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IL-1β	 �Interleukin 1-β
PhA	 �Phase angle
R	 �Resistance
TNF-α	 �Tumour necrosis factor-α
Xc	 �Reactance

1  Introduction

Inflammation is a critical component of the body’s response 
to damage, injury, and infection to restore homeostasis [1]. 
The immune system triggers inflammatory responses as a 
defense mechanism, usually temporary in acute conditions 
[2, 3]. Conversely, chronic inflammation is an uncontrolled, 
prolonged process associated with abnormal proinflamma-
tory cytokine production and its consequential tissue damage 
and physiological imbalances; this low-grade inflammatory 
response is often subclinical [4].

Chronic inflammation can contribute to metabolic abnor-
malities, changes in body composition, and the onset of 

Abbreviations
BIA	 �Bioelectrical impedance analysis
BMI	 �Body mass index
CRP	 �C-reactive protein
ECW	 �Extracellular water
hs-CRP	 �High-sensitivity c-reactive protein
ICW	 �Intracellular water
IL-6	 �Interleukin-6
IL-10	 �Interleukin-10

	
 Carla M. Prado
Carla.prado@ualberta.ca

1	 Department of Agricultural, Food & Nutritional Science, 
University of Alberta, Edmonton, Canada

2	 Postgraduate Program in Health and Behavior, Catholic 
University of Pelotas, Pelotas, Rio Grande do Sul, Brazil

3	 Department of Health Sciences, Division of Nutrition 
and Metabolism, School of Medicine of Ribeirão Preto, 
University of São Paulo, Ribeirão Preto, São Paulo, Brazil

Abstract
Phase angle is a composite measure that combines two raw bioelectrical impedance analysis measures: resistance and 
reactance. Phase angle has been considered an indicator of cellular health, integrity, and hydration. As inflammation 
and oxidative stress can damage cellular structures, phase angle has potential utility in early detecting inflammatory and 
oxidative status. Herein, we aimed to critically review the current understanding on the determinants of phase angle and 
its relationship with markers of inflammation and oxidative stress. We also discussed the potential role of phase angle in 
detecting chronic inflammation and related adverse outcomes. Several factors have been identified as predictors of phase 
angle, including age, sex, extracellular to intracellular water ratio, and fat-free mass. In addition to these factors, body 
mass index (BMI) also seems to influence phase angle. Available data also show that lower phase angle values are cor-
related (negligible to high correlation coefficients) with higher c-reactive protein, tumour necrosis factor-α, interleukin-6, 
and interleukin-10 in studies involving the general and aging populations, as well as patients with chronic conditions. 
Although fewer studies have evaluated the relationship between phase angle and markers of oxidative stress, available data 
also suggest that phase angle has potential to be used as an indicator (for screening) of oxidative damage. Future studies 
including diverse populations and bioelectrical impedance devices are required to confirm the validity and accuracy of 
phase angle as a marker of inflammation and oxidative stress for clinical use.
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many chronic diseases, such as sarcopenia, diabetes, meta-
bolic syndrome, cardiovascular disease, neurodegeneration, 
and cancer [5–8]. Obesity can compound the inflammatory 
response through an increased production of tumour necro-
sis factor-α (TNF-α) and interleukin-6 (IL-6), prompting a 
proinflammatory milieu and oxidative stress [9]. This is par-
ticularly important in view of the obesity epidemic world-
wide [10]. In more severe cases, chronic inflammation can 
also result in organ dysfunction and death [11–13].

Given the negative effects of inflammation on health, 
assessing and monitoring inflammatory status can pro-
vide valuable information in clinical practice. In such set-
tings, inflammation is often evaluated by measuring blood 
biomarkers, such as cellular factors (e.g., lymphocytes), 
C-reactive protein (CRP), TNF-α, interleukins, and nega-
tive acute-phase proteins (e.g., albumin, and transferrin) 
among others [14, 15]. However, these markers require 
invasive blood tests and subsequent costly laboratory analy-
ses, delaying the assessment of inflammatory status. Early 
assessment of inflammation is critical to initiate personal-
ized treatment, evaluate patient prognosis, and screen for 
diseases [15–17].

Phase angle (PhA) may be a low-cost, real-time alterna-
tive approach to measuring blood inflammatory biomarkers. 
During inflammation and oxidative stress, reactive oxygen 
species disrupt cell membranes and fluid balance between 
intracellular and extracellular spaces; this fluid imbalance 
influences the capacitive effect of membranes and conse-
quently, PhA [18]. PhA is therefore considered a marker 
of cell membrane integrity and a potential surrogate—yet 
reliable method—to screen for inflammatory and oxidative 
abnormalities [18]. Notably, several studies have shown the 
relationship between PhA and medical issues, prognoses, 
and mortality [19, 20]. Here, we summarized the literature, 
outlining the determinants of PhA as well as the relation-
ships between PhA, inflammation, and oxidative damage. 
We further discuss the utility of PhA in clinical practice and 
future research on this important topic.

