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Abstract: In combat sports, competitors are separated into weight divisions, to create equality be-
tween the athletes. Consequently, rapid weight loss (RWL) is a common practice in combat sports. Al-
though the methods used to induce RWL are similar among athletes, currently, there are limited data
ﬁge;:t?; concerning the RWL methodologies used by sambo athletes. Therefore, this study aimed at determin-

ing RWL procedures among female sambo athletes. Participants in the study were top-level athletes
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competing at the World Sambo Championship held in Novi Sad. A total sample of 47 female sambo
athletes, of whom 24 were seniors (27.3 + 4 year/age, 1.61 & 0.09 m/height, 61.8 + 8.87 kg/weight)
and 23 juniors (18.7 & 0.8 year/age, 1.66 £ 0.07 m/height, 63.7 £ 12.1 kg/weight), were examined in
the study. To determine RWL methods, data were collected through a standardized questionnaire. As
a result, 88.7% of the female sambo athletes declared that they intentionally cut their weight before

Environ. Res. Public Health 2021, 18, the competition. The most commonly used methods were gradual dieting, followed by sauna, fluid
11356. https:/ /doi.org/10.3390/ restriction, and skipping meals. The most considerable influence on the RWL strategies of athletes
ijerph182111356 came from coaches and personal trainers, while physicians and dietitians were far less influential.

The results obtained from this representative sample highlight the most common practices concerning
Academic Editors: Leonor Gallardo weight cutting prior to competition among females. Therefore, there is a need to inform and educate
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1. Introduction
Publisher’s Note: MDPI stays neutral . . . . L.
Sambo is a combat sport developed in the Soviet Union at the beginning of the 20th

century. It was created as a training tool and used by the Soviet Red Army to improve
their combat abilities and physical fitness [1]. After 80 years of existence and development,
Sambo received attention and recognition from the International Olympic Committee (I0C)
and made the first steps toward inclusion into the Olympic games [2]. Weight categories
have been used for centuries to equalize competition in various different sports, especially
in sports for which the competitors” physical strength is perceived as a crucial factor in
their ultimate success. In combat sports, competitors are separated into weight divisions
in an attempt to create equality between the athletes [3]. Athletes try to cut (reduce) their
weight because of competitive and tactical advantages or psychological reasons. This also
conditions of the Creative Commons  APPlies to sambo athletes. Earlier studies revealed that nearly 90% of male and female
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creativecommons.org/ licenses /by / were observed in other combat sports [5,6]. Based on previous research, many athletes
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severe energy restriction and dehydration [7,8]. Regardless of the type of combat sport, the
methods of inducing RWL are very similar, often starting by reduced ingestion of fluids,
fasting, and skipping meals, combined with supplementation, high training loads, plastic
suit training, and sauna use [9,10]. Coming from a perspective that prioritizes athletes’
health and safety, it is important to outline that RWL practices are not without conse-
quences, primarily affecting the increase of certain blood biomarkers and psychological
parameters, such as tension, anxiety, and depression [11]. Another important topic that
must be addressed is the cognitive health of athletes. Several mechanisms explain why
cognitive and mental health may be altered among athletes who implement RWL prior to
competitions, including dehydration, hypoglycemia, and the impact of affective changes
during RWL on cognitive/mental health [12].

This article pays close attention to acute weight reduction, which is widely discussed
in the literature [3,13,14]. However, there are limited data concerning RWL among sambo
athletes. To date, and to the best of the authors’ knowledge, only two studies have examined
the magnitude of RWL practices among sambo athletes [15,16]. This study used a similar
database to the two previously mentioned studies, but examined different samples. In the
first study, researchers evaluated the overall status of RWL methods, combining results
from male and female sambo athletes. In contrast, the differences between senior and junior
male sambo athletes were evaluated in the second study. No previous study has been
conducted on female athletes. Consequently, this study aims to identify the methodologies
of RWL, with the main hypothesis set to define the most widespread methods and sources
of influence used by female sambo athletes and to determine any differences in RWL
strategies among senior and junior sambo athletes.

