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ABSTRACT 

  

SEVEN DAY DIETARY INTAKES OF FEMALE VARSITY ICE HOCKEY PLAYERS 

 

 

Student:      Advisor: 

Tyler F. Vermeulen     Lawrence L. Spriet 

 

 

 This study examined the energy (E) and nutritional intakes of female varsity hockey 

players during 7 days of dietary recording, and also examined the data based on games, practices, 

and rest days, and finally by position and line combination. E intakes (2354 ± 74 kcal/day) met 

estimated daily energy expenditures (TDEE, 2304 ± 43 kcal/day). Significantly more E was 

consumed on games vs. rest days. Fat and protein intakes were also significantly higher on game 

over rest days. Micronutrient intakes were highest on practice days, which did not follow E 

intake trends, but no significance was found. No trends were seen between E, macro, 

micronutrients in line combinations. Fluid consumption was significantly different between all 

days with game days having the highest intakes. In conclusion, female hockey players met their 

estimated daily energy requirements and had highest E and macronutrient intakes on game days. 

 

 



iii 

 

DEDICATION 

To my parents. For the countless hours you both dedicated in getting me here to this point 

today. I am eternally grateful.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 

 

ACKNOWLEDGEMENTS  

To my family and friends. For bestowing upon me their patience, understanding, and 

courage so that I may fulfill my dreams. For this, I am, and will always be, eternally grateful.  

To Lawrence. For constantly challenging me and never letting me settle for anything less 

than my personal best. You have helped shape me into the man that I am today. I will always be 

grateful for the dedication, time, and opportunities that you have provided me.   

To my current and past lab mates including Alexander (Alex) Gamble, Devin McCarthy, 

Sebastian Jannas, Jessica Bigg, Kate Wickham, Jamie Whitfield, and all other friends throughout 

the HHNS department that have supported, and even challenged, my own personal views and 

beliefs. My personal growth would not have been possible without your advice, thoughts and 

guidance.  

Lastly, a thank you to my participants and coaching staff of the women’s varsity ice 

hockey team. Without each of you this study would not be possible. All participants dedicated a 

surreal amount of time in helping me collect my data. I hope that I can use this experience to 

provide valuable information to others and future researchers. 

 

 

 

 

 

 

 

 



v 

 

TABLE OF CONTENTS 

LIST OF ABBREVIATIONS         vii 

LIST OF FIGURES          ix 

LIST OF TABLES          x 

CHAPTER 1: REVIEW OF THE LITERATURE     1 

 The Game of Ice Hockey 

 The Physiological and Energy Demands of Ice Hockey 

 Energy Demands for Performance in Stop-and-Go Sports 

 Macronutrient Requirements for Athletes 

 Additional Nutritional Concerns for Athletes 

 Assessing Dietary Intakes for Varsity Athletes 

 Conclusion/Rationale for Study 

CHAPTER 2: AIMS OF THESIS        23 

 Problem 

 Purpose 

 Aims 

 Hypotheses 

CHAPTER 3: METHODS         26 

 Participants 

 Questionnaire 

 Study Design 

 Daily Experimental Protocol during Testing Week & Off-Days 

 ESHA & EXCEL Software 

 Data Analyses 

 Energy Expenditure Equations 

 Statistical Analyses 

CHAPTER 4: RESULTS         36 

 Characteristics of Female Hockey Players 

 Energy and Macronutrient Intakes 

 General Micronutrient Intakes 

 Dietary Habits 



vi 

 

 Nutritional Intakes Separated by Position 

 Dietary Intake by Individual Line Pairing on Game Days 

CHAPTER 5: DISCUSSION        50 

Overview 

Energy Intake vs. Estimated Energy Requirements 

 Energy Intakes by Age Group 

 Macronutrient Intake 

 Selected Micronutrient Intake 

 Fluid & Hydration 

 Limitations 

 Future Research Conclusion 

REFERENCES          64 

APPENDIX 1: Estimated Energy Equations and Line Combination Dietary Results 71 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 

 

