
Nutrition 142 (2026) 112960

Contents lists available at ScienceDirect

Nutrition

journal homepage: www.nutr i t ionjrnl .com
Review
Phase angle and vector analysis in the evaluation of body composition
in sarcopenic obesity: a systematic review
Karina Pozo MSc a, Federica Frau MSc b, Valeria Succa MSc b, Lorenzo Maria Donini MD c,
Elisabetta Marini PhD b,*
a School of Technology and Science, S~ao Paulo State University, Presidente Prudente, S~ao Paulo, Brazil
b Department of Life and Environmental Sciences, University of Cagliari, Cittadella Universitaria, Monserrato, Cagliari, Italy
c Department of Experimental Medicine, Sapienza University of Rome, Rome, Italy
A R T I C L E I N F O

Article History:
Received 15 May 2025
Received in revised form 5 September 2025
Accepted 14 September 2025
*Corresponding author.
E-mail address: emarini@unica.it (E. Marini).

https://doi.org/10.1016/j.nut.2025.112960
0899-9007/© 2025 The Author(s). Published by Els
A B S T R A C T

Background: Sarcopenic obesity (SO) is a condition characterized by low muscle mass and strength and high
adiposity. Bioelectrical impedance analysis (BIA) derived phase angle (PhA) and bioelectrical impedance vec-
tor analysis (BIVA) are simple and inexpensive tools for the evaluation of body composition, with an emerg-
ing consensus in health research and application.
Aim: The aim of this systematic review was to analyze research on sarcopenic obesity using PhA or BIVA.
Methods: A bibliographic search was performed on 13 January 2025, using three databases: PubMed, Scopus
and Web of Science. The search terms were: ("phase angle" OR BIVA) and (sarcopenic OR sarcopenia OR obe-
sity). Studies addressing only obesity or sarcopenia were excluded. The quality of the studies was evaluated
using the Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies, from the National
Institute of Health. No meta-analysis was conducted.
Results: Nine studies were selected, mostly published in 2022 (89%) or later and focused on clinical applica-
tions (55.6%). The reviewed studies showed substantial methodological variability. Diagnostic criteria
included the ESPEN�EASO algorithm as well as protocols based on different definitions of sarcopenia and
obesity. Indices and cut-offs used to define body composition varied accordingly. Variability was also
observed in population samples and in bioimpedance devices. All selected studies used PhA and two of them
used BIVA. Although quantitative results are variable, with PhA values ranging from 3.9° to 7.1°, and mostly
below 5.6°. The qualitative pattern of bioelectrical characteristics associated with body composition in SO is
broadly consistent across studies: PhA is tendentially lower than in healthy subjects and patients with obe-
sity and similar to those with sarcopenia; the specific vector is longer.
Conclusions: Research is still quite heterogeneous in terms of methods and diagnostic procedures, which lim-
its the comparability of the results. However, the observed tendencies confirm the suitability of PhA for rec-
ognizing the reduced muscle mass associated with sarcopenia, while specific BIVA also appears capable of
detecting excess fat mass related to obesity. Further research is needed to standardize procedures for charac-
terizing sarcopenic obesity and monitoring its progression.

© 2025 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
Key words:
bioimpedance

BIVA
Sarcopenia
Obesity
evier Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
Introduction

Sarcopenic obesity (SO) is characterized by low muscle mass
and strength and high adiposity [1]. Accurate assessment of
body composition is a critical step in the recognition and treat-
ment of sarcopenic obesity. The consensus statement on the
definition and diagnostic criteria published by the European
Society for Clinical Nutrition and Metabolism (ESPEN) and the
European Association for the Study of Obesity (EASO) [1,2] rec-
ommends the use of dual-energy X-ray absorptiometry (DXA)
or other advanced imaging techniques, such as magnetic reso-
nance imaging and computed tomography. However, these
techniques require expensive equipment and specialized per-
sonnel, making them impractical for widespread use, especially
in community settings. In these contexts, the consensus state-
ment suggests the use of bioelectrical impedance analysis
(BIA), which is portable, affordable, and widely available [1,2].
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Bioelectrical impedance vector analysis: technical overview

Similar to phase angle, the vector approach analyses raw bio-
electrical data, but provides more information about body com-
position by allowing contextual analysis of both phase angle
and vector length [17].

Resistance and reactance are the coordinates of the vector,
with the slope corresponding to the phase angle and the length to
the impedance. Two analytical approaches can be applied: toler-
ance and confidence ellipses [17]. Tolerance ellipses are probabil-
ity plots showing the percentile distribution of bioelectrical values
of the reference population (Fig. 1). Body composition is inter-
preted from the position of individual or mean vectors within the
sex-specific ellipses. Confidence ellipses allow comparison
between groups, which can also be done statistically using Hotel-
ling’s T2 test. In general, groups represented by non-overlapping
ellipses are significantly different.

There are two different BIVA approaches, classic [17] and spe-
cific BIVA [19], and they differ in the way the bioelectrical values
are standardized: by height in classic BIVA, in order to eliminate
the effect of conductor length, and by height and an estimate of
cross section dimensions in specific BIVA, to eliminate the effect
of body volume.

The phase angle is not affected by the standardization and
therefore the minor axis of tolerance ellipses, which is mainly
characterized by phase angle variations, can be interpreted in
the same way in classic and specific BIVA, and similarly to the
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Indeed, BIA is widely used in the analysis of sarcopenic obesity,
including in research.

The conventional BIA approach uses regression equations cali-
brated against a gold standard technique. This procedure allows
the evaluation of indices of muscle mass, whose values can be com-
pared with cut-off values for diagnosis. The equations should be
used on samples of similar age, sex and geographical ancestry to
those against which they were calibrated, as they make constant
assumptions about body proportions and fat-free mass hydration.
Indeed, expert panel criteria recommend this selective use [1,2].
However, for theoretical and technical reasons, this is not always
feasible or ideal. In fact, the same concept of population is rather
arbitrary and vague, and an accurate definition in terms of genetic
ancestry, sex, age, health status is often difficult, if not impossible.
In addition, the intra-group variability, which is particularly high
in older people, does not allow population-specific equations to be
applied consistently to all individuals. Furthermore, commonly
used devices often do not disclose the equations used and, when
an equation can be selected, operators may not have the theoreti-
cal background necessary to choose the most appropriate one.
Finally, the use of different equations, although appropriate for
each sample, reduces the comparability of results.

