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Abstract: Purpose: The increasing aging of many populations requires a continuous evolution of
assessment methods in geriatrics, especially methods for identifying sarcopenia. Early diagnosis
of unfavorable changes in the condition of skeletal muscles and the implementation of therapeutic
methods may reduce the risk of functional limitations in the elderly. The aim of the study was to
evaluate the association between the bioelectrical impedance phase angle and the occurrence of
pre-sarcopenia in people aged 50 and above. Methods: 1567 people aged 50–87 were examined.
Anthropometric as well as muscle strength and walking speed measurements were performed.
Using bioelectrical impedance analysis, the phase angle was measured and the appendicular skeletal
muscle mass was estimated. The contribution of the phase angle in explaining the probability of the
occurrence of pre-sarcopenia was verified by multivariate logistic regression. Results: Sarcopenia
was diagnosed in 12 people (0.8%) and pre-sarcopenia in 276 people (17.6%). Significantly lower
impedance phase angle and muscle functional quality were found in people with confirmed pre-
sarcopenia compared to people without sarcopenia. The relative differences for the phase angle were
greater than for the indicator of muscle functional quality. Significant logit models were obtained
for the probability of occurrence of pre-sarcopenia, in which the strongest predictor was the phase
angle, regardless of the type and number of covariates. The cut-off point of the phase angle for
identification of pre-sarcopenia was 5.42◦ in men and 4.76◦ in women. Conclusion: The strong
association between the risk of pre-sarcopenia and the phase angle, which can be easily and quickly
assessed by bio-impedance analysis, suggests the necessity to include this parameter in routine
geriatric evaluation in order to identify the risk of sarcopenia.

Keywords: phase angle; pre-sarcopenia; appendicular skeletal muscle; muscle quality; healthy aging

1. Introduction

The increasing aging of many populations, as well as the increase of unhealthy eating
habits and global decline in physical activity, observed especially during the pandemic, will
cause additional consequences forhealthcare systems already burdened with the incidence
of COVID-19. An important challenge is the need to implement effective preventive and
intervention programs, but also the evolution of geriatric assessment methods, including
methods for identifying the risk of sarcopenia, towards improving and reducing the costs
of diagnosis and treatment [1,2].

The 2018 European Working Group on Sarcopenia in Older People (EWGSOP2) re-
vised its previous operational definition of sarcopenia (EWGSOP). Currently, sarcopenia
is defined as a disease that causes skeletal muscle failure as a result of the loss of muscle
strength and mass [3]. Previously, it was considered a geriatric syndrome, the main cause
of which was the loss of skeletal muscle mass with age in the elderly, leading to a decline in
muscle function [4]. Sarcopenia not only has serious health consequences such as weakness,
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disability, morbidity and mortality, but also high healthcare costs. The EWGSOP2 acknowl-
edged in the revised consensus that, although sarcopenia is common among older adults,
the development of sarcopenia begins in earlier periods, not only as a result of aging, but
also as a result of chronic diseases, low protein intake and lack of physical activity. It is
estimated that it increases with age from 3% in people under 65 to over 50% in people over
80 years of age. It is assumed that most cases of sarcopenia go undiagnosed [4–6].

The diagnosis is based on the evaluation of low muscle strength, which indicates the
possibility of sarcopenia. The disease is confirmed iflow quantity or quality of muscles is
found. In the case of diagnosed sarcopenia, its severe condition is identified by low physical
fitness. EWGSOP2 recommended selected techniques for measuring individual parameters
that constitute criteria for sarcopenia, but a gap was noticed in the availability of methods
for assessing muscle quality. Muscle quality is expected to gain importance in defining
sarcopenia [3], but this is not clearly defined because it covers many dimensions related
to the structure, composition and functions of muscles, but is also relatedto the course of
biochemical and involutional processes. Its most important indicators are believed to be
the chemical composition and density of muscle tissue, as well as the type, number and
distribution of muscle fibers, the presence of intramuscular adipose tissue, neuromuscular
activation and aerobic capacity [7–9]. Currently, there is no standard protocol for assessing
muscle quality. In scientific research, using sensitive imaging methods such as computed
tomography and magnetic resonance imaging, the assessment of muscle quality is mainly
focused on determining the density of the muscles and the presence of connective-fat tissue
between the muscle bundles and fibers. High cost, the need for qualified staff and/or risk
of harm to health with frequent exposure, limit the availability of these methods in routine
clinical practice and screening [10].

The assessment of muscle condition can be assisted by Bioelectric Impedance Analysis
(BIA), which is most often used to estimate body composition from prediction equations.
Recording of raw impedance components, i.e., reactance, resistance and phase angle, gives
us the opportunity to assess the electrical properties of tissues related to, among others,
hydration and nutrition of cells, as well as structural and chemical changes [8,11–13]. Par-
ticular importance in assessing muscle quality is attributed to the bioelectrical impedance
phase angle (PhA). This is a measure of the phase shift between voltage and current flow-
ing through the tissues. A phase shift is a delay in the flow of current that is caused by
the storage of the electrical charge in cell membranes. The value of the phase angle of
impedance depends on the capacity of cell membranes, thus indirectly on the number and
size of cells with integral membranes [11,14]. Higher PhA is a good predictor of a larger
pool of intracellular water in the fluid distribution of the body and, consequently, a lower
ratio of extracellular water to intracellular water (ECW/ICW) [12]. Reduction of the degree
of cell hydration, which may lead to muscle atrophy, lowers the recorded values of the
phase angle [11,13,14]. It is emphasized that the phase angle may have broad potential in
assessing the nutritional status and stage of the disease, as well as in estimating the risk of
postoperative complications, disability, and even mortality [14,15].

The aim of our study was to assess the risk of sarcopenia in people aged 50 and older,
and its association with the bioelectrical impedance phase angle. We have made an attempt
to determine whether the phase angle recorded as an electrical response of tissues in the BIA
method could be a useful marker in identifying pre-sarcopenia in adults and the elderly.