2. Materials and Methods
2.1. Participants

Participants in the study were top-level athletes competing at the World Sambo
Championship held in Novi Sad. A total of 483 athletes from 34 countries were competing
in the tournament. Of these, 199 participants completed the questionnaires. However,
146 athletes were excluded from the study because they were either male athletes or female
athletes younger than 18 years of age. In a further analysis, only female sambo athletes
(18+ years of age) who answered ‘yes’ on the specific question ‘Have you ever lost weight
in order to compete?” were included. A total sample of 47 athletes from 12 countries were
included for statistical analysis. They were further divided into senior (27.3 + 4 year/age,
1.61 £ 0.09 m/height,61.8 £ 8.87 kg/weight) and junior groups (18.7 £ 0.8 year/age,
1.66 £+ 0.07 m/height, 63.7 = 12.1 kg/weight). A detailed flow chart of participants is
shown in Figure 1. The study obtained ethical approval from the ethical committee of the
University of Novi Sad, Serbia (Ref. No. 46-06-02/2020-1) and was conducted according to
the Helsinki Declaration. Furthermore, all sambo athletes gave written informed consent,
with complete information about the study and questionnaires provided by the investigator.

2.2. Data Assessment

To assess the RWL methods among female sambo athletes, we adopted a standardized
RWL questionnaire developed by Artioli et al. [17]. The questionnaire consists of questions
relating to RWL behaviors, including the sources of influence and the methods used
to cut weight before a competition, but also relating to personal information, nutrition
status, and weight loss history. The frequency at which these strategies were adopted for
weight loss strategy methods was classified as (1) always, (2) sometimes, (3) almost never,
(4) never used, and (5) not used anymore; where only 1 and 2 were considered as “adopted’.
Furthermore, concerning the sources of influence, the frequencies were reported as (1) not
influential, (2) little influential (3), unsure, (4) somewhat influential, and (5) very influential;
where only 4 and 5 were considered as a source of influence. In addition, the questionnaires
were translated from the original Portuguese language to several languages (e.g., Russian,
French, Serbian, and Spanish) to facilitate data collection. The questionnaires were filled
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out in the competition venue. The investigators provided detailed information about the
questionnaires and answered any participant inquiries during the procedure.

Total number of athletes
participated on World
Championship in SAMBO
(n=483)
Excluded (N=284)
u Did not fulfilled the questionnaire
=
< Y
é Total number of athletes that
g fulfilled the questionnaire
=) (n=199)
Excluded male athletes
(2=132),
Excluded female athletes U-18
(n=17)
Total number of female athletes
(1=33)
g / \
‘ﬁ Number of senior athletes Number of junior athletes
% (0=27) (1=26)
Number of athletes Number of athletes
that declared not to that declared not to
cut the weight cut the weight
(n=3) (n=3)
& 4 ¥
= Number of seniors” athletes that Number of juniors’ athletes that
=§ declared not to cut the weight declared not to cut the weight
° (n=24) (n=23)
=]
2 Total number of athletes declared
z"’ that intentionally cut weight
‘% (n=47)

Figure 1. Flow chart of subject selection.

2.3. Statistical Analysis

All statistical and data analyses were conducted using the SPSS statistical software ver.
24.0 (IBM SPSS Statistics, Chicago, IL, USA). First, data were checked for normality using a
Kolmogorov-Smirnov test. Then we calculated descriptive statistics for variables of height,
weight, age, and experience. Differences between seniors and juniors were evaluated using
a t-test, with the significance level set at p < 0.05. For determining the differences in RWL
techniques and sources of influence, a chi-square crosstabulations test was conducted.

3. Results

A total of 88.7% (n = 47) of female sambo athletes declared that they intentionally
cut their weight before competitions. It was reported that they cut approximately 3.5 kg,
starting on average around 12 days before the competition. In addition, they reported that
they had begun these kinds of RWL practices at 15 years of age. There were no statistical
differences between these two female groups of athletes in their practice of RWL (see
Table 1).
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Table 1. Weight reduction history reported by two categories of sambo competitors.

Group Mean SD t r

How much weight do you usually cut before the Senior 3.5 14 126 022
competition? (kg) Junior 3 1.5 ) )

How many days before the competition do you Senior 11.9 10.2 017 0.97
usually cut weight? (days) Junior 11.87 9 ’ )

At what age did you start to cut weight before a Senior 15.5 52 196 0.27
competition? (years) Junior 14.2 2.7 ) )

How much weight do you usually regain after a Senior 52 9.7 194 022
competition? (kg) Junior 2.7 1.3 ) ’

Legend: SD—standard deviation; t—independent t-test; p—probability.

