
Habit or lack of education? Hypohydration is present in elite senior judo athletes even 1 

during a weight-stable training camp 2 

Abstract 3 

It has been well documented that high-level judo athletes presented a high level of 4 

hypohydration during weight-cutting and competition periods. However, there is a lack of 5 

studies investigating the hydration status of high-level judo athletes during a weight-stable 6 

training period. Therefore, this study aimed to investigate elite judo athletes' hydration status, 7 

body mass change, and fluid intake during a weight-stable training camp. Twenty-seven judo 8 

athletes (women n=8, men n=19, body weight=79.6±20.9 kg) from the senior national judo 9 

team voluntarily participated in this study. Data were collected in the morning after waking up 10 

and before and after the morning and evening training sessions. On the second day, the 11 

measurements were taken again in the morning after waking up. Urine-specific gravity (USG) 12 

was classified as hydrated (USG<1.020) and hypohydrated (USG ≥1.020). The athletes’ USG 13 

values measured on two consecutive mornings increased (1.025±0.007 to 1.029±0.006) during 14 

24h, in which athletes performed judo training in the morning and evening. Moreover, sex and 15 

weight category did not affect the changes in USG values (p>0.05). Most of the elite judo 16 

athletes presented hypohydration (92.6%). The relationship between the fluid intake of the 17 

athletes and the changes in USG and body weight values during 24 hours was not significant 18 

(p>0.05).  The current study's findings revealed that high-level judo athletes present a high level 19 

of hypohydration even during a weight-stable training camp. Furthermore, the training sessions 20 

during the experiment period (24 h) worsened the hydration status of the senior athletes in all 21 

weight categories for both women and men. 22 
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Introduction 28 

Judo is an Olympic combat sport, and athletes compete according to weight categories 29 

in all age groups.1 As in many other combat sports, judo athletes frequently resort to rapid 30 

weight loss within the week preceding the competition.2-4 Moreover, the previous research 31 

makes it evident that athletes use hypohydration-induced methods to lose weight.2, 5 The current 32 

literature supports these findings as judo athletes present a high level of hypohydration before, 33 

during, and following official judo competitions.6-8 Moreover, even the increased 15 h of 34 

recovery provided by the International Judo Federation (IJF) under the current refereeing rules 35 

does not change this situation as it was reported that judo athletes presented a higher percentage 36 

of hypohydration despite a higher amount of rapid weight gain (RWG) in this time.8 37 

Hypohydration has adverse effects on athletes’ health and performance. For example, 38 

hypohydration has been associated with decreased plasma volume as well as adverse effects on 39 

cardiovascular functioning.9 It also reduces muscle endurance, strength, and anaerobic power 40 

and capacity in the athletic population.10 In addition, poor body water balance may result in 41 

decreased cognitive functioning, such as impaired decision-making time,11 reduced levels of 42 

alertness,12 and reduced psychomotor performance.13 Similar effects of hypohydration on 43 

performance and its high prevalence (i.e., 84 %)  have also been found in competitive combat 44 

sports athletes. 14  45 

Previous research investigated hydration status of judo athletes before, during, and after 46 

the official competitions and training from different age categories and competitive levels. 6-8, 47 

15-17 Ceylan and Balci 7 investigated the effect of sex on short-term weight change and hydration 48 

status in judo athletes and stated that both sexes were hypohydrated (minimal [USG 1.010–49 

1.020] to serious [USG > 1.030]) before official weigh-in and competition. In another study, 50 

Ceylan et al.6 monitored hydration changes of elite judo athletes a week before the competition, 51 

official weigh-in, and 24 hours after competition via urine specific gravity (USG) and the urine 52 



colour. The authors stated that athletes presented a relatively higher level of hypohydration a 53 

week before the competition (USG=1.023±0.002) and at the official weigh-in 54 

(USG=1.030±0.001) compared to 24 h post-competition (USG=1.017±0.007). Thus, it can be 55 

stated that judo athletes from both sexes and different competitive levels present a high level of 56 

hypohydration during the competitive week. In the training conditions, young judo athletes (U-57 

15) showed hypohydration in the morning, before, and after the training despite ad libitum water 58 

intake.15 In another study, adolescent judo athletes started the training in a hypohydrated state 59 

