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Abstract

Bioelectrical impedance analysis (BIA) is the most widely used technique in body composition analysis. When we focus the
use of phase sensitive BIA on its raw parameters Resistance (R), Reactance (Xc) and Phase Angle (PhA), we eliminate the
bias of using predictive equations based on reference models. In particular PhA, have demonstrated their prognostic utility
in multiple aspects of health and disease. In recent years, as a strong association between prognostic and diagnostic factors
has been observed, scientific interest in the utility of PhA has increased. In the different fields of knowledge in biomedical
research, there are different ways of assessing the impact of a scientific-technical aspect such as PhA. Single frequency with
phase detection bioimpedance analysis (SF-BIA) using a 50 kHz single frequency device and tetrapolar wrist-ankle elec-
trode placement is the most widely used bioimpedance approach for characterization of whole-body composition. However,
the incorporation of vector representation of raw bioelectrical parameters and direct mathematical calculations without the
need for regression equations for the analysis of body compartments has been one of the most important aspects for the
development of research in this area. These results provide new evidence for the validity of phase-sensitive bioelectrical
measurements as biomarkers of fluid and nutritional status. To enable the development of clinical research that provides
consistent results, it is essential to establish appropriate standardization of PhA measurement techniques. Standardization
of test protocols will facilitate the diagnosis and assessment of the risk associated with reduced PhA and the evaluation of
changes in response to therapeutic interventions. In this paper, we describe and overview the value of PhA in biomedical
research, technical and instrumental aspects of PhA research, analysis of Areas of clinical research (cancer patients, digestive
and liver diseases, critical and surgical patients, Respiratory, infectious, and COVID-19, obesity and metabolic diseases,
Heart and kidney failure, Malnutrition and sarcopenia), characterisation of the different research outcomes, Morphofunc-
tional assessment in disease-related malnutrition and other metabolic disorders: validation of PhA with reference clinical
practice techniques, strengths and limitations. Based on the detailed study of the measurement technique, some of the key
issues to be considered in future PhA research. On the other hand, it is important to assess the clinical conditions and the
phenotype of the patients, as well as to establish a disease-specific clinical profile. The appropriate selection of the most
critical outcomes is another fundamental aspect of research.
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FM Fat Mass

GLIM Criteria Global Leadership Initiative on
Malnutrition Criteria

HD Hemodialysis

HRQoL Health Related Quality of Life

IwC Intracellular Water

MRI Magnetic Resonance Image

NT-proBNP N-terminal pro b-type natriuretic peptide

PD Peritoneal dialysis

PhA Phase Angle

QoL Quality of life

SF-BIA Single-Frequency Bioelectrical Impedance
Analysis

SPhA Standardized phase angle

TBW Total Body Water

Xc Reactance

Rz Resistance

Z Impedance

1 Introduction

Bioelectrical impedance analysis (BIA) is a technique often
incorporated in daily clinical practice to assess body com-
position, mainly to assess muscle mass and hydration. The
classical approach to BIA is based on regression models,
derived from human subject studies of certain profiles,
which restricts the usefulness of the derived model in other
patients. Measurements are compared with reference tech-
niques, such as dual energy Dual Energy X-Ray Absorp-
tiometry (DXA) and computed tomography (CT), to cre-
ate regression equations [1, 2]. These results are usually
expressed in IU metric system (kilograms or liters), are used
to set cut-off points that relate to clinical outcomes and help
us make decisions in clinical practice. However, raw bioel-
ectrical parameters, such as phase angle (PhA), are emerging
in clinical practice.

More recently, the technique of bioelectrical imped-
ance vector analysis (BIVA) with raw bioelectrical data
has started to be applied with vigor. Bioelectrical data has
made it possible to compare parameters [resistance (Rz),
reactance (Xc), impedance (Z), PhA, and body cell mass
(BCM) derives from equations of total body Capacitance]
that do not depend on regression formulas. This technique
can be understood in a similar way to other “electrogram
techniques” that record the electrical activity of organs such
as the brain and heart, measured by monitoring the change
in electrical properties. This is a new concept called "the
electrogram of the cell" or “electrocellgram®” [3].

It is essential to establish future lines of research on
PhA based on an exhaustive knowledge of the measure-
ment mechanism. It is necessary to know the bioelectrical
bases that establish the passage of the current through the
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organism, evaluating the voltage drop as a function of body
R, and therefore of the volume of water and hydration, up
to the measurement of the circuit capacitance evaluated
through the Total body Parallel Xc evaluates the cell and
the integrity of cell membranes. This global model makes
it possible, expressed jointly through the PhA, to evaluate
changes in cell membranes and the hydration status of the
organism [4].

Raw bioelectrical parameters, in particular PhA, have
demonstrated their prognostic utility in multiple aspects
of health and disease [5]. Future research on the clinical
characteristics of different diseases is needed to determine
how to translate scientific knowledge on PhA into clinical
practice.

Some of the key issues to be considered in future PhA
research are based on the accurate study of the measure-
ment technique. Secondly, it is important to assess the clini-
cal conditions and phenotype of the patients, as well as to
establish a specific clinical profile for each disease. Another
fundamental aspect of research is the appropriate selection
of the most critical outcomes. The prognostic value of PhA
can be assessed in terms of overall mortality, cause-specific
mortality, medical and surgical complications, length of hos-
pital stay and use of healthcare resources. There is limited
work evaluating the prognostic changes produced by PhA
modification with different interventions and treatments.
Future research should be directed at assessing how differ-
ent treatments modify the PhA and this in turn leads to a
prognostic change in morbidity and mortality.

Due to the inherent limitations in the performance of the
technique and the analysis of bioelectrical data, external
validation of PhA with other techniques in routine clini-
cal practice as nutritional ultrasound or handgrip strength
is very important. Morphofunctional assessment consists
of a set of methods for the clinical evaluation of changes
in body composition from a morphological and functional
approach [6].

2 Overview of the value of PhA
in biomedical research

Scientific interest in the usefulness of PhA has been increas-
ing in recent years, as a strong association between prog-
nostic and diagnostic factors has been observed. There are
different ways to evaluate the impact of a scientific-technical
aspect, such as PhA, in the different areas of knowledge in
biomedical research. One of the aspects to highlight would
be to evaluate the number of publications and the number
of publications in different scientific journals and other
bibliometric sources indexed in biomedical and research
databases.
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In an analysis of the impact that the PhA has on research,
we have carried out a search in “Scopus” from Jan 2004
applying the terms "phase angle” AND "PhA". The result
has been more than 350 publications since 2004, with a pro-
gressive increase in recent years. The trend is increasing and
in 2022 alone 20% of the articles were published. Most of
them were original articles, although the number of reviews
increased, given the interest in the joint evaluation of pub-
lications from different areas (Fig. 1A). Systematic reviews
have been published on cancer [5, 7-10], sarcopenia [11],
surgery [12], critical illness [13], heart failure and chronic
kidney disease [14], obesity [15], metabolic diseases [16],
coronavirus disease-2019 (COVID-19) [17] and in different
diseases states [18]. Systematic reviews and meta-analysis to
estimate mean PhA values in healthy individuals [19], criti-
cal illness [20], and cardiovascular diseases [21].

Although initially it could be for global interest from
the point of view of social sciences, environmental sci-
ences, engineering, agriculture, etc., the largest number of
PhA publications is focused on the field of health. Almost
half of the publication areas are in medicine, with a high
percentage in nursing and health professionals (Fig. 1B).
This is important as it seems that in the future, research
proposals aimed at different diseases will be launched to
ascertain the prognostic factors and the impact of PhA
in their evaluation. The PhA can be useful for assessing
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mortality risk, staging, severity and severity of emerging
diseases such as COVID-19 [22].

