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ABSTRACT 
 
 
 

EFFECTS OF ON-ICE MILD DEHYDRATION ON THERMOREGULATION, 
PERFORMANCE AND MENTAL FATIGUE IN FEMALE ICE HOCKEY PLAYERS. 

 
 
 
Stephanie Michelle Boville      Advisor: 
University of Guelph, 2015      Professor Lawrence L. Spriet 

 
 
 
This study examined the effect of mild dehydration during a 90 min scrimmage on 

thermoregulation, performance and mental fatigue in female recreational hockey players. Body 

mass loss was 1.21 ± 0.08% in the no fluid (NF) trial and maintained in the water (W) and 

carbohydrate-electrolyte solution (CES) trials. Sweat losses were similar between trials (756-817 

mL). Average peak core temperature (Tc) was significantly higher in NF (38.80 ± 0.10°C) vs. W 

(38.57 ± 0.07°C) and CES (38.46 ± 0.06°C) and also higher in the NF trial in the third period. 

Subjects reported more negative mood and fatigue profiles in NF and felt less cramping in CES 

vs. NF, but not in W. On-ice performance and ratings of perceived exertion were unaffected by 

mild dehydration. In conclusion, sweat rates were low in females during a hockey scrimmage 

and did not effect on-ice performance, but elevated Tc and measures of mental fatigue.  
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CHAPTER 1: REVIEW OF THE LITERATURE  

 
The aim of this literature review is to describe the sport of ice hockey and its energy 

demands. This literature review will also introduce the topic of thermoregulation in males and 

females and how the menstrual cycles can affect thermoregulation. A current review of hydration 

practices in male ice hockey players will be explored along with the hydration practices of 

female athletes in stop and go sports. It will also explore the negative implications of dehydration 

and benefit of carbohydrates (CHO) intake on sport performance, both physically and 

cognitively.   

DEFINITION AND PHYSICAL DEMANDS OF ICE HOCKEY	  

The nature of ice hockey is a fast paced, high intensity game in which two teams compete 

against each other with the winner being the team that can score more goals against the 

opponent. A maximum of 12 players are allowed on the ice at all times including 1 goaltender, 2 

defensemen and 3 forwards on each side. On each team there are typically 3 lines of defensemen, 

4 lines of forwards and 2 goalies, totaling 20 players (6 defensemen, 12 forwards and 2 goalies). 

The players are on the ice in shifts and those not playing sit on the bench until their next shift. 

Penalties can be called on one or more players and they are taken off the ice into the penalty box 

resulting in a power play. There can be a one man advantage (6 on 5) if only one penalty was 

given or if one team had two penalties and the opposing team had one (5 on 4), a two man 

advantage (6 on 4), or an equal number of players if penalties were given to both teams (5 on 5 

or 4 on 4). 

 The total playing time for ice hockey is 60 min, which is divided into 3 sections of play 

called periods. Each period is 20 min in length and separated by an 18 min break or intermission 

(in ages 14 and up) where the teams are allowed to go back to their dressing rooms while the ice 
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is flooded. In the case of a tie at the conclusion of the third period, there is overtime play in order 

to determine the winner. In the National Hockey League the rules state that in regular season 

games a 5 min sudden death, 5 on 5, overtime period is played and if there is no goal within the 5 

min, it would proceed to a shootout. In shootouts teams choose players to take penalty shots and 

best of 3 wins. If after 3 shots each there is no winner, each team is allowed to take a shot until 

there is a winner. In playoff games, overtime consists of a 15 min break followed by a full 20 

min sudden death overtime period. If there is no winner at the end of the overtime period another 

is played until there is a sudden victory/death goal. Therefore, the length of the game can be 

unpredictable and can extend beyond the 60 minutes of play time in some cases.  

The average playing time for a forward ranges from 11:45-28:27 (min:s) and the average 

playing time for defensemen was 12:30-33:18 in elite junior male hockey players (Logan-

Sprenger et al., 2011). During the periods, the average length of a hockey shift is 60 s however 

the length can range from 30-90 s depending on the game situation (Seliger et al., 1972; Green et 

al., 1976; Montgomery, 1988). These studies are quite old and in contemporary ice hockey these 

estimations might be too long, as hockey has evolved over the years. The average shift length in 

the game today might be closer to 30-45 s, although no recent documentation could be found. 

Defensemen typically had 7% shorter shifts, 21% more playing time and 26% shorter recovery 

time when compared to the forwards (Green et al., 1976; Akermark et al., 1996; Logan-Sprenger 

et al., 2011). In one shift, elite males tend to have 5-7 bursts of maximum power skating lasting 

only 2.0-3.5 s totaling 5-6 min per game (Montgomery, 2000). A player will take about 4-7 shifts 

per period depending on their position. Skating velocities can exceed 8 m/s (480 m/min) and in 

each shift the average velocity is 227 m/min and declines about 5% by the third period (Green et 

al., 1976; Montgomery, 1988). The average velocity in a game is also slower in the defense 
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compared to the forwards (Green et al., 1976; Twist & Rhodes, 1993; Akermark et al., 1996). 

The distance skated per shift equates to ~285 m, ranging from 269-312 m in Czechoslovakian 

male players, and over the course of a game was ~5000 m with a range of 3500-6000 m (Seliger 

et al., 1972; Green et al., 1976). Hockey uses both the aerobic system and the anaerobic system 

for energy provision (Montgomery, 1988). Approximately 2/3 of the game is relying on the 

anaerobic system (with the aerobic system also contributing) and 1/3 relies on the aerobic system 

solely (Seliger et al., 1972). As a result of anaerobic metabolism, lactate accumulates and has 

been shown to increase 4-5 fold during a hockey game resulting in values ranging from 4.4 to 

13.7 mmol/L, illustrating a high reliance on anaerobic glycolysis for ATP production (Green et 

al., 1976; Noonan, 2010). Skating speed is negatively correlated to onset of blood lactate 

accumulation (OBLA), showing that the better aerobically trained and the lower the lactate 

threshold the better the skating performance (Gilenstam et al., 2011). The time spent gliding and 

skating at lower velocities is when the aerobic system is solely being utilized, and the quick 

breaks, shooting, passing, battling for the puck and body checks are when the anaerobic system 

is utilized in addition to the aerobic system (Twist & Rhodes 1993). A study done in 

Czechoslovakian male hockey players using indirect calorimetry showed an average caloric 

expenditure of 0.48 kcal/min/kg, which means that a 70 kg skater playing 20 min would be 

burning ~672 kcal (Seliger et al., 1972).  The muscle composition of the male hockey player 

consists of an average amount of slow twitch fibers (type I) at about 50% of the total (Green et 

al., 1978; Akermark et al., 1996). There is a significant amount of glycogen depletion over the 

course of the game, depleting the muscle stores by 38-80%, with a large portion of the depletion 

in the type I fibers (slow twitch) and significantly less in the type IIa and b fibers (fast twitch) 

(Twist & Rhodes, 1993; Montgomery, 1988, 2000). This shows that there is a significant 
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reliance on CHO metabolism during an intermittent sport such as hockey. In addition, muscle 

glycogen had not fully recovered the following day when players had back-to-back games 

(Montgomery, 2000).  

 The hockey players not only need to have a high anaerobic capacity, but need good 

aerobic capacity as well. To support this statement, it has been shown that in the post hockey 

season university male hockey players’ aerobic enzymes such as citrate synthase and succinate 

dehydrogenase are upregulated compared to the preseason (Green et al., 2010, 2012). Although 

the studies were published in 2010 and 2012, the data collection occurred in 1997-1998 and this 

training or upregulation of aerobic enzymes may not be observed today, as modern day players 

are usually already well trained at the start of the season. The average maximal oxygen uptake 

(VO2max) for male hockey players ranges from 50-60 mL/kg/min (Twist & Rhodes, 1993; Green 

et al., 2010). Since there is a strong relationship between heart rate (HR) and VO2, it has been 

estimated that male hockey players work at about 70-80% of their VO2max on the ice. However 

since players are rarely in a steady state it is difficult to say for sure what percent of VO2max they 

are working at (Green et al., 1976, Yagüe et al., 2013). A study of American collegiate athletes 

found a significant correlation between VO2max and scoring chances, meaning the players with 

higher VO2max values were more likely to be on the ice when their team had a scoring chance and 

less likely to be on the ice when the opposing team had a scoring chance (Green et al., 2006).  

There is also a significant cardiac demand associated with the intermittent nature of 

hockey. The average playing HR of male hockey players was 170-174 beats per min (bpm) 

(Green et al., 1976) and males tended to work at 70-90% of their max HR (Green et al., 1976, 

Montgomery 1988). This is similar to female hockey players, as they typically also had HRs 

ranging from 70-90% of maximum (Geithner et al., 2006). Again since they are not at steady 
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state it is difficult to use HR as an estimation of the aerobic intensity, especially because HR can 

fluctuate quite quickly with small bursts of sprinting.  

 While research with female ice hockey players is limited, their body mass (BM), muscle 

mass and VO2max were significantly lower in comparison to males (Gilenstam et al., 2011).  The 

VO2max of female hockey players was estimated to be 45 ± 8.7 mL/kg/min compared to 56 ± 4.5 

mL/kg/min for men. When lean mass was taken into account, the VO2max was still lower in 

female hockey players compared to males (63 vs 75 mL/kg lean mass/min). The body 

composition of female hockey players tends to differ from defensemen to forwards, as the 

defensemen tended to have thicker arms and lower limbs and have larger hips in comparison to 

forwards (Geithner et al., 2006). The female defensemen tend to fall into the endomorph body 

type whereas the male hockey players are often classified as mesomorph (Geithner et al., 2006). 

Similar to male hockey research, forwards tend to skate quicker than the defensemen (Geithner 

et al., 2006). It has also been found that the OBLA occurred at a lower skating speed in female 

hockey players when compared to male hockey players (Gilenstam et al., 2011).	  There are no 

statistics on speed and game play time for female hockey players, however the shift times, play 

time, and average shifts should be similar to the male data. Female hockey players skate slower 

than male hockey players and therefore may not cover as much distance per shift and per game 

as the males (Gilenstam et al., 2011). The caloric expenditure value estimated by Seliger et al. 

(1972) may not be generalized to female hockey players as they skate significantly slower, have 

less lean mass and have lower VO2max values (Gilenstam et al., 2011). Females are also not 

allowed to make full body checks, and the game has slightly less body contact when compared to 

male hockey, which also cuts down on caloric expenditure.  	  

As a hockey game progresses, physical and mental fatigue will set in. Causes of the 
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physical fatigue include a combination of the accumulation of lactate and hydrogen ions and 

decreases in blood glucose and muscle glycogen. This physical fatigue may contribute to the 

decreased performance and is important to elucidate whether fluid and fuel intake can delay 

fatigue and preserve performance. This is especially important in game situations where players 

are needed to play in overtime periods or shootout situations.  Players are affected by both 

mental and physical fatigue. Hockey players need to make quick decisions based on real time 

game situations and concentrate on plays that are occurring on the ice. Hockey not only takes 

skill, but focus and concentration and the ability to maneuver and complete tasks while thinking 

about game strategy. The brain is the command center of the body, receiving information about 

what is happening in the body. It has been suggested that the brain receives information on 

muscle temperature (Tm), core temperature (Tc) and heat storage. Once the body becomes too 

hot it lowers the intensity in order to maintain a safe Tc and is a possible reason for the observed 

central nervous system (CNS) fatigue as well (Maughan et al., 2007).  The brain relies on 

glucose for fuel and when the blood glucose levels drop this could be a possible reason for the 

increased mental fatigue. Another possible explanation of increased mental fatigue is that 

electrolyte imbalances can occur in NF trials, which can affect the neurotransmission in the CNS 

(Lieberman 2007). Ultimately, as physical and mental fatigue increase, it hinders performance 

and provides chances for the other team to score goals.  

THERMOREGULATION DURING HOCKEY  

In any form of exercise energy is lost through the generation of heat in the contracting 

muscles, which causes an increase in Tm. Since the blood circulates from the contracting 

muscles back to the core of the body, the Tc also increases. The body senses the increase in Tc 

and feeds back to the hypothalamus in the brain to induce increased skin blood flow (heat flow to 
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the skin) and sweating mechanisms to release heat through convection and evaporation (Gagnon 

et al., 2009). When subjects participate in exercise without fluid and become mildly dehydrated 

there is a significant decrease in plasma volume (PV). The reduced PV leads to decreased skin 

blood flow reducing the core to skin heat transfer (Logan-Sprenger et al., 2012).  

It was widely believed, at one time, that females were less efficient at regulating 

temperature and sweat less than their male counterparts (Wyndham et al., 1965). However, it has 

been shown that there is no difference in the way males and females thermoregulate and that at a 

given %VO2max the rise in Tc is the same in males and females, resulting in no difference in heat 

storage (Davies, 1979). Another study also concluded that there was no difference in the way 

males and females thermoregulate but they did find a difference in Tc near the ends of multiple 

30 min exercise bouts between sexes, which were related to differences in physical 

characteristics (Gagnon et al., 2009). Some examples of these differences include training status, 

metabolic heat production, cardio-respiratory capacity, body weight, body surface area (BSA), 

BSA-to-mass ratio, body composition, and sweat rates (Davies, 1979; Kobayashi et al., 1980; 

Marino et al., 2000; Godek et al., 2006b; Gagnon et al., 2009).  

It may seem as though men sweat significantly more than females, however it is more 

likely that males have a higher metabolic heat production at a given VO2 than females, resulting 

in higher sweat rates, which might be related to physical characteristics, as females had lower 

VO2max, weighed less, had lower BSA and had higher fat mass (Davies, 1979; Smith & Havenith, 

2012).  When gross sweat loss was normalized for metabolic rate it was not significantly 

different between females (685 ± 260 g/h) and males (699 ± 157 g/h) (Smith & Havenith, 2012). 

At the onset of exercise, metabolic heat production increases and the body compensates by 

dissipating the heat through sweating mechanisms (Gagnon et al., 2009). There is a small 
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mismatch between heat production and heat dissipation from core to skin resulting in a rise in 

body temperature. Sweat rates are positively correlated with the rise in Tc, or the heat storage, 

and are not dependent on sex (Davies, 1979). The distribution of sweat also tends to be similar 

between males and females, where the highest regional sweating rates are in the central and 

lower back (Smith & Havenith, 2012). In a study comparing the total and regional sweat rates of 

males and females, the only main difference was females tended to sweat more in the bra triangle 

area in the middle of the chest and extremities such as the hands and feet (Smith & Havenith, 

2012).   

In a study looking at differences in sweating and Tc in male football players, it has been 

shown that lineman have significantly higher Tc and lower body mass loss (BML) when 

compared to the backs (Godek et al., 2006b). BML and sweat rate were not correlated with Tc 

and the authors attributed the differences in Tc to the higher mass, higher fat mass and lower 

BSA-to-mass ratio in the lineman compared to the backs (Godek et al., 2006b).  

Since females tend to have a higher BSA-to-mass ratio, which results in more heat being 

dissipated, females should have a lower Tc. This is not always the case since females tend to 

have a higher fat mass (Binkley et al., 2002, Gagnon et al., 2009). When females worked at the 

same rate of metabolic heat production, there were no differences in heat loss, or body heat 

content, indicating that females thermoregulate with the same efficiency as males (Gagnon et al., 

2009). However females had a higher esophageal temperature (Tes) compared to males at the 

end of the first and third 30 min exercise bout, while all other temperature measures were the 

same (Gagnon et al., 2009). It is unknown why there would be a change in Tes and not in any 

other temperatures. It was speculated that the difference in temperature was due to the specific 

heat of the tissues, which is related to body composition. Fat takes less energy to heat up by 1°C 



	   	   9	  

when compared to muscle (Gagnon et al., 2009).  

