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Abstract 
The aim of this study to investigate the relationships 
among hydration status level, sprint time performance 
capabilities and physiological responses [blood pressure, 
heart rate and rate of perceived exertion (RPE)] during a 
15m Repeated Sprint Ability (RSA) training session. 
Fifteen male participants with a mean age 21 ± 1 years 
old, total mean body weight of 63.21 ± 8.25kg, and mean 
body height of 1.68 ± 0.05m voluntarily participated in 
this study. The participants underwent an RSA session 
with all measurements  of interest were  conducted pre, 
during and post session. Paired sample t-test was used to 
analyse the hydration status (urine specific gravity), with 
repeated measure ANOVA was used to compared the 
sprint time and physiological responses. Pearson 
correlation was utilised to determine the relationship 
between hydration status, sprint time, heart rate response, 
blood pressure and RPE during the training session. The 
results indicated no significant changes in hydration 
status. However, there was a significant difference in 
body mass loss before and after the training. Sprint time 
performance indicated no significant differences between 
all sets involved, indicating steady state sprint 
performance. The physiological responses showed a 
significance increase during this 15m sprint training. 
Correlation values for sprint time and RPE versus 
hydration status demonstrate a significant and strong 
linear relationship. As a conclusion, 15m RSA for 3 sets 
of 5 repetitions have no significant effects on hydration 
status, with sprint time performance are not influenced by 
hydration during an RSA session. However, as 
participants trying to maintain sprint time performance, 
physical stress do increase and thus making it difficult to 
improves sprint time performance. Further studies on 
muscle metabolic factors are suggested for future research 
works.  
 
Keywords: Blood pressure, heart rate, hydration status, 
RSA, sprint time 
 
Introduction 
Maintaining hydration status is considered important for 
sports performance as well as physical well-being.     
Neural, hormonal, metabolic and mechanical aspects 
involved in any physical training including sprint training 
are greatly influenced by the level of fluid available in the 
body (Kraft, et al., 2010). Fluid or water plays a         

fundamental role in the body as it functions as the      
solvents for nutrients, transport of nutrients to muscle 
cells, helps body eliminates waste products, maintenance 
of constant body temperature and protection of the fetus 
during pregnancy (Armstrong, 2007; Sawka, et al., 2007). 
A number of methods have been used to assess and     
quantify hydration status and changes in hydration status. 
Acute changes in body mass  over a short  time period can 
frequently be assumed to be a result of body water loss or 
gain as 1ml water has a mass of 1g and therefore changes 
in body mass can be used to quantify water gain or loss 
(Lentner, 1981). Other methods in assessing hydration 
status are by measuring blood and urine indices while 
determination of perception of thirst is categorized as a 
subjective method in hydration assessment (Armstrong, 
2007, Gonzalez-Alonso, Calbet & Nielsen 1999; 
Shirreffs, 2000). 

Maintaining an appropriate level of hydration 
status during training may positively influence blood 
volume, cardiac output  (Gonzalez-Alonso, Mora-
Rodriguez, & Coyle, 2000) muscle blood flow (Gonzalez-
Alonso, Calbet, & Nielsen, 1998, 1999), core and muscle 
temperatures (Murray, 2007). Dehydration of              
approximately 3% body mass loss has deleterious effects 
in physiological  and performance-influencing variables 
such as reduced motor performance, reduced muscular 
endurance, cardiovascular drift, reduced sweat rate, blood 
volume and heat dissipation in addition to heat illness 
(Heaps, Gonzalez-Alonso, & Coyle, 1994; Oppliger & 
Bartok, 2002; Sawka, 1992). This suggests that 
hypohydration is an important factor to consider when the 
athlete involve in exercise trainings, considering the ef-
fects on the adaptations in muscle, hormonal control, 
neural control, metabolism, and cardio-respiratory         
function with both aerobic and anaerobic trainings.  
One previous study has indicated that there is no effect of 
moderate hypohydration or hyperthermia on anaerobic 
exercise performance in a temperate environment 
(Cheuvront, Carter, Haymes, & Sawka, 2006). Another 
study suggested that body mass reductions of 2–3% had 
no significant effect on sprint performance (Watson, et 
al., 2005).Thus, it is a question whether is there any          
relationship between hydration status, and sprint         
performance during the repeated sprint ability training 
session?  

