ISSN (electronico): 1699-5198 - ISSN (papel): 0212-1611 - CODEN NUHOEQ SVIR. 318
- LY &
Nutricion
- -
Hospitalaria

Revision

Phase angle as a prognostic factor in patients with cancer: a systematic review
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Abstract

Background: the phase angle (PA) is expressed via bioelectrical impedance and an indicator of cell membrane health, integrity, hydration,
and nutritional status. The associations between PA and cancer survival are inconsistent and unclear. This study aimed to assess PA’'s role as a
prognostic marker of cancer survival.

Methods: we searched PubMed and EMBASE to identify all relevant studies up to December 2023. A meta-analysis was performed to clarify
PA's prognostic role for cancer patients.

Results: a total of 30 studies covering 6587 participants were included in this study. There was a significant prognostic role for PA in the context
of cancer patients’ survival (HR = 0.73; 95 % Cl, 0.66-0.81, p < 0.0001, I> = 0.0 %). Patients with low PA values were 27 % less likely to
survive than patients with high values. Our subgroup analyses showed that geographical population (American: HR = 0.66, 95 % Cl: 0.55-0.79,
[2=0.0 %; European: HR = 0.63, 95 % Cl: 0.47-0.84, > = 23.2 %; Asian: HR = 0.48, 95 % Cl: 0.31-0.74), the type of cancer (head and neck,
colorectal, lung, or pancreatic cancer), and type of therapy (palliative vs. non-palliative treatment) did not change the prognostic value.

Conclusions: the findings highlight the potential of PA to be a non-invasive, cost-effective prognostic tool in oncological care.

Resumen

Antecedentes: el angulo de fase (PA) se expresa a través de la impedancia bioeléctrica y es un indicador de la salud, la integridad, la hidratacion
y el estado nutricional de la membrana celular. El vinculo entre el PA'y la supervivencia del cancer es inconsistente y poco claro. El objetivo de
este estudio fue evaluar el papel del PA como indicador prondstico de supervivencia del cancer.

Métodos: se realizaron busquedas en PubMed y EMBASE para identificar todos los estudios relevantes hasta diciembre de 2023. Se realizaron
metaanalisis para aclarar el efecto pronéstico del PA en los pacientes con cancer.

Resultados: se incluyeron 30 estudios con 6587 participantes. El PA tuvo un efecto pronéstico significativo en la supervivencia de los pacien-
tes con cancer (HR = 0,73, IC del 95 %: 0,66-0,81, p < 0,0001, I> = 0,0 %). Los pacientes con bajos niveles de PA tenian un 27 % menos
de probabilidades de sobrevivir que los pacientes con altos niveles de PA. Nuestro andlisis de subgrupos mostré que la poblacion geografica
(americanos: HR = 0,66, 95 % Cl: 0,55-0,79, I> = 0,0 %; europeos: HR = 0,63, 95 % Cl: 0,47-0,84, I> = 23,2 %; asiaticos: HR = 0,48, 95 %
Cl: 0,31-0,74); el tipo de cancer (cancer de cabeza y cuello, colorrectal, pulmon o pancreas) y el tipo de tratamiento (tratamientos paliativos y
no paliativos) no alteraron el pronéstico.

Conclusiones: la medicion del PA puede ser un factor pronéstico importante para la supervivencia en pacientes con cancer.
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INTRODUCTION

Cancer is recognized as a leading cause of morbidity and mor-
tality worldwide. According to statistics from the Global Cancer
Observatory (GLOBOCAN), there was an estimated incidence
of 19.3 million new cases and 10 million cancer deaths in the
year 2020, and it is projected that by 2040, this number will be
28.4 million, making it one of the important barriers to increas-
ing life expectancy in every country of the world (1). Malnutrition
has been identified as a negative prognostic factor for the overall
survival of cancer patients, and negative prognostic factors can
lead to a reduced response to cancer treatment, serious post-
operative complications, increased treatment-related adverse
effects, poorer quality of life, and cancer mortality (2). The early
identification, monitoring, prevention, and treatment of these nu-
tritional deficiencies could improve the cancer patients’ physical
performance, outcomes in terms of quality of life, and chances
of survival (3).

There are many methods for the subjective and objective assess-
ment of patients’ nutritional status, including basic anthropometric
parameters (e.g., weight change, triceps skinfold thickness, arm
and wrist circumference, body mass index), laboratory measure-
ments (serum albumin, prealbumin, and transferrin assays), and
nutritional screening questionnaires (the Nutrition Risk Screening
2002, Mini Nutrition Assessment, and Patient-generated Subjec-
tive Global Assessment) (4). In practical work, anthropometric and
nutritional screening procedures are not ideal because they re-
quire well-trained staff to carry out, which is difficult to implement
in insufficiently staffed institutions (5). Laboratory indicators have
long half-lives, meaning that it is challenging to evaluate changes
in nutritional status over a short period, and these factors may be
affected by many non-nutritional factors such as hepatic and renal
failure, hormone infusion, and infection (6).

In recent years, the role of bioelectrical impedance analysis
(BIA) has been examined because it is an easy-to-use and non-in-
vasive technique for evaluating changes in body composition and
nutritional status. Moreover, whether it is hospitalization or only
outpatient treatment will not have an impact on our acquisition
of the above indicators. The portability and low cost of BIA allow
for routine, bedside, single or repeated measurements (7,8). The
phase angle (PA), a parameter that can be obtained using the
ratio between resistance (R) and reactance (Xc) (PA = tangent
arc Xc / R), is one of the important parameters of BIA (9). Higher
PA values represent large quantities of intact cell membranes,
greater membrane integrity, and better cell function, whereas low
PA values indicate a poorer status of cell membranes, impaired
muscle function, and cell death (10). Thus, PA may be seen as a
measure of tissue damage. Recently, a growing body of evidence
has demonstrated a relationship between PA and malnutrition.
The PA is increasingly used to evaluate nutritional status, treat-
ment complications, and overall survival in patients with heart
failure, kidney diseases, human immunodeficiency virus, and
other chronic diseases (11-16).

The evaluation of the PA in patients with cancers is a promis-
ing tool for predicting patient survival and formulating therapeutic
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strategies. Some systematic reviews have shown that PA has a
significant correlation with the overall survival of cancer patients
(2,17,18), while some authors believe that PA has nothing to
do with the prognosis of breast cancer (19). As the literature is
still heterogeneous in this regard, the present meta-analysis was
conducted to investigate the relationship between PA and sur-
vival among adult patients diagnosed with cancer. Clarifying this
relationship provides information to assess the usability of the PA
as a potential tool for cancer prognosis and survival.

