
software developed by Piccoli and Pastori (2002). Statistically signifi-
cant differences between the mean vectors were assessed with the
Hotelling's T2 test for vector analysis, and distance between groups
with Mahalanobis distance.
3. Results

Table 1 shows the subjects stratified by BMI, GNRI, and MNA and
GDS scores, as they have been presented in the BIVA plots. Most of the
study sample (bothmen andwomen)had severe to very severe demen-
tia. According to the BMI, the majority in both sexes had a normal
weight, while the MNA scores indicate that 80% of the men and 60.6%
of the women were at risk of malnutrition. On the basis of the GNRI,
the risk of malnutrition was mostly moderate in both groups.

The anthropometric and bioelectric values are shown in Tables 2 and
3, and the correlation between bioelectrical variables and indicators
used in the nutritional assessment in Table 4. Triceps, biceps and
subscapular skinfolds were significantly higher in the women, as were
resistance (R, R/H and R sp) and impedance (Z and Z sp) values. Phase
angle (PA) was significantly higher in the men (Table 3). No significant
differenceswere found in any of the other variables analysed. In relation
to the correlation analyses, generally, all the nutritional indicators were
more strongly correlated with the bioelectric parameters standardised
by cross-sections of the body and also height (R sp, Xc sp and Z sp)
than with bioelectrical parameters normalized only by height (R/H,
Xc/H and Z/H) or the raw bioelectric parameters (R, Xc and Z) (Table 4).

Confidence ellipses for the GDS subgroups are represented in Fig. 1.
Neither classic nor specific BIVAwas useful for distinguishing subgroups
of men. On the other hand, with specific BIVA, significantly differences
were found between women with moderately-severe and very se-
vere dementia (T2 = 8.0, p = 0.041, D = 1.37), while no significant
Table 1
Distribution of the study sample according to the groups used to draw the confidence
ellipses.

Men (n = 20) Women (n = 34)

Global Deterioration Scale (GDS) scores
GDS 5 5 (25.0) 6 (17.6)
GDS 6 8 (40.0) 13 (38.2)
GDS 7 7 (35.0) 15 (15.0)

Body Mass Index (BMI, kg/m2)
Malnutrition (b18.5) 0 (0.0) 5 (14.7)
Risk of malnutrition (18.5–21.9) 7 (35.0) 6 (17.6)
Normal weight (22–26.9) 13 (65.0) 18 (52.9)
Overweight (27–29) 0 (0.0) 0 (0.0)
Obesity (N30) 0 (0.0) 5 (14.7)

Mini Nutritional Assessment (MNA)
Malnutrition (b17) 4 (20.0) 13 (39.4)
Risk of malnutrition (17–23.5) 16 (80.0) 20 (60.6)
Normal (≥24) 0 (0.0) 0 (0.0)

Geriatric Nutritional Risk Index (GNRI)
High Risk (b82) 2 (10.0) 5 (14.7)
Moderate risk (82–92) 11 (55.0) 15 (44.1)
Low risk (92–98) 5 (25.0) 6 (17.6)
No risk (N98) 2 (10.0) 8 (23.5)

Results are expressed as absolute and relative frequencies: n (%).
differences were observed when using classic BIVA (T2= 4.2, p= 0.165,
D = 0.99).

In the BIVA stratifying by BMI (Fig. 2), significant differences were
observed only among the women. The confidence ellipses produced
with the classic BIVA approach were highly overlapping, and significant
differences were observed only between normal weight and obese
women (T2=8.2, p= 0.036, D= 1.45). In contrast, when using specific
BIVA, a positive relationship was observed between BMI and the values
of R sp and Xc sp. Significant differences were observed between
women who were: malnourished and normal weight (T2 = 19.9,
p = 0.001, D = 2.26), malnourished and obese (T2 = 38, p = 0.001,
D = 3.9), at risk of malnutrition and obese (T2 = 34.2, p = 0.001, D =
3.54), and normal weight and obese (T2 = 17.9, p = 0.002, D = 2.14).

With regard to the confidence ellipses for subgroups defined by
MNA findings (Fig. 3), neither of the two BIVA approaches were able
to distinguish between subgroups of men. However, both approaches
distinguished malnourished women from those who were at risk of
malnutrition (classic BIVA: T2 = 14.1, p = 0.004, D = 1.34, specific
BIVA: T2 = 18.4, p = 0.001, D = 1.53).

