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Rapid weight loss influences the physical, psychological and biological responses during a simulated
competition in national judo athletes.
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Abstract

The effect of rapid energy restriction-induced weight loss on judo-related performance
remains unclear, and there is a paucity of information regarding the influence of the fight
successions during competition. Thus, the aim of this study was to compare the cumulative

effect of judo fights on physical performance, biological and psychological profiles, of
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national judo competitors with vs without rapid weight loss. After one month of weight
maintenance (Baseline), 20 subjects were randomly divided into two groups the week before a
simulated competition: 1) a Weight Loss group (WL; weight loss > 3% of body mass); ii) a
Weight Stable group (WS). The simulated competition was composed of five fights (F1 to F5)
separated by 30 min rest. Anthropometric assessments were performed at baseline and on the
morning of the simulated competition (TO0). Psychological, biological and physical
assessments (maximal handgrip strength, upper limb anaerobic capacity) were performed at
TO and after each fight. The variation of body mass between baseline and TO was significantly
different between groups (+1.2% vs -3%; p<0.01). The dimensions of the Profile of Mood
State questionnaire, the rate of perceived exertion, ammonia, urea and free fatty acid
concentrations, maximal strength and time sustained at maximal strength showed a significant
group X time interaction at F4 and F5. The study shows that cumulative fights lead to
uncoupled responses in physical, psychological and biological parameters in judo competitors
who underwent or not rapid weight loss. Specific recovery strategies in terms of nutrition and
active recovery should be considered.

Combat sport, performance, energy restriction.

Introduction

Judo is a physically demanding sport with high-intensity intermittent actions requiring
excellent” overall physical fitness together with fine tactical skills (11, 25, 33, 42).
Competitions are characterized by successive 4 min time-limited fights (without “golden
score” contests, and from one to five or seven fights for medallists) separated by about 15 to
30 min of recovery (25). Using weight categories, with athletes’ body mass measured a few
hours before, or the evening before the competition, the optimization of body mass and

composition is of prime importance in judo (2, 25).



Although the use of weight classifications should theoretically favour matched
anthropometric and physical abilities between competitors (1, 25), athletes usually adopt rapid
weight loss strategies before competitions to obtain advantages against smaller, lighter and
weaker opponents (21, 36). This rapid weight loss is characterized by food and fluid
restriction commonly associated with exercise with plastic suits, diet pills and/or intake of
laxatives, vomiting and sauna utilisation, usually one week before the competition (9, 29).
While studies have observed a negative effect of successive fights on physical, biological and
psychological performance in combat sports, rapid weight reduction prior to the competition
may worsen athletes’ health and performance (12, 13, 15, 17, 21, 23,-30, 32, 38, 40, 41).
Indeed, Filaire et al. (2001) observed that 7 days of food restriction led to reduced physical
and psychological performances in judo athletes compared with an equivalent period of
weight maintenance (15). According to the authors, the inadequate carbohydrate and
micronutrient intake observed during the weight reduction may explain these results. The
same research group compared these effects between athletes who underwent a 7-day
restrictive diet or not, highlighting altered pre-competition biological, psychological and
physical responses in the restrictive diet group (10). Interestingly, energy restriction induced
similar changes in biological; psychological and physical parameters compared with a non-
restrictive diet following the whole judo competition. Similarly, Artioli et al. did not observe
any influence of food restriction-induced rapid weight loss on performance in judo (2). Thus,
the influence of energy restriction-induced rapid weight loss on judo-related performance
remains unclear (10, 15, 17, 36). The major reasons for these controversial results are the
limited number of available studies and their methodological heterogeneity, which preclude
drawing firm conclusions. For instance, as opposed to what is currently done in practice,
some studies did not allow the athletes to re-feed and rehydrate between the weigh-in and the

beginning of the fights (15). Interestingly, in an official competition context, a greater weight



regain after weight-in, a surrogate measure for the magnitude of weight loss before weight-in,
was associated with competition success (37). Indeed, re-feed and rehydration are common
between weigh-in and the first fight in grappling combat athletes leading to body mass regain
during this period (31). In addition, some designs did not include a control group and/or
exercise protocols did not represent the typical energetic demand and competition format of
judo (2, 15, 17). Finally, the performance assessment was done before and after the weight
reduction and/or pre and post competition protocols without any information regarding the
influence of fight successions (2, 10). It seems important to better understand not only the
overall impact of a whole judo competition on such performances, but also on the course of
relevant parameters throughout the competition, to develop specific between-fight strategies
for judo athletes who underwent weight loss or not. Thus, the aim of the study was to
compare the cumulative effect of judo fights on the physical performance, as well as
biological and psychological profiles, of national judo competitors with vs without rapid
weight loss.

