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Featured Application: Body composition and bioelectrical parameters are useful in nutritional
assessment and monitoring of ALS patients.

Abstract: Phase angle (PhA) and bioelectrical impedance vector analysis (BIVA) have emerged as
valuable tools for assessing nutritional status and prognosis in various patient populations, but there
is a lack of studies in rare neurodegenerative diseases. The purpose of this cross-sectional study
was to investigate these bioelectrical parameters in patients with amyotrophic lateral sclerosis (ALS),
compared with healthy peers. The tetrapolar impedance method was applied and bioimpedance
analysis (BIA) was performed. Bioelectrical parameters were obtained (Resistance—R; Reactance—
Xc) or calculated (PhA; BIVA). For BIVA, bivariate vectors and confidence ellipses were graphically
represented. In addition, R and Xc were used to determine body composition (BC) (Fat Mass—FM;
Fat-Free Mass—FFM; and Total Body Water—TBW). In this study, 40 participants were divided into
two groups: case group (n = 20, ALS patients) and control group (n = 20, healthy subjects. Our main
results showed that ALS patients presented low levels of BMI, FFM, R, and Xc adjusted by height
(R/H, Xc/H), hydration, and cellularity, compared to the healthy subjects. Our findings highlight
BC and bioelectrical parameters, including PhA and BIVA, as valuable indicators of nutrition status,
which should be implemented in the nutrition care process of ALS patients during the disease course.

Keywords: amyotrophic lateral sclerosis; body composition; electric impedance

1. Introduction

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease characterized by
the progressive degeneration of both upper and lower motor neurons [1,2]. Currently, ALS
is considered a multisystemic disease [3] that primarily affects motor neurons and has
great genetic, clinical, and neuropathological heterogeneity [4]. The age group most at
risk for developing this disease is 45 to 75 years old. Its most common form is sporadic
(90% of cases), in which its pathogenesis is related to complex interactions between genetic
and environmental factors. The remainder of the cases (10%) are of the familial type,
where there is the presence of an autosomal dominant inheritance pattern proven by the
occurrence of a family history of the disease [4].

The etiology of ALS is not yet fully understood, but it is known that there are inter-
actions between genetic and environmental factors, in addition to aging-related dysfunc-
tions [4]. The pathophysiology of ALS is marked by neuronal dysfunction with eventual
cell death (neuronal apoptosis). Hypotheses guiding its pathophysiology include glutamate
toxicity, oxidative stress, neuroinflammation, protein aggregation (e.g. TDP-43 protein),
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defects in RNA processing, mitochondrial dysfunction, axonal transport dysfunction, toxin
exposure, and viral infections [5,6].

In ALS, the first observation of symptoms usually occurs between the ages of 51 and
66 [7]. As the disease affects motor neurons, the most characteristic symptoms are muscle
atrophy and weakness. The affected muscles are skeletal and those involved in breathing,
speaking, and swallowing. In this way, a range of signs and symptoms can be observed,
such as dysarthria, dysphonia, dysphagia, atrophy, and muscle weakness [4,5]. Other signs
and symptoms include drooling, fasciculations, hyperreflexia, sensory impairment, cramps,
and emotional liability. Around 50% of patients will present other non-motor symptoms,
related to cognitive and behavioral changes. One example is frontotemporal dementia in
10-15% of cases, clinically characterized by behavioral changes, impairment of executive
functions, and/or language impairment [4].

The diagnosis of ALS is based on clinical history and physical examination, which
shows signs of progressive dysfunction of the upper and lower motor neurons. It is usually
supported by electrophysiological and neuroimaging studies, as well as laboratory tests,
especially in cases of familial ALS. Exclusionary diagnoses should be considered [8]. The El
Escorial criteria were developed to standardize ALS diagnosis for clinical research [9]. Early
diagnosis can contribute to better clinical management of the disease. However, incorrect
diagnoses early in the disease can delay the diagnosis of ALS. Studies show that the delay
in diagnosing ALS can range from 9 to 24 months [7].

Currently, some guidelines address the treatment of ALS [5,10,11] and all recommen-
dations support a multidisciplinary approach. Regarding drug treatment, although several
clinical trials are underway, there are two drugs approved by the Food and Drug Adminis-
tration (FDA): Riluzole and Edaravone. Riluzole acts as a glutamate antagonist and reduces
its excitotoxicity, increasing survival by only about 3 to 6 months [12]. On the other hand,
Edaravone acts to reduce oxidative stress and has been shown to improve the functional
status and increase the survival of patients with ALS [13].

As a limitation, the treatment of the disease is focused on managing the symptoms
that occur throughout the disease. Authors demonstrate that multidisciplinary care in ALS
is capable of significantly increasing survival [14].

The prognosis for patients with ALS is unfavorable, but survival time after diagnosis
varies greatly. The factors that lead to shorter survival of patients with ALS are bulbar
onset, delay in diagnosis, rapid functional decline, pronounced loss of weight or body mass
index (BMI), advanced age at the onset of symptoms, presence of frontotemporal dementia,
and low forced vital capacity. In general, the average survival of patients with ALS is 3 to
5 years, but about 5% to 10% of patients live longer than 10 years [5,7].

The ALS hallmark features encompass the gradual weakening of limb and respiratory
muscles, with the common co-occurrence of dysarthria and dysphagia. In most cases,
respiratory failure and malnutrition are the primary factors leading to mortality [1,15,16],
typically occurring approximately 3 to 5 years after the onset of symptoms [17].

Denervation and malnutrition bring changes in body composition (BC) and result
in a gradual decline in weight, muscle mass, and fat stores in ALS patients [1]. Research
indicates that the reduction in muscle mass is linked to a poor prognosis, while an increase
in fat content may be associated with better survival among individuals with ALS [15]. For
this reason, BC is an important component of the nutrition evaluation and monitoring in
ALS [18].

There are many methods to evaluate BC. Among them, bioelectrical impedance anal-
ysis (BIA) has been validated and used in ALS [18,19] and has advantages because it is
fast, safe, inexpensive, accurate, and non-invasive [20]. BIA measures the impedance (Z),
comprised of resistance (R) and reactance (Xc), of a small alternating current applied to
the body [20]. R and Xc values are used in predictive equations to calculate fat-free mass
(FFM), fat mass (FM), total body water (TBW), and phase angle (PhA), the latter used as
an indicator of health, cellular quality, function, and membrane integrity [20,21]. BIA is
based on the premise that FM offers greater resistance to the electrical current flow, while
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FEM provides less resistance. Additionally, body fluids and cell membranes contribute to
conductivity and low impedance. In contrast, bone, fat, and triglycerides lack conductivity
and have high impedance [22]. Many factors can influence the BIA results such as hydration
status, ascites, edema, electrolyte balance, use of a pacemaker, body position, prior physical
activity, body temperature, and dietary intake. Thus, an adequate standardization of BIA is
required to achieve dependable measurements [18].