LIST OF ABBREVIATIONS 

AI  Adequate intake 

ATP  Adenosine triphosphate 

BM  Body mass 

BMR  Basal metabolic rate 

CES  Carbohydrate-electrolyte solution 

CHO  Carbohydrate 

DW  Dry weight 

E  Energy 

EEE  Exercise energy expenditure 

FCPQ  Food consumption patterns questionnaire 

g  Grams 

kcal  Kilocalorie 

kg  Kilograms 

kmh  Kilometers per hour 

L  Litre 

hr  Hour 

ht  Height 

IU  International unit 

mTOR  Mammalian target of rapamycin 

μg  microgram 

mL  Millilitre  

mmol  Millimolar 

min  Minutes 

mol   Moles 

MPS  Muscle protein synthesis  

n  Number of participants 

PCr  Phosphocreatine 

VO2max Maximal oxygen consumption 

s  Seconds 

RDA  Recommended Dietary Allowance 



viii 

 

TDEE  Total Daily Energy Expenditure 

TEF  Thermic effect of food 

UL  Upper Limit 

wt  Weight 

WW  Wet weight 

yr  Years 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 

 

LIST OF FIGURES 

Figure 1. Starfrit Electronic Kitchen Scale. 

Figure 2. Food Pictures Provided in Laminated Handout to Participants. 

Figure 3. Food Ordered, When Dining Out. 

Figure 4. Remaining Food after Eating, When Dining Out.  

Figure 5. Top View of Food, When Dining Out.  

Figure 6. Labeled 1-L Gatorade Bottles Used during Pre-Game/Intermissions and Periods 1-3. 

Figure 7. Food Table Set-up at Home and Away Games. 

Figure 8. Average Macronutrient Distribution for Gryphon Teams.  

Figure 9. Correlation between Actual Energy Intakes and Total Daily Energy Expenditure.  

Figure 10. Total Daily Energy Requirements Compared to the Actual Energy Intake for Gryphon 

Team.  

Figure 11. Comparison of Relative Energy, Carbohydrate, Fat, and Protein Intakes against Age 

of Participants.  

Figure 12. Averaged Energy Intake and Averaged Energy Intake per Kilogram by Position.  

Figure 13. Comparison of Ice Times Determined By Playing Position.  

Figure 14. Average Energy Intake Separated by Line, Defense, and Goaltender Combinations.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



x 

 

LIST OF TABLES 

Table 1. Anthropometric Characteristics of Female Gryphon Varsity Hockey Players. 

Table 2. Reported Energy and Macronutrient Intakes of Female Ice Hockey Players.  

Table 3. Energy and Macronutrient Intakes for Games, Practices, and Rest Days for Team.  

Table 4. Reported Micronutrient Intakes of Female Hockey Team. 

Table 5. Selected Micronutrient Intakes for Games, Practices, and Rest Days for Team.  

Table 6. Anthropometric Characteristics of Players Separated by Position.  

Table 7. Number of Game, Practice, and Rest Days Separated by Position. 

Table 8. Reported Energy and Macronutrient Intakes of the Forward Position. 

Table 9. Energy and Macronutrient Intake for Games, Practices, and Rest Days for Forwards. 

Table 10. Reported Micronutrient Intakes of the Forward Position.  

Table 11. Selected Micronutrient for Games, Practices, and Rest Days for Forwards.  

Table 12. Reported Energy and Macronutrient Intakes of the Defense Position.  

Table 13. Energy and Macronutrient Intakes for Games, Practices, and Rest Days for Defense.  

Table 14. Reported Micronutrient Intakes of the Defense Position. 

Table 15. Selected Micronutrient Intakes for Games, Practices, and Rest Days for Defense.  

Table 16. Different Methods of Estimating Total Daily Energy Requirements Compared to 

Actual Energy Intake of Female Ice Hockey Players.  

Table 17. Dietary Food Record Studies of Field and Ice Hockey Completed by Different 

Authors.   

Table 18. Comparison of Number of Participants, Energy, and Macronutrients from Field and Ice 

Hockey Studies Completed by Different Authors.   

