
Academic Editor: René Schwesig

Received: 6 January 2025

Revised: 15 February 2025

Accepted: 17 February 2025

Published: 19 February 2025

Citation: Baranauskas, M.;
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Featured Application: From a public health perspective, the CUN-BAE can serve as a
screening tool in physically active populations in the presence of restricted techniques
for assessing body composition.

Abstract: An equation-derived body fat estimator, namely the Clínica Universidad de
Navarra Body Adiposity Estimator (CUN-BAE), was established to assess the body fat per-
centage in adults. However, its efficiency compared to that of the bioelectrical impedance
analysis (BIA) approach remains under-researched. This study aimed to assess the agree-
ment between the body fat percentages measured using a BIA and estimated using the
CUN-BAE in a sample of Lithuanian professional athletes. A single cross-sectional study
was conducted using the BIA technique to measure and the CUN-BAE equation to calculate
the body fat percentages of 323 study participants. The Bland–Altman plot system was ap-
plied to comparing both the body fat percentages estimated using the CUN-BAE equation
and those obtained via the BIA approach. The average values of the body fat percentages
found in the total sample of elite athletes and estimated using the BIA and CUN-BAE
equaled 18.4 ± 5.3% and 18.7 ± 6.6%, respectively (ICC: 0.91; 95% confidence interval (CI):
0.88; 0.93). This study found that the CUN-BAE method overestimated the BIA’s calculation
of the body fat percentages by 2.7% on average. Meanwhile, the comparison of adiposity in
the athletes using the CUN-BAE equation and the BIA methods demonstrated a similar,
although not identical, accuracy. The BIA method cannot be replaced by the CUN-BAE
equation in routine sports medicine practice due to moderately sized limits of agreement
(95% CI: −6.5; 7.1), even when the access to body fat measurement devices is limited.
From a public health perspective, the outcomes derived from the CUN-BAE equation can
possibly be extrapolated to females and to individuals competing in strength–power sports,
as well as to populations of adults.

Keywords: adiposity; athletes; bioelectrical impedance analysis; body composition; body
fat percentage; body adiposity estimator; physical activity; public health

1. Introduction
The term ‘body composition’ refers to the ratio of fat mass to fat-free mass, composed

of body water, bones, organs, and muscles, in the human body [1]. Body composition and
dietary adequacy are recognized as potential factors affecting performance and physical
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health [2]. More specifically, an athlete’s body composition phenotype indicates the complex
interaction between genotype and sport-related metabolic demands, nutritional goals, and
physical extent. This focus on functional body composition may favor both the health
and performance of an athlete [3,4]. Thus, in many sporting activities, athletes can turn to
advantage by changing characteristics of their body composition such as their body weight,
lean body mass, and body fat percentage (BF%). For example, whilst many sports such
as boxing, Greco-Roman wrestling, judo, and taekwondo are weight-classified, athletes
should fall within a specific range of body weights [5]. Other weight-sensitive aerobic
sports such as road cycling, swimming, skiing, endurance running, rowing, and modern
pentathlons and biathlons are equally important [6]. As a result, both athletes’ routines and
diets are as adaptable to the specific demands of the cultivated sport as possible [7]. In this
case, assessing and monitoring the body composition in high-performance athletes have
become essential to their sporting success.

Many quantification approaches, including ‘indirect’ methods, have been developed
to measure body fat accurately [2]. An ‘indirect’ evaluation of physical characteristics such
as the distribution of body fat mass and fat-free mass can be conducted by applying certain
technologies, namely magnetic resonance imaging (MRI) [8,9], computed X-ray tomog-
raphy (CT) [8,9], air displacement plethysmography (ADP) [10], and dual-energy X-ray
absorptiometry (DXA) [11–14]. However, high-priced body composition measurement
techniques, referring to methods of the second level of validity, due to their large size, trans-
portation difficulties, complexity, and the utilization of radiation, pose a challenge in terms
of their deployment in many healthcare settings [15,16]. In connection to this, approaches
of the third level of validity, such as bioelectrical impedance analysis (BIA) [8,17,18] and
anthropometry (skinfold thickness measures) [19], were established to assess human body
composition [20].

