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abstract
Background:

Hydration is one of the most significant issues for combat sports as athletes often use water restriction

Material and methods:

Six well trained combat sport athletes, classified in the middleweight division, took part in the

Results:

Conclusions:
Key words:

for quick weight loss before competition. There is significant evidence to indicate that the hypohydration
status impairs anaerobic performance. The aim of this study was to investigate if hypohydration, to
reach a weight category, affects anaerobic performance.
experiment. The hydration status and anaerobic performance parameters were evaluated at four
points in time (t1 – four weeks before fight, t2 – two weeks before fight, t3 – one day before fight, t4 – the
fight day). The hydration status was determined using urine osmolality (UOSM) and urine specific gravity
(USG) techniques. Anaerobic performance was evaluated by 30s Wingate tests for upper limbs.

The current investigation demonstrated a significant impairment of anaerobic performance parameters,

such as peak power – Pp (W), mean power – Pm (W) and total work performed – Wt (J), as a consequence
of dehydration in the weight cutting process.

The overall results indicate that hypohydration in combat sports athletes is not fully compensated in
the 24 h from weigh-in to competition.

 hydration, rehydration protocol, anaerobic performance.
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introduction 

Combat sports are among the sport disciplines which have weight categories to
make competition fair for athletes of different anthropometric characteristics. This
phenomenon relates to the drastic reduction of body mass before competition in
order to meet particular weight standards [1]. As research shows, most athletes
do not incorporate long term dietary and training procedures to reach the optimal
body mass for competition. On the contrary, the majority of combat sports athletes
reduce their weight drastically before the competition to reach appropriate weight
categories. This may mean a reduction of up to 5% body mass within 2–3 weeks
or even a shorter time period. The analysis of dietary procedures of elite female
judo athletes in the precompetitive period has revealed that 80% of them use
very low calorie diets, which do not cover the basic energy needs, and in some
cases reached values as low as 470 kcal/d [2]. The results of studies considering
the effects of body mass reduction on physical and mental performance are
quite controversial. There is research indicating that drastic weight reduction
negatively influences repeated-effort performance, while other studies show no
impact on aerobic and anaerobic single or repeated physical tasks [3]. It seems
that large magnitudes of weight loss (> 3% BM) over a short period of time (24–
48h) are detrimental to strength speed performance, while weight loss over
multiple days (5–12) using food restriction and fluid manipulation have not
shown negative effects on performance [4]. Studies that show a negative impact
of weight reduction usually relate to high intensity repeat effort performance up
to 24h following the weight loss [5, 6]. Combat sports with longer competition
duration are likely to be at a greater risk of impaired performance resulting
from rapid weight reduction. There are many methods of body mass reduction
which have different consequences on sport performance. Acute reduction in
energy intake influences performance through reduced glycogen concertation
[4, 6]. Lower levels of muscle glycogen induce fatigue and lower the strengthendurance by reducing glycolytic potation. When using acute dehydration as
a weight loss strategy, different physiological changes will influence exercise
performance. Dehydration by sweat loss is associated with a reduction in blood
plasma, and total blood volume which impairs the cardiovascular function,
muscle blood flow and thermoregulation [5, 7]. The recovery period between
weight control and competition is usually 24h or less, which seems insufficient to
recover the hydration status [6, 7]. Some authors indicate that acute dehydration
significantly alters electrolyte concentration which may influence cells fluid
balance, and as a result impair the neuromuscular function [6, 8]. There is little
research investigating the acute effects of dehydration and rehydration on the
neuromuscular function and anaerobic performance in combat sports.
Considering the significant consequences of rapid weight reduction on physical
performance in combat sports, we have attempted to evaluate changes in
anaerobic power, body mass and body composition as well as the hydration
status in elite athletes over four weeks’ body mass reduction before competition

material and methods 
p articipants 

Six, apparently well-trained combat sport athletes were enrolled in the study. All
study participants had at least eight years of training experience and competed
at the international level. Subjects were classified in the middleweight division
(154–160 lbs, 69.85–72.56 kg). The athletes constituted a homogenous group
www.balticsportscience.com
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with regard to age (average age of 27.3 ±0.5 years), somatic and anthropometric
characteristics as well as anaerobic performance (mean body mass (BM) 79.4 ±1.1
kg; fat content (FAT%) 10.8 ±1.7%). All subjects had valid medical examinations
and showed no contraindications to participate in the study. The athletes were
informed verbally and in writing of the experimental protocol, the possibility to
withdraw at any stage of the experiment, and they gave their written consent for
participation. The experimental protocol was approved by the Ethics Committee
of the Jerzy Kukuczka Academy of Physical Education in Katowice, Poland, and
conformed to the principles presented in the Declaration of Helsinki.