The greatest influence on the RWL strategies of athletes (calculated as the sum of
the answers ‘somehow influential” and ‘very influential’) came from coaches (67.4%) and
personal trainers (43.7%), while physicians (12.7%) and dietitians (19.1%) had a smaller
influence. The only statistically significant difference between subgroups was noted for the
influence of fellow sambists (25% vs. 21.7%, p = 0.02) (see detailed in Table 2).

Table 2. Frequency distribution of athlete influential persons during RWL.

Source of

Not Little Somehow Very

Influence Group Influential Influential Unsure Influential Influential X2 p
Seniors 9 (37.5%) 6 (25%) 0 (0%) 6 (25%) 3 (12.5%)
Teammate Juniors 6(261%)  7(304%)  2(87%)  5(21.7%) 3 (13%) 275 0.6
, Seniors 13 (54.2%) 0 (0%) 5(208%)  4(167%) 2 (8.3%) .
Fellow sambist Juniors 9(39.1%)  8(34.8%)  1(4.3%) 3 (13%) 2 (8.7%) 11.5 0.02
. Seniors 12(50%) 8 (33.3%) 0 (0%) 1(42%) 3 (12.5%)
Physician Juniors 16 (69.6%) 3 (13%) 1 (4.3%) 0 (0%) 2 (8.7%) 6.03 0.3
b o Seniors 10 (41.7%) 3 (12.5%) 0 (0%) 8(333%) 5 (20.8%) o4 027
ersonal trainer Juniors 8 (34.8%) 3 (13%) 3 (13%) 5 (21.7%) 3 (13%) : :
Seniors 3(125%) 2 (8.3%) 0 (0%) 11 (45.8%) 7 (29.2%)
Coach Juniors 5 (21.7%) 3 (13%) 287%)  5(217%)  8(348%) 02 0.29
b Seniors 9(375%)  3(125%)  2(83%)  4(167%)  5Q08%) 0.3
arents Juniors 7 (30.4%) 5 (21.7%) 1 (4.3%) 5 (21.7%) 5 (21.7%) : :
L Seniors 15 (625%) 2 (8.3%) 2 (8.3%) 2(83%)  3(12.5%)
Dietitian Juniors 17 (73.9%) 0 (0%) 2 (8.7%) 3 (13%) 1(4.3%) 3.31 0.51

Legend: x2—chi-square test; p—probability; *—significant.

Concerning the methods that athletes applied during RWL, there were no statistical
differences between seniors and juniors. The most commonly used methods by both groups
combined for RWL (calculated as the sum of the answers ‘always’ and ‘sometimes’) were
gradual dieting (83%), followed by sauna (72.9%), fluid restriction (72.4%), and skipping
meals (70.3%). The less common methods were the usage of laxatives (6.4%), vomiting
(6.4%), diuretics (12.7%), and diet pills (10.7%) (see detailed in Table 3).
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Table 3. Frequency distribution of methods used during RWL.

. Do not Use
Source of Influence Group Always Sometimes Rarely Never It Anymore X2 p
. Seniors 10 (417%) 10 (41.7%) 4(16.7) 0 (0%) 0 (0%)
Gradual dieting Juniors 10 (43.5%) 9 (39.1%) 2 (8.7%) 2 (8.7%) 0 (0%) 27 0.44
o Seniors 5 (20.8%) 12 (50) 3(12.5) 3 (12.5) 1(4.0)
Skipping meals Juniors 6 (26.1%) 14 (60.9%) 2 (8.7%) 1(4.3%) 0 (0%) 242 066
. Seniors 2 (8.3%) 12 (50%) 1(4.2%) 6 (25%) 3 (12.5%)
Fasting Juniors 2 (8.7%) 13(56.5%) 2(8.7%) 4(17.4%) 2 (8.7%) 0.95 0.92
Restricting fluid Seniors 7 (29.2%) 8 (33.3%) 3 (12.5%) 4(16.7%) 2 (8.3%) 252 o
ingestion Juniors 6 (26.1%) 12 (52.2%) 3 (13%) 2 (8.7%) 0 (0%) ’ :
. Lo Seniors 10 (41.7%) 7 (29.2%) 6 (25%) 0 (0%) 1(4.2%) 054 091
nicreased exercise Juniors 8 (34.8%) 7 (30.4%) 6 (26.1%) 0 (0%) 2 (8.7%) : :
Training in heated Seniors 4(16.7%) 7 (29.2%) 7(29.2%) 6 (25%) 0 (0%) 3.63 0.30
room Juniors 4(17.4%) 12 (52.2%) 5 (21.7%) 2 (8.7%) 0 (0%) : :
Seniors 7 (29.2%) 8 (33.3%) 1(4.2%) 5 (20.8%) 3 (12.5%)