Materials and methods

Subjects

Twenty well-trained male judo competitors (national level, black belt, 24 + 5 years, 75.5 £ 7.7
kg) volunteered to participate in the study. The average duration of practice was 15 years with
a volume of 9 hours of judo training and 3 hours of intense conditioning per week. The
conditioning sessions consisted of a high degree of acrobic and anaerobic fitness development
along with total body strengthening (maximal strength, speed, endurance and power). The
recruited athletes experienced rapid weight reduction of their own volition more than three
times in a season. All athletes competed in a category <81kg. The study complied with the
Declaration of Helsinki and was approved by the local relevant ethical authorities (CPP Sud

Est VI). Consent forms were obtained from all the athletes.



Experimental procedures

The experimental procedures have previously been described elsewhere (10). Briefly, after a
period of one month of weight maintenance (Baseline), subjects (n=20) were randomly
divided into two groups: 1) a Weight Loss group (WL; n=10) asked to lose at least 3% of body
mass using the participants’ usual restrictive diet within the week before the experimental
day; i1) a Weight Stable group (WS; n=10), asked to maintain body mass. Subjects of both
groups pursued their usual training during the week before the experimental day.

On the day of the experimentation, which corresponded to a simulated competition, the
participants arrived at 7.30 am at the dojo where a standardized and usual breakfast was
provided after the weigh-in and the pre-competition assessments (T0). All the participants
were instructed to eat the whole breakfast which consisted of two pieces of bread, 10g of jam,
10g of butter, 125g of yoghurt, and a glass of ‘orange juice and water. The simulated
competition started at 9.30 am after 20 min of warm-up and 10 min of cool down. The
tournament was composed of five fights (F1 to F5) separated by 30 min rest. To create a
demanding competitive environment, opponents with similar skills were matched without
differentiation between weight loss and weigh stable groups. The subjects were allowed to
consume fluids and solids between fights, as currently done in their usual competition
practice.

Anthropometric and body composition assessments were performed at baseline and at TO.
Psychological, biological and physical assessments were performed on the morning of the
simulated competition before the weigh-in and breakfast (T0) and after each fight (F1, F2, F3,
F4, F5).

Dietary protocol

To determine the diet ingested, the subjects were instructed to record their food intake for 7

days preceding the simulated competition. All participants received a detailed verbal



explanation and written instructions. The participants were asked to indicate as precisely as
possible all the details (quantity and nature) regarding the food and fluid ingested at each
meal and between meals. Daily energy and nutrient intakes were calculated using Bilnut 4
software (Bilnut 4 software package, SCDA Nutrisoft, France). To ensure the accuracy of the
reported information, interviews with each athlete were performed to address any questions or
omission during the week (3 times a week).

Anthropometric and body composition data

Body mass (kg) was assessed to the nearest 0.1 kg using a calibrated scales. Height (m) was
determined to the nearest 0.01 m using a standing stadiometer. Subjects™ weight and height
were measured bare-foot while wearing underwear. Body mass index (BMI) was calculated as
body mass divided by height in meters squared (kg.m?). Skinfold thickness was measured at
the biceps, triceps, subscapular and suprailiac anatomic locations on the left side of the body
using a Harpenden skinfold caliper (British. Indicators Ltd, West Sussex, UK). Each
measurement was performed three times to the nearest millimeter by the same experienced
anthropometrist and the mean value was considered for analysis. Fat mass (FM, %) and fat-
free mass (FFM, kg) were estimated from measurements of skinfold thickness according to
Durnin et Rahaman equation (14).

Psychological parameters

The Profile of Mood States (POMS) questionnaire (34) was used to assess the alteration of
mood states among athletes scored on a 5-point Likert-type scale anchored with “Not at all”
and “Extremely.” The POMS consists of 65 items divided into six subscales: anger,
confusion, depression, fatigue, tension and vigour. To ensure accurate evaluation, the French
validated version of the POMS questionnaire was used for this study (8). In addition, the Rate

of Perceived Exertion (RPE) was measured using the 6 to 20-point Borg scale.