 

 

 

 

 

 

 



 

- 1 - 

 

CHAPTER 1: REVIEW OF THE LITERATURE 

The sport of ice hockey has been enjoyed by Canadians for well over a hundred years. As 

a nation, Canadians have a rich history of success playing the game as we are regarded as a 

perennial power amongst hockey-playing nations. This sport has always been popular amongst 

Canadian males but has seen substantial increases in popularity within the female population 

during the past few decades. It is primarily played during the winter months but training and 

conditioning have become a year-round routine that takes place both on and off the ice. The 

training and conditioning needed to compete at a varsity level requires high physiological 

demands that are powered by adequate food intakes.  

The aim of this review of literature is to describe the game of ice hockey and the high 

energy (E) needs that need to be met to optimize performance. The dietary requirements of 

varsity female players, such as E, macronutrient, select micronutrient, and hydration needs 

involved in a stop-and-go intermittent sport like hockey will be introduced. Exploration of 

dietary assessments, with focus on 7 day dietary records, will also be reviewed.  

THE GAME OF ICE HOCKEY 

Hockey is a fast-paced game involving two teams competing on an ice surface, with the 

winner being determined by the team that scores more goals than the other. There are normally 

12 players on the ice at any given time, with 6 forwards, 4 defenceman, and 2 goalies. This 

means that 3 forwards, 2 defenceman, and 1 goalie per team play at any given time. From the 

junior/varsity levels, or higher, a team typically consists of 4 lines of forwards, 3 pairings of 

defenceman, and 2 goalies for a total of 20 players dressed per game. 

During an elite-level game, a typical hockey shift lasts ~30-45 seconds (sec). Varsity 

forwards play 18-22 minutes (min)/game while varsity defense can accumulate 25-30 min/game. 
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Defense generally don’t play at the same pace as their forward counterparts, but are on the ice for 

greater amounts of time. Goaltenders remain in net for the full duration of the game, unless being 

replaced for inadequate play, or to be replaced by a player in attempting to tie the other team in 

score near the end of the game.  

A hockey game takes 60 min to play and is broken down into 3 periods of 20 min. If the 

game is tied at the end of regulation, then additional time is required. During the regular season 

this additional time is played in a 3-on-3 format for 5 min, followed by a shootout if no one 

scored during the overtime period. In the playoffs, however, it becomes unlimited overtime 

periods of 20 min until one team scores.  

During the game a hockey player skates at speeds that may reach 45-60 kilometers per 

hour (kmh) while shooting the puck at the opposition’s goal at ~160 kmh (Ryan, 2005). The 

speed and explosiveness required for the stop-and-go nature of the game is developed by on- and 

off-ice training. The goal of off-ice training is to develop muscular strength and endurance, 

explosiveness, and general aerobic fitness. Varsity level players must possess exceptional skating 

skill, superior strength and endurance, the ability to produce explosive movements along with 

quick turns, and combat opposing player’s checking attacks (Ryan, 2005).  

THE PHYSIOLOGICAL AND ENERGY DEMANDS OF ICE HOCKEY 

The high physiological demands of ice hockey require the contribution of both anaerobic 

and aerobic E systems (with one being more predominant at a time but not the sole contributor) 

at supra-maximal levels where the conditioning of the athlete is vital to their on-ice success 

(Bracko et al., 1998).  The aerobic and anaerobic E systems are used to produce the E currency 

adenosine triphosphate (ATP) that is required by the skeletal muscles for production of 

movement (Ryan, 2005). Anaerobic E is produced from the phosphocreatine (PCr) and anaerobic 
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glycolytic systems and both are relied upon heavily for ice hockey. Glycogen, a substrate used 

for anaerobic and aerobic E production, is the main fuel used during play and produces hydrogen 

ion and lactate byproducts when used anaerobically, though amounts of production may vary 

depending on playing intensities (Green et al., 1977). Previous research examined 8 male 

participants, who engaged in either repeated bouts (10) of high intensity work (120% VO2max) or 

continuous skating at lower intensities (~55% VO2max), and measured ATP, PCr, and lactate 

contents via muscle biopsies (Green 1977). This study found that a reduction in PCr content (4.1 

mmol/kg wet weight, WW) and increase in lactate (0.85 mmol/kg WW) at 60 min of continuous 

skating occurred.  However, during higher intensity intermittent skating, there was a reduction in 