BIA can be complemented by the BIVA, developed by Piccoli et al. [23]. In BIVA, R and
Xc, adjusted for height, are represented as points on a graph. These points can be compared
to tolerance ellipses set at 50%, 75%, and 95% based on a healthy population of the same
gender and race. The size and shape of the ellipse change with age and body size [22]. This
semi-quantitative method allows the determination of changes in body fluids, hydration
status, and body cell mass [24]. The main advantage of BIA is that it can be used to evaluate
patients directly using bioelectrical parameters, without relying on predictive equations or
body weight [22].

BIVA tolerance ellipses interpretation stands that an abnormal situation is indicated
when the experimental data falls outside the 95th percentile ellipsis; a high body cell
mass is suggested when the data are positioned above the long axis of the ellipsis; and
hypohydration is inferred when the data appears to the right of the short axis of the ellipsis.
The TBW shows an inverse relationship with the length of the impedance vector, and the
combination of this vector’s length and direction is referred to as the PhA [25].

BIVA has been used in the evaluation of BC and as a predictor of mortality in several
neurological diseases, such as Duchenne muscular dystrophy (DMD) [26], Alzheimer’s [27],
Parkinson’s [28], and systemic sclerosis [29]. BIVA may be an interesting approach to
consider in ALS for a number of reasons. First, BIVA does not depend on error-prone
predictive equations such as those used for BIA. Secondly, BIVA does not require weight,
a parameter not always available, especially for patients in wheelchairs. Thirdly, BIVA is
sensitive to identifying early and minimal changes in BC.

Considering that nutritional status directly influences prognosis and survival in ALS,
and that there is no gold standard method to assess the nutritional status, it is of the
utmost importance to connect complementary data about nutritional status in ALS patients,
especially those related to BC.

We believe that taking PhA and BIVA into account, since the early stages of ALS, is
critical in guiding nutrition interventions for maintaining proper nutritional status and
avoiding malnutrition, factors that can improve the prognosis in ALS. We hypothesized
that BIVA could bring new insights for nutrition evaluation and monitoring in ALS patients.
Therefore, the aim of this study was to investigate the BC in ALS patients, including the
BIVA approach, compared with matched healthy individuals.

2. Materials and Methods
2.1. Ethical Aspects and Sample Characterization

A cross-sectional observational study was performed with ALS patients treated at a
multidisciplinary outpatient facility of the Onofre Lopes University Hospital (HUOL) in
Natal, Brazil.

This study was approved by the Research Ethics Committee of the Federal University
of Rio Grande do Norte (UFRN), Brazil (CAAE: 40467214.0.0000.5292). Data were collected
between March 2016 and December 2016. All patients provided written informed consent
before enrolling in the study.

Considering the low cost and the time frame, the subjects were selected by convenience
sampling based on their accessibility and proximity to the research [30]. At the time of the
study, only 24 patients were being followed up in our facility. Thus, the sample size of
20 patients was representative of the target population. In addition, because ALS is a rare
disease, non-multicentric studies with a small sample size have been published [19,31-33].
Following the El Escorial criteria for ALS diagnosis [9] patients with probable and definite
ALS were included in our study. Patients with respiratory insufficiency, edema, or using a
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pacemaker were excluded due to the difficulty in performing BIA or possible interference
with BIA [34]. The control group was comprised of healthy individuals from the same
community. A matching system based on age and sex was adopted to improve the quality
of the data.

2.2. Functional Status and Anthropometry

In order to characterize the patients regarding the severity of the disease, their func-
tional status was evaluated by the Revised Amyotrophic Lateral Sclerosis Functional Rating
Scale (ALSFRS-R) that scores the functional status of the patients from 48 (maximum
score = normal) to 0 (minimum score = no ability) [35].

Bodyweight (kg) and height (cm) were measured using an electronic ramp scale (KN
R 500/50, KN Waagen, Sao Paulo, Brazil) and a stadiometer (Professional Sanny, American
Medical do Brazil, Sao Paulo, Brazil), respectively. BMI was calculated as the ratio between
body weight and height squared (kg/m?).

2.3. Bioelectrical Impedance Analysis

The bioimpedance parameters R ((2) and Xc ((2) were obtained using the Quantum
II® body composition analyzer (RJL Systems, Clinton Township, MI, USA) obtained as
described by Lukaski et al. (1986) [24,36]. The tetrapolar approach was applied for BIA,
with the patient lying supine and four self-adhesive point electrodes placed on the dor-
sal surfaces of the right hand and foot, respectively, according to the literature [26,36].
Bioimpedance analysis was used to determine BC (FM, FFM, and TBW) as well as other
bioelectrical parameters (PhA, R/H, and Xc/H) [24,36,37].

2.4. Phase Angle and Bioelectrical Impedance Vector Analysis

Protocols and considerations for the assessment of the PhA and BIVA are described
in the literature [23,36-38]. Briefly, R and Xc data were subsequently used to determine
the PhA and BIVA. The PhA was calculated using the following formula: PhA = tangent
arc (Xc/R)*180/7t [37]. The BIVA results were based on the analysis of normalized R and
Xc values for the patients” height (H) measurements (R/H and Xc/H in ()/m), as a single
vector measured in an individual at a single time [39].

Confidence intervals established for the healthy population were compared to specific
metrics [38]. The vector shift over the ellipse is a semiquantitative method for assessing BC,
whereas the shortening or lengthening of the vector suggests changes in body hydration [26].
Vector shifts parallel to the minor axis of the ellipses indicate changes in cell mass [24].

To plot the bivariate 50th, 75th, and 95th percentiles of the population by age group,
the values of resistance and reactance adjusted by height were utilized. Values that are
outside of the ellipse at 75% were deemed abnormal [23]. Mean impedance vectors were
compared with Hotelling’s T? test for vector analysis. Hotelling’s T2 test is a multivariate
extension of Student’s ¢-test for unpaired data used for the comparison of mean vectors
from two groups. Two mean vectors are significantly different in the R-Xc graph if their
95% confidence ellipses did not overlap according to Hotelling’s T2 test (p < 0.05). On the
contrary, if the vectors are overlapping, they are not significantly different (p > 0.05) [40].
Bivariate vectors and confidence ellipses of participants were plotted in graphs.

2.5. Statistical Analysis

Statistical analysis was performed using GraphPad Software, LLC. (Boston, MA, USA,
Version 9.5.1), observing the distribution of the data in a normal curve using the Shapiro—-
Wilk test. Quantitative variables with a normal distribution were expressed as the means
and standard deviations. Anthropometric and BC data were compared between groups
using the student’s t-test. All analyses for BIVA were performed using the BIVA 2002
software [39]. A value of p < 0.05 indicated statistical significance.
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3. Results

In this study, 40 participants were divided into two groups: case group (n = 20, ALS
patients) and control group (n = 20, healthy subjects. The mean ages for the case and
control groups were 52.7 and 50.6 years, respectively. Among ALS patients, 45% were
female, and 30% had bulbar onset ALS. Additionally, the average disease duration was 44
(20-55) months, and the ALSFRS-R score was 22.6 (8.8). In comparison to the control group,
the case group exhibited significantly lower values in BMI (p = 0.0002), FFM, TBW, PhA,
and R/H (all p <0.0001), and Xc/H (p = 0.0017) (Table 1).