In the world-wide geographical distribution of publica-
tions, Europe stands out with more than 50% of the pub-
lications, mainly in Italy, Portugal and Germany. United
States, Brazil and the United States also stand out with
Asia (Japan and China) to a lesser degree. These geo-
graphical areas are prominent as a result of the availability
of different phase sensitive bioimpedance measurement
devices (Akern, Data Input, InBody, Maltron, RJL, Tanita,
Xitron, etc.) (Fig. 1C).

It is also interesting to note how most of the publica-
tions are concentrated in emerging open access indexed
journals with a focus on nutrients (Fig. 1D). It is impor-
tant to highlight or reflect on how such a specific aspect
as PhA needs reviewers specialized in the evaluation of
manuscripts submitted to journals. It is probably neces-
sary to extend knowledge of PhA to journals with a more
global scope.

The analysis of the “Web of Science” database yielded
361 publications classified in research areas with more
than 10% of bibliometric impact: physiology, nutrition
and dietetics, endocrinology metabolism, geriatrics ger-
ontology, pathology, demography, health sciences ser-
vices, science technology, other subjects, biochemistry
molecular biology, general internal medicine, food science
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Fig. 1 Overview of the diversity in distribution of peer-reviewed publications in Scopus including phase angle in biomedical research. a Number
of publications. b Publication areas. ¢ Geographical distribution of publications. d Type of medical journal. Abbreviations: PhA: phase angle
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technology, anatomy morphology, sports science, math-
ematics, neurosciences neurology, gastroenterology hepa-
tology, oncology, and paediatrics (Fig. 2).

The “Knowledge Map” from PubMed presents a topical
summary of PhA research based on the 100 most relevant
articles that match the search query. The algorithm groups
documents that have many words in common. Area titles
are created from the subject keywords of the documents that
have been assigned to the same area. In this search 13 areas
are listed (Material Supplementary). They select those key-
words and phrases that appear frequently in one area and
rarely in others (Fig. 3).

Scientific visualization is necessary to graphically illus-
trate a large amount of scientific information currently avail-
able. VOSviewer is a powerful tool for analyzing bibliomeric
data and can be used in various fields, including science,
social sciences, and humanities. Through the VOSviewer
software, the bibliographic review can be complemented
with this scientometric analysis. A bibliographic search was
performed using equations that included units of analysis
(authors, MeSH and keywords) and measurements units
(co-authorship, co-occurrence and citation) related to PhA
in the articles found in PUBMED. The result is a map with
the most common topics (Fig. 4). In this way, it is possible
to determine what research has been done on the subject.
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Fig.2 Phase angle research areas. Web of Science
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The circles or "nodes" on the map describe the pres-
ence of the relevant keywords. We can see that "body
composition", "bioelectrical impedance”, "malnutrition",
"sarcopenia” are the most relevant nodes by size and prox-
imity to "phase angle". In other words, they are the most
researched topics. More distant and less focused nodes
such as "cachexia", "intensive care unit", "heart failure"
indicate that they are less related to the other nodes and
may be isolated or emerging research trends. This tool
is very useful to see trends in research, authors and rel-
evant institutions. It is even possible to perform a temporal
analysis that locates by years the evolution of research in
a thematic area [23].

The global vision of the different areas of research high-
lights the need to deepen in different aspects related to new
areas where evidence is important to advance the application

of PhA in clinical practice.

2.1 Technical and instrumental aspects of phase
angle research

Research is increasing on the use of bioimpedance vari-
ables including PhA as potential markers of nutrition status
and/or clinical outcomes. Regardless of the device, bioim-
pedance involves the administration of a weak, alternating
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Fig.3 Knowledge Map of
"phase angle" of the main areas
and the documents (https://
openknowledgemaps.org/)
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electrical current at one or more radiofrequencies through
leads attached to surface electrodes in order to characterize
the conductive and nonconductive tissue and fluid compo-
nents of the body composition [4].

Therefore, the potential applications available depend on
the nature of the device at hand, including the number and
range of frequencies, software capacity, quality of circuit
board, and other factors.

Mixed reports in the validation literature for all bioim-
pedance approaches have raised questions about absolute
accuracy to estimate whole body composition in clinical
populations, particularly those with abnormal fluid status
and/or heterogenous body geometry in whom underlying
method assumptions may be violated.

Although refinements in bioimpedance techniques have
led to important advancements in the management of indi-
viduals, the clinical applications for whole body lean tissue
assessment require additional development.

Validation studies in clinical populations have typically
reported good group-level agreement between bioimpedance
and reference methods based on correlation and paired t-test
statistics, but poor accuracy at the individual level (ie: wide
limits of agreement by Bland—Altman analysis) raises doubts
about the capacity of bioimpedance techniques to accurately
quantify whole body compartments. The estimation of kilo-
grams or litres in absolute terms should not be the primary
objective of BIA techniques.
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Single-frequency bioelectrical impedance analysis (SF-
BIA) using a 50-kHz single-frequency phase or non-phase
detecting devices and wrist-ankle tetrapolar electrode place-
ment is the most widely used bioimpedance approach to
characterize whole body composition. However, the incor-
poration of vector representation of raw bioelectrical param-
eters and direct mathematical calculations without the need
for regression equations for the analysis of body compart-
ments has been one of the most important aspects for the
development of research in this area [24].

Segmental bioelectrical impedance, may be used to dis-
criminate fluid distribution in some disease (ascites, renal
failure, surgery, etc.), skeletal muscle assessment in healthy
subjects and individuals with altered muscle mass such as
sarcopenia or cancer [25, 26]. To homogenise results in
research, these techniques need to complement the global
view of the organism with a segmental analysis that provides
information on the pathology. The main scientific limitation
of segmental devices is that they provide Rz and Xc values
of each body segment (e.g., arm, leg, trunk) that are highly
influenced by geometry (length and girth) and differ from
whole-body measurements [27]. It is also important to stand-
ardise the position in which the measurement is taken, as
this determines different values of Rz and Xc in the supine,
sitting and standing positions and are dependent on gravi-
tational effects on fluid distribution. Standardisation of the
measurement technique, the frequency of measurement and
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Fig.4 Bibliometric map of keywords related to phase angle (VOSviewer software). The search was carried out on February 2, 2023

the patient's position are all important in order to obtain
homogeneous results that can be used to compare different
studies.

Future research applications of BIA require a global
measurement protocol that BI devices to give an overview of
the bioelectric model of PhA and subsequently complement
it with different approaches: segmental, multifrequency, dif-
ferent postures, etc.

Multifrequency BI devices introduce alternating current
over frequencies ranging from 1 to 1000 kHz. This allows
the PhA to be estimated at each frequency. Evaluation of
PhA at other frequencies has not shown any clinical utility
in the global model, probably because the peak current to
voltage delay is recorded between 49 to 51 kHz. More clini-
cal research is needed to clarify the usefulness and validate
its appropriate application. [28, 29].

Bioimpedance measurements from current single- and mul-
tifrequency devices should not be used interchangeably because
there is no agreement between devices to determine individual
R, Xc, Z and PhA values of highly active populations, possibly
due to methodological and biological factors [30].

Biophysical modelling of the spectral (Rz and Xc) data
with nonlinear, least-squares curve fitting yields an inter-
rupted semicircle or impedance locus that allows calcula-
tion of Cole model variables, principally R, (resistance
associated with extracellular conduction), R (resistance
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associated with extra- and intracellular conduction), critical
frequency indicated at the largest Xc value and membrane
capacitance [31]. This technique can be used to estimate the
frequency at which the PhA or Xc are highest. The clinical
application of accurately measuring these parameters is cur-
rently unknown.