Apart from this, diverse equations for the evaluation of body composition have been
proposed for application to various population groups [15,21–27]. Among this variety
of equations, the Clínica Universidad de Navarra Body Adiposity Estimator (CUN-BAE)
has made a distinction. Recently, the CUN-BAE has served as a newer algorithm broadly
used for the analysis of body composition in clinical research. This is a body fat estimator
determined by age, sex, and body mass index (BMI) in Caucasian adults [23,28–30].

Furthermore, it should be emphasised that no body composition assessment tech-
niques have an accuracy better than 1% [2]. Although DXA has been recognized as the
gold standard, it still provides errors within the measurements (the estimated error for
the prediction of BF% ranges from 2 to 3% [2]). Similarly, as the range of errors for the
ADP test was detected at ±1 to 2.7% [31], the ADP was recognized as a fast, accurate, and
reliable method for estimating BF%. Meanwhile, the BIA, as a method of the third level
of validity for assessing body composition, has a weaker accuracy in estimating BF% or
body water content (the reported errors in its BF% estimates were up to ~5% [2]). In this
context, while the CUN-BAE has been validated against ADP as the gold standard (test),
widely applied as the first screening tool in clinical practice, and served as a proper tool for
identifying patients at risk of cardiovascular diseases and type 2 diabetes [28,29,32], there
is no consensus that similar effects could be expected in the testing of professional athletes
using the CUN-BAE tool. In addition, elite athletes tend to have a higher lean soft tissue
mass and total body water levels [33,34] when compared to those in the entire population
of individuals with the same characteristics of interest.

Furthermore, since the BIA has been recognized as a safe and practical method for
body composition assessments in athletes [14], there is no evidence that in intervention
studies among elite athletes, the BIA can be replaced by the zero-cost CUN-BAE approach,
which only includes the basic characteristics of sex (female, male), age, and BMI.
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This study aimed to assess the concordance between the body fat percentages mea-
sured using the BIA and estimated using the CUN-BAE in a sample of Lithuanian elite
athletes. To achieve the research objective, both an alternative hypothesis (H1) and a null
hypothesis (H2) were constructed as follows:

H1. For body composition analyses in athletes, the BIA method can be replaced by the CUN-BAE
tool given the limits of agreement.

H2. For body composition analyses in athletes, the BIA method cannot be replaced by the CUN-BAE
tool given the limits of agreement.

2. Materials and Methods
2.1. Study Design

This study, cross-sectional in design, was conducted at the Lithuanian Sports Cen-
tre. A total of 323 professional athletes from an eligible cohort were pooled from the
reference community (N = 362). A representative sample number [35] (n = 315), with
a marginal error of 2% and considering a 95% two-sided confidence interval (CI), was
estimated using OpenEpi software version 3.01 [36]. The athletes were pooled from a list
authorized by the Lithuanian National Olympic Committee. The central inclusion criterion
for the study participants included the following characteristics: (1) athletes standing to
participate in the Olympic Games, including those belonging to the prospective Olympic
shift; (2) participants of national and international competitions; (3) athletes who regularly
attended a 6-day workout split; and (4) professional athletes exercising on a regular basis
during the pre-season phase of competition, not subject to seasonal variations.

