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Featured Application: This classification applied to body fat values of Lithuanian combat sports
athletes may also encourage propositions for classifying the outcomes derived from skinfold
thickness measurements and even dual-energy X-ray absorptiometry to assist sports medicine
professionals and sports dietitians.

Abstract: Body composition as a meaningful factor can result in physiological responses in both the
physical body and general health status. Nevertheless, the schemes for establishing cut-off points for
identifying the classifications of the body fat percentage of athletes competing in combat sports still
include gaps. The aim of this study was, by using bioimpedanciometry, to calculate the percentiles for
the classification of body fat percentages in Lithuanian professional male athletes (n = 52) competing
in combat sports with weight classes. A total of 52 Lithuanian professional male athletes competing
in combat sports with weight classes were evaluated using a multi-frequency bioelectrical impedance
analysis method with frequencies ranging from 1 kHz to 1000 kHz. Percentiles P3, Py, P25, P5g, P75,
Pgg, and Pg7 were used to determine the classification. As a consequence, the following classification
categories were assigned: 6.6-7.8% (extremely low); 7.9-10.9% (very low); 11.0-14.7% (below normal);
14.8-18.8% (normal); 18.9-21.5% (above normal); 21.6-29.3% (very excessive); and >29.4% (extremely
excessive). The assessment of body composition in combat sports athletes identified an inverse
association between higher body fat levels and a decrease in the muscle-to-fat ratio (§ -1.3, 95%
confidence interval (CI): -1.5; 1.0, p < 0.001). The relationship between lower body fat percentage
and lighter weight categories in which combat sports athletes from different combat sports were
competing has been identified (§ 0.3%, 95% CI: 0.2; 0.3, p < 0.0001). The established cut-off points
may assist sports medicine professionals and sports dietitians in monitoring the adiposity of combat
sports athletes.
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1. Introduction

Body composition as a meaningful factor can result in physiological responses in both
the physical body and general health status [1]. The fat component, as a vital endocrine
organ of the body [2], not only has a multivariable impact on entire health [3], but can also
impair the involvement in physical activities [4,5], and, in the case of increased body fat
percentage levels, can lead to cardiometabolic risk [6]. Therefore, body composition mea-
surements appear to be a common practice in many sports organizations [7]. Assessments
of body weight and bodily components may be relevant in certain situations related to
sporting activities that cover weight-category sports, such as combat sports (e.g., boxing,
wrestling, judo, taekwondo, etc.) [1,7]. Within combat sports, sportsmen routinely strive
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to attain a competitive advantage by lying about their body weight to fight in a weight
category that is lighter than their typical ‘training weight’. Athletes with lower levels of
adiposity and higher fat-free mass are likely to participate more successfully in athletics
championships [8]. However, the fall of body fat levels below the recommended minimum
levels of 5% in males and below 15% in females [9] may result in malnutrition which
contributes to negative outcomes for both health and athletic performance [10]. On the
contrary, the assessment of adiposity, often calculated as a physical body fat percentage, is
a very important factor since excessive fat levels can be recognized as ‘dead weight” and
considered not useful when the body opposes gravity forces in movements such as running,
pulling, jumping, etc. [7,11-14]. Thus, in some cases, a self-implemented carbohydrate
cycling program coupled with resistance training may be required to reduce body fat
percentage and maintain muscle mass effectively in male athletes whose baseline means of
body fat levels fluctuate between 9% and 15% [15].

Regardless of the significance of monitoring body composition in elite sports, there is
no universally adapted assessment model; therefore, sports professionals often use devices
with some restrictions that are appropriate for their routine work. The search for accurate
body composition quantification methods has continued for decades. These scientific
endeavors led to the development of many quantification approaches, including ‘direct’
methods, such as cadaver dissection, and many ‘indirect’ methods [1].