In terms of the repeated sprint ability (RSA), it is 
the ability to produce the best possible average sprint 
performance over a series of sprints (≤10 seconds),         
separated by short (≤60 seconds) recovery periods  (Bish-
op, Girard, & Mendez-Villanueva, 2011). RSA is            

Research  article 
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therefore an important fitness requirement for team-sport 
athletes. For activity pattern like short burst sprint, it 
consists of (≤6 -second) maximal work,  with a single 
short sprint (5- to 6-second), adenosine triphosphate 
(ATP) is resynthesized predominantly from anaerobic 
sources (phosphocreatine [PCr] degradation and           
glycolysis), with a small (<10%) contribution from     
aerobic metabolism (Aerenhouts, Zinzen, & Clarys 2011; 
Boutcher, 2010). A typical sprint training session usually 
takes approximately between 40 minutes to 60 minutes; 
whereby the athletes will repeat the sprint for several 
repetitions. While the short sprint in a single manner does 
not affect hydration status, but repeated over several times 
for about one hour may have a significant effect on      
hydration status. The most important rule in generating 
the most benefits in long term training is to maximize 
acute stimulus and adaptation in each training session. 
Thus, if the single training session is lacking in terms of 
its` quality of performance (acute stimulus) due to      
hydration status, the cumulative adaptation longitudinally 
might also be impaired. However, this assumption is in 
need of further investigation, in which why this study was 
done. To conclude, the main aims of this research was to 
investigate the relationship of hydration status level, with 
their sprint time performance, heart rate response, blood 
pressure and rate of perceived exertion (RPE) during the 
RSA training session. 
  
Methodology 
Participants 
Fifteen male participants aged 21.0 ±1 years old, total 
mean body weight of 63.21 ± 8.25kg, and mean body 
height of 1.68 ± 0.05m were recruited in this study.   
Participation was on voluntary basis and approval from 
the Faculty’s Research Committee was obtained prior to 
data collection. The participants were healthy and free 
from injury during the time of the study, and had no  
serious injury records within the past 6 months that might 
affect the study outcomes.  
 
Equipments  
Body weight and height of the subjects were measured by 
using a weight scale (Omron HN-283, Kyoto, Japan) and 
stadiometer (portable Height Scale-Mentone/PE87,    
Australia) respectively. A digital hand-held `pocket` urine 
specific gravity refractometer PAL-10S (ATAGO, Japan) 
was used to assess hydration status along with hydration 
status colour coded strips; (AMES, Multistix 10SG Rea-
gent Strips for Urinalysis, China) with sprint performance 
time were recorded using a stop watch (Q&Q,CAL.HS4, 
Tokyo, Japan). The 15-m sprint distance was measured 
using a digital roller measuring wheel. Portable wrist 
digital blood pressure monitor (HEM- 6200, Omron, 
Kyoto, Japan), was used to assess blood pressure and 
heart rate  while Borg`s Scale was used to measure the 
rate of perceived exertion (RPE) across all repetitions. 
Environmental conditions were recorded using a Wet 
Bulb Globe Temperature (WBGT-103 Heat Stroke 
Checker, Japan).  
 
Procedures 
All participants attended two sessions. During the first 
session, the participants were briefed about the study, and 

were asked to sign the participation consent letter once all 
their questions had been answered; and the participants 
voluntarily indicated their willingness to participate in 
this study. Each participant was reminded that they were 
allowed to quit the study at anytime, without the need to 
give any reason for the withdrawal.  Body height and   
pre-participation body weight were measured in session 
one, and Body Mass Index (BMI) were calculated from it. 
The participants were also told and demonstrated on how 
to correctly wear the blood pressure monitor on their 
wrist. The second session began with the measurement of 
body weight, urine specific gravity and blood pressure. 
The participants were then performed a standardized 
warm-up and stretching exercises, followed by specific 
warm-up. The specific warm-up for the training was in 
the form of five standardized athletic drills. The drills 
used were the ankling, high-knee, back-kick, chopping 
and easy stride. All drills were performed over a 10m 
distance with two repetitions each drill, except for the 
easy stride that covered a 30m distance.  

The participants then performed a repeated sprint 
training program consisted of 5 repetitions of 15m sprint 
for each set, with total set performed were 3 sets. The  
duration for rest in-between each repetition was set at 60 
seconds as suggested in the previous study on RSA   
training (Girard, et al., 2011). Rest in-between set was 5 
minutes. Each participant was asked to sprint at maximal 
effort. Sprints were performed with a standing start split 
stance position with the dominant leg on the front, and all 
the participants were asked to wear their typically used 
sports shoes. Once started, the participants sprinted from 
15m starting line to the finishing line, touching it with any 
foot, turning back and sprint back to the starting line for a 
completion of 1 repetition. All sprint times were recorded 
in the assessment form together with heart rate response, 
blood pressure and RPE scores (Borg, 1998; Chen, Fan, 
& Moe, 2002) before and after each repetition and set. 
Urine specific gravity was measured before and after the 
whole sessions, together with participants` body weight. 
Each urine specific gravity measurement was performed 
in 2 methods; refractometer and strips. Prior to the testing, 
the refractometer was calibrated with distilled water. 
Body weight was measured before, during and after   
training. WBGT was used to measure the environment 
temperature, humidity and wind speed during the session. 
 