The exclusion criteria were defined as follows: (1) athletes taking part in competitions
during the study period (n = 9); (2) sportsmen with injuries or complaints of illness (n = 5);
(3) female athletes during menstruation (n = 7), as the menstrual cycle can give rise to
symptoms such as weakness, pain, and overall fluid imbalance or fluid retention at rest
and during exercise; and (4) athletes who refused to participate in the observational study
(n = 18). Furthermore, this cross-sectional study was conducted in 2018–2019 while the
data were collected in one cohort of athletes and at two moments in time, defined by the
beginning (September/October) and the end (March/April) of the preparatory period. This
observational study included athletes involved in Olympic sports who were categorized
into two groups—endurance athletes (n = 193; 60%: rowers (n = 38), swimmers (n = 39),
long-distance runners (n = 16), modern pentathletes (n = 20), road cyclists (n = 40), gymnasts
(n = 6), skiers (n = 23), and biathletes (n = 17)) and strength–power athletes (n = 130; 40%:
high jumpers (n = 6), boxers (n = 12), weightlifters (n = 10), basketball players (n = 39),
Greco-Roman wrestlers (n = 25), discus and javelin throwers (n = 10), taekwondists (n = 8),
and judokas (n = 14))—on the basis of the primary metabolic pathways (aerobic and
anaerobic) in the body [37]. According to age, the cohort of athletes was divided into
junior athletes (aged ≤ 18) (n = 181; 56%) and athletes over 18 years of age (n = 142; 44%),
respectively.

2.2. Variables and Measurements

The dependent variable (BF%) was calculated by applying the equation established by
the Clínica Universidad de Navarra, the CUN-BAE [28], as follows:

CUN-BAE (BF%) = −44.988 + (0.503 × Age) + (10.689 × Sex) + (3.172 × BMI) − (0.026 × BMI2)
+ (0.181 × BMI × Sex) − (0.02 × BMI × Age) − (0.005 × BMI2 × Sex) + (0.00021 × BMI2 × Age)

(1)
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The age of the athletes was measured in years, and sex was codified as female = 1
and male = 0. BMI was calculated as weight in kilograms (kg) divided by height in meters
squared (m2). Currently, the four categories of BMI used to estimate weight in adults are
as follows: (1) underweight status (BMI < 18.5 kg/m2); (2) a healthy weight for adults
(BMI = 18.5–25 kg/m2); (3) overweight status (BMI = 25–30 kg/m2); and (4) obese adults
(BMI > 30 kg/m2) [38]. For the CUN-BAE, the cut-off points for body fat were considered
to be normal (BF% < 20% in males and <30% in females), overweight (BF% ranging from 20
to 25% in males and from 30 to 35% in females), and obese (BF% > 25% in males and >35%
in females) [28,39].

The body composition analyzer used in our study was manufactured by Jawon Med-
ical, developed in cooperative research with Korea and Japan from 1996 to 1999, and
commercialized in 1999. More specifically, the independent variable (BF%) was estimated
using the BIA [20] technique (the body composition analyzer X-Scan Plus (the International
Organization for Standardization adopted by the European Union (EN-ISO): 13488 [40],
Seoul, South Korea). The assessment of body composition was performed according to the
protocols recommended by Kyle at al. [41] and Lohman [42]. The X-Scan Plus prediction
equations were developed based on body composition estimates derived from an a priori
criterion, namely an isotope dilution approach. The X-Scan Plus bioelectrical impedance
analyzer operated at multi-frequencies of 5, 50, 250, 550, and 1000 kHz and was suitable for
providing outcomes such as fat-free mass and BF% via eight touch electrodes (with two
on each foot and two on each hand). Moreover, using the multi-frequency technology at
low frequencies (<50 kHz) allowed the bioelectric current to pass through the extracellular
fluid in the human body. In contrast, at frequencies above 100 kHz and up to 1000 kHz,
the bioelectric current could pass through all body fluids and tissues [8,17]. Thus, the
multi-frequency bioelectrical impedance analysis provided enhanced body composition
outcomes in a time-efficient (≤5 min) manner. It should be highlighted that the estimates
of BF% and fat-free mass obtained from the multi-frequency bioelectrical impedance anal-
ysis demonstrated good agreement with a four-compartment model in normal-weight
adults [43]. Furthermore, the X-Scan Plus had a built-in stadiometer for the measurement
of standing height to the nearest 0.1 cm [42]. It should be highlighted that the X-Scan
Plus device had an auto-calibration function that was used every time the device was
turned on. Thus, the absence of the need to calibrate the X-Scan Plus device could also be
considered an advantage of this study. The accuracy of the weight measurements was en-
sured in the presence of a sports nutritionist throughout all of the investigation procedures.
However, auto-calibration of the X-Scan Plus device was performed whenever the weight
measurements seemed incorrect.