Alternative approaches based on BIA, namely phase angle (PhA)
and bioelectrical impedance vector analysis (BIVA), are based on
the direct analysis of raw bioelectrical data and therefore have the
advantage of not requiring the use of equations, thus avoiding a
potential source of error, while retaining the advantages of avail-
ability, affordability and portability of BIA.
Phase angle: technical overview

Phase angle is an index derived from the relationship between
reactance (Xc, ohm) and resistance (R, ohm), typically mea-
sured at a frequency of 50 kHz. It reflects the quantity and
integrity of cell membranes, which act as capacitive elements,
storing charge and causing the current to lag behind the volt-
age, resulting in a phase shift [3].

PhA has been shown to be associated with body cell mass
and is considered a proxy for fat-free mass and skeletal muscle
mass [4]. It is also considered a surrogate marker for muscle
quality, particularly as an expression of muscle composition
[5], and of muscle function, as evidenced by its independent
relationship with grip strength and functional tests [6]. PhA
also shows a strong negative association with the extracellular/
intracellular water ratio [4,7]. The association with body fat is
weaker and non-linear, being initially positive, then stable, and
becoming negative at higher values [8]. PhA has also been neg-
atively associated with inflammatory status [9].

Reflecting differences in body composition, the phase angle
varies between individuals in relation to: sex, being higher in
men [10]; age, showing increasing values with growth [10] and
decreasing values with aging [10,11]; lifestyle, showing higher
values in athletes and in physically active people [12]; geo-
graphic ancestry, being higher in populations with greater
muscle mass, such as Afro-Americans, and lower in Asian
groups [13,14]; health status, being considered a predictor of
malnutrition [15] and adverse outcomes, length of hospital
stay, and mortality risk in several clinical conditions [16].

A limitation of PhA is that it does not recognize different
hydration conditions [17] or relative amounts of FM% [18]. This
variability is captured by the vector approach.

interpretation of the phase angle alone.
Differences in interpretation arise when considering the

major axis, which is mainly related to vector length. There is
strong evidence that classic BIVA is adequate for the study of
body hydration, with dehydration indicated by the upper pole
of the ellipses [17]. In contrast, specific BIVA has shown accu-
racy in estimating the percentage of fat mass, with obesity con-
ditions characterized by longer vectors [19]. This property
enhances the information provided by the phase angle. Indeed,
the classic vector length can distinguish different hydration
conditions for a given PhA [17], and the specific vector length
can distinguish different amounts of FM% [18].
Both phase angle and specific bioelectrical impedance vector
analysis have been considered as potential tools for receiving infor-
mation on body composition in sarcopenic obesity [2]. Indeed, a
growing body of literature has highlighted the association between
low phase angle values and sarcopenia. However, the use of alter-
native BIA approaches in sarcopenic obesity has been less investi-
gated.

The aim of this systematic review is to discuss the use of phase
angle and bioelectrical impedance vector analysis in the study of
sarcopenic obesity, in order to delineate their potential relevance
as methods for body composition assessment in this context.
Methods

Literature search

This systematic review was conducted using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [20] and was regis-
tered in the PROSPERO database (https://www.crd.york.ac.uk/PROSPERO/) Regis-
tration number: CRD420251020207.

https://www.crd.york.ac.uk/PROSPERO/


Fig. 1. Classic and specific BIVA tolerance ellipses.
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The bibliographic search was carried out on 13 January 2025, using three data-
bases: PubMed, Scopus and Web of Science. The search was conducted using the
following search terms [All fields]: (“phase angle” OR BIVA) AND (sarcopenia OR
sarcopenic OR obesity). Inclusion criteria were peer-reviewed studies, accessible
in English full-text, on phase angle or BIVA applied to the analysis of sarcopenic
obesity. The main reasons for exclusion were: (1) the lack of bioelectrical values
specifically related to sarcopenic obesity, (2) the inclusion of individuals with obe-
sity alone, and (3) the inclusion of individuals with sarcopenia alone.
Selection process and data collection

All retrieved records were imported into Zotero, and duplicates were
removed. Three authors (FF, KMP, VS) independently screened the articles accord-
ing to the inclusion criteria. In cases of uncertainty, disagreements were discussed
and resolved in consultation with all authors. Two reviewers (FF, KP) extracted the
following information from the eligible studies: year of publication, study design,
authors, sample size, participants’ characteristics (sex, country, age, clinical condi-
tion), study objectives and results, SO definition, SO prevalence, diagnostic meth-
ods and cut-off values, bioelectrical values.
Synthesis methods

Findings were discussed narratively and summarized in tables and figures. No
meta-analysis was conducted.
Quality Assessment

Studies quality was evaluated using the Quality Assessment Tool for Observa-
tional Cohort and Cross-Sectional Studies, from the National Institute of Health, U.
S. Department of Health and Human Services [21]. This checklist includes 14 items
that assess methodological aspects, such as study design, sample selection, expo-
sure and outcome measurement, and confounding control. Studies were classified
into three categories based on their overall score: Good (more than or equal to
70% of “yes” answers), Fair (between 50�59%) or Poor quality (less than 50%).
Results

Selection of studies

The selection process (Fig. 2) initially identified a total of 1606
articles. After removing

770 duplicates using Zotero software, 836 articles were
included in the search. Based on the screening of both titles and
abstracts, 792 studies were excluded because they did not meet
the inclusion criteria. The full text of 44 potentially relevant papers
was then examined and 9 studies were considered suitable for the
systematic review.

Study characteristics

The main characteristics of the selected articles are shown in
Table 1. All studies were published between 2012 and 2025, espe-
cially in 2022 or later (89%), and were conducted in Brazil [22],
China [23], Israel [24], Italy [25�27], Japan [28], Mexico [29], Tur-
key [30].