e xperimental design 

The experiment lasted 29 days. The study consisted of four visits to the
laboratory. The body mass, hydration status and anaerobic performance were
evaluated at four points in time (t1 – four weeks before fight, t2 – two weeks
before fight, t3 – one day before fight, t4 – the fight day) (Fig. 1). The study was
conducted during the preparatory period of the annual training cycle, when
a high volume of work dominated the daily training loads. The experiment
reliably imitated the preparations for competition. In fact, the preparations are
not crowned with a real fight. The exercise protocol would not be applicable
on the day of competition. The participants refrained from exercise for 2 days
before testing to minimise the effect of fatigue.

Fig. 1. Experimental design flowchart

b iochemical assays 

Urine samples were taken at each of the four time points (t1, t2, t3, t4). They
were placed in a plastic container and mixed with 5 ml/L of 5% solution of
isopropyl alcohol and thymol for preservation. Urine samples were assayed
for the presence of blood and proteins. Specific gravity was determined using
the Atago Digital refractometer (Atago Digital, USA). Urine osmolality (UOSM)
was analysed in duplicate by freezing point depression osmometry (Model
3250, Advanced Instruments, USA).

www.balticsportscience.com
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b ody mass composition 

The measurements of body mass were performed on medical scales with a
precision of 0.1 kg. Body composition was evaluated using the electrical impedance technique (Inbody 720, Bioscpace Co., Japan).

s tress test 

Anaerobic performance was evaluated by the 30-second Wingate test protocol
for upper limbs. The test was preceded by a 5 min warm-up with resistance
of 40 W and cadence within 50–60 rpm. Following the warm-up, the test trial
started, in which the objective was to reach the highest cadence in the shortest
possible time and to maintain it throughout the test. The lower limb Wingate
protocol was performed on an Excalibur Sport ergocycle with a resistance of
0.8 Nm·Kg-1 (Lode BV, Groningen, Netherlands). The upper body Wingate test
was carried out on a rotator with a flying start with a load of 0.45 Nm·Kg-1
(Brachumera Sport, Lode, Netherlands). Each subject completed test trials.
The variables of peak power – Pp (W), mean power – Pm (W) and total work
performed – Wt (J), were registered and calculated by the Lode Ergometry
Manager (LEM, software package, Netherlands).

s tatistical analysis 

The data were processed using the Statistica software and presented as means
with standard deviations. The Shapiro-Wilk, Levene and Mauchly’s tests were
used in order to verify the normality, homogeneity and sphericity of the sample’s
data variances, respectively. The repeated measure ANOVA was performed to
determine differences between four weeks before, two weeks before, one day
before and the fight day for PP, MP, TW, LA, UOSM and USG. The one way ANOVA
was used to determine differences between values of body mass changes, after
the hydration. Statistical significance was set at p < 0.05.
All statistical analyses were performed using Statistica 9.1 and Microsoft Office
and were presented as means with standard deviations.

results 

Changes in Pp, Pm, Wt, LA, UOSM and USG values, after hydration four weeks
before the fight day, two weeks before the fight day, one day before the fight
day and on the fight day were presented in Tables 1 and 2. Similarly, the
changes in body mass values after the hydration were presented in Figure 2.
The ANOVA analysis of variance with repeated measures showed the most
significant statistical differences in value of Pp between 1 day before the fight
and on the fight day (with p = 0.021), after the hydration, as well as between 1
day before the fight and on the fight day in the values of Pm and Wt (p = 0.039 and
p = 0.036). On the other hand, ANOVA showed the most significant statistical
differences between 1 day before the fight and four weeks before the fight in
the value of LA with p = 0.040 (Table 3).
The same ANOVA analysis of variance with repeated measures revealed the
most significant statistical differences in values of UOSM and USG between 1
day before the fight and on the fight day (with p = 0.031 and p = 0.009) after
the hydration (Table 4).
www.balticsportscience.com