There are several PhA determinants. The PhA decreases
with age due to a decrease in muscle mass which reduces
Xc, and a decrease in water which increases R. Women have
lower PhA values due to lower body muscle mass. The PhA
increases proportionally with body mass index (BMI) due to
the greater number of muscle and adipose cells at BMI val-
ues < 30 kg/m? [32]. All these aspects are fundamental when
carrying out research projects that consider physiological
and pathological factors that may influence PhA values.

Normalization of BIA measurements is very important in
epidemiological studies and in clinical practice, as bioelec-
trical impedance increases throughout the day in subjects in
the supine position due to the displacement of body fluids
from the extremities to the thorax [33]. Ellis et al. suggest
that the BIA measurement be performed after 10 min of
fasting in the supine position [34].

One of the main challenges for future research is to over-
come the difficulties in analysing raw bioelectrical data,
such as Rz and Xc, for which it is necessary to establish ref-
erence population parameters and normal distribution data
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of bioelectrical measurements [35]. It is essential to have an
adequate standardisation of PhA results at the population
level perhaps derived from meta-analysis of reference popu-
lation data [19] to establish consensus on reference cut-off
points for the interpretation of these markers. Additional
research on the applications of standardized PhA data for
clinical assessment is vitally needed. It is unclear whether
adjustments can be made to align reference data generated
from different populations using different devices [36].
Furthermore, additional research is needed to determine the
appropriate use of standardized PhA (SPhA).

It is essential to establish adequate standardization of
the PhA measurement technique to allow the development
of clinical research that provide consistent results. Stand-
ardization of test protocols will facilitate the diagnosis and
assessment of the risk associated with reduced PhA and
for the evaluation of changes in response to therapeutic
interventions.

Clinical application of PhA to assess nutritional status via
body cell mass requires simultaneous evaluation in the con-
text of hydration status by examining vector length on the
R/Xc plot (a scatterplot that represents resistance in X-axis
and reactance in Y-axis divided by height in meters) using
BIVA. These results provide new evidence for the validity
of phase-sensitive bioelectrical measurements as biomarkers
of fluid and nutritional status [4] (Fig. 5).

In the healthy situation there is a balance between the
BCM and the hydration status of the FFM (Fig. 6A). In dis-
ease, different mechanisms can be established that affect

Less Fluids

Xc/H, Ohm/m

More Fluids
Phase Angle

R/H, Ohm/m

Fig.5 Generic RXc plot that illustrates the vector distributions with
interpretations for fluid status and cell mass. Xc: reactance. Rz: resist-
ance. H: height. Ohm: Ohms. M: meters

both cellular health and hydration of the organism. In terms
of a etiological mechanisms that can lead to a decrease in
BCM, we can establish quantitative changes, e.g. malnutri-
tion, sarcopenia and cachexia, which lead to a net loss of
BCM and cell membrane surface area. This is related to the
decrease in reactance and BCM (Fig. 6B). Cell damage is
represented by the shift of the vector on the X-axis in the
direction of cell mass loss (Fig. 6C) and leads to a decrease
in PhA. Similarly, in the absence of a clear reduction in cell
number, tissue or cell damage may be caused by inflamma-
tory processes or oxidative stress, which alter and damage
the cell membrane and lead to a functional loss of cell num-
ber. This is common in critically ill patients, situations of
toxicity, hypoperfusion, oxygenation damage such as chronic
cellular hypoxia, etc. (Fig. 6D).

Regarding the mechanisms of cellular hydration changes,
we can see that there is a situation of increased hydration
of the FFM in relation to vascular congestion, as occurs
in situations of heart failure or chronic renal failure, where
extracellular water increases due to hemodynamic failure
(Fig. 6E). In the hydration mechanism, with no change in
cell mass, there is a shift of the vector along the Y-axis,
resulting in a decrease in PhA (Fig. 6F). A second mecha-
nism is related to the inflammatory process that causes an
increase in intracellular fluid due to the inflammatory situa-
tion by acute phase reactants that can occur in sepsis, inten-
sive care, post-surgery, polytrauma, etc. (Fig. 6G).

In disease, there is usually a heterogeneous mixture of
different etiological factors and adaptive mechanisms that
can cause a quantitative and qualitative change in the BCM
due to damage to cell membranes, while at the same time
activating mechanisms that increase extracellular water in
the context of congestion or inflammation (Fig. 6H).

3 Areas of clinical research

The usefulness of PhA assessment includes many different
pathophysiological conditions. In both medical and surgical
pathologies, there is a strong scientific interest in the study
of oncology, critically ill patients, cardiology, nephrology,
infectious and metabolic diseases.

3.1 Cancer patients

There is an important area of interest in the study of PhA
in cancer patients in relation to nutritional status, body
composition, physical function, complications of cancer
treatments, overall survival, symptoms and quality of life
(QoL). The literature suggests that PhA is correlated with
body composition and physical function but only weakly
correlated with nutritional status, complications, survival,
symptoms, and QoL [7]. Furthermore, the PhA cutoff values
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Fig.6 Graphical representation of cell damage and hydration changes
in the BIVA model. A Healthy person. Normal values of PhA, BCM
and hydration. B Mecanism. Malnutrition, sarcopenia, caquexia. Val-
ues: low PhA, low BCM and normal hydration. C Cell damage is rep-
resented by the shift of the vector on the X-axis in the direction of
cell mass loss and leads to a decrease in PhA. D Mecanism. Inflam-
matory damage, oxidative stress. E Mecanism. Congestion: heart fail-
ure (PRO BNP and CA125) and chronic kidney disease (glomerular
filtration rate). F In the hydration mechanism, with no change in cell

vary significantly according to study and patient population.
Thus, PhA has yet to be routinely incorporated into clinical
practice for patients with cancer. Future research is needed to
determine how to translate scientific understanding of PhA
to clinical practice [37].

The association among PhA, symptoms, complications
and QoL in patients with cancer is still unclear. Further
research is needed in this area. In particular, the association
of PhA with risk for complications of cancer surgery, severe
adverse events like treatment interruption on radiotherapy
treatment and overall mortality in patients with cancer
should be investigated in the near future. We need to found
clear PhA cutoffs demonstrating how PhA can enhance
stratification of cancer patients and clinical decision-making
prevents it from being adopted in routine practice. Future
studies are necessary to examine the use of PhA in making
therapeutic decisions. In addition, more research is needed
to identify the critical PhA thresholds for predicting clini-
cal outcomes, such as deteriorated functional status and
increased mortality risk in cancer patients [38].
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mass, there is a shift of the vector along the Y-axis, resulting in a
decrease in PhA. G Mecanism. Inflammation (CRP and CRP/Preal-
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failure. Alnﬂammation. Abbreviations: BCM: body cell mass.
ECW: extra cellular water. NT-proBNP =N-terminal b-type natriu-

retic peptide pro. PhA: phase angle. Rz: resistance. TBW: total body
water. Xc: reactance

3.2 Critical and surgical patients

The assessment of raw parameters derived from bioelec-
trical impedance analysis (BIA) has gained importance in
critically ill patients. PhA reflects cell membrane integrity
that can inform us about malnutrition and cellular oxida-
tive damage, and bioelectrical impedance vector analysis
(BIVA) is indicative of patients' hydration status that can
inform us about inflammation or congestion status. Despite
the limited evidence, low PhA is associated in different stud-
ies with increased mortality and length of intensive care unit
stay. BIVA-classified hydration is an additional tool for fluid
status assessment in critically ill patients and is feasible to
use in such patients. Directional changes in BIVA were
consistent with directional changes in fluid balance. BIVA
measurements of hydration status correlated with cumulative
fluid balance during the time in the intensive care unit. High
extracellular water/total body water (ECW/TBW) showed
significant correlations with biochemical data like albumin,
which are conventional nutritional assessment indicators.



