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Abstract

Objective

To evaluate the knowledge, attitudes and practices (KAP) of Chinese elite athletes about

fluid replacement and urination.

Methods

A cross-section study was carried out among Chinese national and national youth teams

from March to April 2020, using a pretested questionnaire. The 42-questions questionnaire

was designed to assess the KAP regarding fluid replacement and urination. The question-

naire included knowledge of fluid replacement (KFR), attitudes of fluid replacement (AFR),

knowledge of urination (KU), and attitudes of urination (AU), which were awarded 20 scoring

points. Descriptive statistics, independent samples t-tests, one-way ANOVA, Pearson’s cor-

relation analysis, Multiple linear stepwise regression and Chi-square test were performed.

Results

A total of 779 valid questionnaires were collected and the effective rate is 98.4%. We finally

conducted an assessment of 646 questionnaires of elite athletes. The mean score for KFR,

AFR, KU, and AU was 2.8±1.3, 2.3±0.6, 3.0±1.5, and 2.1±0.8, respectively, with higher

scores indicating positive hydration knowledge and attitudes. KFR and AFR scores of winter

sports athletes were higher than those of summer sports athletes(P<0.05). Athletes who

had lower athletic grades and training years had a worse KFR(P<0.05). Only 31.0% athletes

knew that rehydration should be carried out before, during, and after training, which was

scarcer among women, lower-athletic grades athletes, or athletes with lower training years

(P<0.05). Male athletes had a worse KU but a better AU than female athletes(P<0.05). And

athletes who were international-class athletic grades had the highest KU scores(P<0.05).

The athletic grades and sport events were the main factors influencing the total scores of

knowledge and attitudes (P<0.05, 95% CI -0.789–-0.168,95% CI 0.025–1.040). Most of
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athletes tend to get hydration knowledge from internet. In practices, thirst is the main reason

for rehydration (77.9%). The percentages of athletes with normal urine color (42.0%), fre-

quency (75.0%,) and volume (20.0%) were low.

Conclusions

These findings indicate that Chinese elite athletes did not have sufficient KAP on fluid

replacement and urination, more marked in the individuals who were summer sport events,

the lower athletic grades and in lower training years. It is recommended that education

should be provided in the early stages of professional training for athletes.

Introduction

As we know, maintaining fluid balance is critically important for sustaining athletic perfor-

mance [1–4], especially for elite athletes [5–7]. Despite this, most athletes experience deteriora-

tion in hydration state during training and competition, which has an inevitably negative

impact on performance. Arnaouts and his colleagues [8] have reported that the prevalence of

hypohydration among elite young athletes is very high based on urine specific gravity (USG)

and urine color. Thus, there are many studies focused on pursuing strategies that can assess

and sustain the hydration state [9–13]. Because athletes are the main enablers of these strate-

gies, their knowledge, attitudes and practices (KAP) on achieving and sustaining an optimal

hydration state is the basic guarantee to ensure the effective implementation of strategies

[14,15]. In order to create awareness of athlete, insight into the gaps of KAP regarding fluid

replacement and urination due to exercise is important, which will help improve the perti-

nence and effectiveness of education.

In China, there is no study to evaluate the athlete’s KAP of fluid intake and urination,

which is imperative to conduct studies to be helpful for improving the performance of China

at the 2020 and 2022 Olympic games. Therefore, the objective of this study was to discover the

KAP characteristics of the Chinese elite athletes regarding fluid replacement and urination,

and evaluate the associated factors affecting the KAP. The outcome of the study will provide a

scientific basis for further development of health education and targeted rehydration strategies

among Chinese athletes.

Materials and methods

Study design, participants and data collection

This cross-sectional study administered an anonymous questionnaire survey using Wen-Juan-

Xing online platform in China [16]. The survey was conducted among Chinese national and

national youth teams from March to April 2020. The median temperature during the day in

that period was 15±5˚C. The study was conducted under the Declaration of Helsinki and was

approved by the ethical review committee of Peking University (IRB00001052-19051).

A simple random sampling formula N = t2P(1-P)/e2 was used to determine the sample size

[17]. When N value is the sample size, the t value is 1.96 corresponding a 95% confidence level,

P value is expected prevalence of the exercise population who recognize the importance of

fluid replacement for health, which was estimated at 34.2% according to relevant literature and

similar surveys [18], and e is the precision level of 4%. The data was calculated with a sample

size of 540 subjects. An electronic link was sent to the athletes by the team doctors and coaches
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of Chinese national and national youth teams through WeChat. The questionnaire was in Chi-

nese. The English translation version of the questionnaire has been uploaded as a supplemen-

tary file. Then we recruited healthy athletes based on the medical examinations provided by

team doctors. To obtain written informed consent from those who indicated a willingness to

participate, nutrition experts described the objectives and procedures of the study to facility

managers and athletic center staff, including team doctors. Informed consent was obtained

from each participant before they participated in the study.