The ‘indirect” evaluation of bodily properties, notably density, the distribution of
fat-free mass, and fat mass, can be performed using technologies, namely magnetic res-
onance imaging, computed X-ray tomography, and dual-energy X-ray absorptiometry
(DXA) [1]. However, these methods, being part of the second level of validity methods,
are not only complicated but are also applied using highly specialized technologies, ne-
cessitating greater financial resources. Against this background, in an attempt to estimate
the body composition in the samples of larger populations, more effortless ‘indirect’ body
composition analysis techniques, such as anthropometry (skinfold thickness measures) and
bioelectrical impedance analysis (BIA), referring to the third level of validity approaches,
have been constructed [16]. The outcomes, determined with the third level of validity
methods of both BIA and anthropometry, relate to a higher likelihood of errors compared
to the second level of validity test models (e.g., DXA) and significantly depend on the
specificity of characteristics in a sampled cohort [16]. Furthermore, previous research
studies claim that professionals [17] and athlete groups [17-19], who vary depending on
the high specificity of each particular sports discipline, are not being supported by the
anthropometric equations applied to non-athletic populations.

Taking into account that it is necessary to approve the anthropometric equations for
specific athlete populations, normative tables for body fat percentages determined using
the BIA method should also be reconsidered. Furthermore, there are several reasons for
the emergence of differences in fat percentages resulting from the measurements made
using different technologies (BIA vs. anthropometry and BIA vs. DXA). In both cases, fat
percentages measured using the BIA method are higher than the results obtained through
anthropometry [8,20-25] or DXA [26-29]; however, previous normative tables for athletes’
body fat percentages have been proposed according to the outcomes of DXA or assessments
of skinfold thickness (Table A1 (Appendix A)) [9,30].

There is no gold-standard body composition analysis technique. Even DXA, which
is preferred as the ‘gold standard” approach, was associated with only average accuracy
in estimating body fat levels [31-38]. Even though anthropometry has been replaced with
BIA as a more advanced way of assessing the change in body composition [39], among
groups of sports coaches and experts on “athletic performance’ [40], there still remains a
gap in classifying fat percentages restricted by BIA. Therefore, providing reference values
for the classification of body fat percentages could facilitate sports coaches and dietitians
in choosing the most appropriate weight category for each athlete who competes in a
weight-sensitive sport [1].
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The aim of this study was, by using bioimpedanciometry, to calculate the percentiles
for the classification of body fat percentage in Lithuanian elite male athletes competing in
combat sports with weight classes.

2. Materials and Methods
2.1. Study Participants and Procedures

This quantitative observational cross-sectional study in design was carried out between
2018 and 2020 in Lithuania. The study was conducted on Lithuanian professional male
athletes (N = 62) engaged in physical activity for Olympic disciplines such as Greco-Roman
wrestling (N = 32), boxing (N = 17), and judo (N = 13). All athletes were voluntarily
recruited and selected according to the list approved by the Lithuanian National Olympic
Committee. Considering that 62 Lithuanian professional male athletes competing in combat
sports constituted the whole target population, the determined representative sample size
is equal to 54 cases at a 95% confidence level with a 5% margin of error [41]. The quota
random sampling method was used to form a representative sample size for the study.

The inclusion characteristics were as follows: (1) professional male athletes with
>4 years (one Olympic cycle) of regular practice of combat sports; (2) participants at
national/international competitions and/or candidates for the Olympic Team; (3) par-
ticipants in the preparatory period (non-competition or pre-competition phase); (4) par-
ticipants trained under the “Tokyo 2020” program approved by the Lithuanian National
Olympic Committee; (5) participants who followed a 6-day workout schedule plan regu-
larly (>12 sessions of combat sports a week). The exclusion criteria were set as follows:
(1) male athletes who were in the act of weight cutting; (2) participants who did not agree
to participate in the study as volunteers.