2. Materials and Methods
2.1. Study Group and Project Details

The study included 1567 people (406 men and 1161 women) aged 50 to 87, who in
2010–2015 volunteered for free tests advertised in local media, health centers and asso-
ciations of elderly people in south-west Poland. The inclusion criteria were aged 50 or
more, as well as independence and autonomy in everyday life. Participants were evaluated
to be subjectively healthy based on declarations of good health, no difficulty in walking,
and no limitations in daily activities. None of the participants had a prior diagnosis of
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sarcopenia or its pre-clinical condition. Of the 1946 people registered for the tests, 379 were
excluded. Exclusion criteria included limb amputation, the presence of metal prosthetic
devices, electronically based implants, and a relative body mass index (BMI) greater than
50 kg/m2. Additionally, exclusion criteria included the usage of pharmaceutical based
substances (hormones, corticosteroids) which could alter body composition. The study
was approved by the Senate Research Ethics Committee of the Wroclaw University of
Health and Sport Sciences (18 February 2009) and complied with the ethical requirements
for human experimentation under the Helsinki Declaration. The participants were in-
formed about the purpose and methods of the research, the procedures used and the
experimental risks. All persons who declared participation in the study signed a vol-
untary and informed consent document. The project was financed by the Ministry of
Science and Higher Education (grant no. N404 075337). The study was retrospectively
registered on the ISRCTN registry (Ref: ISRCTN18225729; Date Registered 9 December
2020, https://doi.org/10.1186/ISRCTN18225729, accessed on 11 April 2022).

2.2. Anthropometric Measurements and Bioelectrical Impedance Analysis

Measurements of body weight and height were performed with an accuracy of 0.1 kg
and 0.1 cm, respectively, on an electronic scale with a SECA 764 digital stadiometer (Seca
GmbH & Co. KG., Hamburg, Germany). Body composition, including skeletal muscle
mass, was estimated by bioelectric impedance analysis (BIA) using a TANITA MC 180 MA
8-electrode multi-frequency analyzer (Tanita Corporation, Tokio, Japan). The analyzer
measures impedance with an accuracy of 0.01 Ω and phase angle with an accuracy of 0.01◦.
The values of resistance, reactance and phase angle were measured with an operating
frequency of 50 kHz of amperage of 0.8 µA. The measurement was performed in standing
position on a platform with four built-in electrodes (2 for each foot) and two two-electrode
handgrips. Every day before the tests, the repeatability of the impedance measurements
was checked in two consecutive trials in two volunteers. When registering for this study,
participants were asked not to eat, drink or engage in any physical activity for at least three
hours prior to the study, and to empty their bladder immediately before the measurement.
Resistance (R), reactance (Xc) and bioelectric impedance phase angle (PhA) were recorded
for each participant.

Appendicular skeletal muscle mass (ASMM) was estimated, in accordance with
the recent EWGSOP2 recommendations [3], using the prediction equation published by
Sergi et al. [16]:

ASMM (kg) = −3.964 + (0.227 × Ht2/R) + (0.095 × Wt) + (1.384 × sex) + (0.064 × Xc)

ASMM—appendicular skeletal muscle mass; Ht—height (cm); R—resistance (Ω);
Ht2/R– resistance index (cm2/Ω); Wt—weight (kg); sex: men = 1 and women = 0;
Xc—reactance (Ω).

In order to minimize the differences related to inter-individual variability and because
of the strong association between muscle mass and body size, the ASMM value was
adjusted to the square of body height. Low muscle mass was identified for ASMM/Ht2

values < 7.0 kg/m2 in men and <5.5 kg/m2 in women, sarcopenia cut-off points for criterion 2 [3].

2.3. Muscle Strength and Walking Speed Measurements

Hand grip strength (HGS) was measured with an accuracy of 1 kg using a JAMAR hy-
draulic dynamometer (Sammons Preston Rolyan, Bolingbrook, IL, USA) with an adjustable
handle set to the 2nd position. The following recommendations of the American Society of
Hand Therapists (ASHT) were applied: the subjectwas seated, the shoulder adducted and
neutrally rotated, the elbow flexed at 90◦, and the forearm and the wrist in a neutral position
(the wrist between 0◦ and 30◦ of dorsiflexion) [17]. The subjects were asked to perform two
maximum hand grip strength tests, alternating between the right and left hands, with each
attempt lasting about 3–5 s, with a break between measurements of 15–20 s. During each
measurement, the participant was motivated verbally to maximally squeeze the handle
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of the dynamometer: ‘Squeeze as hard as you can!’ The highest value of all attempts
was recorded as the HGS value. Low muscle strength was identified for HGS < 27 kg in
men and < 16 kg in women, sarcopenia cut-off point for criterion 1 [3]. The index of the
measured hand grip strength values to the estimated appendicular skeletal muscle mass
(HGS/ASMM) was taken as an indicator of the functional quality of muscles [3,7,9].

Walking speed (WS) was assessed using the 8-foot-up-and-go test from the Senior
Fitness Test developed by Rikli and Jones [18]. The time taken to stand up from a sitting
position, walk 8 feet to the marker, pivot, and return to a sitting position (total distance was
4.88 m) was measured. It was recommended to cover the distance as quickly as possible.
The walking speed in meters per second was calculated for each participant. Low physical
fitness was assumed as WS values < 0.8 m/s in men and women, the ‘adapted’ cut-off
point for criterion 3 [3]. Due to the lack of validation of the 8-foot-up-and-go test used in
this study for sarcopenia, its results WS < 0.8 m/s were considered only as an auxiliary
criterion in assessing the severity of sarcopenia in individual cases, but did not affect the
assessment of the prevalence of sarcopenia in the study population.