Reviews in Endocrine and Metabolic Disorders (2023) 24:563-583

571

High ECW/ TBW was correlated with long duration of
mechanical ventilation. PhA was also lower and ECW/TBW
higher among no survivors than survivors, which implies
utility of BIA for predicting survival rate. The fundamental
limitation is that in the literature review, more than 40% of
the primary studies were classified with a high risk of bias,
and the quality of evidence ranged from low to very low
[20]. We need further studies to assess the utility of BIVA
in critically ill patients.

Future research should be directed towards the study of
inflammatory changes and vascular congestion correlated with
biochemical (N-terminal pro b-type natriuretic peptide (NT-
proBNP), cancer antigen 125), clinical and imaging (point-
of-care ultrasound) markers. It may also be useful to assess
measures of Xc and body cell mass in studies of cell membrane
damage in critically ill patients associated with hypoxia and
other problems such as malnutrition and sarcopenia.

Preoperative assessment of PhA and SPhA, as an indi-
rect estimator of host susceptibility, could predict the occur-
rence of infections, fistulas and other complications after
major surgery. These BIVA parameters play an important
and independent role in the outcome of surgical patients. In
particular, preoperative assessment of PhA can predict the
likelihood of infections after surgery and could therefore be
used to identify tailored interventions, such as personalised
antibiotic prophylaxis, to mitigate life-threatening sequelae
[39]. Nutritional rehabilitation positively modulates cell
mass parameters on patients scheduled for elective surgery
and could therefore represent a beneficial strategy to attenu-
ate the impact of the surgical stress response on lean tissue
in an Enhanced Recovery After Surgery® setting. This effect
may be even more evident in patients at high nutritional risk.
It is necessary to design studies aimed at different surgi-
cal areas (abdominal, urological, gynaecological, thoracic,
cardiac, head and neck surgery, etc.), different techniques
(laparoscopic, robot-assisted, etc.), assessing risk detection
and prevention strategies [40].

3.3 Digestive and liver diseases

In digestive pathology, malnutrition associated with inflam-
matory alterations and oxidative stress is common. the use-
fulness of PhA in patients with inflammatory bowel disease
and liver disease has been validated in different studies, but
there is significant heterogeneity between studies, mainly
associated with differences in age, sample size and racial
differences. In many series there are no data adjusted for age,
sex, BMI or disease stage (severity and duration), which are
factors influencing the PhA. This clearly affects the inter-
pretation of PhA in the different pathologies of the gastro-
intestinal tract: upper and lower digestive tract, hepatobil-
iary, pancreas, inflammatory bowel disease, short bowel,
ostomies, etc. Therefore, new studies should be designed

to better characterize these diseases and address potential
sources of bias. Nevertheless, PhA has been consistently
found to be associated with prognosis, stage and severity
of disease and has been found to be useful for monitoring
fluid changes and response to interventions. Application in
clinical practice on a prospective basis with serial measure-
ments would allow monitoring of interventions and response
to more individualized treatments and improve outcomes. In
future research, efforts to harmonize measurements between
different devices should be considered in order to obtain a
more objective interpretation of the output data, with stand-
ardized phase angle values (SPhA) [41].

3.4 Respiratory, infectious, and COVID-19 disease

Malnutrition is a problem that cannot be ignored in patients
with chronic lung diseases, in particular chronic obstructive
pulmonary disease (COPD) and idiopathic pulmonary fibrosis
(IPF), in their different stages of evolution and in relation to
treatments as well as their follow-up, with special reference to
the prognostic factors that may influence the therapeutic atti-
tude. Among the BIA parameters, PhA allows clinical assess-
ment of lean soft tissue mass in patients with COPD and IPF
(malnourished, normal weight or overweight), independent of
individual BMI. Future lines of research are required to estab-
lish further clinical evidence of the relationship between PhA
at different stages of the disease, impaired muscle strength,
reduced exercise capacity, higher mortality and increased risk
of all-cause mortality [42].

The emergence of a new infectious disease, SARS-
CoV2, has raised the scientific question of whether PhA
by BIA could be a predictor of mortality and complications
in patients admitted to hospital with COVID-19. With the
scientific data currently available, we can conclude that PhA
is a good prognostic marker of mortality and complications
in this population. Although the results are promising, a uni-
versal cut-off point for PhA in this pathology has not yet
been established. Future studies are needed to identify the
PhA cut-off to guide therapeutic decisions more accurately.
Low levels of PhA may indicate a worse prognosis and allow
more appropriate supportive care for these patients. What we
have learned in this infectious pathology opens the door for
future studies in emerging pathologies for which we do not
have reliable prognostic data [22, 43].

3.5 Obesity and metabolic diseases

PhA could be used as a prognostic marker of clinical condi-
tions associated with obesity (such as fluid overload in heart
failure, worsening of diabetes and its complications, inflam-
matory state, etc.) and to monitor some inflammatory, meta-
bolic or endocrine diagnoses. PhA values, influenced by BMI,
regional fat distribution and obesity-related comorbidities, can
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be used as new markers of cellular health during weight loss.
PhA research is essential for the development of new thera-
peutic approaches to obesity and its consequences. Studies are
required to assess new pharmacological treatments (such as
glucagon-like peptide 1 agonists), lifestyle and physical activ-
ity programs (aerobic exercise and resistance training), and
bariatric surgery procedures, to study the PhA and changes
in the body composition. This is also relevant for establishing
long-term weight maintenance protocols after weight loss [44].
It is essential to measure electrical values of resistance, Xc and
PhA to assess changes in body composition in obese patients
with a BMI above 35 [45].

Most chronic diseases, such as diabetes, atherosclerosis,
cardiovascular disease, etc., share a common pathogenesis
based on low-grade chronic inflammation associated with
increased oxidative stress at the cellular level. Although
fewer studies have evaluated the relationship between PhA
and markers of oxidative stress, available data also suggest
that PhA may be a potential indicator of oxidative damage.
Future studies, including diverse pathologies, are required
to confirm the validity and accuracy of PhA as a marker of
inflammation and oxidative stress for clinical use [46, 47].

3.6 Heart failure

The application of PhA in clinical evaluation of patients with
acute heart failure and chronic heart failure might be a good
option in the future flow-chart evaluation of patients with heart
failure [48]. Research should be based on large population stud-
ies to evaluate the impact of BIVA variables, PhA in particular
associated with other parameter of water distribution ((total
body water/fat free mass) (TBW/FFM), ECW/TBW, ECW %,
etc.)) on the daily clinical management and prognostic strati-
fication of HF patients. PhA per se cannot be considered as
a “pure” biomarker in heart failure. The simple BIVA mode
allows vector displacement as therapeutic feedback to detect,
monitor, and even control congestion status. [49]. Multipara-
metric model for clinical and prognostic evaluation of heart
failure should be preferred. Further studies are necessary for
definite the clinical correlation to analytical (NT-proBNP, can-
cer antigen 125) and complementary test to quantifying sys-
temic congestion with Point-Of-Care ultrasound: venous excess
ultrasound grading system (Vex US) [50, 51].

Fluid overload is traditionally assessed non-quantitatively
by clinical examination. Bedside medical devices using
ultrasound and bioimpedance technology have been devel-
oped to standardise and more accurately quantify fluid status
in heart. Fluid overload is a common manifestation in both
conditions and has clinical and prognostic implications [52].

Associations between fluid overload and specific causes
of death have not been widely reported in heart failure
cohorts, so the review was limited to all-cause mortal-
ity. Therefore, future research is needed to analyse the
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different causes of mortality, progression of cardiovascular
complications.