ATP (0.47 mmol/kg WW) and PCr content (8.7 mmol/kg WW) and a drastic increase in lactate 

(21.7 mmol/kg WW) production following the 5th bout of skating (Green, 1977). Hence, the 

author determined that changing skating intensities from low to more rigorous bouts used greater 

amounts of E and produced greater amounts of lactate within contracting muscles. Interestingly, 

the storage capacity of ATP and PCr within muscle is neither improved nor affected by training 

and contains enough PCr to last ~10 sec in an all-out sprint effort while anaerobic glycolysis can 

last ~ 2 minutes during activity (Parolin et al., 1999). The small amount of ATP present in 

skeletal muscle (~ 5 mmol/kg WW) is not sufficient to provide a continuous supply of E, 

especially at high exercise intensities (Rodriguez et al., 2009). PCr acts as an ATP reserve and is 

~3-4 times more prevalent in skeletal muscle than ATP (Rodriguez et al., 2009). With increases 

in ATP content and PCr stores within muscle being unattainable, the anaerobic glycolytic 

capacity can be improved by 20% (Spriet & Howlett, 1999). Anaerobic glycolysis supports 

events lasting 0-180 sec and uses ~25-35% of total muscle glycogen stores during an all-out 30 

sec sprint (e.g. Wingate test) (Rodriguez et al., 2009). While muscle glycogen stores can be 
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improved by training improvements in E production can also be achieved by increases in muscle 

mass.  

Energy provision in ice hockey is considered primarily anaerobic (~80%) in nature, 

however, an aerobic component is needed to skate around as it turns on as soon as you move. A 

secondary purpose of the aerobic system is to aid in the recovery of a player’s efforts while 

skating or resting on the ice in stoppages of play. Additional recovery occurs when the player is 

resting on the bench by regenerating PCr and beginning the removal of lactate, the byproduct of 

intense glycolytic activity. Though the regeneration of PCr takes ~90 sec the complete removal 

of lactate can take up to 1 hour (hr) (Spriet & Howlett, 1999). Top players tend to acquire more 

playing time and spend less time on the bench for recovery, making the aerobic system even 

more important for the recovery process (Ryan, 2005).  

Previous research determined the E expenditure of hockey by testing 13 male 

Czechoslovakian national team players (height, 179 cm; body mass (BM), 81.8 kg; %body fat, 

13.1%). Using heart rate, pulmonary ventilation, and oxygen uptake values researchers were able 

to estimate that the E expenditure of ice hockey was ~0.48 kilocalorie (kcal)/min of playing 

time/kg (Seliger et al., 1972). Therefore, the E expenditure for an 82 kg skater playing 20 

min/game would equate to ~790 kcal during play. Since the playing time of a game is 60 min 

this equals ~13 kcal/min. Ryan (2005) found that an 82 kg player practicing at a high intensity 

for 50 min would expend ~600 kcal during play which equates to ~12 kcal/min.  

To estimate the total daily energy expenditure (TDEE), one needs to estimate the player’s 

basal metabolic rate (BMR), the thermic effect of food (TEF), and the exercise energy 

expenditure (EEE). The total E required for basal activities of a hypothetical 82 kg male player 

engaged in high physical activity would be ~ 2050 kcal (where resting oxygen uptake is 
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multiplied by BM, and then further multiplied by activity per day), the TEF would be 10% of E 

intake or ~300 kcal, and the EEE would be 800 kcal, giving a TDEE of 3150 kcal/day. A similar 

calculation for a 67 kg female skater, playing for ~ 20 min/game would be ~ 1700 kcal for basal 

activities, ~250 kcal for TEF, and 600 kcal for exercise to give a TDEE of 2550 kcal/day.  