Table 1. Anthropometric data, body composition, and bioelectrical parameters of participants.

Variable Cases (n = 20) Controls (n = 20) P

Sex, Male/Female 11/9 11/9 -

Age, years 52.7 (11.6) 50.3 (10.0) -
Body Mass Index, kg/m? 21.9 (2.9) 27.2 (5.1) 0.0002
Fat Mass, Kg 19.2 (5.8) 22.1(9.6) 0.2616
Fat Free Mass, Kg 37.9 (6.0) 51.7 (11.0) <0.0001
Total Body Water, Kg 27.1 (4.3) 374 (8.3) <0.0001
Phase Angle, ° 3.4(0.9) 6.2 (1.0) <0.0001
R/H, Ohm/m 455.2 (76.4) 322.4 (73.6) <0.0001
Xc/H, Ohm/m 26.7 (6.6) 342 (7.3) 0.0017

Xc/H, Ohm/m

60

Values expressed as mean (standard deviation). R/H, Resistance/Height. Xc/H, Reactance/Height.

The evaluation of tolerance ellipses shows that the vectors of ALS patients are shifted to
the right, and all patients are placed out of ellipses at 95% for both men and women, which
means lower PhA and cell mass (Figure 1). The mean impedance vector was statistically
different between cases and controls (p < 0.0001), with case vectors shifting significatively
to the right (Figure 2).

Men 60 Women

50

Y
o

—95% tolerance

Xc/H, Ohm/m
w
(=]

. " —75% tolerance " —95% tolerance
50% tolerance 56 —T75% tolerance
. * Cases 50% tolerance
4 Controls » Cases
10 & Controls
300 400 500 600 700 0 100 200 300 400 500 600 700
R/H, Ohm/m R/H, Ohm/m

Figure 1. Bivariate vector positioning and tolerance ellipses of ALS patients (cases) and healthy
subjects (controls). Impedance vectors plotted in the tolerance ellipses of 50%, 75%, and 95%,
according to the reference population. R/H, Resistance/Height. Xc/H, Reactance/Height.
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Figure 2. Confidence ellipses of ALS patients (cases) (in red) and healthy subjects (controls) (in
blue). The statistical analysis was performed by Hotelling’s T2 test. R/H, Resistance/Height. Xc/H,
Reactance/Height.

4. Discussion

In this study, we evaluated BC and bioelectrical parameters in Brazilian ALS patients
compared to healthy peers. Our main results showed that ALS patients presented low
levels of BMIL, FFM, R/H, Xc/H, hydration, and cellularity, compared to the control group.

Malnutrition is frequent in ALS patients [2,17], affecting 9 to 55% of them [41]. Authors
have shown that patients with a weight loss of 5% or more at the time of diagnosis
experience a twofold increase in the risk of death [42]. Also, weight loss is associated with
a poor prognosis in different periods of the disease, even before its onset [1,15,18,33,43].
Overweight or additional feeding to maintain BMI is advantageous and prolongs survival
in ALS [1]. A high BMI can positively influence the survival of ALS patients [44]. The main
causes of malnutrition in ALS include dysphagia, poor oral intake, progressive muscle
degeneration, and potential hypermetabolism. Therefore, it is crucial to conduct nutrition
evaluations and regularly monitor these patients [2].

In individuals with ALS, the catabolism (breakdown of FM and FFM) is well docu-
mented, and it is usually a consequence of reduced food consumption, increased metabolic
rate, and denervation of skeletal muscle [41,42,45,46]. Hypermetabolism in ALS is con-
tradictory, and its origin remains unknown. Theoretically, catabolism, especially marked
by muscle atrophy in ALS patients, should be followed by a decreased metabolic rate
since the muscle is the most metabolically active tissue in the body [47]. However, the
common hypermetabolism in ALS patients might occur as a consequence of a set of factors,
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including denervation of skeletal muscle, mitochondrial dysfunction, increased respiratory
muscle expenditure, and hypothalamic atrophy [48,49]. Muscle denervation can elevate the
oxygen utilization rate, mitochondrial dysfunction impairs oxygen use and energy produc-
tion, heightened respiratory effort adds more energy demand and hypothalamic atrophy
can influence food intake and energy expenditure, changing neuroendocrine mechanisms
related to the overall metabolism [48].

Studies have confirmed that hypermetabolism [50-55] affects not only body com-
position but the prognosis, especially in those ALS patients with low BMI at the time
of diagnosis [56]. Also, hypermetabolism is an independent risk factor for death and
tracheostomy in ALS [55].

In our study, we identified significantly lower BMI and FFM values in ALS patients
when compared to healthy controls. In addition, no difference was found in FM between
the groups. Interestingly, Li et al. (2022) observed no significant difference in BC between
ALS patients and controls, except BMI [15]. On the other hand, Marin et al. (2011) identified
significantly lower BMI and FFM values in ALS patients, comparing at diagnosis and before
death [42].

Although BMI is a common indicator for evaluating the nutritional status of people
and is even recommended by guidelines for the nutritional assessment of patients with
ALS [5,11], this parameter does not differentiate between body composition compartments,
such as FM and FFM. Thus, an exploration of BC, rather than solely relying on BMI, could be
beneficial in guiding nutritional interventions, as well as in evaluating disease progression
and survival.

Investigating BC and prognosis in ALS patients, a study has revealed that men experi-
ence more pronounced deterioration in their BC than women, leading to a swifter disease
progression and reduced lifespan. This accelerated decline may be explained by men
having less FM and more metabolically active FFM, resulting in lower energy storage [1].
Loss of FFM can also be considered a risk factor, accelerating progression, and causing
early death [57]. Thus, FEM is another important parameter to consider for the nutritional
monitoring of ALS patients.

Hydration plays a crucial role in maintaining good health and preventing diseases [58].
Compared to healthy controls, we observed dehydration in ALS patients, according to
low levels of TBW and the placements of the vectors. In agreement, Marin et al. (2011)
identified significantly lower TBW values in ALS patients [42]. Risk factors for dehydration
in ALS include bulbar-onset, dysphagia, old age, and advanced disease. These authors
have found that water intake and hydration status are prognostic indicators of survival in
ALS, independent of age, site of onset, BMI, body size, or disease severity [59]. Water intake
and TBW parameters should stand out in monitoring and guiding nutrition intervention in
ALS patients.

Regarding the PhA, our study observed an average value of 3.4, indicating low cel-
lularity. In agreement, Roubeau et al. (2015) found means of 3.8 and 4.5 for women and
men with ALS, respectively [18]. Desport et al. (2008) demonstrated that the PhA was
greatly reduced in ALS patients, with a mean value of 3.2. Moreover, a PhA below 2.5 was
associated with a significantly poor survival rate [60].