The study designs were prospective cohort studies
[24,25,29] and cross-sectional studies [22,23,26�28,30]. All
studies were rated as good, according to the Quality Assess-
ment Tool for Observational Cohort and Cross-Sectional Studies
[21]. The mean quality score was 88.8%, with scores ranging
from 75% to 100% (Table S1).

The total number of participants included was 14971, with
sample sizes ranging from 51 [22] to 10312 [23]. The mean age
ranged from 53 [23] to 76.3 years [27]. All studies included both
sexes and, in most cases, were aggregated by sex
[22,24,25,28�30]. The groups defined as sarcopenic obese referred
to samples with body composition characteristics indicative of SO,



Fig. 2. Flowchart on the search and selection of articles to be included in the review.
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according to expert panel criteria. Four studies evaluated the gen-
eral population [22,23,26,27], while other studies considered sub-
jects undergoing haemodialysis [24], post-stroke patients [28],
patients with obesity [25], type 2 diabetes mellitus [30], head and
neck cancer [29].

General aims of the selected studies

The included studies had a range of different aims
(Table 2). Most studies analyzed the phase angle in relation to
various influencing factors, mainly nutritional status, quality of
life, and clinical outcomes. The bioelectrical characteristics
of the groups classified as ‘SO’ were compared with those of
healthy subjects, in relation to the progression of the
condition, or with those of the groups classified as sarcopenic
(S), obese (O), or both sarcopenic and obese groups. In a
few cases a cut-off predictive of sarcopenic obesity was pro-
posed.
Methods
Skeletal muscle functional parameters
Hand grip strength (HGS) was assessed using different instru-

ments and different cut-offs (Table 2).
Two studies also analyzed physical performance [22,30].



Table 1
General characteristics of selected studies

Reference Country Sample
size (n)

Sex (n)
M F

Age (mean§SD) Sample characteristics

Ara�ujo et al. [22] Brazil 51 6 45 M = 69.8 § 3.8 F = 69.7 § 6.3 General population (84.3% with frailty)
Beberashvili et al. [24] Israel 261 151y 84y EWGSOP = 72.4 § 11.9 FNIH = 72.1 § 10.7 Haemodialysisz

Brunani et al. [25] Italy 2004 762 1242 Overall = 56.0 § 14.0 SO = 64.4 § 12.4 Obesity
Hafızo�glu et al. [30] Turkey 322 119 203 72.5 § 5.8 Type 2 diabetes mellitus; FM% values indicate widespread obesity
Luo and Jin [23] China 10312 5415 4897 M = 53.47 § 10.84 F = 53.17 § 10.29 General population
Marini et al. [26] Italy 207 75 132 M = 75.8 § 6.9 F = 70.8 § 4.0 General population
Marini et al. [27] Italy 915 396 519 M = 74.6 § 8.8 F = 76.3 § 8.8 General population
Sat-Mu~noz et al. [29] Mexico 139 107 32 63.5 § 13.0 Head and neck cancerx

EWGSOP, European Working Group on Sarcopenia in Older People; FNIH, Foundation for the National Institutes of Health; HGS, hand grip strength; SD, standard deviation;
SO, sarcopenic obesity.
ySex data available for sarcopenic and SO individuals, unknown for 26 others.
zPatients with a life expectancy of less than six months were excluded.
xThe sample included different disease stages; patients with two or more malignant neoplasms, autoimmune diseases, and chronic kidney or lung diseases were excluded.
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Body composition
Different criteria were used to define the body composition of

individuals with sarcopenic obesity (Tables 2 and 3). Four studies
applied the ESPEN-EASO criteria [25,27,28,30].

Other studies defined SO based on the coexistence of body com-
position characteristics of sarcopenia and obesity [22�24,26].

In these cases, sarcopenia was diagnosed according to the first
European Working Group on Sarcopenia in Older People (EWG-
SOP) guidelines [32], the Foundation for the National Institutes of
Health (FNIH) criteria [33], or the Asian Working Group for Sarco-
penia criteria (AWGS) [34].

Along with the heterogeneity of the criteria used to define sarco-
penic obesity or sarcopenia, the diagnostic indices and cut-off values
for muscle mass also varied among reviewed studies (Table 3). When
using the ESPEN-EASO criteria [1,2], the measures of total (SMM), or
appendicular (ASM) skeletal muscle mass, in some cases also defined
as appendicular lean mass (ALM), were standardized by weight
(SMM/W, ASM/W, ALM/W); in other cases the values were divided by
squared height (SMM/H2 or ASM/H2), or by BMI (ALM/BMI).

The cut-off values for defining muscle or fat mass also varied
among studies, depending on the indices used and the sampled
populations (Tables 2 and 3).

The diagnosis of obesity was based on BMI (thresholds used
ranged from 24 to 30 kg/m2), and/or waist circumference, and/or
body fat percentage (thresholds used: 23.8�31% in men; 35�43%
in women) (Tables 2 and 3). This definition may have led to the
inclusion of overweight individuals in some samples.

BIA analysis was performed using seven different impedance devi-
ces, including both supine [22,24�27,29,30], standing [23], or not spec-
ified [28] positions. Marini et al. [26,27] also applied DXA (Table 2).One
study used classic BIVA [26] and two studies used specific BIVA
[26,27]. In these cases, the EWGSOP or ESPEN-EASO criteria were
adopted to define body composition, without taking hand grip
strength into account. Consequently, the samples could include presar-
copenic individuals, as defined by EWGSOP [32].

Overall results

The prevalence of SO varied considerably across the selected
studies, ranging from 1.4% [23] to 38.3% [24], probably due to dif-
ferences in diagnostic criteria, study populations, and clinical con-
ditions (Table 2).

Phase angle
In line with theoretical expectations, and consistently with the

variability in the general population, the reviewed studies showed
that PhA was: negatively associated with age (P < 0.01) [22,23]
and fat mass % (P < 0.01) [23]; non-linearly associated with body
mass index and waist circumference (P < 0.001) [23]; positively
correlated with muscle mass (P < 0.05 or P < 0.01) [22,23,26]. It
was also negatively associated with the progression of concomitant
diseases and mortality risk [29].

