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ABSTRACT. Despite numerous studies related to dehydration there is still a lack of scientific literature
presenting hydration status and fluid intake of judo athletes during different periods. Therefore, the aim of
this study was to investigate, fluid intake, hydration status and body weight changes of young judo athletes
during a typical day of training in preparation period. Twenty-two young judo athletes (age: 12 = 0.7 vy,
experience: 3.5 #+ 1.1) voluntarily participated in this study. Hydration status and weight were examined in
the morning, before and immediately after the training. All athletes trained 90 min and they consumed
fluids ad libitum during the exercise. According to morning urine specific gravity (USG) values, 81.2% of the
athletes were dehydrated while only 18.8% of the athletes were euhydrated. Pre-training urine
measurements showed that 63.64% of the athletes presented dehydration and 77.27% of the athletes
completed the training in dehydrated condition despite fluid availability during the training. Mean body
weight loss during training was -0.64 * 0.66%. It can be concluded that young judo athletes presented high
prevalence of dehydration as indicated by USG values. Most of the athletes were dehydrated during a typical
training day and completed the training in more dehydrated conditions compared to pre training values
despite ad libitum fluid intake. It is of great importance to evaluate hydration status of the athletes before
training to refrain from common practice of fluid restriction for weight loss and adverse effects of a
persistent state of fluid deficit on physical and health related state.
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Introduction

Water is of great importance for human life. It plays an important role in all biochemical reactions that
occur within the body and is a must for preserving blood volume (Meyer, Szygula, & Wilk, 2016). Considering
that water has a role in physiological functions, it is not surprising that it also has an important role in
maintaining exercise performance. The metabolic functions increase five-twenty times compared to its
resting level during the training. This situation leads to an increase in body heat, which has to be annihilated
to maintain thermal homeostasis (Hoffman, 2014). Hence, body fluid is sacrificed in order to hinder the
increase in body temperature.

Dehydration refers to acute loss of body water (Sawka et al., 2007) and it is generally related to decreased plasma
volume (Kavouras, 2002). It presents negative consequences for athletes. Dehydration is associated with a decrease
in serum sodium levels and stroke volume, an increase in core body temperature, cardiac output, plasma fluid losses
and hemoconcentration (Meyer et al., 2016). In addition, Gonzalez-Alonso, Mora-Rodriguez, Below, and Coyle (1997)
stated that dehydration yields adverse effects on cardiovascular functioning. Kavouras (2002) affirmed that even mild
dehydration (1-2% of body weight) impairs athletic performance. Evidence-based studies suggest that dehydration of
3-4% of body weight impairs muscle strength, muscle power and endurance in high-intensity efforts lasting from 30
sec to 2 min. to the extent of 4-10% (Judelson et al., 2007). A review study about effects and physiology of dehydration
highlighted that dehydration more than 2% decreases endurance, strength and power performance (Cheuvront &
Kennefick, 2011). Moreover, studies report that dehydration adversely affects mood, concentration and cognition
(Cian et al., 2000; Cian, Barraud, Melin, & Raphel, 2001; Baker, Conroy, & Kenney Jr., 2007a). It also affects muscle
metabolism by accelerating the rate of glycogen depletion and central nervous system functioning by reducing
motivation and effort.

Acta Scientiarum. Health Sciences, v. 44, e57233, 2022



Page 2 of 9 Ceylan and Santos

Judo is a grappling sport where physical components (strength/muscle power, speed, agility, aerobic
capacity and anaerobic capacity), technical components (throws, chokes, body shifting, etc.), tactical
components (strategy used during the competition) and psychological components (anxiety, motivation
and decision making) are of great importance for a better performance (Franchini, Branco, Agostinho,
Calmet, & Candau, 2015; Detanico, Kons, Fukuda, & Teixeria, 2020). Given that judo is a very popular
sport in the world and because judo competitions are carried out throughout the year, athletes are
doomed to apply rapid weight loss beginning with very early age (i.e. 12.5 * 2.2) (Berkovich, Eliakim,
Nemet, Stark, & Sinai, 2016) and thus exposed to dehydration (Gurses, Ceylan, Akgul, & Baydil, 2018) and acute
dehydration means health-related problems and injuries for most of the athletes (Meyer et al., 2016).