PhA values ranging from 5 to 7 signify healthy cellular structure and robust membrane
integrity, typically observed in a good population. Conversely, lower PhA values are
associated with alterations in fluid balance and compromised membrane integrity [21,61].
A large body of evidence confirms that PhA is related to cellular health and hydration,
muscle mass [62,63], muscle strength [64], and quality of soft tissues [20,61], reflecting
cellular integrity [18]. Also, PhA has been useful as an indicator of muscle strength and
muscle quality [64].

Low PhA in ALS can be a reflex of malnutrition and alterations in cell membrane
integrity [60], loss of muscle strength [65], inflammation, and oxidative stress [66]. This can
compromise cell functions and increase the risk of cell apoptosis [67].
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PhA relates to metabolically active tissue such as FFM. In a representative study with
healthy subjects, FFM emerged as one of the key determinants of PhA [66]. PhA has a
relevant role in ALS because it is an independent prognostic factor [18,68]. The decrease in
PhA during ALS reflects changes in BC, overall health, and functional status [42], and is
associated with shorter survival [18].

PhA has been used as a prognostic factor not only in ALS [41,60] but in many clinical
conditions such as DMD [26], systemic sclerosis [29], Alzheimer’s [27,69], Parkinson [28],
and psychogeriatric patients [70]. PhA has a good correlation with other nutritional
assessment methods [60]. Thus, the use of the PhA should be encouraged in the nutrition
care of ALS patients.

Regarding the BIVA, we observed that most patients, regardless of sex, were outside
the 95% tolerance ellipse. ALS patients had lower R/H and Xc/H values when compared
to the controls, which can be seen by the case group vector shift to the right. This confirms
lower PhA and less soft tissue in ALS patients. Because of the lack of studies relating to
BIVA and ALS patients, we discussed this point considering other neurological conditions.

In systemic sclerosis patients, authors observed significant differences in several BIVA
variables when compared to the control group. In addition, BIVA had a predictive asso-
ciation with mortality in these patients [29]. In another study comparing BIVA between
healthy individuals and patients with Parkinson’s disease (PD), the authors found a sig-
nificant displacement of the average impedance vector in PD male patients aged 60 to
79 years, compared with healthy controls. Also, BIVA was useful in detecting cachexia and
dehydration in individual patients with PD [71]. The literature points to BIVA as a useful
measure for detecting changes in muscle mass and sarcopenia in elderly people [64]. In
a study performed with Alzheimer’s patients, authors point to BIVA as a potential tool
to identify initial shifts in body BC that might mirror the early symptoms of the disease
process [27].

These examples provide insights into the contribution of BIVA as an assessment and
monitoring tool in ALS patients. Again, BIVA does not present limitations such as errors
derived from predictive equations for BC assessment [20]. Therefore, BIVA is useful in
periodical nutritional status evaluation in ALS patients, in order to monitor the disease
progression and guide the nutritional intervention.

This study has some limitations. First, the cross-sectional design of this study cannot
infer cause and effect related to the differences in BC found between ALS patients and
health controls. Second, the small sample size, as it is a rare disease, and a single-center
study shows the sample size limitation. Another limitation is the lack of comparison of
BC with a gold standard such as dual emission X-ray densitometry (DXA). More studies
minimizing these limitations are needed. We also encourage new studies and designs
investigating BIVA in ALS patients, unveiling its potential as a prognostic indicator in
ALS patients.

5. Conclusions

The BC of ALS patients and healthy subjects differ significantly. ALS patients pre-
sented a significantly lower PhA and low levels of hydration, cellularity, and muscle mass,
even with a mean eutrophic BMI. Our findings highlight BC and bioelectrical parame-
ters, including PhA and BIVA, as valuable indicators of nutrition status, which should be
implemented in the nutrition care process of ALS patients during the disease course.

Author Contributions: Conceptualization, T.A.C., AN.d.A.B. and L.L.-L.; Data curation, A.N.d.A.B.
and L.L.-L.; Formal analysis, M.M.G.D.L. and L.L.-L.; Investigation, AN.d.A.B.,, KM.V.-S. and L.L.-L.;
Methodology, T.A.C., AN.d.A.B. and L.L.-L.; Project administration, J.B.-N. and L.L.-L.; Software,
MM.G.D.L.and L.L.-L.; Supervision, ].B.-N. and L.L.-L.; Validation, M.M.G.D.L. and L.L.-L.; Writing—
original draft, T.A.C., AN.d.A.B. and L.L.-L.; Writing—review and editing, M.M.G.D.L., SH.d.L.V.
and L.L.-L. All authors have read and agreed to the published version of the manuscript.



Appl. Sci. 2024, 14, 1545 9o0f 12

Funding: This research was funded by “CAPES—Higher Education Improvement Coordination”,
grant number 88887.824483/2023-00.

Institutional Review Board Statement: The study was approved by the Ethics Committee of the
Federal University of Rio Grande do Norte (UFRN), Brazil (CAAE: 40467214.0.0000.5292).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data presented in this study are available on request from the cor-
responding author. The data are not publicly available due to privacy issues. It contains information
that could compromise the privacy of research participants assured in the informed consent form
signed to participate in this study.

Acknowledgments: We extend our gratitude to the patients, their families, and the multidisciplinary
outpatient center at the Onofre Lopes University Hospital in Natal, Brazil.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Tandan, R.; Levy, E.A.; Howard, D.B.; Hiser, J.; Kokinda, N.; Dey, S.; Kasarskis, E.J. Body Composition in Amyotrophic Lateral
Sclerosis Subjects and Its Effect on Disease Progression and Survival. Am. J. Clin. Nutr. 2022, 115, 1378-1392. [CrossRef]

2. D’Amico, E.; Grosso, G.; Nieves, ] W.; Zanghi, A.; Factor-Litvak, P.; Mitsumoto, H. Metabolic Abnormalities, Dietary Risk Factors
and Nutritional Management in Amyotrophic Lateral Sclerosis. Nutrients 2021, 13, 2273. [CrossRef]

3. De Marchi, F; Carrarini, C.; De Martino, A.; Diamanti, L.; Fasano, A.; Lupica, A.; Russo, M.; Salemme, S.; Spinelli, E.G.; Bombaci,
A. Cognitive Dysfunction in Amyotrophic Lateral Sclerosis: Can We Predict It? Neurol. Sci. 2021, 42, 2211-2222. [CrossRef]

4. Masrori, P; Van Damme, P. Amyotrophic Lateral Sclerosis: A Clinical Review. Eur. |. Neurol. 2020, 27, 1918-1929. [CrossRef]

5. Burgos, R.; Breton, I; Cereda, E.; Desport, ].C.; Dziewas, R.; Genton, L.; Gomes, F; Jésus, P,; Leischker, A.; Muscaritoli, M.; et al.
ESPEN Guideline Clinical Nutrition in Neurology. Clin. Nutr. 2018, 37, 354-396. [CrossRef]

6. Lyon, M.S.; Wosiski-Kuhn, M.; Gillespie, R.; Caress, J.; Milligan, C. Inflammation, Immunity, and Amyotrophic Lateral Sclerosis:
L. Etiology and Pathology. Muscle Nerve 2019, 59, 10-22. [CrossRef]