2  Phase angle and its determinants

PhA is obtained as a ratio between the raw measures resis-
tance (R) and reactance (Xc) from bioelectrical impedance 
analysis (BIA) at 50 kHz frequency, according to the fol-
lowing formula [21]:

	
Phaseangle (◦) = Arctangent

(
Reactance

Resistance

)
×

(
180◦

π

)

PhA results from the relationship between the body’s resis-
tive behaviour, the opposition offered by the body fluids 

and electrolytes (i.e., intracellular and extracellular resis-
tance) and cell membrane-specific capacitance / Xc (i.e., 
membrane’s ability to sustain the electrical potential) to the 
BIA’s electric current [22, 23]. In other words, the alternat-
ing current passing through the body’s tissues is associated 
with changes in R and Xc, which are the foundation of the 
PhA concept [24]. Therefore, PhA depends on many param-
eters, including cellular content and fluids as well as cell 
membranes’ integrity and permeability [24]. As a result, 
PhA is regarded as a marker of cell size, hydration, integrity, 
and death [25]. Decreased cellular structure and increased 
cell death are associated with lower PhA values, whereas 
improved overall cell function and health are associated 
with higher PhA values [26, 27].

Several factors can determine PhA, and the extent of 
their influence vary with age and health status. For instance, 
a large cohort study showed that sex and age were the main 
PhA determinants in heathy adults (n = 214,732), but age and 
body mass index (BMI) predicted PhA to a greater extent in 
healthy children and adolescents (n = 15,605) [28]. Although 
BMI was weakly correlated with PhA in healthy adults, PhA 
seems to decrease after a BMI of 40 kg/m2 [28]. This inverse 
association between PhA and BMI > 40 kg/m2 has been con-
firmed by others [29, 30] and might be explained by factors 
such as increased tissue hydration [22] and inflammation 
[28]. At very high BMI values (i.e., ≥ 40 kg/m2), individuals 
present with fluid overload that is characterized by altered 
extracellular water (ECW) and intracellular water (ICW) 
ratio (ECW/ICW) [24, 31], which is negatively related to 
PhA [24]. As obesity is associated with a chronic proinflam-
matory status, individuals with higher BMI values may also 
present with cellular membrane damage, further contribut-
ing to fluid imbalance and a lower PhA [28].

In addition to the ECW/ICW ratio, fat-free mass is another 
strong predictor of PhA. In a study with healthy individuals 
(N = 1,442), fat-free mass was one of the most critical deter-
minants of PhA, explaining the association between PhA, 
sex, and age [24]. Variability in PhA has also been explored 
using a machine learning approach, with ICW and sex hav-
ing the highest effect on PhA differences, followed by total 
body water, basal metabolic rate, and age [32]. PhA has also 
been linked to other health markers, such as frailty, muscle 
mass quantity and composition, physical function, muscu-
lar strength, and cardiorespiratory fitness levels [33–36]. In 
healthy older adults, Matias et al. reported that PhA pre-
dicted body strength and agility independently of sex, age, 
and skeletal muscle mass [37].

Other factors can impact PhA in the presence of dis-
eases, with patients generally presenting with lower PhA 
values ​​ than healthy individuals [38]. PhA can be affected 
by specific elements of the disease, infection, inflamma-
tion, or oxidative stress [22, 39]. In this sense, PhA has been 
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proposed as an independent predictor of disease severity 
in clinical conditions, such as malnutrition [40], increased 
nutritional risk [41], and sarcopenia [42]. These conditions 
all have inflammation in common [43], which affects tissue 
electrical properties, body cell mass, cell membrane integ-
rity, and ultimately PhA [44]. Nevertheless, a systematic 
review of 33 articles could not conclusively indicate that 
PhA can independently predict malnutrition in clinical pop-
ulations, as assessed by Subjective Global Assessment [45]. 
This result could have been impacted by the selected stud-
ies failing to account for confounding variables and/or to 
select proper PhA cut-offs [45]. Hydration is another poten-
tial confounder; thus, it is recommended to interpret PhA 
along with the RXc graph from the bioimpedance vector 
analysis in clinical populations [44]. Conditions in which 
malnutrition is prevalent and PhA is considered a prognostic 
tool include patients with human immunodeficiency virus 
[46], kidney chronic disease [47, 48], breast [49], colorectal 
[50], head and neck [51], hepatic cancers and other liver 
diseases [52], and COVID-19 [53, 54]. Higher ECW/total 
body water ratio played a significant role in mediating the 
relationship between PhA and mortality in patients with 
cancer cachexia even at a low BMI range [55]. Finally, PhA 
can also be affected by lifestyle factors. For example, smok-
ing negatively affects PhA, primarily due to oxidative stress 
and inflammatory pathways [56]. Research has additionally 
shown a positive impact of physical activity intervention 
programs and antioxidants supplementation (e.g., zinc) on 
PhA values [57–59].

The biological and medical implications of PhA can be 
better appreciated in light of technological advancements, 
such as the field of Proteomics. Proteomics is a cutting-edge 
application of technologies for identifying and quantifying 
the total amount of proteins in a cell, tissue, or organism 
[60]. Huemer et al., 2022 employed proteomics to investi-
gate PhA’s biomedical factors by identifying protein markers 
and its related biological processes [61]. The authors found 
that N-terminal prohormone brain natriuretic peptide (a 
marker of heart failure) was a significant PhA marker. They 
also indicated that the biological process related to PhA’s 
protein profile was involved in the protein profile control of 
cell quantity and growth, supporting the consensus that PhA 
reflects body cell mass from a biomedical perspective [61].