MATERIALS AND METHODS

The present study was performed according to the Preferred
Reporting Iltems for Systematic Reviews and Meta-Analysis (PRIS-
MA) guidelines (20). All the steps, including the online database
searches, study selection, data extraction, and critical appraisal,
were followed separately by two authors (QR Kong and LJ Tian).
Any disagreements in either title/abstract or in the full-text paper
review phases were resolved by discussing with a third investi-
gator (M Yu). The finding has registered in INPLASY (registration
number 202410002; DOI: 10.37766/inplasy2024.10.0025).

IDENTIFICATION AND ELIGIBILITY CRITERIA
OF RELEVANT STUDIES

Searches were performed until the 20th of December 2023
using the following electronic databases: PubMed and EMBASE.
Both medical words and free-text search terms were adopted.
The reference lists of related and included studies were also
screened to identify any additional articles. Our database search-
es were conducted using the following keywords: (phase angle or
bioelectrical impedance or electric impedance or bioelectric im-
pedance) and (cancer survival or prognosis or cancer mortality).
No filters were applied for language, study design, or publication
date during our database searches.

STUDY SELECTION AND ELIGIBILITY
CRITERIA

The study selection was defined by the following components
identified using the PICOS (Population, Intervention, Comparison,
Outcome, and Study design) rubric: P (adult patients with any
type of cancer), | (the use of BIA for evaluating PA), C (differ-
ences in PA), O (cancer survival), S (all types of cohort studies).
The inclusion criteria were as follows: (1) original human cohort
studies; (2) studies published in English; (3) studies evaluating
the PA in relation to survival among patients with any type of
cancer. We excluded articles that were non-human studies, case
reports, review articles, any studies without original data, or arti-
cles without any related outcome measures. After being read by
two independent reviewers (QR Kong and LJ Tian), the candidate
articles were screened for inclusion in our meta-analysis based
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on their titles and abstracts. If a study could not be categorized by
its abstract, a full-text review was carried out. The reported data
required for our meta-analysis were then extracted (YH Wang).

DATA EXTRACTION

The following information was extracted from each of the in-
cluded studies: the general characteristics of the studies (first
author, year of publication, country of origin, study design, fol-
low-up time), participant characteristics (sample size, sex, age,
body mass index, type of cancer, and therapy), and information
about the PA (assay method, cut-off value, statistical method).

The PA cut-off values vary significantly according to study and
patient population, including lower quartile, the sample mean,
median, or critical value established from earlier evidence, and
there is no uniform standard at present. Based on the above rea-
sons, our study did not establish consistent PA cut-offs. However,
we have meticulously recorded the cut-offs of each study for the
reference of subsequent researchers.

The included studies were categorized based on how the re-
lationship between the PA and the survival of cancer patients
was assessed and reported. The studies that reported relative
risks (RRs) or hazard ratios (HRs) as an effect size for the cor-
relation between PA and cancer patient survival were included.
To ascertain the validity of the eligible studies, pairs of reviewers
working independently determined the adequacy of randomiza-
tion and concealment of allocation, data collectors, and outcome
assessors. Any disagreements were resolved through discussion
and, if necessary, consultation with a third investigator (M Yu).

QUALITY ASSESSMENT

We assessed the quality of the included studies by using the
Newcastle-Ottawa Quality Assessment Scale (NOS), which con-
sists of three domains: selection, comparability, and outcome.
The maximum score is 9 points. Studies with scores > 7, scores
of 4-6, and scores < 3 points were considered as high-, moder-
ate-, and low-quality studies, respectively (21).

DATA SYNTHESIS AND STATISTICAL ANALYSIS

A meta-analysis was conducted to evaluate quantitative sum-
mary estimates of the relationship between PA and cancer sur-
vival. STATA 14 (STATA Corporation, College Station, TX, USA)
was used for our analysis. Two reviewers independently conduct-
ed the data synthesis, considering the meta-bias of the data ex-
tracted from all the primary studies. All participants were divided
into two groups according to cut-off value. A study was consid-
ered statistically significant when at p-value < 0.05. RRs or HRs
were used to measure the relationship between PA and cancer
survival and converted by using their natural logarithms. Het-
erogeneity was assessed for all endpoints using the I? statistic.

[Nutr Hosp 2025;42(1):161-172]

In the presence of significant heterogeneity, a random effects
model was used; otherwise, a fixed effects model was imple-
mented (22). Publication bias was assessed using Begg’s statis-
tics, and it was considered that there is no publication bias when
the p-value was more than 0.05 (23). When publication bias was
found, trim and fill analysis was implemented to adjust for the
effects of potential publication bias on overall effect size.

ETHICAL APPROVAL
All data included in the meta-analysis were based on pre-

viously published studies. Therefore, ethical approval was not
required.

RESULTS

STUDY SELECTION

Our electronic search algorithm retrieved a total of 359 ini-
tial citations. Following screening, 206 studies were identified
for potential inclusion. After assessing the titles and abstracts of
the studies, 108 articles met the inclusion criteria for the pres-
ent systematic review. After reading the full texts of the articles,
78 studies were excluded (laboratory research [n = 2], no re-
lated data of PA and survival [n = 39], lacking exploitable data
[n = 21], duplicate data [n = 2], review articles [n = 14]). Finally,
30 studies (n = 6587 participants) were found to be eligible for
the meta-analysis and subsequently included in the meta-anal-
ysis (Fig. 1).

STUDY CHARACTERISTICS

The characteristics of the included studies are listed in table
| (5,24-50,58,59). A total of 30 studies involving 6587 partic-
ipants were included in this study, and these studies had sam-
ple sizes ranging from 28 to 1814 participants. The mean ages
of the study participants varied between 40 and 74 years, the
study participants’ BMI values ranged from 18.6 to 25.5 kg/
m?, and the PA cut-offs ranged from 3.0 to 5.95°. The included
studies were conducted between 2004 and 2023. Regarding the
countries of origin of the 30 studies included in our meta-analy-
sis, 8 were from America (5,24-27,41,58,59), 7 were from Ger-
many (28,31,32,36,39,44,45), 3 were from Brazil (33,35,40), 3
were from Mexico (29,37,46), 2 were from Japan (43,47), 1 was
from China (50), 1 was from Egypt (42), 1 was from Italy (49), 1
was from Korea (30), 1 was from Poland (34), 1 was from Spain
(48), and 1 was from Sweden (38). Of the 30 studies, 22 studies
were cohort studies, and 8 studies had a cross-sectional design.
The follow-up durations of the studies ranged from 60 days to
11.6 years from baseline. Based on the NOS, 25 studies were
ranked as high-quality studies, 5 were considered to be of moder-
ate quality, and none were considered low-quality studies.
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Figure 1.

PRISMA flow diagram of the literature search
process.