7. Longinetti, E.; Fang, F. Epidemiology of Amyotrophic Lateral Sclerosis: An Update of Recent Literature. Curr. Opin. Neurol. 2019,
32,771-776. [CrossRef]

8. Ajroud-Driss, S.; Siddique, T. Sporadic and Hereditary Amyotrophic Lateral Sclerosis (ALS). Biochim. Biophys. Acta Mol. Basis Dis.
2015, 1852, 679-684. [CrossRef]

9.  Brooks, B.R;; Miller, R.G.; Swash, M.; Munsat, T.L. El Escorial Revisited: Revised Criteria for the Diagnosis of Amyotrophic
Lateral Sclerosis. Amyotroph. Lateral Scler. Mot. Neuron Disord. 2000, 1, 293-299. [CrossRef]

10. Del Olmo Garcia, M.D.; Virgili Casas, N.; Cantén Blanco, A.; Lozano Fuster, EM.; Wanden-Berghe, C.; Avilés, V,;
Ashbaugh Enguidanos, R.; Ferrero Lopez, I.; Molina Soria, J.B.; Montejo Gonzalez, J.C.; et al. Manejo Nutricional de La
Esclerosis Lateral Amiotréfica: Resumen de Recomendaciones. Nutr. Hosp. 2018, 35, 1243. [CrossRef]

11.  Shoesmith, C.; Abrahao, A.; Benstead, T.; Chum, M.; Dupre, N.; Izenberg, A.; Johnston, W.; Kalra, S.; Leddin, D.; O’Connell, C.;
et al. Canadian Best Practice Recommendations for the Management of Amyotrophic Lateral Sclerosis. Can. Med. Assoc. ]. 2020,
192, E1453-E1468. [CrossRef]

12.  Miller, R.G.; Mitchell, ].D.; Moore, D.H. Riluzole for Amyotrophic Lateral Sclerosis (ALS)/Motor Neuron Disease (MND). Cochrane
Database Syst. Rev. 2012, 3, CD001447. [CrossRef]

13.  Okada, M.; Yamashita, S.; Ueyama, H.; Ishizaki, M.; Maeda, Y.; Ando, Y. Long-Term Effects of Edaravone on Survival of Patients
with Amyotrophic Lateral Sclerosis. eNeurologicalSci 2018, 11, 11-14. [CrossRef]

14. Paipa, A.].; Povedano, M.; Barcelo, M.A.; Dominguez, R.; Saez, M.; Turon-Sans, ].; Prats, E.; Farrero, E.; Virgili, M.; Martinez Matos,
J.; et al. Survival Benefit of Multidisciplinary Care in Amyotrophic Lateral Sclerosis in Spain: Association with Noninvasive
Mechanical Ventilation. J. Multidiscip. Healthc. 2019, 12, 465-470. [CrossRef]

15. Li, J.-Y; Sun, X.-H.; Cai, Z.-Y.; Shen, D.; Yang, X.-Z.; Liu, M.-S.; Cui, L.-Y. Correlation of Weight and Body Composition with
Disease Progression Rate in Patients with Amyotrophic Lateral Sclerosis. Sci. Rep. 2022, 12, 13292. [CrossRef]

16. Xia, K,; Wang, Y.; Zhang, L.; Tang, L.; Zhang, G.; Huang, T.; Huang, N.; Fan, D. Dietary-Derived Essential Nutrients and
Amyotrophic Lateral Sclerosis: A Two-Sample Mendelian Randomization Study. Nutrients 2022, 14, 920. [CrossRef]

17.  Schimmel, M.; Leuchter, I.; Héritier Barras, A.-C.; Leles, C.R.; Abou-Ayash, S.; Viatte, V.; Esteve, E,; Janssens, ].-P.; Mueller, F.;
Genton, L. Oral Function in Amyotrophic Lateral Sclerosis Patients: A Matched Case—Control Study. Clin. Nutr. 2021, 40,
4904-4911. [CrossRef]

18. Roubeau, V.; Blasco, H.; Maillot, E; Corcia, P; Praline, J. Nutritional Assessment of Amyotrophic Lateral Sclerosis in Routine
Practice: Value of Weighing and Bioelectrical Impedance Analysis. Muscle Nerve 2015, 51, 479-484. [CrossRef]

19. Desport, J.C.; Preux, PM.; Bouteloup-Demange, C.; Clavelou, P.; Beaufrere, B.; Bonnet, C.; Couratier, P.P. Validation of Bioelectrical

Impedance Analysis in Patients with Amyotrophic Lateral Sclerosis. Am. . Clin. Nutr. 2003, 77, 1179-1185. [CrossRef]


https://doi.org/10.1093/ajcn/nqac016
https://doi.org/10.3390/nu13072273
https://doi.org/10.1007/s10072-021-05188-0
https://doi.org/10.1111/ene.14393
https://doi.org/10.1016/j.clnu.2017.09.003
https://doi.org/10.1002/mus.26289
https://doi.org/10.1097/WCO.0000000000000730
https://doi.org/10.1016/j.bbadis.2014.08.010
https://doi.org/10.1080/146608200300079536
https://doi.org/10.20960/nh.2162
https://doi.org/10.1503/cmaj.191721
https://doi.org/10.1002/14651858.CD001447.pub3
https://doi.org/10.1016/j.ensci.2018.05.001
https://doi.org/10.2147/JMDH.S205313
https://doi.org/10.1038/s41598-022-16229-9
https://doi.org/10.3390/nu14050920
https://doi.org/10.1016/j.clnu.2021.06.022
https://doi.org/10.1002/mus.24419
https://doi.org/10.1093/ajcn/77.5.1179

Appl. Sci. 2024, 14, 1545 10 of 12

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Silleras, B.D.M.; Ares, G.C.; Marcos, S.D.L.C.; Enciso, L.C.; Fernandez, E.Q.; Rio, PR.D. Bioelectrical Impedance Vector Analysis
(BIVA) and Somatotype in Female Rugby Players. Appl. Sci. 2023, 13, 5242. [CrossRef]

Caparello, G.; Galluccio, A.; Ceraudo, F.; Pecorella, C.; Buzzanca, F.; Cuccomarino, F.; Bonofiglio, D.; Avolio, E. Evaluation of
Body Composition Changes by Bioelectrical Impedance Vector Analysis in Volleyball Athletes Following Mediterranean Diet
Recommendations during Italian Championship: A Pilot Study. Appl. Sci. 2023, 13, 2794. [CrossRef]

Kyle, U.G.; Bosaeus, I.; De Lorenzo, A.D.; Deurenberg, P.; Elia, M.; Gémez, ]. M.; Heitmann, B.L.; Kent-Smith, L.; Melchior, J.-C.;
Pirlich, M.; et al. Bioelectrical Impedance Analysis? Part I: Review of Principles and Methods. Clin. Nutr. 2004, 23, 1226-1243.
[CrossRef]

Piccoli, A. Bioelectric Impedance Measurement for Fluid Status Assessment. In Contributions to Nephrology: Fluid Overload:
Diagnosis and Management; Karger: Basel, Switzerland, 2010; Volume 164, pp. 143-152.