Participants were classified according to the EWGSOP2 algorithm for case-finding and
assessment of the severity of sarcopenia [3]. Probable sarcopenia in the participants was
found when criterion 1 (low muscle strength) was met, sarcopenia was confirmed when
criterion 2 (low muscle quantity or quality) was additionally met, and severe sarcopenia
was found if, in addition to the two previous criteria, criterion 3 was met (low physical
performance). As the revised EWGSOP2 consensus [3] did not update the definition of
early clinical and preclinical conditions, pre-sarcopenia was identified on the basis of low
muscle mass (only criterion 2 met) in accordance with the previous EWGSOP consensus of
2010 [4]. Participants meeting only the second criterion of sarcopenia were qualified to the
‘pre-sarcopenia’ group, all the others to the ‘no sarcopenia’ group (criterion 2 not met). The
pre-sarcopenia group was assessed as being at risk of sarcopenia.

2.4. Statistical Analysis

Basic descriptive statistics such as mean, standard deviation (SD) and confidence
intervals (95% CI) were calculated for the results of all measurements. The percentage
structure index was used to assess the occurrence of sarcopenia identified by the EWGSOP2
algorithm [3] and pre-sarcopenia identified by the EWGSOP consensus [4]. The normality
of the distribution of all variables was checked by the Shapiro-Wilk test. Since the normal
distribution was not confirmed for most of the variables, the non-parametric Kruskal-Wallis
rank test and the χ2 test of independence were used to assess the differences between the
sexes and the state of sarcopenia. Differences between non-Sarcopenia and pre-Sarcopenia
in female and male groups were verified using the Mann-Whitney U test.

The probability of identifying pre-sarcopenia (pre-sarcopenia = 1; no sarcopenia = 0)
was assessed by logistic regression. The independent variables were phase angle, gender
(men = 1, women = 0), age, and body mass index. Reactance and resistance, which are
trigonometric functions of the phase angle and were variables in the ASMM estimation
equation, were not included in the analysis. Variables that were criteria for sarcopenia (HGS,
ASMM, and WS) were also not included. Regression coefficients were tested using Wald
Chi-square statistics. Variables that significantly correlated with the pre-sarcopenic state in
univariate analyzes were included in multiple logistic regression (multivariate analysis).
Using the stepwise technique, all selected variables were initially introduced into the model,
and then those for which Wald’s p value exceeded 0.05 were eliminated. The number of
variables was limited to non-interdependent variables to reduce the risk of redundancy.
The goodness of fit of the logit model was checked with the Hosmer-Lemeshow (HL) test
and assumed at p > 0.05. Based on the analysis of the receiver operating characteristic curie
(ROC) and area under the curve (AUC), the diagnostic quality of PhA was assessed and
the cut-off point for the pre-sarcopenia state was determined. All statistical analyzes were
performed using TIBCO Statistica® 13.3.0 (StatSoft Poland, Kraków, Poland). The statistical
significance of the results was accepted at p < 0.05.
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3. Results

The results of the participants’ classification according to the criteria for sarcopenia
identification are presented in Figure 1. Sarcopenia was diagnosed in 12 people (0.8%),
including a likely severe condition in four (assessed on the basis of low walking speed).
Among the diagnosed patients were 11 women, aged 60 to 83, and a 70-year-old man.
Pre-sarcopenia, as assessed by low appendicular skeletal muscle mass adjusted to body
height, was found in 18% of participants, 13% of whom were under 65 years of age.
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Participants diagnosed with sarcopenia were excluded from further statistical analyzes
due to insufficient numbers (n = 12). The results of measurements for this group were
included in the Supplementary Materials (Table S1). The remaining participants were
classified into two groups, one of which was people with no sarcopenia (n = 1279), and
the other-people with a confirmed preclinical state of sarcopenia,‘pre-sarcopenia’ (n = 276).
The descriptive characteristics of the study results, taking into account sex and the state of
pre-sarcopenia, are presented in Table 1.
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Table 1. Descriptive characteristics of study participants.

Men Women

No Sarcopenia (n = 361) Pre-Sarcopenia (n = 44) No Sarcopenia (n = 918) Pre-Sarcopenia (n = 232)

Mean ± SD (95% CI) Mean ± SD (95% CI) p Mean ± SD (95% CI) Mean ± SD (95% CI) p

Age (years) 65.7 ± 6.6 (65.0–66.4) 72.1 ± 6.9 (70.0–74.2) <0.001 64.2 ± 5.9 (63.8–64.6) 67.3 ± 7.8 (66.3–68.3) <0.001
Ht (cm) 173.7 ± 6.3 (173.0–174.3) 172.6 ± 5.4 (170.9–174.2) 0.330 159.3 ± 5.9 (158.9–159.6) 158.9 ± 5.9 (158.2–159.7) 0.526
Wt (kg) 87.6 ± 12.2 (86.3–88.9) 75.9 ± 8.4 (73.3–78.4) <0.001 73.4 ± 11.5 (72.7–74.2) 60.5 ± 9.0 (59.3–61.7) <0.001

BMI (kg/m2) 29.0 ± 3.6 (28.6–29.4) 25.5 ± 2.6 (24.7–26.3) <0.001 28.0 ± 4.3 (28.7–29.2) 24.0 ± 3.5 (23.5–24.4) <0.001
HGS (kg) 47.6 ± 9.7 (46.6–48.6) 38.1 ± 9.0 (35.3–40.8) <0.001 27.8 ± 6.2 (27.4–28.2) 22.3 ± 6.2 (21.5–23.1) <0.001
WS (m/s) 1.02 ± 0.16 (1.01–1.04) 0.97 ± 0.17 (0.92–1.02) 0.022 0.90 ± 0.16 (0.89–0.91) 0.87 ± 0.15 (0.85–0.89) 0.011

PhA (◦) 5.87 ± 0.59 (5.80–5.93) 5.13 ± 0.57 (4.95–5.30) <0.001 5.42 ± 0.55 (5.38–5.45) 4.76 ± 0.48 (4.70–4.82) <0.001
Xc (Ω) 50.9 ± 7.6 (50.1–51.7) 49.1 ± 6.7 (47.1–51.2) 0.196 57.9 ± 8.4 (57.4–58.5) 59.2 ± 7.7 (58.2–60.2) 0.039

