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Background: Grappling is a wrestling style that combines different techniques such as
freestyle wrestling, jiu-jitsu, judo, sambo, and others. As with other combat sports, it
requires categorizing the athletes in weight classes, which leads to the use of certain
methods to lose body weight in a short amount of time which poses a serious threat to
athletes’ health and wellbeing. Therefore, the objective of this study was to investigate
the most widespread rapid weight loss (RWL) methods and sources of influence used
by grappling athletes.

Methods: A total of 145 athletes took part in the study by voluntarily filing out a
questionnaire regarding their weight loss techniques and methods. They were divided
into two groups, male (27.7 + 5.2 years, 1.76 £+ 0.13 m, and 82.1 £ 20 kg) and female
(27.33 £+ 6.3 years, 1.65 £+ 0.08 m, and 64.3 £+ 10.4 kg), for further statistical analysis.
After calculating descriptive statistics for all the variables, a t-test was conducted for
gender differences in weight loss and weight regain, and a chi-square test measured
the diversity in techniques and source of influence.

Results: Out of 145 participants, 120 athletes (85.2%) reported engaging in rapid
weight loss prior to weigh-in. Coaches (52.4 and 59%) and teammates (42.6 and
22.1%) seemed to be the most influential on their rapid weight-loss strategies, whereas
physicians (17.1 and 17.9%) and parents (23.2 and 23.1%) were the least influential.
A statistical difference between men and women (p = 0.05) was found when teammates
were a source of influence (42.6 and 21.1%, respectively). Regarding the methods used,
both groups practiced gradual dieting (85.4 and 79.5%) as the most prevalent, followed
by increased exercise (79 and 66.6%) and sauna (78.7 and 66.6%). Moreover, men
trained in plastic suits significantly more often than women (67.1 vs. 41%, p = 0.01).

Conclusion: Rapid weight loss is detrimental to athletes’ health and wellbeing. Hence,
it is crucial to find and implement methods that will control and ultimately limit its use
in combat sports. Physicians and nutritionists need to be closely linked with the staff,
collaborate and supervise the weight cutting.
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INTRODUCTION

Rapid weight loss (RWL) is characterized by temporary weight
loss of at least 5% of body weight, mainly 2-3 days before
the weigh-in (Artioli et al., 2016). It is highly prevalent among
combat sports where athletes tend to compete at the lightest
weight possible, believing that it will provide an advantage
over their opponent (Gann et al., 2015). Reports from previous
studies (Artioli et al.,, 2010b; Brito et al., 2012) indicate that
RWL is achieved through a combination of aggressive and
harmful methods, highly prevalent among competitors (Artioli
et al., 2016). Certainly, the most common methods for RWL
practices include fluid restriction and dehydration, long periods
of fasting, and high-intensity exercise in plastic suits (Brito et al.,
2012). Coming from the perspective that prioritizes athletes’
health, several health-related issues are linked to RWL, including
acute and chronic effects such as hypohydration and reduced
plasma volume (Reljic et al., 2013), which lead to the increased
risk of cardiovascular problems (Gonzilez-Alonso et al., 1997).
Moreover, RWL can result in a hormonal imbalance (Roemmich
and Sinning, 1997), bone loss (Prouteau et al., 2006), and
suppression of immune function (Suzuki et al., 2003). RWL can
jeopardize athletes’ health, primarily affecting the increase of
specific blood biomarkers and psychological parameters, such
as tension, anxiety, and depression (Roemmich and Sinning,
1997). In 1997 three wrestlers experienced cardiorespiratory
and thermoregulatory complications while preparing for a
competition which led to a fatal outcome due to practicing RWL
techniques (Centers for Disease Control and Prevention [CDCP],
1998). Also, two MMA fighters died between 2013 and 2016 on
similar occasions (Crighton et al., 2016). These lead to certain rule
changes, but RWL is still one of the biggest problems in sports
with weight categories.

The magnitude of RWL among sports may be determined by
the type of sport, competition structure (one match event vs.
tournament), and duration between weigh-in and competition
(Matthews et al., 2019). For example, it was reported recently that
87% of sambo athletes cut their weight before the competition
(Drid et al., 2021), and almost 90% of female sambo athletes
reported doing the same (Todorovic et al., 2021). Wrestling is
the most commonly studied sport for RWL, with the prevalence
of RWL among wrestlers varying between 40 and 90% (Khodaee
et al., 2015). However, wrestling has several different styles, and
all of these differences among the styles can be viewed as a
sport on its own. For instance, grappling is a wrestling style
that combines techniques originated in different sports such as
Freestyle Wrestling, Brazilian Jiu-Jitsu, Judo, Sambo. Grappling
is divided into two styles: Gi, where athletes wear a kimono,
and No-Gi, where athletes wear shorts and a compression shirt
(United World Wrestling [UWW], 2021). The aim of grappling
is to take down, control, and submit the opponent on the
ground (Stajer and Marinkovic, 2013). Interestingly, because
most of the fight time wrestlers spend on the ground, it can
be considered one of the safest wrestling sports to practice
(United World Wrestling [UWW], 2021).