. Juniors 7 (30.4%) 12 (52.2%) 2 (8.7%) 2 (8.7%) 0 (0%) 54 0.25
Training in Seniors 1 (4.2%) 12 (50%) 3 (12.5%) 5 (20.8%) 3 (12.5%) 8.57 0.07
plastic suits Juniors 7 (30.4%) 8 (34.8%) 2 (8.7%) 6 (26.1%) 0 (0%) - :

Using a plastic suit Seniors 2 (8.3%) 5 (20.8%) 3 (12.5%) 11 (45.8%) 3 (12.5%) Lo 09
all day Juniors 2 (8.7%) 6 (26.1%) 3 (13%) 11 (47.8%) 1(4.3%) - :
o Seniors 4(16.7%) 3 (12.5%) 2 (8.3%) 13(54.2%) 2 (8.3%)
Spitting Juniors 1(4.3%) 7 (30.4%) 5 (21.7%) 10 (43.5%) 0 (0%) 7.06 0.13
, Seniors 0 (0%) 1(4.2%) 1(4.2%) 17 (70.8%) 5 (20.8%)
Laxative Juniors 0 (0%) 2 (8.7%) 4(17.4%) 16 (69.6%) 1(43%) 481 0.19

o Seniors 0 (0%) 3 (12.5%) 3 (12.5%) 14 (58.3%) 4(16.7%)

Diuretics Juniors 1(4.3%) 2(8.7%) 0 (0%) 20 (87%) 0 (0%) 9.24 0.06

o Seniors 1(4.2%) 1(4.2%) 1(4.2%) 18 (75%) 3 (12.5%)

Diet pills Juniors 1(4.3%) 2 (8.7%) 1 (4.3%) 19 (82.6%) 0 (0%) 3.34 0.50
N Seniors 0 (0%) 1(4.2%) 2 (8.3%) 18 (75%) 3 (12.5%)
Vomiting Juniors 0 (0%) 2 (8.7%) 1 (4.3%) 19 (82.6%) 1 (4.3%) 1.67 0.64

Legend: x2—chi-square test; p—probability.

4. Discussion

The goal of this study was to determine the methods and influences among female
sambo athletes during RWL practices. This study is one of the first studies to evaluate
the issue of RWL among elite female athletes. It is essential to put a focus on this specific
problem, in terms of their well-being and long-term health. Almost all participants in this
study, both seniors and juniors, reported cutting weight before competitions (88.7%). There
were only small differences between young and experienced athletes, and this occurrence
could partly be explained by the fact that most were influenced by coaches. In addition,
sambo athletes start their RWL strategies at a very young age, which could also have
contributed to similar results being obtained between seniors and juniors. Furthermore, it
was detected that senior athletes seek advice more often from their fellow sambists and
share their experiences among themselves concerning RWL methods. The most signifi-
cant influence on the RWL strategies of both seniors and juniors was had by coaches and
personal trainers. Another interesting point, although not statistically significant, was
the percentage of body weight that athletes regain after RWL. It was noticed that seniors
regain much more weight in comparison to juniors (5.2 kg vs. 2.9 kg, respectively). This
jump or yo-yo effect is not very rare or uncommon. In previous research, it was also
observed that weight usually rebounds during the gaining phase to a value higher than
the starting value [18,19]. This causes athletes to conduct more aggressive methods in
the future to enter the desired weight category. Moreover, commonly used RWL could
lead to both acute (lower energy state) and chronic consequences (development of cardio-
vascular diseases) [20]. Similar findings were noted among male sambists, where senior
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athletes also regained more weight compared to juniors [16]. Furthermore, in the study by
Drid et al. [15], conducted with male and female sambo athletes, complementary results
were obtained in terms of the methods and influences used during RWL. The most common
methods in our study were gradual dieting and skipping meals, fluid restriction, and sauna
use. In the study conducted on Judo athletes by Artioli et al. [4], similar methods were
reported. In addition, comparable results were found among high-school wrestlers [8,21].
Coaches and personal trainers were the most influential among our sample. In alignment
with our findings, other studies reported that the coach is the most influential person when
athletes intend to cut their weight [22]. Educating trainers about the potential side effects
of weight loss should be prioritized in the future. Furthermore, we noticed that dietitians
and physicians had low levels of influence among athletes. It seems that there is a certain
gap of trust between science and practice. Practitioners must prioritize athletes’ health
and outline safety considerations concerning RWL. A possible practical implication could
be holding more educational seminars concerning the topic of RWL. The main topic of
education should be the emphasis on the harmfulness of excessive weight loss, especially
if it exceeds 5% of body weight [23], and to highlight the harmfulness of certain methods
regarding the long-term health of athletes.