3  Phase angle, inflammation and cellular 
damage

3.1  Overview

Inflammation and oxidative stress are intimately related 
and can be triggered by many factors, including pathogens, 

diseases, environmental factors (e.g., chemical substances, 
radiation and pollution), lifestyle factors (e.g., smoking 
and alcohol consumption), and obesity [62, 63]. Both are 
also associated with cellular damage and are involved in 
the onset of several chronic disease through mobilization 
of immune cells and proinflammatory cytokine production 
[64].

Chronic inflammation, in a vicious cycle, can promote 
reactive oxidative species production, which increases 
inflammatory response and cellular injury [12]. As such, an 
inflammatory and oxidative environment are associated with 
constant cell damage. These injuries can cause alterations in 
diverse cellular structures and organelles (e.g., membranes, 
mitochondria, and nucleus) by oxidation of various com-
ponents, such as lipids, protein, and deoxyribonucleic acid, 
which prompts apoptosis [65]. Consequently, this prolonged 
process can affect cell structure and integrity, cellular water 
content distribution, and cellular function, potentially caus-
ing tissue damage or illness. For this reason, inflammation is 
considered as an important etiologic factor of cancer, diabe-
tes, cardiovascular disease, neurodegeneration, aging, and 
sarcopenia [3, 8, 66].

PhA may indirectly reflect inflammation as it measures 
cellular integrity and health and is associated with body cell 
mass and hydration [67, 68]. Lower PhA values are associ-
ated with a lower body cell mass and imbalances in cellular 
water (i.e., expansion of absolute ECW or increased ECW/
ICW). This occurs in disease states [3, 69], and might be 
explained by the more oxidative environment of the extra-
cellular fluid, versus that of the intracellular space [70]. 
During inflammation, Xc decreases in response to the lower 
capacitance of damaged cell membranes, and this occurs 
simultaneously with a reduction in R because of increases 
in ECW (measured at 50 kHz). As PhA represents the ratio 
between Xc and R, and the values of the former measure 
decrease to a greater extent than those of the latter, inflam-
mation causes a decrease in PhA. Lower PhA also implies 
lower overall health, which might explain why low PhA has 
been linked to different diseases, muscle wasting [42], low 
physical performance [34], hospitalization [71], and mortal-
ity [53]. In contrast to clinical populations, healthy adults 
(i.e., athletes) showed positive associations between PhA 
and ICW but negative association with ECW/ICW ratio 
in both cross-sectional and longitudinal analyses [72, 73]. 
Thus, it is reasonable to expect that PhA can also reflect 
inflammation. Figure 1 provides an overview of the inter-
connection among inflammation, oxidative stress, low PhA, 
and adverse health effects.
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and inflammation (Table 1). These studies were published 
between 2003 and 2022 and included healthy adults and 
clinical populations. Overall, PhA was associated with 
several direct inflammatory markers, such as CRP, TNF-α, 
IL-6, interleukin 1-β (IL-1β), interleukin-10 (IL-10), and 
indirect markers (i.e., malnutrition-inflammation score). 
Studies included patients with: chronic kidney disease [74–
79], hospitalized [39], primary care [80], psoriasis [81], 
Prader–Willi Syndrome [82], COVID-19 [54]; additionally, 
studies also included older women [83, 84], women with 
obesity [85], general population [86, 87], and professional 
soccer players [88].

PhA was negatively associated with CRP in 12 of 13 stud-
ies. Strength of these correlations varied among the studies, 
with coefficients ranging from r = − 0.69 to − 0.16, except 
for one study reporting a positive correlation (r = 0.55) [88]; 
higher CRP also increased the odds of low PhA. The most 
extensive study conducted to date found a high negative 
correlation between PhA and CRP in 99,571 individuals 
of varied BMI visiting medical centres for routine check-
up with or without medically unexplained symptoms [80]. 
The linear regression model showed that CRP explained 
75.9% of PhA variability [80]. Tomeleri et al. also explored 

3.2  Literature search

We conducted a non-systematic literature search in PubMed 
(from database inception to July 2022) to identify studies 
addressing the associations between PhA, inflammation, 
and oxidative stress. A combination of the following medi-
cal subject headings and keywords was used in the title/
abstract field: “inflammation,” “inflammatory,” “low-grade 
inflammation,” “chronic inflammation,” “inflammatory 
markers,” “meta-inflammation,” “oxidative stress,” “reac-
tive oxygen species (ROS),” “oxygen metabolites,” “free 
radicals,” “redox imbalance,” “phase angle,” and “bioelec-
trical impedance phase angle.” Articles published in English 
or Portuguese were selected for critical synthesis, and only 
significant associations are reported.