Athletic training and heat adaptation also affects thermoregulation and the onset of 

sweating threshold. It was found that endurance trained females had higher sweat rates compared 

to non-athlete females, and lower Tc threshold for sweating compared to non-athlete females and 

non-athlete males (Kobayashi et al., 1980). This suggests that with training the body becomes 

more sensitive to the increase in Tc resulting in a quicker response and magnitude of sweating to 

dissipate the heat. This adaptation or heat acclimatization effect is seen in both males and 

females and does not differ between sexes (Kobayashi et al., 1980). In conclusion, the 

thermoregulation, sweat rates and Tc responses to exercise are essentially the same in male and 

females with the proviso that different physical characteristics have a large impact on 

thermoregulation and temperature.  

BODY TEMPERATURE & FLUID BALANCE DURING THE MENSTRUAL CYCLE 

 Research in females tends to be more complex due to the menstrual cycle and 

fluctuations in hormones. In a research study there could be females who are amenorrheic or 

eumenorreic and some may be on oral contraceptives. Hormone concentrations between phases 

are significantly different, where the luteal phase had significantly higher plasma estrogen, 

progesterone, aldosterone, renin activity and lower plasma osmolarity compared to the follicular 

phase (Stachenfeld et al., 1999). In the follicular phase, the plasma osmolarity has a higher set 

point before it triggers plasma arginine vasopressin to be released compared to the luteal phase, 

however this does not affect fluid or electrolyte balance (Stachenfeld et al., 1999). Despite the 

initial differences in hormones, there were no differences in plasma arginine vasopressin or renin 

activity responses to exercise induced dehydration or rehydration between phases. This means 
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the body responds the same way to retain fluid and electrolytes in order to counteract the loss of 

fluid through sweating (Stachenfeld et al., 1999).  

Many physiological changes occur throughout the menstrual cycle including, but not 

limited to, hormone levels, temperature, PV expansion, oncotic pressure, and renin activity. 

Studies have reported temperature differences throughout the menstrual phase, where the luteal 

phase tends to be significantly higher than the follicular phase (Hayashi et al., 2012; Janse De 

Jonge et al., 2012). Baseline values of Tes and skin temperature (Tsk) were significantly higher 

in the luteal phase compared to the follicular phase with starting temperatures of 36.7 °C 

compared to 37.1 °C for Tes and 34.4 °C compared to 35.1 °C for Tsk (Hayashi et al., 2012). 

When females exercised for 45 min at 50% VO2max, there was a main effect of menstrual phase 

on Tes and Tsk, where the temperatures were higher in the luteal phase compared to the 

follicular phase (Hayashi et al., 2012). However, the differences in Tes and Tsk between the two 

phases were only significant for the first 30 min of exercise, or until the Tes reached ~38 °C 

(Hayashi et al., 2012).  

A study was conducted to see the effects that progesterone, estrogen and a combination 

of progesterone+estrogen contraceptives had on Tc (Stachenfeld et al., 2000). It is speculated 

that spikes in progesterone have been identified as a possible reason for the increased 

temperature in the luteal phase (Stachenfeld et al., 2000). Baseline temperatures were higher in 

the luteal phase (37.2 °C) and when taking progesterone contraceptives (37.7 °C) compared to 

follicular phase (36.7 °C), whereas progesterone+estrogen (36.7 °C) contraceptives were not 

significantly different than the follicular phase (Stachenfeld et al., 2000). There were no 

differences between the follicular phase and the progesterone+estrogen contraceptives or 

between luteal phase and progesterone contraceptives. During exercise at 60% VO2max at 35 °C, 
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the luteal phase and progesterone contraceptive group had significantly higher Tes in comparison 

to the follicular phase and the progesterone+estrogen contraceptive group (Stachenfeld et al., 

2000). These temperature effects occurred independently from other factors affecting 

thermoregulation such as body fluid balance (Stachenfeld et al., 2000, 2008; Stachenfeld & 

Taylor 2005).  In conclusion, there is evidence that progesterone spikes that occur in the luteal 

phase may be responsible for the increase in temperature and that estrogen has a 

thermoregulatory role in resetting the homeostatic set point to a lower temperature, overriding 

the increase in temperature effects of progesterone at the level of the hypothalamus (Stachenfeld 

et al., 2000).  

It was widely believed that there are changes in fluid retention and electrolyte balances 

throughout the menstrual cycle where water (W) retention occurred in the mid to late luteal 

phase, which may affect sweating rates and thermoregulation. However the research is still 

unclear on this issue. At rest, it has been suggested that W retention does not increase but rather 

there is a shift in distribution of fluid to the extracellular space throughout both phases due to 

estrogen and progesterone levels (Stachenfeld et al., 1999; Stachenfeld & Taylor 2005). There 

were no differences in sweating rates or fluid loss in females cycling for 150 min at 50% VO2max 

at 36 °C during both the luteal and the follicular phase (Stachenfeld et al., 1999, 2000). Nor were 

there any differences in heat storage or loss or exercise performance in moderate temperatures 

(Janse De Jonge et al., 2012).  

In conclusion it would be wise to attempt to control for menstrual cycle, as it may affect 

Tc. However these effects may only be important at rest and early in exercise as the effect of 

phase on Tc disappears when reaching ~38 °C.  
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HYDRATION PRACTICES IN MALE ICE HOCKEY PLAYERS  

 A few studies have examined hydration practices in male hockey players, along with their 

drink preferences. It was once assumed that hockey players would sweat minimally compared to 

other sports played outdoors in the heat due to the cold environmental temperatures in arenas. 

The average arena temperature in recent studies ranged from 8.6-13.9 °C (Palmer & Spriet, 

2008; Palmer et al., 2010; Logan-Sprenger et al., 2011). Despite the cooler ambient temperatures 

hockey players wear substantial protective gear. This creates a hot microenvironment that results 

in decreased evaporative cooling and increased sweating rates (Noonan et al., 2007). A study 

was conducted in which male hockey players rode on a cycle ergometer to mimic hockey shifts 

with and without protective gear and found that Tsk was higher in players with (34.1°C) 

compared to without protective gear (28.8 °C) (Noonan et al., 2007). They also found the players 

sweated more with protective gear when expressed as a percent BML (2.57 vs. 1.18%) and had 

decreased sweating evaporation (67 vs. 96%) (Noonan et al., 2007). In a follow up study it did 

not matter whether the player wore technical fabric or cotton under the protective gear, because 

any increases in evaporation were still hindered by the outer protective gear (Noonan & 

Stachenfeld, 2012).  

 The sweat rates of elite male hockey players are variable and also quite high. In a pre-

season practice, National Hockey League (NHL) players lost 1.3 L/h of sweat and lost a total of 

3.7 L in an NHL game (Godek et al., 2006a). Similarly, the Canadian World Junior hockey team 

had sweat rates of 1.8 L/h and Ontario Hockey League (OHL) players lost ~1.5 L/h during 

practices (Palmer & Spriet, 2008). Batchelder et al. (2010) found slightly lower sweat rates of 0.8 

L/h in collegiate club hockey players in a practice session lasting 110 min. It is possible that the 

sweat rates were lower in this study because the players were not as elite as the previous studies 
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mentioned and because the practice intensity was not as high as what would be seen in a game 

situation. In a separate OHL study players lost 3.2 L (range 1.7-6.1 L) in a game with an average 

of 19 and 24 min of playing time for forwards and defensemen, respectively (Logan-Sprenger et 

al., 2011). In two other studies, recreational male hockey players scrimmaged for 70 and 90 min 

and the sweat losses were 1.45 L (1.2 L/h) or 1.49 L (1.0 L/h) (Linseman et al., 2014; Eskedjian, 

2015). 

 Male hockey players tend to replace ~60-70% of their fluid losses (Palmer & Spriet, 

2008; Logan-Sprenger et al., 2011). In professional Latvian hockey players, BML were 

estimated to be 1.6%, where 30% had BML >2% (Ozoliņa et al., 2014). The BML of OHL 

players and Canadian Junior players were lower than the Latvian hockey players at 0.8-1.2% 

(Palmer & Spriet, 2008, Palmer et al., 2010, Logan-Sprenger et al., 2011).  As with sweat losses, 

BML were also quite variable and the range of BML in OHL players spread from -4.2 to +0.5% 

and 33% of players lost between 1.8-4.2%. Therefore, fluid recommendations should be 

individualized for each player on the team (Logan-Sprenger et al., 2011). 

 Drink preference of OHL hockey players was W during play with a carbohydrate 

electrolyte solution (CES) pre game and during the intermissions (Logan-Sprenger et al., 2011). 

When the OHL players were not given a choice of drinking W and were only provided with CES 

throughout the testing, it did not hinder their fluid intake or affect their BML (Palmer et al., 

2010). It has been shown that when participants were retested they did a better job of hydrating, 

illustrating that value of providing players with individual feedback on their hydration practices 

to help them stay out of the danger zone of losing >2% BML (Logan-Sprenger et al., 2011).   
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HYDRATION PRACTICES IN FEMALE ATHLETES  

 There were no studies found researching the hydration habits of elite female hockey 

players. However, other exercise modes and intermittent team sports have been studied and can 

provide a general idea on fluid losses, replacement and perceptions among female athletes. 

Previously studied sports include soccer, handball, basketball, tennis and field hockey (Kilding et 

al., 2009; Macleod & Sunderland 2009; Ali et al., 2011; Tippet et al., 2011; Brandenburg & 

Gaetz 2012; Gibson et al., 2012; Thigpen et al., 2014; Cunniffe et al 2015).  

The sweat rate of professional female tennis players averaged 2 L/h, which is one of the 

higher values recorded in female stop and go sports (Tippet et al., 2011). This high sweat rate 

was a result of playing tennis outside in the heat with a wet-bulb globe temperature of 30 °C. 

Sweat rates can vary within sport depending on intensity. Two basketball studies in ~23 °C 

conditions showed that in a game or competition situation the sweat loss in 125 min was 2 L 

(~0.96 L/h), whereas the other study investigated the sweat rate in conditioning and sports 

specific practices showing slightly lower sweat rates of ~0.7 L/h (Brandenburg & Gaetz 2012; 

Thigpen et al., 2014). In handball the mean sweat rates in games were higher (1.0 L/h) compared 

to a training session (0.6 L/h) showing that in game assessment of sweat losses are important as 

they were more intense (Cunniffe et al., 2015). Soccer has been found to have sweat losses of 

~0.7 L in a 90 min session in temperatures of 6-14 °C (Kilding et al., 2009; Ali et al., 2011; 

Gibson et al., 2012). In a field hockey match at ~23 °C, female athletes had sweat rates of 0.58 

L/h (Macleod & Sunderland 2009). A study comparing the sweat losses of female field hockey 

players in hot (30°C) versus moderate temperatures (19°C) found that sweat rates were higher in 

hot temperatures by 20% (Sunderland & Nevill, 2005).  The players lost 1.27 L/h in the hot 

condition and 1.05 L/h in the moderate condition. The studies also found that there was a wide 
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range of individual variability in fluid losses, similar to the male research. Fluid losses ranged 

from 0.3-2.1 L/h in handball players and 0.7-3.5 L/h in basketball players (Cunniffe et al., 2015, 

Brandenburg & Gaetz 2012).  

 One study found that the BML of elite female basketball players in conditioning and 

game play were 1.5-2.5% (Thigpen et al., 2014). In contrast to these results, another basketball 

study found that the females did a good job of replacing sweat and only had a BML of 0.6% 

(Brandenburg & Gaetz 2012). Thigpen et al. (2014) conducted their study during conditioning 

and sports specific skills whereas Brandenburg & Gaetz (2012) looked at hydration practices in a 

game. It is possible that the participants had more breaks during the game, such as at half time 

and time outs to consume fluid resulting in lower BML. A study looking at female handball 

players showed there was a wide range of fluid replacement and a wide range of BML and gain. 

However the average BML was 0%, no one exceeded 2% dehydration, and 56% of participants 

either matched or exceeded their fluid needs (Cunniffe et al., 2015). Soccer players also had 

smaller reductions in BML, with averages of 0.5-0.9% (Kilding et al., 2009; Gibson et al., 2012). 

Research done in tennis players reported an average of 1.2% of BML when they self-hydrated 

(Tippet et al., 2011). These lower BML indicate that female athletes tend to hydrate well enough 

in order to preserve performance. Variation in BML might be explained by how many 

opportunities participants have to drink while in a game or practice situation.  In the opinion of 

the field hockey athletes, 41% stated they thought they had enough time to drink during the 

breaks resulting in a BML of only 0.2% (Macleod & Sunderland 2009). 

Studies have also reported what type of drink the athletes consumed while exercising. In 

a study of soccer players, only 1/34 chose to consume a sports drink while playing (Gibson et al., 

2012). Another study reported that 8/16 people consumed a diluted sports drink and 2/16 
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consumed full strength sports drink even though participants knew the benefit of consuming 

sports drinks vs. W (Macleod & Sunderland 2009). The females tended to be aware of how 

important hydration is and were usually hydrated coming into their exercise especially if it was 

later in the evening (Kilding et al., 2009; Brandenburg & Gaetz 2012). When basketball players 

were asked to fill a W bottle with an estimation of their sweat loss they underestimated by about 

65%, showing that visually they did not comprehend how much they needed to drink in order to 

replace their sweat losses (Thigpen et al., 2014). The overall conclusion has been that, like male 

athletes, female athletes sweat rates vary between individuals and teams should be assessing each 

individual rather than the team as a whole. The athletes for the most part seem to be replacing a 

majority of the sweat lost however there is concern for some individuals who are becoming too 

dehydrated, and on the flip side, those who are over hydrating (Cunniffe et al., 2015). There are 

not many studies to show what level of body fluid loss is acceptable before it affects 

performance in female athletes so hydration in this population needs further research. 

DEHYDRATION: EFFECTS ON PHYSIOLOGY & MENTAL FATIGUE 

Many interesting physiological events occur in the body when individuals are denied 

fluid during exercise. When exercising, the body responds to the increased energy demand by 

increasing the volume of oxygen taken up to produce energy. It does this by increasing the rate 

and depth of ventilation and by increasing HR, stroke volume and thus increasing cardiac output, 

allowing more blood flow through the lungs and to the contracting muscle. When no fluid (NF) 

is ingested resulting in ~2% BML, the thermal and cardiovascular systems experience challenges 

in maintaining proper cardiac output and maintenance of Tc during exercise and the body has to 

adapt.  

It has been well documented that dehydration can cause increased Tm and Tc even at 1% 
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BML (Montain & Coyle 1992; Febbraio et al., 1996; González-Alonso et al., 1998; Ali et al., 

2011; Logan-Sprenger et al., 2012). It has been proposed that individuals fatigue when Tc 

approaches ~40 °C, which might trigger the body to slow down exercise in order to protect cells 

from reaching potentially dangerous temperatures (González-Alonso et al., 1998, 1999). High Tc 

has been shown to impair voluntary isometric force production and activation of muscles 

(Thomas et al., 2006). Linseman et al. (2014) showed that the peak Tc in male hockey players 

was significantly higher in NF (38.86 °C) compared to consuming a CES beverage (38.58 °C) 

and Tc was significantly higher from 10-50 min of on ice hockey playing during a 70 min 

scrimmage. Similar results were found in females cycling as dehydration caused increased Tc 

compared to fluid intake from 30-120 min of exercise (Logan-Sprenger et al., 2012).  

Plasma volume decreased significantly more in NF (11.3%) compared to when hydrated 

(5.3%) in female cyclists from 30-120 min (Logan-Sprenger et al., 2012). Elite female field 

hockey players experienced a 7.7% drop in PV in NF trial and a 3.5% drop with fluid during a 50 

min intermittent work cycle of varying intensities (Macleod & Sunderland, 2012). Since sweat 

rates did not differ between NF and fluid trials, the decrease in cardiac output and increases in 

temperature have been attributed to decreases in PV, resulting in less blood flow to the skin and 

heat transfer for evaporative cooling (González-Alonso et al., 1998; Logan-Sprenger et al., 2012; 

Macleod & Sunderland, 2012; Fernández-Elías et al., 2015).  

