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Abstract

Background: Rapid weight loss with restricted diets can cause muscle mass decline. The aim of
this work is to evaluate a new method for representing the raw electrical values obtained in the
bioelectrical impedance analysis (BIA) in patients with obesity and osteoarthritis undergoing a
meal-replacement diet.

Methods: We conducted a 1-group intervention study with meal-replacement diet for 3 months
in patients with osteoarthritis prior to orthopedic surgery. Anthropometry and BIA was regis-
tered at baseline (B) and 3 months (3M) after the intervention. We have calculated traditional
estimations of body composition over the raw electrical parameters of BIA parameters and
a new bioelectrical impedance vector analysis (BIVA) based method to detect nutrition (NP),
hydration (HP) and fat (FP) parameters without estimation.

Results: A total of 272 patients (23.16% men; 76.84% women) were analyzed. There was a
correlation between NP and body composition estimates (body cell mass [BCM] standardized
by height (BCM/h): men: 0.96; p<0.01; women: 0.88; p<0.01). The correlation coefficient
between HP and estimated total body water was 0.769 for men and 0.63 for women (p<0.01 in
both cases). The correlation coefficient between FP and estimated fat mass (FM) standardized
by height was 0.83 for men and 0.89 for women (p<0.01). There was a significant decrease
in body weight (B: 99.33(15.0) kg; 3M: 92.03(16.0) kg; p<0.01); and FM (B: 49.93(6.67) kg; 3M:
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Introduction

44.22(9.08) kg). There was no difference in BCM and fat free mass. In new parameters a decrease
in NP (B: +0.50(0.31); 3M: +0.42(0.42); p=0.03) and FP (B: +0.49(0.17) was reported; 3M:
+0.38(0.16); p<0.01), although there was no difference in HP.

Conclusions: The new interpretation of BIVA as NP and HP have a high correlation with the
body composition parameters estimated by regression models, and they report changes in body
composition after a partial meal-replacement diet such as regression equations.

© 2025 SEEN y SED. Published by Elsevier Espafa, S.L.U. All rights are reserved, including those
for text and data mining, Al training, and similar technologies.

Mas alla de las estimaciones en impedancia bioeléctrica vectorial: cambios en la
composicion corporal después de una dieta de sustitucion de comidas en pacientes
con obesidad y artrosis con una nueva expresion de los parametros eléctricos

Resumen

Antecedentes: La pérdida de peso rapida con dietas restrictivas puede causar una disminucion
de la masa muscular. El objetivo de este trabajo es evaluar un nuevo método de representacion
de los valores eléctricos brutos obtenidos en el analisis de bioimpedanciometria en pacientes
con obesidad y osteoartritis que siguen una dieta de reemplazo de comida.

Métodos: Se llevd a cabo un estudio de intervencion de un solo brazo con dieta de reemplazo de
comidas durante 3 meses en pacientes con osteoartritis antes de la cirugia ortopédica. Se regis-
traron la antropometria y analisis de bioimpedanciometria al inicio (B) y a los 3 meses (3 M) de la
intervencion. Calculamos estimaciones clasicas de la composicion corporal sobre los parametros
eléctricos del analisis de bioimpedanciometria y un nuevo método basado en el analisis vec-
torial de bioimpedanciometria para detectar parametros de nutricion (PN), hidratacion (PH) y
grasa (PG) sin estimacion.