RESULTS AND RISK OF BIAS

All of the studies evaluated the impact of PA on survival in can-
cer patients using HR. PA has a significant prognostic effect on
patients’ survival (HR = 0.73, 95 % Cl: 0.66-0.81, p < 0.0001)
(Fig. 2). In other words, patients with low PA values were 27 %
less likely to survive than patients with high PA values. No sig-
nificant heterogeneity was found among the effect size of the
included studies (> = 0.0 %, p = 0.471).

Our subgroup analysis based on geographical population did
not change the overall findings in the America (HR = 0.66, 95 %
Cl: 0.55-0.79, I = 0.0 %) (Fig. 3A), Europe (HR = 0.63, 95 %
Cl: 0.47-0.84, > = 23.2 %) (Fig. 3B), or Asia subgroups
(HR =0.48, 95 % Cl: 0.31-0.74, 12 = 0.0 %) (Fig. 3C).

Our subgroup analysis based on cancer types also con-
firmed this conclusion in patients with head and neck cancer
(HR = 0.53, 95 % CI: 0.34-0.81, 12 = 17.6 %) (Fig. 4A), col-
orectal cancer (HR = 0.47, 95 % CI: 0.24-0.92, I> = 0.0 %)
(Fig. 4B), lung cancer (HR = 0.65, 95 % CI: 0.36-1.19, = 0.0 %)
(Fig. 4C), and pancreatic cancer (HR = 0.84, 95 % Cl: 0.73-0.97,
1>=0.0 %) (Fig. 4D).

In addition, our subgroup analysis based on the type of thera-
py utilized (palliative vs. non-palliative treatment) also proved the
prognostic effect of PA on survival for non-palliative treatment
(HR = 0.66, 95 % Cl: 0.56-0.77, > = 5.5 %) (Fig. 5A) and pal-
liative treatment (HR = 0.69, 95 % CI: 0.57-0.85, I> = 0.0 %)
(Fig. 5B).

No significant publication biases were found in any of the
meta-analyses, as determined using Begg’s test (p > 0.05)
(Fig. 6).

DISCUSSION

This meta-analysis was performed to systematically evaluate
the association between PA and survival among patients with
cancers. Our findings indicated that patients with low PA val-
ues were 27 % less likely to survive than patients with high PA
values. Our subgroup analyses results also confirmed the prog-
nostic role PA can play in the context of survival among cancer
patients. These results suggest that PA could be a useful predic-
tor of adverse outcomes in cancer patients.

Survival prognostication is a challenging task, particularly in
patients with advanced cancer. Approximately 80 % of patients
with advanced cancer want to be informed of their prognosis,
especially their treatment outcomes, adverse effects, and body
changes in their last months and days of life (51). Considering
the complexity and time-consuming nature of anthropometry
and nutrition screening methods, as well as the delays asso-
ciated with laboratory indicators, a more portable and low-
cost method of evaluating cancer survival is needed. In recent
years, the scientific community’s interest in the effectiveness
of PA as an indicator has been increasing, as a strong cor-
relation between prognosis and diagnostic factors has been
observed. According to statistics, more than 350 articles
have been published since 2004, and 20 % of these articles
were published in 2022 alone (52). The published systematic
reviews on this topic have covered sarcopenia (11), obesity
(12), metabolic diseases (13), surgery (18), critical illnesses
(14), heart failure, chronic kidney disease (15), coronavirus
disease-2019 (COVID-19) (16), and other diseases and con-
ditions (53).
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%

Study (Year) HR (95% CI) Weight
Gupta et al. (1) (2004) s e 0.20 (0.03, 1.29) 0.29
Gupta et al. (2) (2004) —_— 0.61(0.27, 1.37) 1.56
Gupta et al. (2008) —_— 0.65 (0.21, 1.99) 0.81
Davis et al. (2009) g 0.79(0.61,1.01) 1621
Gupta et al. (2009) —_— 0.68 (0.33, 1.41) 1.95
Norman et al. (2010) _—— 0.62 (0.06, 6.07) 0.19
Sanchez-Lara et al. (2012) —— 0.59 (0.20, 1.71) 0.89
Hui et al. (2014) — 0.51(0.25, 1.06) 1.97
Lee etal. (2014) —_— 0.39 (0.17, 0.90) 1.48
Maasberg et al. (2015) —_— 0.31(0.04, 2.13) 0.26
Norman et al. (2015) —_— 0.46 (0.13, 1.56) 0.67
Schitte et al. (2015) —_— 0.51(0.09, 4.89) 0.26
Mauricio et al. (2016) —_— 0.37 (0.09, 1.51) 0.52
Wiadysiuk et al. (2016) —_— 0.59 (0.22, 1.62) 1.03
Barao et al. (2017) —_— 0.47 (0.19, 1.19) 1.22
Hui et al. (2017) —— 0.58 (0.26, 1.26) 1.65
Pérez Camargo et al. (2017) — 0.54 (0.26, 1.11) 1.96
Axelsson et al. (2018) —_— 0.34 (0.09, 1.25) 0.60
Buentzel et al. (2019) —_— 0.37 (0.12, 1.09) 0.85
Cavagnari et al. (2019) 0.56 (0.02, 12.59) 0.10
Hui et al. (2019) — 0.75 (0.38, 1.49) 2.21
Mohamed Sad et al. (2020) —_— 0.66 (0.19, 2.31) 0.66
Katsura et al. (2021) —— 0.52 (0.28, 0.98) 262
Loser et al. (2021) —— 0.86 (0.52, 1.43) 4.03
Sehoul et al. (2021) L 0.29 (0.09, 0.91) 0.77
Sat-Mufioz et al. (2022) — 0.29 (0.1, 0.82) 1.02
Yamanaka et al. (2022) _ 0.30 (0.0, 1.52) 0.39
Garcia-Garcia et al. (2023) —0—{- 0.20 (0.05, 0.90) 0.49
Sandini et al. (2023) by 0.85(0.74,0.98) 5222
Zou et al. (2023) —r 0.63 (0.24, 1.67) 1.09
Overall, DL (* = 0.0%, p = 0.471) [ 0.73(0.66, 0.81)  100.00
T T
1015625 1 64
A %
Study (Year) HR (95% CI) Weight
Gupta et al. (1) (2004) _ 0.20 (0.03, 1.29) 0.90
Gupta et al. (2) (2004) — 0.61(0.27,1.37) 4.82
Gupta et al. (2008) —_— 0.65 (0.21, 1.99) 252
Davis et al. (2009) ] 0.79 (061, 1.01) 50.05
Gupta et al. (2009) — 0.68 (0.3, 1.41) 6.03
Sanchez-Lara et al. (2012) — 059 (0.20, 1.71) 276
Hui etal. (2014) et 051 (0.25, 1.06) 6.10
Sat-Mufioz et al. (2022) —_— 0.29 (0.1, 0.82) 315
Mauricio et al. (2016) —_— 037 (0.09, 1.51) 1.60
Barao et al. (2017) — 0.47 (0.19, 1.19) 378
Hui et al. (2017) — 0.58 (0.26, 1.26) 5.11
Pérez Camargo et al. (2017) — 054 (0.26, 1.11) 6.04
Cavagnari et al. (2019) - 0.56 (0.02, 12.59) 0.31
Hui et al. (2019) —— 0.75 (0.38, 1.49) 6.82
Overall, DL (I = 0.0%, p = 0.819) () 066 (055,0.79)  100.00
T T
B 015625 1 64
Study (Year) HR (95% Cl) Weight
Maasberg et al. (2015) _ 0.31(0.04, 2.13) 2.10
Norman et al. (2015) —_— 0.46 (0.13, 1.56) 5.02
Schiltte et al. (2015) — 0.51 (0.09, 4.89) 2.08
Wiadysiuk et al. (2016) —_— 0.59 (0.22, 1.62) 7.34
Axelsson et al. (2018) B e 0.34(0.09, 1.25) 453
Buentzel et al. (2019) _— 0.37 (0.12, 1.09) 6.19
Loser etal. (2021) e 0.86 (0.52, 1.43) 19.62
Sehoul et al. (2021) —_— 0.29(0.09, 0.91) 570
Garcia-Garcia et al. (2023) 0.20 (0.05, 0.90) 3.82
Sandini et al. (2023) - 0.85(0.74,0.98) 4201
Norman et al. (2010) + 0.62 (0.06, 6.07) 158
Overall, DL (I = 23.2%, p = 0.223) <> 0.63(0.47,0.84)  100.00
T T
03125 1 32
c %
Study (Year) HR (95% CI) Weight
Zou etal. (2023) _— 0.63 (0.24, 1.67) 1957
Yamanaka etal. (2022) ~ ——————$—t——— 0.30 (0.06, 1.52) 7.05
Katsura et al. (2021) — 052 (0.28, 0.98) 46.86
Lee etal. (2014) —_— 0.39 (017, 0.90) 26.52
Overall, DL (I = 0.0%, p = 0.816) <> 048 (0.31,0.74) 100.00