3.3  Main findings of selected studies

3.3.1  Phase angle and inflammation

Seventeen of 60 search results were identified as rel-
evant studies describing the associations between PhA 

Fig. 1  The relation between inflammation, oxidative stress, cellular 
damage, low phase angle, and poor outcomes. Pathogens, environ-
mental factors, high fat mass and lifestyle factors, such as alcohol con-
sumption or smoking, can trigger an inflammatory and oxidative stress 
responses, and both can promote damage in several cellular structures, 
prompting cell death. This proinflammatory signaling, when chroni-
cally maintained, is related to several diseases, such as cardiovascular, 
metabolic, neurodegenerative disease, and cancer. Prolonged proin-
flammatory signaling can also lead to muscle wasting, lower physi-

cal function, sarcopenia, and increased length of hospitalization and 
mortality. Additionally, the cellular damage promoted by the inflam-
matory response can contribute to a low phase angle. For this reason, 
phase angle has been associated with several chronic diseases and 
mortality, including inflammation and oxidative stress. Note that the 
figure depicts phase angle being measured by a tetrapolar bioelectri-
cal impedance analysis (BIA) device; although other BIA devices can 
also be used, PhA is always obtained at a frequency of 50 kHz. Images 
retrieved from smart.servier.com
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maintenance hemodialysis [79], and COVID-19 [54] treat-
ment. Furthermore, higher malnutrition inflammation score 
was associated with lower PhA in patients with chronic 
kidney disease [78] and undergoing hemodialysis treatment 
[79].

3.3.2  Phase angle and oxidative stress

Four of 16 search results were identified as relevant stud-
ies describing the associations between PhA and markers of 
oxidative stress (Table 1). Our group published a review on 
the topic in 2021 [18], and the current updated search reve-
lated that no new studies have been conducted since then. 
Overall, PhA was significantly associated with markers of 
oxidative stress, highlighting the link between inflammation 
and oxidative stress with PhA [18]. For instance, Zourida-
kis et al. were the first to observe a moderate positive cor-
relation between PhA and total antioxidant capacity in 30 
patients with chronic kidney disease [89]. Tomeleri et al. 
also found that PhA positively correlated with antioxidants, 
such as catalase (low to high correlations), superoxide dis-
mutase (low correlation), and total radical trapping antioxi-
dant (low correlation) in older women, mostly with high 
a BMI and comorbidities [83, 84]. Conversely, PhA was 
negatively correlated with ferric-xylenol orange (low cor-
relation) and advanced oxidation protein products (moder-
ate correlation) [83, 84]. The most recent study also showed 
a moderate negative correlation between PhA and oxida-
tive protein damage (caused by advanced oxidation protein 
products) in adults undergoing bariatric surgery [90].

3.4  Additional points of included studies

As expected, PhA varied according to the population and 
disease studied as well as the BIA device used to acquire 
the bioimpedance data, with mean or median values ranging 
from 3.26° to 7.69° (Table 1). The lowest mean PhA value 
was found in outpatients of normal weight with medically 
unexplained symptoms [80]. Although the study by Cornejo-
Pareja et al. did not reported the lowest PhA value among 
the select studies, it showed that patients with COVID-19 
in the intensive care unit (ICU) or hospital ward also had 
very low PhA values (IQR : 3.2 − 5.4°) [54], 16 of which 
died. In fact, non-survivors of COVID-19 had lower PhA 
values than survivors (median difference = − 1.7°, p < 0.001) 
and PhA predicted mortality in adjusted models for several 
confounders (Hazard ratio = 3.912, 95% confidence inter-
val = 1.322 − 11.572). As mentioned above, the study con-
ducted in a cohort of professional soccer players reported 
the highest PhA value (7.69 ± 0.38°) [88].

Some studies (7 of 16) failed to adjust for confound-
ing variables, and there was no standardization of which 

the association of PhA with CRP in two studies in older 
women. One of these studies was an RCT (N = 46), and 
percent changes in CRP showed moderate negative correla-
tions with percent changes in PhA [84]. The other study had 
a cross-sectional design (N = 155) and also showed nega-
tive correlations between PhA and CRP; this association 
was maintained in multivariate analysis controlling for age, 
trunk fat mass, appendicular lean soft tissue, and comorbidi-
ties [83].

In addition to reporting a moderated negative correlation 
between CRP and PhA in both males and females, another 
article also proposed PhA threshold values to predict high 
high-sensitivity CRP levels (hs-CRP, above sex-specific, 
data-driven median values) in 1855 healthy individuals, 
with most having overweight or obesity (84.9%) [87]. How-
ever, their proposed ROC derived thresholds to predict the 
highest hs-CRP levels (5.5° for males and 5.4° for females) 
[87] were notably higher than mean values for older adults, 
as they are associated with the sex and age distribution of 
the population. This would overestimate the prevalence of 
high hs-CRP levels. As such, the use of PhA cut-offs val-
ues in this context are discouraged. Other studies confirmed 
negligible to moderate negative associations between PhA 
and CRP in adults, mostly with excess body weight [85, 86]. 
These negative associations of similar strength between PhA 
and CRP were also found in clinical populations, including 
peritoneal dialysis [75, 77], hospitalized patients (54.8% 
with malnutrition, and 34% with cancer) [39], psoriasis 
[81], Prader-Willi Syndrome [82], and COVID-19 [54].

Unexpected results (i.e., positive correlation) between 
PhA and CRP were observed in one study in athletes with 
very high (highest among included studies) PhA values 
(7.69 ± 0.38°) [88]. Although these athletes (healthy soccer 
players) experienced post exercise-induced muscle dam-
age as an acute recovery response, they were not actually 
injured. The study also had a small sample size (N = 18) and 
differences between pre- and post-matches were not signifi-
cant, yet mean PhA values decreased and CRP increased 
[88].