Based on the authors’ knowledge, no previous studies
evaluated the magnitude of RWL among grappling athletes.

Therefore, this study aimed to identify the methodologies
of RWL, with the central hypothesis set to determine the
most widespread methods and sources of influence used by
grappling athletes and to determine any differences in RWL
strategies among genders.

MATERIALS AND METHODS

Data Assessment

To evaluate RWL methods among male and female wrestlers,
we adopted a standardized and validated RWL questionnaire
developed by Artioli et al. (2010c¢). This self-reporting instrument
designed to assess RWL patterns consists of 21 items relating to
personal information, competitive level, nutrition status, RWL
history, and RWL behaviors. To better assess and evaluate RWL
magnitude among athletes, the questionnaires were translated
from the original Portuguese language to several languages
(e.g., Russian, Italian, Spanish, French, Serbian, Romanian,
German, and Bulgarian) to facilitate data collection. Thus far,
the questionnaire was validated in Portuguese and French only
(Pélissier et al., 2021). All of the questionnaires were anonymous.
Also, investigators were available to athletes to provide detailed
information about the questionnaires and answer any questions
during the procedure if necessary.

Subjects

Participants in the study were top-level athletes competing
at the World Wrestling Championship in Belgrade, Serbia.
A total of 231 athletes from 22 countries were competing in
the tournament. Of these, 145 participants from 16 countries
completed the questionnaires: Ukraine (18.5%), Russia (17.1%),
Kazakhstan (11.6%), United States (7.5%), Kyrgyzstan (6.2%),
Italy (6.2%), Spain (5.5%), France (5.5%), India (4.1%), Serbia
(4.1%), Romania (3.4%), Moldova (2.7%), Armenia (2.7%),
Germany (2.1%), Belorussia (1.4%), and Bulgaria (1.4%).
They were further divided into two groups: male athletes
(27.7 £ 5.2 years, 1.76 £ 0.13 m, and 82.1 £ 20 kg) and female
athletes (27.33 £ 6.3 years, 1.65 £ 0.08 m, and 64.3 & 10.4 kg).
The selection of participants is displayed in detail in Figure 1.
The study was conducted according to the Helsinki Declaration
(Hellmann et al., 2014) and obtained ethical approval from the
Ethical Committee of the University of Novi Sad, Serbia (Ref.
No. 46-06-02/2020-1). The investigators provided an extensive
explanation of the purpose, objectives, and goals of the study,
and all of the athletes gave written informed consent to their
voluntary participation in the study.

Statistical Analysis

Collected data were analyzed using SPSS statistical software (ver.
24.0) (IBM Statistics, Armonk, NY, United States). First, data
were checked for normality using a Kolmogorov-Smirnov test.
Descriptive statistics were calculated for all the variables involved
in the analysis, including height, weight, RWL frequency, RWL
methodology, and influence in weight-cutting practices. Then,
gender differences regarding weight loss and weight regain were
evaluated through a t-test, while diversity in RWL techniques and
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FIGURE 1 | Flow-chart of participants selection.

source of influence was calculated through the Chi-square test.
The significance level was set at p = 0.05.

RESULTS

From a total sample of 145 athletes, 120 athletes (82.5%) reported
cutting their weight before competitions. Athletes usually start
cutting weight 9 days before the competition and they normally
cut approximately 3.9 and 3 kg, for men and women, respectively.
They reported starting their RWL practices at 19 years of
age. There were no statistical differences between genders in
information concerning cutting weight history (see Table 1).

The most significant influence in RWL strategies on athletes
had coaches (52.4 and 59%) and teammates (42.6 and 22.1%).
In comparison, physicians (17.1 and 17.9%) and parents (23.2
and 23.1%) had less influence. The significance was determined
computed as the sum of the answers “somehow influential” and
“very influential.” The statistically significant difference between
genders was found in the variable influence of teammates (42.6
vs. 21.1%, p = 0.05) (see detailed in Table 2).

Regarding the methods athletes applied during weight cutting,
there were statistical differences between male and female
athletes in variable training in the plastic suits (67.1 vs. 41%,
p = 0.01), respectively. The most commonly used methods by
both groups combined for RWL (calculated as the sum of the
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TABLE 1 | Rapid weight loss (RWL) history.

