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Article 
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Abstract  

Background: Cancer-related malnutrition and inflammation worsen clinical outcomes. Bioelectrical 
impedance analysis (BIA) provides raw parameters—resistance (R) and reactance (Xc)—from which phase 
angle (PhA) is derived as a proxy of cell‐membrane integrity and hydration. We reviewed the clinical utility 
of PhA (and related metrics) in oncology. Methods: We conducted an integrative review 
(PubMed/MEDLINE, Embase, Scopus, and Virtual Health Library; 2005–2025) including human studies 
reporting BIA with PhA in patients with cancer. Screening and reporting followed PRISMA 2020. Study 
design, tumor site, interventions, and outcomes (nutrition, complications, length of stay, treatment 
tolerance, and survival) were extracted and narratively synthesized. Results: We included 159 studies, 
predominantly observational. Across settings and tumor sites, lower PhA was consistently associated with 
worse overall survival, more postoperative and treatment-related complications, longer hospitalization, 
poorer functional status, and lower quality of life. In longitudinal analyses, PhA typically declined after 
surgery and along chemo/radiotherapy, whereas stabilization or increases occurred with structured 
nutritional support and multimodal care. Vector analysis (BIVA) showed the canonical right-downward 
displacement on the R/H × Xc/H plane, consistent with higher ECW/TBW, reduced body cell mass, and 
impaired membrane integrity. Standardized PhA (SPhA, age/sex-adjusted) improved comparability and 
prognostic performance in several cohorts. Methodological variability—device/frequency, posture, 
hydration control, and heterogeneous cut-offs—remains the main barrier to guideline-level adoption. 
Conclusions: PhA is an accessible, non-invasive, and responsive biomarker that adds prognostic and 
nutritional value across oncologic scenarios. We recommend integrating PhA (preferably SPhA), together 
with BIVA and fluid-distribution metrics, into routine screening, peri-treatment monitoring, and risk 
stratification. Future multicenter studies should establish tumor-, sex-, age-, and stage-specific cut-offs and 
standardized measurement/reporting protocols. 
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Introduction 

Cancer-associated malnutrition is highly prevalent and independently predicts greater treatment 
toxicity, more complications, impaired quality of life, and reduced survival—even after adjustment for 
disease stage and performance status [1–4]. Contemporary guidance advocates early, systematic screening 
and a multimodal, individualized approach that integrates nutritional care and exercise, acknowledging 
tumour-driven metabolic derangements and systemic inflammation as key drivers of skeletal muscle loss 
and functional decline [1–2,5].  

Accordingly, body-composition assessment has moved from an adjunct to an integral component of 
oncologic risk stratification and clinical follow-up. Consensus reviews emphasize that subtle decrements 
in muscle mass and function frequently elude conventional anthropometry, underscoring the need for 
sensitive, reproducible, and trackable markers across the continuum of care [5]. In oncology, such markers 
help anticipate postoperative complications, chemotherapy toxicity, and length of stay, and inform 
estimates of overall survival and disease progression [3–5].  

Bioelectrical impedance analysis (BIA) has gained clinical traction because it combines portability, 
relative affordability, and good reproducibility. Beyond compartment estimates, raw electrical parameters 
enable equation-free approaches. Bioelectrical impedance vector analysis (BIVA) plots height-normalized 
resistance (R) and reactance (Xc) in the R–Xc plane, providing inferences on hydration and body cell mass 
[6–8]. From R and Xc, phase angle (PhA) is directly derived and regarded as an indirect marker of cell-
membrane integrity/function and, to some extent, hydration status [6–8].  

Physiologically, R is mainly governed by ionic conductivity of aqueous compartments, whereas Xc 
reflects membrane capacitance. Greater body cell mass and preserved membrane function raise Xc and 
PhA; conversely, oedema, systemic inflammation, catabolism, and membrane injury lower them. PhA may 
therefore capture early structural and functional deterioration that remains undetected by standard 
anthropometry or laboratory biomarkers [6,9]. Standardized PhA (SPhA), which accounts for age and sex, 
has been proposed to facilitate inter-individual and inter-study comparability [6,10–11].  

A growing body of evidence links lower PhA with adverse oncologic outcomes—including 
postoperative complications, greater treatment toxicity, poorer response, and decreased overall survival—
across multiple tumour sites [3–4,10–12]. Recent meta-analyses reinforce the prognostic value of PhA and 
SPhA while highlighting the need for sex- and age-specific cut-offs for clinical use [11–12]. Crucially, 
prognostic performance varies by clinical context (e.g., elective gastrointestinal surgery, head-and-neck 
cancers, haematologic malignancies), warranting interpretation within each scenario and timepoint of care 
[10–12].  

Notwithstanding its translational promise, practical application faces several challenges: 
heterogeneity among cancer types and stages; the influence of hydration, ascites/oedema, and 
inflammation; methodological variability (measurement frequency, patient position, device/manufacturer 
and embedded algorithms); and the absence of universally accepted, site- and sex-specific cut-offs [6,8,11]. 
Differences in patient preparation (fasting, bladder emptying, removal of metallic objects), electrode 
placement, and mono- versus multi-frequency devices may introduce bias and limit comparability. Clear 
reporting of measurement protocols and technological variables—and, where appropriate, use of SPhA—
are therefore recommended [6,8,10–11].  

Against this background, this integrative review aims to: (i) synthesise PhA behaviour (and related 
metrics such as SPhA and BIVA) across cancer types; (ii) examine its responsiveness along oncologic 
interventions (surgery, chemotherapy, radiotherapy, targeted therapies, immunotherapy, and nutritional 
support); (iii) map methodological gaps and sources of heterogeneity; and (iv) discuss candidate cut-offs 
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stratified by clinical features (sex, age, tumour site, stage, inflammatory status), providing pragmatic 
recommendations for PhA-guided risk stratification and longitudinal monitoring in oncology [1–12]. 

Methods 

Study Deesign 

This study is an integrative literature review designed to map the current state of knowledge on 
bioelectrical impedance analysis (BIA) and the behavior of phase angle (PhA) in oncology patients. This 
approach was chosen because it allows inclusion of studies with diverse methodologies, thus providing a 
comprehensive overview of the field, identifying knowledge gaps, and generating hypotheses for future 
research. The time frame covered publications from January 2005 to December 2025, considered broad 
enough to capture the clinical development of PhA in oncology. 

Information sources and search strategy 
Systematic searches were conducted in four major electronic databases—PubMed/MEDLINE, 

Embase, Scopus, and the Virtual Health Library (VHL/BVS)—to maximize sensitivity and minimize 
selection bias. Controlled vocabulary (MeSH, Emtree, DeCS) and free-text terms were combined using 
Boolean operators. The central string applied was: (ʺBioelectrical Impedance Vector Analysisʺ OR 
ʺBioelectrical Impedance Analysisʺ OR Bioimpedance OR BIA) AND (ʺPhase Angleʺ OR ʺPhAʺ) AND 
(Cancer OR ʺMalignant Neoplasmsʺ OR Tumor OR Neoplasm). 

Filters restricted results to English, Portuguese, or Spanish, and to studies published between 2005 
and 2025. Eligible study designs included clinical trials, cohort studies, case–control, cross-sectional, case 
series, and case reports, provided they presented original data. Systematic and narrative reviews were 
excluded to avoid duplication of evidence, as their primary studies were already eligible. The PRISMA 
2020 statement [1] guided reporting of the screening and selection process. 

Eligibility Criteria 

Eligible studies included human participants with a confirmed cancer diagnosis, regardless of 
histology or stage, provided they assessed body composition using BIA and reported PhA as an outcome 
of interest. Exclusion criteria were: animal or in vitro experiments, studies without full-text availability, 
articles in languages other than English, Portuguese, or Spanish, and publications prior to 2005. Studies 
investigating chronic diseases unrelated to cancer or not reporting PhA-related outcomes were also 
excluded. 

Search, screening, and selection process 

The search yielded 600 records: 29 from PubMed/MEDLINE, 232 from Embase, 170 from Scopus, and 
169 from BVS. Because the VHL indexes overlapping databases, duplicates were expected. All records were 
imported into the Rayyan platform, which facilitated automated and manual duplicate detection. A total 
of 522 duplicates were flagged; 326 were removed automatically and 194 were resolved manually by three 
independent reviewers (MEOD, LM, VGSA). After reconciliation, two records were confirmed as false 
duplicates, resulting in 274 unique articles for title/abstract screening. 
During this stage, 82 records were excluded for not meeting eligibility criteria (e.g., absence of BIA, no PhA 
measurement, non-oncologic populations, reviews, in vitro studies, or unavailable full texts), leaving 192 
articles for full-text review.  

After full-text assessment, 31 additional studies were excluded due to insufficient methodological 
detail, duplication across databases, or lack of PhA-related clinical outcomes (e.g., survival, treatment 
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response, or complications). Finally, 161 studies fulfilled all inclusion criteria and were retained for the 
review. The PRISMA 2020 flow diagram (Figure 1) illustrates the identification, screening, eligibility, and 
inclusion process. 

Data Extraction and Analysis 

Data from the selected studies were extracted independently by two reviewers using a standardized 
form, which included information on study design, population characteristics, cancer type and stage, 
bioelectrical impedance parameters, phase angle values, and clinical outcomes. Any disagreements were 
resolved by consensus or consultation with a third reviewer. The quality of the included studies was not 
quantitatively assessed, given the heterogeneity of designs, but methodological rigor and relevance to the 
research question were considered in the synthesis. 