Other inflammatory markers were also consistently asso-
ciated with PhA values. Four of 5 studies showed that higher 
interleukin concentrations (IL 1-β and IL-6) were associated 
with lower PhA in patients undergoing maintenance hemo-
dialysis [74, 76, 79] and older women [83]. In contrast, 
changes in PhA positively correlated with changes in IL-10 
concentration (r = 0.46) in older women, mostly with a high 
BMI and comorbidities [84]. These studies in older women 
also reported moderate negative correlations (r = − 0.71 to 
− 0.63) between TNF-α and PhA [83, 84]. Albumin was 
another inflammatory marker explored, and 4 of 4 studies 
found a low positive association between PhA and albumin 
levels in patients undergoing peritoneal dialysis [75, 77], 
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Robert and colleagues conducted the first study evalu-
ating the role of a 10-day high protein diet to support 
improved markers of muscle damage (i.e., PhA and TNF-
α) after extenuating exercise in 14 resistance trained adults 
[93]. Although PhA was higher in the group receiving 
2.9 g∙kg− 1∙d− 1 versus 1.8 g∙kg− 1∙d− 1 at the end of the inter-
vention (mean difference = + 0.18°, p = 0.012), no interven-
tion effect was observed on both PhA and inflammation 
levels.

Di Renzo et al. explored the effects of immunonutrition 
compared to a control standard oral diet on PhA and inflam-
matory response in patients with advanced stage head and 
neck cancer [94]. At the end of treatment (day 8), participants 
who received immunonutrition had a greater PhA (median 
difference = +0.75°, p = 0.045) and higher pre-albumin lev-
els (median difference = 3.35 mg/L, p = 0.048) than controls. 
From days 4 to 8, the immunonutrition group increased 
PhA (Δ = +0.3°, p = 0.045), pre-albumin (Δ = +4.5 mg/L, 
p < 0.05), and transferrin (Δ = +39.3 mg/dL, p < 0.05); no 
significant changes from baseline or day 3 were observed 
in the standard oral diet group for these inflammatory mark-
ers. Although the intervention had no effect on CRP levels, 
the authors highlighted the potential use of PhA to monitor 
nutritional and biochemical status [94].

Using exploratory dietary approaches, Barrea et al. con-
ducted a pilot clinical trial to evaluate the effect of a very 
low-calorie ketogenic diet in improving PhA and inflam-
mation status in 260 women with overweight or obesity 
[85]. The diet (< 800 kcal/ day; 1.2–1.5 g∙kg− 1 of ideal body 
weight∙d− 1 g; 44% lipids, including 10 g/d extra virgin olive 
oil) was followed for 31 days [85]. The authors reported 
an improvement in PhA from 5.5 ± 0.8° to 6.0 ± 0.8° and in 
hs-CRP from 3.5 ± 4.1 to 1.8 ± 2.5 mg/L (p < 0.001) after the 
intervention (Table 2). This was the only study that reported 
reliability measures, with a coefficient of variation for 
repeated measures at 50 kHZ of 1.3% for Xc and 1.4% for R. 
Although it is unclear how the variations in individual PhA 
components could have reflected the coefficient of varia-
tion for PhA values, it is possible that small changes in PhA 
could be attributed to measurement errors and not to the true 
intervention effect per se.

Tomeleri et al. explored the effects of a 12-week resis-
tance training program in a sample of 46 older women [84]. 
They reported a significant improvement in several inflam-
matory markers (CRP, IL-6, TNF-α, and IL-10) and in PhA 
values [84]. Conversely, Moya-Amaya et al. described no 
effects on PhA and CRP levels after 36  h of a competi-
tive soccer math [88]. Despite expected, increased muscle 
damage was not observed in the athletes [95]. No changes 
were observed, although this could be explained by a return 
to baseline levels after 36 h, likely associated to athletes’ 
greater muscle mass and strength [37].

variables to include when adjustments were considered 
(Table 1). When conducted, most adjustments included age 
and/or sex as confounding variables. Additional variables 
were BMI, handgrip strength, physical activity status, dia-
betes and overall comorbidities, waist circumference, albu-
min concentration or body composition parameters (i.e., 
ECW, muscle mass index, body fat, trunk fat and appen-
dicular lean soft tissue), among others. Although some 
confounding variables are specific to the study population, 
others determine PhA, such as age, sex, and body composi-
tion parameters, as previously addressed. For instance, in a 
population of patients with chronic kidney disease, Wang et 
al. adjusted their analyses for estimated glomerular filtration 
rate and overhydration, in addition to age, sex, and BMI, 
handgrip strength and inflammatory markers [78].

As expected, we also observed the use of diverse BIA 
devices, which ranged from single frequency, dual-fre-
quency, multi-frequency, and spectroscopy, and from differ-
ent brands (Table 1). This is important given the potential 
variation in PhA values among devices. For instance, while 
comparing several BIA devices, Genton et al. found different 
relationships between PhA and mortality, highlighting the 
need to standardize device selection [91]. Inconsistencies 
were also observed regarding the protocol applied for BIA 
assessment (Table 1). Most studies followed a standardized 
protocol for BIA assessment (i.e., electrodes and participant 
position). Only a few described pre-study visit procedures, 
such as instructions for not performing vigorous physical 
activity, fasting, avoiding alcohol and/or caffeinated drinks 
before testing, and previous emptying of the bladder. These 
are certainly important for reliability [92]. Furthermore, 
seven studies reported followed The European Society for 
Clinical Nutrition and Metabolism (ESPEN) guidelines for 
BIA analysis [25]. Only one study considered participants’ 
menstrual cycle, one reported previous BIA calibration, and 
none reported smoking status (Table 1).