In addition, athletes should avoid exercise (>24 h) before the measurement procedure
to restrict the influence of muscle damage or injury, increases in body temperature, exces-
sive sweating, or the accumulation of skin electrolytes. Also, some scientific data have
proposed that glycogen depletion in the muscles and loading may impact BIA measure-
ments [44]. Therefore, the athletes were guided to ensure the proper hydration and muscle
glycogen content according to the proper levels of food and fluid intake and maintain
their physical activity loads before the measurement procedure took place. Hence, before
the assessment of their body composition, the athletes were asked to follow pre-testing
guidelines: (1) emptying their bowels at least 30 min before testing; (2) drinking no liquid
for 2 h; (3) refraining from exercise for 24 h; (4) and refraining from drinking alcohol for
48 h.
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2.3. Statistical Analysis

The Kolmogorov–Smirnov test was used to verify the normality of the data distribution.
For normally distributed data, the means ± standard deviations (SDs) were calculated.
For bivariate analyses, the intraclass correlation coefficient (ICC) was used to assess the
consistency of the BF% measurements obtained using the CUN-BAE equation and the
BIA method.

It should be noted that once there is a need to compare two methods, the correct
statistical approach is not evident. Many studies provide only the Pearson’s correlation
coefficient between the outcomes of two measurement methods as an indicator of agree-
ment [45]. However, bivariate correlation is not recommended as a statistical analysis
approach to assessing the comparability between methods. Within this case, our study
proposed replacing one method (BIA) for another (the CUN-BAE); therefore, Bland–Altman
graph plots were used to graphically assess the agreement between the BF% calculated
using the CUN-BAE equation and the BF% estimated using the BIA method [46,47]. In
the Bland–Altman graph plots, the y-axis represented the difference between the two ap-
proaches (∆ BIA − CUN-BAE equation (BF%)), and the x-axis displayed the average of the
two measurements ([BIA + CUN-BAE]/2 (BF%)). Whilst it was recommended that 95% of
the data points should fall within ±1.96 SDs of the mean differences, the upper and lower
limits of agreement (95% CIs) were estimated.

As the agreement between the two methods (CUN-BAE and BIA) depended on the
total bias, the differential bias (α), which represented the constant difference between the
true trait and the measurement method, was calculated for all cases. Additionally, the
proportional biases (β) were calculated using a linear regression analysis to confirm or
deny the trends in the Bland–Altman graph plots which displayed the athlete subsamples
stratified by sex, age, and sport discipline. In cases where α = 0 and β ̸= 1, it was proposed
that the measurement method was unbiased.

The statistical analysis was performed using the Statistical Package for the Social
Sciences (IBM SPSS Statistics) version 25.0 for Windows (IBM Corp, Armonk, NY, USA).
In all of the tests used for the data analysis, a 2-tailed p-value ≤ 0.05 was considered
statistically significant. Statistical visualization and graphical representation of the data
were performed using SPSS software version 25.0.

3. Results
Out of all the pooled and studied elite athletes who composed the sample, 72% were

male and 38% were female. Their training practice range was 7.9 ± 3.8 years, the intensity
of their exercise sessions was 5.9 ± 0.7 days per week, and the average workout duration
equaled 186 ± 62 min during the daily workout routine. More detailed information on the
demographic data of this sample of high-performance athletes is presented in Table 1.

