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Abstract: 

The objective of our study was to analyse the total body water (TBW), intracellular water (ICW) and 
extracellular water (ECW) dynamics for two groups of athletes (elite and hobby) during one race (the Half 
Ironman). Forty-two male triathletes volunteered to participate in the study. Their body composition parameters 
were determined with the Tanita MC-980 multi-frequency segmental body composition analyser. The results are 
presented as means and standard deviations. The pre- and post-race results for both groups were analysed with 
paired t-tests. The pre-race results for both groups were compared using non-paired t-tests. The associations 
between body composition variables and race times were investigated with Pearson’s correlation analyses. The 
statistical significance was set at P ≤ 0.05. 
Professional athletes achieved higher hydration rates before performance in terms of both the TBW percentage 
(P = 0.005) and the ICW percentage (P = 0.006) parameters. However, there were no significant differences 
between the groups of athletes in water-control ability during endurance exercise. In both groups of athletes, 
significant changes in water balance and total weight loss were observed during the race.towards Physical 
Activity. 
Key words: triathlon, body water, hydration, performance. 
 
Introduction 

 A triathlon is characterised by participation in three sports (swimming, cycling, and running) one after 
the other (Neumann, Pfützner, & Hottnerott, 2004). Several variations have occurred during the 30 year history 
of triathlons. The best-known variation, which is an Olympic Games event, is the so-called short (Olympic) 
triathlon with a 1.5-km swim, a 40-km bike ride and a 10-km run. The long triathlon does not have fixed trail 
distances. The most common race distances are a 3.6-km swim, a 180-km bike ride and a 42.2-km run (more 
commonly known as the Ironman); a trail of half these lengths is referred to as the Half Ironman. Because of the 
duration of the Half Ironman race (4–6 h, depending on the performance level), participants rely on aerobic 
energy release (Friel, 2009). 
 Total body water (TBW) is a significant component of body weight. The amount of water in the body 
depends on age, sex and body weight. The average TBW amount is 63 % in an adult male and 53 % in an adult 
female (Rokyta & Šťastný, 2002). Depending on the water’s localisation, TBW can be classified as intracellular 
(ICW) and extracellular (ECW). ICW accounts for ca 40 % of body weight. ECW accounts for approximately 20 
% of total body weight and is divided into intravascular fluid (plasma) and interstitial fluid (lymph). Although 
TBW information is needed to estimate body composition and determine nutritional status, its sub-division into 
ICW and ECW is more important for research purposes than TBW alone (Moore, 1963; Segal, 1991). 
 Dehydration is a common finding in endurance athletes; it is defined as the loss of more than 2 % of 
body weight during an endurance performance (Sawka et al., 2007; Sawka & Montain, 2000; Sawka & Noakes, 
2007). Many studies argue that dehydration leads to a poorer endurance performance (Stearns et al., 2009; von 
Duvillard, Braun, Markofski, Beneke, & Leithäuser, 2004). One study (Kovacs, 2011) mentions that scientists 
who have investigated the effect of liquid intake limitations on the volumes and functions of the human body 
note that hyperthermia (elevated body temperature caused by dehydration) directly affects brain function by 
changing the blood flow and metabolism in the brain. This reduces the performance of the central cognitive or 
neuromuscular unit, which may impair muscular function, change the perception of effort, or both. Dehydration 
may result in clinical symptoms similar to those of a concussion: fatigue, drowsiness, headaches, inability to 
concentrate and a loss of balance. 
 However, the conclusion that a 2 % loss of body weight adversely affects performance is derived only 
from laboratory results based solely on studies with relatively few participants (Noakes, 2007). In contrast to 
these studies, there is evidence that the fastest contestants in athletic competitions usually lose the largest amount 
of body weight during competition. Previous studies (Pugh, Corbett, & Johnson, 1967; Wyndham & Strydom, 
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1969) have reported that the athletes who had lost the greatest amounts of body weight usually had the highest 
body temperatures after the race and had won the competitions. Other studies (Byrne, Lee, Chew, Lim, & Tan, 
2006, Cheuvront & Haymes, 2001; Zouhal et al., 2009) reveal that a loss of body weight greater than 3–4 % is 
common among faster-finishing athletes, and there was a weak inverse relationship between body weight loss 
and sports performance. Thus, the fastest-finishing athletes tend to lose the greatest amounts of body weight. 
Fudge and Pitsiladis (2009) note that the world record holder for the 42 km in 2008 lost 10 % of his body weight 
in achieving this record. If it were true that the loss of 10 % of body weight worsened sports performance by 