Previous studies investigated hydration status of judo athletes before and during a competition or training day
(Rivera-Brown & De Félix-Davila, 2012; Pettersson & Berg, 2014; Meyer et al., 2016; Gurses et al., 2018; Ceylan,
Akgul, Gurses, Baydil, & Aydos, 2020; Ceylan, Baydil, & Aydos, 2021). Rivera-Brown and De Felix Davila (2012)
monitored hydration status of adolescent judo athletes during training in a tropical environment and highlighted
athletes started the training in a state of fluid deficit, drank insufficient amount of water and finished the training
in a state of significant-to-serious dehydration. Pettersson and Berg (2014) evaluated hydration status in elite
wrestlers, judokas, boxers, and taekwondo athletes on competition day and stated serious dehydration. Meyer et
al. (2016) affirmed that fitness level and training status can considerably influence hydration state and rate of
dehydration but not only young and inexperienced judo athletes but also older and more experienced athletes
presented high level of dehydration as well. Ceylan et al. (2020) analyzed hydration status of elite judo athletes
during a high level of competition and most of the athletes started and finished the competition day in a
significant-serious dehydration state. Gurses et al. (2018) stated that judo athletes presented dehydration
according to urine specific gravity (USG) values obtained before official weigh-in and two hours before competition
despite 15 hours of recovery period. As even older judo athletes from a higher competitive level presented serious
level of dehydration, young judo athletes should be monitored and accordingly informed about long-term adverse
effects of dehydration.

Despite all aforementioned negative consequences of dehydration for athletes and even deaths of young
athletes due to exercising in a sauna or with rubber suits with refraining from consuming fluid to induce
dramatic dehydration (Centers for Disease Control and Prevention, 1998), very young judo athletes (U15) use
dehydration—-induced methods to lose weight (Artioli et al., 2010) and weight classified athletes still consult
to rapid weight loss via sweating and fluid restriction (Artioli et al., 2010). Thus, as judo athletes’ training
comprises of high intensity exercises (Torres-Luque, Herndndez-Garcia, Escobar-Molina, Garatachea, &
Nikolaidis, 2016) and it induces body fluid loss (Meyer et al., 2016) it is very important to monitor hydration
status of the judo athletes and educate them, especially young athletes, to avoid these potential health and
performance related risks.

Notwithstanding numerous studies investigating hydration status of elite or elder judo athletes, there is
lack of literature related to hydration status and fluid intake of young judo athletes. Accordingly, the aim of
this study was to determine the hydration status of a group of pre cadet (U15) Turkish judo athletes as well as
their fluid intake and body weight changes during a training day. The overall study’s hypothesis was that
these young athletes would present dehydration before and after the training and fluid intake would not be
sufficient compared to fluid loss during training.

Material and methods

Participants

Twenty-two (14 males and 7 females) under-15 regional and national level Turkish judo athletes
(12%0.7 years) agreed to participate in the project. The study was designed and completed in accordance
with the guidelines contained in the latest declaration of Helsinki. A signed consent was obtained from
the participants and their parents. Ethical approval of the study was provided from Kastamonu University
Clinical Research Ethics Committee. Participants’ morphological characteristics are showed in Table 1.

Inclusion criteria were the followings: active male or female regional or national level judo athletes, a
minimum of two consecutive years competing at the regional or national level, and apparently healthy. To
determine health status, participants underwent an examination conducted by the judo club medical staff.
They were classified as healthy if they expressed the absence of neurological deficits, postural instability,
vestibular or visual problems, musculoskeletal injuries, cardiovascular problems, injury to the neck, back pain
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and lower extremity injuries for a minimum of six weeks prior to the time of evaluation. Individuals were
excluded if they went through any illness.

Competitors’ weekly training program included 7 to 9 sessions (90 min. each), 5-6 focused on technical-
tactical training and 2-3 on conditioning. Participants routinely trained for 11 months per year. At the time
of the present project, they were in the preparatory phase of their annual training plan. Hence, they were not
in a period of rapid weight loss.

Table 1. Anthropometric characteristics of the athletes.

Variables (n = 22) Mean * SD
Age (years) 12+£0.7
Height (m) 1.52 £0.06
Weight (kg) 45.24+84

BMI (kg m%) 19.25+2.6
Body fat (%) 20.37 £5.3
Judo experience (year) 3.5+1.1
Procedures

A descriptive study design was used to examine hydration status and fluid intake of young male and female
regional and national-level judo athletes aged 10-13 years during a routine training day. All female athletes
were asked about their menstrual period and they declared that none of them was in this period. On the first
day, anthropometric measurements were carried out only for descriptive purpose and participants were
provided with urine containers and told to bring urine samples next day for analysis. Athletes were not
informed about the nature of the study and encouraged to hydrate. On the experiment day, when athletes had
a typical judo training of preparation period (whose details were given in Table 2), athletes arrived at their
training hall at 10.00 a.m. with their first urine samples and were weighted. Before and after the training urine
samples were collected and athletes were weighted. All athletes were provided with water bottles and a
researcher was assigned to follow their fluid intake throughout the training. Moreover, athletes were
instructed not to modify their drinking habits and diet. The training lasted 90 min. Mean temperature in the
training hall was 28.3 degrees and humidity was 56%.