Psychological evaluations were performed at rest (T0) and after each fight (F1, F2, F3, F4,
F5). Participants were accustomed to completing the POMS and RPE in their current practice.
Blood samples and biochemical analysis

Blood samples were drawn from an antecubital vein at rest under fasting conditions at 7.30
a.m. (TO) and after each fight (F1, F2, F3, F4, F5), participants were seated quietly and
comfortably. Samples were centrifuged at 4000g for 10 min at 4°C to isolate plasma, which
was transferred into plastic tubes and kept at —80°C. Also, clotted blood was. centrifuged
within 1 h at 2500g and serum stored at —80°C. Triglycerides (TG), glucose, uric acid (UA),
urea, creatinine concentrations were assessed using an automated and computerized system
(HITACHI 911 Roche Diagnostics, Indianapolis, IN, USA). The free fatty acid (FFA)
concentrations were determined by enzymatic method using Wako reagents (WAKO
Industries Ltd., Higaski-Ku, Osaka, Japan). Measurements of glycerol and ammonia
concentrations were conducted using a test kit (Boehringer, Mannheim, Germany). All
hormonal markers were determined in serum by direct chemiluminescence according to the
manufacturer’s protocol. Insulin,” Adreno Corticotrophic Hormone (ACTH), cortisol, and
testosterone concentrations were _analyzed in Immunite 2000 (Diagnostic Products
Corporation, Los Angeles, USA), and thyroid hormones concentrations in ACS 180 SE
(Bayer Diagnostics, Westwood CA, USA).

Physical parameters

Heart rate. Heart rate (HR) was continuously recorded throughout the experimental day
(PE4000-Polar Electro, Oy, Finland). Resting and minimal, maximal and mean HR of each
fight were calculated. Relative cardiac cost (RCC) was calculated as followed (10):

RCC (%) = [(HRmean — HRrest) / (HRmax — HRrest)] x 100

The theoretical maximal HR was determined as 205.8-0.685(age) (28).
Maximal isometric handgrip strength and anaerobic capacity of the upper limbs. Two

consecutive measurements for maximal isometric handgrip strength (kg) of the right and left



hand at rest (TO) and after each fight (F1, F2, F3, F4, F5) were performed with a calibrated
dynamometer (Harpenden dynamometer, British Indicators, Ltd., England). The average
performance was calculated for each participant. The measurements were conducted under
standardized conditions: judo athletes seated comfortably, the shoulder adducted and neutrally
rotated, with the forearm and wrist in a neutral position and the elbow at 90° flexion. The
participants were verbally encouraged to perform two 3-s maximum voluntary contractions
separated by at least 30s of recovery between each trial.

Anaerobic capacity of the upper limbs was determined by using an isometric dynamometer
(Globus Ergo Meter®) at rest (TO) and after each fight (F1, F2, F3, F4, F5). The test consisted
of 30-s horizontal isometric rowing on a seated chest press machine. The subjects were seated
on a vertical bench and performed this test with a 90-degree angle between arms and
forearms. Maximal strength (Fmax; kg) and time sustained at Fmax (Time Fmax; s) were
recorded (10).

Workload. Workload of each fight was assessed as: duration*RPE (19).

Statistics

Statistical analyses were performed using Stata software version 13 (StataCorp, College
Station, TX, US). According to the current literature (15, 23, 40), with 10 participants by
group, an effect-size around 1.3 can be highlighted for a two-sided type I error at 5% and a
statistical power at 80%. Tests were two-sided with the type-I error set at 5%. Continuous
data are expressed as mean # standard deviation (SD) or as median [interquartile range]
according to the statistical distribution. Assumption of normality was assessed with the
Shapiro-Wilk test.

The percentages of variation of body mass and body composition data between baseline and

TO were calculated according to the following formula: ((T0-Baseline)/Baseline) x 100.



Comparisons between groups (WL and WS) for non-repeated quantitative parameters
(baseline and percentage of variation for anthropometric and body composition data) were
performed using the Student t-test, or the Mann-Whitney test, when the assumptions for the t-
test were not met. Homoscedasticity was analysed using the Fisher-Snedecor test. To account
for between- and within-participant variability due to several measures being taken for the
same subject, random-effects models for correlated data were constructed, rather than the
usual statistical tests, which would have been inappropriate due to an unverified assumption
of independence. Time-point evaluations, groups and their interactions were considered as
fixed effects based on the calculated Area Under the Curve (AUC) using the trapezoid
method. The subject was considered a random effect (slope and intercept). A Sidak post hoc
test was applied to correct the type-I error due to multiple comparisons. The normality of the
residuals from these models was studied as described above using the Shapiro-Wilk test.
When appropriate, the data were log-transformed to achieve normality of the dependent
endpoint. The interaction results were expressed as Hedges’g effect sizes (ES), all the ES

being detailed in the Table 4 (supplementary file).
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Results

Dietary restriction

According to the experimental design, the WS group did not experience any change in dietary
intake and fluid consumption between baseline and TO. Conversely, the WL group
significantly decreased their total energy, carbohydrate, fat and protein intake (p<0.01) and
the volume of fluid consumption (p<0.01) between baseline and TO.