T
.0625

Figure 2.

Q. Kong et al.

Forest plot of the meta-analysis of phase angle and survival in cancer
patients as assessed by hazard ratios.

Figure 3.

Forest plot of the meta-analysis of phase angle and survival based on
geographical population. America (A); Europe (B); Asia (C).
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A %« B %
Study (Year) HR (95% CI) Weight Study (Year) HR (95% Cl) Weight
Wiadysiuk et al. (2016) —}-o—— 0.59 (0.22, 1.62) 15.39 Gupta et al. (1) (2004) —o—}—— 0.20 (0.03, 1.29) 12.80

H n
Axelsson et al. (2018) —_— 0.34(0.09, 1.25) 9.54 Barao etal. (2017) —_— 0.47(0.19, 1.19) 53.81
' ;
Buentzel et al. (2019) —0—:—- 0.37 (0.12, 1.09) 13.00 Cavagnari et al. (2019) - 0.56 (0.02, 12.59) 436
Loser et al. (2021) —_— 0.86 (0.52, 1.43) 40.28 Mohamed Sad et al. (2020) —_— 0.66 (0.19, 2.31) 2903
Sat-Mufioz et al. (2022) RN S 0.29 (0.1, 0.82) 15.23 Overall, DL (I = 0.0%, p = 0.780) <> 0.47 (0.24, 0.92) 100.00
1 T T
Yamanaka et al. (2022) _— 0.30 (0.06, 1.52) 6.56 015625 1 64
Overall, DL (I* = 17.6%, p = 0.300) <> 0.53 (0.34, 0.81) 100.00
T r
.0625 1 16

C » D %
Study (Year) HR (95% Cl) Weight Study (Year) HR (95% Cl) Weight
Sanchez-Lara et al. (2012) . 0.59 (0.20, 1.71) 31.41 Gupta et al. (2) (2004) 1 — 0.61(0.27, 1.37) 2.90
Gupta et al. (2009) _— 068 (033, 1.41) 68.50 Sandini et al. (2023) — 0.85 (0.74, 0.98) 97.10
Overall, DL ( = 0.0%, p = 0.830) <>> 0.65 (0.36, 1.19) 100.00 Overall, DL (I"= 0.0%, p = 0430) @ 0.84(0.73,0.87) 100.00

T T T T
25 1 4 25 1 4
Figure 4.
Forest plot of the meta-analysis of phase angle and survival based on cancer types. Head and neck cancer (A); colorectal cancer (B); lung cancer (C); pancreatic cancer (D).
A B .
%
Study (Year) HR (95% Cl) Weight  Study (Year) HR (95% Cl) Weight
Gupta et al. (1) (2004) —_—— 0.20 (0.03, 1.29) 074  Davis et al. (2009) —1—.— 0.79 (0.61, 1.01) 63.60
Gupta et al. (2) (2004) —_— 0.61(0.27,1.37) 378  Huietal. (2014) _— 0.51 (0.25, 1.06) 775
Gupta et al. (2008) —OI—— 0.65 (0.21, 1.99) 202 Lee etal. (2014) —_— 0.39(0.17. 0.90) 5.82
Gupta et al. (2009) + 0.68 (0.33, 1.41) 467  Huietal. (2017) 0.58 (0.26, 1.26) 6.49
Norman et al. (2010) —_— 0.62 (0.06, 6.07) 049  Pérez Camargo etal. (2017) 054 (0.26, 1.11) 7.68
Sanchez-Lara et al. (2012) —— 0.59 (0.20, 1.71) 222  Huietal. (2019) 0.75 (0.38, 1.49) 8.66
Maasberg et al. (2015) —_— 0.31(0.04, 2.13) 066  Overall, DL (1= 0.0%, p = 0.513) <> 0.69 (0.57, 0.85) 100.00
Norman et al. (2015) —_— 0.46 (0.13, 1.56) 167 T T
Schitte et al. (2015) —_— 0.51(0.09, 4.89) 0.65 125 1 8
Mauricio et al. (2016) —0—:—— 0.37(0.09, 1.51) 1.30
Wiadysiuk et al. (2016) —— 0.59 (0.22, 1.62) 255
Barao et al. (2017) —— 0.47 (0.19, 1.19) 3.00
Axelsson et al. (2018) —0—:—— 0.34 (0.09, 1.25) 1.49
Buentzel et al. (2019) —_— 0.37 (0.12, 1.09) 210
Cavagnari et al. (2019) ; 0.56 (0.02,12.59)  0.25
Mohamed Sad et al. (2020) —_— 0.66 (0.19, 2.31) 1.65
Katsura et al. (2021) —— 0.52 (0.28, 0.98) 6.12
Loser et al. (2021) —;-o{— 0.86 (0.52, 1.43) 8.99
Sehoul et al. (2021) —_— 0.29 (0.09, 0.91) 1.92
Sat-Mufioz et al. (2022) — 0.29(0.11,0.82) 252
‘Yamanaka et al. (2022) — 0.30 (0.086, 1.52) 0.99
Garcla-Garcia et al. (2023) 0.20 (0.05, 0.90) 1.24
Sandini et al. (2023) 0.85(0.74, 0.98) 46.29
Zou et al. (2023) 0.63 (0.24, 1.67) 269
Overall, DL (I = 5.5%, p = 0.385) o 0.66 (0.56,0.77)  100.00
T T
015625 1 64

Figure 5.