Its future scientific development for cardiac populations
would benefit from consensus on the optimal device and
standardization of methods for such patients. Large studies
recording serial measurements and more detailed baseline
and follow-up characterization of cardiac phenotypes are
needed to more accurately and definitively quantify any
threshold above which fluid overload is associated with risk
and complications.

3.7 Chronickidney disease (CKD)

This special issue on PhA did not provide a comprehen-
sive review of the contributions of BIA methods to estimate
fluid overload and predict volume of fluid to be removed
during a dialytic session in patients with impaired kidney
function. This omission was predicated on the limitations
of the diverse applications of BIA and the inconsistent and
contradictory findings. We provide a succinct description of
viable BIA approaches that address clinically relevant issues
related to patient care addressing the adverse physiological
effects of severely diminished kidney function.

Chronic kidney disease is defined as a permanent impair-
ment in renal function or damage to kidney structure.
Advanced CKD, which can develop into end stage renal
disease (ESRD), is a chronic inflammatory state that mani-
fests clinically as excess fluid retention with hypertension
and malnutrition due to prolonged inadequate protein intake.
BIA can provide novel information to identify and monitor
altered fluid status and loss of BCM.

Treatment of ESRD utilizes renal replacement therapy,
notably HD to purify the blood. It is an extracorporeal tech-
nique that includes ultrafiltration to purify blood by remov-
ing water, electrolytes and urea using a semi-permeable
membrane. The goal of UF is to achieve fluid balance (elim-
inate excess fluid) without undesirable side effects, such as
cardiovascular events, nausea, and post-dialytic fluid reten-
tion, for the patient. Traditional approaches to assess hydra-
tion in patients with ESRD are unreliable because they rely
on body weight to identify excess fluid and are insensitive
to fluid overload in the presence of oedema [53].

Estimation of the volume of fluid for removal during HD
is subjective and generally related to previous post-dialytic
body weight, which can be unreliable [53]. Dry weight is the
general term associated with the post-dialytic body weight
at which most of the excess fluid has been removed. The
“optimal” dry weight is estimated clinically and operation-
ally as the weight at which a patient can tolerate HD with-
out adverse intra-dialytic symptoms, notably hypotension.
Unfortunately, post-HD dry weight can be mistakenly con-
sidered as a surrogate for adequate hydration and be unde-
pendable for an individual patient [54].
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Initial BIA approaches have not successfully enabled
reliable and appropriate fluid removal without complica-
tions during HD. Use of 50 kHz and multiple frequency
BIA measurements in population-based multiple regression
equations, which include body weight and derived in healthy
individuals to predict pre-HD fluid volumes, as well as BIS
with questionable assumptions on intracellular and extracel-
lular resistivity and also include body weight to estimate
fluid overload, have not been adequate for patient care [28,
55-57]. Multiple frequency and 50 kHz BIA measurements
similarly track fluid removal during HD, which indicates
the equivalence of the measurements per se, highlights the
limitations of using dubious prediction models to estimate
fluid volumes in CKD [58].

Successive Rz and Xc measurements standardized for
height provide individual vectors using BIVA before and
after HD reveal a classic pattern of fluid removal and reple-
tion during a standard 3-d HD cycle. Fluid removal using
UF accompanies vector lengthening and PhA increase par-
allel to the mean vector of healthy adults. Within the first
2 h post HD, vectors are relatively stable near the post HD
vector. During the next 24, 48, and 72 h however, vectors
progressively shorten and reflect fluid repletion of 1.4, 2.6,
and 3.4 L [53, 59]. Thus, vector displacement is sensitive
and specific to identify and monitor fluid shifts in the wet
and dry cycle of HD. Additionally, patients with low PhA
values (< 4.5°) and normal Rz values have an increased risk
of mortality [60], which is consistent with results of prospec-
tive studies in which low PhA and shortened vector length
were associated with increased risk of death and incident
heart failure [61].

Patients with CKD are progressively at risk for malnutri-
tion, worsening of renal function and protein energy wasting
that can lead to increased mortality risk and ESRD [62].
Patients with CKD have shorter vectors and decreased PhA
values compared to age and sex-matched healthy controls
[63]. Reduced PhA values generally indicate loss of BCM,
provided that hydration status is considered [64], and an
increase in extracellular water/intracellular water (ECW/
ICW) due to disproportionate loss of muscle and expansion
of ECW indicating fluid overload. Low pre-HD PhA values
are prognostic for increased risk of morbidity and mortality.

Reduced nutritional status classified using the subjective
global assessment screening tool impacted BIA measure-
ments before and after an HD session [65]. Before dialy-
sis, patients with adequate nutritional status had vectors
indicating normal hydration whereas patients with poor
or at increased risk of malnutrition had vectors indicat-
ing progressive fluid overload. Importantly, Xc decreased
with increasing exacerbation of nutritional risk. The vec-
tors of all patients lengthened proportional to amount of
fluid removed. However, an increase in Xc/H occurred
only in patients with normal or moderate malnutrition risk

suggesting loss of BCM in patients at high risk of malnu-
trition. The inference is that post-HD PhA indicates poor
nutritional status. Importantly, patients with low PhA values
(<4.5°) and normal Rz values had increased risk of mortal-
ity [60].

A compilation of the variations in altered fluid status
(overload and dehydration) and malnutrition on BI meas-
urements emphasizes the importance of the simultaneous
evaluation of PhA and vector position on the R/Xc graph
(Fig. 7). Compared to healthy adults, patients with CKD,
who are fluid overloaded, have an expanded ECW and can
have normal ICW with a decreased PhA and a shortened
impedance vector located in the lower left quadrant of the R/
Xc graph whereas malnourished patients with CKD can have
expanded ECW with loss of body fat and diminished ICW
shown with a reduced PhA and vector length that is posi-
tioned in the lower right quadrant. The combination of fluid
overload and malnutrition is expressed with loss of body
fat, abnormal increase in ECW with diminution of ICW that
is shown with a low PhA and a short vector in the right
lower quadrant. The dehydrated patient with CKD can have
a reduced ECW with a normal ICW and an increased PhA
with a vector in the upper left quadrant. The dehydrated-
malnourished patient with CKD has depleted body fat with
decreased ECW and ICW; PhA is near normal and vector
length is elongated. It also is important to recognize that
individuals with the same PhA can have different hydration
status based on vector position on the R/Xc graph [41, 66].

Rigorous evaluation of PhA in relation of BIVA should be
assessed as a clinical tool to evaluate fluid status in patients
with CKD to ascertain the sensitivity and specificity to
monitor the safety of the rate of fluid volume removal to
mitigate adverse intradialytic responses to HD [67]. Addi-
tional research is needed to evaluate PhA, in consideration
to hydration status, as a clinically useful indicator of risk
of malnutrition and depletion of BCM. Key issues include
determination of predictive value of vector length and dis-
placement, assessed with PhA, in relation to intermediate
cardiovascular variables (blood pressure, cardiac dynamics,
morphology) to preserve residual kidney function.

4 Malnutrition and sarcopenia

BIVA offers a practical approach to identify malnutrition
and prognosis by assessing whole-body cell membrane qual-
ity and depicting fluid distribution for an individual [37, 66].
PhA and FFM measures were most commonly evaluated and
correlated with nutritional status and survival rate. One limi-
tation of FFM measures with quantitative values is the high
interpatient variability which requires careful interpretation
of results in the context of the individual patient rather than
comparison with population data [37]. The use of measured
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Fig. 7 Illustration of the effects of hydration status and malnutrition
on bioimpedance measurements and vector positions on the resist-
ance-reactance graph using bioimpedance vector analysis. Abbrevia-

raw variables from BIA rather than estimation of body com-
partments has gained popularity in the clinical setting. BIVA
has been developed to partially eliminate multiple sources
of error [68].