Elite athletes are the athletes who compete for the highest national championships such as

the Olympic Games [19], and excludes physical education in school or ‘open-level’ sports

teams [20]. According to the Athletic Grade Standards of China, from the highest competitive

ability to the lowest, all the athletes were divided into 5 grads: international-class athlete (IA),

national-class athlete (NA), first-class athlete (FA), second-class athlete (SA) and third-class

athlete (TA). IA, NA and FA athletes who belongs to elite athletes were analyzed in this study.

Summer sports were defined as the events included in the Summer Olympic Games, track

and field, swimming, archery, boxing, trampoline, cycling, fencing, sailing, shooting, weigh-

tlifting, wrestling, etc. were included in this study. And winter sports were defined as the

events included in the Winter Olympic Games, figure skating, freestyle skiing, ski jumping,

cross country skiing, ice hockey, curling, speed skating, short track, biathlon, etc. were

included in this study.

Questionnaire design

The questionnaire was slightly modified from CHI’s questionnaire [18]. The adaptation was

completed mainly in sports nutrition area. In order to ensure the effectiveness of the question-

naire design, we set up a unified survey description at the beginning of the questionnaire

including research objectives, research methods and matters for attention in filling. Then we

conducted a small survey on 20 athletes using the adapted questionnaire as a pilot study. After

that, the questionnaire was revised again based on the issues found in the pilot study. Later,

this questionnaire was reviewed and approved by five experts in the professional area for the

context validity. Finally, we completed our questionnaire, and upload the final version into the

WEN-JUAN-XING online platform for the online survey.

Overall, there were 42 questions in the questionnaire consisting of 7 parts: the demographic

information (8 questions), knowledge of fluid replacement(KFR, 7 questions), attitudes of

fluid replacement(AFR, 5 questions), practices of fluid replacement(PFR, 4 questions), knowl-

edge of urination(KU, 6 questions), attitudes of urination(AU, 6 questions), and practices of

urination(PU, 6 questions). Participants assessed urine color with a simplified pictorial color

scale [21,22].

Statistical analysis

All data were exported from the platform into EXCEL format, and SPSS Statistics 22.0 was

used for data analysis. One point for each correct answer of KFR or KU, and one point for

each positive related attitude. The maximum score of KFR was 7, and the maximum score of

AFR was 3. The maximum score of KU was 6, and the maximum score of AU was 4. A score of

4 or higher is considered adequate knowledge. The maximum total score of knowledge and

attitudes of fluid replacement (TFR) and the maximum total score of knowledge and attitudes

of urination (TU) were both 10.

Independent T-tests and one-way ANOVA were used to investigate any differences among

groups for the scores of knowledge and attitudes. Multiple linear stepwise regression was used

to predict the influence factors of the total scores of knowledges and attitudes (S1 Table in
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S1 File). Correlations between the total scores of knowledge and attitude on fluid replacement

and urination behavior were determined using Pearson’s Correlation coefficient. The Chi-

square test was used to identify any differences among groups for fluid replacement and urina-

tion. Bonferroni correction was used for pairwise comparison. P< 0.05 was considered as sta-

tistically significant.

Results

Characteristics of participants

In general, 792 eligible respondents participated in the survey. After taking the completion of

all the questions in this study as the standard for validity and excluding the unqualified ques-

tionnaires (incomplete filling, not filling as required or <100 s to complete the questionnaire),

the qualified questionnaire rate was 98.4% (779 out of 792 questionnaires). 664 questionnaires

of IA, NA, and FA were analysed. The average age of all the respondents was 22 years, and the

average training years was 8.5 years (Table 1).

Knowledge and attitudes of Chinese elite athletes

Mean scores of KFR, AFR, and TFR. As shown in Table 2, there were significant differ-

ences in the scores of KFR among sport events, athletic grades and training years (P<0.05).

The scores in summer sports were lower than that in winter sports (P<0.05, 95% CI -0.504–

00.042). IA athletes have the highest scores in all athletic grades’ athletes (P<0.05, 95% CI

0.030–0.500). Athletes with more than 6 years of training experience had a significantly higher

score than those with less than 3 years (P<0.05,95%CI 0.80–1.110). Then, we did a statistic for

each question (S2 Table in S1 File). Only 31.0% athletes knew that rehydration should be car-

ried out before, during, and after training, which was scarcer among women, lower-athletic

grades athletes, or athletes with lower training years (P<0.05). Few athletes (1.9%) chose the

right dangers of dehydration.

