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Hydration knowledge and Practices among School Athletes and Coaches in tropical area


ABSTRACT 
	Purpose: Water makes up 60 - 70% of body, adequate hydration is essential for the performance of student-athletes, but little is known about hydration practices in school sports settings in sub-Saharan Africa. This cross-sectional study aimed to assess the knowledge and practices of hydration among school athletes and coaches in Ngaoundéré, Cameroon. 
Methods: A total of 200 student-athletes and 30 coaches from 10 secondary schools and 12 sports disciplines were surveyed using a structured questionnaire. Data were collected on participants' knowledge of hydration principles, self-reported hydration practices during training and competition, and perceived impact on athletic performance. 
Results: Over 84% of athletes, 93% of coaches recognized the importance of hydration for athletic performance. However significant knowledge gaps existed. Only 17.1 and 31.7% of athletes, 45.5 and 67.2% of coaches could correctly identify the signs of overhydration and dehydration respectively. Less than half of the athletes (44.8%) reported drinking water before, during, and after exercise. Coaches were more likely to encourage proper hydration behaviors, but 23.9% did not provide access to drinking water during training sessions. Factors such as lack of access to clean water and limited sports nutrition education contributed to suboptimal hydration practices. Importantly, athletes who reported adequate hydration were more likely to perceive improvements in their athletic performance and recovery compared to their peers with suboptimal hydration practices (p<0.01). Similarly, coaches who encouraged proper hydration reported better overall athletic performance among their teams. 
Conclusion: The findings highlight the need for targeted hydration education and interventions to support the health and athletic development of school-based athletes in tropical area. Collaboration will be necessary between schools, sports governing bodies, and public health authorities could help promote optimal hydration practices in this setting.



Keywords: Hydration, school-athletes, coaches, sports nutrition, athletic performance, tropical area

1. INTRODUCTION
Water makes up 60 - 70% of body, proper hydration is essential for athletic performance, health, and overall well-being. Both dehydration and over-hydration can lead to a range of negative effects that can significantly impact an athlete's ability to perform and recover (Sawka et al., 2007; Maughan & Shirreffs, 2010; Muñoz & Johnson, 2019). Dehydration can impair muscle coordination, reduce endurance, and decrease reaction time, all of which are critical for athletic performance (Arnaoutis et al., 2013; Nuccio et al., 2017). Additionally, dehydration can lead to decreased concentration, impaired decision-making, and reduced mental focus, which can compromise an athlete's decision-making and strategic abilities during competition (Osterberg et al., 2009; Riebl & Davy, 2014). 
Another significant risk of improper hydration is the increased susceptibility to heat-related illnesses, such as heat cramps, heat exhaustion, and heat stroke (Casa et al., 2015; Armstrong et al., 2020). These conditions can be life-threatening if not properly managed and can lead to organ damage and neurological impairments (Binkley et al., 2002; Casa et al., 2015; Szymczak et al., 2021). Dehydration can also impair an athlete's recovery process, delaying the replenishment of fluids, electrolytes, and glycogen stores (Maugham & Leiper, 1995; Akerman et al., 2016). This can prolong muscle soreness, fatigue, and the risk of injury, ultimately hindering the athlete's ability to perform at their best in subsequent training sessions or competitions (Shirreffs & Maughan, 1997; Powers, 2015).
Given the significant risks associated with dehydration, it is vital for athletes, especially school athletes, to maintain proper hydration practices. However, this can be particularly challenging for young athletes due to limited access to resources, lack of sports nutrition education, and cultural beliefs (Osterberg et al., 2009; Arnaoutis et al., 2013; Haughton et al., 2020). On the other hand, over-hydration, or hyponatremia, can also have serious consequences. Excessive fluid intake can dilute the body's sodium levels, leading to symptoms such as nausea, confusion, and in severe cases, seizures and coma (Noakes, 2010; Hew-Butler et al., 2015). Over-hydration can be particularly dangerous for athletes who engage in prolonged exercise in hot and humid environments, as they may lose significant amounts of sodium through sweat (Montain & Coyle, 1992; Noakes, 2010; Kalra, 2023).
In Cameroon, Africa in miniature, the climate in the northern region, including the city of Ngaoundéré, is become generally dry, which can further exacerbate the hydration challenges faced by young athletes. Ngaoundéré experiences high temperatures and limited access to clean water sources, making it difficult for school athletes to stay properly hydrated during training and competition. Additionally, cultural beliefs and practices may influence the hydration strategies of school athletes in Cameroon, which could conflict with recommended hydration practices (Haughton et al., 2020). 
Therefore, the aim of this study was to assess the knowledge and practices of hydration among school athletes and coaches in the city of Ngaoundéré, Cameroon, in order to identify areas for improvement and develop targeted interventions to enhance the overall hydration status of the young athletes. 