more than 50–100 %, it would have been impossible for that athlete to achieve this record performance (Craig & 
Cummings, 1966; Sawka, Francesconi, Young, & Pandolf, 1984). 
 Sharwood, Collins, Goedecke, Wilson, & Noakes (2002) also fail to find any evidence that body weight 
loss or dehydration were related to poor performances in a survey of 297 triathletes participating in the Ironman 
race. The athletes who lost the greatest amount of body weight completed the race in the shortest time. This 
result was confirmed by a survey conducted in 1967. Pugh et al. (1967) report that the winner (2 h, 38 min) of 
the national marathon in England lost 5.23 kg, which was 6.9 % of his body weight. Furthermore, the first four 
athletes who completed the race had an average body weight loss of 5.8 %.  
 Recent studies of ultra-marathon runners (23 ultra-marathon runners participating in a 24-h run) reveal 
that body weight loss is positively correlated with competitive performance (Kao, Shyu, & Yang, 2008). 
However, no change in body weight was registered for swimmers during ultra-long distance swims (Knechtle, 
Knechtle, Kaul, & Kohler, 2009a). It is possible that the body weight loss in ultra-performance athletes occurs 
not only as a result of dehydration but as a result of skeletal muscle and fat mass loss (Knechtle et al., 2009a; 
Knechtle et al., 2010; Knechtle et al., 2011; Knechtle, Wirth, Knechtle, Rosemann, & Senn, 2011; Zouhal et al., 
2009). Another study (Tam, Nolte, & Noakes, 2011) devoted to half-marathon and ultra-marathon runners 
reveals a body weight change in participants in both types of races that exceeded the changes in their TBW 
results. This finding means that TBW loss alone does not account for the body weight loss during the race. 
 Knechtle, Wirth, Knechtle, and Rosemann (2009b) investigated whether ultra-performance runners 
participating in a 100-km race suffered from body weight loss and whether this loss involved fat mass, muscle 
mass or TBW. The ultra-runners were evaluated before and after racing. The results were a 1.6-kg (P < 0.01) 
loss in body weight, a 0.4-kg (P < 0.01) loss in fat mass and a 0.7-kg loss in muscle mass (P < 0.01). The TBW 
increased by 0.8 l (P < 0.05). Jurimae and Jurimae (2001) report a total weight decrease from 84.7 +/- 9.1 to 83.6 
+/- 9.6 kg and a TBW decrease from 46.5,1 to 46.0 +/- 3.01 l among their study participants after a 30-min 
maximum workout on a rowing machine. In contrast, after an Alpine marathon in Spain, 24 amateur athletes 
(aged 39 +/- 10 years) showed a significant increase (P < 0.05) in ICW (27.4 vs. 28.1 l) and TBW (43.6 vs. 45.1 
l) and a decrease in body weight (71.8 vs. 68.2 kg) (Clemente, Ramos, & Gonzalez, 2011). 
 An interesting issue is the correlation between body composition dynamics during the race and the 
performance achieved. Knechtle, Knechtle, Wirth, Rüst, and Rosemann (2012) report changes in body weight 
and TBW in 219 amateur male runners during a 100-km ultra-marathon. The athletes lost 1.9 kg of their body 
weight (s = 1.4), which equals 2.5 % (s = 1.8) of body weight (P < 0.001). The athletes also lost 0.2 kg (s = 1.3) 
of their presumed fat mass (P < 0.05) and 0.9 l (s = 1.6) of their presumed TBW (P < 0.001). The study 
concluded that faster runners lost more body weight; the runners also lost more body weight if they drank less 
liquid. Faster runners also drank more fluids compared with slower runners. Yet another study by Sharwood, 
Collins, Goedecke, Wilson, and Noakes (2004) found a significant correlation between the rate of body weight 
loss and completion time in the Ironman race. The athletes who completed the race with the highest body weight 
losses obtained the fastest times in the final results. Zouhal et al. (2011) note the significant linear relationship 
between the rate of body weight loss and the completion time for marathon runners. The athletes with the highest 
body weight losses obtained the best times. In their study of the association between changes in body weight and 
the total 42-km finish time of marathon runners Zouhal et al. note massive differences in body water among the 
runners. The body water changes ranged from an 8 % loss to a 5 % gain. The researchers also state that 55 % of 
the runners who lost more than 2 % of their body weight during the race ran significantly faster compared with 
runners who lost less body weight. This finding contradicts the principal component of the ACSM Position 
Stand knowledge (Sawka et al., 2007) but agrees with other studies claiming that the fastest athletes in marathon 
races and other endurance competitions tend to lose the greatest amounts of body weight (Cheuvront, Carter, & 
Sawka, 2003; Kao et al., 2008; Zouhal et al., 2009).   
 The objective of our study was to analyse the TBW, ICW and ECW dynamics in two groups of athletes 
(elite and hobby) during one race (the Half Ironman). We compared these parameters prior to and after the race 
to identify potential changes that may be associated with physiological predispositions for endurance 
performances.  
 