Table 1. Demographic characteristics of participants.

Demographic group Classification Age Frequency (n) Percentage (%)

Total 22±4 646 100.0

Sport events

S Summer sports 22±4 491 76.0

W Winter sports 20±4 155 24.0

Gender

M Male 22±4 275 42.6

F Female 21±4 371 57.4

Athletic grades

IA International-class athlete 24±4 137 21.2

NA National-class athlete 22±4 328 50.8

FA First-class athlete 19±3 181 28.0

Training years

Q1 N�3 17±2 93 14.4

Q2 3<N� 6 20±3 129 20.0

Q3 6<N�9 22±2 155 24.0

Q4 9<N�12 23±3 163 25.2

Q5 N>12 27±5 106 16.4

https://doi.org/10.1371/journal.pone.0275685.t001
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There were significant differences in the scores of AFR among sport events (P<0.05). The

scores in summer sports were lower than that in winter scores (P<0.05, 95% CI -0.266–

60.035). Less than half of the athletes were interested in rehydration knowledge, and the pro-

portion of winter athletes who were interested in rehydration knowledge was higher than that

of summer athletes (P<0.05, S3 Table in S1 File). In spite of this, most athletes (89.9%) said

they would change their fluid replacement habits if it would improve their athletic perfor-

mance (S3 Table in S1 File).

In the TFR, it was lower in summer sports compared with winter sports (P<0.01, 95%CI

-0.703–.0.144). And athletes with less than 3 training years had the lowest score (P<0.05, 95%

CI -1.180–-0.040).

Mean scores of KU, AU, and TU. There were differences in the scores of KU (Table 3) in

gender and athletic grades (P<0.05). The scores of female athletes were higher than those of

males (P<0.01, 95%CI 0.194–0.653). The total scores increased with an increase in athletic

grades. Then, we did a statistic for each question (S4 Table in S1 File). We found that less than

half of athletes (42%) knew that light yellow is the normal color of urine, and the number of

Table 2. Mean scores of knowledge and attitude of fluid replacement (Mean ± SD).

Demographic group Knowledge of fluid replacement Attitudes of fluid replacement Knowledge and attitudes of fluid replacement

Total 2.8±1.3 2.3±0.6 5.1±1.6

Sport events

S 2.7±1.3 2.3±0.7 5.0±1.5

W 3.0±1.3 2.4±0.6 5.4±1.6

Statistic T = -2.322 T = -2.550 T-2.978

P-Value 0.021� 0.011� 0.003��

Gender

M 2.7±1.2 2.3±0.7 5.0±1.5

F 2.8±1.3 2.3±0.6 5.1±1.6

Statistic T = -1.181 T = -0.849 T = -1.341

P-Value 0.238 0.396 0.181

Athletic grades

IA 3.0±1.3 2.3±0.7 5.2±1.6

NA 2.8±1.3 2.3±0.6 5.1±1.5

FA 2.6±1.2a 2.3±0.7 4.8±1.5

Statistic F = 3.856 F = 0.560 F = 2.692

P-value 0.022� 0.571 0.069

Training years

Q1 2.3±1.2 2.3±0.6 4.7±1.5

Q2 2.7±1.1 2.3±0.6 5.0±1.4

Q3 3.0±1.3a 2.3±0.7 5.3±1.6a

Q4 2.8±1.3a 2.3±0.6 5.1±1.6a

Q5 2.9±1.3a 2.4±0.7 5.2±1.5a

Statistic F = 4.069 F = 0.367 F = 2.700

P-value 0.003�� 0.833 0.030�

Maximum score: Knowledge: 7, Attitudes: 3.

�Significant level of P < 0.05

��Significant level of P< 0.01.
a Significant difference with IA or Q1 of same sport
b Significant difference with NA or Q2 of same sport.

https://doi.org/10.1371/journal.pone.0275685.t002
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male was lower than that of female significantly(P<0.01). And FA athletes had the lowest pro-

portion(P<0.05).The same gender difference also existed in whether rehydration behavior is

related to urination behavior.

There was a gender difference in the scores of AU (P<0.05, 95%CI 0.048–0.310). Male

showed a better attitude, although all athletes were less positive. Because only a fifth of athletes

were interested in the knowledge of urination (S5 Table in S1 File).