Resultados: Se analizaron 272 pacientes (23,16% hombres; 76,84% mujeres). Hubo una
correlacion entre PN y las estimaciones de composicion corporal (masa celular corporal
estandarizada por altura: hombres: 0,96; p<0,01). El coeficiente de correlacion entre PH y
el agua corporal total estimada fue de 0,769 para hombres y 0,63 para mujeres (p<0,01 en
ambos casos). El coeficiente de correlacion entre PG y la masa grasa estimada estandarizada
por altura fue de 0,83 para hombres y 0,89 para mujeres (p <0,01). Hubo una disminucion sig-
nificativa en el peso corporal (B: 99,33 [15,0] kg; 3M: 92,03 [16,0] kg; p<0,01) y en masa grasa
estimada (B: 49,93 [6,67)] kg; 3 M: 44,22 [9,08] kg). No hubo diferencias en masa celular corpo-
ral ni en masa libre de grasa. En los nuevos parametros hubo una disminucion en PN (B: +0,40
[0,31]; 3M: +0,42 [0,42]; p=0,03) y PG (B: +0,49 [0,17]; 3M: +0,38 [0,16]; p<0,01), pero no
hubo diferencias en PH.

Conclusiones: La nueva interpretacion de analisis vectorial de bioimpedanciometria como PN
y PH tiene una alta correlacion con los parametros de composicion corporal estimados por
modelos de regresion, y reportan cambios en la composicion corporal después de una dieta
parcial de reemplazo de comidas similares a las ecuaciones de regresion.

© 2025 SEEN y SED. Publicado por Elsevier Espana, S.L.U. Se reservan todos los derechos,
incluidos los de mineria de texto y datos, entrenamiento de IA y tecnologias similares.

medical nutrition therapy in these patients.® Patients with
osteoarthritis had a severe limitation on mobility and the

Obesity is a high prevalent disease which has become the
most prevalent chronic disease worldwide." It is estimated
that 0.81 billion adults suffered from this disease in 2020
and an increase in the prevalence of this disease up to 1.53
billion is projected for 2035." A higher prevalence of obesity
have been found in older individuals and women.?

In older adults, one of the most limiting complications of
obesity is osteoarthritis. This disease may cause disability
impacting quality of life and is one of the causes of failed

physical activity they can engage in, so nutritional ther-
apy may need a high calorie restriction to achieve results.*
Although meal replacement diet has shown an effect on body
weight and cardiovascular risk factors, they have a high risk
of weight regain due to the difficulty to maintain interven-
tion for a long period of time.’

Rapid weight loss with high energy and protein restricted
diets can cause muscle mass decline and an altered function,
especially in patients without adequate mobility or physical
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activity.® It is important to set goals beyond body weight and
BMI in the dietary treatment of obesity. Body composition
techniques as muscular ultrasonography or impedance may
help us monitor and adapt nutritional therapy in patients
with obesity and prevent complications, such as sarcopenia
or nutritional deficits.”

BIA has been used for decades to assess body
composition.®? This technique is a safe, noninvasive, rapid,
reproducible, portable and inexpensive method based on the
existence of an association among the human body electri-
cal properties, body composition and water content.’® An
electronic device is used to apply a constant low-voltage
alternating electric current to the body via electrodes that
cover the entire body or a region determining the body
opposition to the passage of this electric current—called
bioimpedance (Z)—which is the vectorial sum of resistance
(Rz) and reactance (Xc)."

Traditionally, regression models have been developed
to calculate different body compartment from these mea-
surements and by comparison with reference techniques
such as dual energy X-ray absorptiometry or computed
tomography.'? The values obtained are fat mass, fat-free
mass, appendicular skeletal muscle mass or muscle mass
index, expressed as kilograms. However, regression models
obtained from healthy populations can give a biased body
composition values when they are applied to people with
a disease that often associates malnutrition or an impaired
extracellular volume.'® To overcome the problem of regres-
sion models, BIVA has emerged. This model compares raw
electrical values (Rz/Xc, standardized by the height of
the individual) with the general population of the same
gender. 013

A very interesting aspect of this vector analysis based on
tolerance ellipses is that the way a point graphically rep-
resenting a pair Rz, Xc is located relative to the axes of
the ellipses provides information about each particular body
composition. Specifically, if the point is located to the right
of the major axis of the ellipse, it means that it has less
soft tissue than the average of the reference population:
if located to the left, it means that it has more soft tissue.
The relative location to the major axis of the ellipse provides
information about the amount of body fluids; above the axis,
it indicates less fluids and below, more vs the average of the
reference population.™