The mean PhA values in individuals with SO varied among stud-
ies, ranging from 3.9° [28] to 5.6° [27], with an outlier high value of
7.1° [22]. The only studies that considered the sexes separately
reported PhA values of 4.3° [25], 5.1° [23] and 5.6° [27] in men and
4.1° [25], 4.6° [23] and 4.8° [27] in women (Table 2). Some authors
proposed cut-off values for the prediction of sarcopenic obesity: 4.3°
for men and 3.8° for women in a sample of Japanese post-stroke
older individuals [28], 4.4° for both sexes combined in a sample of
patients with type 2 diabetes [30], and 5.5° for men and 4.8° for
women in a sample of the general Chinese population [23]. Such val-
ues correspond to sensitivity values ranging between 0.57 [30] and
0.76 [23] and specificity between 0.61 [30] and 0.84 [28].

Individuals with SO exhibited significantly lower PhA values than
healthy participants (P< 0.001) in two out of three possible compar-
isons [23,27], while the third study [26] detected a significant differ-
ence when considering the combined group of SO and S samples.
This pattern was confirmed in a cohort of cancer patients (P = 0.023)
[29] and in post stroke patients [28]. Ara�ujo [22] detected similar,
albeit non-significant, differences in frail individuals.

Individuals with SO also showed significantly lower PhA values
compared to individuals with obesity (p < 0.001) in three of the
four possible comparisons, with sexes combined [28,30], or only in
females [27], whereas Brunani [25] detected the same tendency,
but no significant difference.

The SO samples showed similar PhA compared to individuals
with sarcopenia in five out of six comparisons [22,26,27,28,29],
while one study showed higher PhA among SO (P = 0.04, when
classified using EWGSOP criteria and P < 0.001 when classified
using FNIH criteria) [24].

In summary, the possible following general patterns can be
identified (Table 2 and Fig. 3). Where the comparison was possible,
the phase angle values in sarcopenic obesity were:

- lower than in healthy conditions [23,26,27], or than in control
groups in studies focusing on diseased samples [28,29];

- lower than in obesity [27,28,30];
- similar to [22,26,27,28,29] or higher than [24] in sarcopenia.

Bioelectrical impedance vector analysis
The two studies that used specific BIVA [26,27] highlighted the

potential utility of this approach in characterizing the bioelectrical
features of individuals with sarcopenic obesity. These features



Table 2
Methods and results of selected studies

Reference Objective SO definition SO prevalencey Methods for diagnosis Diagnostic parameters and
cut-offs

Results Bioelectrical values

Ara�ujo et al.[22] To investigate the asso-
ciation between PhA
and frailty/pre-frailty,
nutritional and clinical
aspects in older people

Coexistence of sarcope-
nia (EWGSOP) and
obesity

11.7% (51) -BIA (Sanny BIA 1010)
-HGS (Saehan SH5001)-
Physical performance
(gait speed)

-ASMMI (ASMM/Hz) < 8.87
kg/mz M, < 6.42 kg/mz F.
-HGS < 30 kg M, < 20 kg F.
-BF% � 28% M, � 40% F. -gait
speed > 5.31’’ and 5.27’’M,
> 5.72’’ and 5.63’’ F

PhA of SO was higher
than control group,
(characterised by a high
prevalence of frailty)

- PhA in SO: 7.10° § 2.19.
-PhA in S: 6.73° § 1.50. -PhA
in non-SO: 6.46° § 0.91z

Beberashvili et al.
[24]

To examine differences
in nutritional status, QoL
and clinical outcomes
between non-obese S
and patients with SO in
MHD

Coexistence of sarcope-
nia (EWGSOP and FNIH
criteria) and obesity

31.5% (EWGSOP),
38.3% (FNIH) (261)

-BIA (Nutriguard-M
DataInput) -HGS (Har-
penden)

EWGSOP: -SMMI (SMM/Hz)
< 8.87 kg/mz M, < 6.42 kg/
mz F. -HGSBMI

x. FNIH: -SMI
(ALM/BMI) < 0.789 M, <
0.512 F. - HGSBMI

x. -FM% �
27% M, � 38% F

PhA was significantly
higher in SO than sarco-
penic individuals

-PhA in SO: 4.5° § 0.9. -PhA
in S: 4.0° § 1.2 (EWGSOP)
3.7° § 0.8 (FNIH)z

Brunani et al. [25] To determine whether a
weight-loss programme
worsens or improves
HGS and body composi-
tion in patients with SO

ESPEN-EASO 9.4% (2004) -BIA (BIA 101 Akern)
-HGS (JAMAR)

-SMMI (SMM/W £100) <
37% M, < 27.6% F. -HGS <

27kg M, < 16kg F. -BMI > 30
kg/mz

After the weight loss
programme, 42.6% of SO
patients were no longer
sarcopenic. Improve-
ments in HGS and PhA
raised the probability of
no longer being SO to
93%

- Baseline PhA in SO:
M = 4.31° § 0.83, F = 4.07° §
0.82, Post-intervention PhA:
-No SOdischarge 4.18° § 0.87,
-SOdischarge 4.06° § 0.8

Hafızo�glu et al. [30] To evaluate the relation-
ship between SO and
PhA among diabetic
adults

ESPEN-EASO 19.6% (322) -BIA (Bodystat Quadscan
4000) -HGS (Takei TKK
5401) -Physical perfor-
mance (CST, TUG)

-SMMI (SMM/W £ 100) �
37% M, � 27.6% F. -HGS
<27 kg M, <16 kg F. -BMI �
30 kg/mz. -FM% >31% M,
>43% F. -CST �17 s

Low PhA was signifi-
cantly related to SO. PhA
can be considered a
potential biomarker for
SO in adults with type 2
DM

-PhA in SO: 4.30° (3.70-
5.30). -PhA in non-SO 4.80°
(4.10-5.50)z. Cutoff of PhA
for predicting SO was 4.4°