RWL can negatively affect cognitive performance. Numerous mechanisms have been
suggested in an attempt to explain why cognitive changes occur during RWL. These
explanations include the systematic effects of dehydration, hyperglycemia, and affective
changes to memory and cognitive perception [11,24,25]. For example, in the study of
Choma et al. [26], wrestlers achieved a poorer cognitive score on two out of six tests
and had negative mood changes after RWL, compared to the control group. Marriott
and Carlson [27] found similar results. These changes could possibly negatively affect
performance during competition, but most importantly, they can have negative implications
for the long-term health-related quality of life among athletes. Furthermore, RWL can
induce both acute [28,29] and chronic [30] hormonal imbalances. This could be followed by
loss in bone density and impair the immune function of athletes [30,31]. Finally, RWL can
significantly increase the risk of injuries [32]. In addition, it was noted that females had a
greater injury risk than males, when conducting RWL strategies. All of these findings lead
to an important question: Is it time to ban RWL from combat sports? In one recent opinion
paper, Artioli [33] suggested that RWL should be banned in combat sports. In his detailed
explanation, he stated that all three world anti-doping agency criteria to ban a substance
or method are met. Thus, RWL could, indeed, enhance sport performance, have certain
risks to athletes” health, and, although debatable, violate the spirit of the sport. Banning
RWL procedures would prioritize the health and safety of the athlete, fair play, and finally
would improve or bring back the true spirit of the sport.

The current study has a few limitations. First, the methodology is lacked an experimen-
tal approach. Due to COVID-19, the championship was organized following a particular
set of procedures named ‘the bubble’; a sort of quarantined sports competition, whereby
athletes were only able to spend time in a hotel or sports arena, and researchers were unable
to evaluate any other physiological parameters of RWL, such as detailed body composition
parameters (e.g., bioimpedance), blood biomarkers (e.g., CK, Myoglobin, Aldolase, LDH),
or urine samples (e.g., Urca, BUN). For future investigations, the authors may consider
the use of the bioimpedance methods, important for determination of changes regarding
body weight and cellular health [34]. In addition, we did not track any changes before and
after RWL procedures. Second, the current study only had an explorative purpose, and
even though we ensured that the questionnaire was anonymous, the participants could
have been biased in their answers, and our investigation could not reveal if the athletes
were sincere regarding their adopted practices. Despite these limitations, the study covers
a topic that has never been previously addressed in female sambo athletes and provides a
foundation for future studies.
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5. Conclusions

In this cross-sectional study, we observed methods and influence on RWL among elite
female sambo athletes. The results obtained from this representative sample highlight the
most common practices concerning weight cutting prior to competition. The majority of
athletes (88.7%) practice RWL strategies. We did not find any differences between younger
and older athletes, most probably because athletes start RWL practices at a very young
age. The most widely used methods (dehydration, restricted diet, etc.) can be harmful and
negatively affect athletes” long-term health. Therefore, RWL, whether in the male or female
population, is a major problem. In addition to the practices used by athletes in this paper,
we indicated in detail the impact of RWL on several aspects of health. Both of the groups
reported that the most influential person on their RWL strategies was their coach, while at
the same time, experienced athletes sought advice more often from their fellow sambists. It
is concerning that athletes rarely look for advice from a dietician or a physician. Finally,
with all of the above in mind, athletes and coaches need to find better ways of practicing
RWL or eventually even consider stopping its use. The education of coaches and athletes
could be key to the mission of improving and advancing sambo.