4  Utility of phase angle in interventional 
studies

In the light of current literature, PhA appears to be a prom-
ising inflammatory marker. As such, it may be a relevant 
clinical outcome and a helpful tool to assess and monitor 
the effectiveness of interventions to improve inflammation 
status. Although only a few studies have explored the role 
of different interventions on PhA and inflammation status, 
results are promising. Nevertheless, these findings should 
be interpreted considering the technical variability of the 
PhA measurement, which is device- and procedure-specific. 
An overview of interventional studies conducted, and their 
respective findings are shown in Table 2.

1 3

554



Reviews in Endocrine and Metabolic Disorders (2023) 24:543–562

Authors/ 
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Study design
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effects on PhA

Intervention 
effects on 
inflammation

Conclusion

Roberts 
et al., 
2017 
[93]
UK

- N = 14 (6 ♀)
- Physi-
cally active 
individuals
- Age: 31 ± 6 y
Crossover RCT

SF-BIA, 
Imped-
imed 
DF50 
(Imped-
imed, 
USA)
Reliability 
NR

- No
strenuous exer-
cise ~ 48 h prior test
- No caffeinated
products ~ 48 h 
prior test
- ~3–4 h fasting 
prior test
- Supine

- PROHIGH: 
2.9 g. kg− 1.d− 1 
of PRO for 10 
days
- Resistance 
exercise on 
days 8–10 
(T1-T3)

- PROMOD: 
1.8 g. kg− 1.d− 1 
of PRO for 10 
days
- Resistance 
exercise on 
days 8–10 
(T1-T3)

- No differ-
ence in PhA 
change from 
baseline to 
follow-up 
between 
groups
- PRO-
HIGH had 
greater PhA 
at T3 than 
PROMOD 
(MD = + 0.18°, 
p = 0.012)

- No differ-
ence in TNF-α 
change from 
baseline to 
follow-up 
between 
groups
- No differ-
ence in TNF-α 
between 
groups at 
follow-up

PhA 
values were 
maintained 
at T3 for 
the group 
with higher 
protein 
intake. The 
exercise 
protocol 
and diet did 
not influ-
ence TNF-α 
values

Tomeleri 
et al., 
2018 
[84]
Brazil

- N = 46 ♀
- Older women
- Age: 70.6 ± 5.1 
y
BMI: 
26.9 ± 4.2 kg/m2

RCT

MF-BIA, 
Hydra 
ECF/
ICF 4200 
(Xitron 
Tech-
nologies, 
USA)
Reliability 
NR

- Supine position 
for 5 min
- Euhydration 
confirmed by post-
voiding first-morn-
ing body weights 
and urine color
- Same technician 
performing pre-/
post-tests

− 12 weeks 
of resistance 
training under 
professional 
supervision 
performed 3 
times per week 
(45–50 min per 
session)(TG)

- No physical 
exercise of any 
type performed 
for 12 weeks 
(CG)

- TG had a 
greater PhA 
than CG at 
follow-up 
(MD = + 0.4°, 
p < 0.05)
- TG had a 
greater PhA at 
follow-up than 
at baseline 
(MD = + 0.4°, 
p < 0.05)
- CG had a 
decrease in 
PhA from 
baseline to 
follow-up 
(MD = − 0.2°, 
p < 0.05)

- TG had a 
lower TNF- α 
(MD = − 0.3, 
p < 0.05), IL-6 
(MD = − 1.2, 
p < 0.05) 
and CRP 
(MD = − 2.4, 
p < 0.05) and a 
greater IL-10 
(MD = + 10.3, 
p < 0.05) 
than CG at 
follow-up
- TG had 
a decrease 
in TNF-α 
(MD = − 0.5, 
p < 0.05), IL-6 
(MD = − 0.5, 
p < 0.05), 
and CRP 
(MD = − 0.7, 
p < 0.05) and 
an increase 
in IL-10 
(MD = + 0.5, 
p < 0.05) from 
baseline to 
follow-up

12 weeks of 
resistance 
training 
improved 
PhA and 
inflamma-
tion

Table 2  Main results of the interventional studies included in the review
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Intervention 
effects on 
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Conclusion

Di 
Renzo et 
al., 2019 
[94]
Italy

- N = 44 (10 ♀)
- Head and neck 
squamous carci-
noma (stage III)
- Age: 
65.48 ± 12.66 y
Clinical trial

SF-BIA, 
BIA 101 S 
(Akern/
RJL 
Systems, 
Italy)
Reliability 
NR

NR - Enteral 
standard nutri-
tion for days 
0–3 (ESN); 
1500 kcal/d, 
43% CHO, 
27% PRO, 30% 
fat, 14 g fibre
- Enteral 
immunonutri-
tion for days 
4–8 (EIN); 
1500 kcal/d, 
53% CHO, 
22% PRO, 25% 
fat, < 3 g fibre, 
9.15 MCT)

- Oral standard 
diet (OD) 
for 8 days; 
2448.45 kcal/d, 
50% CHO, 
17% PRO, 
33% fat, 
32–35 g fibre

- No dif-
ference in 
PhA change 
between OD 
and ESN at 
day 3
- EIN had 
a greater 
PhA than 
OD at day 8 
(MD = + 0.75, 
p = 0.045)