The data were organized into tables and narrative summaries, allowing the identification of trends, 
gaps, and potential clinical applications of phase angle and bioelectrical impedance analysis in oncology. 

Quality Appraisal 

Methodological quality was assessed according to study design. Randomized clinical trials were 
evaluated using the Risk of Bias tool (RoB 2.0) [2]; cohort and case–control studies using the Newcastle–
Ottawa Scale (NOS) [3]; and cross-sectional studies, case series, and case reports with the Joanna Briggs 
Institute (JBI) checklists [4]. Discrepancies were resolved by consensus. Quality appraisal was not used as 
an exclusion criterion but rather to contextualize the strength and reliability of the evidence. 

Synthesis of Results 

Given the expected heterogeneity among included studies—spanning cancer types, disease stages, 
therapeutic interventions, and BIA methodologies—a narrative synthesis was undertaken. Results were 
organized in comparative tables and descriptive figures, highlighting PhA behavior according to tumour 
site, disease stage, nutritional status, and therapeutic interventions. Whenever possible, PhA values were 
harmonized by sex and age using available normative references. Sensitivity analyses excluded studies at 
higher risk of bias or with insufficient technical reporting to test the consistency of conclusions. 
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Figure 1. Overview of the identification, screening, eligibility, and inclusion process of studies according to the 
PRISMA 2020 statement. 

Results 

A total of 159 primary studies met all eligibility criteria. Table 1 summarizes, for each study, the design, 
tumor type, electrical markers assessed, interventions performed, and clinical outcomes. A marked growth 
in scientific output was observed over the study period: 28 publications between 2006 and 2015 and 131 
(82.3%) between 2016 and 2025, reflecting the expanding use of phase angle (PhA) in oncologic contexts. 

Study Designs and Distribution by Tumor Site 

The sample displayed substantial methodological variability, with a predominance of observational 
studies (141/159; 88.7%). Among these, prospective designs were most frequent (n = 49), followed by cross-
sectional (n = 33) and retrospective (n = 19) studies. An additional 26 articles were described by the authors 
simply as observational without detailed design specification. Interventional studies accounted for 11.3% 
(n = 18), including 12 clinical trials (eight randomized) and six investigations of various interventional 
nature (pilot, feasibility, pre–post, and phase II). 

Regarding tumor sites, head and neck cancer predominated (n = 53), followed by breast (n = 22) and 
colorectal (n = 13). Studies also addressed gastric/esophagogastric/upper gastrointestinal tract cancers (n = 
10), lung (n = 8), pancreas (n = 7), gynecologic neoplasms—ovary, cervix, and endometrium (n = 6)—liver 
tumors (n = 4), neuroendocrine tumors (n = 3), prostate (n = 3), and hematologic malignancies (n = 2). In 
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addition, 28 studies enrolled mixed samples (multiple tumor sites or general cancer-related conditions such 
as cachexia, fatigue, and survivor populations), which increased the clinical heterogeneity analyzed. 

Figure 2 presents the distribution of studies by tumor site, highlighting a predominance in head and 
neck and in mixed cohorts. 

 
Figure 2. Distribution of studies according to the body location. 

Phase Angle as a Central Marker 

Across the 159 studies, 161 individual analyses reported PhA behavior throughout oncologic care. In 
87 analyses comparing pre- and post-treatment time points, PhA declined significantly, consistent with loss 
of body cell mass and shifts in fluid distribution. In 22 analyses, PhA did not change significantly after 
treatment, whereas 14 reported increases in PhA, typically in the context of structured nutritional 
interventions or multimodal supportive strategies. Thirty-eight studies examined the association between 
PhA and nutritional status; consistently, patients with malnutrition or cachexia exhibited lower PhA than 
well-nourished counterparts. Among 48 studies relating PhA to clinical outcomes, 29 showed that lower 
baseline or pre-treatment values were associated with poorer overall survival. Twelve studies observed 
lower PhA correlated with longer hospital stay, and seven reported higher rates of postoperative 
complications among patients with reduced PhA. 

The typical direction of vector displacement in the R/H × Xc/H plane among oncology patients is 
illustrated in Figure 3. 
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Figure 3. Bioelectrical Impedance Vector Analysis (BIVA) on the R/H × Xc/H plane: typical displacement in cancer. The 
healthy reference ellipse (50%) is shown in blue. The cancer cohort centroid and ellipse shift rightward (higher R/H) 
and downward (lower Xc/H), indicating altered hydration (↑ECW/TBW), reduced body cell mass, and impaired 
membrane integrity; the arrow depicts the expected vector direction. Abbreviations: R/H, height-normalized 
resistance; Xc/H, height-normalized reactance; ECW/TBW, extracellular water to total body water; BCM, body cell 
mass. 

Impact of Therapeutic Modalities on Bioimpedance 

Sixty-three studies evaluated the effect of therapeutic interventions on BIA parameters. In 21 studies, 
postoperative PhA decline after oncologic surgery was prominent and attributed to body cell mass loss and 
perioperative hydration changes. Twenty-eight studies following chemotherapy and/or radiotherapy also 
reported significant PhA reductions, compatible with systemic toxicity and treatment-induced catabolism. 
In contrast, 14 studies documented preservation or increases in PhA when nutritional support—alone or 
as part of multimodal programs—was implemented concomitantly with antineoplastic treatments. 

Other Relevant Bioimpedance Markers 

Beyond PhA, 32 studies explored complementary markers. Bioelectrical impedance vector analysis 
(BIVA) was employed in 11 studies, enabling differentiation of hydration and body composition patterns 
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specific to each tumor scenario. Eight studies decomposed PhA into its direct electrical determinants—
resistance (R) and reactance (Xc)—to infer membrane integrity and nutritional status. Seven investigations 
used standardized phase angle (SPA), adjusted for age and sex, highlighting improved comparability 
across populations. Six studies reported that an elevated extracellular water/total body water (ECW/TBW) 
ratio correlated with cachexia and higher mortality, suggesting added utility for fluid distribution metrics. 

Differences by Cancer Type 

In head and neck cancer (34 studies with a specific focus), reduced PhA was evident at diagnosis and 
associated with higher risk of surgical complications, prolonged hospitalization, and lower overall 
survival. In breast cancer (27 studies), PhA was analyzed in relation to lymphedema, sarcopenia, and 
myosteatosis; 11 studies explored its value as a predictor of response to perioperative nutritional 
interventions. In gastrointestinal tumors (29 studies), malnourished patients exhibited significantly lower 
PhA than well-nourished individuals, with strong associations to early mortality. In hematologic 
malignancies (15 studies), both PhA and SPA predicted chemotherapy toxicity, therapeutic response, and 
survival. In lung, gynecologic, hepatobiliary, and pancreatic neoplasms (a combined set of 23 studies), 
reduced PhA was consistently linked to cachexia, longer hospital stays, and increased mortality. 

Standardization and Methodological Aspects 

Twenty-one studies explicitly discussed methodological variability in PhA measurement. Some 
pointed to discrepancies between single- and multifrequency devices and across manufacturers, with 
potential impact on absolute values. Nine studies emphasized standardized body positioning and 
hydration status as prerequisites for reliability. SPA use was reported in seven articles, reinforcing that 
adjustment for age and sex reduces interindividual variability and facilitates comparisons. Six studies 
questioned the cutoffs used to classify low PhA, revealing intercenter discrepancies; five advocated for 
international consensus encompassing measurement protocols, reference intervals, and prognostic 
definitions. Finally, eight studies recommended integrating PhA with R, Xc, BIVA, and fluid distribution 
metrics to enhance diagnostic and prognostic accuracy.
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Author (Year) Sample/Context Aims Study Design Conclusions 

Malecka-Massalska et al. 
(2012) 

56 participants (28 with head and 
neck squamous cell carcinoma and 
28 sex-, age-, and BMI-matched 
controls). 

To evaluate bioelectrical impedance vector patterns 
in patients with head and neck cancer before 
treatment. 

Cross-sectional, 
case–control study. 

Cancer patients showed vectors indicative of poorer cell integrity, lower 
body cell mass, and signs of dehydration; BIVA may support 
preoperative planning. 
 

Cardoso et al. (2017) 

208 women undergoing surgery for 
gynecologic cancer (cervical and 
endometrial) between January and 
December 2015; 

objective: to evaluate the applicability of BIA for 
nutritional status and surgical complications; 

Prospective cohort 
Lower PA in endometrial cancer and in poorer nutritional status (PG-
SGA B or C); PA below the 25th percentile increased the risk of 
complications; BIVA indicated nutritional and hydration changes. 

Malecka-Massalska et al. 
(2014) 

134 men (67 with head and neck 
squamous cell carcinoma and 67 
healthy controls matched by sex, age, 
and BMI) 

Compare BIVA vectors in cancer patients vs. 
controls 

Comparative 
observational 
study 

Vectors shifted in cancer patients (R/H ↑ and Xc/H ↓), indicating worse 
nutritional and hydration status; no functional assessment or clinical 
outcomes evaluated. 
 

Paiva et al. (2010) 
195 cancer patients evaluated before 
first chemotherapy 

Assess the prognostic value of SPA for survival in 
oncology patients 

Prospective cohort 
SPA < −1.65 associated with significantly lower survival; higher mortality 
rate (RR = 2.35); risk of death increased progressively as SPA decreased. 
 