Luo and Jin [23] To establish PhA refer-
ence data for the SO
population and to inves-
tigate the relationship
between PhA and SO

Coexistence of sarcope-
nia (AWGS) and obesity

1.4% (10312) -BIA (InBody 720) -HGS║ -ASMI (ASMM/Hz) < 7kg/mz

M, < 5.7kg/mz F -HGS
<28 kg M, <18 kg F -BMI �
24kg/mz -WC � 90cmM, �
85cm F FM% � 25% M, � 35%
F

PhA was negatively
associated with SO,
independently of age
and sex. PhA could be
considered as a potential
biomarker for SO

-PhA in SO: M = 5.08° § 0.68,
F = 4.55° § 0.74. -PhA in
non-SO: M = 5.81° § 0.66,
F = 5.03° § 0.54. Cutoff val-
ues of PhA for predicting SO
were 5.55° for men and
4.79° for women

Marini et al. [26] To investigate whether
BIVA can be a suitable
technique for sarcopenia
and to evaluate the
potential use of specific
BIVA as an indicator of
SO

Coexistence of sarcope-
nia (EWGSOP) and obe-
sity. Focused on body
composition, HGS not
performed

4.35% (8 men and 1
woman) (207)

-BIA (BIA 101 Akern)
-Classic BIVA -Specific
BIVA -DXA (Hologic
QDR-4500 W)

-SMI (SMM/Hz) < 7.26 kg/mz

M, < 5.45 kg/mz F. -FM% >

23.8% M, >36.4% F

BIVA is useful for detect-
ing muscle-mass varia-
tions in S{. Specific BIVA
can discriminate
between S and SO

-PhA in SO: 5.3° § 0.9. -PhA
in S: 4.7° § 1. -PhA in non-S:
M = 6.1° § 1.1.

Marini et al. [27] To investigate the suit-
ability of specific BIVA in
the analysis of SO

ESPEN-EASO for body
composition, HGS not
performed

4.70% (915) -BIA (BIA 101 Akern)
-Specific BIVA -DXA
(Hologic QDR-4500A)

-ASM/W £ 100 < 25.72 % M,
< 19.43 % F -FM% >31% M,
>43 % F

Groups with obesity (O
and SO) had longer vec-
tors than those with S.
SO vectors were located
in the upper-right
quadrant

-PhA in SO: M = 5.6° § 1,
F = 4.8° § 0.6. -PhA in S:
M = 5.2 § 0.9, F = 4.6 § 0.6.
-PhA in obesity: M = 6.0 §
1.2, F = 6.1 § 1.1. -PhA in
others: M = 7.2 § 1.2, F = 6.2
§ 1.3.

(continued on next page)
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Table 2 (Continued)

Reference Objective SO definition SO prevalencey Methods for diagnosis Diagnostic parameters and
cut-offs

Results Bioelectrical values

Sat-Mu~noz et al.
[29]

To determine the role of
PhA in the of head and
neck cancer outcomes in
patients with a high
prevalence of over-
weight and obesity

Coexistence of sarcope-
nia (EWGSOP) and
obesity

27.3% (139) -BIA (mBCA 514 SECA)
-HGS (Jamar)

-SMMI (SMM/Hz) < 8.87 kg/
mz M, < 6.42 kg/mz F -BMI �
25kg/mz

Low PhA was associated
with an adverse progno-
sis in pts with sarcope-
nia and SO

-PhA in SO 4.2° § 0.84, -PhA
in S 4.0° § 0.91, -PhA in non-
S 4.7° § 0.83z

Yoshimura et al.
[28]

To investigate the asso-
ciation between PhA
and SO, sarcopenia and
obesity in post-stroke
patients

ESPEN-EASO 4.5% (760) -BIA (InBody S10) -HGS -SMM/W £ 100 < 31.5% M,
< 22.1% F. -HGS < 28 kg M,
<18 kg F. -FM%> 29.7% M,
>37.2% F

PhA was negatively
associated with SO

Median PhA: -SO 3.9° (3.75-
4.10), -S 4.1° (3.73-4.40),
-obese 4.5° (4.30-4.72),
-others 5.0° (4.68-5.70)z Cut-
off values of PhA for predict-
ing SO were 4.29° for men
and 3.84° for women

ALM, appendicular lean mass; ASM, appendicular skeletal mass; ASMMI, appendicular skeletal muscle mass index; AWGS, Asian Working Group for Sarcopenia; BIA, bioelectrical impedance analysis; BIVA, bioelectrical impedance
vector analysis; BMI, body mass index; CST, chair stand test; DM, diabetes mellitus; DXA, dual-energy X-ray absorptiometry; ESPEN-EASO, European Society for Clinical Nutrition and Metabolism European Association for the Study
of Obesity; EWGSOP, European Working Group on Sarcopenia in Older People; FNIH, Foundation for the National Institutes of Health; FM%, fat mass percentage; H, height; HGS, hand grip strength; MHD, maintenance hemodialysis;
QoL, quality of life; S, sarcopenia; SMMI, skeletal muscle mass index; SMI, skeletal muscle index; SO, sarcopenic obesity; TUG, timed up and go test; W, weight; WC, waist circumference.
yThe number in parentheses represents the total sample size.
zNo distinction between sexes for PhA values.
xvalues are adjusted for BMI and cut-offs vary according to BMI.
║dynamometer model not specified.
{PhA values for SO and BIVA analysis available for males only.
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Table 3
Variability of diagnostic indices and cut-offs applied in the included studiesy

Obesity

Parameter Cut-offs used in the selected studies

BMI 24 kg/mz

25 kg/mz

30 kg/mz

FM% � 28% M, � 40% F
� 27% M, � 38% F
� 25% M, � 35% F
> 23.8% M, > 36.4% F
> 29.7% M, > 37.2% F
> 31% M, > 43% F

WC � 90 cmM, � 85 cm F

Sarcopenia

Criteria Steps for diagnosis Muscle mass indices Cut-offs used in the selected studies

AWGS 1: Muscle strength: HGS DXA or BIA: ASM/Hz z BIA:
2: Physical performance M < 7.0 kg/mz F < 5.7 kg/mz