Finally, originating from four major Lithuanian regions, namely Samogitia (western
Lithuania), Aukstaitija (central and eastern Lithuania), Dzukija (south-eastern Lithuania),
and Sudovia (south-northern Lithuania), 52 professional male athletes aged 21.6 & 3.4 years
competing in combat sports were included and consequently allocated into three groups:
Greco-Roman wrestlers (n = 29), boxers (n = 14), and judokas (n = 9). The mean training
experience of combat sports athletes was 7.5 + 3.4 years. Due to the constant tendency
of weight cycling, combat sports athletes were not recruited through the pre-competition
phase or the competition phase. All combat sports athletes who were enrolled in the
study during the general preparatory phase had been selected during the early part of this
period and targeted the development of a general physical base. The sports workouts were
performed 5.6 + 0.8 days per week, while the average duration of workout sessions was
152.3 & 35.5 min per day. In addition, Table 1 displays the weight categories in which male
athletes from combat sports were competing.

Table 1. Weight classes for elite male athletes from different combat sports.

Weight Classes (Upper Limit in kg) Wrestlers (%) Judokas (%) Boxers (%)
60 kg 1'2; flyweight (52 kg) 3 17.2 444 14.3
67 kg 1; 66 kg ?; featherweight (57 kg) 3 17.2 222 50
77 kg 1; 73 kg %; lightweight (63 kg) 3 24.1 - 14.3
87 kg 1.81 kg 2, welterweight (69 kg) 3 31 - -
97 kg 1; 90 kg 2; middleweight (75 kg) 3 34 222 7.1
130 kg 1; 100 kg 2; light heavyweight (81 kg) 3 6.9 - 7.1
>100 kg 2, heavyweight (>91 kg) 3 - 11.1 -
Super heavyweight (>91 kg) 3 - - 7.1

%—percentage of athletes for weight division; weight classes were expressed as upper limits (kg) of body weight:
1__weight classes for Greco-Roman male wrestlers, 2—weight classes for male judokas, 3—weight classes for male
boxers. All weight categories were adjusted according to the requirements for weight divisions of the “Tokyo 2020
Olympics’ [42,43].
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2.2. Body Composition Assessment

The body composition of elite athletes was measured in a certified laboratory at
the Lithuanian Sports Medicine Centre. The analyses of height, body weight, and body
composition were performed via X-scan (Jawon Medical Co., Jinryang Industrial Com-
plex, Gyeongsan, Republic of Korea, EN-ISO: 13488) using a multi-frequency bioelectrical
impedance analysis (MFBIA) method with frequencies ranging from 1 kHz to 1000 kHz
and clinically developed by an isotope dilution method called the ‘golden method’, capable
of predicting both intracellular and extracellular fluid values [43—46]. While applying
a body composition analyzer, significant improvements were introduced for predicting
extracellular fluid and total body water using MFBIA, as the swept multi-frequency facility
was able to differentiate the proportions of intra- and extracellular fluid. At low frequencies
(<50 kHz), the bioelectrical current was assumed to pass through the extracellular fluid.
In contrast, at frequencies above 100 kHz and up 1000 kHz (100 kHz, 250 kHz, 550 kHz,
and 1000 kHz), the current passed through all body fluids and tissues and consequently
provided various ranges and more precise information about athletes” body composition.

All athletes were informed of the necessary preparation procedures prior to the
bioimpedanciometry evaluation. The study participants were informed to make the fol-
lowing preparations: (1) to starve for 4 h, during that time no solid or liquid foods were
permitted; (2) to completely avoid taking part in moderate-intensity physical activities and
using caffeine as well as diuretic medications 24 h before the testing; (3) to urinate prior the
evaluation [20,44].

The outcomes obtained via the MFBIA are referred to height (m), fat-free mass (kg
and %), muscle mass (kg and %), and body fat mass (kg and %). The values of body
fat percentages were classified into ‘extremely low’, ‘“very low’, ‘below normal’, ‘normal’,
‘above normal’, ‘very excessive’, and ‘extremely excessive’ and were, respectively, assigned
to the percentiles of 3rd (P3), 10th (P1g), 25th (P35), 50th (P5), 75th (P75), 90th (Pyp), and
97th (Pgy) [47]. Additionally, indicators such as body mass index (BMI) (kg/ m?) [48] and
muscle-to-fat ratio (MFR) were calculated. The BMI was calculated by dividing the body
mass (kg) by height (m?). The MFR was calculated as body fat mass (kg) divided by muscle
mass (kg) [9].