ASMM (kg) 23.0 ± 2.3 (22.7–23.2) 20.2 ± 1.8 (19.7–20.8) <0.001 16.3 ± 1.9 (16.1–16.4) 13.7 ± 1.4 (13.5–13.9) <0.001
ASMM/Ht2

(kg/m2) 7.61 ± 0.58 (7.55–7.67) 6.78 ± 0.41 (6.66–6.91) <0.001 6.41 ± 0.64 (6.37–6.45) 5.43 ± 0.44 (5.37–5.48) <0.001

HGS/ASMM 2.08 ± 0.40 (2.04–2.12) 1.90 ± 0.46 (1.76–2.03) 0.023 1.72 ± 0.37 (1.69–1.74) 1.64 ± 0.46 (1.58–1.70) 0.041

SD—standard deviation, 95% CI—confidence interval, Ht—height, Wt—weight, BMI—body mass index, HGS—hand
grip strength, WS—walking speed, PhA—phase angle, Xc—reactance, ASMM—appendicular skeletal muscle
mass, HGS/ASMM—muscle quality index.

The Kruskal-Wallis test confirmed a significant differentiating effect of sex and sarcope-
nia state for most variables, except for body height and reactance, differentiated only by
sex, and BMI differentiated by sarcopenia state. As expected, men compared with women
were characterized by higher weight (Wt), body height (Ht), appendicular skeletal muscle
mass (ASMM), hand grip strength (HGS), and they also had higher walking speed (WS),
phase angle (PhA) and muscle functional quality index (HGS/ASMM). Reactance (Xc) was
higher in women than in men, and also in the case of Xc values adjusted to body height.
The results of the tests for the significance of differences between men and women, which
were expected and repeatedly reported in the literature, are not shown in the table.

The prevalence of pre-sarcopenia in women was almost twice as high as in men
(χ2 = 19.3, p < 0.001). In addition to the expected differences in age, weight, BMI and
parameters that constituted the criteria for sarcopenia (i.e., muscle strength, mass and
walking speed), it was observed that those identified as pre-sarcopenia compared to no
sarcopenia had significantly lower phase angle values (Table 1). The relative percentage
differences in PhA between the sarcopenic status groups were significantly higher (13% in
men and 12% in women) than the differences in ASMM-adjusted strength (9% in men and
5% in women) (Figure 2)

The associations of selected variables (without their mutual interaction) with the
probability of pre-sarcopenia state were initially checked using the method of univariate
logistic regression. The variables that were the criteria for sarcopenia in this study were not
taken into account. Age was a positive predictor of pre-sarcopenia, while sex, BMI, PhA,
HGS/ASMM were negative predictors (Table 2). The phase angle most strongly determined
the probability of sarcopenia risk. Increasing the PhA value by one unit reduces the chances
of developing a pre-sarcopenia state by almost 17 times. For men, the chance of developing
pre-sarcopenia was two times lower than the chance of developing it in women. Slightly
lower reductions in odds were seen for a unit increase in BMI. Annual changes in age were
the weakest determinant of the increase in the probability of pre-sarcopenia, but the logit
results indicate that people 10 years older will be twice as likely to develop pre-sarcopenia
than people younger than that (OR: 1.0810 = 2.15).
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Table 2. Logistic regression models for the likelihood of pre-sarcopenia in adults after 50 years of age.

Predictor Coefficient
Estimate SE OR (95%CI) Wald Statistic p-Value

Univariate
models

Sex −0.73 0.18 0.48 (0.34–0.68) 17.20 <0.001
Age 0.08 0.01 1.08 (1.06–1.10) 58.80 <0.001
BMI −0.44 0.03 0.65 (0.61–0.68) 217.0 <0.001
PhA −2.89 0.19 0.06 (0.04–0.08) 240.9 <0.001

HGS/ASMM −0.81 0.17 0.45 (0.32–0.62) 23.48 <0.001

Multiple model 1

Intercept 19.48 1.78 119.6 <0.001
Age 0.07 0.01 1.07 (1.04–1.10) 23.51 <0.001
BMI −0.48 0.04 0.62 (0.58–0.67) 161.9 <0.001
PhA −2.55 0.21 0.08 (0.05–0.12) 143.2 <0.001

Multiple model 2
Intercept 11.0 1.37 64.64 <0.001

Age 0.03 0.01 1.03 (1.00–1.05) 5.08 <0.024
PhA −2.78 0.19 0.06 (0.04–0.09) 212.7 <0.001

Sex: men = 1, women = 0; BMI—body mass index, PhA—phase angle; SE—standard error; OR—odds ratio; 95%
CI—confidence interval.

In the multivariate modeling of the probability of pre-sarcopenia, the variables for
which significance were confirmed in univariate analyzes were taken into account (Table 2).
In the input model, sex (OR: 1.34, p = 0.18) and HGS/ASMM (OR: 0.82, p = 0.33) turned
out to be insignificant factors in explaining the probability of pre-sarcopenia, and therefore
were omitted in the subsequent stages of the analysis. Finally, age, BMI and PhA turned
out to be the significant predictors (Multiple model 1 in Table 2). The sensitivity, specificity
and accuracy of this model were 64.9%, 97.2% and 91.5%, respectively, but the differences
between the expected and observed rates were significant (HL(8) = 27.13, p < 0.001). Removal
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of BMI (Multiple model 2 in Table 2) improved the fit of the model (HL(8) = 15.38, p = 0.052),
lowering the sensitivity to 57.6%. Model 2 specificity and accuracy were 97.3% and 90.2%,
respectively. In both models, the phase angle was the strongest predictor, and the presence
of other covariates slightly changed its contribution to explaining the probability of pre-
sarcopenia compared to the unadjusted (univariate) model. The analysis of the ROC curve
showed a high classification performance of PhA (AUC = 0.821, p < 0.001 in men and
AUC = 0.836, p < 0.001 in women) and the cut-off points for pre-sarcopenia PhA = 5.42◦ in
men and PhA = 4.76◦ in women (Figure 3).
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Figure 3. ROC curve for impedance phase angle in identifying pre-sarcopenia in males and fe-
males over the age of 50. The marked point is the cut-off point for the pre-Sarcopenia state.
ROC—receiver operating characteristic, AUC—area under the ROC curve, SE—standard error, 95%
CI—confidence interval.