Finally, the 95% confidence ellipses for groups according to the GNRI
are represented in Fig. 4. Both classic and specific BIVA approaches evi-
denced significantly differences between men without risk and men
with moderate-to-high risk (classic BIVA: T2 = 10.5, p = 0.019, D =
1.42; specific BIVA: T2 = 11.3, p = 0.014, D = 1.49). In females, signif-
icant differences were observedwhen comparing the subgroupwithout
nutritional risk with the following subgroups: low risk (specific BIVA:
T2 = 13.6, p = 0.014, D = 1.99), moderate risk (classic BIVA: T2 =
15.5, p = 0.004, D = 2.32; specific BIVA: T2 = 12.6, p = 0.009, D =
1.55), and high risk (classic BIVA: T2 = 13.4, p = 0.017, D = 0.59;
Table 3
Bioelectrical variables by sex.

Men (n = 20) Women (n = 34)

R (Ω) 565.95 (531.35–600.55)* 623.15 (596.37–649.92)
Xc (Ω) 39.15 (35.83–42.47) 38.59 (35.57–41.61)
Z (Ω) 567.34 (532.74–601.95)* 624.39 (597.58–651.20)
PA (degrees) 3.98 (3.65–4.31)* 3.55 (3.30–3.79)
R/H (Ω/m) 350.42 (326.90–373.95)*** 417.46 (396.50–418.42)
Xc/H (Ω/m) 24.23 (22.12–26.33) 25.81 (23.73–27.89)
Z/H (Ω/m) 351.29 (327.75–374.82)*** 418.29 (397.30–439.27)
R sp (Ω × cm) 455.54 (397.28–733.70)* 562.81 (521.33–604.28)
Xc sp (Ω × cm) 33.89 (29.70–38.08) 34.91 (31.50–38.33)
Z sp (Ω × cm) 456.49 (398.07–736.05)* 563.93 (522.38–605.48)

R, resistance (Ω); Xc, reactance (Ω); Z, impedance (Ω); R/H, resistance standardisedbyheight
(Ω/m); Xc/H, reactance standardised by height (Ω/m); Z/H, impedance standardised by
height (Ω/m); R sp, specific resistance (Ω × cm); Xc sp, specific reactance (Ω × cm); Z sp,
specific impedance (Ω × cm).
Median valueswere significantly different from those of thewomen: *P b 0.05, **P b 0.01,
***P b 0.001.
Results are expressed as mean (95% CI) ormedian (P5–P95).



Table 4
Correlation between bioelectrical variables and nutritional indicators by sex.

Men Women

BMI MNA GNRI BMI MNA GNRI

R (Ω) −0.224 −0.130 −0.217 −0.526** −0.581** −0.631**
Xc (Ω) −0.066 0.272 0.243 −0.197 0.052 −0.165
Z (Ω) −0.224 −0.128 −0.316 −0.526** −0.579** −0.630**
PA (degrees) 0.056 0.332 0.420 0.068 0.380* 0.161
R/H (Ω/m) −0.051 −0.141 −0.206 −0.450** −0.507** −0.615**
Xc/H (Ω/m) 0.075 0.268 0.347 −0.191 0.034 −0.209
Z/H (Ω/m) −0.050 −0.139 −0.206 −0.450** −0.505** −0.614**
R sp (Ω × cm) 0.688** 0.310 0.125 0.783** 0.432* 0.693**
Xc sp (Ω × cm) 0.603** 0.487* 0.555* 0.612** 0.551** 0.606**
Z sp (Ω × cm) 0.688** 0.312 0.125 0.783** 0.433* 0.693**

R, resistance (Ω); Xc, reactance (Ω); Z, impedance (Ω); R/H, resistance standardisedbyheight
(Ω/m); Xc/H, reactance standardised by height (Ω/m); Z/H, impedance standardised by
height (Ω/m); R sp, specific resistance (Ω × cm); Xc sp, specific reactance (Ω × cm); Z sp,
specific impedance (Ω × cm).
P-Pearson and Rho de Spearman: *P b 0.05, **P b 0.01.
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specific BIVA: T2 = 24.0, p = 0.003, D = 2.79); as well as comparing
low and moderate risk (classic BIVA: T2 = 17.9, p = 0.002, D =
1.43), and low and high risk (classic BIVA: T2 = 14.7, p = 0.018, D =
1.72; specific BIVA: T2 = 11.0, p = 0.037, D = 2.01) groups.
MEN

WOM

A

C

Fig. 1. Confidence ellipses byGlobal Deterioration Scale (GDS) score. a, GDS 5; b, GDS 6; c, GDS 7
confidence ellipse. B and D: Mean values of R sp and Xc sp are written in parentheses (R sp, Xc
4. Discussion