Anthropometric and body composition parameters

While body mass was not significantly different between WS and WL at TO, the variation of
body mass between baseline and TO was significantly different between groups (+1.2% vs -
3% respectively; p<0.01). Similarly, BMI and FFM showed a significant reduction in the WL
group but not in the WS group (p<0.001 and p<0.01 respectively) with no change over time
and difference between groups for FM.

Psychological parameters

While none of the dimensions of the Profile of Mood State questionnaire (Table 1) showed a
significant group difference, each of them showed a time effect (p<0.001) and significant
group x time interactions at F4-and F5:

As illustrated in Figure 1A, the RPE showed a group effect with overall RPE being
significantly higher in the WL group compared to the WS group (p<0.05), with both groups
showing a significant time effect (p<0.001). A time x group interaction was observed at F4
(p<0:05) and F5 (p<0.0001).

Biological parameters

As presented in Table 2, all the biological variables under study showed a significant time
effect throughout the competition (p<0.001). Only FFA showed a group effect with
significantly higher concentrations in the WL compared to the WS group (p=0.001). A

tendency was observed for a group effect for the urea concentrations (p=0.078). Ammonia
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concentrations showed time x group interaction at F4 (p=0.072, tendency) and F5 (p<0.01).
Urea concentrations showed a time x group interaction at both F4 (p<0.05) and F5 (p<0.01)
while FFA concentrations showed time x group interaction at F3 (p<0.01), F4 and F5
(p<0.001 for each).

Physical parameters

Table 3 details the results relating to HR and physical performance. While HRmin, HRmean
and HRmax did not show a time effect across the successive fights in both groups, significant
time x group interactions were observed at F5 (p=0.05 for HRmin and HRmean and p=0.07
tendency for HRmax). Both WS and WL groups showed a time effect for RCC with a
significant increase from F3 to F5 compared with previous fights (p<0.001). Relative cardiac
cost showed a significant time x group interaction at F4 (p<0.05).

Both groups showed a significant time effect (p<<0.001) with an overall decrease in both
handgrip performances (right and left hands); with a time x group interaction at F5 (p=0.05
and p=0.04 respectively) and a tendency for interaction at F4 (p=0.08). The Fmax and the
time to Fmax also showed significant time effect throughout the competition (p<0.001) with
Fmax and time to Fmax showing significant time x group interaction at F4 (p<0.05 and
p<0.001 respectively) and F5 (p<0.05 and p<0.01 respectively).

As illustrated in Figure 1B, the workload showed a group effect with overall workload being
significantly higher in the WL group compared to the WS group (p<0.05), with both groups
showing a significant time effect (p<0.001). A time x group interaction was observed at F5
(p<0.001).

Discussion

To the best of our knowledge, this is the first investigation to compare the time course of
physical, biological and psychological changes in response to a stimulated competition

between national judo athletes who underwent or not rapid weight loss. According to the
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results, rapid weight loss affects physical performance, psychological and biological profiles
during successive fights of a simulated judo competition.

Due to the difficulty of performing experimental procedures during real competitions (i.e.,
invasiveness, distraction, bias, sport stakes...), the present protocol was performed during a
simulated competition. It is legitimate to wonder whether this is truly representative of the
typical physiologic demands of judo. We intended to recreate the conditions of an. official
male judo tournament with five fights on the same day separated by a recovery time of 30 min
between bouts. These fights are generally characterised by high-intensity intermittent actions
and thus, elicit high metabolic demands. Here, judo competitors exhibited a mean HR of =174
bpm and a maximal HR of =187 bpm during fights, which represent 92% and 99% of their
theoretical maximal HR, respectively. These values are in-accordance with previously
recorded values during simulated and official competitions (11, 20, 42). Similarly, strength
performances were in line with previous observations as Franchini and colleagues indeed
reported handgrip strength of = 50 kg in an age-, BMI- and judo level-matched population
(20). Altogether, the design of the present study ensured strong validity based on the profiles
of the enrolled judo athletes ‘and the representativeness of the simulated competition
characteristics to real competitions. Likewise, Franchini and colleagues have emphasised the
large reliability -of time-motion and physiological responses during judo match simulation
(22).