However, for TU, there a was significant difference in athletic grades(P<0.05). IA athletes

had the highest scores (P<0.05, 95%CI 0.120–1.000, 95%CI 0.020–1.000).

Correlations between TFR and TU. There was a moderate positive correlation between

TFR and TU (r = 0.351, P<0.001). The total scores of knowledges and attitudes for fluid

replacement expressed 12.3% of the variation of the total scores of knowledges and attitudes

on urination.

Factors associated with participants’ knowledge and attitudes. The total score of knowl-

edge and attitudes was 10.2±2.8. In the multiple linear stepwise regression model, the partici-

pants’ total scores of TFR and TU were used as dependent variables. Gender, sport events,

athletic grades, and training years were used as independent variables. The results

Table 3. Mean scores of knowledge and attitudes of urination (Mean ± SD).

Demographic group Knowledge of urination Attitudes of urination Knowledge and attitudes

Total 3.0±1.5 2.1±0.8 5.1±1.8

Sport events

S 3.0±1.5 2.1±0.8 5.1±1.8

W 3.0±1.4 2.1±0.9 5.1±1.4

Statistic T = 0.318 T = 0.052 T = 0.285

P-Value 0.751 0.959 0.776

Gender

M 2.7±1.5 2.2±0.8 5.0±1.9

F 3.2±1.4 2.0±0.8 5.2±1.8

Statistic T = -3.621 T = 2.681 T = -1.703

P-Value <0.001�� 0.008�� 0.089

Athletic grades

IA 3.4±1.6 2.1±0.7 5.5±1.8

NA 2.9±1.5a 2.1±0.9 5.0±1.8a

FA 2.9±1.4a 2.2±0.9 5.0±1.7a

Statistic F = 6.863 F = 0.408 F = 4.891

P-value 0.001�� 0.665 0.008��

Training years

Q1 2.8±1.5 2.1±0.9 4.9±1.8

Q2 3.0±1.5 2.2±0.8 5.1±1.8

Q3 3.2±1.4 2.0±0.9 5.2±1.8

Q4 2.9±1.4 2.1±0.8 5.0±1.8

Q5 3.1±1.6 2.3±0.8 5.3±1.9

Statistic F = 1.418 F = 2.316 F = 0.859

P-value 0.226 0.056 0.488

Maximum score: Knowledge: 6, Attitudes: 4.

�Significant level of P < 0.05

��Significant level of P< 0.01.
a Significant difference with IA or Q1 of same sport.

https://doi.org/10.1371/journal.pone.0275685.t003
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demonstrated that athletic grades and sport events were the main factors influencing the total

scores (Table 4).

The most desirable way of knowledge. The most desirable way for athletes to acquire fluid

replacement knowledge was internet (48.9%), followed by team education (34.4%) and expert

lectures (33.6%). Internet (49.4%) was also the most popular way for athletes to obtain knowledge

of urination, followed by expert lectures (35.4%) and team education (34.8%) (Fig 1).

Practices among Chinese elite athletes

We examined the proportion of athletes with fluid replacement behaviors related to rehydra-

tion time, rehydration way, and rehydration about training. 77.9% athletes said they rehy-

drated themselves when they were thirsty. Three-quarters of athletes said they rehydrated

themselves during or after strenuous exercise. It showed that only 39.3% athletes took fluid

regularly and quantitatively even if they were not thirsty. Plain water is the most popular type

of rehydration for training. Two-thirds of the athletes said they took the appropriate amount

of fluid before, during or after training (Fig 2).

We also examined the proportion of athletes about practices of urination behavior. 49.2%

had nocturnal urine. Only 20.0% athletes’ daily urine volume was 2000-2500mL. And 42.0%

said their urine color was light yellow (Fig 3).

Discussion

The major findings from this study suggested that: a) High scores of knowledge and attitude

on fluid replacement were associated with high urination behaviour scores, and the total scores

were mainly related to the sport events and athletic grades. b) For the knowledge and attitude

of fluid replacement, the winter athletes did a little better although the scores of all the athletes

were not high. Improving their athletic performance was an important reason to attract them

to improve their fluid replacement. In terms of practice, thirst is still the main reason for rehy-

dration. c) For the knowledge and attitudes of urination, athletes with higher athletic skill level

performed better. Although male athletes scored worse on knowledge than female, they had a

better attitude. But when it comes to urination practices, all seem to perform poorly. In gen-

eral, the results of this study showed that the mastery of hydration knowledge of Chinese elite

athletes was very scarce.