– (2012, BEAM Study 
Group) 

Patients with glioblastoma 
multiforme followed for up to 1 year 
(n not reported) 

Test the effectiveness of BIA as a clinical tool for 
nutritional and prognostic assessment 

Pilot, longitudinal, 
ongoing study 

Planned to investigate associations between PhA, nutritional status, 
microbiota, patient DNA, and tumor progression; definitive results not 
yet reported. 
 

Malecka-Massalska et al. 
(2013) 

31 patients with head and neck 
squamous cell carcinoma and 31 
healthy controls matched by sex and 
age 

Compare tissue electrical properties in cancer 
patients vs. controls 

Cross-sectional 
study 

Significantly lower PhA in patients (4.69°) vs. controls (5.59°); suggests 
nutritional/hydration alterations with potential prognostic value. 

Morshed et al. (2022) 
54 male patients undergoing cancer 
surgery 

Evaluate changes in body composition and PhA 
after surgery 

Cross-sectional 
study 

Significant reduction in PhA; decreases in weight, BMI, FFM, ICF, and 
TBW; increases in FM and ECF; decline in nutritional status (SGA). 

Navigante et al. (2013) 
41 patients with advanced disease 
and fatigue and 20 matched healthy 
controls 

Assess the relationship between fatigue, muscle 
strength, and PhA 

Prospective 
observational 
study 

Reduced PhA correlated with lower muscle strength; association between 
fatigue and cellular integrity evidenced by bioimpedance. 

Axelsson et al. (2018) 128 patients evaluated at diagnosis 
Investigate PhA and SPA as prognostic predictors 
of survival 

Prospective cohort 
Lower PhA and SPA were associated with shorter survival; both were 
independent predictors of worse prognosis. 
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Büntzel et al. (2019) 42 patients Explore the relationship between PhA and survival 
Observational 
study 

PhA ≤ 5.0 associated with poorer survival; mean survival 13.8 months (≤ 
5.0) vs. 51.2 months (> 5.0), p = 0.016. 

Emir et al. (2024) 100 patients (37 head/neck, 63 brain) 
Evaluate PhA in relation to nutrition, inflammation, 

and survival during radiotherapy 

Cross-sectional 

study 

PhA cutoff = 5.72°; in head and neck tumors, 2-year survival was 87.5% vs. 

32.1% (high vs. low PhA); PhA correlated with nutritional status and 

inflammation. 

Herrera-Martínez et al. 

(2024) 

509 patients undergoing chemo- or 

radiotherapy 

Compare PhA with other BIVA indicators in 

nutritional assessment 

Cross-sectional 

observational 

study 

Malnutrition was more prevalent in chemotherapy (59.2% vs. 40.8%); 

higher mortality in malnourished patients (33.3% vs. 20.1%); worse 

functional performance (ECOG) in malnourished patients. 

Silva- Paiva et al. (2021) 
25 female breast cancer survivors 

(50.6 ± 8.6 years) 

Evaluate a PhA cutoff as a marker of nutritional 

status and functional capacity 

Cross-sectional 

study 

PhA cutoff = 5.6°; values above this showed better fluid balance (lower 

ECW/ICW, ECW/BCM, ECW/TBW); no significant differences in 

functional capacity. 

Yu et al. (2019) 
210 patients ≥65 years undergoing 

gastrectomy  

Evaluate preoperative PhA as a predictor of 

complications 

Retrospective 

study 

Low PhA associated with overall complications (OR ≈ 2.9) and severe 

complications (OR ≈ 4.35). 

Roh et al. (2023) 
25 patients with post-mastectomy 

lymphedema 

Evaluate the impact of lymphatic-venular surgery 

on PhA and edema 

Observational 

study 

PhA inversely correlated with edema; surgery reduced arm volume and 

improved fluid balance. 

Lundberg et al. (2019) 61 patients evaluated preoperatively 
Assess PhA as a predictor of length of stay and 

surgical complications 
Prospective cohort 

Low PhA values were associated with prolonged hospitalization and 

higher rates of surgical complications, suggesting its usefulness as a 

prognostic marker.. 

Cai et al. (2023) 
92 surgical patients (gastrointestinal 

and non-gastrointestinal) 

Investigate changes in PhA and body composition 

in the perioperative period 

Observational 

cohort 

PhA showed a continuous postoperative decline, accompanied by overall 

nutritional worsening, changes in body components, and correlations with 

serum markers. 

Gupta et al. (2008) 259 breast cancer patients Evaluate the prognostic value of PhA for survival 
Retrospective case 

series 

PhA ≤ 5.6° was associated with lower survival, while each additional 

degree significantly reduced mortality risk, confirming its prognostic 

value.. 
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Sánches et al.(2010) 

Patients with advanced lung cancer 

(stage IIIB–IV) treated with paclitaxel 

+ cisplatin, randomized to oral 

EPA+DHA supplementation 

Evaluate the effect of EPA+DHA on nutrition, 

inflammation, quality of life, and PhA 

Randomized 

controlled clinical 

trial 

Study planned to assess weight, LBM, PhA, QoL, toxicity, and 

inflammation; definitive results were not reported in this registry. 

Gutiérrez-Santamaría et 

al. (2023) 
311 oncology patients 

Explore the association between PhA and physical 

performance 

Descriptive cross-

sectional study 

Each additional degree of PhA correlated with better physical 

performance, indicating a positive relationship between cellular integrity 

and clinical performance.. 

Dalla Rovere et al. (2025) 
121 hospitalized patients with 

hematologic cancer 

Investigate the value of PhA and handgrip strength 

for 12-month mortality 

Retrospective 

observational 

study 

Low PhA and HGS were independent predictors of 12-month mortality, 

identified as robust prognostic markers. 

Lundberg et al. (2017) 

41 patients evaluated at initial 

diagnosis 

Assess nutritional status and risk using PhA and 

BIVA Prospective cohort 

76% had reduced PhA (median 4.6°); low values were associated with 

malnutrition and higher morbidity and mortality risk. 

Kohli  et al. (2018) 

20 Head and neck cancer patients 

during radiotherapy  Evaluate changes in PhA throughout radiotherapy 

Longitudinal 

cohort 

Continuous reduction in PhA associated with weight loss and increased 

intracellular water. 

Machado et al. (2022) 

1,023 ICU patients (including 

oncology) Evaluate PhA as a predictor of 1-year mortality Prospective cohort 

Low PhA at admission independently predicted 1-year mortality (OR = 

1.81; p = 0.02). 

Pérez-Camargo et al. 

(2017) 

452 palliative care patients at the 

National Institute of Mexico 

Evaluate PhA as a prognostic marker in palliative 

care 

Observational 

study 

PhA ≤ 4° associated with a median survival of 86 days vs. 163 days when > 

4°; correlated with BMI and prognosis. 

Tyagi et al. (2015) 

37 patients with tongue carcinoma 

and healthy controls Compare PhA values between patients and controls Case–control study 

Patients with tongue carcinoma had significantly lower PhA than controls; 

use as a diagnostic and prognostic marker was suggested.. 

Katsura et al. (2021) 

61 Cancer cachexia patients (n not 

reported) 

Investigate whether ECW/TBW mediates the 

association between PhA and mortality 

Retrospective 

study 

Low PhA was associated with mortality; the relationship was partially 

mediated by the ECW/TBW ratio. 

Mainardi et al. (2024) 82 oncology patients (various types) 

Explore the association between PhA and 

hematological parameters 

Exploratory cross-

sectional study 

Hemoglobin and hematocrit correlated positively with PhA, suggesting a 

relationship between cellular integrity and hematologic status. 
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Bello et al. (2024) 

704 Patients with cancer; BIA and 

BMI data (n not reported) 

Develop a machine learning (ML) model to predict 

nutritional status Predictive study 

The ML model predicted nutritional status with high accuracy from BIA 

and BMI data; PhA not reported. 

Guedes et al. (2023) 116 hospitalized cancer patients Evaluate agreement between BIA devices 

Cross-sectional 

study 

Good agreement for PhA and FFM between devices from different 

manufacturers; confirmed by Bland–Altman analysis. 

Gomes et al. (2020) 124 cancer patients Evaluate the association between PhA and fatigue 

Cross-sectional 

study 

PhA was not associated with fatigue after adjusting for hydration; the 

impact of extracellular water may mask the clinical relationship. 

Gupta et al. (2009) 

165 patients with stage IIIB–IV non–

small cell lung cancer Evaluate the prognostic value of PhA 

Retrospective case 

series 

PhA ≤ 5.3° associated with a median survival of 7.6 months vs. > 5.3° with 

12.4 months; each additional degree reduced mortality risk (RR = 0.79) 

Kekez et al. (2025) 

Metastatic colorectal cancer patients 

(n not reported) Evaluate PhA as a prognostic biomarker Prospective study 

Ongoing/under review; full results not available, but proposed as a 

prognostic biomarker. 

Maasberg et al. (2017) 

203 patients with neuroendocrine 

neoplasms 

Evaluate the impact of malnutrition on clinical 

outcomes  

Cross-sectional 

study 

Malnutrition prevalence assessed by clinical instruments and BIA; 

nutritional status predicted clinical outcomes. 

Da Silva et al. (2023) 

22 older female breast cancer 

survivors 

Explore the association between PhA and muscle 

health/cardiorespiratory capacity 

Observational pilot 

study 

Higher PhA was associated with better cardiorespiratory capacity (R² = 

0.54), greater muscle volume (R² = 0.83), and lower myosteatosis (R² = 0.25). 

Cereda et al. (2024) 

640 oncology patients on systemic 

therapy (multicenter) 

Evaluate the relationship between PhA/SPA and 

mortality/dose-limiting toxicity 

Observational 

study 

Low SPA and PhA were independently associated with mortality; SPA 

also predicted dose-limiting toxicity. 