If the dehydration is more severe (3.9% BML), the effects of NF extend far beyond 

decreases in PV and the combination of decreased PV and increased blood flow to the skin can 

decrease the blood returned to the heart due to lower blood pressure (González-Alonso et al., 

1998). This resulted in a decrease in stroke volume from 152 mL/min to 105 mL/min and cardiac 



	   	   18	  

output by 3.3 L/min when participants cycled to volitional fatigue (González-Alonso et al., 

1998). In response, the body has to increase HR in an attempt to maintain cardiac output and 

pump enough blood to both the contracting muscles to maintain exercise and the skin to maintain 

heat flow to the periphery. Stroke volume however is maintained when consuming fluid 

(González-Alonso et al., 1998). At 2% BML the increase in HR would compensate for the 

decrease in stroke volume to maintain cardiac output.  

The cardiovascular response to dehydration has been well documented, showing that HR 

is significantly higher when participants are dehydrated compared to being hydrated during 

exercise (Montain & Coyle, 1992; Hargreaves et al., 1996; Ali et al., 2011; Logan-Sprenger et 

al., 2012). When elite females performed a 90 min Loughborough Intermittent Sprint Test 

(LIST) with or without fluid, HR was significantly higher when participants dehydrated to 2% 

BML compared to 1% (Ali et al., 2011). The mean HR was 168 bpm in the NF and 162 bpm 

when participants stayed hydrated. Similarly, another study in female cyclists found that HR was 

significantly higher when NF was provided in a 120 min bike ride at 65% VO2max (Logan-

Sprenger et al., 2012). In this study there was a steady increase in HR throughout the exercise in 

both trials, however it was significantly higher for NF from 30-120 min. Interestingly the 

increases in HR was already seen at 30 min which is before participants were 1% dehydrated (60 

min). At 120 min of exercise, a 2% BML resulted in a HR ~175 bpm compared to ~163 bpm 

when fluid was consumed (Logan-Sprenger et al., 2012). In another study, when females 

performed a step test the HR was elevated in the NF trial and their HR took significantly longer 

to recover when compared to fluid trials in a 4 min rest time (Greenleaf et al., 1967). Therefore 

as PV decreases, less blood returns to the heart causing a decrease in stroke volume and the heart 

responds by increasing the HR to maintain cardiac output.  
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Hyperthermia associated with dehydration has also been shown to alter metabolism while 

exercising, resulting in increased usage of muscle glycogen (King et al., 1985; Febbraio et al., 

1996; Hargreaves et al., 1996; Logan-Sprenger et al., 2012, 2013; Fernández-Elías et al., 2015). 

Women cycling at 65% VO2max for 120 min had a 31% increase in muscle glycogenolysis in a NF 

(2% BML) trial compared to a water trial (Logan-Sprenger et al., 2012). This was also reported 

in men, where NF trials resulted in a 24% increase in muscle glycogenolysis (Logan-Sprenger et 

al., 2013). As muscle glycogen is a factor that may contribute to fatigue, hydration may help 

preserve exercise capacity.  There are three theories that have been proposed to potentially 

explain this phenomenon: 1) that there is a change in sympathoadrenal response causing an 

increase in glycogen phosphorylase, 2) that the energy status of the cell such as adenosine 

diphosphate (ADP) and adenosine monophosphate (AMP) can cause allosteric activation of 

glycogen phosphorylase, or 3) and maybe most reasonably, that the Tm can speed up the rate of 

glycogen utilization (Logan-Sprenger et al., 2012). The evidence is strongest for Tm, as research 

has shown that delaying the increase in Tm during exercise significantly reduced glycogen use 

(Febbraio et al., 1996). More interestingly when participants were acclimatized to the heat they 

used significantly less glycogen during exercise (King et al., 1985). It has recently been argued 

that the hyperthermia and not W deficit of the muscle is responsible for a majority of the rise in 

glycogen use (Fernández-Elías et al., 2015).  

Mental fatigue and rate of perceived exertion (RPE, 20 point scale) are also affected by 

dehydration. Female cyclists had significantly higher RPE in NF compared to a fluid trial 

(Logan-Sprenger et al., 2012).  The RPE of female field hockey players was also significantly 

higher during testing after being dehydrated by 2% BM (15/20) compared to minimal BML 

(12/20) (Macleod & Sunderland, 2012). The same was found in female soccer players, showing 
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that even a 1% difference in body mass had an effect on mental perception of fatigue with RPE 

being higher in NF (13.7/20) compared to a W trial (12.5/20) (Ali et al., 2011). Interestingly the 

RPE was higher in the first, fifth and sixth block of the LIST performance tests, corresponding to 

the beginning and end of the exercise protocol, and they also felt thirstier (Ali et al., 2011). 

Macleod & Sunderland, (2012) suggested that because NF trials increase the mental perception 

of fatigue, thirst sensation, and thermal discomfort it is possible that these feelings translate to 

decreased performance, or at least a portion of the decrease.  

DEHYDRATION: EFFECTS ON PERFORMANCE IN INTERMITTENT SPORT 

 As interesting as the physiological changes are, one needs to know how these changes 

affect performance in the athlete in sports specific environments. Unfortunately the effect of 

fluid intake on female ice hockey performance has not been studied, therefore we must look at 

male hockey performance and female sports such as soccer and field hockey.   

 When investigating ice hockey performance during a 70 min scrimmage it was found that 

1.94% BML resulted in significantly more turnovers/min with the puck when compared to 

0.12% BML in the last 20 min of play (Linseman et al., 2014). The mean time to complete a 126 

m sprint was significantly longer in the NF trial (26.81 ± 0.32 s) compared to staying hydrated 

with CES (26.33 ± 0.26 s). There were no differences in shooting accuracy drills or the slalom 

zig-zag drill performed. In another male hockey study, participants who lost 1.86 % BM resulted 

in a downward trend but not a significant decrease in average shooting percent compared to 

staying hydrated with W (0.23% BML) (Eskedjian, 2015). Shooting percent for NF was 26.8% 

and W was 36.4%. Interestingly, the difference in the first and second bouts of both the weave 

agility with puck and reaction drill with puck were significantly different, showing that NF 
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started out slower and became quicker on the second try, whereas staying hydrated resulted in 

the times staying consistent (Eskedjian, 2015). A possible reason for participants doing better in 

the first trial in the NF compared to the fluid trial is that they might try harder and concentrate 

more because they know they are at a disadvantage. They might not have been able to maintain 

that concentration for long enough, as the second bout became slower. In a study that employed a 

cycling protocol to mimic ice hockey, participants wearing protective gear lost 2.57% of their 

body mass compared to without protective gear losing 1.18% (Noonan et al., 2007).  The larger 

BML resulted in significantly decreased mean and peak power by 14.5% and 12.0% respectively.   

In other men’s stop and go sports, when basketball players dehydrated from a range of 1 

to 4% sprinting performance decreased at 2% BML, jump shot accuracy decreased at 3%, layups 

and vertical jumps decreased by 4% (Baker et al., 2007). As the dehydration progressed so did 

the decrease in performance. The skills of male soccer players decreased 5% when consuming 

NF during a 90 min LIST protocol compared to consuming fluid (McGregor et al., 1999).  The 

time to complete the skill portion after the LIST was also significantly longer in NF compared to 

fluid intake, however there was no change in mental concentration between the NF and fluid 

trials. The 6th block of running in the LIST protocol had significantly longer sprint times in the 

NF trial compared to when fluid was consumed (McGregor et al., 1999). Similarly, male soccer 

players with BM reductions of 2.4% had a 13% decrease in total distance covered in the Yo-Yo 

Intermittent Recovery Test (Edwards et al., 2007). 

A study done with female soccer players showed that fluid intake did not protect against the 

decrement in 15 m sprinting time and performance in the LIST protocol or in the Loughborough 

Soccer Passing Test (Ali et al., 2011). The difference in BML between the NF (2.2%) and fluid 

(1.0%) was 1.2% BML. This could be a reason for the discrepancy between the male and female 
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soccer studies, as the study in males did a better job of keeping their participants hydrated 

(McGregor et al., 1999, Edwards et al., 2007).    

In a field hockey study, participants were dehydrated by 2% through a field hockey 

intermittent treadmill exercise protocol followed by either rehydrating or maintaining the 

dehydration (Macleod & Sunderland, 2012). The next day subjects performed a field hockey 

performance test, did another field hockey intermittent treadmill protocol drinking ad libitum and 

performed another field hockey skill test. The authors found that those who were dehydrated 

performed 7% worse in the next day’s performance tests prior to the exercise protocol compared 

to those who rehydrated (Macleod & Sunderland, 2012). This illustrated that players arriving 2% 

dehydrated may play poorly when compared to those arriving hydrated. Macleod & Sunderland 

(2012) concluded that 2% dehydration in female field hockey players did not affect the gross 

motor skills, but that the fine motor control and cognitive performance might be what affected 

overall performance. After the field hockey intermittent treadmill protocol drinking ad libitum 

there was no difference in skill performance between those who rehydrated after the previous 

day’s dehydration compared to those who were kept dehydrated (Macleod & Sunderland, 2012). 

There was no significant or observable difference in decision making skills, however since both 

the 2% dehydrated and rehydrated participants were allowed to drink fluid ad libitum in the next 

day’s exercise protocol, this could have affected the post exercise physical and mental function 

(Macleod & Sunderland, 2012). Fluid intake in the next day exercise protocol preserved 

performance and there were no differences found between the two groups in Tc. Therefore even 

when participants were dehydrated, if fluid was consumed during the subsequent exercise they 

performed the same as those hydrated.  

 



	   	   23	  

CARBOHYDRATES: EFFECTS ON PERFORMANCE IN INTERMITTENT SPORT 

 In hockey specific studies, there have been two studies that examined the effect of fluid 

and CHO intake on hockey specific drills. One found that CES consumption reduced post 

scrimmage shuttle drill performance (Linseman et al., 2014). The difference between sprints 1 

and 2 in the reaction start sprinting drill was significantly different, where the NF was 0.22 ± 

0.07 s slower than the first sprint, whereas CES preserved sprint speed losing only 0.05 ± 0.06 s. 

However, the first sprint for NF was faster than the CES (p = 0.06) (Eskedjian, 2015). They also 

found that more targets were hit in the randomized shooting drill in the CES compared to the NF 

trial. When comparing the shooting percentages for the randomized shooting drill NF (22.2 ± 

3.3%) was lower than CES (44.3 ± 8.9%) but not significantly (p=0.07), likely due to the small 

number of subjects (Eskedjian, 2015). There were no differences in reaction with puck or weave 

agility drills. These studies have shown trends towards better performance or actual 

improvements when hydrating with a CES beverage and have started to investigate how 

cognition and decision making skills are affected. More research is needed to elucidate the effect 

of CHO consumption in this population and determine whether CES consumption is needed or if 

a mouth rinse with CES is more relevant in this population.  

In other sports a study on male basketball players has shown that hydrating with a 6% 

CES solution results in higher shooting percent average, and also quicker suicide sprints, average 

and total sprint times when compared to hydrating with just W or NF (Dougherty et al., 2006). 

The average defensive drill time was also significantly faster in CES (39 ± 5 s) compared to the 

NF (41 ± 5 s). Another basketball study found no significant differences in the shooting, 

sprinting or defensive zone zig-zag drills when consuming an 8% CHO solution compared to 

placebo (PLA) or NF (Carvalho et al., 2011). The possible reason for the discrepancies between 
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these two studies could be due to methodological differences. Dougherty et al. (2006) methods 

included a 2 hour exercise session with 15 min exercise bouts at 50% VO2max with a 5 min rest 

period between each bout in a heat chamber set to 35°C, followed by one hour recovery and then 

the game simulated drills. This experiment took >4 hours to complete and could be a possible 

reason for the significant decreases in performance. This protocol also does not necessarily 

mimic a real life basketball game like the attempt by Carvalho et al. (2011). There have been no 

studies on the CHO consumption during intermittent sports in female athletes and therefore is 

important to see if the effects of CHO are the same in female athletes as in males.  

CARBOHYDRATES: EFFECTS ON PHYSIOLOGY & MENTAL FATIGUE 

 The positive effects of CHO intake in prolonged endurance exercise lasting over 1 hour is 

quite clear, often resulting in improved time to exhaustion (Coyle et al., 1986). The exogenous 

intake of CHO may allow the athlete to maintain oxidation of CHO from sources other than the 

muscle glycogen, which is a possible reason for the increase in time to exhaustion (Coyle et al., 

1986). Another possible explanation is that in extended exercise CHO intake can prevent a drop 

in blood glucose, which has also been identified as a cause of fatigue (Foskett et al., 2008). The 

recommended intake of CHO for elite athletic use is 60-90 g/h. Studies have shown that the 

maximum absorption rate of CHO is ~1.75 g/min which is ~100 g/h (Jentjens & Jeukendrup, 

2005). 

 Endurance trained athletes cycling at ~70% VO2max to exhaustion were able to cycle 199 

± 21 min when drinking an 8% CHO beverage compared to drinking a flavour matched W drink 

(PLA) (152 ± 9 min) (McConell et al., 1999). In this study the plasma glucose and insulin were 

significantly higher through the trial when CES was consumed compared to PLA. They also 
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found that there was no difference in glycogen levels but CES had significantly lower inosine 

monophosphate levels, which increases as ADP increases (McConell et al., 1999). When running 

at 70% VO2max, Tsintzas et al., (1996) found that drinking a 5.5% CHO drink during exercise 

compared to PLA resulted in increased time to exhaustion (132.4 ± 12.3 vs. 104.3 ± 8.6 min) and 

had a 25% reduction in glycogen utilization in type I fibers. At the time point corresponding to 

fatigue in PLA, there was significantly higher muscle glycogen in the CHO trial compared to 

PLA, which allowed participants to prolong exercise capacity. The average rate of muscle 

glycogen utilization was higher in PLA resulting in quicker fatigue compared to CHO intake. 

Burke et al. (2005) recruited highly trained endurance athletes to complete a half marathon race 

comparing PLA drink to commercial CHO gels. They found that the times were faster with the 

gel, however not significantly. There were 3/18 participants who had gastrointestinal discomfort 

throughout the race during the gel trial, and they took significantly more time to finish the race 

compared to those without this discomfort (Burke et al., 2005). There was no difference in blood 

glucose in this study.    

Since ice hockey is not a prolonged endurance type of sport, it is important to know how 

CHO will affect fatigue and performance in intermittent shorter exercise modes lasting under an 

hour. No clear recommendations are set out for stop and go sports. General guidelines provided 

by Jeukendrup (2014) proposed exercise lasting 20-75 min would most likely benefit from 

mouth rinse and there is little need for fuel, 1-2 h of exercise would benefit from 30 g/h, and >2 h 

would benefit from consuming 60-90 g/h. Hockey players specifically do about 20-30 min of 

actual work during the game, however the total game with breaks lasts >2 h with pre game warm 

up to the end of the game and players can lose significant amount of muscle glycogen. More 

research is needed in intermittent sports to determine adequate CHO guidelines. In a study of 
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males and females cycling for 1 min at 120-130% VO2max with 3 min of rest consuming either a 

CES solution or an artificially sweetened PLA showed that the male and female CES group 

increased their time to exhaustion by ~27 min (Davis et al., 1997). The average time to fatigue 

for females in the CES trial was 84.9 ± 18.4 min and in the PLA group was 62.0 ± 9.4 min 

(Davis et al., 1997).  This protocol is similar to what would be expected in a hockey game, 

however they would most likely not skate at 120% VO2max for the whole shift. Not all results 

show a benefit of CHO intake on exercise that lasts less than ~1 h.  