Group Mean SD t P

How much weight do you usually cut Male 3.8 2.5 1.36 0.18
before the competition? (kg) Female 3.1 25

How many days before the competition Male 109 126 043 0.67
do you usually cut weight? (days) Female 991 7.5

At what age did you start to cut weight Male 19 5.2
before the competition? (years.) Female 19.7 2.7

How much weight do you usually regain ~ Male 3.5 23 1.74 0.08

after the competition? (kg) Female 29 13

At what age did you begin to compete Male 141 61 —-13 0.8

practice wrestling? Female 159 7.8

Score obtained in RWL questionnaire Male 291 23 066
Female 30.3 1.7

—-0.55 0.58

—0.44

SD, standard deviation; t, independent t-test; p, probability.

answers “always” and “sometimes”) were gradual dieting (85.4
and 79.5%), followed by increased exercise (79 and 66.6%), and
sauna (78.7 and 66.6%). In contrast, the least frequent methods
were diet pills (8.5 and 10.2%), followed by vomiting (8.5 and
12.8%), and diuretics (8.5 and 15.4%) for male and female
athletes, respectively (see detailed in Table 3).

DISCUSSION

The main aim of this study was to evaluate prevalence, methods,
and sources of influence among grapplers. The overall prevalence
of RWL practices was 82.5%. Although we found differences
between male and female athletes, the overall risk of RWL on
health was equal (29.1 vs. 30.3), respectively. Similar values were
obtained for international and top-level athletes in the study
of Artioli et al. (2010b). The RWL presents one of the most
serious problems in combat sports, and it is essential to examine
methods and sources of influence among athletes. The first
notable difference between genders was observed in the source of
influence. Male athletes shared experiences between themselves
more often than female athletes (42.6 vs. 21.1%, p = 0.05).

A possible explanation is in the psychological fact that women
do not want to talk too much about weight, and so it is possible
that they did not want to discuss potential practices for losing
weight (Lieberman et al., 2012). Coaches were the most influential
people to all athletes, regardless of gender, while parents and
physicians were the least influential. This deviates to some extent
from previous studies, especially in terms of parental influence
(Kons et al., 2020; Drid et al., 2021; Figlioli et al., 2021; Todorovic
etal., 2021). It is possible that the athletes in our study were older,
and therefore there were not influenced by their parents. Another
problem is the weak influence of doctors and nutritionists among
athletes. The weight loss and recovery process should be under
the supervision of professional staff, nutritionists, and physicians
to protect athletes’ health and performance.

One of the surprising results was the age at which they started
to cut weight before the competition. Athletes in our sample
started their RWL practices as adults (19 years old). These results,
however, are different from results obtained in previous studies
(Berkovich et al., 2016; Kons et al., 2020; Drid et al., 2021; Figlioli
et al., 2021; Todorovic et al., 2021), while some reports indicate
that athletes even as young as 5 years old lost weight to compete
(Sansone and Sawyer, 2005). A possible explanation may be in the
fact that our respondents started to train grappling in later years,
compared to athletes from the mentioned studies.

The most used methods in this study were gradual dieting,
sauna, and skipping meals. Comparable results were found in the
sample of elite male and female Sambo athletes (Figlioli et al.,
2021; Todorovic etal., 2021). In one small sample of judo athletes,
the magnitude of RWL was lower than in this study, while
the methods they used were predominantly gradual dieting and
increasing exercise (Gann et al., 2015; Kons et al., 2020). A recent
publication from Lakicevic et al. (2021a) discussed this issue in
detail. Second, a statistically significant difference is that male
athletes more often trained in heated rooms compared to female
athletes (67.1 vs. 41%, p = 0.01). On the other hand, women
trained in plastic suits more compared to men (53.8 vs. 40.3%),
respectively. For example, in the study by Drid et al. (2021),
no differences were shown between genders in their study, both

TABLE 2 | Source of influence.

Source of influence Gender Not influential Little influential Unsure Somehow influential Very influential x2 P

Teammate Male 28 (34.1%) 15 (18.3%) 4 (4.9%) 23 (28%) 12 (14.6%) 9.45 0.05
Female 15 (38.5%) 7 (17.6%) 8 (20.5%) 6 (15.4%) 3(7.7%)

Fellow wrestler Male 34 (41.5%) 12 (14.6%) 11 (13.4%) 14 (17.1%) 11 (13.4%) 0.85 0.93
Female 14 (35.9%) 8 (20.5%) 5(12.8%) 6 (15.4%) 6 (15.4%)

Physician Male 49 (59.8%) 11 (13.4%) 8 (9.8%) 5(6.1%) 9 (11%) 3.21 0.52
Female 12 (64.1%) 5(12.8%) 2(5.1%) 5(12.8%) 2 (5.1%)

Personal trainer Male 41 (50%) 14 (17.1%) 5 (6.1%) 10 (12.2%) 12 (14.6%) 2.99 0.56
Female 20 (51.3%) 5(12.8%) 5(12.8%) 6 (15.4%) 3(7.7%)

Coach Male 20 (24.4%) 15 (18.3%) 4 (4.9%) 21 (25.6%) 22 (26.8%) 2.13 0.71
Female 8 (20.5%) 5(18.2%) 3(7.7%) 14 (35.9%) 9(23.1%)

Parents Male 45 (54.9%) 10 (12.2%) 8(9.8%) 5 (6.1%) 14 (17.1%) 4.75 0.32
Female 23 (59%) 3 (7.7%) 4 (10.3%) 6 (15.4%) 3 (7.7%)

Dietitian Male 45 (54.9%) 12 (14.6%) 3 (3.7%) 11 (13.4%) 11 (183.4%) 3.31 0.51
Female 22 (56.4%) 3(7.7%) 4 (10.3%) 4 (10.3%) 6 (15.4%)

The bolded values are meant to draw the reader’s attention to statistical significance.

