Pre prints.org

Article Not peer-reviewed version

Non-Linear Association Between Phase
Angle and Body Fat

Federica Frau - , Eduardo Pizzo Junior , Stefano Cabras , Myosotis Massidda , Elisabetta Marini :

Posted Date: 4 August 2025
doi: 10.20944/preprints202508.0191.v1

Keywords: body composition; bioelectrical impedance analysis; obesity

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4557737
https://sciprofiles.com/profile/4742327
https://sciprofiles.com/profile/1177412
https://sciprofiles.com/profile/2964883
https://sciprofiles.com/profile/110195

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 August 2025 d0i:10.20944/preprints202508.0191.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Non-Linear Association Between Phase Angle and

Body Fat

Federica Frau 1*, Eduardo Pizzo Junior !, Stefano Cabras 2, Myosotis Massidda 34
and Elisabetta Marini *

1 Department of Life and Environmental Sciences, University of Cagliari, Cittadella Universitaria Monserrato,
09042 Monserrato (Cagliari), Italy

2 Department of Statistics, Carlos III University of Madrid, Getafe, Spain

3 Department of Medical Sciences and Public Health, University of Cagliari, Cagliari, Italy

4 Faculty of Physical Education, Gdansk University of Physical Education and Sport, Gdafisk, Poland

* Correspondence: federica.frau@unica.it (F.F.); emarini@unica.it (E.M.); Tel.: +0039-0706756607-08 (F.F.)

Simple Summary

Phase angle is a widely used index for evaluating body composition. The literature consistently
shows its association with the quantity and quality of body cells, fat-free mass, and fluid distribution.
However, its relationship with body fat and obesity remains unclear, with previous studies yielding
conflicting results. This study analysed the relationship in over 1500 adults to determine how phase
angle changes with different measures of body fat. The results revealed a non-linear pattern: phase
angle increased at lower fat levels, then declined as fat levels increased. While phase angle only
explains a small amount of variation in body fat, the decrease at higher fat levels may indicate health
issues such as inflammation and changes in body fluid distribution. These findings can facilitate the
interpretation of phase angle variability and its application in clinical and routine practice.

Abstract

Phase angle (PhA) is a widely used bioimpedance index associated with cell mass, membrane
integrity, skeletal muscle mass and quality, and body fluid distribution. However, its relationship
with body fat is unclear, with inconsistent findings in the literature. This study aims to investigate
the relationship between PhA and body fat. The analysis involved 1533 adults of both sexes from the
National Health and Nutrition Examination Survey. Anthropometry, bioimpedance analysis, and
dual-energy X-ray absorptiometry were used to estimate body mass index (BMI), PhA, and body fat,
respectively. Non-linear cubic spline regression models were applied to examine the associations
between PhA and fat mass (FM), BMI, fat mass index (FMI), and FM%. The relationship between PhA
and body fat was always non-linear. An initial positive slope was observed with FM, FMI and BM],
followed by a decline, whereas FM% exhibited a flatter initial pattern before decreasing. Men showed
more pronounced inflection points at lower fat levels than women. Although significant, the
explained variance of the relationships was lower than 10%. In conclusion, this study demonstrates
a non-linear relationship between PhA and body fat. The observed decline in PhA at higher fat levels
suggests the onset of clinical complications in people with obesity.

Keywords: body composition; bioelectrical impedance analysis; obesity

1. Introduction

The phase angle (PhA, °) is a bioimpedance index that is widely used in biomedical research into
body composition [1]. It is unaffected by errors arising from assumptions about body geometry or
tissue properties, because it is calculated directly from the ratio of reactance (Xc, ohms) to resistance
(R, ohms), typically measured at a frequency of 50 kHz. From an electrophysiological perspective,
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PhA reflects the phase shift induced by cell membranes, which act as capacitors by storing electrical
charge and thus delaying the current relative to the voltage. As such, PhA is considered an indicator
of both cell membrane integrity and body cell mass [2].