ENERGY DEMANDS FOR PERFORMANCE IN STOP-AND-GO SPORTS 

 The terms intermittent and stop-and-go sports are interchangeable, as both encompass 

explosive movements of short duration interspersed with periods of intermittent rest or 

movement of lower intensities. This classification of sport directly applies to many team-based 

sports, such as soccer, basketball, rugby, volleyball, and field hockey. Generally there are no 

nutritional recommendations designed for intermittent sports. Therefore, hockey players 

currently depend on nutritionists or dietitians constructing individual nutritional plans based on 

the player’s needs. The designing of these nutritional strategies has proven to be cumbersome as 

researchers have determined that no two games an athlete plays are alike. Sport scientists 

encounter issues when basing nutritional knowledge on performance efforts that have no way of 

being standardized or uniform (Hopkins et al., 1999). Due to these changes in effort, the 

optimization of performance becomes difficult to consistently quantify since the exertion 

protocols do not always resemble competitive play. This leads researchers to rely on experience 

and rudimentary trial-and-error when matching E expenditure and intakes.   

If an athlete is looking to maintain their BM then their nutritional goals and E intake 

should match E expenditure. Cumulative E deficits needed to lose 1 pound of weight requires 

3500 kcal (Wishnofsky, 1958; Hall, 2008). To lose 1 kg, this aforementioned cumulative E 

deficit would require a total reduction of 7700 kcal (Hall, 2008). There are numerous ways to 

estimate E expenditure for athletes with one way being the TDEE mentioned previously.  



 

- 6 - 

 

Another method is to calculate the player’s E expenditure by multiplying their BMR by a 

1.5-1.7 activity factor to determine their absolute E intake/day. This Harris-Benedict equation 

can be used to determine daily E requirements by multiplying by an activity factor ranging from 

sedentary to very heavy exercise/week to determine the rough estimation of E needed by that 

individual/day (Appendix 1).  

Based on previous findings, weighted averages of varsity athletic populations 

demonstrated that estimated E intakes for males were 2447-3660 kcal/day and for females 2064-

2141 kcal/day (Hinton et al., 2004; Holway and Spriet 2011). When researching the female 

athletic population, additional findings suggest that highly active females required 10-17 MJ/day 

which equated to 2389-4060 kcal/day (Short & Short, 1983; van Erp-Baart et al., 1989). 

However, several other studies have found that female athletes do not obtain adequate E intakes 

which could possibility result in impaired performance. A study investigating the E requirements 

of female soccer players found that they consumed on average 2306 kcal/day, which covered 

only 85% of their recommended daily E needs (2701 ± 214 kcal/day) (Santos et al., 2016). This 

study had 21 participants (n = 21) that were 20.8 ± 4.5 yr, had BM of 56.9 kg, %body fat of 

14.6%, and played for a professional soccer team. In conclusion, though E matching did not 

occur there were no reported differences in BM pre and post dietary recording. However, a 

previous study suggested that athletes under-report E intakes by as much as 32% (Edwards et al., 

1993). Other findings from Clark and colleagues (2003) found that pre-season E intakes of 

collegiate female soccer players met the lower E intake recommendation of 37 kcal/kg BM, 

which may be below the E needs for this group of intermittent female athletes. With a lack of 

intermittent relative E recommendations currently existing the generation of E recommendations 

are based off of endurance activity and heavy resistance training.  



 

- 7 - 

 

Therefore, different disciplines of intermittent sport cause a considerable degree of 

variation amongst athletes needing to personalize their nutrition plan to match their needs of 

energy, specific training, and training performance (Thomas et al., 2016). These differences are 

observed for dietary planning of pre-season, in-season, and post-season since E requirements for 

each differ between the training seasons. Finally, the E intakes of the current training season may 

require additional adjustments to meet the E demands needed to perform and train.  

MACRONUTRIENT REQUIREMENTS FOR ATHLETES 

Athletes need proper nutritional intake to fuel their performance. This intake is derived 

from a combination of CHO, fats, and proteins, all of which contribute E to muscle. In regard to 

high intensity intermittent sports, such as ice hockey, CHO is the most prominent fuel used 

because of its use as both an anaerobic and aerobic substrate (Burke et al., 2006). However, 

concerns arise when converting E and macronutrient recommendations into actual portion sizes 

that the athlete uses and understands.  