Frontiers in Physiology | www.frontiersin.org

February 2022 | Volume 13 | Article 842992


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles

Ranisavljev et al.

Rapid Weight Loss Among Grapplers

TABLE 3 | Reported methods used by athletes during RWL.

Source of influence Gender Always Sometimes Rarely Never Do not use it anymore x2 P
Gradual dieting Male 41 (60%) 29 (35.4%) 3 (3.7%) 4 (4.9%) 5(6.1%) 1.4 0.85
Female 20 (51.3%) 11 (28.2%) 3(7.7%) 2 (5.1%) 3(7.7%)

Skipping meals Male 8(9.8%) 42 (51.2%) 9 (11%) 17 (20.7%) 6 (7.3%) 4.2 0.38
Female 6 (15.4%) 16 (41%) 8 (20.5%) 5(12.8%) 4 (10.3%)

Fasting Male 7 (8.5%) 26 (31.7%) 16 (19.5%) 28 (34.1%) 5(6.1%) 3.63 0.46
Female 2 (5.1%) 13 (83.3%) 5(12.8%) 13 (33.3%) 6 (15.4%)

Restricting fluid ingestion Male 13 (15.9%) 33 (40.2%) 12 (14.6%) 19 (23.2%) 5(6.1%) 0.72 0.95
Female 6 (15.4%) 13 (83.3%) 6 (15.4%) 11 (28.2%) 3(7.7%)

Increased exercise Male 33 (40.2%) 31 (37.8%) 6 (7.3%) 6 (7.3%) 6 (7.3%) 3.78 0.44
Female 13 (33.3%) 13 (83.3%) 7 (17.9%) 4 (10.3%) 2 (5.1%)

Training in heated room Male 14 (17.1%) 41 (50%) 8 (9.8%) 15 (18.3%) 4 (4.9%) 13.24 0.01
Female 6 (15.4%) 10 (25.6%) 11 (28.2%) 12 (30.8%) 0 (0%)

Sauna Male 15 (18.3%) 49 (59.8%) 8(9.8%) 7 (8.5%) 3(3.7%) 2.1 0.72
Female 7 (17.9%) 19 (48.7%) 5(12.8%) 6 (15.4%) 2 (5.1%)

Training in plastic suits Male 8(9.8%) 25 (30.5%) 15 (18.3%) 29 (35.4%) 5(6.1%) 4.41 0.35
Female 2 (6.1%) 19 (48.7%) 5(12.8%) 12 (30.8%) 1(2.6%)

Use plastic suit all day Male 3(8.7%) 21 (25.6%) 15 (18.3%) 36 (43.9%) 7 (8.5%) 2.58 0.63
Female 1(2.6%) 9 (23.1%) 6 (15.4%) 22 (56.4%) 1(2.6%)

Spitting Male 5(6.1%) 28 (34.1%) 13 (15.9%) 30 (36.6%) 6 (7.3%) 3.67 0.45
Female 2 (5.1%) 12 (30.8%) 7 (17.9%) 18 (46.2%) 0 (0%)

Laxative Male 2 (2.5%) 10 (12.3%) 5 (6.2%) 60 (74.1%) 4 (4.9%) 3.583 0.47
Female 0 (0%) 9 (23.1%) 3(7.7%) 26 (66.7%) 1(2.6%)

Diuretics Male 1(1.2%) 6 (7.3%) 5 (6.1%) 66 (80.5%) 4 (4.9%) 1.34 0.85
Female 1(2.6%) 5(12.8%) 2 (5.1%) 29 (74.4%) 2(5.1%)

Diet pills Male 0 (0%) 7 (8.5%) 5(6.1%) 66 (80.5%) 4 (4.9%) 7.33 0.12
Female 2 (5.1%) 2 (5.1%) 1(2.6%) 34 (87.2%) 0 (0%)

Vomiting Male 0 (0%) 7 (8.5%) 3(3.7%) 66 (80.5%) 6 (7.3%) 6.74 0.15
Female 2 (6.1%) 3(7.7%) 0 (0%) 33 (84.6%) 1(2.6%)

The bolded values are meant to draw the reader’s attention to statistical significance.

in absolute or relative terms. Although previously mentioned
practices may be less harmful, a certain number of athletes
reported the usage of laxatives, diuretics, and diet pills. These
results are worrisome, not because they represent prohibited
substances by the World Anti-Doping Agency (Cadwallader
et al., 2010), but because of the adverse outcomes on the athletes’
health (Wile, 2012). In addition, in one study, it was reported that
72% of high school wrestlers engaged in at least one potentially
harmful RWL method (Kiningham and Gorenflo, 2001).