Author Contributions: Conceptualization, N.T., M.R., VS., D.S., S.T. and PD.; Data curation, N.T,,
B.T.,, A.Z., ]K. and S.V.; Formal analysis, N.T.,, M.R., V.S. and PD,; Funding acquisition, D.S. and P.D.;
Investigation, N.T., M.R,, B.T., A.Z. and ] K.; Methodology, N.T. and P.D.; Project administration,
N.T.; Resources, P.D.; Software, N.T., M.R. and V.S.; Supervision, D.S., S.T. and P.D.; Validation, S.V;
Visualization, N.T.; Writing—original draft, N.T., M.R., VS.and PD,; Writing—review & editing, N.T.,
MR, BT, A.Z,JK, VS, DS, 5.V, S.T. and PD. All authors have read and agreed to the published
version of the manuscript.

Funding: This work has been supported by the Serbian Ministry of Education, Science, and Techno-
logical Development (179011) and Provincial Secretariat for Higher Education and Scientific Research
(142-451-2094).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of
University of Novi Sad, Serbia (Ref. No. 46-06-02/2020-1).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We thank International Sambo Federation (FIAS) for permission to conduct
this research.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

References

1. Drid, P; Tabakov, S.; Eliseev, S.; Selimovic, N.; Jaksi¢, D.; Trivi¢, T.; Ostoji¢, S. Somatotypes of elite male and female junior sambo
athletes. Arch. Budo 2018, 14, 189-195.

2. Trivic, T; Eliseev, S.; Tabakov, S.; Raonic, V.; Casals, C.; Jahic, D.; Jaksic, D.; Drid, P. Somatotypes and hand-grip strength analysisof
elite cadet sambo athletes. Medicine 2020, 99, €18819. [CrossRef]

3.  Reale, R;; Slater, G.; Burke, L.M. Acute-Weight-Loss Strategies for Combat Sports and Applications to Olympic Success. Int. J.
Sports Physiol. Perform. 2017, 12, 142-151. [CrossRef]

4. Artioli, G.G.; Gualano, B.; Franchini, E.; Scagliusi, F.B.; Takesian, M.; Fuchs, M.; Lancha, A.H., Jr. Prevalence, magnitude, and
methods of rapid weight loss among judo competitors. Med. Sci. Sports Exerc. 2010, 42, 436—442. [CrossRef]

5. Alderman, B.L.; Landers, D.M.; Carlson, ].O.; Scott, ].R. Factors related to rapid weight loss practices among international-style
wrestlers. Med. Sci. Sports Exerc. 2004, 36, 249-252. [CrossRef] [PubMed]

6.  Viveiros, L.; Moreira, A.; Zourdos, M.C.; Aoki, M.S.; Capitani, C.D. Pattern of weight loss of young female and male wrestlers. J.
Strength Cond. Res. 2015, 29, 3149-3155. [CrossRef]

7.  Filaire, E.; Maso, F.; Degoutte, E.; Jouanel, P; Lac, G. Food restriction, performance, psychological state and lipid values in judo

athletes. Int. J. Sports Med. 2001, 22, 454—459. [CrossRef]


http://doi.org/10.1097/MD.0000000000018819
http://doi.org/10.1123/ijspp.2016-0211
http://doi.org/10.1249/MSS.0b013e3181ba8055
http://doi.org/10.1249/01.MSS.0000113668.03443.66
http://www.ncbi.nlm.nih.gov/pubmed/14767247
http://doi.org/10.1519/JSC.0000000000000968
http://doi.org/10.1055/s-2001-16244

Int. J. Environ. Res. Public Health 2021, 18, 11356 8of8

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kiningham, R.B.; Gorenflo, D.W. Weight loss methods of high school wrestlers. Med. Sci. Sports Exerc. 2001, 33, 810-813.
[CrossRef]

Reale, R; Slater, G.; Burke, L.M. Weight management practices of Australian Olympic combat sport athletes. Int. ]. Sports Physiol.
Perform. 2018, 13, 459—466. [CrossRef]

Langan-Evans, C.; Close, G.L.; Morton, ].P. Making weight in combat sports. Strength Cond. J. 2011, 33, 25-39. [CrossRef]
Roemmich, ].N.; Sinning, W.E. Weight loss and wrestling training: Effects on growth-related hormones. J. Appl. Physiol. 1997, 82,
1760-1764. [CrossRef] [PubMed]