2. METHODOLOGY  
2.1. Study Design and Participants
A cross-sectional survey was conducted in the city of Ngaoundéré, Cameroon, from January to July 2024. The study population included school athletes and their coaches from secondary schools and twelve sports disciplines (Athletics, Arm wrestling, Badminton, Basketball, Football, Gymnastics, Handball, Judo, Tennis, Table tennis, Volleyball and Wrestling) in the region.
2.2. Methods 
2.2.1. Sampling
A multistage sampling approach was used. First, a list of all secondary schools in Ngaoundéré was obtained from the local education authority. Then, 10 schools were randomly selected using a simple random sampling technique. Within each selected school, 20 athletes and 3 coaches were randomly chosen, irrespective of the sports discipline practiced.
The inclusion criteria for athletes were: enrolled in a secondary school in Ngaoundéré, actively participating in school sports, and aged between 13 and 18 years. For coaches, the inclusion criteria were: employed as a coach in a secondary school in Ngaoundéré and responsible for coaching school sports teams. Based on these criteria, 310 school athletes and 42 coaches were recruited. Finally, 200 school athletes (mean age 15.2 ± 1.9 years, body mass 54 ± 13 kg, 55% male) and 30 coaches (73% male, mean age 34.5 ± 6.2 years, average of 7.3 ± 3.2 years of coaching experience) actually took part in the study. 


2.2.2. Data Collection
Data was collected using a structured questionnaire that assessed participants' knowledge and practices related to hydration. The questionnaire was developed based on a review of the literature and input from experts. The questionnaire included the following sections: demographic information, knowledge about hydration, and hydration practices. The questionnaire was translated into French, the primary language used in the region, and pilot-tested with 25 school athletes and 8 coaches to ensure the clarity and relevance of the items. The questionnaires were administered by trained research assistants during competitions of National School Sports Federation. 
2.2.3. Data Analysis
The collected data was analysed using Sphinx v.4.5.0.19 statistical software. Descriptive statistics were used to summarize the participants' knowledge and practices. The differences in knowledge and practices between athletes and coaches, as well as between subgroups within each population, were evaluated using chi-square and student tests.  Statistical significance was set at p < 0.05.
2.2.3. Ethical Considerations
The research protocol was evaluated and approved by the Institutional Review Board of the Faculty of Education of the University of Ngaoundéré. Participants were informed about the study's purpose and provided written consent before participating. For school athletes, informed and written consent has been provided by parents or guardians. The confidentiality of the participants was maintained throughout the study.
3. RESULTS AND DISCUSSION
3.1. Knowledge of the importance of hydration on athletic performance
Knowledge of the importance of hydration on physical and mental performance by school athletes and coaches is presented in figure 1. The majority of both school athletes (84.5%) and coaches (93.33%) recognized the importance of proper hydration for athletic performance. This finding is consistent with previous studies that have highlighted the widespread awareness of the critical role of hydration in supporting physical and cognitive function during sports activities (Maughan et al., 2005; Kenefick & Cheuvront. 2012; Hew-Butler et al., 2015; Ruskin et al., 2020). However, a significant proportion of athletes (15.5%) and some coaches (6.68%) did not fully comprehend the importance of hydration. This lack of knowledge is concerning, as maintaining proper hydration status is essential for optimizing both physical and mental aspects of sports performance, such as endurance, decision-making, and reaction time (Maughan, 1991; Sawka & Montain, 2000; Nuccio et al., 2017). Targeted educational interventions aimed at reinforcing the importance of hydration for overall athletic performance could help address this gap (Nichols et al., 2005; Osterberg et al., 2009; Kavouras et al., 2012; Garcia-Garcia, 2022).