We are aware that RWL is a serious problem, which can
be approached by trying to change things in a planned way
or radically change the rules. In the past, there have been
initiatives to limit the abuse of RWL, such as the introduction
of hydration tests, measurements at the beginning of the
season to determine the weight category of athletes and limit
weight loss to a maximum of 1.5% of body weight per
week (Artioli et al, 2010a). What is certain is that RWL is
extremely harmful to the health of athletes. Several authors
outlined the potential medical consequences of RWL, both
acute and long-term (Oppliger et al, 1996; Turocy et al,
2011). Particular concerns have been raised in cases where
athletes lose more than 5% of their body mass, mainly due
to dehydration (Khodaee et al., 2015). Dehydration can lead
to decreased plasma volume, further resulting in increased

heart rate and decreased stroke volume (Watanabe et al,
2020). Moreover, dehydration causes acute kidney damage and
can further lead to adverse events in other body systems
(Lakicevic et al., 2021b). In these states, athletes are more
susceptible to heat injury (Ozkan and Ibrahim, 2016). In addition
to these results, Montani et al. (2015) found a correlation
between frequent weight loss cycles and cardiovascular disease
and type 2 diabetes among the general population. Weight
loss can negatively affect the immune system and increase
illness possibilities by significantly increasing pathogenic activity
(Kowatari et al., 2001). Also, it is essential to highlight the
cognitive and behavior changes during and after RWL, i,
wrestlers often felt angry while losing weight (Sundgot-Borgen
and Garthe, 2011). Moreover, this can be seen as a positive
reaction, but these angry states are often followed by a decrease
in memory and concentration (Franchini et al., 2012), mood
changes (Choma et al., 1998), and eating disorder (Davis et al.,
2002). The question is, at what cost and why do athletes
practice these RWL strategies, widely proven to be dangerous
to their health? According to previous research, the results are
ambiguous, where some studies show no changes of RWL on
performance (Serfass et al., 1984; Webster et al.,, 1990), where
others show a decrease in performance (Filaire et al., 2001; Hall
and Lane, 2001). In the ACSM consensus statement, existing
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literature was reviewed in detail, and it was concluded that
RWL negatively affects performance and health, and this problem
should be addressed based on the specific characteristics of each
sport (Burke et al., 2021). Based on everything else, it is time to
open the question and discuss the possibility of banning RWL
in combat sports.

The current study has several limitations. First, the
methodology lacks an experimental approach. This was a
cross-sectional study where we conducted an informative
questionnaire, with no further evaluation of body composition
and blood and urine biomarkers. As a second limitation, we
can mention the sincerity of the respondents when filling out
the questionnaire, especially in the sections for some dangerous
or prohibited methods, even though the questionnaires were
anonymous. Also, some of the respondents did not understand
all the questions best due to language barriers, although our
researchers tried to help them when necessary. Finally, the
respondents were not monitored before and after RWL. Future
research should be based on detailed monitoring of competitors
during weight loss to determine as accurately as possible the
consequences and harmfulness of RWL methods.

CONCLUSION

This is the first study to examine the effects of rapid weight
loss in grapplers. One of the most significant advantages of this
study is that our sample is the most representative possible, since
all of our participants are international competitors. The results
we obtained in this population of athletes do not differ much
from those obtained in research on sambo wrestlers, judokas, and
wrestlers. However, representation and methods in both genders
are a cause for concern. It is necessary to prioritize athletes” health
over success. Potential solutions are to shorten the time between
weighing and fighting, as well as adding hydration level tests,
and determining the weight category that the athlete must not
cross at the beginning of the competition season. In addition, it
is essential that weight loss and recovery processes are carried
out under the supervision of professional staff, nutritionists, and
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coaches and hiring nutritionists in teams would in many ways
enable healthier body mass loss among combat sports athletes.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved, and the study was conducted according to the Helsinki
Declaration and obtained ethical approval from the Ethical
Committee of the University of Novi Sad, Serbia (Ref. No. 46-
06-02/2020-1).

AUTHOR CONTRIBUTIONS

MR, NT, VS, SO, and PD were involved in study conception and
design and wrote the first draft of the manuscript. JK, RR, MD,
and MB collected the data and analyzed the data. All authors
revised, edited, and approved the final manuscript.

FUNDING

This work was supported by the Provincial Secretariat for Higher
Education and Scientific Research (142-451-3097).

ACKNOWLEDGMENTS

We would like to express our gratitude to the President of the
Wrestling Federation of Serbia, Zeljko Trajkovic, for permission
to conduct this research.