- No difference 
in leukocyte, 
neutrophils, 
lymphocytes, 
albumin, trans-
ferrin, and 
CRP change 
between OD 
and ESN at 
day 3 and 
between OD 
from days 0–8
- EIN trended 
towards 
a lower 
transferrin 
(MD = − 30.25, 
p = 0.050) 
and CRP 
(MD = − 6.64, 
p = 0.066) 
than OD at 
day 8, but no 
difference in 
leukocyte, 
neutrophils, 
lymphocytes 
and albumin 
change
- EIN had 
a higher 
transferrin 
than ESN 
(MD = + 39.25, 
p < 0.05), but 
no difference 
in leukocyte, 
neutrophils, 
lymphocytes, 
albumin, 
transferrin, 
and CRP
- ESN had 
higher 
lymphocytes 
at day 3 
than day 0 
(MD = + 0.33, 
p < 0.05), but 
no difference 
in leukocyte, 
neutrophils, 
albumin, 
transferrin, 
and CRP

Immuno-
nutrition 
treatment 
improves 
PhA and 
inflamma-
tion more 
than an oral 
diet and 
standard 
enteral 
nutrition

Table 2  (continued) 
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Intervention 
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Conclusion

Moya-
Amaya 
et al., 
2021 
[88]
Spain

- N = 18 (0 ♀)
- Professional 
soccer players
Clinical trial

MF-BIA, 
MC-780 
MA 
(Tanita 
Corp., 
Japan)
Reliability 
NR

- Overnight fast of 
≥ 8 h
- Tests performed 
between 8am and 
10am
- No moderate or 
intense exercise 
24 h prior test
- Voided bladder
- Metals removed
- Standing erect
- Same technician 
performing pre-/
post-tests
- Performed 
according to manu-
facturer guidelines

- Players 
(except goal-
keepers) who 
played > 45 min 
were evalu-
ated in the 
morning prior 
to the start of 
and 36 h after 
a competitive 
match during 
the first half of 
the season

NA - No differ-
ence in PhA 
change from 
prior to and 
36 h after a 
match

- No difference 
in CRP and 
IL-6 changes 
from prior to 
and 36 h after 
a match

36 h of 
intense 
exercise did 
not affect 
PhA nor 
CRP

Barrea et 
al., 2022 
[85]
Italy

- N = 260 ♀
- Women with 
OW/OB
- Age: 
37.6 ± 14.1 y
- BMI: 
35.7 ± 5.4 kg/m2

- OW/OB: 
100%
Pilot clinical 
trial

SF-BIA, 
BIA 101 
(Akern 
Biore-
search, 
Italy)
Reli-
ability for 
intraday 
(R < 2%; 
Xc < 2.5%) 
and 
interday 
(R < 3.3%, 
Xc < 2.8%) 
tests 
assessed 
using 
same 
observer.
Coef-
ficient of 
varia-
tion of 
repeated 
measure-
ments at 
50 kHz 
assessed 
in 10 
females 
using 
same 
observer: 
R = 1.4% 
and 
Xc = 1.3%.

- Same device and 
technician perform-
ing pre-/post-tests
- Supine
- Limbs slightly 
apart
- No food, drink, or 
exercise 6 h prior 
to test
- No alcohol 24 h 
prior to test
- Voided bladder

- Very low-cal-
orie ketogenic 
diet for 31 d 
using a com-
mercial weight-
loss program, 
replacement 
meals with 
a biological 
value of 110, a 
multivitamin, 
and saline 
supplements
− 13% CHO 
(< 30 g/d), 
43% PRO 
(1.2–1.5 g/kg 
IBW), 44% 
fat (includ-
ing 10 g/d of 
EVOO)
− 30 min of 
moderate 
physical activ-
ity 3 times per 
week

NA - Partici-
pants had a 
greater PhA at 
follow-up than 
at baseline 
(MD = + 0.5°, 
p < 0.001)

- Participants 
had a lower 
hs-CRP at 
follow-up than 
at baseline 
(MD = − 1.7, 
p < 0.001)

31 days of a 
low-calorie 
ketogenic 
diet pro-
moted a 
significant 
reduction 
in patient 
inflamma-
tion and 
improved 
PhA

Abbreviations: ♀, female; BIA, bioelectrical impedance analysis; BMI, body mass index; CHO, carbohydrates; CG, control group; CRP, 
C-reactive protein; EIN, enteral immunonutrition; ESN, enteral standard nutrition; EVOO, extra virgin olive oil; hs-CRP, high-sensitivity 
CRP; IBW, ideal body weight; IL-10, interleukin-10; IL-6, interleukin-6; MCT, medium chain triglycerides; MD, mean/median difference; MF-
BIA, multi-frequency BIA; N, sample size; NR, not reported; OD, oral diet; PhA, phase angle; PRO, protein; R, resistance; RCT, randomized 
controlled trial; SF-BIA, single-frequency BIA; TG, training group; TNF-α, tumor necrosis factor-α; Xc, reactance;