Forest plot of the meta-analysis of phase angle and survival based on the type of therapy utilized. Non-palliative treatment (A); palliative treatment (B).

Figure 6.
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Funnel plot with pseudo 95 % confidence intervals of the relationship between
phase angle and survival in cancer patients as assessed by hazard ratios.
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Initially, many researchers focused on exploring PA changes
and the utility of considering the PA in cancer patients receiv-
ing anti-tumour treatments such as chemotherapy, radiotherapy,
surgery, or other forms of treatment. Morlino et al. found that
the value of PA decreased significantly by 5-15 % after chemo-
therapy in patients with breast cancer, and such an effect may
last for more than 2 years, which indicates that chemotherapy
may change the balance of body fluids and deprive lean body
mass, thus affecting cancer prognosis (19). Ramos da Silva et
al. also proved that chemotherapy leads to worsened PA values
and nutritional risk index (NRI) scores, suggesting that PA may
be a predictive factor for cancer survival (54). The prognostic
value of PA has also been observed in radiotherapy. A study that
included a total of 53 patients showed that PA can be used as
a standard for malnutrition detection and a predictor of survival
in head and neck cancer patients receiving radiotherapy, with
a cut-off point of 5.65. This method can prevent the interrup-
tion of treatment due to malnutrition and provide personalized
nutrition consultation during radiotherapy (55). A systematic re-
view evaluated the feasibility of using PA measured by BIA as a
marker of perioperative risk in adult patients undergoing elective
surgery for cancer (18). Four studies found that postoperative
complications were more common in patients with low PA val-
ues. In another retrospective study on gastrointestinal tumours,
Yasui-Yamada et al. demonstrated that the incidence of severe
postoperative complications, assessed using the Clavien-Dindo
classification, increased significantly with a decrease in PA value
(56). The authors believe that PA is a useful short-term and long-
term postoperative prognostic marker for patients with gastro-
intestinal (GI) and hepatobiliary and pancreatic (HBP) cancers.

Subsequent studies have paid attention to using PA as a pre-
dictor of nutritional status and survival prognosis in tumour pa-
tients. In a systematic review that included a total of 1238 pa-
tients with head and neck, oesophageal, gastric, pancreatic,
or colorectal cancer or neuroendocrine tumours in 11 studies
(53), the author found that there was a considerable difference
in the PA values between well-nourished and malnourished
patients, and PA decreased significantly with the deterioration
of malnutrition. Pereira et al. (17) reviewed five prospective
cohort studies and four retrospective cohort studies using data
on 1496 patients with various cancers. PA data were ana-
lysed as continuous variables or according to different cut-
offs under a frequency of 50 kHz. They demonstrated that low
PA was associated with worse nutrition status and indicated
worse overall survival. Arab et al. (2) also suggested that there
was a significant prognostic role for PA in predicting patients’
survival (HR = 0.77), indicating that patients with low PA val-
ues were 23% less likely to survive than patients with high PA
values.

In conclusion, the current literature suggests that PA is relat-
ed to the cancer patients’ nutritional status, cancer treatment
complications, and overall survival rates. The insufficiency is that
these studies include subjects with different geographical popu-
lations, cancer types, and therapy types, and no statistical control
of cancer types has been observed.

Q. Kong et al.

Our study involved subgroup analyses performed according to
geographical population, cancer type, and treatment type. The
results of our subgroup analyses emphasized the prognostic
value of PA in the context of patients’ survival. Considering the
severe inflammation, intracellular dehydration, and other factors
that can result in disturbances in the electrical properties of tis-
sues, one study was excluded because all the cancer patients in
it were admitted to intensive care units and had been diagnosed
with systemic inflammatory response syndrome or sepsis (57).

In addition, lots of the studies involved in this meta-analysis
used a multivariate cox regression analysis and adjusted for a
variety of possible confounding factors, including age, sex, stage,
Eastern Cooperative Oncology Group (ECOG) score, body mass
index (BMI), weight loss, laboratory measurements, mini nutri-
tional assessment, NRI score, sarcopenia, and cachexia. This
shows that PA could be an independent prognostic factor for the
survival of patients with advanced cancer.

It is notable that multifrequency BIA has been reported to im-
prove the accuracy of body composition analysis. Hui et al. (58)
retrospectively examined the relationship between PA values ob-
tained from multifrequency BIA and overall survival in patients
with advanced cancer. Their multifrequency bioelectric impedance
analysis assessed the PA values of 366 patients at three differ-
ent frequencies (5/50/250 kHz) on each hemibody (right/left). The
mean PA for the frequencies of 5, 50, and 250 kHz were 2.2°,
4.4° and 4.2° on the right and 2.0°, 4.2°, and 4.1° on the left,
respectively. All six PAs remained independently associated with
overall survival after adjusting for cancer type, performance status,
weight loss, and inflammatory markers. This study confirmed the
physiological value of 50 kHz bioelectrical impedance by showing
no difference in PA at frequencies above 50 kHz and demonstrated
that PA represents a novel objective prognostic factor in outpatient
palliative cancer care settings, regardless of frequency and body
sides. Therefore, all the studies included in our meta-analysis con-
sidered PA values at a bioelectrical impedance of 50 kHz.