There were pieces of literature on general nutrition related to KAP of athletes in which con-

sists of some hydration practice [23,24], but the minimal research evidence about the KAP of

fluid replacement, especially for the combination of fluid replacement and urination. Athletes

were often dehydrated due to their occupational particularities, so it is crucial to improve their

knowledge for better hydration and to correct their hydration attitude because the knowledge

and attitude could finally affect their practices. In this case, collecting data on elite athletes

could make it easier to tailor their hydration plans for better performance in competition. A

survey of American college athletes’ KAP of fluid replacement showed that they had a better

acquisition of hydration knowledge [25]. In this study, Chinese elite athletes showed inade-

quate hydration knowledge, because their knowledge scores were generally lower than 4

Table 4. Factors associated with participants’ knowledge and attitudes.

Demographic group The total scores of knowledge and attitudes

B T P value 95% CI for B for Lower Bound -Upper Bound

Athletic grades -0.479 -3.028 0.003 -0.789–-0.168

Sport events 0.532 2.060 0.040 0.025–1.040

https://doi.org/10.1371/journal.pone.0275685.t004
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points. Although they were better than the ordinary Chinese residents (28.4%) [26] and the

Beijing sports population in universities (18.2%) [18] in knowing the correct rate of daily fluid

replacement. For example, only 46% of athletes knew that rehydration was needed before exer-

cise. The inadequacy of fluid replacement knowledge weakens the athletes’ interest in rehydra-

tion. The results showed that only 41.3% athletes were interested in fluid replacement

knowledge, and summer sports athletes had a lower proportion. However, our questionnaire

showed that most athletes were willing to learn the knowledge of fluid replacement if their

sports performance can be improved. Therefore, the improvement of sports performance can

be regarded as the focus of health education.

In terms of practices, thirst was the main reason for rehydration (77.9%) for athletes, which

is same as Judge’s results [15]. Dehydration caused by sweating in summer sports athletes was

very common, but for winter sports, some events (such as ice hockey [27]) might cause an

even higher sweat rate because of their high intensity [28,29]and heavy clothing [30]. At the

same time, due to the inhalation of a large amount of cold air during winter sports, which

leads to the water and heat loss from lower respiratory tract [31], athletes could have an even

more urgent need for rehydration. Therefore, these may be the reasons why athletes in winter

sports need more fluids than those in summer sports. Nevertheless, it has to be said that due to

the limitation of venues and clothing, we can see that athletes ingest very little fluid during

exercise in winter sports (data not shown). The optimization of venues and clothing shall be

also considered in the future to facilitate rehydration. What’s more, the number of athletes

who rehydrate before, during and after exercise is small, which is similar to that of American

college football players [32]. The rehydration practices of Chinese athletes were bad. Sweating

can lead to a large amount of electrolyte loss [33]. Athletes often try electrolyte-containing

drinks to counteract electrolyte loss caused by sweating during training. Therefore, in our

study we observed that many athletes chose sports drinks like Gatorade as a fluid supplement.

Urination is an important option to evaluate the hydration status of athletes. In this study,

we find that there is a correlation for the scores of knowledges and attitudes between fluid

replacement and urination. It suggests that knowledge about hydration and urination shall be

combined during the educational process. Chinese athletes’ knowledge of urination was very

Fig 1. The desirable ways of knowledge. (A) The desirable ways of knowledge on fluid replacement; (B) The desirable ways of knowledge on urination behavior.

https://doi.org/10.1371/journal.pone.0275685.g001
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Fig 2. Practices of fluid replacement. (A) Rehydration time; (B)Rehydration way; (C) Rehydration type during training; (D)

Rehydration time about training.

https://doi.org/10.1371/journal.pone.0275685.g002
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limited (3.0±1.5), although female athletes (3.2±1.4) were better than male athletes (2.7±1.5).

We have expected that female athletes may have better knowledge of urination because the

studies have shown that female elite athletes are more likely to suffer from incontinence and

other diseases related to high intensity exercise [34,35]. Athletes were not very positive about

urination, because only 18.0% athletes were interested in urination knowledge. And we still

need to increase their enthusiasm for urination knowledge. However, 82.0% athletes said that

if the cause of abnormal urination were found, they would take the initiative to correct or

adjust it. Therefore, team doctors, coaches and researchers are encouraged to help athletes

actively discover and correct their urination practices.