 In endurance exercise lasting under 90 min, glycogen is often not a limiting factor in 

exercise. Because of this fact researchers wanted to know why exercise lasting an hour or less 

were seeing benefits when consuming a CES drink if there was no metabolic benefit. Carter et al. 

(2004a) showed that there was no performance benefit of a glucose infusion or PLA infusion 

during 1 h of cycling. This led them to believe that it was not the significant rise in blood glucose 

that was responsible for the performance benefit when ingesting a CES, but rather the presence 

of an energy containing substance in the mouth relaying information to the brain. Their next 

study illustrated that repeatedly rinsing the mouth with a 6.4% maltodextrin solution 

significantly decreased time to complete a set amount of work (914 ± 40 kJ) by increasing their 

average power output, which was also significantly higher when compared to the PLA trial 

(Carter et al., 2004b). Further research in this area has shown that mouth rinsing with glucose 

and maltodextrin solutions improves time trial performance and power output compared to 

rinsing with a non-caloric PLA (Chambers et al., 2009). The time trial length for glucose was 

60.4 ± 3.7 min and PLA was 61.6 ± 3.8 min. The time trial length for maltodextrin was 62.6 ± 

4.4 min and PLA was 64.6 ± 4.9 min. The mean increase in power output was 2.0 ± 1.5% 

between glucose and PLA and 3.1 ± 1.7% between maltodextrin and PLA.  
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Through functional magnetic resonance imaging (fMRI) it was identified that glucose, 

maltodextrin and artificial sweeteners (aspartame and saccharin) activate the anterior 

insula/frontal operculum and the dorsolateral prefrontal cortex, which are believed to be the 

primary taste center and area for developing cognitive responses, respectively in the human brain 

(Chambers et al., 2009).  There are two areas however that the artificial sweeteners did not 

activate, which is the anterior cingulate cortex and the right caudate, which is part of the striatum 

in the brain. These areas are involved in dopaminergic pathways and are speculated to be 

involved in emotional and behavioural responses to food rewarding stimuli. Therefore it is 

proposed that there is a pleasure response in the brain and central nervous system to CHO in the 

mouth, which is not activated by artificial sweeteners. CHO provides stimuli to keep the brain 

more alert and positively impacts emotion. The authors speculated that the taste receptor T1R2 

and T1R3 found in the oral cavity send messages to the brain (Chambers et al., 2009). 

As hockey is a game in which you need to make quick and smart plays to beat your 

opponent, the cognition and mental perception of fatigue side of CHO intake is of particular 

interest. Davis et al. (1997) found that RPE was significantly lower in the legs of males and 

females cycling intermittently at 120% VO2max when consuming a CES beverage compared to 

PLA. Adolescent male basketball players drinking both W (14.2 ± 1.99) and CES (13.3 ± 2.06) 

beverages during a 90 min practice had lower RPE compared to NF (16.8 ± 1.96), however 

there was no difference between CES and W (Carvalho et al., 2011). Chambers et al. (2009) also 

found no difference in RPE in a mouth rinse trials between CES solution and PLA. In male 

hockey players, the consumption of CES decreased the overall feeling of fatigue after a 70 min 

scrimmage (Linseman et al., 2014). When looking at the profile of mood state (POMS), hockey 

players consuming CES had decreased feeling of fatigue, but no difference in confusion or vigor 
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(Linseman et al., 2014). When male basketball players were exposed to heat and then a simulated 

game, only the CES trial had significantly lower ratings of lightheadedness, upper body and full 

body fatigue at the end of the game compared to NF and PLA (Dougherty et al., 2006). 

Therefore CHO intake may help athletic performance, especially near the end stages of exercise.      

CONCLUSION  

To date there is evidence that when NF is consumed during exercise resulting in 1.5-2% 

dehydration, core temperatures increase significantly in both females and males. The rise in 

temperature of the muscle and thus core temperature can cause increased muscle glycogen 

reliance and utilization resulting in early onset of fatigue. Both hydration and fuel consumption 

(CHO) have been studied, showing benefit in physical and mental fatigue. In a fast paced game 

such as hockey, sweat rates and energy demands are high. Players need to have a fine balance of 

skill and focus to execute passes, create plays, find shooting opportunities and make split second 

decisions. The investigation into male ice hockey performance demonstrated that dehydration of 

2% has negative effects on both physical and mental performance. More research is needed to 

estimate how much effect fluid and CHO have on-ice hockey performance in order to make 

better guidelines for hockey players. However, no research has looked at the effects of fluid or 

fuel intake in female hockey players in relation to on-ice performance investigating decision 

making skill tests and physical mental fatigue perception.   
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CHAPTER 2: AIMS OF THE THESIS 
 
PURPOSE  

The purpose of this study was to investigate the effects of mild dehydration (~1.5-2% 

BML) vs. maintaining hydration status with either W or a CES solution on physiological, 

thermoregulatory, cognitive and performance variables in recreational female ice hockey players 

during and following a 90 min ice hockey scrimmage. Variables that were measured included: 

Tc and RPE during the scrimmage, reactionary on-ice hockey specific skills, POMS and mental 

fatigue questionnaires after the scrimmage. 

HYPOTHESES  

 It was expected that subjects who were mildly dehydrated by 1.5-2% BML, compared to 

maintaining BM with consumption of W or CES would: 

i) Have a significant increase in Tc and RPE in the third period but not the first 

period and possibly not in the second period. 

ii) Demonstrate decreased mental and physical skill performance during on-ice 

testing with decreased reaction and decision making ability. 

iii) Have increased perceived mental and physical fatigue after completion of the 

testing session. 

It is hypothesized that there would be no differences between the CES and W conditions. 
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CHAPTER 3: METHODS 

This study was a randomized, crossover design lasting a total of 11 weeks. Recreational 

female hockey players were recruited and asked to arrive at the arena on the same morning each 

week to participate in the 90 min scrimmage and when required, complete the skills testing post 

scrimmage (Figure 1). Each participant completed three trials: No fluid (NF), carbohydrate 

electrolyte solution (CES) and a flavour matched placebo water (W) trial.  

SUBJECTS 

Nineteen recreational female hockey players were recruited from the University of 

Guelph student body. Skill level ranged from midget B to Junior and all subjects participated in 

at least one other hockey game or some other form of exercise each week. All players were 

healthy recreational athletes with no other conditions that would hinder their ability to participate 

in the study. The subject’s mean (± SEM) age, height, weight and years of playing hockey were 

21.0 ± 0.5 years, 1.68 ± 0.01 m, 66.0 ± 2.3 kg and 12.9 ± 0.9 years. Two goalies were recruited 

to participate in the scrimmage, however they did not participate in the data collection and 

therefore were not included in the analysis. One subject sustained an injury during the study and 

was excluded from analysis. Two substitute players were asked to fill in on occasion when 

participants were ill or away. All subjects were informed about the study protocol and the 

associated risks, both orally and written, before obtaining written informed consent. Ethics 

approval for this study was received from the Research Ethics Board of the University of 

Guelph.  

STUDY DESIGN 

 Before the study started the subjects attended an information session and an on-ice 

practice session at the University of Guelph in order to explain the study and allow participants 
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to experience the on-ice testing. At this point the participants gave information on their 

menstrual cycles to allow for scheduling of testing. Throughout the study, participants were 

asked to identify the date they typically started menstruation and whether or not they were on 

oral contraceptives. Whenever possible, the participants were tested in the follicular phase. There 

were 9 subjects on oral contraceptives and 9 who were not on oral contraceptives and all were 

eumenorrheic. It was our goal to get everyone tested in the follicular phase as much as possible, 

however that was not possible due to limited ice time and needing to test 10 players each week. 

The number of people tested in the follicular phase in NF, W and CES were: 11, 10 and 13 

respectively and the number of people tested in the luteal phase in NF, W and CES were: 7, 8 

and 5 respectively. Of the subjects on oral contraceptives, 1 was tested all three times in the 

follicular phase, 5 were tested twice in the follicular phase and once in the luteal phase and 3 

were tested twice in the luteal phase and once in the follicular phase. Of the subjects not on oral 

contraceptives, 3 were tested all three times in the follicular phase, 1 was tested all three times in 

the luteal phase, 4 were tested twice in the follicular phase and once in the luteal phase and 1 was 

tested twice in the luteal phase and once in the follicular phase.  

Weeks 1-2 were used as a familiarization period allowing the participants to experience 

the scrimmages, learn how to perform the on-ice testing and fill out the questionnaires, and allow 

the research team to measure individual sweat rates and estimate the fluid intake needs to 

maintain ~80-100% of their BM for the remainder of the study. This was achieved by measuring 

the pre and post weight of both the participant and their drink bottle. A sweat sample was also 

taken in the familiarization period by adhering an absorbent patch (3M Tegaderm + Pad, 

London, ON) to the participants’ washed forehead to collect a small sweat sample to calculate 

sodium losses. The patches were removed half way through the scrimmage. The sweat patches 
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were used in the first 2 weeks to collect duplicate data on all subjects. Weeks 3-11 were used as 

experimental testing days.  

 Upon arriving at the arena, participants were instructed to only drink out of the bottle 

prepared for them. The flavoured W drinks were prepared from zero-calorie drink powders 

(Crystal Light 5 kcal, 1 g CHO) and the CES trials used a commercially available sports drink 

(Gatorade 5.8% CHO, 20 mmol/L sodium, 11 mmol/L chloride, 3 mmol/L potassium, trace 

calcium). Participants were instructed to consume all the fluid provided throughout the 

scrimmage in order to maintain their BM. The W drinks were taste tested and flavour matched to 

the CES beverage in order to blind the participants to which fluid they were given. Participants 

in NF trials were not allowed to drink anything once they arrived at the arena, and were only 

allowed to drink after the on-ice testing and off-ice questionnaires had been completed.  

 The players were split into two teams, 9-10 players each, with 2 goalies. Team had 3-4 

defensemen and 6 forwards on any given week. Each week, 5 players from both teams were 

selected for testing, for a total of 10 subjects participating in the on-ice testing and post 

scrimmage questionnaires. The number of fluid vs. NF trials were equal between the teams each 

week, however the ratio of how many people would be in the CES or W conditions varied from 

week to week.  

 The players were instructed to keep similar exercise schedules. They were allowed to 

consume a breakfast of their choosing prior to arrival to the rink, however they were asked to 

keep what they ate consistent throughout the experiment period. The subjects were successful 

with this request as breakfasts were consistent throughout the trials and contained 301 ± 34, 267 

± 37 and 268 ± 36 Kcal (mean ± SEM) in the NF, W and CES trials, respectively. Similarly, no 

differences were found in CHO intake (48 ± 5, 44 ± 5, 44 ± 6 g consumed in NF, W and CES 
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respectively). The same was found for protein (11 ± 2, 9 ± 2 and 9 ± 1 g), and fat consumption (8 

± 2, 8 ± 1, 9 ± 1 g) in the NF, W and CES trials. They were also instructed to consume ~500 mL 

of fluid in the hour prior to arriving at the arena, allowing them to begin the scrimmage hydrated. 

Participants on average consumed of 431 ± 41, 431 ± 39 and 391 ± 48 mL of fluid in the NF W 

and CES trials respectively.  

WEEKLY EXPERIMENTAL PROTOCOL: 

 Tested participants: The 10 selected subjects swallowed a core temperature pill (HQ Inc., 

Palmetto, FL) before going to bed the previous night (~10 pm-12 am). Three of the 18 subjects 

took the core temperature in the morning about 3 hours before the scrimmage (~5 am) because 

they tended to have bowel movements first thing in the morning. The subjects were asked to 

keep the time they swallowed the core temperature pill consistent for each trial. Subjects arrived 

at the arena at 7:40 am and were asked to provide a urine sample into a labeled cup to measure 

pre scrimmage hydration levels and empty the remainder of their bladder into the toilet. Subjects 

were then weighed on a Zenith weigh scale (LG Electronics Canada, Mississauga, ON) accurate 

to ± 0.1 kg, in light dry clothing (Figure 1). Tc was taken at this time to establish pre-exercise 

temperature. The bottles containing W and CES were weighed and recorded and given to the 

participants before the scrimmage. Tc was recorded after every shift and was measured before 

the participant took a drink. RPE was recorded every other shift using a Borg’s scale (6-20) 

where 6 was no exertion at all and 20 was maximal exertion. Once the scrimmage was over they 

waited for the testing equipment to be set up. At this time the bottles were collected and 

participants were not allowed to drink during the performance testing. After the on-ice 

performance testing participants undressed, dried off and were reweighed in the same dry light 

clothing as they weighed in with. Participants then filled out the hockey fatigue questionnaire 
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(HFQ), POMS and nutrition questionnaires.  

 

 
Figure 1. Experimental design. Carbohydrate electrolyte solution (CES) and water  
(W) trials permitted drinking from warm up to the end of the third period. USG= Urine specific 
gravity; BM= Body mass; Tc= Core temperature; RPE= Rate of perceived exertion.  
 

Non-tested participants- Players arrived at the arena at 7:40 am, emptied their bladder and were 

weighed in light dry clothing. They were given a weighed bottle of fluid of their choosing to 

consume that would replace their sweat losses. They warmed up from 8-8:10 am and the 

scrimmage began at 8:10 am. No data was collected from these players during the scrimmage. 

When the scrimmage was finished (9:55 am), the participants undressed and dried off and were 

reweighed. At this point they were free to leave.    

Scrimmage: The scrimmage was 90 min of play and was split into three periods of 35, 30 and 25 

min. After all the subjects had been weighed they joined 2 goalies on the ice for a 10 min warm 

up. The first period started lasted from 8:10-8:45 followed by a 5 min break. The second period 

lasted from 8:50-920 and was followed by a 10 min break to flood the ice. Participants were 

allowed to go into the change room while the ice was flooded. The last period ran from 9:30-

9:55. If an off side was called, the attacking team would clear back to the neutral zone and the 

opposing team would take puck possession to allow for continuous play. When a goal was scored 

there was a face off at center ice. If a penalty was given to a team the opposing team was allowed 
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a penalty shot. Games were played to 3, at which time the goalies would switch ends. The 

goalies switched what end they started at each week. The participants were compensated with 

$100 for being a part of the study and also had the opportunity to win an extra $10 a week each if 

their team won as an incentive to play hard each week.  

ON-ICE TESTING 

 There were 6 different performance tests performed after the scrimmage including: 

reactive passing, weave agility with puck, rapid fire shooting, randomized shooting, reaction start 

skating sprint and reaction with puck. The tests were to simulate in game hockey skills such as 

passing, shooting, skating speed and stick handling. Each test had some sort of decision making 

component to the drill, allowing the researchers to look at the cognition or decision-making 

ability during the drills. 

 The testing used Sport Testing equipment (Sport Testing Inc., Toronto, ON) and a Top 

Shot Hockey Net (Top Shot Hockey Inc., Guelph, ON). The Sport Testing equipment was used 

for the reactive passing, weave agility with puck, reaction start skating sprint and reaction with 

puck drills, whereas the rapid fire and randomized shooting drills used the Top Shot Net.  

Sport Testing Equipment has been used in many OHL and NHL combines and training 

camps to assess hockey skill level of potential future players. The system contains ID scanners 

(Figure 2), ID bands, (Figure 3) gates (Figure 4), and reflectors. Participants were assigned an ID 

band for the entire study that contained their information (name, jersey number). The ID band 

when tapped on the bullseye of the ID scanner, specific for each test, would activate the drill and 

allow the results of the test to be recorded in the computer system. The gate was set up on a 

tripod across from a reflector. The gate shines a laser across to a reflector back to the gate and 

when the beam is broken it triggers the drill to start or stop the time recorder. The gates can be 
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set up in series and one gate can trigger the subsequent gate to light up, indicating what direction 

to go by the colour of light (red = right, green = left), which is displayed on the side of the gate 

(Figure 5). The Sport testing equipment recorded time splits and the total time to complete the 

drills and is accurate to 0.001 s. 