The clinical interpretation of the bioelectrical parameters using the
R–Xc graph is simple. The impedance vector length (Z) and the phase
angle (PA) are defined by resistance (R) and reactance (Xc) respective-
ly. R is the opposition to flow of an alternating current through intra-
and extracellular ionic solutions, and it is inversely related to the
intra- and extracellular water (ICW and ECW). On the other hand, Xc
represents the additional opposition due to the capacitance of the cell
membranes, and hence it is directly related to the amount of soft tissue
structures (Piccoli and Pastori, 2002). Therefore, an individual with a
long vector length and a small PA (high R and low Xc values) has a
poorer nutritional and hydration status than another subject (same
sex, age, and BMI)with similar vector length and higher PA, since vector
length is influenced by tissue hydration (and thus fat free mass), and
vector direction (PA) is influenced by the amount of cellmass contained
in soft tissues (Bosy-Westphal et al., 2005; Piccoli and Pastori, 2002).

BIVA can be used to diagnose the nutritional and hydration status of
individuals, plotting the point vector on the reference bivariate toler-
ance ellipses; and also to compare groups, using the bivariate 95% con-
fidence ellipses of the mean vectors (Piccoli and Pastori, 2002). The
reference bivariate tolerance ellipses currently available were devel-
oped with the classic BIVA approach, using the bioelectrical parameters
standardised by height; and more recently with the specific BIVA
EN

B

D

. A and C:Mean values of R/H and Xc/H arewritten in parentheses (R/H, Xc/H) for each 95%
sp) for each 95% confidence ellipse.



WOMEN

MEN
B

DC

A

Fig. 2.Confidence ellipses by BMI. a,Malnutrition; b, risk ofmalnutrition; c, normalweight; d, obesity. A and C:Mean values of R/H andXc/H arewritten inparentheses (R/H, Xc/H) for each
95% confidence ellipse. B and D: Mean values of R sp and Xc sp are written in parentheses (R sp, Xc sp) for each 95% confidence ellipse.
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approach, using the bioelectrical parameters standardised by cross-
sections of the body together with the height (Saragat et al., 2014).
Their diagnostic efficacy has been evidenced in various clinical contexts,
and it has been observed a good correlation between bioelectrical pa-
rameters and clinical diagnosis (Bronhara et al., 2012). In regard to the
specific BIVA method, Buffa et al. (2013) compared the accuracy of the
classic and specific BIVA approaches in a large multiethnic sample
(1590 adult individuals aged 21–49 years), and they demonstrated
that specific BIVA is more accurate than classic BIVA in the assessment
of FM percentage and ECW/ICW analysed with DXA and bioimpedance
spectroscopy, respectively, as well as in the classification of individuals
at the 5th and 95th percentiles for both indicators. Furthermore, it
was also recently reported that classic BIVA distinguishes between
elderly individuals with different amounts of fat and fat-free mass
(according to DXA), but not between those with different fat mass per-
centages (FM%) (Marini et al., 2013).

In view of the findings of Buffa et al. (2013), and taking into account
the demonstrated relationship between the bioelectrical patterns from
classic BIVA and nutritional indicators routinely used in the geriatric nu-
tritional assessment, we hypothesized that specific BIVA might also be
more effective than classic BIVA when considering nutritional indica-
tors. As hypothesized, the correlation analyses showed no significant
correlations between any of the nutritional indicators (BMI, MNA
score and GNRI) and R/H or Xc/H in the group of men, but there was a
significant correlation between Xc sp and all the nutritional indicators
and between R sp and BMI (Table 4). In the group of women, both R/H
and R spwere significantly correlated with the three nutritional indica-
tors, and also Xc sp (but not Xc/H) was correlated with the BMI, MNA
scores and GNRI (Table 4). These results suggest that specific BIVA is
more sensitive than classic BIVA for detecting changes in body cell
mass, which is expected to be more affected than hydration status
with changes in BMI, MNA score and GNRI.