Brito, C. J., Roas, A. F., Brito, I. S., Marins, J. C., Cérdova, C., and Franchini, E.
(2012). Methods of body-mass reduction by combat sport athletes. Int. J. Sport
Nutr. Exerc. Metab. 22, 89-97. doi: 10.1123/ijsnem.22.2.89

Burke, L. M, Slater, G. J., Matthews, J. J., Langan-Evans, C., and Horswill, C. A.
(2021). ACSM expert consensus statement on weight loss in weight-category
sports. Curr. Sports Med. Rep. 20, 199-217. doi: 10.1249/JSR.0000000000000831

Cadwallader, A. B., de la Torre, X., Tieri, A., and Botre, F. (2010). The abuse of
diuretics as performance-enhancing drugs and masking agents in sport doping:
pharmacology, toxicology and analysis. Br. J. Pharmacol. 161, 1-6. doi: 10.1111/
j.1476-5381.2010.00789.x

Centers for Disease Control and Prevention [CDCP] (1998). Hyperthermia
and dehydration-related deaths associated with intentional rapid weight
loss in three collegiate wrestlers—North Carolina, Wisconsin, and Michigan,
November-December 1997. MMWR. Morb. Mortal. Weekl. Rep. 47, 105-108.

Choma, C. W, Sforzo, G. A., and Keller, B. A. (1998). Impact of rapid weight loss
on cognitive function in collegiate wrestlers. Med. Sci. Sports Exerc. 30, 746-749.
doi: 10.1097/00005768-199805000- 00016

Crighton, B., Close, G. L., and Morton, J. P. (2016). Alarming weight cutting
behaviours in mixed martial arts: a cause for concern and a call for action. Br. J.
Sports Med. 50, 446-447. doi: 10.1136/bjsports-2015-094732

Frontiers in Physiology | www.frontiersin.org

February 2022 | Volume 13 | Article 842992


https://doi.org/10.1249/MSS.0b013e3181ba8055
https://doi.org/10.1249/MSS.0b013e3181ba8055
https://doi.org/10.1111/j.1600-0838.2009.00940.x
https://doi.org/10.1186/1550-2783-7-15
https://doi.org/10.1007/s40279-016-0541-x
https://doi.org/10.1007/s40279-016-0541-x
https://doi.org/10.1123/ijsnem.2015-0196
https://doi.org/10.1123/ijsnem.22.2.89
https://doi.org/10.1249/JSR.0000000000000831
https://doi.org/10.1111/j.1476-5381.2010.00789.x
https://doi.org/10.1111/j.1476-5381.2010.00789.x
https://doi.org/10.1097/00005768-199805000-00016
https://doi.org/10.1136/bjsports-2015-094732
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles

Ranisavljev et al.

Rapid Weight Loss Among Grapplers

Davis, S. E., Dwyer, G. B., Reed, K., Bopp, C., Stosic, J., and Shepanski, M.
(2002). Preliminary investigation: the impact of the NCAA Wrestling Weight
Certification Program on weight cutting. J. Strength Cond. Res. 16, 305-307.
doi: 10.1519/1533-42872002016<0305:pitiot<2.0.co;2

Drid, P., Figlioli, F., Lakicevic, N., Gentile, A., Stajer, V., Raskovic, B., et al. (2021).
Patterns of rapid weight loss in elite sambo athletes. BMC Sports Sci. Med.
Rehabil. 13:39. doi: 10.1186/s13102-021-00267-3

Figlioli, F., Bianco, A., Thomas, E., Stajer, V., Korovljev, D., Trivic, T., et al. (2021).
Rapid weight loss habits before a competition in sambo athletes. Nutrients
13:1063. doi: 10.3390/nu13041063

Filaire, E., Maso, F., Degoutte, F., Jouanel, P., and Lac, G. (2001). Food restriction,
performance, psychological state and lipid values in judo athletes. Int. J. Sports
Med. 22, 454-459. doi: 10.1055/s-2001-16244

Franchini, E., Brito, C. J., and Artioli, G. G. (2012). Weight loss in combat sports:
physiological, psychological and performance effects. J. Int. Soc. Sports Nutr.
9:52. doi: 10.1186/1550-2783-9-52

Gann, J. ], Tinsley, G. M., and La Bounty, P. M. (2015). Weight cycling: prevalence,
strategies, and effects on combat athletes. Strength Cond. J. 37, 105-111. doi:
10.1519/8SC.0000000000000168

Gonzélez-Alonso, J., Mora-Rodriguez, R., Below, P. R, and Coyle, E. F.
(1997). Dehydration markedly impairs cardiovascular function in hyperthermic
endurance athletes during exercise. J. Appl. Physiol. 82,1229-1236. doi: 10.1152/
jappl.1997.82.4.1229

Hall, C. J., and Lane, A. M. (2001). Effects of rapid weight loss on mood and
performance among amateur boxers. Br. J. Sports Med. 35, 390-395. doi: 10.
1136/bjsm.35.6.390