The Top Shot Net is an official size electronic net and contains 9 plexiglass panels 

(Figure 6). The panels light up and act as targets, indicating which panel to aim at. When the 

puck strikes the panel the board can register the shot as a hit or miss. 

  The participants were split into two groups of 5 based on team colour. The yellow team 

started at the reactive passing and weave agility with puck drill and the black team started at the 

randomized shooting and rapid fire shooting drill. Participants were asked to go in order of jersey 

number to ensure similar ordering from trial to trial. They would then switch drills. After 

completing the reactive passing, weave agility with puck and shooting drills, the black team 

would then proceed to the reaction start skating sprint drill and the yellow team proceeded to the 

reaction with puck drill and then they switched. Both teams then completed another 2 rounds of 

rapid fire shooting. It took ~30-40 min to complete the on-ice testing.  

   
Figure 2. Sport Testing ID scanner to identify subject and track their data. 

 Figure 3. Sport Testing ID band.  
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Figure 4. Sport Testing gate. 

  
Figure 5. Sport Testing equipment lighting up, starting time at the beginning of a test. 

  
Figure 6. Top Shot Net. 
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Reactive Passing Drill: The yellow team started in the left corner and the black team 

started in the right corner. A Sport Testing gate and reflector were placed on the goal line close 

to the net and a second gate and reflector were placed at the neutral zone face off dot above the 

blue line (Figure 7). On the blue line, two targets were placed 5.9 m apart, one green (left) and 

one red (right). The targets were 30 cm in length, which is the size of a standard hockey stick 

blade. The drill began with the participants scanning their ID band on the scanner to activate the 

drill. The subjects would pick up a puck and skate around the back of the net and skate through 

the beam of the first gate, which started the timer. Once the beam was broken, it triggered the 

next gate to flash either green or red, indicating which target to pass to. The subject needed to 

complete the pass before a fault line located 6.1 m from the first gate. Once the participant skated 

through the second gate the time stopped. The participant would go to the end of the line and 

wait to complete this drill a second time. They would then go to the opposite corner and 

complete two trials going around the net the other way. A research assistant was recording if the 

participant passed before the fault line, if they passed to the correct target and if they hit the 

target. If the participant crossed the fault line before passing the puck they received an automatic 

incomplete (missed) pass.  
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Figure 7. Ice set up for the passing drill. 

 

Weave Agility with Puck Drill: This drill used one gate and reflector followed by 4 flags 

arranged in a straight line (Figure 8). The flags were placed 2.9 m apart and the flags were 2.9 m 

from the starting gate. To begin, participants scanned in with their ID band to activate the drill. 

Participants picked up a puck and skated through the gate starting the timer. The participant 

would first skate the length of the flags up the left side where, once they reached the furthest 

flag, made a 180 degree turn, weaved through the flags, making another 180 degree turn at the 

first flag, weave back up to the furthest flag, then skating down the right side towards the gate to 

stop the time. The participant needed to carry the puck and stick handle it through the whole 

drill. The second time they repeated the same drill by skating up the right side to begin and back 

on the left side. A research assistant was recording if the participants made an error or lost the 

puck. 
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Figure 8. Ice set up for the weave agility with puck drill. 

 

Rapid Fire Shooting Drill: Participants lined up at the hash mark furthest from the net (6 

m from the net). The Top Shot Net had a 3 s countdown to indicate when the drill began. One of 

the 9 panels would then light up indicating to the participant where to shoot. The panel stayed lit 

until a puck struck the net regardless of whether it was the correct panel or not. After the net had 

been hit another panel would randomly light up. The drill ended when 10 pucks hit the net or 30 

s had gone by. A research assistant also recorded the shots that missed the net. Participants 

completed 4 rounds of this drill. 

 

Randomized Shooting Drill: Participants lined up at the hash mark furthest from the net, a 

distance of 6 m. The object of this drill was for the participant to hit as many targets as possible 

in 30 s. When the drill began, a panel would light up and stayed lit for 3 s. If no puck hit the net, 
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another panel on the board would randomly light up. If a puck hit the net it would flash red and 

another panel would light up. The net displayed how many shots hit the net and how many shots 

hit the targeted panels. A research assistant recorded the shots that missed the net. Participants 

completed 2 rounds of this drill. 

  

Reactive Start Skating Sprint Drill: Four gates and reflectors were used in this test. One 

gate and reflector was off to the side and three set up in a straight line (Figure 9). Gate 2 was 1.3 

m from the start line (the back hash mark), gate 3 was 3.3 m from gate 2, and gate 4 was 25.1 m 

away from gate 3, totaling 29.7 m in distance all together. The subject scanned in with their ID 

band to activate the drill. The gates all turned green, and the participant lined up at a complete 

stop the bottom of the hash mark. A research assistant was off to the side and triggered gate 1 to 

turn red indicating to the subject to skate forward through the remaining three gates as fast as 

possible. Time started when the research assistant triggered the first gate to go off and time was 

stopped when the participant skated through the last gate. Once the participant was done 

sprinting through the gates they returned to the end of the line and repeated the drill 4 more times 

for a total of 5 sprints. The average waiting time between sprints was 1.13 ± 0.01 min.   
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Figure 9. Ice set up for reactive start skating sprint drill.  

 

Reaction with Puck Drill: This drill used 4 evenly placed gates and reflectors 15 m apart 

across the length of the ice (Figure 10). The space between the gate and reflector was 2.35 m, 

allowing for an individual to easily skate through. Half way between the gates there were 2 flags, 

separated by 4.2 m. The participants scanned in with their ID bands activating the drill. Once 

they skated through the first gate, breaking the beam, time would start and it would also trigger 

the subsequent gate to turn either green (left) or red (right). The participant needed to skate 

around the flag that was indicated by the gate then through the second gate, breaking its beam, 

and repeating the process another 2 times, for 3 times in total. Time was stopped after skating 

through the fourth gate. The participants had to carry the puck with them the whole time and 

needed to be controlled enough in order to react to the direction lights and arrow. This drill was 

completed two times. 
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Figure 10. Ice set up for the reaction with puck drill. 

POST SCRIMMAGE PROCEDURES AND OFF ICE QUESTIONNAIRES:  

Once the participants had completed the on-ice testing they removed their equipment, 

dried off and got changed into the same dry shirt and shorts worn in the initial weigh-in. The 

subject was weighed on the same scale that was used for their pre weigh in and their weight was 

recorded. Once participants were weighed after the on-ice testing, they were given a modified 

POMS, HFQ and a pre-exercise nutrition questionnaires. The POMS questionnaire was a 

shortened version of the original version and contained 38 adjectives (McNair et al. 1992). The 

participants were asked to rank each adjective on a 5 point likert scale, where 1 was “not at all” 

and 5 was “extremely”. For analysis, words were grouped into the following categories: mental 

sharpness, fatigue, confusion and vigor. The HFQ was designed by a previous researcher in the 

laboratory and contained 8 questions relating to the physical and mental fatigue of the 

participants in both the scrimmage and testing (ie. On a whole body level, how fatigued are you) 
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(Linseman et al., 2014). The participants ranked each question on a scale from 1-10, where 1 was 

“very little” and 10 was “extremely”. The pre-exercise nutrition questionnaire asked participants 

to recall what they ate and drank before arriving at the arena. They also were asked what time 

they ate, and when they swallowed the core temperature pill the night before.  

MEASUREMENTS 

 Urine specific gravity (USG) was measured using a refractometer (Atago U.S.A. Inc, 

Bellevue, WA.) to assess the pre-scrimmage hydration levels. An USG reading of ≤1.020 was 

considered euhydrated where as a reading >1.020 was considered hypohydrated (Sawka et al., 

2007). Sweat patches used during the familiarization weeks were centrifuged and analyzed 

immediately after the scrimmage. The sweat concentration was analyzed with a Sweat Chek 

conductivity analyzer (ELITechGroup North America, Princeton, NJ). The drills that used the 

Sport Testing equipment uploaded the times from the testing program (Sports Hub) to an online 

database (Athlete Manager). 

CALCULATIONS 

 Sweat loss = (pre-post BM) + fluid intake – urine produced, with the assumption that 1 

kg lost is equal to 1 L. Percent BM loss =  [(pre-exercise BM – post-exercise BM) / pre BM] * 

100. Subjects needed to have an empty bladder before the initial weigh in (Sawka et al., 2007) 

and it was assumed that little mass was lost through respiration, substrate utilization, or water 

gained through oxidation and did not influence the calculation of sweat rate through changes in 

BM (Baker et al., 2009). Sodium loss = forehead patch [sodium] * molecular weight of sodium * 

total volume of sweat loss. The sodium value was corrected to estimate whole body sodium loss: 

[sodium] * 0.61-2.98 (Baker et al., 2009). Total sodium intake: CES sodium content * molecular 
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weight of sodium * volume of CES consumed. Total CHO intake was calculated from the 

volume of CES consumed. 

DATA ANALYSIS      

 One subject was excluded from the Tc analysis. Despite multiple attempts to get Tc 

readings, data could not be obtained in the NF or W conditions. Only 16 participants were used 

in the reactive start sprinting drill, as 2 people had incomplete data sets and only 15 were 

included in the rapid fire shooting drill as 3 people had incomplete data sets. 

 The raw Tc values were put into 5-min bins from 5-105 min including breaks.  The 

starting Tc for each individual was averaged and used to correct the subjects Tc between weeks 

to have the same starting point (however, using the actual raw data did not change the results).  

STATISTICS 

 Peak Tc, player sweat data, USG, BM loss, total sprinting time, delta from reaction, 

weave and RPE, rapid and randomized shooting drills, nutrition, HFQ and POMS questionnaires 

were analyzed separately using a one-way ANOVA. When a Significant F ratio was found 

(significance of p≤ 0.05), a Least Significant Difference test was used as a post hoc test to see 

significance between the groups. Tc, reaction, weave, sprints and RPE were analyzed by 

performing two-way [Time X Treatment (NF, Water, CES)] repeated measures ANOVA using a 

Least Significant Difference post hoc test (significance of p≤ 0.05). Tc was analyzed with all 

time points and by period. Tc was also analyzed by comparing NF to W and NF to CES with all 

time points and by period. A Kruskal-Wallis one-way ANOVA non-parametric test was used to 

analyze the total number of mistakes in the weave drill. 
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CHAPTER 4: RESULTS 
 
SELF-ASSESSMENT OF HOCKEY ABILITY 

 The average hockey playing experience was 12.9 ± 0.9 years. The perceived knowledge 

of hockey systems or playing was 4.2 ± 0.2 (ranked out of 5) and self-assessed forwards and 

backwards skating ability was 4.0 ± 0.1, and 4.0 ± 0.2 respectively. Other skill rankings are in 

Table 1. 

Table 1. Subjective Assessment of Hockey Ability 
Hockey Skill Skill Rating 
Forward Skating 4.0  ± 0.1 
Backwards Skating 4.0  ± 0.2 
Shooting 3.4  ± 0.2 
Passing 3.6  ± 0.2 
Hockey Play Knowledge 4.2  ± 0.2 
Offensive Ability 3.5  ± 0.2 
Defensive Ability 3.7  ± 0.2 
Skating Speed 3.6  ± 0.1 
Endurance  3.3  ± 0.2 
Values are mean ± SEM, n=18. Hockey ability was self-reported ranked out of 5. 

 
 

PRE-SCRIMMAGE MEASURES  

 There were no significant differences in pre scrimmage BM between trials (NF: 66.1 ± 

2.4 kg, W 65.8 ± 2.4 kg, CES 65.9 ± 2.3 kg). USG was also not significantly different between 

trials (NF: 1.020 ± 0.002, W: 1.023 ± 0.002, CES: 1.021 ± 0.002). On average, participants 

arrived to the arena dehydrated and only 4/18 arrived hydrated on average. Weekly USG and BM 

charts can be seen in Appendix 1 and 2. The USG was quite consistent but the severity of 

dehydration or hydration differed in some cases from week to week. Ideally the USG would be 

≤1.02 and slightly more consistent. The weekly BM was also consistent, only fluctuating slightly 

between weeks. 
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SCRIMMAGE MEASUREMENTS  

Sweat rates were not significantly different between trials and translated to a 1.2% BML 

in the NF trial and BM was successfully maintained in the fluid trials (Table 2). The range of 

body mass loss for the NF trial was 0.69-1.86 %. There was no difference in the total sodium 

losses between the trials (Table 2). The sodium and CHO intake were higher in the CES group 

compared to both the W and NF trials. The average sweat sodium concentration was 58 ± 19 

mmol/L. Individual sweat sodium concentrations are in Appendix 3. 

Table 2. Scrimmage Measures 
 Measure NF W CES 
Body Mass Loss (%) 1.21 ± 0.08 0.07 ±0.08 −0.06 ±0.07 
Sweat Loss (mL) 817 ± 72 763 ± 85 756 ± 75 
Fluid Intake (mL) 0 ± 0 691 ± 71* 795 ± 64* 
Sodium Loss (mg) 601 ± 51 571 ± 61 587 ± 68 
Sodium Intake (mg) 0 ± 0 0 ± 0 365 ± 29** 
CHO Intake (g) 0 ± 0 0 ± 0 48 ± 4** 
Values are mean ± SEM, n=18. NF=No Fluid, W=Water, CES=Carbohydrate Electrolyte 
Solution, CHO= Carbohydrate. *, significantly different from NF, **, significantly 
different from NF and W. Significance = p ≤0.05. 

 

Tc MEASURES 

Peak Tc was significantly higher in NF (38.80 ± 0.10 °C) when compared to W (38.57 ± 

0.07 °C) and CES (38.46 ± 0.06 °C) with no difference between the fluid trials (Figure 11). The 

difference in the peak Tc between NF and W is 0.23 °C and the difference between NF and CES 

is 0.34 °C. Overall, there was a significant effect of time, as all time points were higher than 

baseline (0 min). There was no overall effect of treatment (p=0.068). The overall mean 

difference in Tc between NF and W was 0.13 °C and the difference between NF and CES was 

0.19 °C.  
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Tc was analyzed by period to see the effect of trial. There was no effect of trial in the first 

period (p=0.322), or second period (p=0.096) but there was a significant effect of trial in the 

third period (p=0.012). A post hoc revealed that all the time points in the last period for NF were 

significantly higher than W and CES. 

Figure 11. Core temperature. Values are mean ± SEM, n=17. NF=No Fluid, W=Water and 
CES=Carbohydrate Solution. a, significantly different from CES, b, significantly different from W. 
Significance = p≤0.05. 
 
NF vs. CES 

When only two groups are compared to each other, there was a significant effect of trial 

between NF and CES (p=0.019) (Figure 12). At specific time points between NF and CES in 

period one, Tc was significantly higher at 30 and 35 min. There was no difference in Tc for the 
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first time point in the second period (45 min, p=0.077) after the 5-min break, however at 50 and 

60-70 min the Tc for NF was significantly higher than CES. All of the time points in the third 

period (85-105) were significantly higher in the NF compared to CES. When the Tc was split 

into periods and analyzed there was no effect of trial in the first period (p=0.099), but there was 

an effect of trial in the second (p=0.036) and third period (p=0.007). No additional time points 

were shown when you analyze the data by period. The last two time points in period 1 were only 

significant if the repeated measures ANOVA was done on the whole data set. 

Figure 12. Comparison of NF to CES. NF= No Fluid, CES=Carbohydrate Electrolyte Solution. 
*, significantly different from NF. Significance = p≤0.05. 
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NF vs. W 

There was no effect of trial between NF and W (p=0.136) (Figure 13). When Tc in the W 

and NF trials were compared by period, there was no significant difference in the first (p=0.575) 

or second (p=0.243) period but there was a significant difference in the third period (p=0.014). 

All of the time points in the last period were significantly higher in NF compared to W.  

 
Figure 13. Comparison of NF to W. NF= No Fluid, CES=Carbohydrate Electrolyte Solution. *, 
significantly different from NF. Significance = p≤0.05. 
  