Research has consistently shown that phase angle is associated with health status. Low PhA
values have been observed in various clinical conditions, in the presence of inflammation, and are
linked to longer hospital stays and higher mortality rates [3]. Furthermore, PhA tends to be higher in
men than in women and in physically active individuals, and it declines with age regardless of the
population [4-6].

Most of these associations can be explained by the relationship between PhA and body
composition. Specifically, PhA values are positively associated with fat-free mass (FFM), muscle mass
and quality, and the relative amount of extracellular water [7-9].

The relationship between phase angle and body fat is less clear. Recent reviews have reported
inconsistent findings across studies [10-12], with null, negative, and positive associations observed
in different samples. Some authors have also observed a non-linear association between PhA and
BMI, precisely a positive correlation among individuals with low or normal weight, and a negative
association in those with severe obesity [13-16].

However, research into the relationship between PhA and fat mass has primarily relied on
indirect, second-level methods of body fat assessment, such as anthropometry and bioelectrical
impedance analysis (BIA), and has employed statistical tools with limited capacity to detect non-
linear associations.

This study aims to analyse the relationship between phase angle and fat mass (FM), as measured
by dual-energy X-ray absorptiometry (DXA), as well as related indices (BMI, FMI, FM%) in a large
sample of U.S. young adults. Statistical methods appropriate for curvilinear relationships will be
applied.

2. Materials and Methods

2.1. The Sample

The dataset comprises 1533 adults (810 men and 723 women) aged between 21 and 49 years
(men: 34.2 + 8.6 years; women: 35.3 + 8.4 years). Participants were selected from the 20032004 cycle
of the National Health and Nutrition Examination Survey (NHANES) [17], the most recent cycle to
provide data from both bioelectrical impedance analysis (BIA) and dual-energy X-ray absorptiometry
(DXA). The sample corresponds to that analysed by Buffa et al. [18], although 57 individuals were
excluded due to cases lacking complete data for the variables of interest.

2.2. Measurements

The protocols adopted in the 2003—2004 NHANES cycle, including procedures, guidelines, and
quality standards, are documented in manuals available on the CDC website (www.cdc.gov). All
measurements were performed by trained technicians using regularly calibrated equipment. Body
weight was measured with a Toledo electronic scale and height with a Seca electronic stadiometer.
Bioelectrical parameters were obtained using the HYDRA ECF/ICF Bio-Impedance Spectrum
Analyzer 4200 (Xitron Technologies, Inc., San Diego, CA, USA) and whole-body DXA scans were
performed with a Hologic QDR-4500A fan-beam densitometer (Hologic, Inc., Bedford, MA, USA).

The selected variables included demographic data such as age and sex, as well as anthropometric
measurements (weight, height, and BMI), bioelectrical variables (resistance, R, and reactance, Xc),
measured at 50 kHz, and DXA measurements (fat mass, FM). Phase angle (PhA) was calculated as
arctan (Xc/R) x 180/mt. Fat mass percentage (FM%) was defined as FM divided by weight x 100, and
fat mass index (FMI) as FM divided by height squared [19].
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2.3. Statistical Analysis

Descriptive statistics for anthropometric and bioelectrical variables were calculated separately
for each sex.

The association between phase angle and fat mass indicators was analysed using multiple non-
linear regression. Due to the curvilinear relationship between the variables, the regression analysis
was performed using cubic splines, a type of mathematical curve that can be used to interpolate
complex relationships in data, with a normally distributed response variable [20]. Cubic splines were
estimated as follows:

Y=a+S(x)

where Y is the response (PhA) and S represents the cubic spline term, which is a non-linear function
composed of spline coefficients of the corresponding quantitative variable: BMI, FM, FMI, or FM%,
each entering in S(x) separately. Although splines cannot be conveniently written in analytical form,
they can be interpreted by examining the overall estimated functions showing the direction and
strength of the association between the non-linear predictor and the response variable, alongside 95%
confidence intervals (shaded areas in the graphs). In this study, the uncertainty surrounding the
splines and regression coefficients was based on the assumption of normality of the residuals, which
was confirmed by evaluating quantile-quantile plots of the theoretical normal quantiles against the
empirical quantiles of the residuals. The significance of the relationship was assessed using the usual
F-test. Following the consensus approach based on Bayesian statistics [21], we used p-values lower
than 0.005 as the significance level. Statistical analyses were performed using the free software R with
the MASS library (http://www.R-project.org).