It has been well documented that sex-based physiological differences can cause dis-
similarities (in terms of size) in the body composition of male and female athletes [48,49];
therefore, the body composition (body weight (kg), height (m), fat-free mass (%), BMI
(kg/m2), and BF% of the athletes was evaluated according to sex (males vs. females), as
displayed in Table 1. The mean body weight, fat-free mass, and BMI of the athletes involved
in this study were 72.2 ± 14.9 kg, 81.5 ± 5.4%, and 22.1 ± 2.8 kg/m2, respectively. Given
the body composition characteristics of male athletes, statistically significant (p < 0.001)
differences were identified between their body weight, fat-free mass, BMI, and BF% and
those of the sample of female athletes. As regarded body fat percentage, the average values
equaled 18.4 ± 5.3% and 18.7 ± 6.6% when using the BIA and CUN-BAE, respectively.
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Table 1. Demographic and anthropometric data on high-performance athlete sample.

Variables

Total Athletes
(n = 323)

Male Athletes
(n = 234)

Female Athletes
(n = 89) p *

Mean ± SD

Age (in years) 19.1 ± 3.4 19.2 ± 3.3 19.9 ± 3.8 0.608
Athletic experience (in years) 7.9 ± 3.7 8.0 ± 3.9 7.6 ± 3.8 0.545

Training regimen (workouts a week) 5.9 ± 0.7 5.7 ± 0.6 5.9 ± 0.7 0.598
Training regimen (workouts a day) 1.7 ± 0.5 1.6 ± 0.4 1.5 ± 0.6 0.089

Duration of exercise (minutes in a day) 186 ± 62 178 ± 63 171 ± 54 0.498
Anthropometry

Body weight (kg) 72.2 ± 14.9 76.1 ± 14.5 61.9 ± 10.5 <0.001
Standing height (cm) 180 ± 12 183 ± 12 170 ± 8 <0.001

BMI (kg/m2) 22.1 ± 2.8 22.5 ± 2.9 21.3 ± 2.4 <0.001
BIA

BF (kg) a 13.6 ± 5.7 13.2 ± 5.9 14.6 ± 5.1 0.038
BF% a 18.4 ± 5.3 16.7 ± 4.7 22.9 ± 4.2 <0.001

Fat-free mass (kg) a 58.7 ± 11.1 62.9 ± 9.6 47.4 ± 6.1 <0.001
Fat-free mass (%) a 81.5 ± 5.4 83.2 ± 4.6 76.9 ± 4.2 <0.001

CUN-BAE
BF (kg) 13.7 ± 6.5 12.7 ± 6.5 16.4 ± 5.6 <0.001

BF% 18.7 ± 6.6 15.9 ± 5.1 25.9 ± 4.3 <0.001
BMI—body mass index; BIA—bioelectrical impedance analysis; BF—body fat; CUN-BAE—the body fat prediction
equation; 95% CI—95% confidence interval; LB—lower bound; UB—upper bound; a—predicted using the
manufacturer’s equation; *—the p-value was calculated for between-sex differences.

3.1. The Bivariate Analysis

Firstly, as shown in Table 2, in the total elite athlete sample, the ICC calculated between
both the CUN-BAE and BIA methods for estimating BF% was 0.91 (95% CI: 0.88; 0.93).
With regard to age and sport discipline, the ICCs were higher for junior athletes (ICC 0.96;
95% CI: 0.95; 0.97) and strength–power athletes (ICC 0.92; 95% CI: 0.88; 0.94) while they
were lower for both male and female athletes, endurance athletes, and athletes within the
19–33-year age range.

Table 2. Comparison of body fat (%) measured using the CUN-BAE anthropometry equation and
using the bioelectrical impedance analysis (BIA) as the reference method.