 

Motta et al. (20 

Patients with cancer eligible for 

radiotherapy (sample size not 

reported) 

Define cutoff points for PhA and SPA before 

radiotherapy 

Observational 

study 

A PhA cutoff ≤ 5.2 indicated higher nutritional risk and lower survival; 

SPA showed additional predictive value. 

Baş et al. (2023) 

53 Head and neck cancer patients 

undergoing radiotherapy  Determine PhA and SPA cutoffs for prognosis Prospective cohort 

Low PhA and SPA were associated with malnutrition and lower overall 

survival; specific cutoffs were defined. 

 

Valentino et al. (2021) 124 cancer patients (various types) 

Evaluate the relationship between PhA and 

sarcopenia considering hydration 

Cross-sectional 

study 

Low PhA associated with increased risk of sarcopenia (OR = 1.74), even 

after adjusting for hydration. 
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Mialich et al. (2025) 

54 young women with non-metastatic 

breast cancer 

Evaluate the association between muscle 

mass/quality, PhA, and mortality 

Retrospective 

study 

PhA correlated with muscle markers and mortality; low muscle mass was 

associated with worse prognosis. 

Małecka-Massalska et al. 

(2016) 75 newly diagnosed patients Evaluate PhA as a marker of malnutrition Prospective cohort 

PhA cutoff = 4.73° detected malnutrition (80% sensitivity, 57% specificity); 

lower PhA in malnourished patients. 

Yoon et al. (2018) 

38 patients with cachexia (GI, 

colorectal, and biliary) 

Explore gender differences in body composition 

among cachectic patients 

Observational pilot 

study 

Lower PhA in women; reduced values compared to controls; ICW 

correlated positively with PhA. 

Gulin et al. (2023) 70 patients evaluated preoperatively 

Assess PhA as a predictor of postoperative 

complications — Prospective study Prospective study 

PhA cutoff = 5.5° predicted complications; lower PhA values were 

associated with higher risk and longer length of stay. 

Kashima et al. (2025) 201 oncology patients 

Evaluate the usefulness of PhA in locomotive 

syndrome (LS) 

Cross-sectional 

study 

Low PhA correlated with mobility decline; independent indicator of 

locomotive syndrome. 

Schmidt et al. (2023) 

158 breast cancer patients undergoing 

a training program 

Investigate the longitudinal association between 

PhA and fatigue 

Randomized 

clinical trial 

PhA decreased over the course of training; associated with the trajectory 

of fatigue. 

Büntzel et al. (2012) 

110 patients (retrospective weight 

study); 66 patients with serial BIA (27 

survived; 39 died) Evaluate nutritional parameters and prognosis 

Observational 

cohorts 

(retrospective and 

longitudinal) 

PhA was stable/increased in survivors (4.7°→5.2°) and decreased in those 

who died (4.6°→3.7°); critical weight loss was associated with worse 

prognosis. 

Company-Set al. (2023) 

Lung tissue samples (neoplasia, 

fibrosis, pneumonia, emphysema, 

normal) via bronchoscopy 

Evaluate differentiation of lung tissues using 

bioimpedance 

Observational 

study 

PhA and impedance parameters differentiated tumor from healthy tissue 

(p < 0.001); the technique showed good diagnostic accuracy. 

Suzuki et al. (2023) 240 patients undergoing lung surgery 

Evaluate PhA as a predictor of postoperative 

complications 

Retrospective 

cohort PhA was an independent predictor of complications (OR = 0.51; p = 0.018). 

Han et al. (2021–2022) 

160 operated colorectal cancer 

patients (110 followed longitudinally) 

Investigate serial variations of PhA and ECW/TBW 

during treatment 

Longitudinal 

cohort 

PhA and ECW/TBW showed V-shaped changes over time during 

treatment (surgery + chemotherapy). 

Kim et al. (2021) 

128 patients with cancer-related 

breast lymphedema 

Test the feasibility of using segmental BIA for 

lymphedema assessment 

Clinical feasibility 

study 

Inter-arm s-PhA correlated negatively with edema severity; ECW/TBW 

was also altered. 
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Władysiuk et al. (2016) 75 head and neck cancer patients Evaluate PhA as a predictor of survival Prospective cohort 

 PhA < 4.733° associated with reduced survival (19.6 vs. 45 months); HR ≈ 

1.89; p = 0.049.  

Vieira Maroun et al. 

(2024) 

35 patients with esophagogastric 

cancer 

Explore the association of PhA and rectus femoris 

ultrasound in sarcopenia 

Cross-sectional 

pilot study 

RF-Y was an independent predictor of malnutrition and sarcopenia. → 

PhA showed only a weak correlation (r = 0.439). 

Schulz et al. (2017) 203 ambulatory oncology patients 

Evaluate the relationship of PhA with quality of life, 

fatigue, and physical status 

Descriptive 

observational 

study 

 Low PhA correlated with poorer quality of life; also associated with 

greater fatigue and lower physical function.  

Escriche-Escuder et al. 

(2025) 67 breast cancer survivors 

Evaluate the impact of a 12-week exercise program 

on PhA 

Prospective 

interventional 

cohort 

PhA and resistance increased after the program. → Positive correlation 

with muscle strength and functional performance. 

Kawata et al. (2025) 

134 Patients undergoing 

esophagectomy  

Investigate the relationship between pre-op PhA, 

postoperative pneumonia, and survival 

Retrospective 

cohort 

Low PhA associated with higher risk of pneumonia. → Also linked to 

worse survival (full data restricted). 

Zhou et al. (2022) 

49 patients undergoing 

pancreaticoduodenectomy 

Assess the association between PhA, nutritional 

status, and complications Prospective study 

 PhA cutoff ≤ 5.45° identified risk of malnutrition. → PhA cutoff ≤ 5.35° 

predicted postoperative complications. → Both showed good accuracy 

(AUC ≈ 0.7). 

Souza et al. (2020) 188 colorectal cancer patients 

Compare methods of assessing muscle mass and 

PhA with CT Prospective cohort 

Low muscle mass and low PhA were associated with higher mortality; the 

association persisted after adjustment for age, sex, and treatment. 

Frio et al. (2023) 175 patients starting chemotherapy 

Investigate the relationship between PhA, quality of 

life, and functionality Longitudinal study 

 PhA declined from start to end of chemotherapy. → Associated with 

physical quality of life, functionality, and nutritional risk.. 

Yasui-Yamada et al. 

(2020) 

501 patients undergoing 

gastrointestinal/hepatobiliary–

pancreatic surgery 

Evaluate the impact of preoperative PhA on 

postoperative prognosis 

Retrospective 

study 

  Lowest PhA quartile had more complications, longer ICU stay, and 

lower 5-year survival. → PhA was an independent predictor of mortality. 

. 

Wobith et al. (2020) 

102 patients undergoing upper 

GI/hepatobiliopancreatic surgery 

with nutritional jejunostomy (NCJ) 

Evaluate the impact of jejunostomy on nutritional 

course and PhA 

Retrospective 

study 

NCJ was safe. → PhA and weight declined in the first 3 months and 

stabilized at 4–6 months. → NCJ helped attenuate weight loss. 
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Jiang et al. (2023) 

70 patients with newly diagnosed 

AML (excluding APL); median 

follow-up 9.3 months 

Evaluate the prognostic and nutritional value of 

baseline PhA Prospective cohort 

Low PhA was associated with shorter PFS (7.1 vs. 11.6 months; p = 0.001) 

and reduced OS (8.2 vs. 12.1 months; p = 0.011). → PhA was an 

independent predictor of progression (HR 3.13). → Patients with low PhA 

had higher nutritional risk after chemotherapy. 

Morlino et al. (2022) 

122 women with stage 0–III breast 

cancer (BMI < 30) + 80 controls 

Estimate sarcopenia prevalence and its relationship 

with PhA/FFM 

Cross-sectional 

study 

 Sarcopenia prevalence was 13.9%. → Sarcopenic women had significantly 

lower PhA (−0.5°, p = 0.048). → FFM was also lower in the sarcopenic 

group.  

Mulasi et al. (2016) 

19 head and neck cancer patients (18 

men, 1 woman), followed up to 3 

months post-treatment 

Compare Academy/ASPEN criteria vs. PG-SGA 

and assess the usefulness of PhA/IR 

Prospective 

longitudinal study 

67% classified as malnourished by Academy/ASPEN criteria. → PG-SGA 

showed 94% sensitivity and 43% specificity. → Decreases in PhA and 

increases in IR correlated with PG-SGA and HGS. → Direct substitution 

with PhA/IR remains uncertain. 

Castanho et al. (2012) 

0 men with NSCLC; tumor volume 

assessed by CT 

Evaluate the relationship between PhA/ECM:BCM 

and tumor volume 

Cross-sectional 

observational 

study 

→PhA correlated negatively with tumor volume (r = −0.55). → The 

ECM/BCM ratio correlated positively (r = 0.59). → Tumor volume and 

Karnofsky score were independent predictors of PhA and ECM/BCM. 

 

Barrea et al. (2018) 

83 patients with GEP-NET G1/G2 + 83 

matched controls 

Relate PhA and dietary adherence (PREDIMED) to 

tumor aggressiveness 

Cross-sectional 

case–control study 

→  Lower PhA and lower PREDIMED adherence were associated with G2 

tumors, presence of metastases, and progressive disease. → Patients 

showed poorer nutritional profiles in the more aggressive cases. 