(mid puberty athletes=1.029 ± 0.004; late puberty athletes= 1.024 ±0.005) and completed the 60 

training in even worse conditions. Afterwards, these athletes could not compensate for water 61 

deficit even 24 h following the training, with most of the athletes presenting significant 62 

hypohydration in a high-heat-stress environment (USG 1.021-1.030).17 Stefanovsky et al.16 63 

monitored the hydration status of young judo athletes for four times during an off-season 64 

training camp and found that the hydration of young judo players was considered suboptimal, 65 

despite no weight reduction or control requirement with USG values of 1.024 on the first day, 66 

1.026 on the third day, 1.020 on the fourth day and, 1.018 on the fifth day.   67 

Previous studies highlighted that judo athletes are frequently exposed to hypohydration 68 

during competition and training parts of the season. However, previous research investigating 69 

hydration status during training focused only on young and inexperienced athletes.15-17 Also, 70 

elite athletes are expected to maintain optimal hydration status for recovery,18 especially when 71 

they are not obliged to control their body weight for a competition, unlike the studies mentioned 72 

above. Furthermore, suboptimal hydration status in athletes before, during, and after physical 73 

activity may hazard athletic performance. Suboptimal hydration may result in a decrease in 74 

performance and training productivity by leading to fatigue and exhaustion.19, 20 Therefore, it is 75 

of great importance to monitor the hydration status of judo athletes during not only weight 76 

cutting period but also a weight-stable period to optimise their performance and protect their 77 



health. Nonetheless, there is a lack of studies investigating if elite senior judo athletes maintain 78 

optimal hydration status during a weight-stable period, which would provide an insight into the 79 

hydration adaptations of the elite-level judo athletes. Thus, this study aimed to monitor elite 80 

senior judo athletes' hydration status, body weight change, and fluid intake during a training 81 

camp where they were not obliged to lose or regulate their body weight. It was hypothesised 82 

that high-level athletes would present optimal hydration status as well as appropriate fluid 83 

intake.    84 

Material and Method 85 

Study design 86 

This descriptive study aimed to demonstrate high-level judo athletes' hydration status, 87 

body weight changes, and fluid intake during a weight-stable international training camp. 88 

Athletes’ body weight and hydration status were measured during two consecutive days as 89 

follows: T1- the first morning following a day-off; T2- before the first training; T3- after the 90 

first training; T4- before the second training; T5- after the second training; T6- next morning 91 

(24 h following the T1 measurement). 92 

 93 
Figure 1. Study design with measurement times 94 



Following a day off, the measurements were taken in the morning after waking up and 95 

before and after the morning and evening training sessions. On the second day, the 96 

measurements were taken in the morning after waking up. The break between training sessions 97 

lasted for 6 hours. Athletes have trained in a standardised environmental temperature (approx. 98 

24 C˚). Detailed information related to training sessions can be found in Table 1. 99 

Table 1. Training content of the judo athletes during measurement day 100 
Content Morning 

Training Session 

(09:30-11:00) 

Evening 

Training Session 

(17:00-18:30) 

 Duration (min) Duration (min) 

Warm-up 10 10 

"Uchikomi" (Technique repetition) 15 15 

2 min5 "Ne-waza randori" (groundwork battle) - 10 

"Ipponchange ne-waza randori" (groundwork battle) 15 - 

4 min5 "Tachi-waza Randori" (standing battle) 20 - 

4 min6 "Tachi-waza Randori" (standing battle) with golden score - 30 

Complimentary exercises 15 15 

Cool-down 5 5 

Total  80 85 

 101 
Participants  102 

The number of participants was determined with a priori power analysis using G*Power 103 

3.1.9.7 (Version 3.1.9.7; Universität Kiel, Kiel, Germany).21 The assumptions used were a 104 

significance level of α = 0.05 and the power of 0.90 for one-way within-factor repeated 105 

measures ANOVA (6 measurement times) and actual power of 0.91 with a total sample size of 106 

24 participants were determined. Nevertheless, twenty-seven judo athletes from ……. national 107 

judo team voluntarily agreed to participate in this study. All athletes were in a weight-stable 108 

period, i.e., not losing or regulating body weight for an upcoming competition and without any 109 

musculoskeletal injuries. All athletes were black belt and had a mean judo experience of 110 