Although BIVA has proven to be very useful in assess-
ing body composition and as a prognostic factor in some
situations, it has some problems'?: the phase angle of an
obese person may be the same as that of a very thin or
malnourished person; it may be conceptually difficult to
understand the bioelectrical concepts of Rz and Xc, as well
as their graphic representation, and consequently interpret
the information it can provide clinicians with; it is not pos-
sible to compare results of measurements obtained from
different devices; it is difficult to show in a health history
the position of the impedance vector with respect to the
axes of the tolerance ellipse and document changes across
the course of the disease.

Despite its limitations, estimated parameters of body
composition obtained from regression models continue to
be used, which, as we have indicated, may not be appli-
cable to the specific patient, as they have been generated
with the general population.

The aim of this work is to describe a new method of rep-
resenting the raw electrical values obtained via BIVA, which
facilitates the acquisition of information on the nutritional
and hydration status at baseline and in the course of a cohort
of patients with obesity and osteoarthritis undergoing a par-
tial meal-replacement dietary treatment.

Methods

Study design

We conducted a 3-month intervention study of a 1-branch
2-substitution meal-replacement diet with oral nutritional
supplement (ONS) in patients with osteoarthritis prior to
orthopedic surgery.

Anthropometry and electrical impedance were both reg-
istered at baseline and 3 months after the intervention. We
have estimated classical estimations of body composition
over the raw electrical parameters of bioimpedance: BIVA
parameters and a new BIVA-based method to detect cellu-
larity (nutrition) and hydration without estimation based on
these electrical parameters. This new method to measure
body composition has been compared with anthropometry
and body composition estimation by regression equations
at both baseline and at 3 months. Besides, we evaluated
changes in all anthropometry and body composition varia-
bles (classic and new) and compared changes with all the
described methods.

Study participants

The participants of the study were patients with obesity
from the Health Area of Valladolid East (Valladolid, Spain).
These patients were referred from the Traumatology Service
to the Clinical Nutrition Unit of Hospital Clinico Universi-
tario de Valladolid (Valladolid, Spain) for weight loss prior
to orthopedic knee, hip and/or spine surgery from January
2014 to December 2022.

Inclusion criteria: Patients with obesity grade>|
(BMI>30kg/m?). Age>18 years. Osteoarthritis (hip, knee
and/or spine) pending orthopedic surgery. Exclusion cri-
teria: Ingestion of >2 alcoholic beverages/day. Malignant
tumor disease with active treatment. Severe psychiatric
disease. Chronic kidney disease stage > V). Refusal to par-
ticipate in the study and/or non-compliance with informed
consent.

Ethical considerations

All participants gave their prior written informed consent
form to the protocol approved by the Ethics Committee of
the Health Area of Valladolid East (CEIm). This study was
registered in the clinical trial registry of Hospital Clinico
Universitario de Valladolid with code PI-24-265-C. All pro-
cedures performed in studies involving human participants
were done in full compliance with the ethical standards
of the institutional and national research committee and
the 1964 Declaration of Helsinki and later amendments or
comparable ethical standards.
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Medical nutritional treatment

Patients received nutritional education and a hyperpro-
teic low-fat hypocaloric diet with 2 meal replacement with
a hyperproteic normocaloric ONS (200 mL bottle: 200 kcal
caloric content; protein: 15.4g (31% total caloric value
[TCV]); lipids: 5.2g (23% TCV); carbohydrates: 21g [42%
TCV]). A different diet was allocated to men and women.
In both groups, diet was structured in 5 meals; and lunch
and dinner were replaced by the described ONS. The
characteristics of the whole diet are different for men
(caloric value: 1192.7 kcal/day (proteins: 71.9g (24% TCV);
lipids: 19.9g (15% TCV); carbohydrates: 181.5g %TCV);
22.9 mg cholesterol; 19.6 g fiber) and women (caloric value:
1035.9 kcal/day (proteins: 64.4g (25% TCV); lipids: 19.1¢g
(17% TCV); carbohydrates: 151.6 g (59% TCV); 21 mg choles-
terol; 15.9 ¢ fiber).