Variables n BF% by BIA BF% by
CUN-BAE ICC 95% CI [LB; UB]

Total athletes 323 18.4 ± 5.3 18.7 ± 6.6 0.91 [0.88; 0.93]
Male athletes 234 16.6 ± 4.7 15.9 ± 5.1 0.86 [0.82; 0.90]

Female athletes 89 23.0 ± 4.2 25.9 ± 4.3 0.83 [0.81; 0.95]
Strength–power athletes 130 18.3 ± 6.1 18.5 ± 7.5 0.92 [0.88; 0.94]

Endurance athletes 193 18.5 ± 4.8 18.8 ± 6.0 0.91 [0.88; 0.93]
Junior athletes (aged ≤ 18) 181 18.0 ± 0.6 18.0 ± 0.7 0.96 [0.95; 0.97]
Elite athletes (aged 19–33) 142 19.0 ± 4.4 19.6 ± 6.1 0.80 [0.72; 0.85]

Data are presented as means ± SD. ICC—intraclass correlation coefficient; 95% CI—95% confidence interval;
LB—lower bound; UB—upper bound; BIA—bioelectrical impedance analysis; BF—body fat; CUN-BAE—the
body fat prediction equation.

Overall, conformity between both methods, namely the CUN-BAE and BIA, was
detected. At the same time, the established consistency of the measurements obtained
using the two methods did not necessarily lead to agreement.



Appl. Sci. 2025, 15, 2197 7 of 13

3.2. The Bland–Altman Analysis

As shown in Figure 1A–G, the Bland–Altman graph plots represent the differences
between the BF% measured using the BIA and estimated using the CUN-BAE against the
average of the measurement in the comparison sample of elite athletes and the subsamples
stratified by sex, age, and sport discipline.
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Figure 1. (A–G) Bland–Altman plots showing the limits of agreement between BF% measured
using the BIA and estimated using the CUN-BAE in the comparison sample of elite athletes and the
subsamples stratified by sex, age, and sport discipline: (A) Elite athletes (total): the differential bias
α (differential bias): −2.7, 95% CI: −6.5; 7.1 and no β (proportional bias): −0.2; 95% CI: −0.3; −0.2.
(B) Elite male athletes: α: 0.8, 95% CI: −5.8; 7.3 and β: −0.1; 95% CI: −0.2; −0.01. (C) Elite female
athletes: α: −2.9; 95% CI: −6.9; 2.0 and no β: −0.03; 95% CI: −0.1; 0.1. (D) Elite athletes aged 14–18:
α: −0.03; 95% CI: −5.0; 5.0 and no β: −0.2; 95% CI: −0.2; 0.1. (E) Elite athletes aged 18–33: α: −0.6;
95% CI: −9.1; 7.9 and β: −0.4; 95% CI: −0.5; −0.2. (F) Strength–power athletes: α: −0.1; 95% CI:
−7.7; 7.4 and no β: −0.2; 95% CI: −0.3; −0.1. (G) Endurance athletes: α: −0.4; 95% CI: −6.6; 5.9 and
β: −0.3; 95% CI: −0.3; −0.2. Dashed lines represent 95% limits of agreement; y = 0 is a line of the
perfect average agreement. The middle red lines indicate the mean difference between the measured
and estimated BF%. Dotted black lines represent the correlation lines. BIA—bioelectrical impedance
analysis; BF—body fat; CUN-BAE—the body fat prediction equation; 95% CI—confidence interval.

The differential bias (α) of −2.7 (95% CI: −6.5; 7.1) units was represented by the gap
between the x-axis in the sample of elite athletes. The data suggested that on average,
the CUN-BAE method measured 2.7% more BF than the BIA, as the mean difference
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was nonzero. However, the Bland–Altman graph plots represented the differences in the
differential biases depending on the elite athletes’ age, sex, and sport discipline. More
specifically, on average, the CUN-BAE method measured 2.9% more BF; however, the
narrower limit of agreement range was ±4.5 BF% (from −6.9 to 2.0 BF%) in the sample of
female athletes. In the meantime, more favorable agreement was observed between the
CUN-BAE method and the BIA in the subsamples of elite athletes aged 14–18 (α: −0.03;
95% CI: −5.0; 5.0) and those competing in strength and power sports (α: −0.1; 95% CI:
−7.7; 7.4). Overall, more than 50% of the values were observed inside the limit, which
indicated that there was agreement between the two assessment methods in all groups of
athletes under analysis.