Lukaski, H.C.; Vega Diaz, N.; Talluri, A.; Nescolarde, L. Classification of Hydration in Clinical Conditions: Indirect and Direct
Approaches Using Bioimpedance. Nutrients 2019, 11, 809. [CrossRef]

Bauermann, A.; Costa e Silva, A.D.A.; Figueiredo, F; Koury, ].C. Bioelectrical Impedance Vector Analysis and Body Composition
in Cervical Spinal Cord Injury: A Pilot Study. Front. Nutr. 2022, 9, 935128. [CrossRef]

Vermeulen, K.M.; Lopes, M.M.G.D.; Grilo, E.C.; Alves, C.X,; Machado, RJ.A; Lais, L.L.; Brandao-neto, J.; Vale, S.H.L. Bioelectrical
Impedance Vector Analysis and Phase Angle in Boys with Duchenne Muscular Dystrophy. Food Nutr. Res. 2019, 1, 1-9. [CrossRef]
Cova, I; Pomati, S.; Maggiore, L.; Forcella, M.; Cucumo, V.; Ghiretti, R.; Grande, G.; Muzio, F; Mariani, C. Nutritional Status
and Body Composition by Bioelectrical Impedance Vector Analysis: A Cross Sectional Study in Mild Cognitive Impairment and
Alzheimer’s Disease. PLoS ONE 2017, 12, e0171331. [CrossRef]

Do Nascimento, T.G.; Paes-Silva, R.P.; da Luz, M.C.L.; Cabral, P.C.; de Aradjo Bezerra, G.K.; Gomes, A.C.B. Phase Angle, Muscle
Mass, and Functionality in Patients with Parkinson’s Disease. Neurol. Sci. 2022, 43, 4203-4209. [CrossRef]

Di Battista, M.; Barsotti, S.; Monaco, A.; Rossi, A.; Della Rossa, A.; Mosca, M. Bioelectrical Impedance Vector Analysis for
Nutritional Status Assessment in Systemic Sclerosis and Association with Disease Characteristics. J. Rheumatol. 2021, 48, 728-734.
[CrossRef]

Jager, J.; Putnick, D.L.; Bornstein, M.H., II. More Than Just Convenient: The Scientific Merits of Homogeneous Convenience
Samples. Monogr. Soc. Res. Child. Dev. 2017, 82, 13-30. [CrossRef]

De Marchi, E; Sarnelli, M.E,; Serioli, M.; De Marchi, 1.; Zani, E.; Bottone, N.; Ambrosini, S.; Garone, R.; Cantello, R.; Mazzini, L.;
et al. Telehealth Approach for Amyotrophic Lateral Sclerosis Patients: The Experience during COVID-19 Pandemic. Acta Neurol.
Scand. 2021, 143, 489-496. [CrossRef]

Tarlarini, C.; Greco, L.C.; Lizio, A.; Gerardi, F.; Sansone, V.A.; Lunetta, C. Taste Changes in Amyotrophic Lateral Sclerosis and
Effects on Quality of Life. Neurol. Sci. 2019, 40, 399—404. [CrossRef] [PubMed]

Lee, I; Kazamel, M.; McPherson, T.; McAdam, J.; Bamman, M.; Amara, A.; Smith, D.L.; King, P.H. Fat Mass Loss Correlates with
Faster Disease Progression in Amyotrophic Lateral Sclerosis Patients: Exploring the Utility of Dual-Energy X-Ray Absorptiometry
in a Prospective Study. PLoS ONE 2021, 16, €0251087. [CrossRef] [PubMed]

Kyle, U.G,; Bosaeus, I.; De Lorenzo, A.D.; Deurenberg, P; Elia, M.; Manuel Gémez, J.; Lilienthal Heitmann, B.; Kent-Smith, L.;
Melchior, J.-C.; Pirlich, M.; et al. Bioelectrical Impedance Analysis—Part II: Utilization in Clinical Practice. Clin. Nutr. 2004, 23,
1430-1453. [CrossRef]

Cedarbaum, J.M.; Stambler, N.; Malta, E.; Fuller, C.; Hilt, D.; Thurmond, B.; Nakanishi, A. The ALSFRS-R: A Revised ALS
Functional Rating Scale That Incorporates Assessments of Respiratory Function. J. Neurol. Sci. 1999, 169, 13-21. [CrossRef]
[PubMed]

Lukaski, H.C.; Bolonchuk, W.W.; Hall, C.B.; Siders, W.A. Validation of Tetrapolar Bioelectrical Impedance Method to Assess
Human Body Composition. J. Appl. Physiol. 1986, 60, 1327-1332. [CrossRef]

Baumgartner, R.; Chumlea, W.; Roche, A. Bioelectric Impedance Phase Angle and Body Composition. Am. J. Clin. Nutr. 1988, 48,
16-23. [CrossRef]

Piccoli, A.; Nigrelli, S.; Caberlotto, A.; Bottazzo, S.; Rossi, B.; Pillon, L.; Maggiore, Q. Bivariate Normal Values of the Bioelectrical
Impedance Vector in Adult and Elderly Populations. Am. J. Clin. Nutr. 1995, 61, 269-270. [CrossRef]

Piccoli, A.; Pastori, G. BIVA Software 2002; Department of Medical and Surgical Sciences, University of Padova: Padova, Italy, 2002.
Redondo-del-Rio, M.P,; Camina-Martin, M.A.; Marugén-de-Miguelsanz, ]J.; de-Mateo-Silleras, B. Bioelectrical Impedance Vector
Reference Values for Assessing Body Composition in a Spanish Child and Adolescent Population. Am. J. Hum. Biol. 2017, 29,
€22978. [CrossRef]

Fayemendy, P.; Marin, B.; Labrunie, A.; Boirie, Y.,; Walrand, S.; Achamrah, N.; Coéffier, M.; Preux, P-M.; Lautrette, G;
Desport, ].-C.; et al. Hypermetabolism Is a Reality in Amyotrophic Lateral Sclerosis Compared to Healthy Subjects. J. Neurol. Sci.
2021, 420, 117257. [CrossRef]

Marin, B.; Desport, ].C.; Kajeu, P; Jesus, P.; Nicolaud, B.; Nicol, M.; Preux, PM.; Couratier, P. Alteration of Nutritional Status at
Diagnosis Is a Prognostic Factor for Survival of Amyotrophic Lateral Sclerosis Patients. |. Neurol. Neurosurg. Psychiatry 2011, 82,
628-634. [CrossRef]