Usually, the normal colour of urine is light yellow. The colour of urine has a linear relation-

ship with urine specific gravity and urine osmotic pressure [36]. A study has shown that the

accuracy of evaluating hydration status by athletes using urine colour charts is higher than 70%

[37]. The results of this study demonstrated that less than half of the urine samples was light yel-

low, indicating that the athletes were dehydrated. Since the female athletes have a special men-

strual period [38], they are more likely to be dehydrated compared to male athletes. A number

of studies have also shown that the frequency of urination is associated with the hydration status

[39,40]. The normal frequency of urination per day for adults is 4–8 times. The International

Continence Society defines nocturia as a frequency of�1 instance of waking up at night to uri-

nate [41]. Our results have shown that the frequency of urination in some athletes was not in

the normal range, and nearly half of the athletes had nocturia. Oliguria indicates insufficient

hydration, while frequent urination and nocturia may suggest the occurrence of cystitis and

other diseases [42,43], which will not only affect the health, but also affect the sleep of athletes.

Dehydration affects core body temperature and muscle performance during exercise. When

muscle performance declines, muscle glycogen demand increases as fuel. Thus, it decreases

sports performance [44]. Dehydrated ultra-endurance cycling participants have greater fatigue

and pain than euhydrated participants [45]. It has been reported that only mild hypohydration

can decrease cycling performance, possibly by inducing greater thermal and cardiovascular

strain [46]. Therefore, hydration education for athletes is urgently needed. It has been con-

firmed that educational intervention on hydration improves hydration status and enhances

exercise performance in athletic youth [47]. Atkins WC et al. [48] have reported that educa-

tional intervention improves hydration status and behaviours in high school football players.

Fig 3. Practices of urination behavior.

https://doi.org/10.1371/journal.pone.0275685.g003
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Martı́n-Payo [49] has also reported that feasible educational intervention improves hydration

behaviour in adolescent soccer players, but hydration guidelines should be based on personal

factors. In a word, an appropriate and personalized rehydration education is necessary.

Limitations and suggestions

It is important to acknowledge the limitations of the current study. There are several factors to

consider that may have influenced the results of this study. First of all, it must be admitted that

we do not measure with objective tools, so it will be a lot of subjectivity in the data, and the ath-

letes may present themselves in a more positive way, but the actual results may be worse than

they are now. Another limitation of this study is that the number of participating athletes in

winter sports is relatively small, so the analysis of some categories may not fully represent this

group. In a future study, more winter sports athletes should be recruited to get more quantita-

tive data although this kind of questionnaire survey is voluntary. However, the findings of this

study confirm the need for education on fluid replacement and urination behaviour among

Chinese athletes. Generally speaking, we should conduct more personalized publicity and edu-

cation based on athletic grades and sport events. Sports nutritionists and coaches, etc. should

not only teach athletes about rehydration and urination knowledge, but also provide a favour-

able environment for the development of their positive attitudes and better practices. Sports

teams should use online platforms and expert’s lectures to actively promote the development

of athletes’ fluid replacement and urination knowledge and attitude.

Conclusions

This study demonstrated that, overall, Chinese elite athletes did not have sufficient KAP on

fluid replacement and urination. There were differences in some KAP items in athletes of dif-

ferent genders, but their overall performance was poor. Athletic grades and sport events were

the associated factor influencing knowledge and attitudes on fluid replacement and urination,

athletes with low athletic grades had worse KAP and summer athletes had worse hydration

performance than winter athletes. There was a correlation between total scores of knowledges

and attitudes for fluid replacement and urination, it means that fluid replacement is as impor-

tant as urination in future health education. It is necessary to make good use of Internet means

to carry out hydration health education. Further investigation using objective tools is still

required in the future. It is recommended that education should be provided in the early stages

of professional training for athletes.
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Acevedo-Gómez MB. Prevalence of urinary incontinence among elite athletes of both sexes. J Sci Med

Sport. 2021; 24(4):338–44. https://doi.org/10.1016/j.jsams.2020.09.017 PMID: 33041208

35. Carvalhais A, Natal JR, Bø K. Performing high-level sport is strongly associated with urinary inconti-

nence in elite athletes: a comparative study of 372 elite female athletes and 372 controls. Br J Sports

Med. 2018; 52(24):1586–90. https://doi.org/10.1136/bjsports-2017-097587 PMID: 28642223