Table 2. Training content of the judo athletes during measurement day.

Content Time (min.)
Warm-up 10
Uchikomi 30
Randori in the standing and sitting position 30
Complimentary exercises 15
Cool-down 5
Total 90
Measurements

Body composition measurements were carried out with bioelectrical impedance device (Tanita, MC-980,
Tokyo, Japan). Stature was determined with a stadiometer (Seca, 213, Hamburg, Germany) to the closest 1 cm.
Hydration status of the athletes were assessed via urine specific gravity (USG) and the analysis were carried
out with a digital refractometer (ATAGO, PAL-10S, Tokyo, Japan) whose reliability was presented with 0.96
correlation with an osmometer (Armstrong et al., 1998). USG values were classified as USG of < 1020 g mL! is
indicative of being euhydrated (Popowski et al., 2001). Percentage of weight loss was calculated according to
Scott, Horswill, and Dick (1994).

Statistical analysis

All values are shown as mean and standard deviation (SD) unless otherwise noted. The data normality
and sphericity were confirmed according to Shapiro-Wilk’s test and Mauchly’s test, respectively. A one-
way analysis of variance with repeated measures (ANOVA) was performed to assess changes in the
dependent variables (USG and total body weight) using time (morning, pre and post training) as the
factor. When significant differences were found, post hoc analyses were performed using the Tukey HSD
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post-hoc test. Pearson product correlation was used to verify relationship between fluid intake and USG
change, fluid intake and BW change (%) from pre to post training. Correlation coefficients were classified
according to Hopkins (2019) (0.0 = trivial, 0.1 = small, 0.3 = moderate, 0.5 = large, 0.7 = very large, 0.9 =
nearly perfect, 1 = perfect). Statistical analysis was carried out with IBM SPSS 20 Statistics and
significance was set at p < 0.05.

Results

Considering the USG values comparison (among the morning, pre and post training outcomes), there were
no significant differences (F;.2;=1.60; p=0.22; ES=0.071 [small effect]) (Table 3).

Table 3. USG changes of the athletes at different measurement times.

Variable (n = 22) Morning Pre-training Post-training p
UsG 1.022 £ 0.005 1.023+0.004 1.024 £ 0.004 0.214
Body weight 45.3%8.3 45.2+8.4 44.9+8.5 0.001

According to morning USG values, 81.2% of the athletes were dehydrated while only 18.8% of the athletes
were euhydrated (Figure 1). In view of pre-training USG measurements, they displayed that 63.64% of the
athletes presented dehydration. Despite fluid availability of all athletes during the training 77.27% of the
athletes completed the training in dehydrated condition.
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Figure 1. Percentages of hydrated and dehydrated judo athletes in the morning, pre and post training.

Regarding body weight, significant differences were found among measurements (F.2;=13.52, p < 0.000).
They were expressed between the pre-training and post-training data (p = 0.000) and between the morning
and post-training ones (p < 0.01) (Table 3) [(weight loss percentage during the training was 0.64 = 0.66% (-
0.27 kg) (Figure 2)].

No significant correlations were found between fluid intake and body weight change percentage (r = 0.18
[Small]; p = 0.43; 95% Cis = -0.56 to 0.27) and between fluid intake and USG change percentage (r = -0.15
[Small]; p=0.52; 95% Cis = -0.53 to 0.29).

This study aimed to investigate hydration status, fluid intake and body weight change of young judo
athletes during a training day. The main findings of the study were that the majority of the athletes started
practice in dehydrated state and maintained or even aggravated their pre-training hydration state despite
fluid availability.
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Figure 2. Changes in body weight in the morning, pre and post training.
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Figure 3. Changes in USG in the morning, pre and post training.

Discussion

Any given sport skill or task can be affected by neuromuscular, cognitive, and metabolic influences, and in any
given circumstance, dehydration might mitigate one, some, or all components. For example, greater dehydration
led to a decrease at a great extend in athletic skill and motor function (Edwards et al., 2007; Baker, Dougherty,
Chow, & Kenney, 2007b). In addition, a study by Cheuvront, Carter, and Sawka (2003) attributed dehydration or
hypohydration to deficit in cardiovascular impairment. A reduction in body water has been reported to negatively
affect neuromuscular system (Hoffman, Staysky, & Folk 1995; Ftaiti, Grelot, Coudreuse, & Nicol, 2001) and muscle
membrane excitability (Costill, Cote, & Fink, 1976). When athletes become dehydrated during exercise, they may
be exposed to a greater physiological strain. Even low level of dehydration has been reported to lead to core
temperature rises compared to well hydrated state (Casa et al., 2010).