In relation to the 95% confidence ellipses of themean vectors of GDS
scores, no differences were found in either men or women using classic
BIVA. Nevertheless, the R/H–Xc/H graphs (Fig. 1, A and C) showed a ten-
dency to a longer impedance vector and a smaller PA with progression
of the disease, as has been previously found in patientswith Alzheimer's
disease (Buffa et al., 2010). In contrast, a significant mean vector dis-
placement was observed between GDS 5 and GDS 7 in women when
using specific BIVA: both vector length and PA were higher in GDS 5
than in GDS 7, and this was due to changes in R sp and Xc sp values
(Fig. 1). Therefore, both hydration status, fat mass and body cell mass
are altered in advanced stages of dementia, and it was possible to detect
these changes earlier using specific BIVA. This finding is certainly of in-
terest in clinical practice, since practical guidelines for the diagnosis
and management of malnutrition in Alzheimer's disease (the most
prevalent form of dementia) recommendmonitoring these two proper-
ties in order to prevent dehydration and protein-energy malnutrition
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Fig. 3. Confidence ellipses byMini Nutritional Assessment (MNA) score. a,Malnutrition; b, risk ofmalnutrition. A and C:Mean values of R/H and Xc/H arewritten in parentheses (R/H, Xc/H) for
each 95% confidence ellipse. B and D: Mean values of R sp and Xc sp are written in parentheses (R sp, Xc sp) for each 95% confidence ellipse.

269M.ªA. Camina Martín et al. / Experimental Gerontology 57 (2014) 264–271
(Belmin and Expert Panel and Organization Committee, 2007), which
are very prevalent in demented patients (Alagiakrishnan et al., 2013;
Saka et al., 2010).

Similar findingswere obtainedwhen using the 95% confidence ellip-
ses of themean vectors of BMI, MNA score and GNRI in women (Figs. 2,
3 and 4 respectively). Both R sp and Xc spwere directly associated with
BMI, MNA score and GNRI. The mean impedance vector length short-
ened in parallel with the cataloguing achieved using each of the nutri-
tional indicators; from obesity to malnutrition (in the BMI ellipses)
and from no risk of malnutrition to malnutrition (in the GNRI and
MNA ellipses). However, when employing the R/H–Xc/H graphs, the
significant mean vector displacements observed in all nutritional indi-
cators were due to significant changes in R/H values with comparable
Xc/H values; and, in contrast to specific BIVA, the mean vector lengths
in all R/H–Xc/H graphs were inversely related to BMI, MNA score and
GNRI. These findings are consistent with the results of the correlation
analyses (Table 4), and classic BIVA patterns were also similar to the
findings of previous clinical research (Buffa et al., 2009; Norman et al.,
2007; Santomauro et al., 2011). The discordances observed in the pat-
terns of changes in the mean vector between classic and specific BIVA
approaches were also expected. In relation to specific BIVA, there are
currently no studies that examine the relationship between thismethod
and nutritional indicators. Nevertheless, it is interesting to note that
clinical research performed with segmental bioimpedance analysis has
found a strong positive correlation between resistivity (R sp) and FMper-
centage (Biggs et al., 2001; Fuller et al., 2002), while height2/impedance
was higher and more positively correlated with total body water and
FFM than with FM percentage (Fuller et al., 2002).

The PA values observed in the R–Xc graphs by BMI (Fig. 2, C and D)
also were as expected. In the present study, the smallest PA value was
observed in malnourished women, and well-nourished women had a
higher mean PA value than the obese women using both BIVA ap-
proaches. Although this may seem paradoxical because low values of
PA suggest poor nutritional status, an inverse correlation between BMI
and PA has been found in severely obese subjects because of the in-
creased ECW/ICW ratio of adipose tissue (Waki et al., 1991). Further-
more, it has been also found that obesity is associated with a poorer
psycho-functional status in patients with AD (Saragat et al., 2012).

To our knowledge, this is the first clinical research in which specific
BIVA has been applied to analyse bioelectrical changes associated with
the routine nutritional and psycho-functional indicators used in geriat-
ric nutritional assessment. The main limitation of the present study is
the lack of a Gold Standard method for body composition analysis and
the small size of the sample. The comparison of results obtained from
specific BIVA with those obtained from a Gold Standard method would
allow us to ensure the validity of our results. Regarding the sample size,
it is well-known that the size of the confidence ellipses is influenced by
sample size. Hence, finding significant differences in the confidence
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Fig. 4. Confidence ellipses by Geriatric Nutritional Risk Index (GNRI). a, No risk; b, low risk; c, moderate risk; d, high risk. A and C:Mean values of R/H and Xc/H arewritten in parentheses
(R/H, Xc/H) for each 95% confidence ellipse. B and D: Mean values of R sp and Xc sp are written in parentheses (R sp, Xc sp) for each 95% confidence ellipse.
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ellipses drawn for the group of men (n = 20) is difficult, although the
R–Xc graphs do reflect the patterns noted in the group of women.

5. Conclusion

Specific BIVA is more effective than classic BIVA in identifying bioelec-
trical changes associated with GDS and MNA scores, BMI, and GNRI in
institutionalised elderly individuals with dementia.
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