PLOS ONE Hydration KAP characteristics of elite athletes

PLOS ONE | https://doi.org/10.1371/journal.pone.0275685 October 12, 2022 13 / 14

https://doi.org/10.1007/s00394-019-01958-x
https://doi.org/10.1007/s00394-019-01958-x
http://www.ncbi.nlm.nih.gov/pubmed/30945033
https://doi.org/10.2478/hukin-2021-0065
http://www.ncbi.nlm.nih.gov/pubmed/34400991
http://www.ncbi.nlm.nih.gov/pubmed/24834239
https://doi.org/10.1007/s40279-014-0247-x
http://www.ncbi.nlm.nih.gov/pubmed/25169441
https://doi.org/10.1007/s40279-017-0803-2
http://www.ncbi.nlm.nih.gov/pubmed/29082463
https://doi.org/10.1007/s00394-015-0905-2
http://www.ncbi.nlm.nih.gov/pubmed/25905541
https://doi.org/10.1177/1099800405281607
http://www.ncbi.nlm.nih.gov/pubmed/16552947
https://doi.org/10.5812/asjsm.34866
http://www.ncbi.nlm.nih.gov/pubmed/22375196
https://doi.org/10.1186/s12970-017-0170-2
http://www.ncbi.nlm.nih.gov/pubmed/28529463
https://doi.org/10.1123/ijsnem.15.5.515
http://www.ncbi.nlm.nih.gov/pubmed/16327032
https://doi.org/10.1111/j.1753-4887.2012.00520.x
http://www.ncbi.nlm.nih.gov/pubmed/23121344
https://doi.org/10.1123/ijsnem.2019-0029
https://doi.org/10.1123/ijsnem.2019-0029
http://www.ncbi.nlm.nih.gov/pubmed/31141409
https://doi.org/10.1007/s00421-018-4048-z
http://www.ncbi.nlm.nih.gov/pubmed/30523403
https://doi.org/10.14814/phy2.13463
https://doi.org/10.14814/phy2.13463
http://www.ncbi.nlm.nih.gov/pubmed/28963129
https://doi.org/10.1080/02640414.2011.574721
http://www.ncbi.nlm.nih.gov/pubmed/22150424
https://doi.org/10.1136/bjsports-2011-090822
http://www.ncbi.nlm.nih.gov/pubmed/22267570
https://doi.org/10.1519/JSC.0000000000001397
http://www.ncbi.nlm.nih.gov/pubmed/26950346
https://doi.org/10.1123/ijsnem.2019-0300
http://www.ncbi.nlm.nih.gov/pubmed/31891914
https://doi.org/10.1016/j.jsams.2020.09.017
http://www.ncbi.nlm.nih.gov/pubmed/33041208
https://doi.org/10.1136/bjsports-2017-097587
http://www.ncbi.nlm.nih.gov/pubmed/28642223
https://doi.org/10.1371/journal.pone.0275685


36. Armstrong LE, Soto JA, Hacker FJ, Casa DJ, Kavouras SA, Maresh CM. Urinary indices during dehy-

dration, exercise, and rehydration. Int J Sport Nutr. 1998; 8(4):345–55. https://doi.org/10.1123/ijsn.8.4.

345 PMID: 9841955

37. Wardenaar FC, Thompsett D, Vento KA, Pesek K, Bacalzo D. Athletes’ Self-Assessment of Urine Color

Using Two Color Charts to Determine Urine Concentration. Int J Environ Res Public Health. 2021; 18

(8). https://doi.org/10.3390/ijerph18084126 PMID: 33924715

38. Giersch G, Charkoudian N, Stearns RL, Casa DJ. Fluid Balance and Hydration Considerations for

Women: Review and Future Directions. Sports Med. 2020; 50(2):253–61. https://doi.org/10.1007/

s40279-019-01206-6 PMID: 31641955

39. Tucker MA, Gonzalez MA, Adams JD, Burchfield JM, Moyen NE, Robinson FB, et al. Reliability of 24-h

void frequency as an index of hydration status when euhydrated and hypohydrated. Eur J Clin Nutr.

2016; 70(8):908–11. https://doi.org/10.1038/ejcn.2015.233 PMID: 26862006

40. Burchfield JM, Ganio MS, Kavouras SA, Adams JD, Gonzalez MA, Ridings CB, et al. 24-h Void number

as an indicator of hydration status. Eur J Clin Nutr. 2015; 69(5):638–41. https://doi.org/10.1038/ejcn.

2014.278 PMID: 25604776

41. Abrams P, Cardozo L, Fall M, Griffiths D, Rosier P, Ulmsten U, et al. The standardisation of terminology

of lower urinary tract function: report from the Standardisation Sub-committee of the International Conti-

nence Society. Neurourol Urodyn. 2002; 21(2):167–78. https://doi.org/10.1002/nau.10052 PMID:

11857671

42. Metts JF. Interstitial cystitis: urgency and frequency syndrome. Am Fam Physician. 2001; 64(7):1199–

206. PMID: 11601802

43. Lightner DJ, Krambeck AE, Jacobson DJ, McGree ME, Jacobsen SJ, Lieber MM, et al. Nocturia is asso-

ciated with an increased risk of coronary heart disease and death. Bju Int.2012; 110(6):848–53. https://

doi.org/10.1111/j.1464-410X.2011.10806.x PMID: 22233166

44. Murray R. Rehydration strategies—balancing substrate, fluid, and electrolyte provision. Int J Sports

Med. 1998; 19 Suppl 2:S133–5.