3: Muscle mass
EWGSOPx 1: Physical performance: gait speed DXA: skeletal muscle mass index (SMI) DXA: M < 7.26 kg/mz

2: Muscle strength: HGS BIA: skeletal muscle mass index (SMI) or absolute
muscle mass values

F < 5.5 kg/mz BIA: M < 8.87 kg/mz F < 6.42 kg/mz

3: Muscle mass
FNIH 1: Muscle strength: HGS DXA: ASMBMI

z M < 0.789
2: Muscle mass F < 0.512
3: Physical performance: mobility, gait speed

Sarcopenic obesity

Criteria Steps for diagnosis Parameters Cut-offs

ESPEN-EASO 1: High BMI or WC DXA: ASM/Wz Population specific cut-offs
2: Altered skeletal muscle functional parameters: HGS, chair stand test BIA: SMM/W
3: Altered body composition: FM% and reduced muscle mass

ASM, appendicular skeletal mass; AWGS, Asian Working Group for Sarcopenia; BIA, bioelectrical impedance analysis; BMI, body mass index; DXA, Dual-Energy X-ray absorp-
tiometry; ESPEN-EASO, European Society for Clinical Nutrition and Metabolism � European Association for the Study of Obesity; EWGSOP, European Working Group on Sar-
copenia in Older People; FM%, fat mass percentage; FNIH, Foundation for the National Institutes of Health; H, height; HGS, hand grip strength; SMM, skeletal muscle mass, W,
weight; WC, waist circumference.
yThe diagnostic indices are those provided by the criteria, whereas the cut-offs are those used by the mentioned studies.
zASM is also called ALM in the reviewed criteria.
xThe same group of researchers published an updated version of the criteria, defined the EWGSOP2 criteria, but none of the studies used this version.

Fig. 3. Phase angle values across different groups in the selected studies S, sarcopenia; SO, sarcopenic obesity; O, obesity; C, controls. The first number above the bars refers to
cases with sarcopenic obesity and, in parentheses, the total sample size. The figure shows significant comparisons only involving the sarcopenic obesity group. Control groups
referred to healthy individuals in Luo and Jin [23], Marini [26], and Marini [27], and included different clinical conditions in the remaining studies. In Beberashvili [24], we
considered the PhA values based on the FNIH criteria as results.

8 K. Pozo et al. / Nutrition 142 (2026) 112960



Fig. 4. Potential areas for sarcopenic obesity (SO), sarcopenia (S), and obesity (O) in
specific BIVA.
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include low phase angle values, as discussed above, as well as long
bioelectrical vectors, which indicate high FM% values. Notably, SO
individuals’ vectors were located in a recognizable area in the
upper right quadrant, outside the tolerance ellipses and partially
overlapping the overweight-obesity area defined by BIVA, but
shifted to the right, closer to the S group [26,27]. Within the SO
area, the position of the vectors among men was associated with
body composition impairment : those in the lower-right quadrant,
characterized by lower PhA values, were associated with signifi-
cantly lower ASM/W values (P = 0.016) [27].

The sole study using classic BIVA [26] demonstrated its ability
to detect variations in muscle mass among individuals of the S
group. However, classic BIVA was unable to distinguish differences
in body composition between S and SO individuals (P = 0.318).

Discussion

Phase angle and BIVA are widely and increasingly used in
research and applications. However, their use in analyzing body
composition in sarcopenic obesity is still limited.

The reviewed studies yielded heterogeneous quantitative
results. The prevalence of sarcopenic obesity ranged from 1.4% in
the general Chinese population [23] to 38.3% in a sample of hemo-
dialysis patients [24]. The mean PhA values associated with SO
ranged from 3.9° [28] to 7.1° [22], although they were mostly
below 5.6°. The proposed cut-off points for sarcopenic obesity also
varied across samples, ranging from 3.8° in women [28] to 5.5° in
men [23].

Such variability is largely attributable to methodological differ-
ences across studies, including diagnostic criteria (the ESPEN-EASO
algorithm or other approaches for defining sarcopenia and obesity
separately), indices (ASM or SMM standardized by height, weight,
or BMI; BMI, waist circumference, or FM%), cut-offs (population
specific thresholds for body composition), samples characteristics
(including diseased samples and possibly overweight or presarco-
penic individuals), and bioimpedance devices (mono- or multi-fre-
quency, used in the supine or standing position).
Furthermore, most analyses were performed on data aggre-
gated by sex. Given the significant sexual dimorphism of bioelectri-
cal values [10,19], the observed estimates may be biased by
different proportions of males and females. In this review, the only
studies that distinguished between the sexes [23,25,27] showed
that the mean PhA values were 0.2�0.8 degrees higher among SO
men than women.

All of these factors hinder the comparability and generalizabil-
ity of results for both estimates of sarcopenic obesity prevalence
and for proposed cut-off values. In light of this variability, many
researchers and expert panels recommend standardizing phase
angle values according to sex, age, and population [35]. However,
the appropriateness of this approach requires careful consider-
ation. Standardization may be appropriate in certain cases, such as
when using different devices or when comparing sexes. Con-
versely, standardization by population may lead to misleading
results when populations are not correctly defined or if relevant
differences in body composition that are important for diagnosis,
are artificially removed (Marini, 2025, in prep).

Further criticisms on the diagnostic utility of PhA was raised by
Norman et al. [36], who argued that a disease-specific cutoff is
unlikely to be meaningful, as PhA provides no information on aeti-
ology and lacks specificity.

Despite the above limitations� regardless of sex, population and
ofmethodological protocol used - the bioelectrical pattern associated
with the body composition characteristics of sarcopenic obesity
appears to be informative. PhA was significantly lower in SO than in
healthy subjects [23,26,27] and patients with obesity [27,28,30]. PhA
appeared similar to that in individuals with sarcopenia
[22,24,26,27,28,29],with one exception showing higher values [24].