However, PhA is strongly influenced by age, gender
and body mass index. This observation has stimulated its
implementation and the development of z-scores (SPhA)
normalized to age, sex and BMI strata reference values
from the general healthy population [69]. Nevertheless, the
impedance vector, which mainly reflects soft tissue mass,
still has value in clinical assessment. It is noteworthy that
lean body mass is closely associated with malnutrition and
inflammation, both of which are predictors of SPhA. Mul-
tiples studies that addressed the relationship of SPhA use
to nutritional status, complications, and survival in patients
have been evaluated. The standard cut-off value for SPhA
has not yet been determined. Data from the selected studies
suggest that SPhA might be a predictor of nutritional status.
Further studies are needed to determine the value of SPhA
in predicting nutritional status and clinical outcomes in dif-
ferent patients [36].

BCM, the metabolically active component of lean body
mass, is the best predictor of a patient's nutritional status.
The normal range of BCM changes with differences in body
weight. Body cell mass index (BCMI), calculated as BCM
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tions: ECW: extracellular water. ICW: intracellular water. abn: abnor-
mal. nl: norma.l PhA: phase angle. R/H: resistance normalized for
height. Xc/H: reactance normalized for height

divided by height squared (kg/mz) [5], has been shown to
be more sensitive than BMI to changes in protein status and
lean tissue. The loss of muscle mass in pathological condi-
tions such as malnutrition is best described by the loss of
BCM [70]. In overweight and moderately obese patients,
BCM is more closely related to lean body mass than BMI.
In addition, the BCM, extracellular water and fat mass
(FM) values obtained with BIVA allow the assessment of
nutritional status and body fluid balance, which are often
affected in malnourished patients. Different BIA devices
may under- or overestimate BCM when using the manu-
facturer's equations. Therefore, it may be useful to apply
the device-specific equations, which reduce bias and limits
of agreement with the reference method. However, external
validation of the algorithms will be required before these
equations can be adopted for other groups. A major goal for
future body composition research must be to standardize the
different bioimpedance analyzers in terms of their compa-
rability and validity. This will require multicenter studies in
defined populations and different clinical conditions [71].
Some studies have proposed other parameters that aim
to integrate the information provided by impedance vec-
tor and PhA into a single numerical variable with a focus
on specific resistance changes (Rz/H). The Nutrigram®
parameter was developed to provide a numerical index of
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nutritional status that adequately reflects Body cell mass
index (BCMI). The index is consistent with the creati-
nine height index (an index based on the ratio of actual to
ideal urinary creatinine excretion) and the normalization
of ideal urinary creatinine values for height. The evalua-
tion of 24-h urinary creatinine as a surrogate for muscle
mass, the main component of BCM, in humans has been
the subject of several studies. Normalization of the result-
ing values for height allows patients to be categorized into
four intervals with easy and immediate identification of
malnutrition. Sex-specific reference values are provided.
Its prognostic value and association with nutritional and
functional status has been compared with fat free mass
index (FFMI) and SPhA, two recognized relevant prog-
nostic body composition parameters, in different cohorts
of patients [72].

In malnutrition, the use of BIVA, where hydration is a
function of the distribution of fluids in the extracellular and
intracellular spaces, particularly BCM, is important. The use
of BIVA in the assessment of malnutrition is increasing,
especially in diseases with muscle wasting when hydration is
impaired. In overhydrated patients, the fluid shift resulted in
an increase in mean vectors due to large changes in Rz/H for
normal and moderately malnourished patients. In contrast,
the mean vector of severely malnourished patients flattened,
with a smaller R/H change associated with fewer fluid shifts.
Thus, BIVA discriminates excess fluid from nutritional sta-
tus and identifies muscle mass deficiencies in malnourished
patients with different hydration [56].

The tools currently available to assess hydration status are
limited, not well standardized and validated for all clinical
situations, and in many cases, it is difficult to distinguish
between changes in nutritional status and hydration home-
ostasis. However, there is increasing interest in establish-
ing reference values and the prognostic value of hydration
measures. It is therefore important to make progress in the
systematization of hydration measurements, to work on the
development of predictive models based on pure bioelec-
trical measurements, which are known to be unaffected by
confounding factors such as weight, and which allow us to
obtain information on the distribution of body water and the
cellular matrix. Currently, the analysis of phase-sensitive
impedance variations is a non-invasive technique capable of
specifically assessing hydration changes in different clinical
conditions, independent of weight. The vector model allows
the loss of BCM or increased ECW to be seen in inflam-
matory conditions related to malnutrition, which has been
linked to poor prognosis [64].

Future research will evaluate the use of BIVA and PhA
measurement in the clinical management of patients in a
variety of ways: prevention, diagnosis, prognosis, and out-
comes related to treatments that affect nutritional and overall
health status.

Another interesting aspect related to malnutrition is sar-
copenia. Sarcopenia and frailty are associated with changes
in body composition. BIA is used with DEXA to determine
lean body mass according to The European Working Group
on Sarcopenia in Older People sarcopenia diagnostic proto-
col. PhA has been associated with sarcopenia by measuring
muscle mass. Low PhA is associated with progression of
frailty and sarcopenia, disability and poor outcomes in geri-
atric patients [35, 36].

Modern studies point out the positive aspects of BIA
compared to DEXA, such as speed of diagnosis, no exposure
of the patient's body to ionizing radiation, lower cost of the
examination with high information content. The PhA indi-
cates the quality of cell membranes and metabolic activity.
The linear relationship between muscle mass and strength
and clinical and biochemical parameters, including PhA
at multivariate analysis were performed. PhA is inversely
related to muscle mass and strength in elderly subjects and
may be considered a good bioelectrical marker to identify
elderly patients at risk of sarcopenia [73].

In future research, we need to investigate whether PhA
has a good predictive capacity in relation to the diagnostic
components of sarcopenia (physical performance, muscle
mass and strength) and the capacity to assess change with
intervention in clinical practice with a nutrition and exercise
programmed [74].

Resistance training promoted an increase in PhA, result-
ing from an increase in Xc accompanied by a decrease in
Rz. According to bioimpedance vector analysis, resistance
trained individuals experienced a beneficial leftward vector
displacement, whereas inactivity induced a rightward vec-
tor displacement within the R/Xc graph. More sophisticated
and rigorous studies using specific criteria, methods and
targeted designs are needed to determine which equipment
and protocols allow for the optimization of resistance train-
ing effects [75].

5 Characterization of the different
outcomes research

One of the greatest challenges in medicine today is to pre-
dict or estimate the risk of a pathological event occurring
in a healthy individual or in a specific patient. Hence the
growing interest in the role of diagnostic and prognos-
tic biomarkers that can be identified in the subject. The
National Institutes of Health (NIH) has defined a bio-
marker as an objectively measurable biological, biochem-
ical, anthropometric, physiological, etc. characteristic
that can be used to identify physiological or pathological
processes or a pharmacological response to a therapeu-
tic intervention. There are different types of biomarkers:
diagnostic, prognostic or therapeutic. The ideal biomarker
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should be specific, sensitive, predictive, rapid and inex-
pensive, stable, non-invasive, and have sufficient preclini-
cal and clinical relevance to change decisions about the
pathological process to which it is applied. The PhA is a
bioelectrical characteristic of the organism that can meet
all these requirements [76].

The limitation of nutritional assessment to estimate BC
status determines the need for biological determinants that
can objectively and accurately quantify nutritional status.
Biomarkers provide a more proximal measure of nutritional
status [77].