Kellogg, J.; Bottman, L.; Arra, E.J.; Selkirk, S.M.; Kozlowski, F. Nutrition Management Methods Effective in Increasing Weight,
Survival Time and Functional Status in ALS Patients: A Systematic Review. Amyotroph. Lateral Scler. Front. Degener. 2018, 19, 7-11.
[CrossRef] [PubMed]


https://doi.org/10.3390/app13095242
https://doi.org/10.3390/app13052794
https://doi.org/10.1016/j.clnu.2004.06.004
https://doi.org/10.3390/nu11040809
https://doi.org/10.3389/fnut.2022.935128
https://doi.org/10.29219/fnr.v63.1615
https://doi.org/10.1371/journal.pone.0171331
https://doi.org/10.1007/s10072-022-05975-3
https://doi.org/10.3899/jrheum.200964
https://doi.org/10.1111/mono.12296
https://doi.org/10.1111/ane.13373
https://doi.org/10.1007/s10072-018-3672-z
https://www.ncbi.nlm.nih.gov/pubmed/30515604
https://doi.org/10.1371/journal.pone.0251087
https://www.ncbi.nlm.nih.gov/pubmed/33956876
https://doi.org/10.1016/j.clnu.2004.09.012
https://doi.org/10.1016/S0022-510X(99)00210-5
https://www.ncbi.nlm.nih.gov/pubmed/10540002
https://doi.org/10.1152/jappl.1986.60.4.1327
https://doi.org/10.1093/ajcn/48.1.16
https://doi.org/10.1093/ajcn/61.2.269
https://doi.org/10.1002/ajhb.22978
https://doi.org/10.1016/j.jns.2020.117257
https://doi.org/10.1136/jnnp.2010.211474
https://doi.org/10.1080/21678421.2017.1360355
https://www.ncbi.nlm.nih.gov/pubmed/28799809

Appl. Sci. 2024, 14, 1545 11 0f 12

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Park, J.-W.; Kim, M.; Baek, S.-H.; Sung, ].H.; Yu, J.-G.; Kim, B.-J. Body Fat Percentage and Availability of Oral Food Intake:
Prognostic Factors and Implications for Nutrition in Amyotrophic Lateral Sclerosis. Nutrients 2021, 13, 3704. [CrossRef] [PubMed]
Kasarskis, E.J.; Mendiondo, M.S.; Matthews, D.E.; Mitsumoto, H.; Tandan, R.; Simmons, Z.; Bromberg, M.B.; Kryscio, RJ.
Estimating Daily Energy Expenditure in Individuals with Amyotrophic Lateral Sclerosis. Am. J. Clin. Nutr. 2014, 99, 792-803.
[CrossRef] [PubMed]

D’Antona, S.; Caramenti, M.; Porro, D.; Castiglioni, I.; Cava, C. Amyotrophic Lateral Sclerosis: A Diet Review. Foods 2021,
10, 3128. [CrossRef] [PubMed]

Bouteloup, C.; Desport, ].-C.; Clavelou, P.; Guy, N.; Derumeaux-Burel, H.; Ferrier, A.; Couratier, P. Hypermetabolism in ALS
Patients: An Early and Persistent Phenomenon. J. Neurol. 2009, 256, 1236-1242. [CrossRef]

Steyn, EJ.; loannides, Z.A.; van Eijk, R.P.A.; Heggie, S.; Thorpe, K.A.; Ceslis, A.; Heshmat, S.; Henders, A.K.; Wray, N.R,;
van den Berg, L.H.; et al. Hypermetabolism in ALS Is Associated with Greater Functional Decline and Shorter Survival. J. Neurol.
Neurosurg. Psychiatry 2018, 89, 1016-1023. [CrossRef]

Vercruysse, P; Vieau, D.; Blum, D.; Petersén, A Dupuis, L. Hypothalamic Alterations in Neurodegenerative Diseases and Their
Relation to Abnormal Energy Metabolism. Front. Mol. Neurosci. 2018, 11, 2. [CrossRef]

Kurihara, M.; Bamba, S.; Yasuhara, S.; Itoh, A.; Nagao, T.; Nakanishi, N.; Nakamura, R.; Ogawa, N.; Kitamura, A.; Yamakawa, L;
et al. Factors Affecting Energy Metabolism and Prognosis in Patients with Amyotrophic Lateral Sclerosis. Ann. Nutr. Metab. 2021,
77,236-243. [CrossRef]

Barone, M.; Viggiani, M.T.; Introna, A.; D’errico, E.; Scarafino, A.; lannone, A.; Di Leo, A.; Simone, I.L. Nutritional Prognostic
Factors for Survival in Amyotrophic Lateral Sclerosis Patients Undergone Percutaneous Endoscopic Gastrostomy Placement.
Amyotroph. Lateral Scler. Front. Degener. 2019, 20, 490-496. [CrossRef]

Ngo, S.T.; Steyn, EJ.; McCombe, P.A. Body Mass Index and Dietary Intervention: Implications for Prognosis of Amyotrophic
Lateral Sclerosis. J. Neurol. Sci. 2014, 340, 5-12. [CrossRef]

Vandoorne, T.; De Bock, K.; Van Den Bosch, L. Energy Metabolism in ALS: An Underappreciated Opportunity? Acta Neuropathol.
2018, 135, 489-509. [CrossRef] [PubMed]

Dupuis, L.; Pradat, P-F,; Ludolph, A.C.; Loeffler, ].-P. Energy Metabolism in Amyotrophic Lateral Sclerosis. Lancet Neurol. 2011,
10, 75-82. [CrossRef] [PubMed]

He, ].; Fu, J.; Zhao, W.; Ren, C.; Liu, P.; Chen, L.; Li, D.; Tang, L.; Zhou, L.; Zhang, Y.; et al. Hypermetabolism Associated with
Worse Prognosis of Amyotrophic Lateral Sclerosis. J. Neurol. 2022, 269, 1447-1455. [CrossRef] [PubMed]

Nakamura, R.; Kurihara, M.; Ogawa, N.; Kitamura, A.; Yamakawa, I.; Bamba, S.; Sanada, M.; Sasaki, M.; Urushitani, M. Prognostic
Prediction by Hypermetabolism Varies Depending on the Nutritional Status in Early Amyotrophic Lateral Sclerosis. Sci. Rep.
2021, 11, 17943. [CrossRef] [PubMed]

Holdom, C.J.; Janse van Mantgem, M.R; Eijk, RP.A.; Howe, S.L.; Berg, L.H.; McCombe, P.A.; Henderson, R.D.; Ngo, S.T.;
Steyn, EJ. Venous Creatinine as a Biomarker for Loss of Fat-free Mass and Disease Progression in Patients with Amyotrophic
Lateral Sclerosis. Eur. J. Neurol. 2021, 28, 3615-3625. [CrossRef] [PubMed]

Calcaterra, V.; Cena, H.; Manuelli, M.; Sacchi, L.; Girgenti, V.; Larizza, C.; Pelizzo, G. Body Hydration Assessment Using
Bioelectrical Impedance Vector Analysis in Neurologically Impaired Children. Eur. J. Clin. Nutr. 2019, 73, 1649-1652. [CrossRef]
[PubMed]

Scagnelli, C.N.; Howard, D.B.; Bromberg, M.B.; Kasarskis, E.J.; Matthews, D.E.; Mitsumoto, H.M.; Simmons, Z.; Tandan, R.
Hydration Measured by Doubly Labeled Water in ALS and Its Effects on Survival. Amyotroph. Lateral Scler. Front. Degener. 2018,
19, 220-231. [CrossRef]