Statistical Analysis 
Statistical Analysis for Social Sciences (SPSS) version 
17.0 was used to perform all statistical analyses of the 
data collected, with alpha level for significant was set at 
0.05.  For descriptive data (body mass, age, height and 
BMI), mean and standard deviation of all participants 
were calculated. As all of the data had been determined 
normally distributed, urine specific gravity for both  
methods via refractometer and strips had been compared 
using paired sample t-test. Sprint time, heart rate, blood 
pressure and RPE comparisons were analysed using  
repeated measure ANOVA. Bonferroni post hoc test was 
used for significance differences found. Pearson        
Correlation was used to determine the relationship     
between hydration status and sprint performance (sprint 
time). 
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Figure 1: Schematic diagram of the study procedure 
 

 
Results 
Table 1 showed urine specific gravity (USG) level, 
measured by using 2 methods, which were 
refractometer and strip. There were no significance 
differences (p>0.05) for mean urine specific gravity for 
both refractometer and urine strip. No changes was 
observed for urine specific gravity  (refractometer) 
between set 1(1.013 ± 0.010) and set 3 (1.013 ± 0.008). 
For urine specific gravity using the urine strips, the 
mean value was slightly lower during pre set 1(1.012 ± 
0.007) than post set 3 (1.013± 0.008). On the other 
hand, there was a significant change in mean body 
weight, which was lower in post set 3 (62.97± 8.23kg) 
compared to pre set 1(63.21± 8.25kg). Mean for 
percent body weight loss was 0.38 ±0.14%.  
 
Table 1: Urine Specific Gravity(USG) before and after 
15m RSA sprint training. Values are Mean ± SD. 
 
Variables Pre set 1 Post set 3 P value 

Mean ± 
SD 

Mean ± SD  

USG 
(refractometer) 

1.013 
± 0.010 

1.013 ± 
0.008 

0.984 

 
USG (strip) 

 
1.012 
±0.007 

 
1.013± 
0.008 

 
0.803 

 
Body mass (kg) 

 
63.21 
± 8.25 

 
62.97 
± 8.23 

 
0.000* 

*Significant at p<0.05 
 

Table 2 indicates the results for the sprint time 
performance and physiological changes which includes 
blood presure, heart rate and rate of perceived exertion 
(RPE)  throughout the training session. Results for 
mean sprint time showed no significant differences       
( p>0.05) across the training session. However, there 

were significant differences for mean heart rate 
(p<0.001), blood pressure (p<0.05) and RPE 
(p<0.001). Bonferoni post hoc revealed that mean heart 
rate during set 1 (122 ± 9bpm) was significantly lower 
(p=0.001) than set 2 (138 ± 12bpm). Likewise, mean 
heart rate during set 1 was significantly lower 
(p=0.005)  than set 3 (144 ± 11bpm). On the other 
hand, there was no significance difference (p=0.450) 
between set 2 and set 3. Systolic pressure was 
significantly higher during set 1(143 ± 22mm/Hg) than 
set 2 (133 ± 13mm/Hg) and set 3(127 ± 18mm/Hg). 
While for diastolic pressure, was significantly higher 
during set 3(107 ± 27mmHg) than set 1(94 ± 17mmHg) 
and set 2 (87 ± 13mmHg). 
  
Table 2: Sprint time, blood presure, heart rate and rate 
of perceived exertion (RPE) during 15m sprint training. 
Values are mean ± SD 
 
Variables Set 1 Set 2 Set 3 P 

value Mean ± 
SD 

Mean ± 
SD 

Mean ± 
SD 

Sprint 
time (s) 

6.69 
±0.07 

6.60 
±0.08 

6.61 
± 0.11 

0.393 

 
Heart rate (bpm 
) 

 
122 
± 9 

 
138 
± 12 

 
144 
± 11 

 
0.000* 

 
Blood pressure 
systolic 
(mmHg) 

 
 
143 
± 22 

 
 
133 
± 13 

 
 
127 
± 18 

 
 
0.021* 

 
Blood pressure 
diastolic 
(mmHg) 

 
 
94 
± 17 

 
 
87 
± 13 

 
 