4

BalticJournal
Journalof
ofHealth
Healthand
andPhysical
PhysicalActivity
Activity2019;
2014;11
1(1):
Baltic
(4):1-4
1-8
JournalofofGdansk
GdanskUniversity
UniversityofofPhysical
PhysicalEducation
Educationand
andSport
Sport
Journal
e-ISSN2080-9999
2080-9999
e-ISSN

Table 1. Changes in PP, MP, TW and LA values in the hydration status four weeks before the fight
day, two weeks before the fight day, one day before the fight day and on the fight day

Variables

4 weeks before

2 weeks before

Mean

Mean

SD

1 day before

SD

Mean

SD

Fight day
Mean

SD

Pp1(W)

976.00

147.70

982.38

140.20

672.43

107.70

923.24

126.90

Pm1(W)

464.70

56.90

467.70

39.55

397.00

42.00

460.70

36.55

Wt1 (J)

13412.60

1695.50

13971.60

1163.90

10393.60

1314.10

13271.60

1147.90

10.42

1.69

10.55

1.45

9.70

2.11

10.56

1.45

Δ LA mmol/l)

Table 2. Changes in UOSM and USG values after hydration four weeks before the fight day, two weeks before the fight day, one day before the fight day and on the fight day

Variables

4 weeks before

2 weeks before

1 day before

Fight day

UOSM
(mOsmkg H2O-1)

340.000

380.000

1121.300

780.800

1.012

1.010

1.045

1.011

USG

Table 3. Results of differences between four weeks before, two weeks before, one day before and
on the fight day for PP, MP, TW and LA with ANOVA repeated measures

Variables

Measures

4 weeks
before

4 weeks before
Pp1 (W)

0.231

0.034

0.167

0.032

0.189

1 day before

0.034

0.032

fight day

0.167

0.189

0.021

0.451

0.041

0.387

0.039

0.401

0.021

2 weeks before

0.451

1 day before

0.041

0.039

fight day

0.387

0.401

0.043

0.397

0.040

0.333

0.038

0.405

0.043

2 weeks before

0.397

1 day before

0.040

0.038

fight day

0.333

0.405

0.039

0.114

0.040

0.314

0.043

0.714

4 weeks before
Δ LA (mmol/l)

Fight
day

0.231

4 weeks before
Wt1 (J)

1 day
before

2 weeks before

4 weeks before
Pm1 (W)

2 weeks
before

2 weeks before

0.114

1 day before

0.040

0.043

fight day

0.314

0.714

0.039

0.043
0.043

Table 4. Results of differences between four weeks before, two weeks before, one day before and
on the fight day for UOSM and USG with ANOVA repeated measures

Variables

Measures

4 weeks
before

4 weeks before
UOSM

1 day
before

Fight
day

0.124

0.021

0.041

0.012

0.034

2 weeks before

0.124

1 day before

0.021

0.012

Fight day

0.041

0.034

0.031

0.114

0.009

0.111

0.010

0.115

4 weeks before
USG

2 weeks
before

2 weeks before

0.114

1 day before

0.009

0.010

Fight day

0.111

0.115

www.balticsportscience.com
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One way ANOVA revealed significant statistical differences in the changes of
body mass values after the hydration for one day before the fight with p = 0.021
and with reference to values for four weeks before, two weeks before and for
the fight day (Fig. 2).

