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ABSTRACT

Introduction: Phase angle (PhA) derived from bioelectri-
cal impedance analysis (BIA) is a non-invasive biomarker that
reflects cell membrane integrity and nutritional status.
Although several cut-off points have been proposed to iden-
tify high-risk individuals, the relationship between PhA quar-
tiles and mortality risk has not been systematically explored.

Objective: This study aimed to evaluate the association
between quartiles of PhA and all-cause mortality in older
adults.

Methods: In this prospective cohort study, PhA was mea-
sured at baseline using standardized BIA procedures, and par-
ticipants were stratified into quartiles (Q1-Q4) according to
the distribution of PhA values. The quartiles were defined
based on the internal distribution of the sample. Mortality and
follow-up time were recorded. Cox proportional hazards mod-
els were applied to estimate hazard ratios (HRs) and 95% con-
fidence intervals (CIs) for each quartile, using Q1 as reference.
Model 1 was unadjusted, Model 2 adjusted for age and sex, and
Model 3 further adjusted for the Charlson Comorbidity Index.

Results: A total of 398 older adults were analyzed, among
whom 50 deaths occurred during the seven-year follow-up
period. Participants in higher PhA quartiles had lower comor-
bidity scores and improved survival. In the fully adjusted
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model, HRs (95% CI) for Q2, Q3, and Q4 versus Q1 were
0.48 (0.24-0.95), 0.43 (0.20-0.91), and 0.27 (0.11-0.67), re-
spectively (p-trend = 0.002). Each increment in PhA quartile
corresponded to a substantial reduction in mortality risk, indi-
cating a robust dose-response relationship independent of
age, sex, and multimorbidity.

Conclusions: Quartile-based analysis revealed a graded,
inverse relationship between PhA and mortality. Higher PhA
values independently predicted greater survival, supporting
its use as an accessible biomarker for risk stratification and
early intervention in geriatric care.
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INTRODUCTION

Phase angle (PhA), derived from bioelectrical impedance
analysis (BIA), is a non-invasive marker of cellular health and
membrane integrity that reflects the balance between intra-
cellular and extracellular water compartments!. Lower PhA
values indicate impaired cell membrane function, reduced
body cell mass, and malnutrition, which are conditions fre-
quently associated with frailty, sarcopenia, and increased
mortality risk?. Over the past decade, PhA has gained con-
siderable attention as a prognostic biomarker across diverse
clinical settings, including oncology, nephrology, chronic res-
piratory disease, and geriatric populations®-2.

Several studies have proposed specific PhA cut-off points to
identify individuals at higher risk of adverse outcomesi®-13,
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However, these thresholds have been highly variable, ranging
from < 4.5° to < 6.0°, depending on age, sex, ethnicity, and
underlying disease!0-13, This heterogeneity complicates clini-
cal interpretation and limits the development of universal ref-
erence standards. Moreover, most prior investigations have
used dichotomous or arbitrary PhA values to predict mortality,
without exploring how the risk may vary across quartiles of
PhA distribution%1%13, Such an approach could provide a
more granular understanding of how incremental increases in
PhA confer differential protection against mortality.

Emerging evidence suggests that higher PhA values are as-
sociated with lower all-cause mortality’3-1°. In a large popula-
tion-based study using data from NHANES, Xia et al. (2025)
found that adults with higher PhA (= 6.96°) had significantly
lower mortality risk (HR 0.73; 95 % CI 0.59-0.91)!4. Similarly, a
recent analysis in older adults with hip fracture showed that PhA
was an independent predictor of one-year survival'®. Despite
these advances, no studies to date have examined quartile-
based PhA analyses to determine whether intermediate or
higher quartiles exert a graded or protective effect on mortality
risk after adjusting for comorbidities and age-related factors.

Therefore, the present study aimed to evaluate the associ-
ation between quartiles of PhA and all-cause mortality in older
adults. By stratifying mortality risk according to PhA quartiles,
this work seeks to identify meaningful prognostic thresholds
that may improve the clinical utility of PhA as a biomarker for
risk stratification and survival prediction in aging populations.

METHODS
Study Design

This was an observational, analytical, longitudinal epidemi-
ological study. Baseline data were collected between 2009 and
2010, and mortality outcomes were ascertained over a seven-
year follow-up period (2009-2016). Both study phases were
approved by the Research Ethics Committee of Universidade
Norte do Parana (protocols PP/0070/09 and PP1168693). The
study is part of the Study on Longevity and Aging (EELO) proj-
ect, conducted in the municipality of Londrina, Parana, Brazil,
and developed by Universidade Norte do Parand (UNOPAR).
The study was reported in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines for observational research!’.