Landers, D.M.; Arent, S.M.; Lutz, R.S. Affect and cognitive performance in high school wrestlers undergoing rapid weight loss. J.
Sport Exerc. Psychol. 2001, 23, 307-316. [CrossRef] [PubMed]

Lakicevic, N.; Roklicer, R.; Bianco, A.; Mani, D.; Paoli, A.; Trivic, T.; Ostojic, S.M.; Milovancev, A.; Maksimovic, N.; Drid, P. Effects
of rapid weight loss on judo athletes: A systematic review. Nutrients 2020, 12, 1220. [CrossRef]

Matthews, J.J.; Stanhope, E.N.; Godwin, M.S.; Holmes, MLE.; Artioli, G.G. The magnitude of rapid weight loss and rapid weight
gain in combat sport athletes preparing for competition: A systematic review. Int. J. Sport Nutr. Exerc. Metab. 2019, 29, 441-452.
[CrossRef]

Drid, P; Figlioli, E.; Lakicevic, N.; Gentile, A.; Stajer, V.; Raskovic, B.; Vojvodic, N.; Roklicer, R.; Trivic, T.; Tabakov, S.; et al.
Patterns of rapid weight loss in elite sambo athletes. BMC Sports Sci. Med. Rehabil. 2021, 13, 39. [CrossRef]

Figlioli, F; Bianco, A.; Thomas, E.; Stajer, V.; Korovljev, D.; Trivic, T.; Maksimovic, N.; Drid, P. Rapid Weight Loss Habits before a
Competition in Sambo Athletes. Nutrients 2021, 13, 1063. [CrossRef]

Artioli, G.G.; Scagliusi, F.; Kashiwagura, D.; Franchini, E.; Gualano, B.; Junior, A.L. Development, validity and reliability of a
questionnaire designed to evaluate rapid weight loss patterns in judo players. Scand. . Med. Sci. Sports 2010, 20, e177—-187.
[CrossRef] [PubMed]

Sundgot-Borgen, J.; Garthe, I. Elite athletes in aesthetic and Olympic weight-class sports and the challenge of body weight and
body compositions. J. Sports Sci. 2011, 29, S101-5114. [CrossRef]

Steen, S.N.; Oppliger, R.A.; Brownell, K.D. Metabolic effects of repeated weight loss and regain in adolescent wrestlers. JAMA
1998, 260, 47-50. [CrossRef]

Miles-Chan, J.L.; Isacco, L. Weight cycling practices in sport: A risk factor for later obesity? Obes. Rev. 2021, 22, e13188. [CrossRef]
Oppliger, R.A.; Steen, S.A.; Scott, ].R. Weight loss practices of college wrestlers. Int. ]. Sport Nutr. Exerc. Metab. 2003, 13, 29—46.
[CrossRef]

Berkovich, B.E.; Stark, A.H.; Eliakim, A.; Nemet, D.; Sinai, T. Rapid weight loss in competitive judo and taeckwondo athletes:
Attitudes and practices of coaches and trainers. Int. |. Sport Nutr. Exerc. Metab. 2019, 29, 532-538. [CrossRef]

Khodaee, M.; Olewinski, L.; Shadgan, B.; Kiningham, R.R. Rapid weight loss in sports with weight classes. Curr. Sports Med. Rep.
2015, 14, 435—-441. [CrossRef]

Epstein, Y.; Armstrong, L.E. Fluid-electrolyte balance during labor and exercise: Concepts and misconceptions. Int. J. Sport Nutr.
Exerc. Metab. 1999, 9, 1-12. [CrossRef]

Mellman, M.J.; Davis, M.R.; Brisman, M.; Shamoon, H. Effect of antecedent hypoglycemia on cognitive function and on glycémie
thresholds for counterregulatory hormone secretion in healthy humans. Diabetes Care 1994, 17, 183-188. [CrossRef]

Choma, C.W,; Sforzo, G.A.; Keller, B.A. Impact of rapid weight loss on cognitive function in collegiate wrestlers. Med. Sci. Sports
Exerc. 1998, 30, 746-749. [CrossRef] [PubMed]

Marriott, B.M.; Carlson, S.J. Committee on Military Nutrition Research Recommendations and Conclusions. In Nutritional
Needs in Cold and in High-Altitude Environments: Applications for Military Personnel in Field Operations; National Academies Press:
Washington, DC, USA, 1996; pp. 59-80.