Hellmann, F., Verdi, M., Schlemper, B. R. Jr,, and Caponi, S. (2014). 50th
anniversary of the Declaration of Helsinki: the double standard was introduced.
Arch. Med. Res. 45, 600-601. doi: 10.1016/j.arcmed.2014.10.005

Khodaee, M., Olewinski, L., Shadgan, B., and Kiningham, R. R. (2015). Rapid
weight loss in sports with weight classes. Curr. Sports Med. Rep. 14, 435-441.
doi: 10.1249/JSR.0000000000000206

Kiningham, R. B., and Gorenflo, D. W. (2001). Weight loss methods of high
school wrestlers. Med. Sci. Sports Exerc. 33, 810-813. doi: 10.1097/00005768-
200105000-00021

Kons, R. L., Gheller, R. G., Costa, F. E., and Detanico, D. (2020). Rapid weight loss
in visually impaired judo athletes: prevalence, magnitude, and methods. Br. J.
Vis. Impair. 22:0264619620967697. doi: 10.1177/0264619620967697

Kowatari, K., Umeda, T., Shimoyama, T., Nakaji, S., Yamamoto, Y., and Sugawara,
K. (2001). Exercise training and energy restriction decrease neutrophil
phagocytic activity in judoists. Med. Sci. Sports Exerc. 33, 519-524. doi: 10.1097/
00005768-200104000-00003

Lakicevic, N., Mani, D., Paoli, A., Roklicer, R., Bianco, A., and Drid, P. (2021a).
Weight cycling in combat sports: revisiting 25 years of scientific evidence. BMC
Sports Sci. Med. Rehabil. 13:154. doi: 10.1186/s13102-021-00381-2

Lakicevic, N., Paoli, A., Roklicer, R., Trivic, T., Korovljev, D., Ostojic, S. M., et al.
(2021b). Effects of rapid weight loss on kidney function in combat sport athletes.
Medicina 57:551. doi: 10.3390/medicina57060551

Lieberman, D. L., Tybur, J. M., and Latner, J. D. (2012). Disgust sensitivity, obesity
stigma, and gender: contamination psychology predicts weight bias for women,
not men. Obesity 20, 1803-1814. doi: 10.1038/0by.2011.247

Matthews, J. J., Stanhope, E. N., Godwin, M. S., Holmes, M. E., and Artioli, G. G.
(2019). 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. 29, 441-452. doi: 10.1123/ijsnem.2018-0165

Montani, J. P, Schutz, Y., and Dulloo, A. G. (2015). Dieting and weight cycling
as risk factors for cardiometabolic diseases: who is really at risk? Obes. Rev.
16(Suppl. 1), 7-18. doi: 10.1111/0br.12251

Oppliger, R. A,, Case, H. S., Horswill, C. A., Landry, G. L., and Shelter, A. C. (1996).
American college of sports medicine position stand. Weight loss in wrestlers.
Med. Sci. Sports Exerc. 28, ix—xii.

Ozkan, I, and Ibrahim, C. H. (2016). Dehydration, skeletal muscle damage and
inflammation before the competitions among the elite wrestlers. J. Phys. Ther.
Sci. 28, 162-168. doi: 10.1589/jpts.28.162

Pélissier, L., Ennequin, G., Bagot, S., Pereira, B., Lachéze, T., Duclos, D., et al.
(2021). Lightest weight-class athletes are at higher risk of weight regain: results
from the French-Rapid Weight Loss Questionnaire. Phys. Sportsmed. [Online
ahead of print] 1-9. doi: 10.1080/00913847.2021.2014285

Prouteau, S., Pelle, A., Collomp, K., Benhamou, L., and Courteix, D. (2006). Bone
density in elite judoists and effects of weight cycling on bone metabolic balance.
Med. Sci. Sports Exerc. 38, 694-700. doi: 10.1249/01.mss.0000210207.55941.fb

Reljic, D., Hissler, E., Jost, J., and Friedmann-Bette, B. (2013). Rapid weight loss
and the body fluid balance and hemoglobin mass of elite amateur boxers. J. Athl.
Train. 48, 109-117. doi: 10.4085/1062-6050-48.1.05

Roemmich, J. N., and Sinning, W. E. (1997). Weight loss and wrestling training:
effects on growth-related hormones. J. Appl. Physiol. 82, 1760-1764. doi: 10.
1152/jappl.1997.82.6.1760

Sansone, R. A., and Sawyer, R. (2005). Weight loss pressure on a 5 year old wrestler.
Br. . Sports Med. 39:e2. doi: 10.1136/bjsm.2004.013136

Serfass, R. C., Stull, G. A., Alexander, J. F., and Ewing, J. L. Jr. (1984). The effects
of rapid weight loss and attempted rehydration on strength and endurance of
the handgripping muscles in college wrestlers. Res. Q. Exerc. Sport. 55, 46-52.
doi: 10.1080/02701367.1984.10605354

Stajer, V., and Marinkovic, D. (2013). Differences in indicators of conditional
preparation of grappling and greco-roman style wrestlers. Exerc. Qual. Life 3,
205-208.