107 
± 27 

 
 
0.020* 

 
RPE 

 
4 ± 2 

 
5 ± 2 

 
6 ± 2 

 
0.000* 

*Significant at p<0.05 
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Pairwise comparisons showed there were significance 
RPE value for each set involved. Mean RPE was 
significantly higher during set 3 (6 ± 2) compared  to 
set 2 (5±2) and set 1 (4±2), with p value stated p=0.000 
and p=0.007 respectively. Similarly, mean RPE for set 
2 (5±2) also was significantly higher (p=0.028) than set 
1(4±2). To conclude, except the sprint time, the other 
physiological changes (heart rate response, blood 
pressure and RPE) showed a significance differences 
during this 15m sprint training. 

Table 3 demonstrates the correlation Pearson 
results between hydration status and the sprint time, 
heart rate, blood pressure and rate of perceived exertion 
(RPE) during 15m RSA sprint training.  There was a 
significantly high correlation between hydration status  
and sprint time (r=0.967, p<0.05) as well as RPE 
(r=0.896, p<0.05). On the other hand, there were a 
moderate correlation observed between hydration 
status and heart rate response ( r=0.587, p>0.05) and 
weak correlation with systolic and  diastolic blood 
pressure (r=0.475,p>0.05), (r=0.221, p>0.05). 
 
Table 3: Correlation between hydration status, sprint 
time, heart rate, blood pressure and rate of perceived 
exertion (RPE) during 15m RSA sprint training 
 
Hydration status vs: R P 

value 
Sprint time (s) 0.967 0.012

* 
Heart rate (bpm ) 0.587 0.153 

Blood pressure systolic 
(mmHg) 

0.475 0.200 

Blood pressure diastolic 
(mmHg) 

0.221 0.336 

RPE 0.896 0.037
* 

*Significant at p<0.05 
 
Environmental condition of pre, during and post RSA 
session indicated normal temperature for Malaysian 
climate as indicated in Table 4. The environmental 
condition observed during the data collection session 
was a similar environmental condition typically 
experienced by all participants, during  their other 
exercise and training sessions. 
 
Table 4: Environmental condition across the 15m RSA 
sprint training 
 
 Pre During Post Aver-

age 
Outdoor WBGT 
(ºC) 

28.8 26.4 27.1 27.4 

Ambient tem-
perature (Ta)( ºC) 

29.0 27.6 27.3 28.0 

Relative humidity 
(RH)( %)  
Globe Tempera-
ture (Tg) ( ºC) 

88.2 
31.9 

91.1 
28.3 

96.8 
   
26.6 

92.0 
28.9 

 
 

Discussion 
 
Repeated sprint ability (RSA) as a popular method of 
training especially for speed and agility development 
among team sports athletes has only started to be quite 
popular recently. Although usage of similar methods 
existed for quite some time and known by most      
practitioners (coaches), it was not widely researched 
previously. It has been quite difficult to explore the 
characteristics and features of RSA, because of the 
spontaneity of player movements, as example during 
field-based team sports (Spencer et al. 2005).  

Repeated sprint ability (RSA) training         
involves several tests including number of sprint    
repetitions sprint duration, duration, recovery, type of 
recovery, form of exercise and training status (Galvin, 
et., al., 2013; Spencer, Bishop, Dawson, & Goodman, 
2005). However, RSA durations, number of sets, and 
recovery time are varied from one study to another. For 
instance, this research approached the mode of total 3 
sets with 5 repetitions of 15m sprint for each set. The 
duration for rest in-between each repetition was at 60 
seconds while rest in-between set was 5 minutes, re-
ferred to previous repeated sprint ability(RSA) training 
research (Girard et. al, 2011). Discussions in this    
section thus might not be able to be fully compared 
with other studies with different set-up and            
configurations. However, what will be discuss here 
will be    highly correlates with the findings of the 
study and scientific base theory of it. 
 
Hydration status level and changes in hydration sta-
tus across the training 
In this study, there were two different kinds of methods 
to assess the hydration status of the participants.    
Hydration status was assessed by measuring urine 
specific gravity (USG) using refractometer and strip. 
Based on the t test result for pre and post data, the 
refractometer result indicated 1.013 ± 0.010 for pre set 
1and 1.013 ± 0.008 collected for post set 3. For the 
strip result, mean for pre set 1 is 1.012 ± 0.007  while 
mean for post set 3 showed 1.013± 0.008.  From the 
results, it can be concluded that there were no        
significance changes that had been notified in        
hydration status among the participants across the RSA 
training session.  