Menstrual Phase: There was no significant difference in Tc between the menstrual 

phases for NF, W or CES when analyzed by what phase in their menstrual cycles were (data not 

shown). This analysis was done on the raw data before they were corrected to normalize the 

starting Tc between trials. 
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REACTIVE START SPRINTING  

Sprint Completion Time: There was no difference in sprinting time between trials when 

looking at the time to complete the full length of the sprint (Table 3). There was a significant 

effect of sprint trial number, where sprint 1 was faster than sprint 2 and sprint 4. There were also 

no differences in total sprinting time of all 5 sprints between trials (Table 3).  

Split 1: The first split time indicating the reaction time to the light being triggered 

resulted in no effect of trial or sprint trial number, nor was there an effect of trial on total time 

sprinting in the first split (Table 4).  

Split 2: There were no effect of trial in the second time split or in the total time spent 

sprinting in this split, nor was there an effect of sprint trial number (Table 5).  

Split 3: There was no significant effect of trials in split 3, however there was a significant 

effect of sprint trial number, as the sprinting speed slowed over time (Table 6). Sprints 2, 3, 4 

and 5 were significantly slower than sprint 1 and sprint 4 was significantly slower than sprint 2.   

 

Table 3. Reactive Start Sprinting Drill: Sprint Completion Time 
Sprint Trial NF W CES 
Sprint 1 (s) 5.81 ± 0.06 5.80 ± 0.08 5.85 ±0.06 
Sprint 2C (s) 5.88 ± 0.07 5.86 ± 0.07 5.86 ± 0.06 
Sprint 3 (s) 5.83 ± 0.07 5.85 ± 0.07 5.87 ± 0.06 
Sprint 4C (s) 5.88 ± 0.06 5.86 ± 0.07 5.93 ± 0.05 
Sprint 5 (s) 5.83 ± 0.10 5.87 ± 0.08 5.87 ± 0.06 
Total Sprint Time (s) 29.23 ± 0.34 29.24 ± 0.36 29.38 ± 0.28 
Values are ± SEM, n=16. NF=No Fluid, W= Water, CES= Carbohydrate Electrolyte 
Solution. C, significantly different than sprint 1. Significance = p≤ 0.05. 

 

Table 4. Reactive Start Sprinting Drill: Reaction Split 1 
Sprint Trial NF W CES 
Sprint 1 (s) 1.10 ± 0.07 1.03 ± 0.03 1.04 ± 0.03 
Sprint 2 (s) 1.06 ± 0.03 1.06 ± 0.03 1.04 ± 0.02 
Sprint 3 (s) 1.00 ± 0.03 1.02 ± 0.04 0.99 ± 0.06 
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Sprint 4 (s) 1.06 ± 0.02 1.04 ± 0.03 1.05 ± 0.02 
Sprint 5 (s) 1.03 ± 0.02 1.05 ± 0.03 1.03 ± 0.02 
Total Sprint Time (s) 5.24  ± 0.12 5.20  ± 0.14 5.15  ± 0.09 
Values are ± SEM, n=16. NF=No Fluid, W=Water, CES=Carbohydrate Electrolyte 
Solution.  

 

Table 5. Reactive Start Sprinting Drill: Split 2 
Sprint Trial NF W CES 
Sprint 1 (s) 0.97 ± 0.02 0.97 ± 0.02 0.97 ± 0.02 
Sprint 2 (s) 0.98 ± 0.02 0.96 ± 0.02 0.98 ± 0.02 
Sprint 3 (s) 0.97 ± 0.02 0.96 ± 0.02 0.97 ± 0.02 
Sprint 4 (s) 0.96 ± 0.02 0.96 ± 0.01 0.97 ± 0.01 
Sprint 5 (s) 0.97 ± 0.01 0.97 ± 0.02 0.97 ± 0.02 
Total Sprint Time (s) 4.84 ± 0.07 4.82 ± 0.07 4.85 ± 0.07 
Values are ± SEM, n=16. NF=No Fluid, W= Water, CES=Carbohydrate Electrolyte 
Solution.  

 

Table 6. Reactive Start Sprinting Drill: Split 3 
Sprint Trial NF W CES 
Sprint 1 (s) 3.79 ± 0.04 3.81 ± 0.05 3.83 ± 0.04 
Sprint 2C (s) 3.84 ± 0.04 3.84 ± 0.05 3.84 ± 0.04 
Sprint 3C (s) 3.87 ± 0.05 3.87 ± 0.07 3.85 ± 0.05 
Sprint 4C,D (s) 3.86 ± 0.04 3.86 ± 0.05 3.91 ± 0.04 
Sprint 5C (s) 3.83 ± 0.08 3.85 ± 0.05 3.87 ± 0.04 
Total Sprint Time (s) 19.20 ± 0.23  19.23  ± 0.26 19.31  ± 0.20 
Values are ± SEM, n=16. NF=No Fluid, W=Water, CES=Carbohydrate Electrolyte 
Solution. C, significantly different than sprint 1, D, significantly different than sprint 2. 
Significance = p≤ 0.05. 

 

WEAVE AGILITY WITH PUCK 

 There were no differences in time to complete either weave 1 or 2 (Table 7, Figure 14). 

There was a significant effect of time, where weave 1 was significantly faster than weave 2. 

There was no difference in the delta time between NF, W and CES (0.27 ± 0.19 s, 0.54 ± 0.27 s, 

0.20 ± 0.26 s).  The total number of mistakes in NF was 4, in W was 5 and CES 1, however there 

was no statistical significance between trials using a non-parametric analysis.  
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Table 7. Weave Agility with Puck 
Weave Trial NF W CES 
Weave 1 (s) 14.03 ± 0.16 13.98 ± 0.16 13.93 ± 0.19 
Weave 2C (s) 14.29 ± 0.24 14.52 ± 0.28 14.12 ± 0.25 
Delta (T2-T1) (s) 0.27 ± 0.19 0.54 ± 0.27 0.20 ± 0.26 
Values are Mean ± SEM, n=18. NF= No Fluid, W=Water CES=Carbohydrate Electrolyte 
Solution. C, significantly different from weave 1. Significance = p≤ 0.05.  

  

Figure 14. Total time to complete weave trial 1 and 2. Values are mean ± SEM, n=18. NF= No 
Fluid, W= Water and CES=Carbohydrate Electrolyte Solution. C, significantly different than 
weave 1. Significance = p≤ 0.05. 
 
REACTION WITH PUCK 

 There were no differences between trials in time to complete the reaction drill 1 or 2, nor 

was there a difference in the delta time between reaction drill 1 and 2. The time to complete the 

reaction drill 1 was 12.56 ± 0.24 s, 12.31 ± 0.26 s and 12.38 ± 0.18 s for NF, W and CES 

respectively (Figure 15). Similarly, for the second reaction drill, time to complete the drill was 
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12.44 ± 0.22 s, 12.20 ± 0.13 s and 12.48 ± 0.20 s. When analyzing the split times for the reaction 

drill 1 and 2, there was no effect of trial, however there was a significant effect of split number 

for reaction 1. The first split time was significantly slower than split 2 and 3 with no difference 

between split 2 and 3 (Table 8).  However the effect of split number was not seen in the second 

reaction drill.  

 

Figure 15. Total time to complete the reaction drill. Values are mean ± SEM, n=18. NF=No 
Fluid, W=Water, CES=Carbohydrate Electrolyte Solution.  
 
 
Table 8. Reaction with Puck Split Times 
  NF W CES 
Rxn 1       
Split 1 (s) 4.40  ± 0.18 4.23 ± 0.10 4.30 ± 0.07 
Split 2C (s) 4.16  ± 0.16 3.91 ± 0.10 4.05 ± 0.11 
Split 3C (s) 4.00 ± 0.07 4.17 ± 0.17 4.02 ± 0.07 
Rxn 2       
Split 1 (s) 4.18 ± 0.06 4.19 ± 0.06 4.25 ± 0.07 
Split 2 (s) 4.09  ± 0.08 4.09 ± 0.08 4.18 ± 0.11 
Split 3 (s) 4.17 ± 0.18 3.92 ± 0.08 4.05 ± 0.08 
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Values are Mean ± SEM, n=18. NF= No Fluid, W=Water, CES=Carbohydrate Electrolyte 
Solution. C, significantly different than Split 1. Significance = p≤ 0.05. 

 

REACTIVE PASSING DRILL 

There was no significant difference between the time to complete the passing drill 

between trials for either the forehand or backhand (Table 9). The number of faults did not differ 

between trials and are listed in Table 9. Out of these faults only 2 hit the target and therefore did 

not count, one was in a backhand pass for NF and the other one was in a backhand pass for CES. 

Passing percent was variable, and although no statistics were performed W had the highest pass 

percent in the forehand pass and NF had the highest in the backhand pass (Table 9).  

Table 9. Reactive Passing  
Forehand NF W CES 
Time (s) 3.66 ± 0.06 3.70 ± 0.06 3.68 ± 0.06 
Faults 3 1 4 
Completed Passes (%) 16.7 33.3 13.9 
Backhand       
Time (s) 3.87 ± 0.13 3.74 ± 0.06 3.74  ± 0.10 
Faults 2 1 2 
Completed Passes (%) 41.7 16.7 22.2 
Values are mean ± SEM, n=18. NF=No Fluid, W=Water. CES=Carbohydrate Electrolyte 
Solution.  

 

RANDOMIZED SHOOTING DRILL 

 There was no statistical difference in the shooting percent average between NF (47.0% ± 

3.9%), W (51.2% ± 3.5%) and CES (42.2% ± 2.2%) (Table 10). The number of shots taken on 

net, targets hit and misses on net were not significantly different between the NF, W and CES 

trials as shown in Table 10.  

Table 10. Randomized Shooting Drill 
  NF W CES 
Shooting Percent (%) 47.0 ± 3.9 51.2 ± 3.5 42.2 ± 2.2 
Shots Taken 10.2 ± 0.2 10.4 ± 0.2 10.3 ± 0.2 



	   	   56	  

Targets Hit 4.8 ± 0.4 5.3 ± 0.4 4.3 ± 0.2 
Misses on Net 0.9 ± 0.3 0.6 ± 0.1 0.9 ± 0.2 
Values are Mean ± SEM, n=18. NF= No Fluid, W=Water, CES= Carbohydrate Electrolyte 
Solution.  

  

RAPID FIRE SHOOTING DRILL 

 There was no difference between trials in the shooting percent in the rapid fire shooting 

drill (NF: 48.87% ± 3.97%, W: 49.14% ± 4.34%, CES: 47.24% ± 2.70%). There were no 

differences in the number of targets hit, number of shots taken, misses on net, or time to 

complete the drill (Table 11).  

Table 11. Rapid Fire Shooting Drill 
  NF W CES 
Hit Targets 5.33 ± 0.39 5.18 ± 0.45 5.15 ± 0.34 
Shots Taken 10.83 ± 0.18 10.63 ± 0.12 10.87 ± 0.19 
Shooting Percent (%) 48.87 ± 3.97 49.14 ± 4.34 47.24 ± 2.70 
Misses on Net 1.07 ± 0.16 0.85 ± 0.11 1.30 ± 0.17 
Time (s) 26.36 ± 0.65 26.59 ± 0.65 26.82 ± 0.65 
Values are Mean ± SEM, n=15. NF=No Fluid, W= Water CES= Carbohydrate Electrolyte 
Solution.  

 

SUBJECTIVE MEASURES 

RPE: The average RPE in the three periods was not significantly different between trials, 

however there was a significant effect of time. Period one (NF: 13.77 ± 0.22, W: 13.35 ± 0.31; 

CES: 13.57 ± 0.26) had significantly lower RPE compared to periods two (NF 14.79 ± 0.27, W: 

14.53 ± 0.31, & CES: 14.46 ± 0.27) and three (NF 14.51 ± 0.25, W: 14.53 ± 0.33, & CES: 14.19 

± 0.35) with no significant difference between periods two and three. There were no differences 

in the delta RPE data between period 3 and 1, 2 and 1, or 3 and 2 (Table 12). Even when half 

periods were analyzed there was no significant differences between trials (data not shown).  

Table 12. Rate of Perceived Exertion: Period Average 
Period NF W CES 
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Period 1 Average 13.77 ± 0.22 13.35 ± 0.31 13.57 ± 0.26 
Period 2C Average 14.79 ± 0.27 14.53 ± 0.31 14.46 ± 0.27 
Period 3C Average 14.51 ± 0.25 14.53 ± 0.33 14.19 ± 0.35 
Delta (period 3-period 1) 0.74 ± 0.24 1.18 ± 0.30 0.62 ± 0.32 
Delta (period 2-period 1) 1.02 ± 0.23 1.18 ± 0.27 0.89 ± 0.20 
Delta (period 3-period 2) - 0.28 ± 0.27 0.00 ± 0.25 -0.27 ± 0.26 
Values are Mean ± SEM, n=18. NF= No Fluid, W= Water, CES= Carbohydrate Electrolyte 
Solution. C, significantly different than period 1.  

 

HFQ: Both W and CES resulted in significantly lower ratings of lightheadedness, winded 

and whole body fatigue (Table 13). The rating of cramping was significantly higher in NF (5.50 

± 0.53) only when compared to CES (3.94 ± 0.5). Interestingly, only W was significantly 

different from NF for rating of being overheated, feeling mentally sharp and perception of 

making correct decisions throughout the game (Table 13).  There were no differences between 

water and CES in any of the HFQ.  

Table 13. Hockey Fatigue Questionnaire  
Fatigue Category NF W CES 
Lightheadedness 5.78 ± 0.57 2.83* ± 0.37 3.33* ± 0.48 
Winded 6.61 ± 0.40 5.06* ± 0.37 5.11* ± 0.35 
Overheated 5.50 ± 0.50 4.00* ± 0.44 4.33 ± 0.46 
Cramping 5.50 ± 0.53 4.28 ± 0.50 3.94* ± 0.50 
Whole Body Fatigue  8.00 ± 0.23 6.39* ± 0.29 6.83* ± 0.35 
Mental Sharpness  5.22 ± 0.48 6.61* ± 0.33 6.33 ± 0.38 
Correct Decision in Game 5.44 ± 0.44 6.72* ± 0.28 6.33 ± 0.37 
Correct Decision in Testing 6.11 ± 0.36 7.00 ± 0.32 6.83 ± 0.31 
Values are mean ± SEM, n=18. NF=No Fluid, W=Water, CES=Carbohydrate Electrolyte 
Solution. *, significantly different from NF. Significance = p ≤0.05. Scores are ranked out of 
10. 
 

POMS 

 Subjects identified highly with words relating to mental sharpness such as mentally 

sharp, clear headed, focused and alert in both the W and the CES trials (Table 14). The score for 

mentally sharp was significantly higher in the W (12.4 ± 0.7) and CES (11.9 ± 0.8) compared to 
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the NF (9.2 ± 0.7). Subjects also had significantly higher ratings of words corresponding to 

vigor, such as lively, active, full of pep and vigorous in the W and CES when compared to the 

NF. Participants had significantly lower ratings for words associating with fatigue and confusion 

in both the W and CES trials compared to the NF. 