10.2±3.2 years. Data were collected during an international training camp in ………. A written 111 

informed consent form was obtained from each athlete before the experiment, and the study 112 

was carried out in accordance with the latest version of the Declaration of Helsinki. The local 113 



Clinical Research Ethics Committee provided ethical approval for the study (2020-KAEK-143-114 

136). 115 

Measurements  116 

Body weight: Athletes’ body weight was measured with a calibrated scale (Seca 880 Digital 117 

Floor Scale, Seca: UK) to the nearest 100 grams. Athletes were weighed naked and dry after 118 

each urine sample collection. The first measurement was carried out on the first morning after 119 

the day off upon waking up. Afterwards, the athletes were weighed immediately before and 120 

after each training session. Finally, the last measurement was taken the following day upon 121 

waking up (24h after the first one).  122 

Hydration status: A midstream urine sample22, 23 was collected from each athlete immediately 123 

before each body weight measurement. The samples were placed in plastic cups, and urine-124 

specific gravity (USG) was determined with a digital refractometer (ATAGO PAL-10S, Japan). 125 

All samples were refrigerated and analysed at 20º C within 8 hours.24 USG was classified as 126 

hydrated (USG<1.020) and hypohydrated (USG ≥1.020) according to suggestions by the 127 

ACSM position stand.19 128 

Fluid intake: For 24 hours, subjects were asked to complete a fluid diary in which the type, 129 

amount, and time of fluid consumed were recorded. The photos of standard sizes of packaged 130 

beverages, glasses, and containers were provided to estimate the amount for each fluid ingested. 131 

An example of a proper fluid recording was shown to the participants so that they could 132 

reference during their 24 h of record keeping. Total fluid intake was calculated by adding the 133 

volume of all fluids consumed. 134 

Statistical analysis 135 

The analysis was conducted with JASP (0.15.0.0 Version, The Netherlands) and IBM 136 

SPSS 20 (IBM Corporation Inc. Armonk, NY, the USA). The variables' mean, standard 137 



deviation, and 95% confidence interval (CI) were reported. The data normality was checked 138 

with the Shapiro-Wilk test and descriptive methods using skewness and kurtosis coefficients.25 139 

The differences in USG measured four times at rest throughout the 24 hours were determined 140 

with one-way repeated measures ANOVA, and the differences between USG measured before 141 

and after morning and evening training sessions were determined with two-way (2×2) repeated 142 

measures ANOVA. Also, the effect of sex (2×4) and weight category (3×4) on USG was 143 

checked with split-plot ANOVA, and pairwise comparisons were made via Bonferroni 144 

correction. The changes in body weight were analysed with a paired-samples t-test. The 145 

relationship among variables was investigated with the Pearson correlation coefficient. Effect 146 

sizes for pairwise comparisons, analysis of variance, and correlation analysis were classified 147 

according to Cohen's d and eta-squared (η2) and correlation coefficient (r) value 26, respectively. 148 

Significance was set at p<0.05.            149 

Results 150 

Athletes’ physical characteristics and fluid intake are presented in Table 2.  151 

 Table 2. Participants’ physical characteristics and fluid intake  152 
 Women (n=8)  Men ( n=19)  Total (n=27)  

 Mean±SD 95% CI Mean±SD 95% CI Mean±SD 95% CI 

Age (year) 20.8±1.3 (19.7-21-8) 21.6±3.3 (21.1-23.2) 21.4±2.8 (20.3-22-5) 

Body height (cm) 163.6±5.5 (159.1-168.1) 179.4±8.3 (175.4-183.4) 174.7±10.5 (170.6-178.9) 

Body weight (kg) 61.4±10.1 (53.2-69.7) 87.3±19.6 (77.9-96.6) 79.6±20.9 (71.3-87.9) 

BMI (kg/m2) 21.9±2.6 (19.8-24.1) 24.7±3.2 (23.1-26.2) 23.9±3.2 (22.6-25.1) 

Experience (year) 10.2±3.2 (6.1-10.4) 11.1±3.1 (9.6-12.5) 10.2±3.2 (9.0-11.5) 

Fluid intake (L/day) 3.7±1.5 (2.6-5.0) 4.4±2.0 (3.3-5.5) 4.1±1.8 (3.4-4.9) 