Anthropometric and bioimpedance variables were mea-
sured at baseline and 3 months after the beginning of
intervention.

Variables

- Anthropometry:

Anthropometric variables were body weight (kg), height
(m) and body mass index (BMI) (kg/m?). Body weight was
measured with a scale with an accuracy of 100g (0.1kg)
(Seca, Birmingham, United Kingdom). Height was measured
with a stadiometer (0.01 m) (Seca; Birmingham; United
Kingdom) with the patient in standing position. BMI was
calculated through the formula weight (kg)/(height * height
(m?)).

- Bioelectrical impedance:

BIA was analyzed with a NUTRILAB impedance ana-
lyzer (EFG, Akern, Milan, Italy). The study was conducted
in supine position after a 5-h fasting. The machine used
included a signal generator which produced an alternate
current of 0.8 mA intensity with a frequency of 50kHz and
electrodes which were placed on the back of right hand and
foot.

o Electrical parameters:

Electrical parameters measured were Resistance (Rz);
Reactance (Xc) and phase angle.

The phase angle (PhA) is formed by the vectors Z and
Rz and includes the values of Rz and Xc according to the
expression showed in Fig. 1A.%

BIVA compares raw electrical values (Rz/Xc, standardized
by the height of the individual). This value is represented
in a Cartesian coordinate system in which Rz is located on
the abscissa axis and Xc on the ordinate axis (their values
are multiplied by a scale factor of x10). We use tolerance
ellipses on this system to represent 50%, 75%, and 95% of
the reference population. By comparing an individual’s mea-
surements to these ellipses, we can interpret their results
within the context of the reference population. Reference

At — areta %€\ 180
= arctg T -
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Figure 1  (A) Phase angle equation. PhA: phase angle; Xc:
Reactance; Xc: resistance. (B) Fat Parameter Formula by
electrical impedance. BMI: body mass index; NP: nutrition
parameter; HP: hydration parameter.

measurements of an individual with respect to the reference
population helps us interpret the results.>¢

o Estimated values:

The estimated body composition values were appendic-
ular skeletal muscle mass (ASMM) according to equations
by Kyle' and Sergi."® Estimated body cell mass and muscle
mass were estimated according to equations of proprietary
of BODYGRAM® program (EFG, Akern, Pisa, lItaly). Esti-
mated fat-free mass was obtained according to Roubenoff’s
equation'’; and fat mass was calculated as weight minus
fat-free mass. Total body water was estimated by Kushner
equation'® and hydration ratio was calculated as total body
water divided by estimated fat-free mass.

o Description of new BIA parameters:

Two new parameters are described to represent raw elec-
trical values and report body composition. A new vector
is described which is reported as angle and modulus. All
parameters are based on the tolerance ellipses described
by Piccoli'®"3:

- Nutrition parameter (NP): It is the projection of the point
(Rz, Xc) on the minor axis of the tolerance ellipse. It
acquires a negative value in the right hemi-ellipse (which
reports fewer soft tissues) and a positive value in the left
hemi-ellipse (which reports more soft tissues). It is stan-
dardized so that its 0 value sits at the center of the ellipse,
+1 at the point where the left minor hemi-axis cuts the
95% tolerance ellipse, and —1 at the point where the right
minor hemi-axis cuts the 95% tolerance ellipse.

- Hydration parameter (HP): It is the projection of the point
(Rz, Xc) on the major axis of the tolerance ellipse. It
acquires a negative value in the upper half (which reports
less body fluid) and a positive value in the lower half
(which reports more body fluid). It is standardized so that
its 0 value is the center of the ellipse, +1 at the point
where the lower half major axis cuts the 95% tolerance
ellipse and —1 at the point where the upper half major
axis cuts the 95% tolerance ellipse.