Population and Sample

The target population consisted of 43,610 older adults re-
siding in the urban area of Londrina in 2009. A representa-
tive sample of 414 individuals was calculated based on a
5% sampling error. To account for potential losses, an ad-
ditional 20% was added, resulting in an initial target sam-
ple of 518 participants. After applying eligibility criteria, the
final analytical sample comprised 419 older adults, as 97 in-
dividuals were excluded.

Participants were recruited between 2009 and 2010 from
the registries of all 38 Basic Health Units (UBSs) located in the
urban area of the municipality. A stratified random sampling
strategy was used according to the proportional distribution
of older adults across geographic regions (15% central, 27%
north, 23% south, 19% east, and 16% west).

Inclusion criteria were: age =60 years; physical independ-
ence (levels 3 or 4 on the Spirduso Functional Status Scale)!8;
preserved cognitive function (>17 points on the Mini-Mental
State Examination)!?; and residence in the urban community
of Londrina, Parana. Individuals with severe respiratory, neu-
rological, or musculoskeletal impairments (including amputa-
tions or prostheses) were excluded.

Phase Angle

Phase angle was assessed using bioelectrical impedance
analysis (Biodynamics 310™, Biodynamics Corp., USA) follow-
ing @ minimum 10-hour fasting period. Participants were in-
structed to void their bladder prior to the assessment.
Measurements were performed on the dominant side of the
body, with participants in the supine position and the arms
and legs positioned approximately 30 degrees from the body
midline. Electrode placement sites were cleaned with alcohol
prior to electrode application. One electrode was placed on
the hand and another on the foot, according to standardized
manufacturer recommendations.

Comorbidities

Comorbidity burden was assessed using the Charlson Co-
morbidity Index (CCI), a validated instrument that incorpo-
rates 19 predefined medical conditions. The index was calcu-
lated according to the original weighting algorithm proposed
by Charlson et al.2%, providing a standardized measure of co-
morbidity severity for each participant.

Mortality

The mortality data and causes of death for the period from
2009 to 2016 were obtained from the Municipal Health
Department of Londrina, with information sourced from the
national computerized system of the Information and Mor-
tality Nucleus.

Statistical Analysis

Continuous variables were presented as the mean and stan-
dard deviation (SD) and categorical variables are presented as
the number and percentage. The parametric distribution of the
continuous variables was checked using the Kolmogorov
Smirnov test. Phase Angle was categorized into quartiles based
on its distribution in the study population. Quartile cut-off points
were determined using the 25th, 50th, and 75th percentiles of
Phase Angle values. Participants were then classified into four
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groups according to these thresholds, with the lowest quartile
(Q1) representing the lowest Phase Angle values and serving as
the reference category in subsequent analyses. Specifically,
quartiles were defined as follows: Q1 < 5.68°, Q2 5.69-6.18°,
Q3 6.19-6.66°, and Q4 > 6.67°. Cut-off values were rounded to
two decimal places as a pragmatic decision to improve read-
ability and clinical communication, without altering the underly-
ing percentile-based categorization, the distribution of partici-
pants across quartiles, or the statistical modeling. This rounding
was applied solely for presentation purposes and did not influ-
ence the observed dose—response relationship between phase
angle and mortality.

We performed a time-to-event analysis using the Cox propor-
tional hazards model to assess the relationship between Phase
Angle and all-cause mortality. Follow-up time was defined as the
number of days from baseline to death or censoring. Phase
Angle was analyzed in quartiles, with Q1 as reference. Three
models were constructed: Model 1 (unadjusted), Model 2 (ad-
justed for age and sex), and Model 3 (further adjusted for mul-
timorbidity index). Covariates included age (years), gender
(1=men, 0=women), and Charlson Comorbidity Index (score).
Hazard ratios (HRs) with 95% confidence intervals (CIs) and
two-sided p-values were reported. A linear trend test across
quartiles was computed using the median Phase Angle per
quartile. The proportional hazards assumption was evaluated
using Schoenfeld residuals, and no evidence of violation was ob-
served for the fitted models. All analyses were conducted using
the Cox PH regression function (statsmodels PHReg, Breslow
ties). All statistical analyses were performed using Python (ver-
sion 3.10). Data management and analyses were conducted us-
ing standard scientific libraries, including pandas, NumPy, SciPy,
and lifelines for survival analyses. Statistical significance was set
at p < 0.05.

RESULTS
Characteristics

A total of 398 participants were included in the analysis,
during the seven-year follow-up period, a total of 50 deaths
were recorded. Mean age was 69.8 + 6.4 years, and 32.9%
were men. Across increasing quartiles of Phase Angle, partici-
pants tended to be younger and have a lower Charlson
Comorbidity Index. The mean Charlson Index decreased pro-
gressively from 2.4 £ 1.5in Q1 to 1.7 £ 1.2 in Q4 (p = 0.009).