Table 2  (continued) 
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that low PhA allowed discriminating prostate cancer 
patients using BIA electrodes on the right upper and right 
lower limb and a multifrequency BIA (QuadScan 4000 
(Bodystat®; Isle of Man) [103]. PhA was lower in patients 
with prostate cancer (compared to matched controls) and 
worse comparing more advanced versus earlier disease 
stages [103]. In the other study, four electrodes were placed 
around the prostate area and a single frequency BIA (BIA 
101 ASE®; Akern Srl, Italy) was used to measure PhA val-
ues in individuals with prostate cancer, benign prostatic 
disease, and healthy volunteers. Although Xc and R values 
differed between studied groups, PhA had a good sensitivity 
(0.925) but a poor specificity (0.200) to diagnose patients 
with prostate cancer [104]. Although none of these stud-
ies have evaluated the presence of inflammation, it is well 
known that the inflammatory state is associated with cancer, 
muscle damage and wound healing [3, 105, 106]. In that 
sense, it is expected that segmental PhA could also reflect 
inflammatory status, assessing localized inflammation. Fur-
ther research is needed to confirm the role of segmental PhA 
to screen for inflammation in patients with cancer.

Localized PhA seems to be a potential technique to eval-
uate the health condition of a specific body part, also reflect-
ing the impact of changes in tissue physiology on changes 
in tissue’s electrical properties. However, it is still unclear 
whether localized PhA is superior to whole-body PhA. 
Obayashi et al. compared segmental and whole-body PhA in 
adolescent athletes using a multifrequency BIA (Body S10 
Body Water Analyzer; InBody Co., Seoul, Korea) with eight 
electrodes placed on five body segments (right and left arms, 
trunk, and right and left legs), and found that localized PhA 
was related to the performance of corresponding parts of the 
body (except trunk, which was excluded from the analysis), 
suggesting its use in association with whole-body PhA to 
assess local physical fitness levels [107]. Conversely, Jiang 
et al. concluded that PhA in the trunk estimated with a seg-
mental BIA (InBody S10, InBody, Seoul, Korea) was under-
estimated compared to measures obtained by a tetrapolar, 
single-frequency BIA (Quantum IV, RJL Systems, Clinton 
Township, MI) in older adults [108].

6  Strengths and limitations of current 
literature

There is consistent evidence suggesting PhA can be used as 
a screening tool to detect inflammation, and several factors 
support this association. Studies were conducted in people 
with various medical conditions (chronic kidney disease, 
COVID-19, hospitalized and intensive care unit patients, 
obesity, psoriasis, general population, older people, and ath-
letes), and across the globe (United States, Germany, Brazil, 

5  Other applications / segmental analysis

An alternative approach of BIA use to detect cellular abnor-
malities, injury, and therefore inflammation, is its segmen-
tal application, which can be potentially used to evaluate 
cellular health at a localized level. According to Lukaski & 
Moore., localized BIA is a sensitive technique to determine 
alterations in bioelectrical components (R, Xc, and PhA), 
which can be used to assess changes in soft-tissue hydra-
tion, cell membrane integrity, and structure in a specific 
body area [96]. Localized BIA has been used to evaluate 
specific body segments such as arms, trunk, and legs and 
has been suggested over whole-body analyzes in the pres-
ence of specific conditions, such as cardiac insufficiency, 
liver or kidney failure, neuromuscular diseases, or limb 
amputation [97].

To the best of our knowledge, no studies have been con-
ducted to evaluate the presence of localized inflammation 
using the segmental approach. However, insights related 
directly or indirectly to inflammation have been explored 
including muscle lesions, wound healing, and cancer diag-
noses or its severity. Lukaski & Moore examined the appli-
cation of localized single-frequency BIA(Quantum IV; RJL 
Systems, Clinton Township, MI) for patients with lower 
leg wounds by placing four electrodes around the wound, 
and showed PhA as a healing indicator [96]. Additionally, 
PhA assessed by localized BIA has the potential to detect 
neuromuscular disease, changes in skeletal muscle, injury 
and lesions [98–102]. In patients with neuromuscular dis-
ease, Rutkove et al. reported very low segmental PhA values 
(using several electrodes placed in line over the thigh for 
tetrapolar measures) among those with advanced disease 
state and values close to the healthy range (control subjects) 
during illness remission [102]. Freeborn & Fu demonstrated 
that localized PhA, and its components (R and Xc), reduced 
with increased exercise induced fatigue, using four elec-
trodes placed on the lateral side of the biceps and a mul-
tifrequency BIA (E4990A Impedance Analyzer; Keysight 
Technologies, Santa Rosa, CA) [100]. Although muscle 
swelling was not evaluated in this study, the authors spec-
ulated that it might have caused R values to drop. Future 
investigations into the connection between muscle swell-
ing and PhA should also assess potential confounders, such 
as changes in blood flow, interstitial fluid, and skin blood 
flow and temperature. Using four electrode placed on the 
calf and proximal hamstring muscles and a single-frequency 
BIA (BIA-101; AKERN-Srl, Florence, Italy), localized PhA 
measures agreed with the diagnosis of muscle injury sever-
ity assessed by magnetic resonance imaging [98].

Two studies explored the effectiveness of localized BIA 
and its PhA as a screening and prognostic tool for patients 
with prostate cancer [103, 104]. Tyagi et al. demonstrated 
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to improve inflammation and oxidative stress, as results are 
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7  Conclusion
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an efficient measure to be used in clinical settings to detect 
inflammation, where faster and simpler alternatives are 
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BIA protocols. Studies should also include large popula-
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