Compared to the delay of laboratory indicators (serum albu-
min, prealbumin, and transferrin assays), anthropometric (triceps
skinfold thickness, body mass index) and nutritional screening
procedures are difficult to carry out in insufficiently staffed in-
stitutions. The portability and low cost of PA permit routine, bed-
side, single or repeated measurements. So far, PA has shown
the potential to serve as a prognostic factor for cancer patients
which can be used not only as an independent prognostic fac-
tor in clinical environments but also to reflect various nutrition-
al measurements, and PA could become part of regular patient
assessments alongside other nutritional evaluations (59). One
systematic review proposed that nutritional interventions or sup-
plementation (oral nutritional supplements, eicosapentaenoic
acid, high-protein diets, and personalized diets) can improve PA
in cancer patients, highlighting its potential as an indicator of
nutritional and functional status (60). Therefore, PA could be in-
corporated into routine clinical practice, and we hypothesize that
the survival of patients may be improved by monitoring PA and
nutritional interventions. Of course, more research is needed to
confirm this conclusion.
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This study has some limitations that need to be acknowledged.
Firstly, body composition was not evaluated in most of the eligible
studies. Assuming that body composition can affect the survival
rate, it is suggested to control this potential confounding factor in
future research. Secondly, the use of different types of equipment
and the lack of detailed descriptions of measurement conditions
may have led to the differences between the various studies,
affecting the results. It seems that different types of appara-
tus cannot be interchanged with each other, as the setting and
mathematical formulas programmed vary. Thirdly, only 8 studies
mentioned the tumour stage, and they simply defined it as early
tumours and advanced tumours. Moreover, TNM staging was not
conducted according to AJCC standards. It’s difficult to perform
subgroup analysis based on the tumour stage. In future work,
we will pay more attention to the influence of tumour staging on
PA. In addition, the follow-up times adopted in the studies were
different. More studies, especially large-sample studies with ad-
equate follow-up times, are needed.

Though ultimately not significant, it is also worth noting the
statistical and clinical heterogeneity of the included studies. We
attempted to minimize publication bias by making our searches
as robust as possible, but unavoidably, some data were missing
for various reasons. The heterogeneity of the included studies
could be attributed to their differences in sample size, BIA equip-
ment and performance, PA cut-off values, statistical adjustments,
and follow-up times.

CONCLUSIONS

Survival prognostication remains a challenge in patients with
advanced cancer. This meta-analysis indicated that PA may be
an important prognostic factor for survival among this population.
Further studies with high-quality designs are required to verify
PAs sensitivity and specificity in clinical practice. Furthermore,
PA values could be used to design personalized nutritional in-
terventions to assess the effectiveness of treatment strategies in
a timely manner, and possibly improve the prognosis of cancers
patients.

REFERENCES

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et
al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin
2021;71(3):209-49. DOI: 10.3322/caac.21660

2. Arab A, Karimi E, Vingrys K, Shirani F. Is phase angle a valuable prognostic
tool in cancer patients’ survival? A systematic review and meta-analysis
of available literature. Clin Nutr 2021;40(5):3182-90. DOI: 10.1016/j.
clnu.2021.01.027

3. Arends J, Bodoky G, Bozzetti F, Fearon K, Muscaritoli M, Selga G, et al.
ESPEN Guidelines on Enteral Nutrition: Non-surgical oncology. Clin Nutr
2006;25(2):245-59. DOI: 10.1016/j.clnu.2006.01.020

4. Kovarik M, Hronek M, Zadak Z. Clinically relevant determinants of body com-
position, function and nutritional status as mortality predictors in lung cancer
patients. Lung Cancer 2014;84:1-6. DOI: 10.1016/j.lungcan.2014.01.020

5. Gupta D, Lammersfeld CA, Burrows JL, Dahlk SL, Vashi PG, Grutsch JF, et
al. Bioelectrical impedance phase angle in clinical practice: implications for

[Nutr Hosp 2025;42(1):161-172]

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

prognosis in advanced colorectal cancer. Am J Clin Nutr 2004;80(6):1634-8.
DOI: 10.1093/ajcn/80.6.1634

. Carney DE, Meguid MM. Current concepts in nutritional assessment. Arch

Surg 2002;137(1):42-5. DOI: 10.1001/archsurg.137.1.42

. Toso S, Piccoli A, Gusella M, Menon D, Bononi A, Crepaldi G, et al. Altered

tissue electric properties in lung cancer patients as detected by bioelec-
tric impedance vector analysis. Nutrition 2000;16(2):120-4. DOI: 10.1016/
50899-9007(99)00230-0

. BeraTK. Bioelectrical Impedance Methods for Noninvasive Health Monitoring:

A Review. J Med Eng 2014;2014:381251. DOI: 10.1155/2014/381251

. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, lijima K, et al. Asian

Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia
Diagnosis and Treatment. J Am Med Dir Assoc 2020;21(3):300-7.€2. DOI:
10.1016/j.jamda.2019.12.012

Norman K, Stobdus N, Pirlich M, Bosy-Westphal A. Bioelectrical phase
angle and impedance vector analysis--clinical relevance and applicability
of impedance parameters. Clin Nutr 2012;31(6):854-61. DOI: 10.1016/.
clnu.2012.05.008

. Di Vincenzo 0, Marra M, Di Gregorio A, Pasanisi F, Scalfi L. Bioelec-

trical impedance analysis (BIA) -derived phase angle in sarcopenia:
A systematic review. Clin Nutr 2021;40(5):3052-61. DOI: 10.1016/j.
¢lnu.2020.10.048

DiVincenzo O, Marra M, Sacco AM, Pasanisi F, Scalfi L. Bioelectrical imped-
ance (BIA)-derived phase angle in adults with obesity: A systematic review.
Clin Nutr 2021;40(9):5238-48. DOI: 10.1016/j.clnu.2021.07.035
Praget-Bracamontes S, Gonzalez-Arellanes R, Aguilar-Salinas CA, Martagdn
AJ. Phase Angle as a Potential Screening Tool in Adults with Metabolic Dis-
eases in Clinical Practice: A Systematic Review. Int J Environ Res Public
Health 2023;20(2):1608. DOI: 10.3390/ijerph20021608

Madsen JM, Wichmann S, Bestle MH, Itenov TS. Bioimpedance as a measure
of fluid status in critically ill patients: A systematic review. Acta Anaesthesiol
Scand 2021;65(9):1155-67. DOI: 10.1111/aas.13924

Mayne KJ, Shemilt R, Keane DF, Lees JS, Mark PB, Herrington WG. Bioimped-
ance Indices of Fluid Overload and Cardiorenal Outcomes in Heart Failure and
Chronic Kidney Disease: a Systematic Review. J Card Fail 2022;28(11):1628-
41.DOI: 10.1016/j.cardfail.2022.08.005

Alves EAS, Salazar TCDN, Silvino VO, Cardoso GA, Dos Santos MAP.
Association between phase angle and adverse clinical outcomes in hos-
pitalized patients with COVID-19: A systematic review. Nutr Clin Pract
2022;37(5):1105-16. DOI: 10.1002/ncp. 10901