Risk of Mortality of each Phase Angle Quartile

The Cox proportional hazards analysis was conducted using
mortality as the outcome and Phase Angle as the main expo-
sure variable categorized in quartiles (Q1-Q4). Q1 repre-
sented the reference group (lowest Phase Angle). Three mod-
els were tested: Model 1 (unadjusted), Model 2 (adjusted for
age and sex), and Model 3 (adjusted for age, sex, and
Charlson Comorbidity Index). Hazard ratios (HR) and 95%
confidence intervals (CI) were estimated for each quartile,
along with a p-value for trend across quartiles.

Higher Phase Angle values were associated with lower haz-
ard of mortality across quartiles. In the fully adjusted model
(Model 3), hazard ratios (95% CI) were 0.48 (0.24-0.95) for Q2,
0.43 (0.20-0.91) for Q3, and 0.27 (0.11-0.67) for Q4, compared
with Q1 (p for trend = 0.002). This indicates a robust inverse
and graded association between Phase Angle and mortality risk.

Kaplan—Meier survival analysis of each Phase
Angle Quartile

Kaplan—Meier survival analysis showed significant differences
in all-cause mortality across Phase Angle quartiles during the
seven-year follow-up period (Figure 1). Participants in the low-

Table 1. Participant characteristics according to Phase Angle quartiles

Variable Total (n=398) | Q1 (n=100) Q2 (n=99) Q3 (n=99) Q4 (n=100) p-value
Age (years) 69.8 + 6.4 72.2 £ 6.9 70.6 +£ 6.8 68.8 £ 5.3 67.4 £ 5.1 <0.001
BMI (kg/m?2) 27.8 £ 4.7 26.5 + 4.6 283+ 5.3 28.2 £ 4.1 28.3 + 4.4 0.005
Male, n (%) 131 (32.9%) 30 (30.0%) 28 (28.3%) 32 (32.3%) 41 (41.0%) 0.229
Hypertension, n (%) 254 (63.8%) 65 (65.0%) 62 (62.6%) 60 (60.6%) 67 (67.0%) 0.801
Diabetes, n (%) 108 (27.1%) 26 (26.0%) 27 (27.3%) 28 (28.3%) 27 (27.0%) 0.988
Osteoporosis, n (%) 57 (14.3%) 11 (11.0%) 19 (19.2%) 13 (13.1%) 14 (14.0%) 0.402
CCI (score) 20+ 1.4 24+ 15 21+ 14 1.8+ 1.3 1.7+ 1.2 0.009

Data are presented as mean % standard deviation (SD) or as absolute and relative frequencies for categorical variables. Comparisons between
Phase Angle quartiles were performed using the Kruskal-Wallis test (continuous variables) and the chi-square test (categorical variables). Phase

Angle quartiles were defined as follows: Q1 < 5.68°, Q2 5.67-6.18°, Q3 6.19-6.66°, and Q4 > 6.67°. Sex is reported as Male n (%).
Abbreviations: BMI = body mass index; CCI = Charlson Comorbidity Index; SD = standard deviation; Q = quartile.
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Table 2. Cox proportional hazards models for mortality by Phase Angle quartiles

Model 1 (Unadjusted) Model 2 Model 3
Quartile
HR (95% CI) P HR (95% CI) P HR (95% CI) p
Q1 (ref.) - - - - - -
Q2 0.44 (0.22-0.88) 0.020 0.48 (0.24-0.94) 0.033 0.48 (0.24-0.95) 0.034
Q3 0.36 (0.17-0.74) 0.005 0.43 (0.20-0.90) 0.025 0.43 (0.20-0.91) 0.026
Q4 0.21 (0.09-0.51) 0.001 0.27 (0.11-0.68) 0.005 0.27 (0.11-0.67) 0.005

Hazard ratios (HR) and 95% confidence intervals (CI) are presented for each Phase Angle quartile, with the lowest quartile (Q1) used as the re-
ference category. Model 1 was unadjusted; Model 2 was adjusted for age and sex; and Model 3 was additionally adjusted for comorbidity bur-
den assessed by the Charlson Comorbidity Index. The p for trend was calculated by modeling Phase Angle quartiles as an ordinal variable.
Abbreviations: HR, hazard ratio; CI, confidence interval; PH, proportional hazards; CCI, Charlson Comorbidity Index; Q, quartile.
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Phase Angle quartiles were defined as follows: Q1 < 5.68°, Q2 5.67-6.18°, Q3 6.19-6.66°, and Q4 > 6.67°.