Fig. 1: Knowledge of the importance of hydration on physical and mental performance by school athletes and coaches



3.2. Knowledge of the improper hydration symptoms during sports activities
3.2.1. Knowledge of the dehydration signs
The fatigue experienced by an athlete is most often due to dehydration, partly because there is a time lag between the sensation of thirst and actual dehydration. This is why it is considered that by the time thirst is felt, the body is already dehydrated, which affects thermoregulation and can lead to an increase in core body temperature above 40°C (Gizowski & Bourque, 2018). In hot conditions, when body temperature rises excessively, a greater amount of catecholamines is released into the bloodstream. This leads to the rapid depletion of muscle glycogen stores, contributing to earlier onset of fatigue and symptoms such as dizziness, nausea, facial erythema, increased heart rate, and fainting (Mee et al., 2015). 
Figure 2 shows the knowledge of the dehydration signs during sports activities by school athletes and coaches. The obtained results indicate that only 31.7% of school athletes could correctly identify the signs of dehydration, such as increasing thirst, rapid heartbeat, dry skin, dry mouth, dark yellow urine, sticky saliva, headache, fatigue, dizziness, and muscle cramps. In contrast, a higher proportion of coaches (67.2%) were able to recognize the signs of dehydration. This disparity suggests that coaches may have received more comprehensive training or education on hydration-related issues compared to their athletes (Binkley et al., 2002; Casa et al., 2015). 
The low level of knowledge about dehydration symptoms among athletes is particularly problematic, as recognizing the early signs of dehydration is essential for implementing timely prevention and treatment strategies. Unrecognized dehydration can lead to decreased physical and cognitive performance, as well as more serious health consequences like heat-related illnesses (Sawka & Montain, 2000; Nuccio et al., 2017). Incorporating hydration education into athlete training and development programs could help address this knowledge gap (Nichols et al., 2005; Osterberg et al., 2009; Ruskin et al., 2020).


Fig. 2:  Knowledge of the dehydration signs during sports activities by school athletes and coaches

3.2.2. Knowledge of the overhydration signs
The knowledge of overhydration signs was even lower, with only 17.1% of athletes and 45.5% of coaches able to correctly identify the symptoms of over-hydration, including nausea, muscle weakness, vomiting, headache, fatigue, swelling in the hands, change in behaviors, coma, confusion, and seizures (figure 3). This finding is concerning, as exercise-associated hyponatremia, or overhydration, can also be life-threatening if left unmanaged (Maughan & Leiper, 1995; Shirreffs & Maughan, 1997; Powers,2015; Hew-Butler et al., 2015; Kalra, 2023).
The lack of awareness about the signs of overhydration among both athletes and coaches highlights the need for comprehensive hydration education programs that cover the recognition and management of both dehydration and overhydration (Noakes, 2010; Hew-Butler et al., 2015; Fauza et al., 2022). Empowering athletes and coaches to effectively monitor and respond to hydration-related issues is important for ensuring the health and safety of young sports participants.

Fig. 3:  Knowledge of the overhydration signs during sports activities by school athletes and coaches
3.3. Timing of fluid intake
Figure 4 presents the timing of fluid intake before, during and after exercise. Less than half of the school athletes reported drinking water before (31.5%), during (23.9%), and after (44.8%) exercise. In the other hand, most coaches recommend drinking before (56.4%) and after (78.3%) exercise. Drinks during effort are indicated for endurance and intermittent sports. This may explain the low proportion of coaches (47.2%) who recommend drinking during exercise. These would be the coaches of the above-mentioned sports. This finding is concerning, as maintaining proper hydration throughout the entire exercise period, including before and after, is a key for optimizing performance and recovery (Shirreffs & Maughan, 1997; Sawka & Montain, 2000; Maughan et al., 2005; Armstrong, 2021). 