The low PhA values observed in SO individuals indicate their
impaired body composition and are likely due to a relatively low
quantity and quality of muscle mass, as well as low functionality.
Indeed, mean PhA values in healthy adults (19�48 years) have
been estimated at 6.9�7.2 in men and 6.1�6.3 in women [37], i.e.
1�2° higher than most values associated with SO. In line with the
present review, the literature indicates that sarcopenia is associ-
ated with lower phase angle values [38]. The lower PhA values
compared to obesity are also consistent with expectations, as sar-
copenic obesity combines and amplifies the adverse health out-
comes and risks associated with both obesity and sarcopenia [1].
On this basis, PhA may be used to monitor level and progression of
sarcopenic obesity, and the efficacy of interventions, and possibly
identify individuals with sarcopenic obesity within the broader
context of obesity, as defined by anthropometry.

On the other side, the similar PhA values in SO compared to sar-
copenia would suggest a similar quantity and quality of muscle
mass. At this regard, it should be noted that PhA appears inappro-
priate to distinguish the body composition characteristics of sarco-
penic obesity from those of sarcopenia, as it has demonstrated a
poor ability to detect changes in fat mass [8].

To obtain a complete evaluation of body composition, including
body fat, other techniques must be employed. Considering the lim-
ited availability of reference methods such as DXA, magnetic reso-
nance imaging and computer tomography, the assessment of body
fat must frequently rely on indirect techniques such as conven-
tional BIA, anthropometry, or emerging ultrasound techniques.
However, BMI is inaccurate because it is also determined by fat-
free mass content, whereas estimates based on skinfolds are sub-
ject to substantial measurement error [39]. Ultrasound techniques
show promise for measuring subcutaneous fat, although the accu-
racy of total body fat estimates is less well established, particularly
in individuals with overweight or obesity [31]. The conventional
BIA procedure is widely used and recommended by expert panels
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[1,2], but it involves a risk of error related to the use of regression
equations.

A suitable option is bioelectrical impedance vector analysis,
particularly the specific approach.

Thanks to the contextual analysis of phase angle and vector
length, specific BIVA can accurately recognize variations in muscle
mass and quality, as well as in FM% [19]. Indeed, the specific vec-
tors length demonstrated accuracy in estimating FM% in adults
when validated against DXA (ROC areas: 0.84�0.92) [19], a finding
repeatedly confirmed in samples differing in age, geographic origin
and lifestyle. Consistently with theoretical expectations, in the
reviewed studies, the vectors of SO samples are longer than those
of healthy individuals or individuals with sarcopenia [26,27], and
are more inclined, i.e. characterized by lower phase angles, than
those of healthy or obese individuals [27]. Specific BIVA was also
able to detect the internal variability of body composition charac-
teristics of SO: among cases showing longer vectors, individuals
with higher phase angles were characterized by greater muscle
mass [27].

Thus, specific BIVA could be used to distinguish differences in
body composition between individuals with sarcopenia (low phase
angles and short vectors), sarcopenic obesity (long vectors and low
phase angles), and obesity (long vectors and normal phase angles),
without the need for different indices (Fig. 4). It could also allow
the comparison of body composition variability among individuals
with SO. This possibility would benefit from further investigation
in more groups, in relation to muscle strength and function, and
health status in general.

The only article using classic BIVA showed that it could detect
significant differences between sarcopenic and healthy groups.
However, it could not distinguish between the body compositions
of sarcopenic and sarcopenic obese groups [26]. Indeed, unlike the
specific BIVA vector, whose length reflects FM%, the information
conveyed by the classic vector length is related to total body water.
This suggests that the analyzed sample of individuals with obesity
did not show significant fluid imbalance, emphasizing the need for
further studies on different samples.

The main limitation of this review is the small number of avail-
able studies, as well as the substantial heterogeneity in their diag-
nostic procedures, BIA devices and study populations. In particular,
the samples and their control groups varied considerably with
respect to age and sex, with the latter often not specified. The SO
and S groups were defined using different procedures, indices and
cut offs. Some studies also focused on samples of people with dis-
eases of varying severity. These factors inevitably limited the com-
parability of the results and reduced the strength of the evidence,
particularly with regard to BIVA, which was only used in two stud-
ies, both of which were conducted by some of the authors of this
review.

However, these limitations can also be viewed as key factors
that strengthen the review’s results, as they highlight the need for
the international scientific community to make greater efforts to
compare and harmonize procedures. Furthermore, despite the het-
erogeneity, the emerging tendencies suggest the potential of alter-
native BIA approaches for detecting body composition features
related to sarcopenic obesity, which warrant further investigation.

Conclusions

This review shows that phase angle and BIVA are at the begin-
ning of their potential use in sarcopenic obesity.

The studies reviewed showed a high level of methodological
variability, encompassing diagnostic criteria, indices, cut-offs and
bioimpedance devices. This makes it difficult to define typical
ranges or diagnostic thresholds and emphasizes the importance of
international efforts to establish standardized procedures to obtain
comparable results.

However, the qualitative pattern of bioelectrical characteristics
associated with body composition in SO is consistent with theoret-
ical expectations, with previous research on other conditions, and
across studies: PhA tends to be lower than in healthy individuals
and in those with obesity, and is similar to individuals with sarco-
penia; the specific vector is longer than in healthy individuals and
in those with sarcopenia.

Therefore, PhA is a possible tool for distinguishing the
impairment of body composition in sarcopenic obesity compared to
a healthy state and obesity, although it does not allow discrimina-
tion from sarcopenia. The distinction with individuals with sarcope-
nia, whose muscle mass and quality appears similar, is possible
using specific BIVA due to its ability to recognize differences in fat
mass. Conversely, classic BIVA, whose vector length is sensitive to
differences in body water, did not detect significant differences
between individuals with sarcopenia and sarcopenic obesity.

These findings suggest the potential value of phase angle and, in
particular, specific BIVA in characterizing and analyzing body com-
position impairments in sarcopenic obesity, and monitoring disease
progression and the effectiveness of interventions. However, the
standardization of the procedure, the definition of diagnostic cut-
offs and the utility of classic BIVA require further research.
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Assessment of phase angle as a novel indicator for sarcopenic obesity accord-
ing to the ESPEN/EASO criteria in older adults with diabetes mellitus. Nutrition
2024;123:112412. https://doi.org/10.1016/j.nut.2024.112412.