Overall, it is well accepted that competition may alter physical performance and increase
perceived exertion. Specifically in judo, previous studies have shown that successive fights
induce energy metabolism and inflammatory alteration, cardiovascular stress, a decline in
muscle strength power and endurance, neuromuscular responses, and a rise in perceived
fatigue (4, 13, 23, 30, 35, 39, 40). In accordance with these results, the present study shows a

significant time course of physical, biological and psychological changes in response to the



13

simulated competition. Particularly, while RPE and the relative cardiac cost increase, a
decrease in both handgrip strength, as previously observed during wrestling tournament (31),
maximal strength and the time sustained at maximal strength was observed, corroborating the
physical and psychological fatigue induced by the simulated competition. In addition, the
common practice of rapid weight loss in judo may compound the effect of competition -on
such physical and psychological parameters. Indeed, judo competitions are organized in
weight classes, as in other combat sports, to ensure equality between competitors. In-common
practice, competitors lose a significant amount of weight, mainly through energy restriction,
in the few days before the weigh-in. In a large cohort, approximately 90% of judo competitors
(excluding those in the heavyweight category) experienced rapid weight loss, with weight loss
ranging from 2 to 10% of their body mass over a mean period of seven days (1). In the present
work, the participants of the WL group lost 3% of their body mass, which was associated with
BMI and FFM reductions with no difference in FM over a 7-day period, which is in
accordance with the current literature (2). Although athletes reduce their weight to compete in
lower weight categories, to obtain advantages against smaller, lighter and weaker opponents
(21), the effect of rapid weight loss on performance remains unclear (2, 10, 15, 17, 36). The
limited number of available studies and their methodological heterogeneity are the main
reason for such controversial results. In the present study, the simulated competition impaired
physical performance in both groups with a specific time course pattern. Indeed, interactions
(time x group) for AUC were observed at the fourth and fifth fights for physical performance,
psychological profile, ammonia, urea and FFA concentrations. The increase in protein
catabolism and lipolysis indicators reflected a rise in the physiological constraint experienced
by these judo athletes (11, 27) and completed the findings of Franchini and collaborators
highlighting the physiological and inflammatory alterations observed across simulated judo

competition (23). Interestingly, these results were associated with interactions at the same
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times (F4 and F5) for RPE, used to monitor workload in judo (6, 40), and expressing here an
increase in the perceived physical effort in the WL compared with the WS group. In a study
involving cadet athletes, 14 min of recovery between fight was long enough for blood lactate
clearance while RPE remained elevated reflecting the perceived exertion and also the anxiety
and stress of the judoka (40). Conversely, the physical performances did not converge in the
same direction. Surprisingly, the WL group experienced a smaller decrease in physical
performance than their WS counterparts. This might be explained by the fact that chronic
weight-cyclers are used to losing weight and may thus be adapted and not become affected by
the effect of rapid weight loss on physical performance (7, 16). Moreover, the athletes
involved in the present study were all chronic weight-cyclers-and the WS group may have
been disrupted to change their diet habits before .competition. In addition, Artioli and
collaborators reported that recovery between weigh-in-and the beginning of exercise may
prevent the judo-related performance from' being affected (2). Similarly, Mendes et al.
emphasised that while chronic weight cycling does not preserve from the negative effect of
rapid weight loss on performance, the recovery and nature of food and fluid consumption
during this period are of prime importance for athletes’ performance (32). Accordingly, in the
present protocol, the athletes were able to eat and drink before the simulated competition and
between fights, as commonly done in current practice (10). Moreover, in the study of Artioli
and collaborators, the judo athletes lost 5% vs 3% of body mass here, which is in the lower
range of body mass variations reported in the literature. To that extent, ~10% weight loss in 2-
week period resulted in decreased judo-specific performance, compared to control group,
impairing thus training optimisation (18). Again, this may have favoured the non-deleterious
effect of weight loss on physical performance. However, the results must be interpreted with
caution mainly due to the small sample size within each group and the important inter-

individual variability observed between subjects.
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This study has some limitations that deserve to be underlined. While it would have been more
robust to perform a crossover design study, the complexity of the protocol, the sport level of
the athletes and thus their training and competition commitments and busy schedule did not
allow to conduct it. Additionally, information are missing regarding fight/competition success
of the athletes, and whether these data are associated with the physical, psychological and
biological responses during competition in judo warrants further study. While only fluid/flood
restriction was manipulated to lose weight in the present study, it is worth nothing that ether
methods are commonly used in judo practice (e.g. 96.7% increased exercise, 44% sauna or
plastic clothing, 13.2% diuretics or laxatives) and may specifically -affect performance,
psychological and biological responses and health (3, 5).