 SD= standard deviation; CI= confidence interval; BMI= body mass index 153 

The changes in USG and body weight can be found in Figure 2. The changes in athletes’ USG 154 

values at different measurement times were significant (F3, 78= 7.972; p<0.001; η2=0.24 155 

[Medium]). According to multiple comparisons, athletes’ USG values at T6 were significantly 156 

higher compared to other at rest measurement times (T1, T2 and T4). When pairwise 157 

comparisons were carried out, the same results were obtained. Effect sizes calculated with 158 



Cohen’s d during these analyses ranged from medium to large. There was no main effect of sex 159 

(F1, 25= 1.544; p=0.226) and weight category (F1, 25= 0.115; p=0.892) on USG values. The 160 

changes in USG values were the same between men and women at different measurement times 161 

(sex × time interaction= F1, 25= 1.319; p=0.274) and among weight categories (weight category 162 

× time interaction= F3, 72= 0,506; p=0,802). USG values increased following both training 163 

sessions (F1, 26= 13.636; p=0.001; η2=0.171 [Medium]). Increase in athletes’ USG values were 164 

not significant between before (1.024±0.006) and after (1.026±0.004) the morning training 165 

session (t (26)= -1.811; p=0.082). However, athletes’ USG values increased during the evening 166 

training session (before=1.023±0.007; after=1.027±0.006) (t (26)= -4.297; p<0.001; d=-0.827; 167 

large effect). USG values were not different before the morning and evening training sessions 168 

(F1, 26= 0.382; p=0.542). Moreover, the increase in USG values following the exercise was 169 

similar in the morning and evening training sessions (F1, 26= 1.489; p=0.233). The changes in 170 

USG pre-post morning training session (-0.002±0.006) and pre-post evening training session (-171 

0.004±0.005) were found similar (t (26)=1.220; p=0.233).  172 

There was a significant positive relationship between athletes’ USG values at T1 and 173 

T6 (r=0.568; p=0.002; Large effect). However, there was no significant relationship between 174 

fluid intake and the changes in USG values and body weight (p>0.05). 175 

 176 



 177 
Figure 2. The changes in USG levels and body weight during the experiment. Within each box, 178 
horizontal black lines denote median values; boxes extend from the 25th to the 75th percentile 179 

of each group's distribution of values;+ indicates means. 180 

 181 
There was no significant difference in athletes’ body weight between T1 (78.0±21.315) 182 

and T6 (77.9±21.2) (t (26)=0.909; p=0.373). The decrease in body weight of the athletes in the 183 

24h period was 0.18%. Athletes’ body weight significantly decreased (1.39%) between before 184 

(79.6±20.9) and after (78.5±20.7) the morning training sessions (t (26)= 6.356; p<0.001; 185 

d=1.223; large effect). Likewise, athletes’ body weight significantly decreased (1.22%) during 186 

the evening training session (before=79.3±20.8; after=78.4±20.6) (t (26)= 7.363; p<0.001; 187 

d=1.417; large effect). The difference in body weight change pre-post the morning training 188 

session (-1.1±0.9) and pre-post the evening training session (-0.9±0.7) were similar (t (26)= 189 



0.644; p=0.525). Athletes’ body weight following both morning (T3) (t (26)= 2.887; p=0.008; 190 

d=0.556; medium effect) and evening (T5) training sessions (t (26)= 3.973; p=0.001; d=0.765; 191 

medium effect) were found lower than the body weight measured in the first morning (T1). 192 

 Athletes' hydration status according to USG values is presented in Figure 3. As seen in 193 

the figure, most athletes presented hypohydration throughout the measurements. 22.2% of the 194 

athletes were classified as hydrated, while 77.8% were classified as hypohydrated according to 195 

the first measurement. The percentage of the hydrated athletes decreased to 7.4% according to 196 

athletes' USG values the following day, while 92.6% of the athletes presented hypohydration.  197 
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 198 