As displayed in Figure 1A–G, the variability in the proportional differences (propor-
tional biases (β)) between the two measurements tended to become smaller (the β values
ranged from −0.4 to −0.1, and the 95% CIs ranged from −0.5 to −0.2) as the averages in-
creased in the subsamples of elite male athletes, those aged 18 or over, and those competing
in endurance sports. Thus, in the athlete subsamples mentioned above, the existence of
proportional biases indicated that the two methods, namely the CUN-BAE and BIA, did
not agree equally through the range of measurements.

4. Discussion
4.1. The CUN-BAE for Intervention Goals

Although the BIA approach is commonly applied in athletes’ routines, additionally,
this study explored the concordance between the BIA and the CUN-BAE. Since reasonable
accuracy between the two different methods was found, individual errors may prevent
the replacement of the BIA approach with the CUN-BAE in interventional studies. More
specifically, in terms of the total sample of high-performance athletes studied, this study
found an agreement between the BIA method and the CUN-BAE equation method in
calculating BF%. However, our study suggested that on average, the CUN-BAE method
measured 2.7% more BF than the BIA. Our findings were consistent with the results
published by Prijatmoko et al. [50], which referred to a correlation between the CUN-BAE
equation method and the BIA method in calculating BF%. However, it was found that
the CUN-BAE method overestimated the BIA’s calculation of BF%. In contrast, Endukuru
et al. [51] found a significant absolute agreement between the CUN-BAE equation and the
BIA for the BF% in middle-aged southern Indians. Also, these authors highlighted that the
‘CUN-BAE provides precise BF% estimates similar to the BIA method making it suitable
for routine clinical practice when an access to BF% measurement devices is limited’ [51].

In addition, according to our study results, the evidence of the validity of the CUN-
BAE rests on low differential bias and moderately sized limits of agreement (95% CI: −6.5;
7.1). Thus, where the Bland–Altman plot system does not reflect statistics for seeing whether
the limits of agreement are exceeded or not [45], our study can only speculate that the
CUN-BAE’s usefulness a priori cannot be related to clinical implications or interventional
study results. This inductive hypothesis was confirmed by the results obtained from this
study, where the level of evidence of the CUN-BAE’s validity varied in different athlete
groups according to age, sex, and sports specialty.

Particularly, for the subsamples of male athletes aged 18 or over as well as those
competing in endurance sports, our study found proportional biases between the two
measurements, the CUN-BAE equation and the BIA. In this case, the findings of our
study meant that the CUN-BAE equation for measuring BF% was more appropriate for
females, junior athletes (aged from 14 to 18), and those competing in strength–power sports.
Regardless of this, when the athletes’ sex was considered, the CUN-BAE substantially
overestimated the BF% in the female athletes overall compared to that measured using the
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BIA. This difference may exist due to the disparities in the fat distribution patterns among
male and female athletes. It has been well documented that females have a higher BF% (in
terms of subcutaneous fat), which can influence the outcomes derived from the CUN-BAE
equation. This finding of our study presupposes the necessity of further research in order
to customize the algorithms of the CUN-BAE equation depending on sex variations due to
biological variances.

Furthermore, scientific research has shown that lipid metabolism during endurance
exercise is related to increased fatty acid turnover, as endurance-trained athletes have a
high oxidative capacity [52]; therefore, athletes representing aerobic sports have a relatively
lower BF%. In addition, the carbohydrate and fat metabolism in the body is more labile
during adolescence. It should be highlighted that the results produced by using the
CUN-BAE equation may be applied to populations of adolescents, too. Nonetheless, the
CUN-BAE equation created via the Bod-Pod approach could also be reconsidered and
coupled with variables related to sports activities during future research.