Fig. 2. Changes of body mass in the hypohydration protocol

discussion 

There are such sport disciplines as combat sports for which fluid intake before,
during and after competition is a key factor determining performance, as
well as being part of the strategy for reaching the weight category limit [9].
Effective hydration determines proper functioning of the human body at rest and
especially during and after exercise. Water allows for homeostasis; it facilitates
most biochemical reactions; it allows numerous particles and compounds to
dilute. It helps in the transport of metabolites and utilization of by-products [10,
11]. Exercise induces ionic changes within contracting muscles that contribute
to the development of metabolic acidosis. The increased intramuscular acidity
can then limit the capacity to perform exercise of high intensity [12].
In the present study, we investigated the effect of the hypohydration status
on anaerobic performance of competitive combat sport athletes. The study
participants were experienced athletes, capable of performing extreme
anaerobic efforts and with the body mass reduction practice using energy
and fluid restriction. We have chosen such an approach for two reasons.
Firstly, it is well documented that hypohydration impairs aerobic and anaerobic
performance. However, the majority of these research reports have been
carried out in specific hydration statues, not presenting performance changes
in increasing dehydration and after rapidly 24-hours hydration. Secondly,
impairment of metabolism has been mostly discussed in the context of
sedentary and recreationally active individuals [12]. Therefore, our study
is novel by including both well-trained combat sport athletes and the use
of protocol correlating an increasing hypohydration status with selected
anaerobic performance parameters.
It is unclear how much hypohydration impairs anaerobic performance, and
inconsistent results may be due to the use of different protocols to achieve
hypohydration and measurements of strength and power abilities. Some
www.balticsportscience.com
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authors have observed significant reductions in isometric and isokinetic
force after 2% hypohydration [13], while others did not register significant
changes in muscular activity even after 4% hypohydration [13, 14]. The current
investigation demonstrated a significant decrease in anaerobic capacity (Wt –
J) during a 29-day hypohydration protocol (from 13412.6 (J) – 4 weeks before
to 10393.6 J – one day before the fight, p = 0.0008). This has been explained
by an increase in core temperature which affects the sequence of muscle
strength production by reducing motor cortex activation, peripheral stimulus
and power output [10, 12].
The impairments in Wt were influenced by changes in UOSM and USG. The results
of the current study demonstrated a statistically significant increase UOSM (from
340 (mOsmkg H2O -1) to 1131.3 (mOsmkg H2O -1), p = 0.031) and USG (1.012
to 1.045, p = 0.009) in the weight cutting process. For practical purposes,
different methods of evaluating the hydration status are used. They include
total body water content (bio-electrical impedance), blood variables (osmolality,
volume, isotope tracers and sodium concentration), as well as urine variables
(osmolality, volume, specific urine gravity). In our study, we used monitoring
of UOSM and USG. This choice is consistent with the suggestion of Popowski et
al. [15], who compared the validity of UOSM and USG to plasma osmolality and
concluded that both are greatly correlated and are good measurements of
hydration status.
The results of our study are in line with the available literature regarding
the impact of hypohydration on Pp (W) and Pm (W). This phenomenon could be
explained by the influence of the suppressed neuromuscular function, although
membrane excitability is not reduced by dehydration [16]. It is well accepted
that water is bound to the glycogen molecule in the cellular environment.
Each gram of glycogen is stored in human muscle with at least three grams
of water [17]. Olsson et al. assessed body water by tritium trace in dilution
before and after glycogen loading, suggesting that each gram of glycogen
was stored with 3–4g of water. Some authors sustain that different ratios of
muscle glycogen to water following post-exercise glycogen repletion under
different fluid intakes. A ratio of 1:3 was found when only 400 ml of water was
consumed, while a ratio of 1:17 was determined when participants replaced
the fluid lost during exercise [15, 18]. Despite numerous scientific data , there
is still no conclusive answer regarding how much time is needed to recover
fluid and energy substrates after a weight cutting protocol. Tarnopolsky et al.
observed that the weight loss using energy and fluid restriction before weighin results in a marked decrease in muscle glycogen concentration which could
affect high intensity anaerobic actions common in combat sports. However,
those reductions in muscle glycogen concentrations are largely reversed
during the 17-hour period allowed between weigh-in and the start of the
competition [19]. The results of our study indicate that, despite 24h hydration,
selected Wingate test parameters (Pp and Pm) were impaired if compared to
the baseline value.

conclusions 

It seems that strength and power is significantly affected by a state of
hypohydration in combat sports, where athletes usually dehydrate before
competition to reduce body mass for a certain weight category. It is possible
that full rehydration would have resulted in larger gains in neuromuscular
performance.
www.balticsportscience.com
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