Figure 3. Hydration status of athletes at different measurement times 199 

Discussion 200 

This study investigated hydration status and body weight changes of national senior judo 201 

team athletes for 24 h during a weight-stable international training camp. The study's main 202 

finding was that most athletes (92.6%) presented insufficient hydration status during 24 h at a 203 

weight-stable international training camp despite presenting no significant change in body 204 

weight. The training sessions increased athletes' urine concentration despite ad libitum fluid 205 



intake. There was no effect of sex and weight category on the changes in hydration status. Thus, 206 

the data of both men and women athletes were evaluated together. No significant relationship 207 

was determined between athletes’ fluid intake and the changes in USG values and body weight. 208 

 Different approaches and suggestions have been made to body weight management in 209 

weight-categorised sports, including judo.27, 28 Despite the additional regulations implemented 210 

by International Judo Federation, the fact remains that judo athletes resort to rapid weight loss, 211 

which is accompanied by insufficient hydration status and presents a severe problem.6, 7 212 

Moreover, hypohydration is known to affect judo-specific performance adversely.29 Research 213 

highlighted that when athletes were additionally educated about the importance of fluid intake 214 

during exercise, this resulted in improved hydration status of the athletes.30 Therefore, 215 

providing athletes and especially their coaches with educational programs related to weight 216 

management and hydration status to decrease the adverse effect of rapid weight loss and 217 

hypohydration on health and performance has been widely highlighted.7, 28, 31 Previous studies 218 

related to the hydration status of judo athletes during training were carried out on younger and 219 

inexperienced judo athletes. However, those studies also reported a high level of hypohydration 220 

in judokas during the training period.15-17 221 

Compared to youth and inexperienced athletes, high-level athletes are expected to have 222 

more experience and knowledge to maintain optimal hydration, especially during the non-223 

competitive period. However, the current study shows that high-level athletes presented 224 

hypohydration following an off day and additionally, they also presented worse hydration status 225 

following two training sessions during the day. Again this occurred with ad libitum fluid intake 226 

and showed that athletes must be reminded to consume fluids during training.32 The changes in 227 

insufficient hydration status were the same in both women and men athletes. It was reported 228 

that most of the athletes from different team sports presented a high level of hypohydration, 229 

men athletes presented worse hydration status than women athletes, and menstrual period did 230 



not affect the hydration status of women athletes.33 This information suggests that athletes' 231 

insufficient hydration status is related to insufficient fluid intake habits rather than sex. 232 

Especially in sports such as judo, where the exercise intensity is high, the risk of hypohydration 233 

can be even higher.34 The findings of the current study support this idea, as the hydration status 234 

of athletes worsened from pre-training to post-training, despite the high level of fluid intake 235 

during 24h, and athletes' body weight decreased. Athletes’ body weight losses were 1.4% and 236 

1.2% before and after morning and evening training, respectively. The percentage of body 237 

weight loss at the end of exercise should be kept between ±1 for active individuals and ±2 for 238 

the athletic population for optimal performance.35 Although the changes in body weight of elite 239 

judo athletes in the current study stayed within limits (±2%), the increase in USG values shows 240 

that athletes did not rehydrate enough to eliminate hypohydration. Moreover, the fact that 1% 241 

fluid loss may adversely affect athletic performance should be considered.36, 37 The change in 242 

body weight (0.18%) and USG values in 24h were not compatible. Although athletes’ body 243 

weight did not significantly decrease, their USG values worsened, and the percentage of 244 

hypohydrated athletes increased. In combat sports athletes, a high prevalence of hypohydration 245 

has been reported via USG with no significant change in body weight. This may have resulted 246 

from the effect of training duration and intensity on USG values, athletes’ adaptation to 247 

repetitive hypohydration/weight loss, and the same cut-off values used for the athletes with high 248 

lean body mass from different weight categories.22 In addition, weight loss and USG 249 

measurements show similar patterns during dehydration via restricting fluid intake and 250 

exercise. This pattern presents inconsistency in the case of dehydration; this inconsistency is 251 

explained by the differences in hormonal control of water and solutes (i.e., K, Na, sugar).38, 39  252 