3. Results

The sample comprised men and women of a similar age (34.2 + 8.6 and 35.3 + 8.4 years,
respectively) who exhibited the typical pattern of sexual dimorphism: men were characterised by
greater height, weight, and phase angle, as well as lower fat mass (FM), fat mass percentage (FM%),
and fat mass index (FMI) than women (p ~ 0.000) (Table 1). Both sexes exhibited similar high BMI
values, indicative of mean overweight (Table 1).

Table 1. Sample characteristics by sex. R resistance; Xc reactance; PhA phase angle; FM: fat mass, FM%:

percentage of fat mass; FMI: fat mass index; BMI: body mass index.

Men (n = 810) Women (n =723) Men vs women

(Mean = SD) (Mean = SD) t-test p-value
Age 342 +8.6 35.3+84 -2.53 0.012
Height (cm) 175.6 +7.6 162.6 + 6.6 35.56 ~0.000
Weight (kg) 83.9+15.7 73.6+17.4 12.18 ~0.000
R (ohm) 464.0 + 60.5 562.7 +76.9 -28.07 ~0.000
Xc (ohm) 60.3 +8.2 62.9 +8.5 -6.09 ~0.000
PhA (°) 75+0.8 6.5+0.7 25.91 ~0.000
M (kg) 23.0+£8.2 29.7+11.2 -13.46 ~0.000
FM% 26.6 +5.7 38.8+6.5 -39.15 ~0.000
FMI (kg/m?) 75+2.6 11.2+4.2 -20.97 ~0.000
BMI (kg/m?) 27.2+4.6 279+64 -2.48 0.013

Regression splines indicated non-linear relationships between PhA and fat mass indices, which
were mostly significant, particularly for BMI (Figure 1, Table 2). However, the amount of variance
explained was always small (less than 10%, Table 2).
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Figure 1. Results of cubic splines regression results between PhA values and body fat. Filled areas show the 95%
C.I. about the regression mean estimated with the corresponding spline. PhA phase angle; BMI: body mass

index; FM: fat mass; FMI: fat mass index; FM%: percentage of fat mass.

Table 2. Cubic splines regression results between PhA and FM-related indices. BMI: body mass index; FM: fat

mass; FMI: fat mass index; FM%: percentage of fat mass.

F p Exp. variance (%)
BMI (kg/m?)

Men 12.57 ~0.000 8.25
Women 13.72 ~0.000 7.96
FM (kg)

Men 2.35 0.0680 1.16
Women 5.04 0.0017 2.50

FMI (kg/m?)

Men 3.35 0.0182 1.54

Women 7.50 0.0001 3.17
FM %

Men 3.72 0.0146 1.46

Women 1.36 0.3580 0.58

All the curves were concave. At low or medium fat levels, the association was positive for BMI,
FM and FMI, or null for FM%, and at high values it was negative for all indices. Notably, the
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relationships between PhA and FM or FMI were very similar in shape. The relationship with BMI
was also similar, albeit more pronounced, particularly in men. The relationship between PhA and
FM% was somewhat different, showing an almost flat trend indicating the absence of association
within the range of low and medium FM% values, and a decreasing slope at higher values.

The slopes were sexually dimorphic, with the inflection points being more pronounced and
occurring at lower fat values in men than in women. The inflection points were: 23 kg in men and 34
kg (with a further increase at 46 kg) in women, for FM; 9 kg/m? in men and 16 kg/m? in women, for
FMI; 32 kg/m? in men and 37 kg/m? in women, for BMI; 25.5% in men and 42.5% in women, for FM%.