Desport, J.-C.; Marin, B.; Funalot, B.; Preux, P.-M.; Couratier, P. Phase Angle Is a Prognostic Factor for Survival in Amyotrophic
Lateral Sclerosis. Amyotroph. Lateral Scler. 2008, 9, 273-278. [CrossRef]

Tanaka, S.; Ando, K.; Kobayashi, K.; Hida, T.; Seki, T.; Hamada, T.; Ito, K.; Tsushima, M.; Morozumi, M.; Machino, M.; et al.
The Decrease in Phase Angle Measured by Bioelectrical Impedance Analysis Reflects the Increased Locomotive Syndrome Risk in
Community-Dwelling People: The Yakumo Study. Mod. Rheumatol. 2019, 29, 496-502. [CrossRef]

Ellegard, L.; Aldenbratt, A.; Svensson, M.K,; Lindberg, C. Body Composition in Patients with Primary Neuromuscular Disease
Assessed by Dual Energy X-Ray Absorptiometry (DXA) and Three Different Bioimpedance Devices. Clin. Nutr. ESPEN 2019, 29,
142-148. [CrossRef]

Santos, M.A.; Goes, A.C.; de Siqueira Oliveira, R.; de Souza Oliveira, J.; Ferreira, A.]J.F.; da Silva Santiago, E.C.; Roriz, A K.C,;
de Oliveira, C.C. Association between Phase Angle of Bioelectrical Impedance Analysis and Nutritional Parameters in Older
Adults. ABCS Health Sci. 2023, 48, €023210. [CrossRef]

Jiang, EL.; Tang, S.; Eom, S.H.; Lee, ].Y.; Chae, ]. H.; Kim, C.H. Distribution of Bioelectrical Impedance Vector Analysis and Phase
Angle in Korean Elderly and Sarcopenia. Sensors 2023, 23, 7090. [CrossRef] [PubMed]

Fukuoka, A.H.; de Oliveira, N.M.; Matias, C.N.; Teixeira, EJ.; Monteiro, C.P.; Valamatos, M.].; Reis, ]J.F.; Goncalves, E.M.
Association between Phase Angle from Bioelectric Impedance and Muscular Strength and Power in Physically Active Adults.
Biology 2022, 11, 1255. [CrossRef] [PubMed]

Da Silva, B.R.; Orsso, C.E.; Gonzalez, M.C; Sicchieri, ].M.E; Mialich, M.S.; Jordao, A.A.; Prado, C.M. Phase Angle and Cellular
Health: Inflammation and Oxidative Damage. Rev. Endocr. Metab. Disord. 2023, 24, 543-562. [CrossRef] [PubMed]


https://doi.org/10.3390/nu13113704
https://www.ncbi.nlm.nih.gov/pubmed/34835960
https://doi.org/10.3945/ajcn.113.069997
https://www.ncbi.nlm.nih.gov/pubmed/24522445
https://doi.org/10.3390/foods10123128
https://www.ncbi.nlm.nih.gov/pubmed/34945679
https://doi.org/10.1007/s00415-009-5100-z
https://doi.org/10.1136/jnnp-2017-317887
https://doi.org/10.3389/fnmol.2018.00002
https://doi.org/10.1159/000518908
https://doi.org/10.1080/21678421.2019.1643374
https://doi.org/10.1016/j.jns.2014.02.035
https://doi.org/10.1007/s00401-018-1835-x
https://www.ncbi.nlm.nih.gov/pubmed/29549424
https://doi.org/10.1016/S1474-4422(10)70224-6
https://www.ncbi.nlm.nih.gov/pubmed/21035400
https://doi.org/10.1007/s00415-021-10716-1
https://www.ncbi.nlm.nih.gov/pubmed/34274994
https://doi.org/10.1038/s41598-021-97196-5
https://www.ncbi.nlm.nih.gov/pubmed/34504168
https://doi.org/10.1111/ene.15003
https://www.ncbi.nlm.nih.gov/pubmed/34216521
https://doi.org/10.1038/s41430-018-0384-7
https://www.ncbi.nlm.nih.gov/pubmed/30651604
https://doi.org/10.1080/21678421.2017.1413117
https://doi.org/10.1080/17482960801925039
https://doi.org/10.1080/14397595.2018.1469582
https://doi.org/10.1016/j.clnesp.2018.11.004
https://doi.org/10.7322/abcshs.2021026.1754
https://doi.org/10.3390/s23167090
https://www.ncbi.nlm.nih.gov/pubmed/37631626
https://doi.org/10.3390/biology11091255
https://www.ncbi.nlm.nih.gov/pubmed/36138734
https://doi.org/10.1007/s11154-022-09775-0
https://www.ncbi.nlm.nih.gov/pubmed/36474107

Appl. Sci. 2024, 14, 1545 12 of 12

67.

68.

69.

70.

71.

Martins, A.D.; Oliveira, R.; Brito, J.P,; Costa, T.; Ramalho, F,; Pimenta, N.; Santos-Rocha, R. Phase Angle Cutoff Value as a Marker
of the Health Status and Functional Capacity in Breast Cancer Survivors. Physiol. Behav. 2021, 235, 113400. [CrossRef] [PubMed]
Dorst, J.; Weydt, P.; Brenner, D.; Witzel, S.; Kandler, K.; Huss, A.; Herrmann, C.; Wiesenfarth, M.; Knehr, A.; Glinther, K,; et al.
Metabolic Alterations Precede Neurofilament Changes in Presymptomatic ALS Gene Carriers. eBioMedicine 2023, 90, 104521.
[CrossRef]

Mereu, E.; Succa, V.; Buffa, R.; Sanna, C.; Mereu, R.M.; Catte, O.; Marini, E. Total Body and Arm Bioimpedance in Patients with
Alzheimer’s Disease. Exp. Gerontol. 2018, 102, 145-148. [CrossRef]

Barrera Ortega, S.; Redondo del Rio, P.; Carrefio Enciso, L.; de la Cruz Marcos, S.; Massia, M.N.; de Mateo Silleras, B. Phase Angle
as a Prognostic Indicator of Survival in Institutionalized Psychogeriatric Patients. Nutrients 2023, 15, 2139. [CrossRef]
Sivakova, D.; Vondrova, D.; Valkovig, P.; Cvicelova, M.; Dankova, Z.; Luptakové, L. Bioelectrical Impedance Vector Analysis
(BIVA) in Slovak Population: Application in a Clinical Sample. Open Life Sci. 2013, 8, 1094-1101. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.physbeh.2021.113400
https://www.ncbi.nlm.nih.gov/pubmed/33766604
https://doi.org/10.1016/j.ebiom.2023.104521
https://doi.org/10.1016/j.exger.2017.11.011
https://doi.org/10.3390/nu15092139
https://doi.org/10.2478/s11535-013-0216-7

	Introduction 
	Materials and Methods 
	Ethical Aspects and Sample Characterization 
	Functional Status and Anthropometry 
	Bioelectrical Impedance Analysis 
	Phase Angle and Bioelectrical Impedance Vector Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