The USG values taken at rest and different measurement times are consistent with the 253 

natural daily change in urinary concentration.40 While high USG values are determined in the 254 

first morning measurement of the athletes, the USG values before the morning training decrease 255 



with the increase in fluid intake, and it is seen that it is at the lowest level before the evening 256 

training (Figure 2A). There was a positive correlation between the USG value obtained on the 257 

first morning and that obtained on the second day in the morning. This shows that athletes were 258 

hypohydrated on both the first and second morning; moreover, the number of athletes with 259 

insufficient hydration status increased, and the level of hypohydration worsened following each 260 

training session. Despite the off day in the training camp, the athletes may not have consumed 261 

enough fluid and thus did not sufficiently hydrate. Moreover, they presented the worst hydration 262 

status the following morning after two training sessions on the same day, despite having time 263 

to recover adequately with unrestricted nutritional and fluid intake and adequate time to sleep. 264 

This would imply that athletes maintain habits and regimes from their weight loss periods as 265 

the trend in weight loss is noted. However, whether this is due to habits or lack of knowledge 266 

remains unclear and needs further investigation. Previous studies also support the present study 267 

finding, as high-level athletes showed alarming hypohydration levels during training camps 268 

despite fluid availability and consumption. Thus, monitoring and increasing fluid consumption 269 

could prevent hypohydration.41  270 

 The current study reported that weight categories did not affect the hydration status of 271 

the judo athletes during a weight-stable training camp. There is no information related to 272 

hydration status and change in hydration status of heavyweight athletes in the literature because 273 

they are not concerned about losing weight during the competitive period. This study showed 274 

that judo athletes present non-optimal hydration status during the training period independently 275 

of the weight category. Athletes in weight-classified sports cut weight to gain an advantage 276 

against lighter and weaker opponents.42 Zubac et al.43 reported that lightweight and 277 

middleweight athletes are more prone to hypohydration than heavyweight athletes during 278 

training before competitions. It is possible that lightweight and middleweight athletes had worse 279 

hydration status than heavyweight athletes due to the continuous weight loss processes before 280 



the competitions. No relationship between weight category and hydration status of the athletes 281 

in the current study may have stemmed from the fact that this study was carried out during a 282 

weight-stable training camp. 283 

 Although athletes' fluid intake was recorded, the content was not monitored. This may 284 

have affected determining the total fluid intake. Moreover, environmental temperature is known 285 

to affect athletes' hydration status negatively. The current study's ambient temperature was 286 

between optimal ranges (∼10°C to 25°C ).44  However, judo athletes are at risk due to high 287 

environmental heat and thermal stress as they wear judo uniforms (judogi) which are made from 288 

cotton and have a thick texture that may increase sweating and body temperature during 289 

training.17 290 

We are aware of some limitations of this study. Firstly, the measurements were not done 291 

at the beginning of the training camp to get the athletes' baseline and hydration status. 292 

Furthermore, researchers had limited access to athletes. Nonetheless, this is the first study that 293 

presents an insight into elite athletes' hydration status in judo and can be a foundation for further 294 

research. Second, it is known that large muscle mass may lead to incorrect classification of 295 

hypohydration based on USG in athletic population45; however, USG assessment represents a 296 

valuable tool providing hydration in athletes with being low-cost, practical, reliable, and valid.22 297 

The content of athletes' drinks was not monitored as this could give us a better understanding 298 

of judokas' hydration strategies. Further research should account for that. Body composition 299 

was not monitored due to time restrictions and availability of athletes pre and post-training; 300 

therefore, researchers had to optimise the tests used in this research. Further research should try 301 

to cover the whole elite athletes' training camp and get the baseline before starting the stable 302 

weight period 303 

Conclusion 304 



 This study shows that high-level judo athletes whom we assessed via USG appeared 305 

hypohydrated despite being in a weight-stable training period. Furthermore, the training 306 

sessions during the training camp worsened the hydration status of the athletes from the first to 307 

the last morning measurement. Although there was no significant decrease in body weight 308 

during the 24-h period, the increase in urine concentration may have been caused by the ongoing 309 

insufficient hydration status of the athletes. This shows that high-level judo athletes cannot 310 

acquire sufficient fluid intake to eliminate hypohydration and maintain the hypohydration they 311 

may acquire due to weight loss, even during a weight-stable period. Sex and weight category 312 

did not affect the hydration status of judo athletes during a weight-stable training camp. 313 

Monitoring hydration status (i.e. USG, urine color and body weight) of atheletes during the 314 

training period and encouragement to create and use hydration schedules for such athletes can 315 

be taken into account, which may help protect and improve their athletic performance. 316 
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