 

Paixão et al. (2021) 

62 patients in radiotherapy (subset of 

104), 10-year follow-up 

est the association of ΔPhA/ΔSPA and weight loss 

with mortality Prospective cohort 

 ΔPhA and ΔSPA were not associated with mortality. → Weight loss 

during RT increased the risk of death (≈ +25% per −1 kg). → Age and 

irradiated site were also associated with risk. 

Bae et al. (2022) 

191 hemodialysis patients (non-

oncology) 

Evaluate the impact of PhA and sarcopenia on 

survival — Retrospective longitudinal study 

Retrospective 

longitudinal study 

Better survival with PhA > 4°. → PhA was an independent predictor of 

survival (HR ≈ 0.51 per +1°, p = 0.010). → Higher IDWG, elevated CRP, and 

CAD were associated with worse prognosis. 
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Famularo et al. (2023) 

190 patients undergoing oncologic 

hepatectomy (76 with complications) 

Associate PhA/SPA and body composition with 

postoperative complications Prospective study 

Complications occurred in 40% of patients. → SPA < −1.65 was an 

independent predictor of complications (OR 3.95). → Patients with 

complications had increased ECW and fat and reduced BCM/SMM. → 

Lower PhA and SPA were associated with complications. 

Ji et al. (2020) 

445 men ≥65 years (NSCLC or 

digestive); sarcopenia prevalence = 

22.2% 

Correlate PhA with sarcopenia, handgrip strength 

(HGS), and SMI; define cutoff 

Cross-sectional 

observational 

study 

Lower PhA in sarcopenic patients (4.18° vs. 5.02°, p < 0.001). → OR for 

sarcopenia = 0.309. → PhA cutoff = 4.25° (AUC 0.785). → Significant 

correlations between PhA, HGS, and SMI. 

— (2017, REE study) 

Colorectal oncology patients (stages 

II–IV); subsamples for REE and 

validation 

Examine resting energy expenditure (REE) in 

relation to body composition, intake, and activity; 

explore PhA, HGS, calf circumference, and PG-SGA 

as outcomes 

Observational 

study 

→ REE assessed against composition, intake, and physical activity. → PhA, 

HGS, calf circumference, and PG-SGA included as exploratory variables. 

→ Protocol ongoing with planned validations; definitive results not 

reported.. 

Park et al. (2022) 

119 older men (70.7 ± 6.1 years) with 

prostate cancer 

Assess the association of PhA with sarcopenia and 

physical performance 

Retrospective 

study 

Low PhA associated with sarcopenia (cutoff 4.87°; AUC 0.77). → PhA 

correlated positively with HGS. → Age, BMI, and HGS were variables 

associated with PhA. 

Pagano et al. (2024) 

51 men with hepatocellular 

carcinoma (HCC) 

Compare PhA (BIS) vs. TPAI (MRI) as predictors of 

nutritional risk and prognosis 

Observational 

study 

PhA outperformed TPAI in indicating nutritional risk and disease severity 

(CTP/BCLC). → PhA correlated positively with AMA, HGS, and NRI. 

Paes et al. (2018) 

31 critically ill oncology patients in 

the ICU 

Investigate the association between PhA, nutritional 

status, prognosis, and mortality 

Prospective 

observational 

study 

PhA ≤ 3.8° was associated with higher mortality and worse clinical 

outcomes (more ICU days, longer mechanical ventilation and hospital 

stay). → Positive correlation observed between PhA and albumin. 

Di Renzo et al. (2019) 50 postoperative oncology patients 

Evaluate the effect of an immunomodulated 

formula on PhA and nutritional markers 

Randomized 

clinical trial 

The immunomodulated formula (EIN) increased PhA and improved 

prealbumin, RBP, and transferrin within 8 days. → Direct support for 

nutritional recovery and preparation for chemotherapy. 

Nasser et al. (2024) 

152 preoperative patients with 

epithelial ovarian cancer 

Examine PhA, NRI, and NRS-2002 and their 

clinical/prognostic implications 

Prospective 

observational 

study 

PhA ≤ 4.5° was the strongest predictor of overall survival (OS). → NRS-

2002 ≥ 3 was associated with lower OS and a lower likelihood of complete 

cytoreduction. 
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Sarode et al. (2015) 

100 individuals (50 with oral 

squamous cell carcinoma—OSCC 

and 50 controls) 

Evaluate the diagnostic utility of tissue 

bioimpedance 

Cross-sectional 

study 

Lower impedance (Z) in OSCC vs. controls. → Values decreased with stage 

and differed by histologic grade. → Suggests diagnostic value; Φ reported 

at extreme frequencies. 

Roccamatisi et al. (2021) 

182 patients undergoing oncologic 

abdominal surgeries 

Test preoperative SPA as a predictor of MDR/XDR 

infections Prospective study 

SPA was an independent predictor of MDR/XDR infection (OR 3.06; AUC 

0.662; cutoff −0.3). → Complications in ~59% of cases. 

Sánchez et al. (2012) 

119 patients with advanced NSCLC 

(pre-chemotherapy) 

Relate nutritional/inflammatory parameters and 

PhA to overall survival (OS) and quality of life 

(QoL) Prospective study 

PhA ≤ 5.8° was an independent predictor of worse OS (HR 3.02). → Low 

PhA was associated with poorer nutritional status and lower quality of life. 

Zuo et al. (2024) 

248 patients (188 underwent radical 

gastrectomy) — 

Validate PhA for screening malnutrition/sarcopenia 

and predicting complications 

Cross-sectional 

study with a 

surgical subcohort 

Each −1° in PhA increased the odds of malnutrition (OR 8.11) and 

sarcopenia (OR 2.90). → Low PhA predicted postoperative complications 

(OR 3.63). → PhA showed good diagnostic performance. 

Da Silva et al. (2022) 

88 participants (36 breast cancer, 36 

matched controls, 16 healthy); post-

chemotherapy 

Investigate metabolic/nutritional status and PhA 

after chemotherapy 

Cross-sectional 

study 

Breast cancer patients had lower PhA, HGS, and NRI. → Worse 

lipid/glycemic profile and greater visceral adiposity. → Unfavorable 

dietary pattern compared with controls. 

Vegas-Aguilar et al. 

(2023) 

27 colorectal cancer patients in 

routine care 

Evaluate nutritional tools as predictors of 

complications and sarcopenia (focus on PhA 

Cross-sectional 

observational 

study 

Women: higher PhA associated with fewer complications (OR 0.15). → 

Men: higher PhA associated with less sarcopenia (OR 0.42). → High 

diagnostic performance (AUC 0.894 and 0.959). → Consistent correlations 

with muscle parameters and body water. 

Souza et al. (2021) 

190 colorectal cancer patients (78% 

stages III–IV) 

Investigate PhA as a marker of muscle 

abnormalities and function 

Cross-sectional 

study 

Each −1° in PhA was associated with low SMI (OR 6.56) and low SMI+HGS 

(OR 11.10). → AUC between 0.80–0.88 indicated good accuracy. → Strong 

correlations between PhA, SMI, and HGS. 

Limon-Miró et al. (2019) 

9 women with non-metastatic breast 

cancer, during treatment 

Use BIVA/PhA to monitor response to a nutritional 

program 

Pre–post 

intervention study 

PhA increased in 8 of 9 patients (>5°). → Migration to more favorable BIVA 

quadrants. → Weight and fat decreased; slight drop in FFM with stable 

ASMM. 
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Pelzer et al. (2010) 

32 outpatients with advanced 

pancreatic cancer and cachexia 

Evaluate the impact of additional parenteral 

nutrition on PhA and body composition 

Phase II single-arm 

clinical trial 

Median PhA increased by ~10% (3.6→3.9). → 84% improved in ≥1 

parameter. → ECM/BCM ratio improved (1.7→1.5). → BMI increased from 

19.7 to 20.5. 

 Lee et al. (2014) 

28 patients with advanced cancer 

(lung, hematologic, bladder, 

digestive) Relate PhA to survival time  

Prospective 

observational 

study 

PhA correlated with survival. → Significant prediction both unadjusted 

and adjusted (HR ~0.64). → PhA > 4.4° associated with longer survival.  

Bıçaklı et al. (2019) 

153 geriatric patients with 

gastrointestinal cancer, assessed pre- 

and post-chemotherapy 

Evaluate sarcopenia/sarcopenic obesity and PhA 

before/after chemotherapy 

Prospective 

descriptive study 

No sex-based differences in PhA. → PhA was lower in malnourished vs. 

well-nourished patients. → Fat changes varied by sex. → Trend toward 

lower PhA in malnourished patients. 

 Pena et al. (2018) 

136 patients undergoing oncologic 

surgeries 

Relate PhA/SPA to malnutrition and postoperative 

complications 

Prospective 

observational 

study 

SPA < −1.65 was associated with higher odds of malnutrition. → Patients 

with low SPA had more infections (p = 0.006). → No association with other 

clinical outcomes or mortality. 

 Sad et al. (2020) 

89 patients with metastatic colorectal 

cancer (mCRC) on chemotherapy ± 

targeted therapy 

Relate PhA, BMI, and KRAS mutation to response 

and survival 

Prospective 

observational stud 

PhA < 4.1 was associated with poorer response and shorter survival. → 

Patients with PhA > 4.1 had survival > 36 months. → Higher PhA 

correlated with better clinical performance and body composition. 