As indicated by Casa et. al (2000) in the in-
dexes of hydration status for urine specific gravity, a 
person is well hydrated if the USG value is  less than 
1.010, minimal dehydration  is in range of 1.010 – 
1.020  while  1.021-1.030 is categorized as a          
significant dehydration. The worst state of hydration 
status level is when USG reading is more than 1.030, 
which it is categorized as in serious dehydration level.  
In this study, the participants` USG level was between 
1.012-1.013. A comparison of these values to the 
guidelines of the National Athletic Trainers’          
Association suggests the participants were categorized 
in the minimal dehydration level (Casa et. al, 2000). 
This is however explained that participants were    
already experience slightly dehydrate prior to the   
training session. 
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The USG reading might as well linked to the 
environment and temperature on the time the data   
collection had been carried out.  As the data was col-
lected in the evening environment condition with   
average outdoor WBGT temperature was 27.4ºC and 
92% relative humidity, it might appear to have an ef-
fect on the outcome. While the data collection was took 
place in the evening, the participants` hydration level 
might have been influenced by their activities   
throughout the day before they came to the RSA    
training session. Therefore, it can yield contradictory 
result which showed participants were already in a 
minimal dehydration level even since before the    
training session began. In this study, USG were     
collected in the evening, before and after the training 
session, might not be as accurate as USG reading on 
the first urine in the morning, as hydration status can 
be influenced by many factors. 

Nevertheless,   pre and post the 15m RSA 
sprint session’s showed that there were no significant 
changes can be observed for both USG reading via 
refractometer as well as from the strip readings.    
However, the hydration level was maintained in mini-
mal dehydration, with no alteration in hydration status 
detected towards the end of the training session. The 
USG result of this study were in agreement with the 
National Athletic Trainers" Association in their     
position statement for fluid replacements for athletes, 
which recommends that athletes should begin activity 
with a USG at or below 1.020 to ensure adequate    
hydration (Casa et. al,2000).  

Conversely, the participants` body mass result 
showed a significant difference between pre and post 
RSA session, with a decrease in body weight       
measurement observed. The result was 63.21kg± 8.25 
for pre set 1 and 62.97kg± 8.23 for post set 3. 
However, the percent body weight loss showed only 
0.38± 0.14% of body mass loss overall. If the percent 
body mass loss are less than 1%, assumption can be 
made that  participants were not dehydrated (Casa 
et.al., 2000). It is suggested that participants only in the 
state of mild hypohydration or would represent a 
normal variation of body mass on day to day basis.  

Previous research stated that minimal percent 
of body weight loss that will started to compromosie 
body function or performance are between 1-2 % 
(Maughan, 2003; Armstrong et.al., 2012). Cheuvront, 
Carter & Sawka (2003) reported similar results where 
they stated that exercise performance decrement were 
only evident when the body mass loss is more than 2%. 
This view is supported by Cheuvront et. al (2004). 
Their study assessed 65 healthy men which underwent 
moderate intensity walking in the heat for 2-3 hours. 
Our findings was in agreement  with their results which 
stated that the variability in body mass of 1.1% or less 
from the baseline was just an indication of daily water 
body turn-over or individual`s regular body mass   
deviation. Therefore, for this present study, a reduction 
of 0.38% of body mass, with a very small amount of 
water loss can be safely said as not an indication of 
further dehydration among the participants involved. 

As a conclussion, participants began the 15m 
sprint training in a minimal hypohydration state, as 
indicated by USG and strip. The hydration level was 
maintained from initial towards the end of the training 
as no significance hydration changes was detected 
among the participants. It is also suggested that 0.38± 
0.14% of body mass loss among the participants, which 
is less than1% body mass reduction from baseline, may 
just only lead to very mild hypohydration and do not 
appear to be associated with further dehydration levels. 

 
Sprint time performance before and after RSA 
Overall, results for mean sprint time indicated no   
significance differences across the training session. 
Albeit that, it somehow showed a slight trend of    
decrement in the sprint performance of the participants. 
As showed in the Table 2, mean sprint time for set 1 
started with 6.69 ±0.07s and decrease to 6.61± 0.11s    
towards the end of set 3, however can demonstrate as a 
persistent state of sprint performance. 
 Explanation accounting for the nearly       
constant state of this sprint time may include that    
participants might gave all out sprinting in the initial 
phase with a burst and recover (rest in between) each 
repetition that can offer the participants to continuous 
anaerobic exercise. This suggested that participants 
were involved in a high energy exercise with low rest 
intervals between each repetitions and sets, which it 
might help out participants to sprint with the maximum 
capacity for the next repetition.  Furthermore, the sprint 
time seem to be in a steady state, can be understandable 
as the shift of dominance energy system started to 
happen. With aerobics energy systems comes more into 
play, it is suggested that it helps the participants to 
have a more constant performance. 