Pereira MME, Queiroz MDSC, de Albuquerque NMC, Rodrigues J, Wiegert
EVM, Calixto-Lima L, et al. The Prognostic Role of Phase Angle in Advanced
Cancer Patients: A Systematic Review. Nutr Clin Pract 2018;33(6):813-24.
DOI: 10.1002/ncp.10100

Matthews L, Bates A, Wootton SA, Levett D. The use of bioelectrical imped-
ance analysis to predict post-operative complications in adult patients having
surgery for cancer: A systematic review. Clin Nutr 2021;40(5):2914-22. DOI:
10.1016/j.clnu.2021.03.008

Morlino D, Cioffi I, Marra M, Di Vincenzo O, Scalfi L, Pasanisi F. Bioelectrical
Phase Angle in Patients with Breast Cancer: A Systematic Review. Cancers
(Basel) 2022;14(8):2002. DOI: 10.3390/cancers14082002

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. Int
J Surg 2010;8(5):336-41. DOI: 10.1016/j.ijsu.2010.02.007

Wells GA, Shea B, 0’Connell D, Peterson J, Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised
studies in meta-analyses. Clin Epidemiol 2000. Available from: https://www.
ohri.ca/programs/clinical_epidemiology/oxford.asp.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials
1986;7(3):177-88. DOI: 10.1016/0197-2456(86)90046-2

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997;315(7109):629-34. DOI:
10.1136/bm;}.315.7109.629

Gupta D, Lis CG, Dahlk SL, Vashi PG, Grutsch JF, Lammersfeld CA. Bioelectri-
cal impedance phase angle as a prognostic indicator in advanced pancreatic
cancer. Br J Nutr 2004;92(6):957-62. DOI: 10.1079/bjn20041292

Gupta D, Lammersfeld CA, Vashi PG, King J, Dahlk SL, Grutsch JF, et al. Bio-
electrical impedance phase angle as a prognostic indicator in breast cancer.
BMC Cancer 2008;8:249. DOI: 10.1186/1471-2407-8-249

Davis MP, Yavuzsen T, Khoshknabi D, Kirkova J, Walsh D, Lasheen W, et al.
Bioelectrical impedance phase angle changes during hydration and prog-
nosis in advanced cancer. Am J Hosp Palliat Care 2009;26(3):180-7. DOI:
10.1177/1049909108330028



172

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

Gupta D, Lammersfeld CA, Vashi PG, King J, Dahlk SL, Grutsch JF, et al. Bioe-
lectrical impedance phase angle in clinical practice: implications for prognosis
in stage llIB and IV non-small cell lung cancer. BMC Cancer 2009;9:37. DOI:
10.1186/1471-2407-9-37

Norman K, Stobéus N, Zocher D, Bosy-Westphal A, Szramek A, Scheufele R, et
al. Cutoff percentiles of bioelectrical phase angle predict functionality, quality
of life, and mortality in patients with cancer. Am J Clin Nutr 2010;92(3):612-
9. DO0I: 10.3945/ajcn.2010.29215

Sanchez-Lara K, Turcott JG, Judrez E, Guevara P, NUfiez-Valencia C, Ofiate-Oc-
afna LF, et al. Association of nutrition parameters including bioelectrical imped-
ance and systemic inflammatory response with quality of life and prognosis
in patients with advanced non-small-cell lung cancer: a prospective study.
Nutr Cancer 2012;64(4):526-34. DOI: 10.1080/01635581.2012.668744
Lee SY, Lee YJ, Yang JH, Kim CM, Choi WS. The Association between Phase
Angle of Bioelectrical Impedance Analysis and Survival Time in Advanced
Cancer Patients: Preliminary Study. Korean J Fam Med 2014;35(5):251-6.
DOI: 10.4082/kjfm.2014.35.5.251

Norman K, Wirth R, Neubauer M, Eckardt R, Stobdus N. The bioimped-
ance phase angle predicts low muscle strength, impaired quality of life,
and increased mortality in old patients with cancer. J Am Med Dir Assoc
2015;16(2):173.e17-22. DOI: 10.1016/j.jamda.2014.10.024

Schitte K, Tippelt B, Schulz C, Rohl FW, Feneberg A, Seidensticker R, et al.
Malnutrition is a prognostic factor in patients with hepatocellular carcinoma
(HCC). Clin Nutr 2015;34(6):1122-7. DOI: 10.1016/j.cInu.2014.11.007
Mauricio SF, Ribeiro HS, Correia MI. Nutritional Status Parameters as Risk
Factors for Mortality in Cancer Patients. Nutr Cancer 2016;68(6):949-57.
DOI: 10.1080/01635581.2016.1188971

Wiadysiuk MS, Miak R, Morshed K, Surtel W, Brzozowska A, Matecka-Mas-
salska T. Bioelectrical impedance phase angle as a prognostic indicator of
survival in head-and-neck cancer. Curr Oncol 2016;23(5):e481-7. DOI:
10.3747/c0.23.3181

Barao K, Abe Vicente Cavagnari M, Silva Fucuta P, Manoukian Foro-
nes N. Association Between Nutrition Status and Survival in Elderly
Patients With Colorectal Cancer. Nutr Clin Pract 2017;32(5):658-63. DOI:
10.1177/0884533617706894

Maasberg S, Knappe-Drzikova B, Vonderbeck D, Jann H, Weylandt KH,
Grieser C, et al. Malnutrition Predicts Clinical Outcome in Patients with
Neuroendocrine Neoplasia. Neuroendocrinology 2017;104(1):11-25. DOI:
10.1159/000442983

Pérez Camargo DA, Allende Pérez SR, Rivera Franco MM, Alvarez Licona NE,
Urbalejo Ceniceros VI, Figueroa Baldenegro LE. Phase Angle of Bioelectrical
Impedance Analysis as Prognostic Factor in Palliative Care Patients at the
National Cancer Institute in Mexico. Nutr Cancer 2017;69(4):601-6. DOI:
10.1080/01635581.2017.1299880

Axelsson L, Silander E, Bosaeus |, Hammerlid E. Bioelectrical phase angle
at diagnosis as a prognostic factor for survival in advanced head and neck
cancer. Eur Arch Otorhinolaryngol 2018;275(9):2379-86. DOI: 10.1007/
s00405-018-5069-2

Blintzel J, Micke O, Kisters K, Biintzel J, Miicke R. Malnutrition and Survival
- Bioimpedance Data in Head Neck Cancer Patients. In Vivo 2019;33(3):979-
82.DOI: 10.21873/invivo. 11567

Cavagnari MAV, Silva TD, Pereira MAH, Sauer LJ, Shigueoka D, Saad SS,
et al. Impact of genetic mutations and nutritional status on the survival of
patients with colorectal cancer. BVMIC Cancer 2019;19(1):644. DOI: 10.1186/
§12885-019-5837-4

Hui D, Moore J, Park M, Liu D, Bruera E. Phase Angle and the Diagnosis of
Impending Death in Patients with Advanced Cancer: Preliminary Findings.
Oncologist 2019;24(6):e365-73. DOI: 10.1634/theoncologist.2018-0288
Mohamed Sad L, Elsaka AM, Abdelmonem Zamzam Y, Gharib Khairallah F.
Phase angle, body mass index and KRAS status of metastatic colorectal
cancer in response to chemotherapy with and without target therapy: clinical
impact and survival. J BUON 2020;25(2):914-26. Available from: https://
www.jbuon.com/archive/25-2-914.pdf.