Fig. 4: Timing of fluid intake
3.4. Volume of water intake in function of duration of exercise
The results of figure 5 shows that the majority of athletes who trained for 1 h 30 min had a peak fluid intake of 2 L per day. When training sessions lasted up to 2 h, the maximum could drink 3.5 L. For training session lasted 1 h or less, the majority of athletes drank 4.5 L. In all cases, taking into account the average weight of school athletes, they were equally exposed to dehydration and overhydration. 
Many athletes may not be consuming adequate volumes of fluids to maintain proper hydration status, especially during prolonged exercise (Maughan et al., 2005; Roumelioti et al., 2018). Inadequate fluid intake during sports activities can lead to dehydration, which can negatively impact physical and cognitive performance, as well as increase the risk of heat-related illnesses (Maughan et al., 2005; Kenefick & Cheuvront, 2012; Nuccio et al., 2017). Educating athletes and coaches on the recommended fluid intake guidelines based on exercise duration and intensity, as well as providing access to hydration resources, could help improve the volume of water consumption during training and competitions.
Overhydration, also known as hyponatremia, is concerning condition that can arise in athletes, particularly during endurance and force training (Noakes, 2012; El-Sharkawy et al., 2015). It occurs when the body’s sodium levels become diluted, causing an imbalance in the body’s electrolyte and fluid balance (Convertino et al., 1996; Szymczak et al., 2021), with serious health and performance consequences (Hew-Butler et al., 2015). The development of overhydration in athletes is multifactorial, with the following mains variables, including: excessive fluid intake, electrolyte imbalances, hormonal dysregulation, medical condition and environmental factors (Hew-Butler et al., 2006; Maughan et al., 2007; Hew-Butler et al., 2008; Rowlands et al., 2022). A multifaceted approach can be used to prevent overhydration in athletes: master fluid intake during sports activities, hydration education, individualized hydration plans, electrolyte supplementation and medical supervision (Sawka et al., 2001; Noakes, 2003; Maughan & Shirreffs, 2010; Hew-Butler et al., 2015; Nakamura et al., 2020). 

Fig. 5: Volume of water intake in function of duration of training session or competitions
3.5. Hydration management by coaches
Figure 6 presents the hydration management by coaches during training sessions and competitions. The coaches (100%) employed in secondary school did not measure hydro electrolytic losses of athletes during sports activities. Only 14.5% of athletes reported white urine at wake up after training session. However, 89.5% of coaches chose the type of drink their athletes drank. These results suggest that some coaches may not be fully implementing best practices for supporting optimal hydration among their athletes. Coaches play a key role in promoting and facilitating proper hydration behaviors among their teams (Nichols et al., 2005; Shepherd, 2011; Armstrong et al, 2021; Ghafouri et al., 2021; Li et al., 2023). By ensuring access to drinking water and actively encouraging athletes to maintain adequate fluid intake throughout the exercise period, coaches can help foster a culture of hydration awareness and healthy practices. Targeted interventions to educate and empower coaches on hydration management strategies could contribute to improved hydration practices among school athletes (Kavouras et al., 2012).

Fig. 6: Hydration management by coaches 
3.6. Factors of hydration 
As shown in figure 7, the main factors limiting optimal hydration practices among school athletes were lack of access to clean water sources (94.7%) and limited sports nutrition education (66.7%). Other factors included socioeconomic barriers (45.6%). Previous studies reported that suboptimal hydration practices may be influenced by a variety of factors, such as limited access to clean water sources, lack of sports nutrition education, and cultural beliefs (Sawka et al., 2007; Maughan & Shirreffs, 2010; Garcia-Garcia, 2022). Addressing these barriers through multi-faceted interventions, including improving access to hydration resources and providing comprehensive hydration education, could help promote more consistent and effective hydration behaviors among school athletes.
These results highlight the importance of addressing contextual and resource-related barriers to support the implementation of effective hydration strategies (Nakamura, 2020; Amstrong, 2021; Rowlands et al., 2022). Interventions aimed at improving access to clean water sources, providing sports nutrition education, and addressing cultural beliefs and economic factors could help create an enabling environment for optimal hydration practices among school athletes. Collaborations between schools, sports governing bodies, and public health authorities may be necessary to develop and implement such multi-faceted solutions (Kavouras et al., 2012; Eime et al., 2013; Holt et al., 2017). 

Fig. 7: Factors limiting optimal hydration 
3.7. Perceived effectiveness of hydration on performance 
The results in figure 8 show that athletes who reported adequate hydration were more likely to perceive improvements in their athletic performance and recovery compared to their peers with suboptimal hydration practices (p<0.01). Similarly, coaches who encouraged proper hydration reported better overall athletic performance among their teams. These findings align with the existing evidence that maintaining proper hydration status can enhance physical and cognitive function, as well as recovery, during sports activities (Kenefick & Cheuvront, 2012; Riebl &.Davy, 2014; Hew-Butler et al., 2015; Nuccio et al., 2017; Muñoz & Johnson, 2019). The perceived benefits of adequate hydration reported by both athletes and coaches underscore the critical importance of promoting and supporting optimal hydration practices in the school sports setting. By addressing the knowledge gaps and barriers identified in this study, stakeholders can work towards ensuring that all school-based athletes have the necessary resources and support to maintain proper hydration for optimal performance, health, and safety.