These present findings are comparable to a 
study by Thébault, Léger, and Passelergue (2011). 
Their research was on repeated sprint ability and   
aerobic fitness (n=19), in which their assessment   
involved the RSA test (3 sets of 5 40-m sprints with      
1-minute rest between sprints and 1.5 minutes between 
sets). Their results showed that subjects with greater 
maximal aerobic speed competent to maintain almost 
constant level of speed across the RSA sets and     
repetition of repeated sprints and achieved better   
recovery between series. Another study by, Cheuvront 
et. al (2006) also explored the effects of hypohydration 
and moderate hyperthermia (core temperature         
elevation) on anaerobic exercise performance in a 
temperate environment.  Their study involved a single 
15-s Wingate anaerobic test (WAnT) which was used 
to assess anaerobic performance (peak power, mean 
power, and fatigue index). Their results indicated that 
there was no significant changes of the performance, 
neither moderate hydration group nor the moderate 
hyperthermia affected anaerobic exercise performance 
in a temperate environment. 

In summary, the persistent state of the sprint 
time across the 15m RSA training session somehow 
could illustrate the participants` good combination of 
aerobic capacity (which is supported by aerobic     
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metabolism in order that exercise can be performed for 
extended time) as well as anaerobic capacity (which is 
utmost stressed in high intensity activities but in short 
duration).  Participants can cope well with the training 
methods in cumulative ways as in this case,           
participants were able to continually reproduce short 
burst of maximal sprint, repeatedly with short recovery 
period. It is suggested for further research, to explore 
the relationship of volume of oxygen maximum 
(VO2max) for the aerobic capacity, along with       
anaerobic threshold or lactate threshold measurement 
during this type of repeated sprint ability training for 
more precision details. 

 
 

Heart rate responses during a 15m RSA sprint train-
ing session 
Heart rate response was one of the physiological 
changes that were evaluated during this 15m RSA 
sprint training session. Participants` heart rate was 
measured immediately after finishing of each set. The 
results for heart rate responses across the training 
yielded a significance increment. The heart rate     
response were identified to increase gradually from set 
1 (122±9bpm) towards set 3 (144± 11bpm). Bonferoni 
post hoc via pairwise analysis revealed that mean heart 
rate for set 1 was significantly lower than set 2.     
Likewise, set 1 also showed a significantly lower than 
set 3.  

This finding is in line with the results of a 
study by Cheuvront et. al (2005). Their study          
investigated hypohydration effects on endurance exer-
cise performance in two conditions (temperate or cold 
air) using eight subjects. Their study found that heart 
rate was significantly higher at 30min within the    
temperate trial. Similar results obtained from a research 
by Gonzalez et. al (1999), where their study  investi-
gated the influence of body temperature on the devel-
opment of fatigue during prolonged exercise in the 
heat. Their findings showed an increment in heart rate 
while stroke volume was observed to be reduced    
paralleled the rise in core temperature (36-40ºC). 

Overall, present study indicated heart rate re-
sponse significantly increased in a linear line, in    
proportion to the exercise intensity and duration, while 
performing the 15m RSA sprint training (p<0.001). As 
this sprint training session only involved 30 seconds of 
recovery time between each repetitions, and 5 minutes 
between each sets, the heart rate tend to rise           
incrementally across the training session and having 
peaks at the end of sets. 

 
 
Blood Pressure during a 15m RSA sprint training 
session 
As indicated in Table 2, significant differences      
observed between sets (p=0.021) in post-exercise sys-
tolic blood pressure level with lower post exercise 
reading. Diastolic blood pressure on the other hand was 
found to be fluctuated from start to end of the RSA 
session, with significant difference observed with    
minimal increment post exercise (p=0.020).  

The post-exercise hypotension in which the 
systolic level was found to be significantly lower is an 
acceptable in normal condition, as studies have shown 
that immediately post-exercise, blood pressure level 
will be much lower than the reading recorded prior to 
exercise (Pescatello et. al, 1991; Syme et. al, 2006; de 
Salles et. al, 2010).  