Inglis et al. (2022) 

59 patients with advanced prostate 

cancer on androgen deprivation 

therapy (ADT) and functional decline 

Test the effect of high-dose vitamin D on PhA and 

function 

Randomized 

clinical trial 

High-dose supplementation significantly increased PhA compared with 

low dose; significant differences at week 12 (p = 0.014) and week 24 (p = 

0.018). 

Manikam et al. (2024) 

12 patients with epithelial ovarian 

cancer on chemotherapy, stratified by 

nutritional status 

Evaluate changes in body composition and PhA 

with different diets during chemotherapy Clinical trial 

PhA increased in all groups during treatment. → Underweight patients 

showed a greater rise (4.08° → 4.50°). → Changes in SMM, FFM, FM, and 

VAT varied according to baseline nutritional status. 

Ciho et al. (2020) 

237 patients undergoing surgery for 

gynecologic cancer Identify predictors of severe complications —  

Prospective clinical 

study 

PhA < 4.75° was associated with ≥ IIIb complications (OR ≈ 3.15). → Also 

related to lower functional capacity. 

Company-se et al. (2015) 

52 individuals with oral lichen planus 

vs. healthy mucosa 

Evaluate tissue bioimpedance as a pre-neoplastic 

model 

Cross-sectional 

study 

OLP lesions showed reduced PhA compared with healthy mucosa; values 

normalized after treatment; impedance (Z) also showed alterations. 
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De Luis et al. (2006) 

67 participants (head and neck cancer 

patients vs. controls) 

Compare electrical properties and body 

composition Case–control study 

PhA was lower in patients (6.9 ± 1.5 vs. 8.02 ± 1.3; p < 0.05). → Differences 

also observed in fat mass and fat-free mass. 

Sehouli et al. (2021) 

226 patients undergoing surgery for 

gynecologic cancer 

Evaluate sarcopenia, malnutrition, and PhA as 

predictors of complications and survival Prospective study 

PhA < 4.75° predicted severe complications (OR 3.52–3.95) and worse 

survival. → High fat mass and low muscle mass were also associated with 

complications. 

García-García et al. (2023) 57 oncology outpatients (AnyVida) 

Test PhA and rectus femoris ultrasound as 

predictors of 12-month mortality Prospective study 

 Non-survivors had PhA 4.7° vs. 5.4° in survivors. → Higher PhA reduced 

death risk (HR 0.42). → Cutoffs: PhA ≤ 5.6° (overall), ≤ 5.9° (men), ≤ 5.3° 

(women).  

Norman et al. (2015) 

433 older adults with cancer, 

followed for 1 year Relate PhA to strength, quality of life, and mortality Prospective study 

 PhA decreased with age. → Low PhA was associated with lower strength 

(HGS/knee), worse quality of life (EORTC), more symptoms, and a 2× 

higher 1-year mortality risk (RR ≈ 2.11).  

Bartoletti et al. (2021) 123 candidates for prostate biopsy 

Test BIA (including PhA) as diagnostic decision 

support Prospective study 

PhA did not differ between groups. → Resistance and reactance 

distinguished BPH vs. controls and cancer vs. controls. → PhA added no 

additional value to the diagnostic model. 

Gosak et al. (2020) 

49 patients with advanced head and 

neck cancer undergoing RT/CRT 

Investigate PhA, nutritional status, and 

psychological distress Prospective study 

Baseline PhA ≥ 5.2° associated with greater use of RT and concurrent 

chemotherapy. → PhA declined over treatment. → Lower psychological 

distress (HADS-A) was associated with higher PhA at final assessment. 

López-Gómez et al. (2022) 

43 oncology patients at nutritional 

risk 

Relate PhA with muscle ultrasound and body 

composition 

Cross-sectional 

study 

PhA correlated positively with rectus femoris area (MARA/MARAI) and 

FFMI. → Negative correlation with resistance. → Supports integrated 

morphofunctional use. 

Ching et al. (2010) 

5 individuals, tongue tissue 

assessment (cancer vs. normal) Explore BIA for tongue cancer screening Prospective study 

Lower impedance in tumor tissue. → PhA decreased with frequency but 

differentiated tissues. → Significant difference observed at 50 kHz. 

Sun et al. (2010) 

12 individuals, tongue tissue 

assessment (control, NTT, CTT) Test BIA for tongue cancer screenin 

Prospective 

controlled study 

Lower impedance in tumor tissue. → PhA varied with frequency and 

differentiated groups. → Notable differences: 20 Hz (lowest in CTT) and 

50 kHz (higher in CTT vs. NTT/controls). 
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Matias et al. (2020) 41 breast cancer survivors 

Evaluate PhA as a marker of strength and body 

water 

Cross-sectional 

study 

PhA explained ~22% of variance in strength. → Remained a predictor after 

adjusting for age and MVPA. → Lymphedema × PhA interaction was not 

significant. 

Silva et al. (2021) 

61 women with early breast cancer 

post-chemotherapy 

Relate body composition, body water, and PhA to 

metabolic syndrome and outcomes Prospective study 

Increase in fat mass (+0.23 kg) and reduction in fat-free mass (−1.58 kg). → 

PhA decreased (6.04 → 5.18). → Water (ECW/ICW/TBW) and 

inflammatory changes linked to a worse metabolic profile. → Low PhA 

associated with poorer inflammatory response and cardiometabolic risk. 

Tumas et al. (2020) 

92 patients with early pancreatic 

cancer undergoing 

duodenopancreatectomy 

Evaluate the impact of nutritional status 

(FFMI/PhA/SPA) on inflammation and 

complications Prospective study 

 Reduced PhA in 39% of patients. → Models combining LSMI, PhA, and 

sarcopenia explained variation in CRP and IL-6. → Categorical PhA 

featured in the best risk models for complications. 

Skroński et al. (2018) 

50 patients with liver tumors eligible 

for resection 

Describe perioperative changes in body 

composition and hydration using BIA 

Prospective 

observational 

study 

ECW increased (+1.58 L). → Reductions in FM (−1.52 kg), BCM (−1.25 kg), 

MM (−1.22 kg), and ICW (−0.9 L). → PhA decreased by an average of 0.61°. 

→ Losses varied by type of surgery. → Higher baseline PhA. 

Jachnis et al. (2021) 

76 patients with 

pancreatic/periampullary tumors 

Associate nutritional status/composition and 

biomarkers (CA19-9, CEA) with clinical parameters Prospective study 

PhA correlated positively with BMI, Karnofsky, RBC, HCT, and HGB, and 

negatively with age. → Cachexia and nutritional-risk profiles were 

associated with poorer body composition, higher inflammation (CRP), and 

worse clinical performance. 

Caccialanza et al. (2019) 

131 hypophagic oncology patients at 

nutritional risk 

Test early supplemental parenteral nutrition (7 

days) on body composition and PhA Clinical trial 

Intervention increased PhA (+0.25°; p = 0.001). → Patients who met calorie–

protein targets had a larger PhA gain (+0.39°) vs. a decrease in non-

adherent patients (−0.11°). → BIVA vectors improved with adherence. 

Ozorio et al. (2019) 

109 patients with advanced 

gastrointestinal cancer 

Validate/adjust a resting energy expenditure (REE) 

equation incorporating fat-free mass and PhA 

Retrospective 

observational 

study 

Fat-free mass, PhA, and sex were independent predictors of REE. → 

Proposed equation: REE = 619.9 + 18.9×FFM (kg) + 29.6×PhA + 111.5×sex. 

→ PhA contributed to higher model accuracy. 

Grusdat et al. (2022) 

19 young women at the start of breast 

cancer treatment (surgery/CT/RT) 

Describe biopsychosocial profile and PhA trajectory 

at treatment onset 

Prospective 

observational 

study 

Functional status and PhA declined from T0 to T1. → Critical PhA in 11% 

at T0 and 42% at T1. → Indicates rapid deterioration of cellular status early 

in therapy. 
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Viertel et al. (2019) 227 patients with various cancers 

Compare low SMI-CT, muscle attenuation, and low 

PhA for detecting nutrition-related mortality risk Prospective study 

Low PhA (<5th percentile) in 64% of patients. → High sensitivity (86.7%) 

and high negative predictive value (96.9%) for mortality. → PhA proved 

useful for screening nutrition-related mortality risk. 

Nusca et al. (2021) 

11 patients with laparoscopic 

colorectal cancer undergoing 

postoperative rehabilitation 

Evaluate the effect of postoperative physical 

training on nutritional parameters (including PhA) 

Randomized pilot 

clinical trial 

The intervention group showed an increase in PhA over time (significant 

T0–T2 and T0–T3). → Suggests early functional and nutritional benefits of 

the program. 

Cereda et al. (2020) 

1,084 oncology patients (Italian and 

German cohorts) 

Validate a new prognostic parameter (Nutrigram®) 

versus FFMI and SPA for mortality Cohort 

In the Italian cohort, low FFMI, low SPA, and low Nutrigram® predicted 

mortality. → In the German cohort, only Nutrigram® retained predictive 

value. → PhA/SPA contributed, but performance varied by cohort. 

León-Idougourram et al. 

(2022) 

45 patients with head and neck cancer 

on systemic therapy 

Assess morphofunctional nutritional status and the 

role of the inflammasome Prospective study 

SPA < −1.65 associated with greater chemotherapy toxicity. → Lower PhA 

correlated with lower BMI, reduced muscle circumference, and lower 

adiposity. → Elevated IL-6 and CRP linked to reduced PhA. 

Flores-Cisneros et al. 