2.3. Statistical Analysis

The data were tested for normality using the Shapiro-Wilk W test and assigned to
the percentiles, namely P3, Pyg, Pps, Psg, P75, Pgg, and Pyy. If the data normality was
verified, the one-way ANOVA test was used to identify the significance of the differences
among the central tendency measures in the form of means + standard deviations (SDs) in
more than two groups. The Bonferroni test was used in a post hoc procedure following
the analysis of variance. More specifically, the Bonferroni test, in combination with the
ANOVA, was applied in cases where the numerical outcomes were compared between
three independent groups.

Additionally, the multiple linear regression analysis was applied to reveal the asso-
ciation between body fat mass (%) and BMI (kg/ m?) as well as MFR. The single linear
regressions were performed to identify how weight classes used in sports may associate
with fat mass levels (%) and MFR in a sample of combat sports athletes. All the reported
p-values were calculated on two-sided tests and compared to a significance level of 5%.
Statistical analysis of cross-sectional study data was performed using Statistical Package for
the Social Sciences (IBM SPSS Statistics) V.25 for Windows (IBM Co., Armonk, NY, USA).

3. Results

The data on the anthropometric measurements for elite combat male athletes are
displayed in Table 2, namely the general characteristics of professional athletes from
combat sports, information on height, body mass, fat-free mass, musculoskeletal mass, fat
mass, body mass index (BMI), and muscle-to-fat ratio (MFR).



Appl. Sci. 2023, 13, 9885

50f12

Table 2. Anthropometric characteristic values of the elite male athletes from combat sports.

Variable Wrestlers 2 Judokas Boxers Total

Height (m) 1.8+0.1 1.7+£02 1.7 +0.1 1.7 +0.1
Body mass (kg) 749 +149* 65.8+£229 62.1 +£144 69.9 +£17.1
Fat-free mass (kg) 627 +11.1* 53.7+14.0 53.0£79 58.5 +11.7
Fat-free mass (%) pia 84.1+42 83.8+74 86.6 £ 6.4 84.7 £55
Musculoskeletal mass (kg) 583 £103* 499 £128 494171 544 +£10.8
Musculoskeletal mass (%) gra 783 +4.1 780+73 80.7 £ 6.3 789 + 54
Body fat mass (kg) 123 +£5.0 121+94 9.1+69 114+ 6.5
Body fat mass (%) pra 157+ 4.1 161 +£74 134+ 6.4 152 +54
BMI (kg/m2) 2354+ 3.2 225443 20.7 £ 3.2 22.6 3.5

MFR 54420 6.0 £3.1 75+38 6.1 £29

Data were displayed as means 4 SD; SD—standard deviation; *—Greco-Roman wrestlers; BMI-body mass index;
FMR—muscle-to-fat ratio; *—p-value (<0.05) from the Bonferroni post hoc test; fat-free mass (%), musculoskeletal
mass (%) and body fat (%) were estimated with bioelectrical impedance.

The means + SDs, as measures of the central tendency of BMI and MFR for male
athletes playing different combat sports, were 22.6 + 3.5 kg/m? and 6.1 & 2.9. The mean
fat mass was 15.2 & 5.4% (11.4 = 6.5 kg) for the combat male athletes.

While estimating the results of the Bonferroni test, significant differences (p < 0.05)
related to higher body weight (in kg), fat-free mass (in kg), and muscle mass (in kg) were
identified in the subgroup of Greco-Roman male wrestlers and later compared to those
obtained in the subgroups of boxers and judokas. However, no significant differences were
ascertained in fat-free mass (in %), body fat (in %), and MEFR in the samples of wrestlers,
judokas, and boxers (p > 0.05; all comparisons); therefore, it may be suggested that the
study subgroups were homogeneous according to the characteristics of body composition.

Table 3 shows data indicating the cut-off points for the categorization of body fat (in %)
in elite male athletes from combat sports. The body fat percentages within the range of
between 14.8% and 18.8% were considered normal (equivalent to the 50th percentile) for
combat sports athletes. Values below these scopes were classified as below normal, very
low, and extremely low, whereas those that exceeded the median values were rated as
above normal, very excessive, and extremely excessive.