Initially, the assumption was that apart from 
normal regulatory effect for recovery after exercise, the 
lower blood pressure might also due to the effect of 
excess post-exercise oxygen consumption (EPOC). 
However, previous study has suggested that this is not 
the cause due to different time course of action       
(Williams et. al, 2005). Systolic blood pressure was an 
indicator of the blood flow in the arteries. The harder 
the exercise, the more blood will be delivered in the 
arteries, thus higher systolic blood pressure level. The 
diastolic blood pressure was an indicator of pressure in 
the arteries, when the heart was relaxed (after each 
pumping out). In order to allow more oxygen delivered 
to the whole body, the blood vessels will be more  
relaxed (for wider diameter, more blood flow). This 
resulted in the lower systolic level. Similar study on 
circuit based exercise also yields similar result       
(Paoli et. al, 2013).  

  In relation to this, the researcher based on 
above reasons suggested that participants involved in 
this study were basically active and possess a strong 
heart which can pump more blood with less effort. 
Since exercise is understood to reduce resistance in 
arteries, it consequences was that the blood flow more 
freely. Hence, if the heart can work less to pump blood 
for muscles and overall body used, the force on the 
arteries decreases and end with the lower blood      
pressure. This result advocate one of the benefits of 
this type of exercise is lower blood pressure level, 
which can be used as an anti-hypertensive exercise. 
Though, this requires further investigation.  
 
Rate of perceived exertion (RPE) during a 15m RSA 
sprint training session 
It’s quite interesting to be noted that while both      
hydration status and sprint time performance were 
found to be insignificantly change during the three sets 
of RSA performed in this study, RPE measurements 
indicated otherwise. 

This result is in line with other findings which 
demonstrated that ratings of perceived exertion were 
increased along with the exercise intensity or duration. 
A study by Cheuvront et. al (2005) compared the effect 
of hypohydration on endurance exercise performance 
in temperate and cold air environment, also         
demonstrated an increment of RPE over time of      
training.  On the other hand, the consequence of     
physiological changes, as example the constriction of    
peripheral blood vessels to maintain blood pressure,   
decreased stroke volume, decreased in cardiac output 
and increased stroke volume may bring out a negative 
outcome on RPE. Moreover, a greater perception of 
exertion also can be lead by the decreased of plasma 
volume changes throughout the training session      
(Aldridge, Baker & Davies, 2005). As this may advise 
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that the other physiological changes are basically    
connected to each other and may influence to the other 
responses to the body. 

 As RPE was measured based on verbal responses 
from the participants, it reflected the feelings, sensa-
tions and physical stress experienced by the            
participants during the protocol. If hydration status or 
heart rate (as indicated by the results) did not play the 
role in promoting the uneasiness experienced by the 
participants, another possible explanation might be 
purely be on psychological and muscle metabolism 
factors. However this was not measured in this study, 
and thus leaves the assumption to be verified in future 
studies. But for the discussions, other studies have 
shown that while level of fluid in the body were not 
significantly affected, blood lactate accumulation in the 
muscle may have increase the level of difficulty for the 
muscle to contract at a much faster rate (muscle buffer 
capacity) (Bishop, Edge, & Goodman, 2004), although 
participants had increased their physical effort.       
Previous study have shown that phosphagen system is 
the main energy system used during an RSA session 
performed by professional rugby rules players (elite 
athletes) (Wadley & Le Rossignol, 1998). Thus for 
participants which was not in elite category such as 
participants of this study, their energy source might be 
derived dominantly from both anaerobic energy system 
(phosphagen and glycolysis). Glycolysis produce blood 
lactate as their by-product (Gastin, 2001).  

However, it must be noted that other activities, in 
addition to sprinting, may lead to fatigue during     
team-sport competition such as energy expenditure 
during eccentric contractions, change of direction 
movements and jogging or striding for extended peri-
ods could also contribute to fatigue (Spencer et. al, 
2005). It is evident that the anaerobic ATP production 
during short-duration sprinting is provided by         
considerable contributions from both PCr degradation 
and anaerobic glycolysis, confirming the significance 
of glycolytic activity during this type of exercise. The 
importance of anaerobic glycolysis is supported by the 
fact that PCr stores are only partly depleted during 
short duration sprinting.( Spencer et. al, 2005).  

In summary, RPE increased significantly across 
the training session. Nevertheless, it is evident that 
each of the variables which is exercise mode, sprint 
duration, sprint repetitions, recovery duration and type 
of recovery can significantly affect participant`s RPE 
as well as their performance.  