(2022) 

207 patients undergoing 

chemotherapy Investigate predictors of gastrointestinal toxicity Prospective study 

Low PhA associated with higher risk of GI toxicity (HR 0.64; 95% CI 0.50–

0.83). → Muscle strength and overhydration were important 

complementary variables. 

Maurício et al. (2017) 

84 colorectal cancer patients 

undergoing resection 

Compare nutritional tools for predicting 

postoperative complications Prospective cohort 

PhA < −1.65 did not predict complications (RR 1.53; 95% CI 0.79–2.92). → 

No relevant BIA markers for complications were identified. 

Sandini et al. (2024) 

542 oncology patients undergoing 

abdominal surgery 

Evaluate ΔPhA as a predictor of morbidity in ERAS 

programs Prospective study 

PhA and SPA fell in the immediate postoperative period. → ΔPhA < −0.5 

was associated with higher morbidity (59% vs. 46%). → Predictive value 

for major complications (CDC ≥ 3) with OR ≈ 1.7. 

Huang et al. (2024) 

72 esophageal cancer patients treated 

with chemoradiotherapy Evaluate the impact of post-CRT functional support Prospective study 

Trunk and limb PhA decreased by 0.4–0.6° after CRT. → PhA was a more 

sensitive marker than ASMI/FFM for monitoring nutritional status. 

Fernández-Medina et al. 

(2022) 

50 patients with 

gastroenteropancreatic 

neuroendocrine tumors Assess morphofunctional nutritional status 

Retrospective 

study 

Mean PhA = 5.7. → Reduced PhA associated with more aggressive tumors. 

→ Significant sex differences. → GEP-NET patients showed lower fat, 

lower body cell mass, and higher body water. 
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Justa et al. (2022) 114 female breast cancer survivors 

Investigate the relationship between PhA and 

tumor aggressiveness Prospective study 

 Significant PhA reduction associated with tumors > 2 cm, advanced stage, 

node-positive, ER−/PR−. → Luminal and smaller tumors showed a lower 

prevalence of reduced PhA.  

Ferreira et al. (2021) 

25 individuals with cancers at various 

stages Relate SPA/PhA to clinical staging 

Cross-sectional 

study 

Values between 4.0–2.0 were associated with severe risk. → Values < 2.0 

indicated imminent risk of death. → The association between PhA and 

staging was not statistically significant. 

Nishiyama et al. (2018) 

40 surgical patients with colorectal 

disease 

Evaluate nutritional status and surgical 

complications 

Retrospective 

study 

 Malnourished patients had lower PhA (p = 0.002). → ECW/ICW and 

ECW/TBW were elevated. → PhA < 6° predicted infection with good 

sensitivity and specificity. 

Pena et al. (2016) 121 oncologic surgical patients 

Investigate the association of SPA with nutrition 

and clinical outcomes Prospective study 

Patients at nutritional risk by SPA had greater malnutrition (SGA, arm 

circumference, arm muscle area, handgrip strength) and more weight loss. 

→ Higher risk of infectious complications (OR = 3.51). → No association 

with other clinical outcomes. 

Prior-Sánchez et al. (2024) 

494 patients in a multicenter cohort 

undergoing treatment for head and 

neck cancer 

Evaluate the prognostic value of BIA parameters 

(PhA, BCM, FFMI, FMI, SMI, water) 

Multicenter 

observational 

study 

Higher PhA and higher BCM were associated with fewer complications, 

shorter hospitalization, and better overall survival. → PhA cutoff ≈ 5.1° 

(4.8° for women). → BCM was the strongest predictor of survival. → 

Higher PhA significantly reduced hospitalization risk. 

Martínez-Herrera et al. 

(2023) 

139 head and neck cancer patients, 

sex-stratified analysis 

Relate PhA to clinical/biological behavior and 

quality of life 

Observational 

study 

Lower PhA was associated with worse overall survival. — Women with 

PhA < 3.9° and men with PhA < 4.5° had higher mortality and poorer 

performance. — Marked sex differences in body fat and SMMI. 

Sandini et al. (2023) 

161 patients undergoing pancreatic 

surgery, long follow-up 

Evaluate the effect of fat-to-muscle ratio and 

PhA/SPA on survival Prospective study 

 Each 1-unit increase in PhA and SPA was associated with better overall 

survival. → Higher ECW, fat mass (FM), and FM/FFM ratio were 

associated with worse survival. → Median survival: 44 months (FM/FFM 

< 27) vs. 26 months (≥ 27).  

Turgay et al. (2022) 

31 women with cancer-related breast 

lymphedema 

Evaluate bioimpedance spectroscopy for 

lymphedema severity/staging 

Cross-sectional 

study 

 Impedance and resistance ratios across frequencies correlated with stage. 

→ PhA was not associated with lymphedema severity or stage  
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Kutz et al. (2021) 

58 head and neck cancer patients 

undergoing (chemo)radiotherapy 

with nutritional intervention 

(HEADNUT) 

Test predictors of survival during a nutritional 

intervention 

Randomized 

controlled clinical 

trial 

 PhA ≤ 4.7° was associated with worse overall survival. → One– and two–

year survival was 93.1% and 90.8%. → Baseline PhA was prognostic; the 

nutritional intervention accompanied treatment.  

Ramírez Martínez et al. 

(2021) 70 cervical cancer patients 

Relate PhA to clinical/socioeconomic variables and 

body composition 

Cross-sectional 

study. 

 PhA was associated with BMI, muscle mass, and water markers. → PhA 

varied by age and socioeconomic level. → No association with treatment 

type. → Multiple model explained R² ≈ 0.75.  

Löser et al. (2021) 

61 head and neck cancer patients in 

the HEADNUT trial 

Evaluate PhA and FFMI during 

(chemo)radiotherapy with nutritional intervention 

Randomized 

controlled clinical 

trial 

FFMI dropped significantly during treatment. → PhA did not change 

significantly. → Baseline PhA > 4.7° predicted better overall survival. → 

End-of-treatment PhA did not predict overall survival. 

 Ramos  et al. (2021) 

Women with early-stage breast 

cancer undergoing chemotherapy 

 

To evaluate the relationship between phase angle 

and functional, anthropometric, and body 

composition parameters during and after 

chemotherapy 

 

Prospective study 

 

75% of women showed decreased phase angle after chemotherapy; low 

PhA was already present at baseline and end of treatment; PhA correlated 

with other anthropometric indicators 

 

Inci et al. (2020) 

 

Women undergoing gynecological 

cancer surgery (RISC-Gyn Trial) 

 

To identify predictive markers for severe 

postoperative complications in gynecological 

cancer surgery 

 

Prospective clinical 

study 

 

Lower PhA was associated with higher rates of severe postoperative 

complications (≥ grade IIIb) and reduced functional capacity. A PhA < 4.75° 

was linked to higher odds of severe complications (OR 3.51; 95% CI 1.68–

7.35; p=0.001). 
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Tatullo et al. (2015) 

 

Patients with Oral Lichen Planus 

(OLP) 

 

To evaluate bioimpedance as a diagnostic tool in 

OLP lesions 

 

Cross-sectional 

study 

 

OLP lesions showed significantly lower phase angle (θ) in tongue and oral 

mucosa compared to healthy tissues. Treated OLP lesions had PhA values 

similar to healthy mucosa, suggesting recovery of tissue integrity. 

 

Luis et al. (2006) 

 

Patients with head and neck cancer 

vs. healthy controls 

 

To assess tissue electrical properties in head and 

neck cancer patients 

 

Case-control study 

 

Cancer patients showed significantly lower PhA (6.9±1.5° vs. 8.02±1.3°, 

p<0.05) and reduced fat-free mass compared to controls, indicating poorer 

nutritional and cellular integrity. 

 

Sehouli et al. (2021) 

 

Patients undergoing gynecological 

cancer surgery 

 

To investigate the impact of sarcopenia and 

malnutrition on morbidity and mortality 

 

Prospective study 

 

PhA < 4.75° strongly predicted severe postoperative complications (OR 

3.95; 95% CI 1.71–9.10; p=0.001) and lower overall survival. Low muscle 

mass and high fat mass were also linked to worse outcomes. 

 

Richter et al. (2012) 

 

Patients with pancreatic cancer 

receiving parenteral nutrition 

 

To assess the effects of parenteral nutrition on 

nutritional status and outcomes 

 

Prospective study 

 

Parenteral nutrition improved PhA in long-term survivors, indicating 

benefit from nutritional support; in short-survival patients, disease 

progression mitigated any improvement in PhA. 
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Regüeiferos et al. (2022) 

 

Newly diagnosed adult lung cancer 

patients 

 

To analyze clinical, bioelectrical, and functional 

variables in lung cancer patients 

 

Prospective and 

cross-sectional 

pilot study 

 

Women and older men had lower PhA values compared to young men. In 

women, PhA was lower in both healthy and cancer groups. About 21.7% 

of patients had below-normal PhA, suggesting altered cellular integrity in 

lung cancer. 
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Discussion 

Alterations in Phase Angle in Cancer Patients 

The findings of this review consistently demonstrate that cancer patients present lower phase 
angle (PhA) values compared to healthy populations, suggesting increased membrane permeability, 
reduced body cell mass, and alterations in fluid distribution (Branco et al., 2023; Prete et al., 2024). 
Across different tumor contexts, lower PhA was associated with poorer overall prognosis, higher 
complication rates, and impaired functional parameters (Amano, Bruera & Hui, 2022; Zhou et al., 
2022; Paes et al., 2018). These findings reinforce PhA as a central marker of nutritional and clinical 
risk in oncology (Grundmann, Yoon & Williams, 2015; Morshed, Mlak & Smoleń, 2023; Cotogni et 
al., 2018; Conde Frio et al., 2023; Pena et al., 2018; Gosak et al., 2020). PhA appears to detect early 
cellular dysfunction and fluid imbalance that translate into worse clinical outcomes. 