Table 3. Cut-off points for body fat percentages in elite male athletes from combat sports.

Percentile Body Fat Percentage (%)  Body Mass Index (kg/m?) Classification
P3 6.6-7.8 17.8-18.5 Extremely low
Py 7.9-10.9 18.6-19.9 Very low
Pos 11.0-14.7 20.0-21.9 Below normal
Psq 14.8-18.8 22.0-24.9 Normal
Pys 18.9-21.5 25.0-27.7 Above normal
Pgg 21.6-29.3 27.8-31.4 Very excessive
Pyy >29.4 >31.5 Extremely excessive

The measures of body mass index (kg/m?) and body fat percentage (%) were used only to reveal their increasing
levels.

As shown in Figure 1, a multiple liner regression was obtained to reveal how the
magnitude and variation of body fat mass (%) may predict both BMI and MFR in a sample
of combat sports athletes. This study has detected that variations in the body fat mass of
male athletes could cause variations in both BMI and MFR. More specifically, when body
fat mass increases by 1%, BMI increases by 0.5 kg/m? (95% CI: 0.3; 0.7; p < 0.0001) and MFR
decreases by a relative unit of 1.3 (95% CI: —1.5; —1.0; p < 0.001).
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Figure 1. The association between body fat mass (%) and variables such as muscle-to-fat ratio and
body mass index (kg/ m?) in male athletes from combat sports. F (2,49) =151.1, p < 0.001, R2 =0.86.

In addition, as shown in Figure 2, single linear regressions were performed to identify
how weight classes used in sports relate to body fat mass levels (%) and MFR in combat
sports athletes. As for body fat mass in association with weight division, male competitors
from heavier categories had a higher body fat percentage with an average of 0.3% (95% CI:
0.2; 0.3; p < 0.0001). Meanwhile, the MFR values declined sequentially in line with the
increasing weight category in which combat male athletes competed (3 —0.4; 95% CI: —0.5;
—0.2; p <0.0001).
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Figure 2. (A)-the association between weight categories and body fat mass (%) in male athletes from
combat sports (F (1, 50) = 79.2, p < 0.0001, R? = 0.62); (B)—the association between weight categories
and muscle-to-fat ratio in male athletes from combat sports (F (1, 50) = 31.4, p < 0.0001, RZ =0.38);
Weight classes (WCs) in which combat male athletes were competing were allocated as follows:
Greco-Roman wrestlers were competing in WCs namely: '—<60 kg, >—60.1-67 kg, >—67.1-77 kg,
4_77.1-87 kg, 5—87.1-97 kg, —97.1-130 kg; judokas were competing in WCs namely: '—<60 kg,
2—60.1-66 kg, >—66.1-73 kg, *—73.1-81 kg, 5—81.1-90 kg, °—90.1-100 kg, ”—>100 kg; boxers were
competing in WCs namely: '—< 52 kg, 2-52.1-57 kg, 3>—57.1-63 kg, *—63.1-69 kg, >—69.1-75 kg,
6—75.1-81 kg, 7—81.1-91 kg, #—>91 kg.

4. Discussion

Taking into consideration the demand to resolve cut-off points for the classification
of body fat, BIA was applied to assure reliable measurements of the core elements of
anthropometry in a population of elite male athletes from combat sports. The results of
the present study could support sports professionals to derive cut-off values with respect
to classifying body fat percentages. The relevance of the cut-off points demonstrated for
BIA provides a new capability for allocating body fat levels in the following seven classes:

‘extremely low’, “‘very low’, ‘below normal’, ‘normal’, ‘above normal’, ‘very excessive’, and
‘extremely excessive’. On this basis, considering the fact that the preceding normative

tables have not been specified for this athletic group, a body fat percentage classification
for elite male athletes competing in combat sports has been proposed in this study. An
equivalent classification was also defined for body mass index in mature persons: ‘severe
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underweight’, ‘underweight’, ‘normal weight’, ‘overweight’, ‘moderate obesity’, ‘severe
obesity’, and ‘morbid obesity’ [49,50]. However, in the context of individual assessments,
the body mass index does not appear to be effective in eliminating the risks associated with
a waistline measurement, waist-to-hip ratio, and body fat as it displays low prognostic
values and results in biases when it comes to the interpretation of outcomes [51].