4. Discussion

In this study, we identified sarcopenia and its early clinical condition in almost 18%
of participants declaring ‘good health’. In addition, we observed that pre-sarcopenia also
occurred in participants under the age of 65. Cases of sarcopenia in adults after the age
of 50 were recently reported from a UK Biobank cohort study of over 500,000 participants
aged 37–73 [19]. The decline in muscle strength with age, which increases the risk of
sarcopenia in adults, is determined to a greater extent by unfavorable changes in the
condition of skeletal muscles than by the decline in muscle mass itself. The deterioration of
muscle quality in the aging process is associated, among other factors, with a slowdown
in metabolism, impaired neuromuscular activation and muscle contractile properties, the
presence of connective-adipose tissue, changes in fiber distribution, and atrophy [2,9].
Structural and chemical changes occurring in muscle tissue affect its electrical properties,
the registration of which using bioimpedance methods may facilitate the identification of
changes in muscle quality [11,13].

In our study, the impedance phase angle differentiated the groups of no- and pre-
sarcopenia more strongly than the indicator of functional muscle quality, which char-
acterizes the strength generated by a unit of skeletal muscle mass. Participants with
pre-sarcopenia had 12–13% lower PhA values compared to participants without sarcope-
nia. These differences, which took into account the age difference between groups, were
significantly greater than the previously reported annual PhA losses of 1.6% in healthy
elderly [20]. In a cross-sectional study of over 2000 adults aged 18–102, the estimated
decline in PhA per decade of age was approximately 9% for men and 5% for women over
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50 [21]. Estimated PhA values for healthy people between 50 and 80 years old gradually
decrease from 6.5◦ to 5.6◦ for men and from 5.9◦ to 5.1◦ for women. Over the age of 80, the
PhAs are 5.3◦ and 5.4◦ for men and women, respectively [15]. We observed significantly
lower PhA than reference values in participants of this study with identified pre-sarcopenia:
5.13◦ and 4.76◦ in men and women aged ~70 years, respectively. The mean PhA values of
participants without sarcopenia were within the limits estimated by Mattiello et al. based
on a meta-analysis of 46 studies covering almost 250,000 people [15].

The decrease in the phase angle in the pre-sarcopenia group may be due to the smaller
number and smaller size of cells with integral membranes which reduce the phase shift
between the voltage and the current flowing through the tissues. The reduction in the size
of cells is most often caused by a decrease in their hydration and nutrition, and a reduction
in the lipid content of cell membranes, which in turn leads to atrophy of muscle cells. Due
to its sensitivity to changes in cell mass and the distribution of intra- and extracellular
fluids, the phase angle is considered a qualitative measure of soft tissues [14]. Significant
reductions in the phase angle correlating with loss of skeletal muscle mass, strength and
functional quality in the elderly have been reported in many previous studies [13,20,22].

The contribution of the phase angle in explaining the variability of parameters impor-
tant in the diagnosis of sarcopenia suggests that it could be a good marker in the assessment
of the risk of its occurrence. It has been found that low phase angle values are a good
predictor of limitations in daily activities and may increase the risk of disability later in
life [23,24]. Higher PhA values were associated with better physical fitness, greater muscle
strength, agility, and dynamic balance control in healthy elderly people, regardless of sex,
age, and skeletal muscle mass [25,26]. The phase angle was also used in the prognosis of
functional outcomes after postoperative rehabilitation in patients after hip fracture [27].
Slee et al. [22] showedan association between low phase angle and malnutrition and frailty
syndrome. In a recent study by Kołodziej et al. [28], it was confirmed that a lower phase
angle in the elderly correlates with an increased risk of physical frailty, the development of
which is most often caused by sarcopenia [3].

In a systematic review that took into account studies published between 2012 and
2020 with a total of 7668 participants, Di Vincenzo et al. [29] reported that the phase
angle was significantly reduced in sarcopenia compared to non-sarcopenia, in both general
populations and in patients with various clinical conditions. The results of the review
suggest that a reduction in PhA was also identified in people with pre-sarcopenia, although
there is little research into its association with PhA. It was confirmed that the prevalence of
sarcopenia was higher in people with low PhA, but reported PhA cut-off values differed
between studies due to differences between populations, the criteria used to identify
sarcopenia, and methods for determining diagnostic thresholds [29]. The good predictive
ability of PhA for sarcopenia was confirmed in a recent study of young and old people in
Japan. For the elderly, the cut-off points were PhA = 5.04◦ in men (age 74.4 ± 5.5 years)
and PhA = 4.20◦ in women (age 73.1 ± 6.4 years) [30]. Although a decrease in phase angle
was reported in cases of pre-sarcopenia [29], to our knowledge there is no data regarding
PhA limit values for identifying this condition in general populations.

In our study of subjectively healthy people aged 50 and above, we found a significant
association of low phase angle with the likelihood of developing pre-sarcopenia, which
did not lower significantly even with confounding variables such as sex, age and BMI.
Moreover, the involvement of PhA (sex dependent) in predicting the state of pre-sarcopenia
significantly reduced the role of sex, whose predictive ability for sarcopenia has not yet
been fully assessed. Epidemiological data regarding the sex differences in the prevalence
of sarcopenia are conflicting. Patel et al. [6] in a study of 1890 elderly people (868 men
and 1022 women), reported the prevalence of sarcopenia at the level of 4.6% in men and
7.9% in women. Bijlsma et al. [5] in a study of 325 men and 329 women, reported the
prevalence of sarcopenia of 4.6% and 2.1%, respectively. In women, an additional factor
that increases the risk of sarcopenia is younger age at menopause. This has been suggested
to be related to muscle redistribution and fat accumulation in the form of intramuscular
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fat in menopausal women [31]. Sex disproportions in individual age groups could have
influenced our observed by frequency of pre-sarcopenia as twice as high in women than
in men. In both sex groups, low PhA values (≤5.42◦ for men and ≤4.76◦ for women) had
good accuracy in predicting pre-sarcopenia (AUC > 0.82).