The correct interpretation of a biomarker as PhA requires
clearly defined reference values. Reference values are the
values of PhA in a reference population, usually a group of
healthy individuals. If the values follow a normal distribu-
tion, the reference range is the population mean + 2 times
the standard deviation, i.e. the central interval of 95% of the
distribution. The interpretation of results obtained in BIVA
is based on comparison with the reference values. A value
that deviates from the reference range does not necessarily
mean that it is abnormal, but it does mean that it is more
likely to be associated with a deficit or excess and therefore
relatively closer to pathological values. Reference ranges
may depend on the characteristics of the population, age and
sex; they may also differ for the different instruments, etc.
The normal range of PhA in healthy individuals has been
clearly defined [78].

One of the fundamental issues in future research on PhA
is the definition of outcome research through global meas-
ures of health, health-related quality of life, health service
utilization and its determinants, patient satisfaction and pref-
erences for specific services, costs, etc. Outcome research
uses almost all epidemiological designs, mainly observa-
tional. These include descriptive studies, prospective or ret-
rospective cohort studies, case—control studies, and analy-
ses of variations in clinical practice. The main limitation of
observational studies is the presence of confounding factors,
particularly disease severity and comorbidity. To control for
these factors, specific measures of severity and comorbidity
and adjustment techniques are available: regression models
for risk adjustment (logistic regression, Cox, etc.).

The three main outcomes measured by outcome research
are as follows: clinical, economic, and humanistic. Clinical
outcomes are medical events (e.g., mortality or the rate of
infection and hospitalization due to malnutrition) or physi-
ologic measures (e.g., albumin, weight), whereas economic
outcomes are disease- or treatment-related resource use and
costs. Humanistic outcomes capture the impact of a treat-
ment on patient well-being or health-related quality of life
(HRQoL).

There is a need to include specific outcome research pub-
lications related to sarcopenia and malnutrition and frailty,
which requires a standardized and agreed definition. It is
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also essential to include in PhA analysis global prognostic
factors such as mortality or complications or length of stay
and readmissions, and also some specific to certain pro-
cesses such as surgery (dehiscence, re-invention), critical
(need for mechanical ventilation) or other specific patholo-
gies. It is also essential to incorporate the prognostic deter-
mination of the PhA in therapeutic intervention programs.
This will allow the evaluation of changes with the imple-
mentation of different therapeutic strategies, nutritional sup-
port, pathology specific treatments and the impact of these
measures on global and specific health.

The importance of the parameters for analysis of the
results of the PhA as a diagnostic test is its ability to dis-
criminate with certainty between a diseased subject and a
healthy subject. Therefore, an ideal diagnostic test would be
one that is able to detect the greatest number of patients with
the clinical condition under investigation, while excluding
the greatest number of patients without the condition. The
most important parameters are sensitivity, specificity, posi-
tive and negative predictive values, likelihood ratios, and
pre- and post-test probabilities. Procedures for their calcula-
tion and interpretation of results would be also provided. For
any test related to the diagnosis of a defined disease (malnu-
trition, sarcopenia, etc.), reliability, reproducibility, internal
validity (intra-test variability) and external validity (inter-
test variability) must be considered, in addition to the qual-
ity control required to estimate the results. The PhA results
help us to know the probability that a given patient does or
does not have a particular condition, hence the importance
of analysing these results in terms of sensitivity, specificity
and positive and negative predictive values. In addition, the
use of the likelihood ratio provides further support to the
clinician in the diagnostic process by making explicit the
change between pre-test and post-test probability. In this
sense, the sensitivity and specificity of diagnostic tests can
also vary considerably. Because the results of a diagnostic
test may depend on the individual characteristics of many
patients, studies reporting diagnostic correlations should
also provide a detailed description of the different patient
subgroups. Similarly, the potential effects of medical history,
comorbidities, test protocol, and extent or severity of disease
need to be considered so that the clinician can interpret PhA
results as a diagnostic test with greater confidence [79].

It is important to make a critical reading of the valida-
tion studies of PhA as a diagnostic test, focusing on those
publications that provide more information to the clinician
with cross-sectional studies, which include a representative
sample of the population of interest and where the results
of PhA and the results obtained with a reference test (Gold
Standard) that has previously proven to be useful, are ana-
lysed simultaneously [80, 81].

The research process would start with a clinical ques-
tion. This would explicitly include all important and critical
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outcomes. Risk of bias, inconsistency, indirectness of evidence,
imprecision and publication bias are the main areas used to
assess the certainty of the evidence. Dose—response gradients,
large effect sizes, and the effect of plausible residual confound-
ing are factors that may increase the certainty of the evidence.
For each outcome of interest, the quality of the evidence reflects
how confident we are that the estimate of an effect is suffi-
cient to support a recommendation. The GRADE (Grading of
Recommendations Assessment, Development and Evaluation)
approach summarise the process in a simplified way [82].
Future studies need to be of the highest possible quality,
internally valid, accurate, unbiased, and include clinical out-
comes such as morbidity, mortality or serious complications.
Knowing the variation in PhA that is clinically relevant in
outcome research would allow health professionals to make
decisions and incorporate it into clinical practice [83, 84].

6 Validation of PhA with reference
Morphofunctional Assessment®
techniques in clinical practice

Morphofunctional Assessment® focusing on the study of
body composition and functionality provides a more sen-
sitive and accurate understanding of nutritional status and
body composition (BC), with consequent prognostic impli-
cations. Measurement of functional capacity with dynamom-
etry and assessment of muscle and fat in specific regions
with nutritional ultrasound® reflect the functional and mor-
phological status of patients and their relationship to mor-
bidity and mortality [85-88].

Morphofunctional Assessment® integrates various clas-
sical and advanced nutritional assessment techniques by
evaluating changes in composition and function. This is
done using parameters such as PhA, BCM and other electri-
cal bioimpedance measurements, Nutritional Ultrasound®,
Hand Grip Strength, functional tests, biochemical param-
eters such as C-reactive protein (C-reactive protein)/preal-
bumin, Health Related Quality of Life (HRQoL) and dietary
compliance monitoring [6, 88, 89].

There are already studies showing correlations between
PhA and other body composition parameters using
nutritional ultrasound or functional parameters such as
dynamometry in different pathologies (cancer patients, obe-
sity, cystic fibrosis, hospital malnutrition or colon cancer)
[85-87, 89-93].

There are other standardized techniques for measuring
BC in research studies, such as DEXA, magnetic resonance
image (MRI) and CT. The emerging techniques, such as
ultrasound, are exploratory techniques that need to be vali-
dated against reference techniques as “gold standard” tech-
niques whenever available [6].

The loss of lean mass affects the clinical outcome of both
acute and chronic illnesses, and as such, its assessment is of
particular interest in clinical nutrition. The application of
emerging techniques such as the BIA and nutritional ultra-
sound are becoming increasingly important for nutritional
status assessment.

An Expert Consensus on Morphofunctional Assessment
in disease-related malnutrition has recently been published.
This study develops evidence-based recommendations on
the prognostic value of a range of morpho-functional tools
and tests to assess malnutrition or risk of malnutrition. It
also sought expert consensus on the usefulness and feasi-
bility of these tools and tests in routine clinical practice.
The implementation of these tools and tests is therefore
recommended to improve diagnosis, treatment and patient
outcomes [94]. It has become essential in clinical nutrition
to establish lines of research that can provide results that
help implement a clinically accurate approach based on the
final health outcome.

It is important to have a global vision that brings together
the different characteristics of the parameters analyzed in the
clinical scenario in which they are to be performed, what
variables we are going to measure and how we are going to
correlate the variables derived from PhA and BIA together
with the morpho-functional assessment. In this sense, as far
as the main parameters are concerned, the PhA is obtained
by a simple electrical determination in which the Xc and Rz
of the hemisoma are measured at 50 KH conduction and a
numerical data is obtained together with a vectorial repre-
sentation in which it is compared with a reference popula-
tion. Therefore, it is important that the data of the pure bioel-
ectrical parameters and their comparison with the reference
population are homogeneous and have a uniformity in order
to be compared with different populations.