According to a recent study conducted in 2020, depending on the data of the body
composition analysis based on a DXA assessment, the mean body fat percentages among
the international-level male athletes competing in boxing, wrestling, and judo accounted
for 9.1%, 13.1%, and 14.5%, respectively [52]. In turn, our study identified that body
fat mass equaled ~15.2% (range: from 5.4 % to 30.2%) with no significant differences in
body fat percentage among athletes from different combat sports. After applying the
BIA body composition analysis method, our study revealed higher body fat levels for
athletes compared to the DXA assessment outcomes obtained in the study carried out by
Reale et al. [52]. Nevertheless, Yang et al. [45] found very strong correlations between
the DXA and different BIAs models in line with other scientific evidence, which also
suggests that DXA tends to show higher estimates of fat mass when compared to the BIAs
used [26]. Hence, in our case, the pertinence of the body fat classification was restricted
to BIA. Furthermore, our study made it clear that new classification tables for body fat
attained using different approaches should be delineated as the fluctuation of cut-off points
may lead to an underestimation or overestimation of the values obtained. In this context,
body composition monitoring using identical BIA measurement devices [26] is particularly
important for combat sports athletes seeking to compete in the appropriate weight category
while maintaining a ‘safe weight’, which, as suggested by the National Athletic Trainers’
Association (NATA) position statement, should not be below a minimum cut-off of 5% of
male body fat levels [30]. In addition, on the basis of the results of our study, it can be
hypothesized that the minimum body fat percentage needed to maintain a ‘safe weight’
demonstrated slightly higher values than the limits suggested by the NATA; thus, the fat
levels should not be below 6.6% to 7.8% according to the body composition of combat
sports athletes’ assessed using the BIA method.

The findings of this study were also consistent with other evidence suggesting that
combat sports athletes from lighter weight categories have a tendency to have a lower body
fat percentage compared to sportsmen from heavier weight divisions [20,53]. In spite of
that, our previous study also referred to the fact that almost 90% of combat athletes cut
weight aggressively on average by 4.6% using the rapid weight loss method five days before
taking part in competition [54]. Hence, it can be speculated that the body fat percentage
varies during the athletic season, and for that reason, the monitoring of body fat mass is
necessary for making the most acceptable decision on the ability of an athlete to compete
in a specific weight division. Furthermore, the findings of this research could encourage
periodic evaluations of body composition in relation to the fact that previous evidence
showed poor eating habits among combat athletes [54-56].

In some sports, the body composition of different athletes is directly related to the
physical constraints of the sport. In this respect, both high fat-free mass and low-adipose
tissue levels were associated with improved athletic performance [57]. A lower body fat
percentage could result in better aerobic fitness, powerful endurance, swift efficiency in
movement, and flexibility, while a higher body fat percentage could act as a barrier to
the development of these physical capabilities [57,58]. Our study also revealed that the
magnitude and the variation of body fat mass may predict body composition assessments
such as body mass index and muscle-to-fat ratio. Considering the evidence that an increase
of 1% in body fat may result in an increase of 0.5 kg/m? in body mass index and a decrease
of 1.3 in the muscle-to-fat ratio; consequently, the findings of this study additionally
reinforce the importance of the recommendation for monitoring the outcomes of both
adiposity and muscle-to-fat ratio among male athletes in combat sports.