4. Discussion

This study showed that the relationship between phase angle and fat mass, as derived by DXA,
is not linear, with an increasing slope (in the case of FM and FMI, and especially BMI) or a flat trend
(FM%), followed by a decreasing slope (all indices). The slopes are sexually dimorphic, with men
showing more pronounced inflection points, occurring at lower fat values than women.

The observed relationships help to explain the inconsistent results reported in the literature.
These results are likely to have arisen from the use of different fat indices and varying nutritional
statuses in the studies, as well as the use of linear statistical models to analyse curvilinear
relationships.

In low/normal/overweight people, the increasing slope is likely related to the effect of the
absolute amount of fat-free mass, whose association with phase angle has been consistently observed
in the literature [e.g., 7, 8 12]. In our study, this interpretation is supported by the stronger
associations between PhA and BMI, FM, and FMI in men than in women, and by the lack of
association with FM%. Indeed, BMI includes the amount of FFM, and FM is related to FFM [22,23],
whereas FM% is less dependent from the absolute quantity of FFM. The results on FMI, which are
similar to those on FM, suggest that height does not adjust for body size as efficiently as weight does.
Similar findings emerged in the comparison of height- and weight-adjusted indices of sarcopenic
obesity (submitted).

As fat mass increases, obesity and severe obesity develop alongside their associated clinical
complications. This is likely reflected in the onset of phase angle decline. The inversion of this trend
alongside increasing BMI has also been observed in other studies [13-16], with inflection points
ranging from 30 to 50 kg/m2. Luo and Jin [16] studied the relationship with FM% and identified
flexion points at 33.5% in men and 38.9% in women (beginning to appear at 16.1% and 18.5,
respectively). Interestingly, in all studies that considered the sexes separately, the inflection points
occurred at lower values of fat mass in men than in women, and the values coincide with the cut offs
for overweight in men and obesity in women (25% and 42% respectively [24]).

The relationship between obesity and low PhA has already been observed in the literature
[18,25], and can be interpreted in various ways. Obesity is often characterised by inflammation, as
adipose tissue stimulates the release of inflammatory mediators such as tumor necrosis factor-a and
interleukin-6 [26]. In turn, inflammation, along with the associated oxidative stress and decreased
membrane quality, has been linked to low PhA values [14,27]. Other potential causal factors include
the relatively high amount of extracellular water which is common among people with obesity [28]
and high levels of visceral obesity [29].

Despite being consistent with previous results and exhibiting statistical significance and a solid
physiological rationale, the observed curvilinear relationships exhibited low explained variance (less
than 10%). Bosy-Westphal et al. [13] reported even lower values, finding that the association between
PhA and BMI explained only 1% of the variance. This suggests that variability in phase angle is
largely influenced by factors other than fat or fat-related variables.

To analyse fat mass variability, vector analysis, particularly specific bioelectrical impedance
vector analysis (BIVA), could provide more information, as it gives details of both phase angle and
vector length, with the latter having been shown to accurately estimate FM% [8,18].
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Taken together, the findings of this research are bolstered by the following key characteristics of
the study: a sizeable sample; DXA-based fat mass assessment; analysis of various fat-related indices;
and statistical methods appropriate for non-linear relationships. However, the study is limited by the
absence of gold standard techniques to test the association of phase angle with inflammation,
extracellular water, or visceral fat within the sample.

5. Conclusions

The present study revealed a weak, non-linear association between phase angle and body fat.
This suggests that other variables predominantly influence this relationship, specifically fat-free mass
in individuals with low, normal or overweight status, and clinical complications in people with
obesity. Phase angle is useful for monitoring variability in these characteristics. However, a
comprehensive body composition analysis, including body fat evaluation, should incorporate
additional methods, such as bioelectrical impedance vector analysis.
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