- Nutrition hydration vector (NHV): It is a vector whose ori-
gin is the center of the ellipse reaching the point where
Rz and Xc are represented. This vector has an angle and
a module: The angle 0° corresponds to the bisector of
the lower right quadrant of the tolerance ellipse. The
angle +180° corresponds to the bisector of the upper
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(A) Example of the new BIVA, HP and NP parameters in 2 patients. Red patient: Rx=223 0hm/h; Xc=250hm/h.

NP =+0.56; HP = +0.45. Blue patient: Rx=400 0hm/h; Xc=350hm/h. NP =—0.91; HP = —0.40. (B) Example of the new BIVA vector in 2
patients. Red patient: Rx=223 Ohm/h; Xc=250hm/h; angle = —75.9°; module =0.71. Blue patient: Rx =400 0hm/h; Xc =350hm/h;

angle =+87.2°; module=0.99.

left quadrant of the tolerance ellipse. The angle +90°
corresponds to the bisector of the upper right quadrant
and the angle —90° to the bisector of the lower left
quadrant. The module of the vector is standardized so it
acquires a value of +1 when it reaches the 95% tolerance
ellipse.

- Fat parameter (FP): The adipose compartment was
empirically defined by the formula shown in Fig. 1B. Con-
ceptually NP and HP report fat-free mass standardized by
height, while BMI is weight standardized by the square
of height. Therefore, FP would be analogous to subtract-
ing fat-free mass from weight which is the usual way of
calculating fat mass by estimation.

Fig. 2(A) shows, as an example, the NP and HP of 2 indi-
viduals. Fig. 2(B) represents the NHYV, its angle and modulus.

Statistical analysis

For statistical analysis, R statistical programming language
was used across various functions and libraries.” In the
descriptive analysis, qualitative variables are expressed as
percentages and quantitative variables as central tendency
parameter (0.2-trimmed mean and Huber’s M-estimator).
These data are calculated, respectively, with the base R
package and the Huber function of the MASS package.?’
Furthermore, the scale parameter expressed as median
absolute deviation (MAD) is calculated using the mad func-
tion of the base package. The relationship between new
and classical parameters obtained through estimates was
analyzed using robust correlation with the pbcor function
of the WRS2 package.?' The analysis of the difference in
parameters before and after treatment and their graphi-
cal representation was performed using the Yuen test for

paired data using the ggwithinstats function of the ggstat-
splot package.?? Appendix 1, shows 2 functions, one in the
R programming language and another in Python, to obtain
the new BIVA parameters from the Rz, Xc and sex of the
individual.

Results

Sample description

The cohort of patients included a total of 272 patients
(63 men [23.16%] and 209 women [76.84%]). A total of
232 (87.8%) patients completed the intervention (56 men
(88.8% of baseline patients) and 183 women (87.5% of base-
line patients). A total of 52 patients (19.1%) completed
one meal replacement with oral nutritional supplement
and 220 patients (80.9%) completed 2 meal replacements.
Nine of the 40 patients who discontinued intervention
(3.3%) discontinued treatment due to digestive intolerance
to meal-replacement while 31 (11.4%) patients stopped
the intervention due to inadequate adherence to partial
meal-replacement diet. Table 1 illustrates the interven-
tion variables and gender differences. We found statistically
significant differences between men and women in age,
weight, height, BMI, Rz/h, Xc/h, PhA, ASMM, muscle mass,
TBW, FFM, FM, and hydration. There were no significant
differences in the new variables.