Impact of Therapeutic Modalities 

Chemotherapy 

Chemotherapy is frequently associated with progressive PhA decline, reflecting systemic 
inflammation, anorexia, nausea, dysgeusia, and lean mass catabolism (Hopancı Bıçaklı et al., 2019; 
Ramos da Silva et al., 2021; Manikam et al., 2024). Decreasing values throughout treatment cycles 
correlated with higher risk of infectious complications, poorer treatment tolerance, and reduced 
survival (Conde Frio et al., 2023; Cotogni et al., 2018; Della Valle et al., 2018). The relationship between 
PhA and muscle strength and function further underscores its prognostic value (Yamanaka et al., 
2022; Rietveld et al., 2018; Stegel et al., 2016). In chemotherapy settings, PhA functions as a dynamic 
risk marker, useful for monitoring toxicity and guiding supportive interventions. 

Oncologic Surgery 

In the perioperative setting, sharp PhA reductions are observed, attributed to acute 
inflammatory stress, fluid shifts, and transient loss of cell mass (Boćkowska, Kostro & Kamocki, 2023; 
Liu et al., 2024; Matthews et al., 2021). Lower preoperative PhA predicts postoperative complications, 
morbidity, and, in some contexts, extent of resection (Uccella et al., 2018; Sandini et al., 2024; Cai et 
al., 2023). Protocols incorporating BIA into perioperative nutritional care were associated with 
improved outcomes (Klassen et al., 2023; Lai et al., 2025; Wobith et al., 2020; Asklöf, Kjølhede & 
Wodlin, 2018; Sandini et al., 2023). Both pre- and postoperative PhA serve as useful markers for 
surgical risk stratification and for guiding nutritional support and rehabilitation. 

Radiotherapy 

In head and neck tumors, mucositis, dysphagia, and xerostomia drive weight loss and 
nutritional deterioration, accompanied by PhA reductions during treatment (Baş, Atahan & Tezcanli, 
2023; Małecka-Massalska et al., 2019; Powrózek et al., 2019). Structured nutritional interventions, 
when combined with PhA monitoring, predicted survival and quality of life (Kutz et al., 2022; Löser 
et al., 2021), while PhA correlated with muscle function and risk of cachexia (Yamanaka et al., 2022; 
Stegel et al., 2016; Kohli et al., 2018). During radiotherapy, PhA proves sensitive in detecting 
nutritional and functional decline and supports timely supportive care decisions. 

Combined Therapies 

When modalities are combined (chemoradiotherapy, surgery with neoadjuvant/adjuvant 
therapy), the negative impact on PhA is generally more pronounced, and the marker anticipates the 
need for additional supportive care (Yamanaka et al., 2022; Stegel et al., 2016; Lundberg et al., 2017). 
Nutritional and rehabilitative strategies help mitigate PhA decline and improve outcomes (Della 
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Valle et al., 2018; Huang et al., 2024; Kutz et al., 2022; Löser et al., 2021). In multimodal therapies, PhA 
serves as an early-warning biomarker and a tool to tailor multimodal supportive strategies. 

Nutritional Status and Prognosis 

Lower PhA was consistently observed in malnourished or cachectic patients, reinforcing its role 
as a marker of frailty (Ozorio, Barão & Forones, 2017; Sehouli et al., 2021). Well-structured nutritional 
interventions may stabilize or increase PhA, demonstrating clinical responsiveness (Grundmann, 
Yoon & Williams, 2015; Morshed, Mlak & Smoleń, 2022). Recent multicenter studies suggest that 
combining PhA with body composition measures enhances prediction of nutritional and prognostic 
outcomes, including in gastrointestinal and neuroendocrine cancers (Yang et al., 2024; Del Olmo-
García et al., 2025). PhA thus adds value to nutritional assessment by being objective, responsive, and 
linked to hard outcomes. 

Overall Survival and Hospital Complications 

Reduced PhA values at diagnosis or before treatment were robustly associated with poorer 
overall survival across multiple tumor sites (Paixão et al., 2021; Yasui-Yamada et al., 2020; Oliveira et 
al., 2024; Yang et al., 2024; Detopoulou, Voulgaridou & Papadopoulou, 2022; Kawata et al., 2025). 
Systematic reviews and meta-analyses corroborate its independent prognostic role, even after 
adjustment for stage and performance status (Arab et al., 2021; Garlini et al., 2019; Amano, Bruera & 
Hui, 2023). In hospital settings, low PhA predicted longer hospital stay, infections, and postoperative 
morbidity (Härter et al., 2024; Lundberg et al., 2019; Nishiyama et al., 2018; do Amaral Paes et al., 
2018; Yates et al., 2020), aligning with evidence that BIA-defined malnutrition increases readmissions 
and mortality (Maasberg et al., 2017; Real et al., 2018).  

In upper gastrointestinal surgery, immunonutrition reduced complications, highlighting the 
value of integrating nutritional support with PhA monitoring (Villar-Taibo et al., 2024). Overall, PhA 
holds independent prognostic value for survival and is useful to predict and prevent hospital 
complications. 

Quality of Life and Functionality 

Patients with higher PhA values exhibited better functional capacity, less fatigue, and higher 
quality-of-life scores (Ramos da Silva et al., 2021; Eyigör et al., 2021; Osaki et al., 2024). In advanced 
disease, integrating PhA with nutritional and inflammatory markers improved prediction of both 
quality of life and survival (Sánchez-Lara et al., 2012; Caccialanza et al., 2020). Trials suggest that 
interventions such as supplementation, exercise, and even mind–body approaches can improve PhA 
and well-being (Norman et al., 2006; Wehrle et al., 2019; Kutz et al., 2022). Beyond prognosis and 
complications, PhA informs on patients’ subjective experience and functional recovery. 

Clinical Integration, Limitations, and Future Perspectives 

Proposed integration. In clinical practice, PhA may: (a) be incorporated into nutritional and 
clinical risk screening at admission; (b) guide nutritional support goals perioperatively and during 
chemo/radiotherapy; (c) serve as a longitudinal follow-up marker in outpatient settings; and (d) feed 
prognostic models with simple, reproducible variables. Adoption of standardized phase angle (SPA) 
by age and sex favors inter-center comparability. 

Comparison with other markers. Compared with BMI, albumin, or composite indices such as 
PNI, PhA has the advantage of reflecting membrane integrity and fluid distribution in real time. 
While BMI and albumin are late markers and influenced by inflammation and hydration status, PhA 
tends to respond earlier to metabolic and body composition changes. Combining PhA with BIVA and 
fluid metrics (ECW/TBW) increases diagnostic and prognostic accuracy. 

Limitations and Future Directions  
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Methodological heterogeneity persists regarding equipment (single vs. multifrequency), 
measurement frequencies and protocols, body positioning, hydration status, cut-off values, and 
availability of reference data by sex/age. Such factors limit comparability across studies and 
incorporation of PhA into guidelines. Multicenter, long-term studies stratified by tumor type, stage, 
sex, age, and ethnicity are warranted, alongside validation of tumor- and population-specific cut-offs, 
evaluation of the impact of nutritional and exercise interventions on hard outcomes mediated by 
PhA, and development of international consensus on measurement protocols and reporting 
standards. PhA is ready for applied use in routine screening and monitoring, but technical 
standardization and subgroup-specific cut-off definitions are critical steps toward full adoption in 
clinical guidelines. 

Study representation was uneven across tumor sites, with concentration in head & neck and 
mixed cohorts, whereas hematologic and prostate cancers were underrepresented. Targeted 
prospective studies using standardized BIA/PA protocols and hard clinical endpoints are needed to 
fill these gaps 

5. Conclusions 

This integrative review consistently demonstrates that phase angle (PhA), derived from 
bioelectrical impedance analysis, is a robust marker of nutritional status, clinical prognosis, and 
functional outcomes in cancer patients. Reduced PhA values were associated with higher risk of 
hospital complications, poorer tolerance to therapeutic modalities, lower quality of life, and shorter 
overall survival. 

PhA proved responsive across therapeutic contexts—chemotherapy, radiotherapy, surgery, and 
combined treatments—reflecting cellular, inflammatory, and metabolic changes driven by both 
disease and interventions. Moreover, PhA complements traditional markers such as body mass index 
and serum albumin by capturing early changes in membrane integrity and fluid distribution. 

Despite methodological heterogeneity across studies, the evidence supports the potential of PhA 
as a practical tool for screening, monitoring, and prognostic stratification in oncology. 
Standardization of measurement protocols and the establishment of sex-, age-, tumor-, and stage-
specific cut-offs are essential for its full integration into clinical guidelines. 
In summary, PhA emerges as an accessible, non-invasive, and low-cost biomarker capable of 
contributing to personalized cancer care. Future multicenter and long-term studies are needed to 
confirm its applicability across clinical scenarios and to define its role within prognostic models and 
personalized therapeutic strategies. 

Our synthesis aligns with the canonical BIVA pattern in oncology—vectors displaced rightward 
and downward on the R/H × Xc/H plane—reflecting increased ECW/TBW, lower Xc/H, and 
consequently impaired membrane integrity and reduced body cell mass. This supports the 
physiological plausibility behind lower PA values and their association with adverse outcomes. 
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