Given the trend of PhA to decrease with age by approximately 0.8–0.9◦ between the
ages of 50 and 80 [15], our PhA cut-off points for pre-sarcopenia may have limited applica-
bility, depending on the age of the target population. Additionally, they can only be used for
PhA values measured at 50 kHz. The sensitivity of measuring instruments, the arrangement
of electrodes and the position of the examined person may also be important [15]. Another
limitation of our study was the lack of assessment of the association of the phase angle
with sarcopenia defined in accordance with the EWGSOP2 revised consensus. The reason
for this was the insufficient number of cases with confirmed sarcopenia in the population
of people declaring good health. Although our results can only be applied to the state of
pre-sarcopenia, they confirm the need to monitor the biological condition in terms of the
prevention of sarcopenia, not only in the elderly, but also in earlier periods of life. The use
of ASMM values estimated by BIA for sarcopenia criterion 2 may also be debatable, but we
wanted to point out the potential of this method in routine monitoring of the aging process
as an alternative to limited available reference methods such as computed tomography,
magnetic resonance or dual energy x-ray absorptiometry. In addition, the method itself
and the ASMM prediction equation we used, developed by Sergi et al. [16], is taken into
account in the latest EWGSOP2 recommendations [3].

The advantage of our research is the large number of people who live independently,
who are subjectively healthy and ethnically homogeneous. The results obtained from
studies in this population further support the EWGSOP2 call for early prevention of
sarcopenia and focus in research on measures of muscle quality as an important parameter
in defining sarcopenia [3]. We believe that the risk of sarcopenia can be assessed using
the simple, fast and non-invasive BIA method, which will enable early application of
therapeutic methods to prevent the development of sarcopenia in adults and the elderly.

5. Conclusions

The presented research results confirm that a low phase angle predicts the risk of
pre-sarcopenia. We believe that PhA, recognized as a measure of muscle cellular quality,
may be a helpful marker in assessing the risk of sarcopenia, its severity, and treatment
progress in adults and the elderly in routine clinical practice, as well as in preventive and
screening tests. The use of the prognostic potential of the phase angle, recorded with the
available and cheap BIA method, would improve the identification of adverse changes
in the condition and function of skeletal muscles in order to prevent sarcopenia. Such a
possibility creates the need to determine the reference and normalized cut-off points of the
phase angle value for sarcopenia.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph19084687/s1, Table S1. Measurement results of participants
with identified sarcopenia (1 man and 11 women).

Author Contributions: Conceptualization, M.K. and S.K.; Data curation, M.K. and Z.I.; Formal
analysis, M.K.; Funding acquisition, S.K. and Z.I.; Investigation, M.K.; Methodology, M.K. and
Z.I.; Software, M.K.; Validation, M.K.; Visualization, M.K. and S.K.; Writing—original draft, M.K.;
Writing—review & editing, M.K., S.K. and Z.I. All authors have read and agreed to the published
version of the manuscript.

Funding: This study was part of a project (no. N404 075337) funded by the Ministry of Science and
Higher Education and did not receive any other grants from funding agencies, commercial firms or
not-for-profit sectors.

Institutional Review Board Statement: The study was approved by the Senate Research Ethics
Committee of the Wroclaw University of Health and Sport Sciences (18 February 2009) and it complied
with the ethical requirements for human experimentation under the Helsinki Declaration.

https://www.mdpi.com/article/10.3390/ijerph19084687/s1
https://www.mdpi.com/article/10.3390/ijerph19084687/s1


Int. J. Environ. Res. Public Health 2022, 19, 4687 11 of 12

Informed Consent Statement: All participants in this study signed a voluntary and informed
consent document.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical restrictions.

Acknowledgments: The authors thank the study participants for their effort, devoted time and
collaboration during the study.

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

References
1. Kirwan, R.; McCullough, D.; Butler, T.; De Heredia, F.P.; Davies, I.G.; Stewart, C. Sarcopenia during COVID-19 lockdown

restrictions: Long-term health effects of short-term muscle loss. GeroScience 2020, 42, 1547–1578. [CrossRef] [PubMed]
2. Narici, M.; De Vito, G.; Franchi, M.; Paoli, A.; Moro, T.; Marcolin, G.; Grassi, B.; Baldassarre, G.; Zuccarelli, L.; Biolo, G.; et al.

Impact of sedentarism due to the COVID-19 home confinement on neuromuscular, cardiovascular and metabolic health:
Physiological and pathophysiological implications and recommendations for physical and nutritional countermeasures. Eur. J.
Sport Sci. 2021, 21, 614–635. [CrossRef] [PubMed]

3. Cruz-Jentoft, A.J.; Bahat, G.; Bauer, J.; Boirie, Y.; Bruyère, O.; Cederholm, T.; Cooper, C.; Landi, F.; Rolland, Y.; Sayer, A.A.; et al.
Sarcopenia: Revised European consensus on definition and diagnosis. Age Ageing 2019, 48, 16–31. [CrossRef] [PubMed]

4. Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.-P.; Rolland, Y.;
Schneider, S.M.; et al. Sarcopenia: European consensus on definition and diagnosis: Report of the European Working Group on
Sarcopenia in Older People. Age Ageing 2010, 39, 412–423. [CrossRef]

5. Bijlsma, A.Y.; Meskers, C.; Ling, C.H.Y.; Narici, M.; Kurrle, S.E.; Cameron, I.D.; Westendorp, R.G.J.; Maier, A.B. Defining
sarcopenia: The impact of different diagnostic criteria on the prevalence of sarcopenia in a large middle aged cohort. Age 2013, 35,
871–881. [CrossRef] [PubMed]