Correlation of NP parameters with anthropometry
and BIA estimates

The robust correlation between NP and tissue body compo-
sition estimates at baseline and at 3 months was studied
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Table 1 Variables of interest of patients at baseline.
MEN (N=63) WOMEN (N =209) p-Value
Trimmed mean (MAD) Trimmed mean (MAD)

Age (years) 58.85 (10.38) 63.12 (10.38) <0.01
Height (m) 1.70 (0.09) 1.55 (0.07) <0.01
Weight (kg) 112.18 (14.97) 95.53 (12.45) <0.01
BMI 38.61 (3.72) 40.01 (4.53) 0.03
Rz/h (Ohm/m) 238.11 (35.20) 303.02 (47.78) <0.01
Xc/h (Ohm/m) 26.57 (3.76) 30.08 (5.11) <0.01
PhA 6.37 (1.19) 5.69 (0.74) <0.01
NP 0.48 (0.31) 0.51 (0.31) 0.65
HP 0.33 (0.25) 0.33 (0.29) 0.99
NHV (°) —72.94 (23.10) —78.81 (20.91) 0.11
NHV (module) 0.69 (0.26) 0.66 (0.36) 0.56
FP 0.46 (0.14) 0.50 (0.17) 0.07
ASMM (Kyle, kg) 29.74 (4.63) 20.78 (3.18) <0.01
ASMM (Sergi, kg) 27.53 (3.98) 20.00 (2.85) <0.01
BCM (kg) 40.17 (7.56) 25.97 (4.45) <0.01
Muscle mass (kg) 46.70 (9.19) 31.49 (NA) <0.01
TBW 54.39 (7.71) 38.14 (4.45) <0.01
FFM 63.39 (8.11) 45.55 (5.32) <0.01
FM 49.35 (12.22) 49.91 (7.91) <0.01
Hydration (proportion) 0.86 (0.02) 0.84 (0.01) <0.01

MAD: median absolute deviation; BMI: body mass index; Rz/h: standardized resistance for height; Xc/h: standardized reactance for height;
PhA: phase angle; NP: nutrition parameter; HP: hydration parameter; NHV: nutrition hydration vector; FP: adipose tissue parameter;
ASMM: appendicular skeletal muscle mass; BCM: body cell mass; TBW: total body water; FFM: fat free mass; FM: fat mass.

Table 2 Robust correlation analysis between nutritional parameter (NP) and estimates of body tissue composition.

Men Women
n r p n r p
BCM 119 0.890 <0.001 392 0.859 <0.001
BCM/h 119 0.945 <0.001 392 0.880 <0.001
BCM/h? 119 0.925 <0.001 392 0.831 <0.001
ASMM/h? (Sergi) 119 0.780 <0.001 388 0.812 <0.001
ASMM/h (Sergi) 119 0.806 <0.001 388 0.846 <0.001
ASMM/h? (Kyle) 119 0.800 <0.001 388 0.832 <0.001
ASMM/h (Kyle) 119 0.808 <0.001 388 0.849 <0.001
Lean muscle mass/h 119 0.834 <0.001 391 0.838 <0.001
Lean muscle mass/h? 119 0.821 <0.001 391 0.786 <0.001

n=number of measurements. R=robust correlation coefficient. BCM: body cell mass; H: height; ASMM: appendicular skeletal muscle

mass.

in all BIVA measurements. The different body composition
estimates were standardized by height and by the square
of the height. Table 2 illustrates these results of the robust
correlation analysis.

The robust correlation coefficient between HP and
degree of hydration was 0.769 for men and 0.63 for women
(p <0.01 in both cases).

The robust correlation coefficient between FP and esti-
mated fat mass standardized by height was 0.83 for men
and 0.89 for women (p<0.01 in both cases). When FP was
standardized by height squared the robust correlation was
0.94 for men and 0.97 for women (p <0.01). The correlation
between BMI and standardized fat mass by height squared
was 0.89 and 0.83 in men and women respectively (p<0.01).

Intervention effect on body composition
- Anthropometry

The percentage of body weight loss after 3 months of
intervention was 7.9 (3.4)%. The differences in weight and
BMI at baseline and 3 months after intervention are shown
in Table 3.