In the case of disease, we need to study in detail differ-
ent clinical scenarios in different pathologies (cancer, sur-
gery, critically ill patients, etc.). Each pathology involves a
different mechanism of cell damage or hydration changes.
For example, in patients with cardiac pathology, hydration
changes predominate, but it is very important to estimate cell
mass because malnutrition can be a very important deter-
minant of health in patients with cardiorespiratory failure.
Similarly, changes in oxidative stress and inflammation can
be assessed by BIA and PhA. In terms of analyzing health
outcomes, it is very important to establish that PhA as a
biomarker correlate and establishes validated cut-off points
in determining or predicting important health events such as
mortality, morbidity, need for hospital admission, complica-
tions, as well as health care costs and quality of life.

The main point of interest of PhA in relation to progno-
sis is the ability to measure and predict, together with the
ability to see the evolutionary changes of the therapeutic
intervention. Therefore, we need to be able to assess the
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effectiveness of treatments for malnutrition, heart failure,
inflammation, etc., measured by changes in PhA, vector dis-
tribution and derived bioelectrical parameters.

BIA is subject to limitations, to errors in the technique,
therefore its validation with other techniques in clinical use
through morphofunctional assessment is probably one of the
most important aspects when it comes to the external valid-
ity of the results of PhA. In this sense, the support of other
morphological techniques, such as Nutritional Ultrasound®
or CT, is quite robust in the assessment of BC changes, while
the assessment of functionality can integrate other important
data that speak to the quality of the cell and the cell mass,
such as Hand Grip Strength and functional tests (Fig. 8).

Morphofunctional assessment is open to expansion into
new areas outside malnutrition, such as metabolic disease,
obesity, cardiology, critical patients, etc. It is also impor-
tant to consider its usefulness in physiological changes such
as ageing (frailty) and adaptations to changes in physical
activity (training and exercise). In inflammatory processes
involving oxidative stress and changes in cell membranes,
PhA may be a critical factor in discriminating the degree
of inflammation and cellular oxidation within a morpho-
functional assessment protocol [47].

We must not forget that all this assessment must be
immersed in structured, analytical, and biochemical tests,
as well as measurements of adherence and quality of life,
in order to be able to make a global and joint assessment of

the patient. Therefore, morpho-functional assessment is a
scheme that incorporates PhA and tries to provide a global
vision of the diagnostic and prognostic values associated
with different diseases [6, 94].

In the future, lines of research will be established that
include PhA along with these morpho-functional variables
in the design of projects on the diagnostic and prognostic
value and evaluation of specific therapeutic intervention
protocols.

7 Strength

PhA is a biological value that provides information on cel-
lular health and has intrinsic prognostic value. The measure-
ment technique is simple, inexpensive and can be systemati-
cally applied in different clinical settings, both inpatient and
outpatient, for different pathologies.

The PhA is an objective parameter that can be used to
establish cut-off points. It is sensitive and specific for diag-
nosis and determination of prognostic factors in health and
disease. It is a parameter that is sensitive to changes over
time and can therefore be useful in the evaluation of differ-
ent treatments.

The vector representation adds value to the numeri-
cal value of the PhA in describing the degree of hydra-
tion and cell mass. It therefore better represents the
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pathophysiological mechanisms of cellular involvement
and hydration. These have prognostic implications (Fig. 6).

In the future, the presentation of bioelectrical data in dif-
ferent forms could allow a simpler and more comprehensible
analysis of Rz/Xc data in terms of comparing population
levels, different pathologies, etc.

8 Limitations

The main limitation is related to measurement differences
between BIA devices from different manufacturers. An
international manufacturing standard is needed to facilitate
direct comparison of results from different studies as well
as the application of generally accepted reference values
[32, 64]. Harmonization of technology, as well as cross-
calibration of electrical resistors, should be a future goal.
Harmonization of electrical resistors should be a mandatory
future goal for impedance companies. In addition, only BIA
devices that can detect phase-sensitive impedance variation
should be used [32]. If there were a single approved device,
for example, as there is for measuring glycosylated hemo-
globin, we would be sure that, regardless of the brand of the
device, it would accurately measure Rz, Xc and PhA, and
we would have no problem obtaining universal results. It
is necessary to consider the physiological and pathological
conditions that influence the measurement (age, sex, BMI,
race) [32]. Raw PhA is limited in that it does not take into
account the determining factors. Although the raw value
should always be assessed, the addition of the SPhA measure
is an added value. The value of PhA increases with weight
and BMI in both men and women, but not uniformly. This
is because there is a direct relationship with FM rather than
weight [95]. Adjustment of PhA should be made more to
the increase in adipose tissue as FM than to the increase in
weight or BMI.

There is a conceptual difficulty in understanding the
concepts of reactance and resistance, particularly in their
graphic representation, as the different scale on which Xo
and Rz, are represented means that the hydration axis may
appear to depend on reactance and nutrition or tissue status
on resistance. Therefore, new models of graphical represen-
tation and vector analysis may be of interest in the future to
facilitate understanding and to promote correlations with
global prognostic factors.

The decrease due to the inflammatory component of
hydration or hydration versus cell mass loss or cell dam-
age cannot be distinguished from the numerical value of the
PhA In this sense, morpho-functional assessment can pro-
vide correlating data with other morphological or functional
techniques that focus the phase angle value in the appropri-
ate direction.

In addition, there is a limitation on the use of the tech-
nique in pregnant women, children and subjects with pace-
makers or patients in whom electrodes cannot be used such
as skin lesions. Caution should be exercised in situations in
which the water and electrolyte balance is altered. Intense
physical activity, diet, alcohol and fluid intake prior to test-
ing, dehydration or fluid retention, diuretic use and men-
strual cycle may affect the results [96].

9 Conclusions

PhA is a raw parameter of cellular health, equivalent to “the
electrocellgram®”. It has prognostic value in health and dis-
ease. As an isolated numerical value, provides global and
non-specific information on cell mass and health, as well as
congestion or inflammation.

The vectorial representation distributes the changes in cell
mass and hydration in relation to reference population levels in
ellipses of tolerance 50-75-95%. Its usefulness is demonstrated
in the tetrapolar phase-sensitive single-frequency impedance in
decubitus at 50 kHz. It is essential to know its determinants in
order to make an objective assessment.

It is necessary to identify the characteristics of the differ-
ent clinical scenarios, determining variables (age, race, sex,
height, BMI) and physiological functions (ageing, physi-
cal activity) in order to make a phenotypic diagnosis at the
individual level.

The use of the SPhA allows it to be adjusted for some of
these determinants. It will probably be useful in the future
to have standardised data on other factors such as type of
pathology (cancer, critical, surgical).

Future lines of research on PhA should focus on diagnos-
tic and prognostic values, sensitive and pathology-specific
cut-off points, and quantification of clinically meaningful
change in PhA with different health interventions. The main
strength of PhA is its simplicity and ability to report on cel-
lular health globally.

The main limitation is the complexity of the determinants
that requires its adjustment to the individual phenotypic diag-
nosis of each patient, together with the need for a universally
standardised measurement that reproduces global values com-
parable between different devices and measurement techniques.

PhA and vector impedance bioelectric measurements
should be included in the morpho-functional assessment
with other morphological techniques such as nutritional
ultrasound and CT, and functional techniques such as
dynamometry, test timed up and go, etc.

We would like to end this article with a sentence from the
author H. S. Frazier, 1980: "Nature is probabilistic. Infor-
mation is incomplete. Results are essential. Resources are
limited. Decisions are inevitable".
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