In conclusion, the present study shows for the first time that cumulative fights lead to
uncoupled responses in physical, psychological and biological parameters in judo competitors
who underwent rapid weight loss vs those who did not. It may be hypothesised that the
relation between rapid weight loss and a decline in judo-related performance may be
dependent on the magnitude of weight loss, the athletes’ usual practice (chronic weight-
cyclers vs not chronic weight-cyclers), recovery between weigh-in and the beginning of the
competition, and between fights.

The interactions observed at the fourth and fifth fights for physical, psychological and some
biological -variables should prompt us to consider individual recovery strategies between
fights (nutrition, active recovery) (24, 26), especially for potential medallists, according to the
subjects’ characteristics and usual practice before competitions.

It is relevant to note that rapid weight loss is not free of health risks, and coaches, medical
staff and federations should favour optimal and safe practices for the athletes’ health in short
and long-term perspectives.
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Table 1. Course of Profile of Mood State dimensions during the simulated competition.

Time Group
Interaction
F1 F2 F3 F4 F5 Effect Effect
Mean + Mean + Mean + Mean +
F2
SD SD SD SD Mean + SD F3 F4 F5
w 35+ 36 +
L 39+6 35+3¢c  36+5¢,C 5¢,C# 5¢,C 1, *** <0.001 06 02 0.01
Tension 0.28 0.08
w 6 8 5
S 40+9 39+ 8a 38+ 7¢c 38 + 7¢,C 36 + 5¢,C# <0.001
w 38 + 38 +
Depressio L 37+3 37+3c¢ 37 +3¢,C 5¢,C# 4c,C 1 *** <0.001 05 0.1 0.00
0.13 0.01
n w 5 4 1
S 36+1 37+2a 36 +2¢ 36 +2¢,C  36+2c,CH#* <0.001
w 43+ 44 +
L 42 +4 42+2¢ 44+4cC 7c,CH# 4¢,C 4t *** <0.001 06 02 0.00
Anger 0.2 0.04
w 1 1 4
S 42+3 45+9a 44+7c  44+7c,C 43 £4c¢,CH <0.001
w 50 + 47 + 49 +
L 53+11 52+ 8¢ 10c,C 9¢,CH# 12¢,C #, *** <0.001 0.5 0.1 0.03 0.00
Vigour 0.18
w 6 6 4 5
S 54+4 51+5a 51+6¢c  49+5¢,C 53+£9c,CH* <0.001
W 50 + 53+
L 47+5 47+9c  48+7c,C 9¢,C,# 9¢,C #,*** <0.001 0.5 0.1 0.00
Fatigue 0.13 0.02
W 6 6 1
S 46+ 6 47+7 47 +6¢c,A 47+6¢,C 50+ 5¢,CH#,* <0.001
w 41 + 40+
Confusio L 415 40+4c  39+4cC 6¢,CH# Tc,C 1, ** <0.001 0.5 0.1 0.00
0.16 0.02
n w 5 6 1
S 39+6 40 + 6a 39+ 7¢ 38 +3¢,C 37 +3¢,CH# <0.001
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F1: Fight 1 ; F2 : Fight 2 ; F3 : Fight 3 ; F4 : Fight 4 ; F5 : Fight 5 ; SD : Standard Deviation. a. b and c respectively

stand for p<0.05; p<0.01 and p<0.001 versus F1; A. B and C respectively stand for p<0.05; p<0.01 and p<0.001 versus

F2; +. $ and # respectively stand for p<0.05; p<0.01 and p<0.001 versus F3. *. ** and *** respectively stand for

p<0.05; p<0.01 and p<0.001 versus F4.

Table 2. Course of the biological variables during the simulated competition.