Figure 1. Kaplan—Meier survival curves according to Phase Angle quartiles
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est Phase Angle quartile (Q1) exhibited the lowest survival
probabilities over time, whereas progressively higher quartiles
(Q2—Q4) demonstrated increasingly favorable survival trajecto-
ries. Individuals in the highest quartile (Q4) consistently
showed the greatest survival probability throughout follow-up.
Overall differences between survival curves were statistically
significant according to the log-rank test (p < 0.001), indicat-
ing a strong association between baseline Phase Angle quar-
tiles and long-term mortality.

DISCUSSION

The present study demonstrated a strong and graded as-
sociation between phase angle (PhA) and all-cause mortality
in older adults. Lower PhA values were associated with a sig-
nificantly increased risk of death, whereas progressively
higher PhA quartiles were linked to substantially greater sur-
vival. Importantly, this association remained robust after ad-
justment for age, sex, and comorbidity burden, as assessed
by the Charlson Comorbidity Index.

Previous studies have consistently shown that lower PhA
values are associated with poorer prognosis and higher mor-
tality risk across diverse clinical populationsi221.22, In this
context, several PhA cut-off points have been proposed, typ-
ically ranging from <4.5° to <6.0°, although these thresh-
olds vary considerably according to population characteris-
tics, disease status, and age?*-2°. Rather than proposing a
single cut-off, the present study adopted a quartile-based ap-
proach to capture relative changes in mortality risk across
the PhA spectrum. This strategy provides novel insight by
demonstrating that transitions between PhA quartiles, even
without crossing conventional cut-off thresholds, are associ-
ated with meaningful differences in survival, underscoring
the clinical relevance of modest improvements in PhA among
older adults. When PhA was analyzed using quartiles, a
dose—response relationship emerged. Individuals in the high-
est quartile (Q4) exhibited approximately a 70-75% lower
hazard of death compared with those in the lowest quartile
(Q1). This progressive reduction in mortality risk across in-
creasing quartiles highlights the biological gradient underly-
ing PhA, whereby incremental increases are likely to reflect
improvements in cellular membrane integrity, metabolic effi-
ciency, and overall physiological reserve?26, In contrast to
dichotomous classifications or fixed cut-off values, a quartile-
based approach allows for a more nuanced assessment of
how mortality risk decreases gradually across the distribution
of PhA values.

From a clinical standpoint, these findings reinforce the po-
tential of PhA as an accessible, non-invasive biomarker for
risk stratification and longitudinal monitoring in geriatric care
in different clinical contexts!31527, Integrating PhA assess-
ment into comprehensive geriatric evaluations and classifying
individuals by PhA quartiles could therefore refine prognostic
models and improve individualized care planning from physi-
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cal exercise programs, multimodal rehabilitation strategies
and nutritional interventions?82%, 1t is important to consider
that the cut data was collected using the Biodynamics 310™
instrument (Biodynamics Corp., USA). This instrument is vali-
dated and has been widely used in countries such as Brazil,
particularly in the elderly population3%3L, 1t is a low-cost tool
that provides the same ratio for evaluating muscle mass as
other gold standards such as DEXA and magnetic resonance
imaging (MRI)32:33,

Despite its strengths, the present study has limitations.
First, although the longitudinal design enhances causal in-
ference, residual confounding cannot be excluded, particu-
larly from unmeasured factors such as inflammatory status,
nutritional intake, or physical activity. Second, the study co-
hort consisted primarily of older adults, and findings may
not extrapolate to younger populations or specific disease
cohorts. Third, these cut points obtained in this study were
with the Biodynamics 310™ instrument, so there may be
variability if done with another type or bioimpedance model.
Fourth, the quartile thresholds were derived empirically from
the present sample and require validation in independent
cohorts to establish universal or region-specific cut-points
for mortality risk prediction. Finally, this study does not in-
clude older adults with functional dependence or cognitive
impairment, limiting the extrapolation of the results to more
frail geriatric populations. Therefore, future studies should
incorporate the identification of new clinically useful prog-
nostic thresholds for PhA to stratify risk and predict survival
in these populations.

CONCLUSION

This study provides novel evidence that evaluating PhA by
quartiles offers a clinically meaningful framework to estimate
mortality risk in older adults. Higher PhA quartiles were asso-
ciated with progressively lower hazard ratios, suggesting a
protective, dose-dependent effect of improved cellular health
on survival. These findings support the incorporation of PhA
into comprehensive geriatric and nutritional assessments and
highlight the need for multicenter studies to standardize PhA
cut points across population, including frail older adults with
functional dependence or cognitive impairment.
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