- Classical impedance parameters
The percentage of change 3 months after intervention in

estimated BIA parameters was 5.4 (6.6) % in body cell mass
(BCM); —3.7 (3.9%) in fat free mass (FFM); 12.6 (7.2%) in fat
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Table 3 Changes in anthropometric parameters (AFA-cropped means), body composition estimates, and new BIVA parameters

with treatment.

Baseline 3 months p
Weight (kg) 99.33 (15.0) 92.03 (16.0) <0.01
BMI (kg/m?) 39.69 (4.38) 36.68 (3.86) <0.01
BCM (kg) 28.06 (6.60) 26.72 (5.93) 0.85
ASMI (Kyle) (kg/m?2) 8.96 (1.17) 8.49 (1.15) <0.01
ASMI (Sergi) (kg/m?) 8.56 (0.94) 8.11 (0.97) <0.01
FFM (kg) 52.51 (9.86) 50.74 (9.19) 0.86
FM (kg) 49.93 (8.75) 44.22 (9.08) <0.01
TBW (kg) 40.39 (6.67) 39.14 (6.23) 0.89
NP +0.50 (0.31) +0.42 (0.30) 0.03
HP +0.33 (0.29) +0.29 (0.29) 0.67
FP +0.49 (0.17) +0.38 (0.16) <0.01

BMI: body mass index; BCM: body cell mass; ASMI: Appendicular Skeletal Muscle Index; FFM: fat free mass; FM: fat mass; TBW: total body
water; NP: nutrition parameter; HP: hydration parameter; FP: fat parameter.

mass (FM); and 3.8 (4.1%) in total body water (TBW). The
differences in estimated BIA parameters at baseline and 3
months after intervention is shown in Table 3.

- New impedance parameters

NP decreases with a less magnitude than FP, and there
were no differences in HP. These results are shown in Table 3.

Fig. 3 shows the changes in NP and HP with the interven-
tion.

Discussion

The new BIVA-based parameters that assess cellularity
(nutrition parameter [NP]) and hydration separately (hydra-
tion parameter [HP]) show a high correlation with the
estimating equations based on bioimpedance in obese
patients awaiting orthopedic surgery. After treatment with a
meal-replacement diet, these parameters show a decrease
in adipose tissue and no changes in hydration degree. These
data are similar to those of the regression equations; how-
ever, these new parameters show a decrease in absolute
cellularity; this parameter does not show any changes in the
traditional parameters according to the regression equations
such as fat-free mass.

The proposed new parameters have a mathematical-
statistical basis. Of note that although it is usually explained
that when performing a bioimpedance test, resistance is
related to hydration and reactance to body cell mass and/or
the health of cell membranes, reactance and resistance are
correlated, with a correlation coefficient r close to 0.5."

Principal component analysis (PCA) is a statistical tech-
nique that describes the dispersion obtained by p random
variables Xi in the individuals of a sample in terms of new
variables that are not correlated with each other. PCA allows
2 correlated variables, such as Rz and Xc to be transformed
into 2 uncorrelated variables. Principal components can be
obtained from a sample, but also from the covariance matrix
of the parameters of interest, in this case, Rz and Xc.? In the
case of 2-variable analysis, such as Rz and Xc, PCA is equiv-
alent to a change of reference system to a new coordinate

system whose intersection is the mean of the 2 variables in
the original system whose axes are rotated so that they are
arranged on the axes of the tolerance ellipse.?* The princi-
pal components have the same scale as the original data, so
in our case it is convenient to standardize them for a bet-
ter understanding. To do this, the length of the semi-axis of
abscissas (in the case of NP) or the ordinates (in the case of
HP) is used up to the point where they cut the 95% toler-
ance ellipse. The standardized parameter will be equal to
the principal component divided by the length of the corre-
sponding semi-axis. The length of the semi-axes is obtained
from the Chi-square distribution and the eigenvalues of the
covariance matrix.?*