F1 F2 F3 F4 FS Tim Gro Interaction
e up
Mean + Mean + Effe Effe F2
SD SD Mean+SD  Mean = SD Mean = SD ct ct F3 F4 F5
603.2 £ 604.1 £ 540.7 £ 4972 + 505.8 £ <0.0
Cortisol (mmol.L~ 146.8 170.5a 146.5a,B 160.4a,C,$ 118.4a,C #,** 01 04 02 0.0
D) 535.6+ 564.6 £ 548.8 £ 509.3 £ 510.1+ <0.0 o 9 2 > 7
101.2 86.9b 130.9¢,B 143.4¢,C.$ 140.5¢,C.#,** 01
10.1+ <0.0
Testosterone 123+32 11+32a 3.9a,A 10+ 3.9a,C,$ 95+2.1aC#** 01 07 05 04 0.1
(nmol/ L) 16.8 £ 14.1+ 152+ <0.0 . 4 6 1 8
17.9+3.7 3.7b 2.1¢c,A 4.1¢c,C+ 14 £4.9c,C#.* 01
19.6 £ 19.7 + 211+ 19.8 + <0.0
Testosterone/Cor 21.6+94 8.9b 7.8¢,B 10.1¢,C,+ 8.2¢,C#,** 01 0.7 05 03 0.1
tisol 354+ 344+ 329+ <0.0 ¥ 3 9 4 4
12.2 30.6+13a 26.8+11.1c 23.2¢,C 32.6¢,C#,* 01
46.2 389+ <0.0
224 25.9¢ 29+164c,B 17.9+£5.5¢,C 31.6+204¢,C$ 01 03 0.1 0.1 0.1
ACTH (pg mL™") 0.19
36.1+ <0.0 8 5 5 4
37.8+8.1 14.8¢ 29.1+11.3¢c 209+54c,C 224+8.6c,CH* 01
<0.0
1.7£05 19+05b 19+£0.5¢c,A 1.9+05cC,+ 2+0.6¢c,CH* 01 0.7 05 0.2
TSH (mUI L) 0.53 0.4
<0.0 6 7 9
25+13 26+14a 26+13c 1.6+1.2¢,C 25+ 13¢c,C#* 01
51+ <0.0
48+03 5+04c 5+0.4c,C 5+0.3c,C# 0.3¢c,C#,*** 01 06 03 02 0.1
T3 (pmol L) 0.35
<0.0 5 8 1 8
5+04 51+04b 52+04c,A 54+05cCS$ 54+£0.5¢Ca** 01
154+ 155+ 153+ <0.0
07 04 01 02
T4 (pmol L) 153+£13 153+1.3c 1.1c,C 1.4c,C# 1.5¢,C.#,** 01 047
148+1.6 149 + 152+ 155+ 157+ <0.0 ’ : ’ :
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DHEA-s (umol L~
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Insulin (mUI L)

Glucose (mmol L~

b

NH3 (umol L)

Urea (mmol L)

UA (umol L)

Creatine (umol L~

"

TG (mmol L)

w

033+
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034+
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264.7 +

84.2
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74.1
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0.04¢,C#,**
266.2 +
89.6¢,C #,**
261.7+
75.6¢,C.#,*
6.6 +
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0.73¢,C#,**
580.1
131.6¢,C#,**
613 +
158¢,C#,**
1347+
22.3c,C#,***
1319+
11.7¢,C#,**

0.61 =

01

<0.0

01

<0.0

01

<0.0

01

<0.0

01

<0.0

01

<0.0

01

<0.0

01

<0.0

01

<0.0

01

<0.0

01

<0.0

01

<0.0

01

<0.0

01

<0.0

01

<0.0

01

<0.0

01

<0.0

01

<0.0

01

<0.0

0.58

0.32

0.8

0.88

0.33

0.18

0.07

0.52

0.26

0.45

0.8

0.6

0.9

0.9

0.6

0.5

0.4

0.8

0.6

0.7

0.5

0.3

0.8

0.8

0.3

0.2

0.1

0.7

0.2

0.4

0.3

0.1

0.7

0.7

0.2

0.0

72

0.0

18

0.5

0.1

0.1

23

0.3

0.1

0.4

0.5

0.1

0.0

0.0

04

0.4

0.0

74

0.0



FFA (mmol L)

Glycerol (umol L~ L

l) A\

DHEA/cortisol

S

0.34

1.01+

0.45

0.46 +

0.18

024 +

0.15

172.8 +

50.4

2074+

515
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F1: Fight 1 ; F2 : Fight 2 ; F3 : Fight 3 ; F4 : Fight 4 ; F5 : Fight 5 ;' SD : Standard Deviation. a. b and c respectively

stand for p<0.05; p<0.01 and p<0.001 versus F1; A. B and C respectively stand for p<0.05; p<0.01 and p<0.001 versus

F2; +. $ and # respectively stand for p<0.05; p<0.01 and p<0.001 versus F3. *. ** and *** respectively stand for

Pp<0.05; p<0.01 and p<0.001 versus F4.