CHO RECOMMENDATIONS 

The human diet contains many types of CHO. The elemental building blocks making up 

CHO are monosaccharides that consist of glucose, fructose, and galactose units. These subunits 

can be used to create small (e.g. single) or very long (e.g. complex) CHO structures. Athletes 

should choose nutrient-rich CHO sources to promote and meet their nutritional needs (Thomas et 

al., 2016). One such need is the replenishment of glycogen, a complex structure that is the 

storage form of CHO in human tissue, that is heavily relied upon during high power outputs – 

whether aerobic or anaerobic (Green, 1977). CHO availability is needed for intermittent sport 

because it is the preferred fuel substrate due to its yield of a greater amount of ATP per volume 

of oxygen that can be delivered to the mitochondria, thus improving overall exercise efficiency 
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during aerobic conditions, while also generating the much needed ATP for use during anaerobic 

activities like sprinting (Cole et al., 2014; Spriet, 2014). The E generating efficiency of ATP 

produced during aerobic respiration results in ~38 moles (mol) of ATP/mol monosaccharide, but 

only 3 mol ATP/mol monosaccharide are produced during a sprint (Cheetham et al., 1985). 

Athletic CHO recommendations can range between 6-12 g CHO/kg BM/day depending 

on the type of activity performed, though more moderate recommendations of 5-7 g/kg BM/day 

may be favoured by intermittent athletes while training (~1 hr/day), especially during the 

competitive season (Burke et al., 2001; Thomas et al., 2016). The timing of CHO intake 

throughout the day is often manipulated to promote high CHO availability during periods of 

intense training or play. Research by Burke (2014) stated that an individual’s CHO intake should 

reflect the training phase that they are currently in. These recommendations were further 

subdivided for high-intensity intermittent athletes suggesting consumptions of 1-4 g CHO/kg 

BM/day ~1-4 hr before exercise (if the exercise were to last ≥ 1 hr), along with 30-60 g CHO/kg 

BM/hr during play, and 1-1.2 g CHO/kg BM/hr after exercise to aid in glycogen repletion (Baker 

et al., 2014; Thomas et al., 2016). However, the current issue is that no hockey-specific 

recommendations exist for CHO intake for our group of athletes.  

While hockey lacks specific CHO intake recommendations, there have been several 

studies showing the importance of CHO intake on maintaining performance. During one study, 

players who ingested CHO, in the form of a carbohydrate-electrolyte solution (CES), were able 

to increase mean skating speed and time at high efforts between 30-50 min in a 70 min 

scrimmage (Linseman et al., 2014). These players also committed fewer puck turnovers and 

completed a higher percentage of their passes in the last 20 min of play when compared to the 

control group (no fluid). Ultimately, the authors were able to determine that ingesting CES 
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(containing 6% CHO/volume) improved performance and thermoregulation while attenuating 

fatigue (Linseman et al., 2014). Older research found similar findings that ingesting exogenous 

CHO during play improved performance and decreased fatigue during ice hockey (Simard et al., 

1988; Davies et al., 1997). Therefore, though specific recommendations regarding relative CHO 

intakes do not currently exist there is sufficient evidence showing the need for CHO 

consumption during play.  

Players also rely on endogenous CHO stores to fuel their on-ice performance and off-ice 

training. The replenishment of muscle and liver glycogen is needed by athletes to aid in recovery 

and prepare them for their next training bout. Therefore, recommendations of 1.2 g CHO/kg 

BM/hr post-exercise is suggested to help replenish liver and muscle glycogen stores (Burke et al. 

2006, Baker et al. 2014). Glycogen resynthesis becomes a biphasic event when muscle glycogen 

is depleted to ~25% of pre-exercising resting levels (Beelen et al., 2014; Burke et al., 2016). 

Other research has found that recovery becomes more rapid and efficient when muscle glycogen 

stores are reduced to levels approximating 30-40% of initial capacity (Casey et al., 2012). Once 

glycogen depletion had occurred, this primary phase requires ingestion of exogenous CHO at 

amounts of ~1 g/kg BM during the early post-exercise period (0-4 hr) to stimulate the resynthesis 

response (Burke et al., 2016). During the secondary phase (4-24 hr post-exercise), CHO 

ingestion should match the anticipated fuel needs of the training/competition, with type, form, 

and pattern of intake being of lesser importance than total intake (Burke et al., 2016). Normal 

meals should be resumed at this point.  