As body composition plays a key role in the development of the physical fitness
and performance of athletes taking part in weight-category competitions, the implications
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we propose are consistent with the findings of the study carried out by Balci et al. [59],
Durkalec-Michalski et al. [58], Ceylan et al. [60], and Arazi et al. [61], indicating a negative
association between body fat percentage and body mass index in athletes. Aside from
these findings, lower adaptations to both aerobic and anaerobic exercises in combat sports
athletes were revealed. Furthermore, Syed-Abdul et al. [15] reported that if the percentage
of body fat is below the average values, more intense training may be necessary to reduce
body fat levels while maintaining muscle mass. However, emphasis should be laid on the
fact that athletic performance is multivariable; therefore, it demands an analysis of physical,
tactical, and technical attributes that ought not to be restricted only to anthropometric
assessment, i.e., body fat percentage.

5. Strengths and Limitations

Our study holds some strengths. The study’s guidelines can help combat sports
athletes strategically manage their body composition for improved performance within spe-
cific weight categories. By discouraging extreme low body fat levels, the study prioritizes
athlete health while ensuring sustainable practices for both performance and well-being.
The study’s clear classification of body fat percentages aids coaches and athletes in effective
training, nutrition planning, and competition strategies.

The limitations of our study are related to the evidence that the advanced cut-off
points for the classification of body fat were completed along with the body composition
assessment via the BIA method, which therefore is not in a position to be assigned for
the results obtained from the second level of validity methods such as computed X-ray
tomography, magnetic resonance, and DXA or the third level of validity method such as
anthropometry [7,40]. In addition, the readings of the BIA devices are generated on the
basis of proprietary forecasting equations concealed from potential users [40], which may
lead to biases in the interpretation of fat mass assessment results.

Taking into consideration that our study focused on combat sports male athletes with
weight categories who engaged in weight cycling before the competitions, the results
might not apply universally to athletes from various sports and sex. These suggestions are
maintained by the fact that, depending on bodily hormone variability, female athletes have
higher body fat levels compared to male athletes [62-64].

Therefore, further research is needed to calculate the percentiles for the classification
of body fat percentage in the populations of female athletes playing weight-sensitive sports.
On the other hand, the well-developed muscle-to-fat ratios of Lithuanian male athletes
playing boxing, judo, and wrestling matched the body composition profiles of elite male
athletes from other countries [52,60,65,66]. Therefore, our proposal for fat classification
could be generalized for well-trained elite male athletes representing combat sports in other
countries.

Another limitation of our study concerns the relatively small, but representative, sam-
ple size. An international multi-center sample size may be more beneficial for disclosing
the empirical data more accurately. Taking into account that the proportion of professional
male athletes from combat sports who were candidates for the Olympic games was rela-
tively low in Lithuania, the external validity of the findings of our study should be assessed
with caution.

Finally, perspective cohort studies in design are needed to investigate the changes in
body composition in response to training load in combat sports athletes.

6. Conclusions

The assessment of body composition in combat sports athletes identified an inverse
association between higher body fat levels and the decreasing muscle-to-fat ratio. Fur-
thermore, this study found a relationship between lower body fat percentages and lighter
weight categories, in which professional male athletes from different combat sports com-
peted. Consequently, our study has revealed and suggests that the cut-off points for the
classification of body fat percentages may result in maintaining the optimal weight category
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in which male athletes from combat sports will fight in coherence with the relative level of
fatty tissue.

Given that the bioelectrical impedance analysis method has been distributed globally,
it is contemplated that an advanced classification of body fat values in male athletes
from combat sports may also encourage classification propositions for outcomes derived
using skinfold thickness measurements and even dual-energy X-ray absorptiometry to
assist sports medicine professionals and sports dietitians. Finally, future experimental
studies in design should focus on the validation of our findings in cohorts of athletes from
different sports.
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Appendix A

Table Al. Normative cut-off points for body fat percentages and muscle-to-fat ratios in male athletes.

Classification Body Fat Percentage =~ Muscle-to-Fat Ratio Classification
Too low <5% <2 Insufficient
Lean 5-9% 2.1-3.39 Too small
Optimal 10-14% 3.4-4.69 Moderate
Acceptable 15-19% 4.7-6 Extensive
Excessive 20-24% >6 Maximum

The normative table was adapted by Skernevicius et al. [9].
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