Katsura N, Yamashita M, Ishihara T. Extracellular water to total body water
ratio may mediate the association between phase angle and mortality in
patients with cancer cachexia: A single-center, retrospective study. Clin Nutr
ESPEN 2021;46:193-9. DOI: 10.1016/}.clnesp.2021.10.009

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Q. Kong et al.

Loser A, Abel J, Kutz LM, Krause L, Finger A, Greinert F, et al. Head and neck
cancer patients under (chemo-)radiotherapy undergoing nutritional inter-
vention: Results from the prospective randomized HEADNUT-trial. Radiother
Oncol 2021;159:82-90. DOI: 10.1016/j.radonc.2021.03.019

Sehouli J, Mueller K, Richter R, Anker M, Woopen H, Rasch J, et al. Effects
of sarcopenia and malnutrition on morbidity and mortality in gynecologic
cancer surgery: results of a prospective study. J Cachexia Sarcopenia Muscle
2021;12(2):393-402. DOI: 10.1002/jcsm. 12676

Sat-Mufioz D, Martinez-Herrera BE, Gonzalez-Rodriguez JA, Gutiér-
rez-Rodriguez LX, Trujillo-Herndndez B, Quiroga-Morales LA, et al. Phase
Angle, a Cornerstone of Outcome in Head and Neck Cancer. Nutrients
2022;14(15):3030. DOI: 10.3390/nu14153030

Yamanaka A, Yasui-Yamada S, Furumoto T, Kubo M, Hayashi H, Kitao M,
et al. Association of phase angle with muscle function and prognosis in
patients with head and neck cancer undergoing chemoradiotherapy. Nutrition
2022;103-104:111798. DOI: 10.1016/j.nut.2022.111798

Garcia-Garcia C, Vegas-Aguilar IM, Rioja-Vazquez R, Cornejo-Pareja |, Tina-
hones FJ, Garcia-Almeida JM. Rectus Femoris Muscle and Phase Angle as
Prognostic Factor for 12-Month Mortality in a Longitudinal Cohort of Patients
with Cancer (AnyVida Trial). Nutrients 2023;15(3):522. DOI: 10.3390/
nu15030522

Sandini M, Paiella S, Cereda M, Angrisani M, Capretti G, Famularo S, et al.
Independent effect of fat-to-muscle mass ratio at bioimpedance analysis on
long-term survival in patients receiving surgery for pancreatic cancer. Front
Nutr 2023;10:1118616. DOI: 10.3389/fnut.2023.1118616

Zou Y, Xu H, Cui J, Wang K, Feng Y, Shi H, et al. Association of Phase
Angle with Overall Survival in Patients with Cancer: A Prospective
Multicenter Cohort Study. Nutr Cancer 2023;75(3):890-900. DOI:
10.1080/01635581.2023.2165693

Hui D, Paiva CE, Del Fabbro EG, Steer C, Naberhuis J, van de Wetering M,
Fernandez-Ortega P, Morita T, Suh SY, Bruera E, Mori M. Prognostication in
advanced cancer: update and directions for future research. Support Care
Cancer 2019;27(6):1973-84. DOI: 10.1007/s00520-019-04727-y

Bellido D, Garcia-Garcia C, Talluri A, Lukaski HC, Garcia-Almeida JM. Future
lines of research on phase angle: Strengths and limitations. Rev Endocr Metab
Disord 2023;24(3):563-83. DOI: 10.1007/s11154-023-09803-7

Rinaldi S, Gilliland J, 0’Connor C, Chesworth B, Madill J. Is phase angle an
appropriate indicator of malnutrition in different disease states? A systematic
review. Clin Nutr ESPEN 2019;29:1-14. DOI: 10.1016/j.clnesp.2018.10.010
Ramos da Silva B, Mialich MS, Cruz LP, Rufato S, Gozzo T, Jordao AA. Per-
formance of functionality measures and phase angle in women exposed to
chemotherapy for early breast cancer. Clin Nutr ESPEN 2021;42:105-16.
DOI: 10.1016/j.clnesp.2021.02.007

BakX D, Atahan C, Tezcanli E. An analysis of phase angle and standard phase
angle cut-off values and their association with survival in head and neck
cancer patients undergoing radiotherapy. Clin Nutr 2023;42(8):1445-53. DOI:
10.1016/}.cInu.2023.06.020

Yasui-Yamada S, Oiwa Y, Saito Y, Aotani N, Matsubara A, Matsuura S, et al.
Impact of phase angle on postoperative prognosis in patients with gastroin-
testinal and hepatobiliary-pancreatic cancer. Nutrition 2020;79-80:110891.
DOI: 10.1016/j.nut.2020.110891

do Amaral Paes TC, de Oliveira KCC, de Carvalho Padilha P, Peres WAF.
Phase angle assessment in critically ill cancer patients: Relationship with the
nutritional status, prognostic factors and death. J Crit Care 2018;44:430-5.
DOI: 10.1016/.jerc.2018.01.006

Hui D, Dev R, Pimental L, Park M, Cerana MA, Liu D, et al. Association
Between Multi-frequency Phase Angle and Survival in Patients With Advanced
Cancer. J Pain Symptom Manage 2017;53(3):571-7. DOI: 10.1016/j.jpain-
symman.2016.09.016

Hui D, Bansal S, Morgado M, Dev R, Chisholm G, Bruera E. Phase angle for
prognostication of survival in patients with advanced cancer: preliminary
findings. Cancer 2014;120(14):2207-14. DOI: 10.1002/cncr.28624
Victoria-Montesinos D, Garcia-Mufioz AM, Navarro-Marroco J, Lucas-Abellan
C, Mercader-Ros MT, Serrano-Martinez A, et al. Phase Angle, Handgrip
Strength, and Other Indicators of Nutritional Status in Cancer Patients Under-
going Different Nutritional Strategies: A Systematic Review and Meta-Analy-
sis. Nutrients 2023;15(7):1790. DOI: 10.3390/nu15071790

[Nutr Hosp 2025;42(1):161-172]