In a well-trained athlete, the resting muscle glycogen stores are ~500-700 mmol/kg dry 

weight (DW) (~125-200 mmol/kg WW), whereas levels of 360-480 mmol/kg DW would be seen 

in an untrained individual (Beelen et al., 2010; Burke et al., 2016). After the depletion of muscle 
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glycogen through intensive training, restoration is accomplished through the intake of exogenous 

CHO along with the enzymatic activity of glycogen synthase. Typically glycogen resynthesis 

rates when large amounts of exogenous CHO are available are 5-10 mmol/kg WW/hr (Burke, 

2016). The time required to replenish these stores becomes the most important factor when 

determining the time needed to recover, which usually takes ~24 hr when ingesting sufficient 

exogenous CHO (Kaastra et al., 2006; Casey et al., 2012). However, when exogenous CHO is 

limited or absent, some repletion in muscle occurs after exhaustive exercise through increased 

hepatic gluconeogenesis (Maehlum & Hermansen, 1978; Burke et al., 2016).  

The contracting muscles also use glucose in the blood (from the liver) to fuel E needs 

(Burke et al., 2016). However, if an athlete is unable to obtain exogenous CHO during training 

then hepatic glycogenolysis occurs to preserve euglycemia during exercise which leads to a 

further depletion of liver glycogen concentrations (Decombaz et al., 2011). As exercise 

progresses, the liver releases glucose into the bloodstream to maintain the blood glucose 

concentration. The liver is capable of storing ~100-120 g of glycogen, and though this storage 

site is smaller than the muscle storage, liver has a greater density of glycogen concentration 

(Burke et al., 2016). Over the span of 24 hr, liver glycogen can be depleted from ~230 to 25-55 

mmol/kg WW (Nilsson & Hultman, 1973). These authors also found that 0.30 mmol/kg 

WW/min were lost during a 4 hr overnight starvation (Nilsson & Hultman, 1973). Therefore, 

when exogenous CHO is not consumed periodically, the liver glycogen stores are used and 

depleted in a relatively short amount of time, even in the absence of physical exertion. In the 

event that post-exercise exogenous CHO is absent, glycogen synthesis still occurs at rates of ~1-

2 mmol/kg WW/hr via gluconeogenesis especially after the stimulus of high-intensity exercise 

(Maehlum & Hermansen, 1978; Burke et al. 2016). However, if CHO feeding ad libitum was 
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administered directly after exercise then repletion rates in liver glycogen occur in the range of 

~3.5-7.0 g/hr (Gonzalez et al., 2017). Previous research has determined the importance of CHO 

ingestion post-exercise and how it replenishes muscle and liver glycogen stores more quickly 

than withholding CHO.  

PROTEIN NEEDS 

The role of protein in a nutritional context is for the maintenance, repair, and synthesis of 

skeletal muscle proteins (Tipton et al., 2007). Proteins can also be used for E production but are 

typically not a significant E source (<5%) in a well fed athlete, as they are more heavily involved 

during the recovery from exercise and day-to-day turnover of protein based molecules in the 

muscles and body.  

General protein recommendations range from 1.2-2.0 g/kg BM/day depending on sport 

and activity level (Phillips and van Loon, 2016; Thomas et al., 2016). These amounts may be 

required to support metabolic adaptation, repair, remodeling, and protein turnover (Thomas et 

al., 2016). Findings from strength-trained athletes list protein intakes at 1.2-1.7 g/kg BM/day 

while recommendations for endurance-type athletes list intakes at 1.2-1.4 g/kg BM/day 

(Rodriguez et al., 2009). Therefore, it is likely that hockey athletes require protein intakes that 

are similar to strength and endurance-type activities. Meeting protein needs using customary 

North American diets does not present any issue since many foods consumed contain high-

quality protein sources (Grandjean, 1997). It can also be implied that relative protein intakes 

(g/kg) will be easily met if sufficient absolute protein amounts (g) are consumed (Holway & 

Spriet, 2011).  