Table 14. Profile of Mood State  
Category NF W CES 
Mental Sharpness (20) 9.2 ± 0.7 12.4 ± 0.7* 11.9 ± 0.8* 
Vigor (20) 8.8 ± 0.5 11.4 ± 0.6* 10.8 ± 0.8* 
Fatigue (20) 15.7 ± 0.8 11.9 ±0.7* 11.6 ± 0.8* 
Confusion (20) 7.4 ± 0.6 5.6 ± 0.4* 5.8 ± 0.3* 
Values are mean ± SEM, n=18. NF=No Fluid, CES=Carbohydrate Electrolyte Solution. *, 
significantly different from NF. Significance = p ≤0.05. Mental Sharpness and Vigor are rated 
out of a possible score of 20 and 20 respectively and higher scores are desirable, with a perfect 
score being 20. Fatigue and Confusion both are rated out of a possible 20 and lower scores are 
desirable, with a perfect score being 4.  
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CHAPTER 5: DISCUSSION 

OVERVIEW 

 This study was very successful in recruiting and collecting Tc on 17 recreational female 

ice hockey players and full (n=18) data sets for most on-ice performance tests and post 

scrimmage questionnaires in three different trials – consuming NF, W or CES during a 90 min 

hockey scrimmage. However, some goals of the study were not met. Participants were asked to 

consume 500 mL of fluid before arriving to the arena in the hope that they would be hydrated 

(USG of ≤ 1.02), however, they were on average slightly dehydrated (USG = 1.020-1.023). Also, 

the players did not reach the level of desired dehydration (~1.5-2%) and only dehydrated 1.2% of 

their BM. Despite the lower level of dehydration, it was clear that the NF trial had higher Tc 

compared to the fluid trials in the third period. During the on-ice testing, there were no 

observable differences between trials in ice hockey performance or decision making skills based 

on the drills performed. Subjects in the NF trials indicated in the questionnaires that they felt 

more fatigued and confused and less mentally sharp and vigorous after the scrimmage compared 

to the fluid trials. The RPE however was not significantly different between the trials.  In 

conclusion, while dehydrating by 1.2% BM during a hockey scrimmage did affect some 

physiological and mental measures, it did not effect on-ice skill performance following the 

scrimmage. 

PRE-TRIAL USG 

 The USG of the participants were not different between trials with an average USG of 

1.020-1.023, indicating that participants on average were slightly dehydrated coming into the 

scrimmage. Subjects were asked to ingest 500 mL of fluid prior to the scrimmage, which was not 

achieved as they consumed 431 ± 41, 431 ± 39 and 391 ± 48 mL of fluid on average in the NF, 
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W and CES trials respectively. Even if participants drank 500 mL it may not have been enough 

fluid to hydrate them after the overnight period as the scrimmage took place early in the morning 

(8 am). A study of male hockey players arriving at the arena at 8 am were also not hydrated after 

consuming 500 mL (Eskedjian, 2015). Only 4 out of 18 subjects had an average USG <1.020, 

indicating they were hydrated and the rest had varying degrees of mild dehydration. In a previous 

study, female basketball players arrived with pre game USGs indicating they were hydrated 

(Brandenburg & Gaetz, 2012). However this study occurred in the afternoon, possibly allowing 

the participants to consume adequate fluid before showing up. When elite male junior hockey 

players showed up for a game ~5:15 pm, 41% were dehydrated (Logan-Sprenger et al., 2011). 

Another study showed that elite Canadian junior hockey players had an average USG of 1.020 

however 24/44 had USG ≥1.021 when practicing in the afternoon (Palmer & Spriet, 2008). 

When showing up for practices or games where there is sufficient time to drink fluids and 

become hydrated (~60-90 min), showing up mildly dehydrated is not a problem. To ensure 

proper hydration prior to arriving at the arena in the morning, it is recommended that players 

drink 750 mL of fluid at least 30 min before the exercise.  

DEHYDRATION LEVEL 

The experimental condition of NF in the study (BML of 1.5-2%) was not achieved, with 

an average BML of 1.2% in the NF trial. However subjects did remain hydrated in the CES and 

W trials with a BML of 0.07 and -0.06% respectively. There were only 4 participants who 

dehydrated >1.5% in this study. Two other male hockey studies were able to achieve a larger 

body mass loss in 70 (1.94%) and 90 min (1.86%) on ice scrimmages. There are several reasons 

that may have contributed to the low sweat rates in the current study. 
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There was a cash compensation incentive for winning the scrimmage each week, and 

while this may have helped the participants to show up every week, it did not seem to encourage 

participants to work harder than normal to win the game. This was not the case with the male 

athletes, as they were quite competitive and played in a more aggressive manner. Therefore the 

intensity at which the female recreational hockey players were playing each week was 

subjectively not as high as the males and could be a major reason for the lower sweat rates. The 

present study also had 9 or 10 players on each team, played 5 on 5 (not including goalies) 

scrimmages, and also played on a smaller arena. Having more people on the team and on the ice 

and a smaller space to play in may have contributed to the lower sweat rates and dehydration 

level. In a male hockey study they had teams of 7-8 and played 4 on 4 in a larger arena 

(Eskedjian, 2015).  

 The daily arena temperature was not measured, but there were a few days in which the 

arena was colder than others. The study occurred from January to April and some of the days 

were quite cold. Although it has been shown that the protective equipment provides a warm 

microenvironment even in the cold arena, it is possible that the colder temperatures resulted in 

less intense skating that participants did not need to sweat as much (Noonan et al., 2007).  Again, 

subjectively, this appeared to be the case. 

Skill and overall fitness level may have been other factors to consider in this study, as we 

recruited the best players possible, but these factors may have limited what the players could 

achieve. The present study did report that subjects averaged 12.9 years of playing hockey at age 

21, which is more than reported in another hockey study of female hockey players averaging 8 

years of hockey experience at age 24 (Gilenstam et al., 2011). When participants self-reported 

their skill level, they ranked most skills as 3-4/5, indicating average or slightly above average 
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level of hockey skill, but not great. The most poorly rated skills included endurance, shooting, 

offensive ability, passing skills and skating speed. If skating speed is non-elite, players might not 

cover as much ice and therefore result in lower dehydration levels. When Bracko (2001) 

compared elite female Canadian and Finnish national ice hockey players to non-elite female ice 

hockey players, the elite players were faster skaters, better at maintaining their speed in repeated 

sprinting drills, and had a higher anaerobic capacity. If the participants were more elite they may 

have better skating skills and speed and thus worked harder and caused greater sweat losses. 

There were two breaks (5 and 10 min) between the periods, which allowed the players to 

cool, resulting in a deceased Tc. This could be another reason why the BML were lower. 

However, the study by Eskedjian (2015) dehydrated participants by 1.86% BM and they had the 

same period breaks as the current study. Playing time could have been extended to get the 

desired BML of 1.5-2% but the study was already longer in playing time than a typical hockey 

game and the results may not have been as realistic.  

Overall, it is most likely that the participants in the current study did not dehydrate 1.5-

2% of their BM because of the intensity they worked at and their less than elite skill and fitness 

level. It is recommended to test elite athletes to confirm if they sweat more in a game and 

practice than the recreational female hockey players and continue the study with this population 

who can dehydrate 2% of their BM.  

Tc MEASURES 

 It was hypothesized that the NF trial would result in significantly higher Tc compared to 

the CES and W trials in the third period, with no differences between CES and W. Tc was 

significantly higher in the third period in the NF trial compared to CES and W whereas no 

significant differences were found in the first and second periods. This is similar to what Ali et 
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al. (2011) found where the Tc was significantly higher in the NF trial in the last bout of a 90 min 

LIST protocol in female soccer players compared to a W trial. When comparing only the NF and 

CES trials, the current study found that there was a main effect of trial for Tc resulting in time 

points in the first and second periods that were significantly different. Interestingly, when 

comparing only the NF and W trials there was no main effect for trial. There was a difference 

however, when comparing only the third period. Because the fluid the subjects needed to 

consume during the scrimmage was not portioned for each period, it is possible that the reason 

for non-significant differences between W and NF until the third period was because they did not 

consume enough fluid in the first and second period. Since there was no estimation of how hard 

the participants were working, it is possible that in the W trial participants were working harder 

than the CES resulting in Tc values closer to the NF trial. To the best of the researchers 

knowledge, there have not been any direct links observed between CHO or salt intake and Tc, 

however there could be an indirect link. Further research is needed to investigate possible 

explanations as to why the W Tc was not significantly different compared to NF but CES was. It 

would be interesting to know if the NF trials were not working as hard as the W or CES trials but 

still saw an increase in Tc.     

In the current study, there were small differences in the starting temperature of the Tc 

between groups but was not significantly different between trials. The raw data was normalized 

by taking an average of the 3 trials starting temperature and using that as a correction factor for 

all the points. Starting temperatures of the normalized data in the current study was 37.49°C 

which is similar to those found in female cyclists (37.3°C ± 0.2°C), female soccer players 

(37.5°C ± 0.5 °C) and male hockey players (37.35°C ± 0.34°C) (Batchelder et a., 2010, Ali et al., 

2011, Logan-Sprenger et al., 2012). Linseman et al., (2014) however, reported a lower starting 
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Tc of ~37.08°C ± 0.07°C.  

The peak Tc was significantly higher in the NF trial (38.80°C ± 0.10°C) compared to 

fluid trials (W, 38.57 °C ± 0.07°C; CES, 38.46°C ± 0.06). These peak values are similar to those 

found in male hockey players, with Tc of 38.86°C ± 0.11 in NF and 38.58°C ± 0.10 in CES 

(Linseman et al., 2014). The difference in peak Tc from NF was 0.34°C and 0.23°C for CES and 

W respectively which was similar to the diff with NF vs. CES (0.28°C) in male ice hockey 

players (Linseman et al., 2014). Although the peak Tc was quite different between the fluid trial 

and the NF trial, the overall mean Tc was 0.13 °C and 0.19 °C different between NF and W and 

NF and CES respectively. Since the participants did not dehydrate to the desired 2%, Tc might 

not have been high enough for long enough to negatively affect on-ice performance. 

Since sweat rates did not differ between NF and fluid trials, the increases in temperature 

have been attributed to decreases in PV, resulting in less blood flow to the skin and heat transfer 

for evaporative cooling. Again, it would be good to know if the work rates differed between 

trials to see if the NF trial works less and still is significantly warmer.  

ON-ICE PERFORMANCE  

 It was hypothesized that the reactionary and decision making on-ice performance tests 

would be significantly reduced in the NF trial in comparison to CES and W, with no differences 

between CES and W. There were no significant differences found in any of the on-ice 

performance tests. One of the main differences between the present study and other male hockey 

studies were the level of dehydration. The current study dehydrated participants 1.2% and the 

two hockey studies dehydrated participants 1.94% and 1.86%. This could have accounted for the 

difference in statistical findings.  
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In the sprinting drill, there was significant effect of sprint trial where sprint 1 was faster 

than sprint 2 and 4, but not different from 3 or 5. In the third split of the sprinting drill, there was 

a significant effect of time where sprint 1 was faster than sprint 2, 3, 4 and 5, and sprint 2 was 

faster than sprint 4. The study by Eskedjian (2015) showed that the second sprint for NF (1.86% 

BML) was significantly slower than W. The increase in sprint time from sprint 1 to 2 was 

significantly greater in NF compared to CES, although it is important to note that the NF was 

almost significantly faster in sprint 1 compared to CES (p=0.06). In a study of female soccer 

players there was no effect of 2% dehydration compared to W intake to limit the dehydration to 

1% BML on sprint performance (Ali et al., 2011). It is possible that 1.2% BML was not a large 

enough deficit to decrease performance in the present study. Since this study was the first to 

investigate the effects of mild dehydration in female hockey players, we have no idea what level 

of dehydration would be needed to show an effect on the on-ice hockey skills that we chose to 

mimic real hockey playing. 

In the weave agility with puck drill, there was a significant effect of time, where the first 

weave was significantly faster than the second with no differences between trials. It was 

expected that the weave times would get slower over time as the subjects get tired. These results 

are similar to what was found in an ice hockey study in that there was no significant differences 

between trials in a slalom zig-zag drill (Linseman et al., 2014) A hockey study with men using 

the same weave protocol showed that the first CES trial was faster when compared to NF 

(1.86%) but only approached significance (p= 0.07) and same with the mean time for the weave 

(p=0.08) (Eskedjian, 2015). An explanation as to why the current study did not see significance, 

while there were trends in the male hockey study is likely due to the skill level and the level of 

dehydration (1.2 vs. 1.86%). The males completed the weave quicker than the females with a 
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mean time for NF, W and CES being 13.06 ± 0.18 s, 13.00 ± 0.24 s, and 12.86 ± 0.13 s for males 

and 14.16 ± 0.18 s, 14.25 ± 0.19 s and 14.03 ± 0.18 s for the females. This drill had no reaction 

or decision making skill component and was mainly based on skill level and gross motor skills, 

which may not be as affected by dehydration as fine motor skills (Macleod & Sunderland, 2012).  

The reactive passing drill required the subjects to react to a light ahead to identify the 

correct target to pass to. Subjects needed to release the pass quickly before they hit a fault line, 

adding extra pressure to make a quick decision and pass. However, no differences were seen in 

the reactive passing between NF, W and CES trials. The number of faults was similar between 

all trials. The completed pass percentage for the forehand was poor, ranging from 13.9-33%. A 

study using the same methods as the current study also reported low success rates for forehand 

passing as well with 8.3%, 25.0% and 16.7% in the NF, W and CES trials respectively 

(Eskedjian, 2015). The backhand passes required the participants to come around the net with the 

puck on the backhand and cross the puck over to their passing side before releasing the puck. 

The NF trial had a higher completed backhand pass percent (41.7%) compared to W (16.7%) and 

CES (22.2%). Eskedjian (2015) found that the completed pass percent for the backhand was 

25.0%, 41.7% and 33.3% for NF, W and CES respectively, which were higher than the forehand 

pass percent however NF had the lowest score (Eskedjian, 2015). It seems that the variability in 

this drill was too great for differences to be seen or that the differences in trials did not result in 

performance decrements. It has been shown that in the last 20 min of a game that there were 

significantly fewer completed passes made in the NF trial compared to the CES trial (Linseman 

et al., 2014). The differences between the Linseman et al (2014) study and the current study may 

be because the targets, although they are the same size as a hockey blade, are stationary, meaning 
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the person has to pass it directly to the blade whereas in a game situation the person receiving the 

pass would often be moving. 

No differences were found in the randomized or rapid fire shooting drills. The 

randomized shooting drill tested the participants’ accuracy along with speed, as the panel lit up 

only for 3 s before it changed. Three seconds is a long time and you would probably never get an 

opening on net for that long at elite levels. When all three trials were compared there were no 

differences in the shooting percent, number of shots taken and misses on net. The shooting 

percent for NF, W and CES was 47.0 ± 3.9 %, 51.2 ± 3.5 % and 42.2 ± 2.2 %. The same test was 

done in male hockey players and found that there was a trend towards the CES trial having a 

greater shooting percentage compared to NF (1.86%) although this was not significant (p=0.07) 

(Eskedjian, 2015). Linseman et al. (2014) also included an on-ice shooting drill, where the net 

was fitted with a cover with 4 corners with openings and a 5-hole and found that when asked to 

shoot the openings in a pre-arranged sequence there was no differences between the NF and CES 

trials. The test in Eskedjian (2015) and the current study included more of a cognitive component 

and made the subjects react to the lights on the board rather than shooting in a rotating pattern. 

However, subjectively, it seemed as they had too much time and pucks were readily available 

and did not require the players to accept a pass and then shoot. This speaks to the difficulty in 

mimicking the real life hockey situation. 

The rapid fire shooting, where subjects needed to hit the board 10 times or have 30 s 

elapse, whichever came first, resulted in no differences in shooting percent, misses on net, shots 

taken or time to complete the 10 shots (or 30 s, which ever came first). This was similar to 

results found by Eskedjian (2015). The skill level of the athletes indicated they felt their shooting 

ability was the weakest indicating a possible reason for no significant difference between trials. 
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Inconsistency in shooting ability (and overall skill level) between trial days could also mask the 

effect dehydration has on-ice hockey performance. It would be good to know the repeatability of 

the tests in this female population to see how consistent they were with their skill level and 

shooting ability.  