Degoutte, F.; Jouanel, P; Begue, R.].; Colombier, M.; Lac, G.; Pequignot, ].M.; Filaire, E. Food restriction, performance, biochemical,
psychological, and endocrine changes in judo athletes. Int. J. Sports Med. 2006, 27, 9-18. [CrossRef]

McMurray, R.G.; Proctor, C.R.; Wilson, W.L. Effect of caloric deficit and dietary manipulation on aerobic and anaerobic exercise.
Int. J. Sports Med. 1991, 12, 167-172. [CrossRef] [PubMed]

Prouteau, S.; Pelle, A.; Collomp, K.; Benhamou, L.; Courteix, D. Bone density in elite judoists and effects of weight cycling on
bone metabolic balance. Med. Sci. Sports Exerc. 2006, 38, 694-700. [CrossRef]

Suzuki, M.; Nakaji, S.; Umeda, T.; Shimoyama, T.; Mochida, N.; Kojima, A.; Mashiko, T.; Sugawara, K. Effects of weight reduction
on neutrophil phagocytic activity and oxidative burst activity in female judoists. Luminescence 2003, 18, 214-217. [CrossRef]
[PubMed]

Kim, ].C.; Park, K.J. Injuries and rapid weight loss in elite Korean wrestlers: An epidemiological study. Physician Sportsmed. 2020,
49, 308-315. [CrossRef] [PubMed]

Artioli, G.G.; Saunders, B.; Iglesias, R.T.; Franchini, E. It is time to ban rapid weight loss from combat sports. Sports Med. 2016, 46,
1579-1584. [CrossRef] [PubMed]

Bongiovanni, T.; Mascherini, G.; Genovesi, F; Pasta, G.; Iaia, EM.; Trecroci, A.; Ventimiglia, M.; Alberti, G.; Campa, F.
Bioimpedance Vector References Need to Be Period-Specific for Assessing Body Composition and Cellular Health in Elite
Soccer Players: A Brief Report. J. Funct. Morphol. Kinesiol. 2020, 5, 73. [CrossRef] [PubMed]


http://doi.org/10.1097/00005768-200105000-00021
http://doi.org/10.1123/ijspp.2016-0553
http://doi.org/10.1519/SSC.0b013e318231bb64
http://doi.org/10.1152/jappl.1997.82.6.1760
http://www.ncbi.nlm.nih.gov/pubmed/9173938
http://doi.org/10.1123/jsep.23.4.307
http://www.ncbi.nlm.nih.gov/pubmed/28682197
http://doi.org/10.3390/nu12051220
http://doi.org/10.1123/ijsnem.2018-0165
http://doi.org/10.1186/s13102-021-00267-3
http://doi.org/10.3390/nu13041063
http://doi.org/10.1111/j.1600-0838.2009.00940.x
http://www.ncbi.nlm.nih.gov/pubmed/19793217
http://doi.org/10.1080/02640414.2011.565783
http://doi.org/10.1001/jama.1988.03410010055034
http://doi.org/10.1111/obr.13188
http://doi.org/10.1123/ijsnem.13.1.29
http://doi.org/10.1123/ijsnem.2018-0367
http://doi.org/10.1249/JSR.0000000000000206
http://doi.org/10.1123/ijsn.9.1.1
http://doi.org/10.2337/diacare.17.3.183
http://doi.org/10.1097/00005768-199805000-00016
http://www.ncbi.nlm.nih.gov/pubmed/9588618
http://doi.org/10.1055/s-2005-837505
http://doi.org/10.1055/s-2007-1024662
http://www.ncbi.nlm.nih.gov/pubmed/1860739
http://doi.org/10.1249/01.mss.0000210207.55941.fb
http://doi.org/10.1002/bio.727
http://www.ncbi.nlm.nih.gov/pubmed/12950057
http://doi.org/10.1080/00913847.2020.1824536
http://www.ncbi.nlm.nih.gov/pubmed/32928031
http://doi.org/10.1007/s40279-016-0541-x
http://www.ncbi.nlm.nih.gov/pubmed/27102173
http://doi.org/10.3390/jfmk5040073
http://www.ncbi.nlm.nih.gov/pubmed/33467288

	Introduction 
	Materials and Methods 
	Participants 
	Data Assessment 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