Sundgot-Borgen, J., and Garthe, I. (2011). Elite athletes in aesthetic and Olympic
weight-class sports and the challenge of body weight and body compositions.
J. Sports Sci. 29(Suppl. 1), S101-S114. doi: 10.1080/02640414.2011.565783

Suzuki, M., Nakaji, S., Umeda, T., Shimoyama, T., Mochida, N., Kojima, A.,
et al. (2003). Effects of weight reduction on neutrophil phagocytic activity
and oxidative burst activity in female judoists. Luminescence 18, 214-217. doi:
10.1002/bio.727

Todorovic, N., Ranisavljev, M., Tapavicki, B., Zubnar, A., Kuzmanovic, J., Stajer,
V., et al. (2021). Principles of rapid weight loss in female sambo athletes. Int.
J. Environ. Res. Public Health. 18:11356. doi: 10.3390/ijerph182111356

Turocy, P. S., DePalma, B. F., Horswill, C. A., Laquale, K. M., Martin, T. J., Perry,
A. C, et al. (2011). National athletic trainers’ association position statement:
safe weight loss and maintenance practices in sport and exercise. J. Athl. Train.
46, 322-336. doi: 10.4085/1062-6050-46.3.322

United World Wrestling [UWW] (2021). Grappling. https://uww.org/tags/
grappling (accessed November 12, 2021).

Watanabe, K., Stohr, E. J., Akiyama, K., Watanabe, S., and Gonzélez-Alonso, J.
(2020). Dehydration reduces stroke volume and cardiac output during exercise
because of impaired cardiac filling and venous return, not left ventricular
function. Physiol. Rep. 8:e14433. doi: 10.14814/phy2.14433

Webster, S., Rutt, R., and Weltman, A. (1990). Physiological effects of a weight loss
regimen practiced by college wrestlers. Med. Sci. Sports Exerc. 22, 229-234.

Wile, D. (2012). Diuretics: a review. Ann. Clin. Biochem. 49, 419-431. doi: 10.1258/
acb.2011.011281

Conflict 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.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Ranisavljev, Kuzmanovic, Todorovic, Roklicer, Dokmanac, Baic,
Stajer, Ostojic and Drid. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Physiology | www.frontiersin.org

February 2022 | Volume 13 | Article 842992


https://doi.org/10.1519/1533-42872002016<0305:pitiot<2.0.co;2
https://doi.org/10.1186/s13102-021-00267-3
https://doi.org/10.3390/nu13041063
https://doi.org/10.1055/s-2001-16244
https://doi.org/10.1186/1550-2783-9-52
https://doi.org/10.1519/SSC.0000000000000168
https://doi.org/10.1519/SSC.0000000000000168
https://doi.org/10.1152/jappl.1997.82.4.1229
https://doi.org/10.1152/jappl.1997.82.4.1229
https://doi.org/10.1136/bjsm.35.6.390
https://doi.org/10.1136/bjsm.35.6.390
https://doi.org/10.1016/j.arcmed.2014.10.005
https://doi.org/10.1249/JSR.0000000000000206
https://doi.org/10.1097/00005768-200105000-00021
https://doi.org/10.1097/00005768-200105000-00021
https://doi.org/10.1177/0264619620967697
https://doi.org/10.1097/00005768-200104000-00003
https://doi.org/10.1097/00005768-200104000-00003
https://doi.org/10.1186/s13102-021-00381-2
https://doi.org/10.3390/medicina57060551
https://doi.org/10.1038/oby.2011.247
https://doi.org/10.1123/ijsnem.2018-0165
https://doi.org/10.1111/obr.12251
https://doi.org/10.1589/jpts.28.162
https://doi.org/10.1080/00913847.2021.2014285
https://doi.org/10.1249/01.mss.0000210207.55941.fb
https://doi.org/10.4085/1062-6050-48.1.05
https://doi.org/10.1152/jappl.1997.82.6.1760
https://doi.org/10.1152/jappl.1997.82.6.1760
https://doi.org/10.1136/bjsm.2004.013136
https://doi.org/10.1080/02701367.1984.10605354
https://doi.org/10.1080/02640414.2011.565783
https://doi.org/10.1002/bio.727
https://doi.org/10.1002/bio.727
https://doi.org/10.3390/ijerph182111356
https://doi.org/10.4085/1062-6050-46.3.322
https://uww.org/tags/grappling
https://uww.org/tags/grappling
https://doi.org/10.14814/phy2.14433
https://doi.org/10.1258/acb.2011.011281
https://doi.org/10.1258/acb.2011.011281
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles

	Rapid Weight Loss Practices in Grapplers Competing in Combat Sports
	Introduction
	Materials and Methods
	Data Assessment
	Subjects
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