Fig. 8: Perceived effectiveness of hydration on athletic performance 
4. CONCLUSION
The findings of this study suggest that school athletes and coaches in Ngaoundéré, Cameroon, generally recognize the importance of proper hydration. However, there are significant gaps in their knowledge and practices, particularly regarding specific fluid intake recommendations, the use of electrolyte-containing beverages, and the importance of maintaining hydration during training and competition. The identified barriers, such as limited access to clean water sources and lack of sports nutrition education, highlight the need for targeted interventions to improve the hydration status of school athletes in the region. These interventions should focus on enhancing knowledge, providing access to clean water and appropriate hydration resources, and promoting sustainable hydration practices among both athletes and coaches. Collaborations between schools, sports governing bodies, and public health authorities could help promote optimal hydration practices in this setting.
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Yes 	School athltes 	Coaches 	84.5	93.33	No	School athltes 	Coaches 	15.5	6.68	
Percent (%)




Increased thirst 	School athletes 	Coaches 	67.099999999999994	97.8	Dry mouth 	School athletes 	Coaches 	26.8	64.599999999999994	Sticky saliva	School athletes 	Coaches 	24.7	68.2	Dark yellow urine	School athletes 	Coaches 	30.6	62.3	Fatigue	School athletes 	Coaches 	9.3000000000000007	67.400000000000006	Headache	School athletes 	Coaches 	3.9	51.2	Dizziness	School athletes 	Coaches 	29.4	61.7	Muscle cramps	School athletes 	Coaches 	14.9	62.2	Nausea	School athletes 	Coaches 	12.6	66.7	Dry skin 	School athletes 	Coaches 	1.8	45.9	Rapid heartbeat	School athletes 	Coaches 	2.4	15.1	Don't know	School athletes 	Coaches 	69.3	32.799999999999997	
Percent (%)




Nausea and vomiting	School athletes 	Coaches 	14.6	36.9	Headache	School athletes 	Coaches 	4.4000000000000004	32.700000000000003	Confusion 	School athletes 	Coaches 	6.1	16.2	Swelling in the hands 	School athletes 	Coaches 	3.9	22.4	Fatigue	School athletes 	Coaches 	12.9	42.8	Muscle weakness	School athletes 	Coaches 	17	45.3	Changes in behavior	School athletes 	Coaches 	8.8000000000000007	18.3	Seizures	School athletes 	Coaches 	6.2	13.5	Coma	School athletes 	Coaches 	0	4.0999999999999996	Don't know	School athletes 	Coaches 	82.9	54.5	
Percent (%)




School athletes 	Before 	During	After 	31.5	23.9	44.8	Coaches 	Before 	During	After 	56.4	47.2	78.3	Timing of drinking


Percent (%)




Don't know	0.5 	1	1.5 	2	2.5 	3	3.5 	4	4.5 	36	30.6	35.200000000000003	15.6	14.3	30.8	40	12.5	16.7	Less than 1 H	0.5 	1	1.5 	2	2.5 	3	3.5 	4	4.5 	12	8.1999999999999993	3.7	6.3	14.3	15.4	0	25	33.299999999999997	1H	0.5 	1	1.5 	2	2.5 	3	3.5 	4	4.5 	32	46.9	22.2	6.3	28.6	23.1	40	25	50	1H 30 min	0.5 	1	1.5 	2	2.5 	3	3.5 	4	4.5 	12	8.1999999999999993	29.6	65.599999999999994	42.9	15.4	0	37.5	0	2H	0.5 	1	1.5 	2	2.5 	3	3.5 	4	4.5 	8	6.1	9.3000000000000007	6.3	0	15.4	20	0	0	Volume of water intake (L)


Percent (%)




Yes 	Choice of type of drinks	 Measuring loss of fluid	White urine at wake up	89.5	0	14.5	No	Choice of type of drinks	 Measuring loss of fluid	White urine at wake up	10.5	100	85.5	
Percent (%)




Yes	Nutritional education	Availability of water points	Socioeconomic  barriers	Lack of time during exercice  	33.299999999999997	5.3	45.6	37.4	No	Nutritional education	Availability of water points	Socioeconomic  barriers	Lack of time during exercice  	66.7	94.7	54.4	62.8	
Percent (%)




School athletes	Very effective 	Moderately effective	Not very effective	Not at all effective	30.2	47.1	7.3	15.4	Coaches 	Very effective 	Moderately effective	Not very effective	Not at all effective	74.8	18.5	6.7	0	
Percent (%)