45. Moyen NE, Ganio MS, Wiersma LD, Kavouras SA, Gray M, McDermott BP, et al. Hydration status

affects mood state and pain sensation during ultra-endurance cycling. J Sports Sci. 2015; 33(18):1962–

9. https://doi.org/10.1080/02640414.2015.1021275 PMID: 25793570

46. Bardis CN, Kavouras SA, Kosti L, Markousi M, Sidossis LS. Mild hypohydration decreases cycling per-

formance in the heat. Med Sci Sports Exerc. 2013; 45(9):1782–9. https://doi.org/10.1249/MSS.

0b013e31828e1e77 PMID: 23470313

47. Kavouras SA, Arnaoutis G, Makrillos M, Garagouni C, Nikolaou E, Chira O, et al. Educational interven-

tion on water intake improves hydration status and enhances exercise performance in athletic youth.

Scand J Med Sci Sports. 2012; 22(5):684–9. https://doi.org/10.1111/j.1600-0838.2011.01296.x PMID:

21410548

48. Atkins WC, McDermott BP, Kanemura K, Adams JD, Kavouras SA. Effects of Hydration Educational

Intervention in High School Football Players. J Strength Cond Res. 2021; 35(2):385–90. https://doi.org/

10.1519/JSC.0000000000003866 PMID: 33337701

49. Martı́n-Payo Rubén, Fernández-lvarez Marı́a del Mar, Zabaleta-del-Olmo Edurne, Garcı́a-Garcı́a

Rebeca, Carrasco-Santos Sergio. Feasibility Study of an Educational Intervention to Improve Water

Intake in Adolescent Soccer Players: A Two-Arm, Non-Randomized Controlled Cluster Trial. Int J Envi-

ron Res Public Health. 2021; 18(3). https://doi.org/10.3390/ijerph18031339 PMID: 33540715

PLOS ONE Hydration KAP characteristics of elite athletes

PLOS ONE | https://doi.org/10.1371/journal.pone.0275685 October 12, 2022 14 / 14

https://doi.org/10.1123/ijsn.8.4.345
https://doi.org/10.1123/ijsn.8.4.345
http://www.ncbi.nlm.nih.gov/pubmed/9841955
https://doi.org/10.3390/ijerph18084126
http://www.ncbi.nlm.nih.gov/pubmed/33924715
https://doi.org/10.1007/s40279-019-01206-6
https://doi.org/10.1007/s40279-019-01206-6
http://www.ncbi.nlm.nih.gov/pubmed/31641955
https://doi.org/10.1038/ejcn.2015.233
http://www.ncbi.nlm.nih.gov/pubmed/26862006
https://doi.org/10.1038/ejcn.2014.278
https://doi.org/10.1038/ejcn.2014.278
http://www.ncbi.nlm.nih.gov/pubmed/25604776
https://doi.org/10.1002/nau.10052
http://www.ncbi.nlm.nih.gov/pubmed/11857671
http://www.ncbi.nlm.nih.gov/pubmed/11601802
https://doi.org/10.1111/j.1464-410X.2011.10806.x
https://doi.org/10.1111/j.1464-410X.2011.10806.x
http://www.ncbi.nlm.nih.gov/pubmed/22233166
https://doi.org/10.1080/02640414.2015.1021275
http://www.ncbi.nlm.nih.gov/pubmed/25793570
https://doi.org/10.1249/MSS.0b013e31828e1e77
https://doi.org/10.1249/MSS.0b013e31828e1e77
http://www.ncbi.nlm.nih.gov/pubmed/23470313
https://doi.org/10.1111/j.1600-0838.2011.01296.x
http://www.ncbi.nlm.nih.gov/pubmed/21410548
https://doi.org/10.1519/JSC.0000000000003866
https://doi.org/10.1519/JSC.0000000000003866
http://www.ncbi.nlm.nih.gov/pubmed/33337701
https://doi.org/10.3390/ijerph18031339
http://www.ncbi.nlm.nih.gov/pubmed/33540715
https://doi.org/10.1371/journal.pone.0275685