ACTH: Adreno Cortico Trophic Hormone; DHEA-s: dehydroepiandrosterone sulfate; FFA: free fatty acids; IGF-1:

insulin-like growth factor-1; NH3: ammonia; TSH: thyroid stimulating hormone; TG: triglycerides; T3:

triiodothyronine; T4: thyroxine; UA: uric acid;

Table 3. Course of cardiac variables and physical performance during the simulated

competition.
F1 F2 F3 F4 F5 Grou Interaction
Time
Mean + Mean + Mean +
Effect F2
SD SD SD Mean + SD Mean + SD Effect F3 F4 F5
w
L 155+24 161 +£38 158 +11 154 £14 160+ 9 0.23 0.1
HRmin (bpm) 0.46 0.06 0.12 0.05
w 8
S 163 £11 163 +38 144 £ 52 156 £ 11 158 £ 14 0.15
w
L 17+ 12 174+5 173+9 170 £ 10 174 £ 6 0.32 0.2
HRmean (bpm) 0.21 0.3 059 0.05
'Y 5
S 178+ 6 177+3 176 +£5 175+7 174+ 9 0.42
HRmax (bpm) W 184+10 184+ 6 184+ 10 184 +9 1856 0.89 0.3 0.5 0.56 0.78 0.07
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L 2
w
S 189+8 18743  187+5 18746 185+9 047
w <0.00
L 82+8 8443 83+ 5C 82+6CH#  85L3CHFF | 03

RCC (%) 0.12 0.11 004 0.09
w <0.00 5
S 86+5 85+2  84+4A  84+6C+ 83+ TCH* |
W <0.00
L 5346  54+7c  52+7¢C  51+7cC 49+ 7¢,C 1 0.5

HG right (kg) 0.26 025 0.08 0.05
w <0.00 8

S 54+9 52+9c¢ 50+ 8c,A 50=+8c,C,+ 49+ 9c,CH* 1

w 48 + <0.00
L 51+7 50+7c¢ 50+ 8c,C 50+8c,CH 8¢, C #,*** 1 0.5

HG left (kg) 0.23 026 0.08 0.04
w <0.00 7

S 50+8 50+9c  48+6c,A 46=+8c,CiH 46+ Tc,CH* 1

w 78 + 79 + <0.00

L 80+38 83+ 14c 85+13c,C 13¢,C.$ 13c,C#,*** 1 0.5 0.04 0.01
Fmax (kg) 0.16 0.18

w 76 + 70 + <0.00 5 2 3

S 80+ 16 76+ 17c 14c,B 13¢,C,+ 67 + 15¢,C#,* 1

w <0.00
Time to Fmax L 115+86 7.1+59 9.6+7.1c 104+9c,C 98+74cC# 1 0.1 0.00

0.001 0.00 0.00

(s) w 44+ <0.00 4 7

S 35+35 28+25 43+34b 5.7¢,B 3.6 +2.7¢,CH 1

F1 : Fight 1 ; F2 : Fight 2 ; F3: Fight 3 ; F4 : Fight 4 ; FS : Fight 5; SD : Standard Deviation. a. b and c respectively
stand for p<0.05; p<0.01 and p<0.001 versus F1; A. B and C respectively stand for p<0.05; p<0.01 and p<0.001 versus
F2; +. $ and # respectively stand for p<0.05; p<0.01 and p<0.001 versus F3. *. ** and *** respectively stand for
p<0.05; p<0.01 and p<0.001 versus F4.

Fmax: maximal strength; HG; handgrip; HR: heart rate; RCC: relative cardiac cost; Time to Fmax: time sustained

at maximal strength
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Figure 1A. Rate of perceived exertion (A) and workload (B) evolution during the simulated
competition.
F1: Fight 1; F2: Fight 2 ; F3: Fight 3 ; F4: Fight 4; F5: Fight 5; RPE: rate of
perceived exertion; *p<0.05 for time*group interaction; *** p<0.001 for time*group
interaction.

Grey line: weight stable group; black line: weight loss group