Young athletes have been reported to start an exercise in a state of fluid deficit and they usually do not
replace this deficit when drinking water ad libitum (Meyer et al., 2016). Likewise, in our study young judo
athletes, who were not informed about the nature of the study, presented elevated first morning USG samples
(USG < 1.020), which proved that the athletes adopted inadequate rehydration habits outside practice and as
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a result they appeared in a dehydrated state for practice. Moreover, they presented high level of dehydration
before the training and could not compensate it during the training despite fluid availability in the training
area. In accordance with our findings, Arnaoutis et al. (2015) indicated a high prevalence of dehydration
among elite young athletes from different sports during a training day and highlighted that athletes
aggravated their hydration status during practice despite fluid availability. Moreover, previous studies
(Osterberg, Horswill, & Baker, 2009; Palmer & Spriet 2008; Riviera-Brown & De Felix-Davila, 2012; Arnaoutis
et al., 2015) noted high prevalence of dehydration in young athletes of indoor sports although they have much
more opportunity to drink due to easy accession to fluids and greater number of breaks.

Dehydration is linked to many negative effects on well-being and health. It is associated with elevated
arginine vasopressin (AVP). AVP travels to the kidneys via the bloodstream and help preventing excessive
water loss via urination. Despite its cruciality for maintaining appropriate fluid balance, its long term
consequences are hazardous. Increased level of AVP has been linked with obesity, chronic kidney disease,
impaired glucose regulation and cardiovascular disease (Carroll, Betts, & Johnson, 2016; Arnaoutis et al.,
2017). Moreover, it has been suggested to lead to cognitive impairments in younger populations such as
memory, cognitive functions (Bar-David, Urkin, & Kozminsky, 2005; Fadda et al., 2012). Therefore,
athletes should be informed about the long-term consequences of dehydration and individualized
hydration protocols suggested by American College of Sport may be implemented in order to avoid health
disorders.

Previous studies investigated hydration status of judo athletes during a competition day, a training camp
or in humid environment (Riviera-Brown & De Félix-Davila, 2012; Gurses et al., 2018; Stefanovsky, Clarys,
Cierna, & Matejova, 2019; Ceylan et al., 2020) and they indicated high prevalence of dehydration among
athletes from different levels. Ceylan et al. (2020) investigated hydration status of elite judo athletes during
a competition day via USG and urine color and indicated high level of dehydration in spite of ad libitum fluid
intake. Riviera-Brown and De Félix-Davila (2012) monitored changes in hydration status of adolescent judo
athletes during training in the heat and in accordance with our findings they stated that most of the athletes
started and finished a training session with a significant level of dehydration and experienced symptoms of
dehydration despite availability of water during training. Another study by Gurses et al. (2018) investigated
acute weight gain and dehydration in judo athletes and highlighted that judo athletes could not compensate
the gap of dehydration between official weigh-in and match time which was approximately 15 hours. They
stated that judo athletes competed under dehydrated condition. Moreover, the findings of Stefanovsky et al.
(2019) monitored hydration status of young judo athletes during a five-day training camp and the authors
stated high prevalence of dehydration for the first three days.

The current study presents several limitations. First, we did not control the potential effects on USG such as
prior training or supplement use, nevertheless, USG is accepted as a valid and reliable way of monitoring hydration
status (Cheuvront & Sawka, 2005; Meyer et al., 2016) and its measurement before the training, especially in the
morning, is more convenient for the coaches and athletes as it provides the coaches and athletes with a general
idea of pre-practice hydration status, and offers some basis for comparisons for practitioners. Second, this study
was primarily limited by the small number of athletes. However, the number of the samples is thought to be enough
to accept the results of the study as a valid reference. Future studies are warranted to present the real effects of
dehydration on judo performance at all competitive age groups.

Conclusion

In conclusion, young judo athletes presented high prevalence of dehydration during a training day.
Therefore, it is very important to make young athletes gain the habit of drinking enough fluids during the day
in order to arrive the practice in a euhydrated state. Young athletes must be encouraged to drink fluid often
during the practice. Also, a post-training rehydration plan should be suggested based on the individual needs.
It is of great importance to evaluate hydration status of the athletes before training to refrain from common
practice of fluid restriction for weight loss and adverse effects of a persistent state of fluid deficit on physical
and health related state.
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