In our sample, we observed a decrease in classic anthro-
pometry with a loss of 8% of baseline body weight with
a more marked decrease in fat mass than fat free mass.
These data were like those measured with new parameters
(a greater decrease in FP; with a lower decrease in NP;
without changes in hydration). Former studies in patients
treated with partial meal-replacement diet show similar
changes in body composition measured by impedance with
a decrease of fat mass between 12.45% and 14.60% of fat
mass and between 2.29% and 4.94% in fat free mass.* These
results were similar to the randomized controlled trial con-
ducted by Halle et al. with a fat loss of 5.1 kg and a fat-free
mass loss of 1kg, determined also by impedance.?® A differ-
ent study from Coker et al. analyze the effect of a partial
meal-replacement diet measuring body composition by DXA.
This study got a decrease in fat mass without a decrease in
lean tissue mass and an increase in physical function (hand-
grip strength, 6min walk distance and walking speed).?®
Our sample is similar to other populations treated with
partial meal-replacement die. Although most studies use
bioimpedance and show similar results with changes in fat
mass, fat-free mass remains unchanged. The use of more
accurate methods as DEXA or computerized tomography can
estimate better the loss of muscle mass, but an approach
as the new parameters studied in this article may help us
adjust nutritional treatment.

The main strength of this study is the use of new
parameters to display BIVA results. These variables main-
tain the advantages from BIVA vs traditional BIA (estimated
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Figure 3
(HP) at baseline and 3 months after meal replacement diet.

parameters) without the problems of vectorial analysis.
These are standardized values calculated from raw electri-
cal parameters without using regression models. They are
calculated with functions that are easily applicable in a
computer program and free to use and transparent. Con-
ceptually, they are easier to understand than a value of
Rz and Xc. Unlike the graphical representation in the tol-
erance ellipses, the new parameters are easily recorded in
the health histories and can be used to perform statistical
analysis.

The main limitation of the study is the parameters we
propose, NP and HP, do not report adiposity; but the raw
electrical parameters of BIVA do not do so either, since fat as
such does not influence the values of Rz and Xc (although the
hydration of adipose tissue does).® The FP that we describe
could be an estimate of fat mass, obtained from the stan-
dardized weight for height (BMI) from which fat-free mass
is subtracted, correcting for the upper limit of normality of
the BMI (25kg/m?). FP correlates better than BMI with the
estimated fat mass, so it would be interesting to explore
other approaches.

This study is based on mathematical transformations that
do not use regression models, allowing us to obtain BIVA
parameters that report body composition and its changes
(soft tissues and hydration) in a way that is easy to under-
stand. In addition, it can be applied to any BIA device for
which the population mean of Rz and Xc and the correlation
between both variables are known. Considering that a low
phase angle, related to a worse prognosis, corresponds to
values of Rz, Xc located in the lower right quadrant (both
positive HP and NP), these new parameters, included in
logistic regression models with interaction, can potentially
be useful in calculating patient prognosis.'

Conclusions

The new way of interpreting raw electrical parameters from
BIVA as indicators of cellularity (nutrition), hydration, and
fat shows a strong correlation with traditional body compo-
sition measurements derived from regression models. These
new parameters also reveal similar changes in body compo-
sition during treatment as those estimated by conventional

B Changes in HP after the treatment

tysen(144) = 0.43, p = 0.67, SA® = 0.03, Clgss, [-0.10, 0.17], Npais =272

Tinmes = 0.33 43 i
ig 3

Time

Changes in: (A) Nutrition parameter (NP) at baseline and 3 months after meal replacement diet. (B) Hydration parameter

regression equations. Furthermore, the nutrition parameter
(NP) can even highlight changes in cellularity that aren’t
observable with classic measurements like fat-free mass.

In conclusion, the new BIVA parameters described above
represent a conceptual and practical advantage over those
currently used, without the need to resort to estimates
based on regression models.

It would be necessary to test the performance of these
new parameters in larger series of patients in which body
composition and its changes are analyzed, such as patients
with disease related malnutrition, and analyze their correla-
tion with reference methods such as DEXA and computerized
tomography.
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