Method 

Participants 

Forty-two male triathletes volunteered to participate in the study.  
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Procedures 

 According to their performance level and finish time, the athletes were divided into an elite (G-1) and a 
hobby (G-2) group. The runners’ anthropometric characteristics are provided in Table 1. The athletes were 
evaluated before (M-1) and 10 min after (M-2) the “Czechman Half Ironman” competition (1.8 km swimming, 
90 km cycling and 21 km running).  
 The runners signed an informed consent waiver and were submitted to the experimental protocol 
according to the study design. The procedures and techniques proposed in this study were approved by the ethics 
committee FPES CU. 
 
Table 1. Basic anthropometric characteristics of the athletes 
 
 G-1 G-2 P 
N 16 26  
Age (years) 32.75 ± 6.87 36.15 ± 7.39 0.145 
Race time (h:mm:ss) 4:42:38 ± 24:00 5:26:59 ± 13:50 0.000 
Body weight (kg) 76.71 ± 6.83 80.18 ± 7.51 0.140 
Body height (cm) 180.06 ± 5.94 179.77 ± 4.82 0.862 
 
 
Instruments 

 The body composition parameters were collected using a Tanita MC-980 multi-frequency segmental 
body composition analyser.  
 
Statistical analysis 

 The results are presented as means and standard deviations. The pre- and post-race results of both 
groups were compared using paired t-tests. The pre-race results of both groups were compared using non-paired 
t-tests. 
Associations between body composition variables and race times were investigated using Pearson’s correlation 
analyses. Significance was set at P ≤ 0.05. 
 

Results 

 The results for each variable at M-1 and the p-values for the statistical comparisons for G-1 and G-2 are 
presented in table 2. 
 For the pre-race measurement (M-1), no differences were found in body mass (BM) (P = 0.14), TBW 
(P = 0.966), ECW (P = 0.313) or ICW (P = 0.734). However, when taking into account the other parameters 
(total weight) and assessing the parameters as a percentage of total weight, significant differences emerged for 
TBW % (P = 0.005) and ICW % (P = 0.006). ECW % (P = 0.072) did not reach significance. 
 
Table 2. Water balance before the race and the p-values for the statistical comparisons of G-1 and G-2 

 M1 before the race   
 G-1 G-2 P 

BM (kg) 76.71 ± 6.83 80.18 ± 7.51 0.140 
TBW (L) 48.81 ± 3.67 48.76 ± 3.83 0.966 
ECW (L) 17.02 ± 0.83 17.29 ± 0.85 0.313 
ICW (L) 31.79 ± 2.88 31.47 ± 3.05 0.734 
TBW (% BM) 63.73 ± 2.41 60.97 ± 3.23 0.005 
ECW (% BM) 22.27 ± 1.01 21.66 ± 1.06 0.072 
ICW (% BM) 41.48 ± 1.84 39.31 ± 2.58 0.006 
 
 The results for each variable (G-1, G-2), the differences between M-1 and M-2, and the p-values for 
statistical comparisons are presented in Table 3. 
 
Table 3. Water balance before and after the race and the p-values for the statistical comparisons independent of 
G-1 and G-2 
 G-1 G-2 
 M1 M2 P M1 M1 P 
BM (kg) 76.71 ± 6.83 75.89 ± 6.45 0.032 80.18 ± 7.51 79.53 ± 7.48 0.003 
TBW (L) 48.81 ± 3.67 47.83 ± 3.85 0.000 48.76 ± 3.83 48.01 ± 4.00 0.002 
ECW (L) 17.02 ± 0.83 16.84 ± 0.83 0.000 17.29 ± 0.85 17.13 ± 0.87 0.000 
ICW (L) 31.79 ± 2.88 30.99 ± 3.20 0.000 31.47 ± 3.05 30.88 ± 3.20 0.005 
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 In both groups of triathletes, water balance and total weight changed significantly. Total weight 
decreased in G-1 (P = 0.032) and G-2 (P = 0.003). The same results were registered for TBW (P = 0.000 and P = 
0.002, respectively), ECW (P = 0.000 and P = 0.000, respectively) and ICW (P = 0.000 and P = 0.005, 
respectively). 
We further analysed the water balance changes caused by the race in connection with performance. The results 
for each variable and the p-values for G-1 and G-2 are presented in Table 4. 
 