4.2. The CUN-BAE for Population-Based Goals

Generally, from a public health perspective, there may be a variety of reasons why
physically active individuals have their body composition assessed in a similar way to
athletes. The main reasons include determination of the effectiveness of an intervention,
as well as tracking body composition values. For intervention purposes, the method of
body composition assessment should not only be reliable but also accurate (e.g., DXA or
ADP) [2].

On the other hand, whilst the BIA method has been documented to have poorer accu-
racy for estimating BF% (in terms of errors, depending on the variability in the hydration
of the soft tissue, in the estimates of up to ~5%) compared to that of both DXA or ADP,
it is still possible to use this approach to track changes in body composition according to
specific goals or apply it to population-based studies.

Moreover, similarly to the BIA method, the CUN-BAE equations were constructed
and validated via the ADP approach for predicting body fat mass, too. Within this context,
in terms of population-based goals related to assessing BF%, the results obtained from our
study, referring to the moderate level of agreement limits between the BIA method and the
CUN-BAE equation method in calculating body fat percentages, imply the usefulness of
applying the CUN-BAE tool alongside the BMI equation where other methods, namely
DXA, ADP, or BIA, are limited.

4.3. Limitations

There may be some possible limitations of our study. All of the methods of human body
composition assessment are considered ‘indirect’; therefore, they have limited accuracy.
Even though an ‘indirect’ method for assessing BF% does not exist, both the BIA and the
CUN-BAE methods are considered ‘indirect’ methods for estimating BF%. In the present
study, the reference outcomes were estimated using the BIA; however, the gold standard
may possibly require other more complex techniques since BIA measurements can produce
random errors due to inter-individual differences in body composition, geometry, and size,
resulting in non-uniform conductivity [14].

Secondly, the raw estimations obtained via BIA differ amid devices depending on
technological and biological factors; therefore, healthcare professionals should be aware of
these factors when extrapolating prediction equations established for body composition
assessment [53].

The third limitation may be related to the changes that can occur in an athlete’s body
weight status resulting from the seasonality of their physical activity (in terms of pre- and
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in-season training); therefore, further cohort studies should be continued on the basis of
the data obtained in this single cross-sectional study.

Finally, whilst the representative sample size of the athletes was modest, the cross-
sectional study we conducted may have held some biases because such research is not able
to establish cause-and-effect relationships between the variables studied. However, taking
into account the representative sample size and the probability sampling technique used,
these study results can be generalized and transferred to populations of physically active
people exclusively through population-based studies.

5. Conclusions
This study found agreement between the BIA method and the CUN-BAE equation

method in calculating body fat percentages. Regardless of this, the CUN-BAE equation
method estimated a similar, although not identical, accuracy to that of the BIA method in
assessing adiposity in athletes.

While a purposeful body composition evaluation necessitates a solution-oriented
implementation to benefit an individual athlete [2], the bioelectrical impedance analysis
method cannot be replaced with the CUN-BAE equation as a surrogate, as it is not suitable
for routine sports medicine practice due to the moderately sized limits of agreement
between these two methods, even when access to body fat measurements via dual-energy
X-ray absorptiometry or air displacement plethysmography is not available.

Alternately, for population-based goals, the practical recommendations for sport
professionals would relate to the use of the body adiposity estimator, which could serve as
a screening tool in physically active populations in the presence of restricted techniques for
assessing their body composition.

From a public health perspective, the outcomes derived from the CUN-BAE equa-
tion could possibly be extrapolated to females, individuals competing in strength–power
sports, and adult populations. Meanwhile, the CUN-BAE equation should be applied
with caution in males aged 18 or over and athletes competing in endurance sports. Fu-
ture research should focus on constructing and validating body composition assessment
tools, accompanied by regression equations customized to sex-specific populations with
sport-specific characteristics.
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