 
Correlation between hydration status, sprint time, 
heart rate response, blood pressure and RPE  
Based on the correlation result between hydration sta-
tus and sprint time of the subjects, the data indicated 
high correlation with the value of r= 0.967,p=0.012.  
Based on present study hydration status data, the mean 
of urine specific gravity showed no changes across the 
test, which the value was 1.013 ± 0.01.  It means that 
hydration level was maintained in the steady state 
(minimal dehydration) throughout the training session, 
while the sprint time showed almost constant with a 
slight of decrement of sprinting time.This finding is in 

line with the results of Morris et. al (1998) in their 
study to determine the effect of hot environment on 
performance of prolonged, intermittent, high intensity 
shuttle running. The results between the two trials of 
12 active sportsmen showed a decrement in            
performance occurred although no differences were 
identified in the level of dehydration, rating of       
perceived exertion, blood glucose and lactate, plasma 
free fatty acid and ammonia concentrations. 
Furthermore, , Baker et. al (2007) who observed among 
the basketball player, stated that a progressively greater 
decline in basketball playing ability as dehydration  
progressed from 1 to 4%.  

This significant high correlation observed, 
which hydration status affect the sprint performance 
might be due  to fatigue and accumulation of lactic acid 
in the body. This is supported by the RPE data which 
showed the RPE increase from 4 ± 2 at the beginning 
and 6 ± 2 at the finishing. This showed that the subjects 
were  fatigue towards to the end of the test. Girard, 
Mendez-Villanueva and Bishop (Girard et. al, 2011) in 
their review had found similar pattern in many studies 
related to RSA and fatigue using both laboratory and 
field based assessment 
 In spite of this, non significance relationship 
between hydration status and heart rate found in this 
study, implying that levels of dehydration among the 
participant did not affect heart rate to increase in the 
training session. As participants` hydration level was 
maintained in minimal dehydration level throughout 
the training session, therefore it seems that hydration 
status do not turn out to become a factor to impair heart 
rate response. This finding was in contrary with what 
has been found in another study on hydration by Carter 
et. al, 2005. Their participants demonstrated heart rate 
response was influenced by dehydration (3.9±0.7% 
body weight loss), and it was ended with reduction of 
overall heart rate response after exercise in the heat. 
But again, current finding indicated only ‘mild      
dehydration’; with the environment temperature can be 
said as ‘normal’ to the participants, which was used to 
play sports in the similar set-up and environmental 
condition involved. 

 In term of relationship between hydration sta-
tus and blood pressure, as far as the knowledge of the 
researcher, no study has been found investigating blood 
pressure responses during an RSA session in relation to 
hydration status.   This study recorded no significance 
relationship evident between hydration status and 
blood pressure during RSA session. However other 
studies that investigate blood pressure responses from 
other types of exercise in the heat indicated that blood 
pressure declined parallel with dehydration            
(González-Alonso, Calbet and Nielsen, 1998;        
Gonzalez-Alonso, Mora-Rodriguez and Coyle, 2000). 
Research by González-Alonso, Calbet and Nielsen 
(1998) investigated whether any reduction occurred on 
the blood flow to exercising muscles when cardiac 
output and systemic vascular conductance decline with 
dehydration during prolonged exercise in the heat. 
Their study was conducted on seven euhydrated,    
endurance-trained cyclists performed two trials of 
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cycling to exhaustion at 35ºC. Their findings          
concluded that due to the decrement in perfusion    
pressure and systemic blood flow, blood flow to the 
exercising muscle declined significantly with          
dehydration. Hence, one explanation of our no signifi-
cance relationship between hydration status and blood 
pressure might be related to the static hydration level. 
Nevertheless, the constant hydration level in minimal 
dehydration level did influence the post exercise blood 
pressure to be lower than pre exercise blood pressure.  

To conclude, the present results suggest that 
the ability to repeat the sprints were still tolerable 
among the participants. Therefore, increase in the mode 
and loading parameters of this repeated sprint ability 
training can be suggested or applied in the future (such 
as shorten time of recovery, increase the sets and    
repetitions involved/intensity). 
 For future studies and implementation,    
coaches or researchers involved is suggested to also 
monitor or assess blood lactate accumulation during the 
RSA session. It is a more precise and reliable parame-
ter to validate the physiological responses to exertion 
in response to the training session involved. 

As no hydration changes were observed 
across the training session, the result might be different 
if urine specific gravity can be obtained from the first 
urine in the morning. This will allowed identification 
of the actual hydration state of the participants before 
beginning the testing session. It will control the      
cofounding factor as the hydration level can be       
fluctuating throughout the day. Future studies should 
take this into consideration. 

It is also can be concluded that repeated    
shuttle sprints might be an effective training practice 
for improving the heart rate responses, apart from their 
actual purpose of developing speed and agility. The 
practical implications of these findings also            
suggest anti-hypertensive exercise as it might help to 
lower the blood pressure. Nevertheless, these require 
further studies for more improvement and to scrutinise 
on all suggestion for better outcome. 
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