Table 4. Water balance changes during the race and the p-values for the statistical comparisons of G-1 and G-2 
 
 M1 - M2   
 G-1 G-2 P 
△ BM (M1 – M2) (kg) 0.82 ± 1.38 0.65 ± 1.01 0.658 
△ TBW (M1 – M2) (L) 0.98 ± 0.73 0.75 ± 1.11 0.465 
△ ECW (M1 – M2) (L) 0.18 ± 0.16 0.16 ± 1.16 0.695 
△ ICW (M1 – M2) (L) 0.80 ± 0.62 0.59 ± 0.97 0.442 
 

 No significant differences in water balance changes were found for any of the analysed groups. 
Additionally, the association between water balance changes and race times was insignificant (table 5). 
 
Table 5. Pearson’s correlation between water balance changes and race times 
 

 Pearson’s correlation P 
△ BM (M1 – M2) (kg) -0.129 0.415 
△ TBW (M1 – M2) (L) 0.034 0.830 
△ ECW (M1 – M2) (L) -0.039 0.805 
△ ICW (M1 – M2) (L) 0.046 0.771 

  
Discussion 

 The objective of our study was to analyse water balance changes during the Half Ironman race. To 
enhance the quality of the study, the analysis was performed for two separate groups (elite [G-1] and hobby [G-
2]). In both groups, the water balance parameters decreased as a result of the competitive performance. This 
finding agrees with the results of some studies (Jurimae & Jurimae, 2001; Knechtle et al., 2012; Tam et al., 
2011); however, it contradicts the results of other studies (Clemente et al., 2011; Knechtle et al., 2009b) that 
report increased TBW among runners after the race. A triathlon is a combination of swimming, cycling and 
running. The majority of available studies have examined endurance runners. There are very few studies devoted 
expressly to cycling (Knechtle et al., 2009c) or swimming (Knechtle et al., 2009a). The results available for 
long-distance swimmers do not report any changes in body weight (Knechtle et al., 2009a).  
 The results of our study may lead to the assumption that the dynamics of all parameters were 
independent of the triathletes’ performances, which would imply that athletes’ ability to control water 
metabolism during athletic endeavours is not a parameter that can be considered a talent.   
 The correlation between water balance changes and performance (race time) was not confirmed. This 
finding agrees with the results of some studies (Byrne et al., 2006; Cheuvront & Haymes, 2001) but contradicts 
the results of other studies (Knechtle et al., 2012; Zouhal et al., 2011) that present a linear relationship between 
the rate of body weight loss and race completion time.  
 Most studies do not present the environmental conditions during the test. Because the majority of cases 
represent field testing, this information is often essential for data interpretation. In our case, the conditions were 
approximately 18 degrees Celsius, windy, and partly rainy. Such conditions can dramatically affect the athletes’ 
performance, refreshment system and drinking regimen. 
 The finding most relevant to the selection of talents is the significant difference in the TBW % (P = 
0.005) and the ICW % (P = 0.006) between groups (G-1 and G-2) prior to the race. The better triathletes were 
better hydrated before the performance. It is evident from the results that the difference in total body hydration is 
mostly a consequence of the amount of ICW. ICW accounts for 40 % of body weight, or 66 % of TBW, which 
amounts to approximately 30–35 % of the TBW in the soft tissues (mainly in muscles). The remainder, 
corresponding to 8–10 % of TBW, is found within the connective tissues, cartilage and bones (Trojan, 1999). 
Intracellular fluid contains almost four times more protein compared with plasma and contains a relatively large 
amount of potassium and phosphate ions (but far less sodium and chlorine ions compared with plasma). Calcium 
ions, whose levels are kept low, are also present in the cells in small concentrations (Rokyta & Šťastný, 2002). 
 Very similar water metabolism levels during the race were observed for both groups; therefore, the 
hydration status before the performance plays the greatest observable role. If all athletes experience a similar loss 
of fluids while racing, the athletes with better hydration statuses prior to the race finish with values closer to 
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normal; thus, they are not totally dehydrated. Thus, pre-race hydration may play a key role, especially during the 
final phase of the race. 
 Our study did not address whether statistically higher hydration values before endurance racing result 
from more the efficient water or ICW metabolism necessary for maximum endurance performances or the extent 
to which this result was influenced by pre-race tune ups and potential super-compensation. 
 
Conclusions 

 The main conclusions of our study are that (i) elite athletes achieve a higher hydration status in terms of 
both TBW and ICW before their performances. In contrast, (ii) the differences identified in the water balance 
parameters during the race were comparable for both groups. Therefore, there were no differences in water 
control ability during endurance exercise performances between the surveyed groups of athletes. We also found 
that (iii) significant water balance and total weight loss occurred in both groups of athletes during the workout. 
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