6. Patel, H.P.; Syddall, H.E.; Jameson, K.; Robinson, S.; Denison, H.; Roberts, H.C.; Edwards, M.; Dennison, E.; Cooper, C.;
Aihie Sayer, A. Prevalence of sarcopenia in community-dwelling older people in the UK using the European Working Group on
Sarcopenia in Older People (EWGSOP) definition: Findings from the Hertfordshire Cohort Study (HCS). Age Ageing 2013, 42,
378–384. [CrossRef] [PubMed]

7. Barbat-Artigas, S.; Rolland, Y.; Zamboni, M.; Aubertin-Leheudre, M. How to assess functional status: A new muscle quality index.
J. Nutr. Health Aging 2012, 16, 67–77. [CrossRef]

8. Heymsfield, S.B.; Gonzalez, M.C.; Lu, J.; Jianhua, L.; Zheng, J. Skeletal muscle mass and quality: Evolution of modern measure-
ment concepts in the context of sarcopenia. Proc. Nutr. Soc. 2015, 74, 355–366. [CrossRef]

9. McGregor, R.A.; Cameron-Smith, D.; Poppitt, S.D. It is not just muscle mass: A review of muscle quality, composition and
metabolism during ageing as determinants of muscle function and mobility in later life. Longev. Healthspan 2014, 3, 9. [CrossRef]

10. Buckinx, F.; Landi, F.; Cesari, M.; Fielding, R.A.; Visser, M.; Engelke, K.; Maggi, S.; Dennison, E.; Al-Daghri, N.M.; Allepaerts, S.;
et al. Pitfalls in the measurement of muscle mass: A need for a reference standard. J. Cachexia Sarcopenia Muscle 2018, 9, 1272–1274.
[CrossRef]

11. Kyle, U.G.; Bosaeus, I.; De Lorenzo, A.D.; Deurenberg, P.; Elia, M.; Gomez, J.M.; Heitmann, B.L.; Kent-Smith, L.; Melchior, J.-C.;
Pirlich, M.; et al. Bioelectrical impedance analysis–Part I: Review of principles and methods. Clin. Nutr. 2004, 23, 1226–1243.
[CrossRef] [PubMed]

12. Francisco, R.; Matias, C.N.; Santos, D.A.; Campa, F.; Minderico, C.S.; Rocha, P.; Heymsfield, S.B.; Lukaski, H.; Sardinha, L.B.;
Silva, A.M. The Predictive Role of Raw Bioelectrical Impedance Parameters in Water Compartments and Fluid Distribution
Assessed by Dilution Techniques in Athletes. Int. J. Environ. Res. Public Health 2020, 17, 759. [CrossRef] [PubMed]

13. Yamada, Y.; Buehring, B.; Krueger, D.; Anderson, R.M.; Schoeller, D.A.; Binkley, N. Electrical Properties Assessed by Bioelectrical
Impedance Spectroscopy as Biomarkers of Age-related Loss of Skeletal Muscle Quantity and Quality. J. Gerontol. A Biol. Sci. Med.
Sci. 2017, 72, 1180–1186. [CrossRef] [PubMed]

14. Norman, K.; Stobäus, N.; Pirlich, M.; Bosy-Westphal, A. Bioelectrical impedance phase angle and impedance vector analysis—
Clinical relevance and applicability of impedance parameters. Clin. Nutr. 2012, 31, 854–861. [CrossRef] [PubMed]

15. Mattiello, R.; Amaral, M.A.; Mundstock, E.; Ziegelmann, P.K. Reference values for the phase angle of the electrical bioimpedance:
Systematic review and meta-analysis involving more than 250,000 subjects. Clin. Nutr. 2020, 39, 1411–1417. [CrossRef] [PubMed]

16. Sergi, G.; De Rui, M.; Veronese, N.; Bolzetta, F.; Berton, L.; Carraro, S.; Bano, G.; Coin, A.; Manzato, E.; Perissinotto, E. Assessing
appendicular skeletal muscle mass with bioelectrical impedance analysis in free-living Caucasian older adults. Clin. Nutr. 2015,
34, 667–673. [CrossRef]

17. Fess, E.E. Grip strength. In Clinical Assessment Recommendations, 2nd ed.; Casanova, J.S., Ed.; The American Society of Hand
Therapists: Chicago, IL, USA, 1992; pp. 41–45. Available online: https://asht.org/practice/clinical-assessment-recommendations
(accessed on 21 March 2022).

18. Jones, C.J.; Rikli, R.E. Measuring functional fitness in older age. J. Act. Aging 2002, 1, 24–30. Available online: http://professor.
ufop.br/sites/default/files/lenice/files/senior_fitness_test_rikli02.pdf (accessed on 21 March 2022).

http://doi.org/10.1007/s11357-020-00272-3
http://www.ncbi.nlm.nih.gov/pubmed/33001410
http://doi.org/10.1080/17461391.2020.1761076
http://www.ncbi.nlm.nih.gov/pubmed/32394816
http://doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/30312372
http://doi.org/10.1093/ageing/afq034
http://doi.org/10.1007/s11357-012-9384-z
http://www.ncbi.nlm.nih.gov/pubmed/22314402
http://doi.org/10.1093/ageing/afs197
http://www.ncbi.nlm.nih.gov/pubmed/23384705
http://doi.org/10.1007/s12603-012-0004-5
http://doi.org/10.1017/S0029665115000129
http://doi.org/10.1186/2046-2395-3-9
http://doi.org/10.1002/jcsm.12387
http://doi.org/10.1016/j.clnu.2004.06.004
http://www.ncbi.nlm.nih.gov/pubmed/15380917
http://doi.org/10.3390/ijerph17030759
http://www.ncbi.nlm.nih.gov/pubmed/31991706
http://doi.org/10.1093/gerona/glw225
http://www.ncbi.nlm.nih.gov/pubmed/28814064
http://doi.org/10.1016/j.clnu.2012.05.008
http://www.ncbi.nlm.nih.gov/pubmed/22698802
http://doi.org/10.1016/j.clnu.2019.07.004
http://www.ncbi.nlm.nih.gov/pubmed/31400996
http://doi.org/10.1016/j.clnu.2014.07.010
https://asht.org/practice/clinical-assessment-recommendations
http://professor.ufop.br/sites/default/files/lenice/files/senior_fitness_test_rikli02.pdf
http://professor.ufop.br/sites/default/files/lenice/files/senior_fitness_test_rikli02.pdf