[31] Neagu M, Neagu A. A decade of progress in ultrasound assessments of subcuta-
neous and total body fat: a scoping review. Life 2025;15:236. https://doi.org/
10.3390/life15020236.

[32] Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al. Sar-
copenia: European consensus on definition and diagnosis. Age Ageing
2010;39:412–23. https://doi.org/10.1093/ageing/afq034.

[33] Studenski SA, Peters KW, Alley DE, Cawthon PM, McLean RR, Harris TB, et al.
The FNIH Sarcopenia Project: Rationale, Study Description, Conference Recom-
mendations, and Final Estimates. J Gerontol 2014;69:547–58. https://doi.org/
10.1093/gerona/glu010.

[34] Chen L-K, Woo J, Assantachai P, Auyeung T-W, Chou M-Y, Iijima K, et al. Asian
working group for sarcopenia: 2019 consensus update on sarcopenia diagnosis
and treatment. J Am Med Direct Assoc 2020;21:300–7. https://doi.org/
10.1016/j.jamda.2019.12.012. e2.

[35] Bellido D, García-García C, Talluri A, Lukaski HC, García-Almeida JM.
Future lines of research on phase angle: Strengths and limitations. Rev
Endocr Metab Disord 2023;24:563–83. https://doi.org/10.1007/s11154-
023-09803-7.

[36] Norman K, Herpich C, Mueller-Werdan U. Role of phase angle in older adults
with focus on the geriatric syndromes sarcopenia and frailty. Rev Endoc Metab
Disord 2023;24:429–37. https://doi.org/10.1007/s11154-022-09772-3.

[37] Mattiello R, Amaral MA, Mundstock E, Ziegelmann PK. Reference values for the
phase angle of the electrical bioimpedance: Systematic review and meta-anal-
ysis involving more than 250,000 subjects. Clin Nutr 2020;39:1411–7. https://
doi.org/10.1016/j.clnu.2019.07.004.

[38] Di Vincenzo O, Marra M, Di Gregorio A, Pasanisi F, Scalfi L. Bioelectrical imped-
ance analysis (BIA)-derived phase angle in sarcopenia: a systematic review.
Clin Nutr 2021;40:3052–61. https://doi.org/10.1016/j.clnu.2020.10.048.

[39] Ulijaszek SJ, Kerr DA. Anthropometric measurement error and the assessment
of nutritional status. Br J Nutr 1999;82:165–77. https://doi.org/10.1017/
s0007114599001348.

https://doi.org/10.1159/000521241
https://doi.org/10.1016/j.clnu.2023.02.018
https://doi.org/10.1007/s11154-022-09780-3
https://doi.org/10.1007/s11154-022-09780-3
https://doi.org/10.3945/ajcn.115.116772
https://doi.org/10.1016/j.clnu.2024.11.008
https://doi.org/10.1016/j.clnu.2024.11.008
https://doi.org/10.1016/j.nut.2021.111342
https://doi.org/10.1016/j.nut.2021.111342
https://doi.org/10.1016/j.clnu.2019.02.016
https://doi.org/10.20944/preprints202508.0191.v1
https://doi.org/10.20944/preprints202508.0191.v1
https://doi.org/10.1016/j.exger.2017.11.019
https://doi.org/10.1177/0148607106030004309
https://doi.org/10.3390/ijerph17176047
https://doi.org/10.1016/j.clnu.2018.08.031
https://doi.org/10.1016/S0261-5614(15)30597-5
https://doi.org/10.1016/S0261-5614(15)30597-5
https://doi.org/10.1139/apnm-2018-0276
https://doi.org/10.1016/j.nut.2024.112550
https://doi.org/10.1016/j.clnu.2004.09.012
https://doi.org/10.1038/ki.1994.305
https://doi.org/10.3945/ajcn.116.137513
https://doi.org/10.3945/ajcn.116.137513
https://doi.org/10.1371/journal.pone.0058533
https://doi.org/10.1136/bmj.n71
https://www.nhlbi.nih.gov/health-pro/guidelines/in-develop/cardiovascular-risk-reduction/tools/cohort
https://www.nhlbi.nih.gov/health-pro/guidelines/in-develop/cardiovascular-risk-reduction/tools/cohort
https://www.nhlbi.nih.gov/health-pro/guidelines/in-develop/cardiovascular-risk-reduction/tools/cohort
https://doi.org/10.1097/MD.0000000000033982
https://doi.org/10.1097/MD.0000000000041122
https://doi.org/10.1097/MD.0000000000041122
https://doi.org/10.1053/j.jrn.2022.05.003
https://doi.org/10.3390/jcm13175237
https://doi.org/10.2147/CIA.S38488
https://doi.org/10.2147/CIA.S38488
https://doi.org/10.1016/j.clnu.2024.01.024
https://doi.org/10.1016/j.clnu.2023.08.018
https://doi.org/10.3390/nu14153030
https://doi.org/10.1016/j.nut.2024.112412
https://doi.org/10.3390/life15020236
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1093/gerona/glu010
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1007/s11154-023-09803-7
https://doi.org/10.1007/s11154-023-09803-7
https://doi.org/10.1007/s11154-022-09772-3
https://doi.org/10.1016/j.clnu.2019.07.004
https://doi.org/10.1016/j.clnu.2020.10.048
https://doi.org/10.1017/s0007114599001348
https://doi.org/10.1017/s0007114599001348

	Phase angle and vector analysis in the evaluation of body composition in sarcopenic obesity: a systematic review
	Introduction
	Methods
	Literature search
	Selection process and data collection
	Synthesis methods
	Quality Assessment

	Results
	Selection of studies
	Study characteristics
	General aims of the selected studies
	Methods
	Skeletal muscle functional parameters
	Body composition

	Overall results
	Phase angle
	Bioelectrical impedance vector analysis


	Discussion
	Conclusions
	Declaration of competing interest
	CRediT authorship contribution statement

	Funding
	Supplementary materials
	References