 Linseman (2014) observed that the heavier participants did worse in the NF trials than the 

lighter participants. However, in the present study, it did not appear that the heavier participants 

did worse in the NF trials compared to the lighter participants. When looking at the 4 lightest and 

4 heaviest players, their Tc was very similar in the NF trial. In the drills involving speed, such as 

the weave, reaction seemed to be slower than the lighter participants but this was the case even in 

the fluid trials. The sprints looked as though they got slightly faster in the NF trial in the heavier 

players, whereas the lighter players stayed consistent. Overall it does not seem as though the 

heavier players had a harder time with the dehydration than the lighter players. Interestingly, 3/4 

of the heaviest players also had the highest BML of 1.4, 1.52 and 1.86%. There was one other 

female who dehydrated 1.62% and was not in the top 4 heaviest players. Therefore, even looking 

at the 4 players who were >1.5% dehydrated did not seem to trend toward poorer performance. 

With that being said, the skill consistency and fluctuation of the players can impact the results 

and mask the possible performance benefits of fluid intake. In sports, even the smallest 

advantage can make a difference in a game situation and is therefore difficult to detect in 

statistical analysis.   

SUBJECTIVE MEASURES- POST-SCIMMAGE QUESTIONNAIRES 

 It was hypothesized that the NF would have increased RPE compared to both fluid trials 

especially late into the period and that the post-scrimmage questionnaires would reveal higher 

perception of mental and physical fatigue, more confusion and less alertness and vigor. There 
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were no significant differences in the RPE when comparing the first, second or third period. This 

finding is not consistent with other studies in stop and go sports such as soccer and field hockey 

(McGregor et al., 1999, Ali et al., 2011, Carvalho et al., 2011, Macleod & Sunderland, 2012). Ali 

et al. (2011) looked at the effect of dehydration on female soccer players losing ~2% BM 

compared to 1%, which resulted in higher RPE values in the first and last two time blocks in a 90 

min LIST protocol. Similar results were found in males (McGregor et al., 1999). Female field 

hockey players also experienced higher RPE when dehydrated compared to drinking fluid 

(Macleod & Sunderland, 2012). Male ice hockey players scrimmaging for 90 min had 

significantly higher RPE in the NF group in the second half of the third period compared to W. 

The mean RPE in the second period was higher in the NF trial compared to CES. The subjects in 

the study by Eskedjian (2015) dehydrated 1.86% and might have been working harder, as their 

RPE in the third period for NF, W and CES were 15.8 ± 0.4, 15.5 ± 0.5 and 15.4 ± 0.4 

respectively whereas in the current study they were 14.51 ±0.25, 14.53 ± 0.33 and 14.19 ± 0.35. 

Seeing the females work effort may have helped explain the non-significant differences in 

perceived exertion on the ice. They could have been too tired in the third period to keep up the 

higher effort as RPE went down compared to the second period after the 10 min break. Therefore 

the RPE was not significantly different and this could be because the effort of the females was 

not consistent between groups or because they did not reach the level of dehydration when 

compared to the male hockey study (1.2 vs. 1.86%). 

 The post-scrimmage HFQ found that both fluid trials resulted in decreased feelings of 

lightheadedness, being winded, and decreased whole body fatigue compared to NF. Interestingly 

W was significantly different from NF for feeling overheated, feeling of mental sharpness and 

making correct decisions in game. CES was the only fluid trial significantly different in the 
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category of camping, possibly due to the electrolyte content in the CES beverage, which 

provided ~365 mg of sodium. On average the participants lost 571-601 mg of sodium. This is 

lower than elite male Canadian junior hockey players, who lost ~1730 mg of sodium or 4g of 

table salt. Eskedjian (2015) found very similar results where there was no difference between W 

and CES trials and both fluid trials were significantly different than NF in categories pertaining 

to light headedness, winded and whole body fatigue. It was also found that only CES was 

significantly different than NF for cramping. One interesting difference between the results of 

this study and Eskedjian (2015) is that the CES group felt they made significantly better 

decisions in the testing portion of the session, whereas the current study did not find any 

significant differences between trials. The findings in this study are also in agreement with 

Linseman et al. (2014) results, finding that NF had higher ratings of overheating, and arm fatigue 

and trended towards better ratings of leg fatigue, light headedness, winded and whole body 

fatigue compared to CES. These results support that the participants who consume fluid to 

replace their sweat losses feel less fatigued. These questionnaires are subjective and the 

participants are not blinded to the fact that they are not receiving fluid, which could be why there 

are differences seen between fluid and NF trials. The participants felt better and less fatigued 

overall in the fluid trials compared to the NF trials.  

 Participants who were hydrated with W or CES had significantly higher ratings of words 

relating to mental sharpness and vigor and lower ratings of fatigue and confusion in the POMS 

questionnaire vs. NF. This is consistent with other hockey studies as Eskedjian (2015) showed 

the exact same results. The females felt more vigorous as they scored 8.8 ± 0.5, 11.4 ± 0.6 and 

10.8 ± 0.8 for NF, W and CES respectively slightly higher than in the males 7.6 ± 0.9, 9.5 ± 1.1, 

9.7 ± 1.0 for NF, W and CES. Another hockey study found that only words associated with 
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fatigue were significantly different between CES and NF, where the CES felt less fatigued 

(Linseman et al., 2014). Male and female college rowers and lacrosse players who dehydrated 

1.5-2% by intense rowing ergometer (60 min) or skill sport specific practices (75 min) had a 

more negative POMS profile (D’Anci et al., 2009). Dehydration resulted in higher ratings of 

anger, fatigue, depression, tension and confusion and lower ratings of vigor compared to when 

hydrated.    

LIMITATIONS 

 It would have been ideal to do this study in elite female hockey players such as a varsity 

team or a team from the Canadian Women’s Hockey League or even better the women’s national 

hockey team. Not only would these players be more skilled and better trained, but it has been 

shown that male elite players compared to non-elite players sweat more (Ozoliņa et al., 2014). 

The sweat losses were low in the recreational female hockey players and they did not reach BML 

that would affect performance (1.2%). The skill level of the more elite athletes would be more 

consistent and would minimize day to day variability, resulting in more consistent and reliable 

data. This would allow for detection of changes in performance. Doing initial VO2max fitness and 

sprinting testing may also be beneficial before selecting players to participate in the study. A 

study done in female hockey players has shown that a 40 yard off ice dash was the strongest 

predictor of skating speed (Bracko & George, 2001). Being able to track distance and speed 

would have been useful throughout the scrimmage in order to estimate their work intensity. In 

the current study there was no measure of how hard the participants were actually working and 

whether they were working at the same intensity in all three trials. It would be important to 

incorporate this into future studies.   
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 With human studies, it is impossible to control for everything and the participants day to 

day life. Variables such as sleep, physical activity, work schedules, how much recovery time 

they had from their last game, practice or workout, alcohol consumption and food intake the 

previous day are all factors that could have affected the results of this study. Giving standardized 

dinners and breakfast to fuel the participants would have been beneficial. It would have been 

desirable to test all the players in the follicular phase to ensure that this was not affecting 

performance.  

 Pre scrimmage urine specific gravity showed that almost all participants were mildly 

dehydrated before starting the scrimmage. In future studies participants should be hydrated 

before coming into the scrimmage because it has been shown that previous day dehydration can 

cause decreases in performance and could be a confounding variable in the study, making it more 

difficult to see slight differences in performance (MacLeod & Sunderland, 2012).  

Fluid intake was not portioned out for each period. The participant was given their fluid 

bottle(s) before the scrimmage and was asked to finish its contents by the end of the scrimmage. 

Volunteers reminded the participants to consume the beverages throughout the scrimmage and at 

each break, however portioning out the fluid might have resulted in the W trial having a lower Tc 

in the second period and would have allowed for an even intake of fluid throughout the 

scrimmage. The participants knew they were getting either a flavoured W or CES so it would 

have been interesting to have a question in the off ice questionnaires to see if they could tell 

which fluid they had received. Ideally the study would have been a double-blinded study.  

It also would have been good to measure the arena temperature throughout the study to 

see how much it fluctuated. The arena was cold most days and this could have had an impact on 

the sweat rates. If time permitted, it would have been beneficial if the participants could have 
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done repeats of the same trial in order to measure the consistency of the skill testing. This could 

indicate whether the players were good enough skill wise to see a difference in performance. 

Lastly making the skill tests more hockey-like, although hard to do would be good, as there are 

rarely any times in hockey where you are only focusing on one task at a time. Combining a 

passing and shooting drill, for example could be an idea to incorporate into the testing in 

subsequent research studies.   

 The CHO intake was not standardized and was a function of how much fluid a person 

was asked to drink. Therefore CHO intake ranged from 19-90 g with an average of 48 g and 

might not have been enough to have a performance benefit for some participants. The 

recommended amount for maximal performance in elite endurance athletes is 60-90 g/h, 

although there was a benefit at 15 g/h (Smith et al., 2013). However, there are no set 

recommendations for CHO intake requirements of hockey players, but it is speculated that 

smaller amounts (~30 g) would be sufficient for a stop-and-go sport such as hockey.  

FUTURE RESEARCH 

 Further investigation in elite players is needed in order to see if they have higher sweat 

losses and then to determine if the more skilled and higher BML will result in on-ice 

performance decrements. Further research in female ice hockey players is needed to determine 

how much glycogen is used in a typical game to identify whether CES needs to be consumed or 

if a mouth rinse is all that is needed or any CHO is needed.  

 Studies using more complex and real game simulations would be beneficial, as the drills 

in the current study were quite simple and straightforward. In a hockey game you need to think 

about the best decision to make such as who to pass to, who is open to receive a pass, being able 

to see an opening on the net and observe who is around you and how to get through a crowd 
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when you are carrying the puck. The drills used here told you what to do, which direction to go 

and which target to pass to or shoot at. Having multiple drills combined might make it more 

difficult and more game-like.  

CONCLUSION 

 In conclusion, mild dehydration of 1.2% BML during a 90 min 5-on-5 ice hockey 

scrimmage in recreational female ice hockey players, resulted in increased core temperature vs. 

staying hydrated with a fluid. Players also expressed higher ratings of subjective mental and 

physical fatigue in the NF trial, but this level of mild dehydration did not affect on-ice 

performance. Further research is needed in more elite female hockey players who can reach 

dehydration levels of 2% in order to see if a higher level of dehydration can cause decreased on-

ice performance. Collecting more preliminary data and sweat testing on elite females in both 

practices and games is needed to add to this study and further the research in this area.  
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APPENDIX 1: Weekly USG recordings (only tested participants gave a urine sample) 
 
 

	  
USG RECORD 

ID Week 

  3 4 5 6 7 8 9 10 11 Mean SD 
1 1.0203 - - 1.0270 1.0164 - - 1.0248 - 1.0221 0.00 
2 - 1.0057 1.0087 - 1.0027 1.0044 - 1.0083 - 1.0060 0.00 
3 1.0156 - 1.0303 - - - - 1.0334 1.0341 1.0284 0.01 
4 - 1.0160 1.0281 1.0345 - 1.0270 1.0306 1.0248 - 1.0268 0.01 
5 1.0148 1.0263 - 1.0259 - 1.0317 - 1.0292 - 1.0256 0.01 
6 1.0214 1.0027 - - - 1.0203 - 1.0199 1.0199 1.0168 0.01 
7 - 1.0233 1.0203 - - 1.0164 1.0144 - 1.0136 1.0176 0.00 
8 - - 1.0266 - 1.0241 - 1.0226 1.0255 - 1.0247 0.00 
9 - 1.0210 - 1.0218 1.0306 1.0252 - - - 1.0247 0.00 

10 - - 1.0252 1.0237 1.0191 - 1.0164 - - 1.0211 0.00 
11 1.0207 - 1.0061 - 1.0259 - 1.0164 - - 1.0173 0.01 
12 1.0303 - 1.0160 1.0252 - - 1.0255 - - 1.0243 0.01 
13 1.0168 1.0199 1.0195 - - 1.0226 1.0244 - 1.0237 1.0212 0.00 
14 1.0229 1.0207 1.0103 - 1.0199 - 1.0210 - 1.0199 1.0191 0.00 
15 - - - - - - - 1.0281 - 1.0281 0.00 
16 - - 1.0078 1.0152 1.0259 - - 1.0255 - 1.0186 0.01 
17 1.0241 - - 1.0187 1.0248 1.0281 - - - 1.0239 0.00 
18 1.0255 - - 1.0303 - 1.0303 1.0226 - 1.0345 1.0286 0.00 

Mean 1.0212 1.0170 1.0181 1.0247 1.0210 1.0229 1.0215 1.0244 1.0243     

SD 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01     
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APPENDIX 2: Weekly body mass chart 
 

BODY WEIGHT (kg) 
ID Week       
  1 2 3 4 5 6 7 8 9 10 11 Mean SD SEM 

1 66.0 65.4 65.6 66.4 66.3 65.6 66.3 66.7 66.6 66.2 66.2 66.1 0.4 0.13 
2 59.4 59.1 58.1 58.2 58.1 57.9 57.9 57.5 58.2 58.0 57.7 58.2 0.6 0.17 
3 44.3 43.4 42.7 43.8 43.7 44.2 - - - 42.0 41.8 43.2 1.0 0.34 
4 57.8 56.8 57.3 57.7 57.8 58.2 58.2 58.0 58.9 59.1 59.0 58.1 0.7 0.22 
5 66.1 - 66.7 65.8 65.2 65.9 66.7 66.0 66.3 66.2 66.6 66.2 0.5 0.15 
6 64.6 64.5 64.3 64.3 63.7 64.1 - 63.0 - 62.8 62.1 63.7 0.9 0.20 
7 61.1 60.8 62.3 62.0 62.8 62.8 63.8 64.0 63.3 63.5 64.3 62.8 1.1 0.35 
8 66.9 66.7 66.7 - 66.8 68.0 67.5 - 66.2 66.9 66.7 66.9 0.5 0.17 
9 61.9 61.3 62.2 62.3 - 61.9 62.8 62.5 61.9 62.1 65.1 62.4 1.0 0.33 

10 80.2 80.4 79.0 80.8 80.3 79.9 80.7 80.6 80.8 82.0 81.7 80.6 0.8 0.24 
11 65.8 - 66.5 66.6 67.0 66.5 67.1 - 68.6 67.4 66.6 66.9 0.8 0.26 
12 68.6 67.9 67.0 66.6 67.0 65.9 66.6 66.3 68.3 66.4 67.7 67.1 0.9 0.27 
13 76.9 - 76.8 76.6 77.3 76.9 77.7 76.1 75.8 75.6 75.9 76.6 0.7 0.22 
14 - - 81.0 79.6 78.5 77.5 78.7 79.5 79.0 - 79.5 79.2 1.0 0.36 
15 82.3 - 84.3 83.2 83.3 - 84.0 - - 84.0 85.5 83.8 1.0 0.38 
16 53.0 54.2 53.5 53.7 53.4 53.7 53.7 53.4 - 52.8 52.7 53.4 0.5 0.15 
17 68.8 67.3 67.8 68.5 66.6 66.5 66.4 66.5 66.7 66.8 66.1 67.1 0.9 0.27 
18 65.7 63.4 63.3 - 64.6 63.5 65.8 65.8 67.5 65.7 66.7 65.2 1.4 0.46 
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APPENDIX 3: Average sweat sodium concentration 
  

SWEAT SODIUM (mmol/L) 
ID Week     

  1 2 3 Mean SD 
1 84 44 73 67 21 
2 54 44 50 49 5 
3 NA NA NA NA NA 
4 77 80 - 79 2 
5 34 - 43 39 6 
6 99 - 92 96 5 
7 57 57 - 57 0 
8 60 57 - 59 2 
9 61 65 - 63 3 

10 35 32 - 34 2 
11 71 - 83 77 8 
12 63 81 58 67 12 
13 30 - 28 29 1 
14 - 55 55 55 0 
15 31 - 40 36 6 
16 36 37 - 37 1 
17 64 69 - 67 4 
18 79 79 - 79 0 

Mean 58 58 58 58   
SD 21 17 21 19   

 