Int. J. Environ. Res. Public Health 2022, 19, 4687 12 of 12

19. Petermann-Rocha, F.; Gray, S.R.; Pell, J.P.; Ho, F.K.; Celis-Morales, C. The joint association of sarcopenia and frailty with incidence
and mortality health outcomes: A prospective study. Clin. Nutr. 2021, 40, 2427–2434. [CrossRef]

20. Kołodziej, M.; Ignasiak, Z.; Ignasiak, T. Annual appendicular skeletal muscle mass and quality changes in adults over 50 years of
age, assessed using bioelectrical impedance analysis. Nutrition 2021, 90, 111342. [CrossRef]

21. Bosy-Westphal, A.; Danielzik, S.; Dörhöfer, R.-P.; Later, W.; Wiese, S.; Müller, M.J. Phase angle from bioelectrical impedance
analysis: Population reference values by age, sex, and body mass index. J. Parenter. Enteral Nutr. 2006, 30, 309–316. [CrossRef]

22. Slee, A.; Birch, D.; Stokoe, D. Bioelectrical impedance vector analysis, phase-angle assessment and relationship with malnutrition
risk in a cohort of frail older hospital patients in the United Kingdom. Nutrition 2015, 31, 132–137. [CrossRef] [PubMed]

23. Bittencourt, D.C.D.; Schieferdecker, M.E.M.; Macedo, D.S.; Biesek, S.; Gomes, A.R.S.; Rabito, E.I. Phase Angle Reflects Loss of
Functionality in Older Women. J. Nutr. Health Aging 2020, 24, 251–254. [CrossRef] [PubMed]

24. Uemura, K.; Doi, T.; Tsutsumimoto, K.; Nakakubo, S.; Kim, M.; Kurita, S.; Ishii, H.; Shimada, H. Predictivity of bioimpedance
phase angle for incident disability in older adults. J. Cachexia Sarcopenia Muscle 2020, 11, 46–54. [CrossRef] [PubMed]

25. Bertolini, G.N.; Silva, B.S.D.A.; dos Santos, V.R.; Messias, I.D.A.; Ribeiro, J.P.J.; Marini, E.; Gobbo, L.A. Are bioelectrical parameters
and functionality associated with postural control in the elderly? Clin. Biomech. 2021, 82, 105258. [CrossRef] [PubMed]

26. Matias, C.; Nunes, C.; Francisco, S.; Tomeleri, C.; Cyrino, E.; Sardinha, L.; Silva, A. Phase angle predicts physical function in older
adults. Arch. Gerontol. Geriatr. 2020, 90, 104151. [CrossRef] [PubMed]

27. Lim, S.-K.; Lim, J.-Y. Phase angle as a predictor of functional outcomes in patients undergoing in-hospital rehabilitation after hip
fracture surgery. Arch. Gerontol. Geriatr. 2020, 89, 104060. [CrossRef] [PubMed]

28. Kołodziej, M.; Sebastjan, A.; Ignasiak, Z. Appendicular skeletal muscle mass and quality estimated by bioelectrical impedance
analysis in the assessment of frailty syndrome risk in older individuals. Aging Clin. Exp. Res. 2021; advance online publication.
[CrossRef]

29. Di Vincenzo, O.; Marra, M.; Di Gregorio, A.; Pasanisi, F.; Scalfi, L. Bioelectrical impedance analysis (BIA)-derived phase angle in
sarcopenia: A systematic review. Clin. Nutr. 2021, 40, 3052–3061. [CrossRef]

30. Akamatsu, Y.; Kusakabe, T.; Arai, H.; Yamamoto, Y.; Nakao, K.; Ikeue, K.; Ishihara, Y.; Tagami, T.; Yasoda, A.; Ishii, K.; et al. Phase
angle from bioelectrical impedance analysis is a useful indicator of muscle quality. J. Cachexia Sarcopenia Muscle 2022, 13, 180–189.
[CrossRef]

31. Park, E.Y.; Han, K.H.; Chung, T.H.; Kim, N.Y.; Lee, J.M.; Choi, S.J.; Kim, J.K. Association between Reproductive Span and
Sarcopenia. Int. J. Environ. Res. Public Health 2020, 18, 154. [CrossRef]

http://doi.org/10.1016/j.clnu.2020.10.044
http://doi.org/10.1016/j.nut.2021.111342
http://doi.org/10.1177/0148607106030004309
http://doi.org/10.1016/j.nut.2014.06.002
http://www.ncbi.nlm.nih.gov/pubmed/25466657
http://doi.org/10.1007/s12603-020-1324-5
http://www.ncbi.nlm.nih.gov/pubmed/32115604
http://doi.org/10.1002/jcsm.12492
http://www.ncbi.nlm.nih.gov/pubmed/31436391
http://doi.org/10.1016/j.clinbiomech.2020.105258
http://www.ncbi.nlm.nih.gov/pubmed/33454457
http://doi.org/10.1016/j.archger.2020.104151
http://www.ncbi.nlm.nih.gov/pubmed/32563736
http://doi.org/10.1016/j.archger.2020.104060
http://www.ncbi.nlm.nih.gov/pubmed/32304889
http://doi.org/10.1007/s40520-021-01879-y
http://doi.org/10.1016/j.clnu.2020.10.048
http://doi.org/10.1002/jcsm.12860
http://doi.org/10.3390/ijerph18010154

	Introduction 
	Materials and Methods 
	Study Group and Project Details 
	Anthropometric Measurements and Bioelectrical Impedance Analysis 
	Muscle Strength and Walking Speed Measurements 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