Higher intakes may become necessary for short periods of time when reducing E intake 

or completing an intensified training routine (Mettler et al., 2010; Phillips and van Loon, 2016). 
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Previous research suggested that protein intakes of ~2.3 g/kg BM/day were superior to ~ 1.0 g/kg 

BM/day for the maintenance of lean muscle in young healthy athletes (Mettler et al., 2010). 

Ingestion of high-quality protein stimulates muscle protein synthesis (MPS), or muscle 

anabolism, while inhibiting muscle protein breakdown (MPB). This is typically accomplished 

with a 20-25 g dose of protein, or an equivalent of ~ 9 g of essential amino acids, that is ingested 

within 30 min post-play (Beelen et al., 2010; Baker et al. 2014). Excellent food sources of 

protein include whole milk, lean meat, eggs, and dietary sports supplements that provide the 

isolated whey, casein, and soy proteins. Proteins attained from dairy sources are considered 

superior due to their elevated leucine content and fast digestion and absorptive kinetics 

(Pennings et al., 2011). This high leucine content stimulates the mammalian target of rapamycin 

(mTOR) pathway where MPS ensues following various modes of exercise. Athletic protein 

recommendations should aim to optimize recovery and adaptations to training while still 

focusing on strategies to improve or maintain an overall healthy diet.  

FAT REQUIREMENTS 

Another major source of E affecting performance comes from the breakdown and 

utilization of fat. The body stores large amounts of fat, as either adipose tissue triglycerides or 

intramuscular triglycerides, for prolonged activity at lower intensities. Intramuscular triglyceride 

concentrations were found to approximate 15.6 ± 0.8 mmol/kg DW when studying 7 endurance-

trained males (age, 25 ± 3 yr; BM, 77 ± 4 kg; VO2max, 61.7 ± 1.7 mL/kg/min) with cycling 

experience (Watt et al., 2006). This E reserve is large as even lean adults contain > 80,000 kcal 

of potential E stored as triglycerides, which would enable an individual to complete > 25 

marathons races with this being the only substrate used (Horowitz, 2003). When comparing the E 

storage capacities of adipose tissue to that of muscle and liver glycogen, it was found that 
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adipose tissue contains > 40 times more E storage than found in skeletal muscle and liver 

glycogen stores (Horowitz, 2003). To put this into perspective, CHO has an E efficiency output 

of ~38 ATP/mol of monosaccharide while fat contains a staggering 139 mol of ATP/mol of fat 

(Widmaier et al., 2011). However, fat is not relied upon as the preferred fuel substrate at high-

intensities because it yields less ATP per liter oxygen consumed and it is not a fuel for anaerobic 

energy production. It will be used as a fuel during recovery periods. 

Since hockey contains an aerobic aspect there is some need and requirement for fat 

intake, especially healthier choices such as mono and polyunsaturated fats. There are no specific 

recommendation for fat consumption but general suggestions for fatty acids include 10% 

saturated, 10% polyunsaturated, and 10% monounsaturated to include essential fatty acids 

sources. (Rodriguez et al., 2009). Obtaining adequate fat intake in a typical North American diet 

does not present any challenges.  

BRIEF SUMMARY OF MACRONUTRIENT NEEDS POST-EXERCISE  

Recovery right after exercise with the aforementioned amounts of CHO and protein (and 

a little fat) will provide the foundation for a well-balanced snack, which when taken in larger 

quantities up to 2-3 hr later, can become a meal. Therefore, aims of 1.2 g CHO/kg BM/hr should 

be consumed shortly after exercise to initiate the glycogen synthesis response (Beelen et al. 

2010). However, to initiate both muscle glycogen resynthesis and MPS intakes of ~0.8 g 

CHO/kg BM/hr along with 0.2-0.4 g protein/kg BM/hr are needed (Berardi et al. 2006; Beelen et 

al., 2010).  

ADDITIONAL NUTRITIONAL CONCERNS FOR ATHLETES 

Another important area of nutrition is the optimization of athletic performance and 

improving of overall health via micronutrient intakes. When physical activity is increased and 
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requires greater amounts of E production above that of being sedentary, it is expected that 

micronutrient requirements also be proportionately increased above those recommended for the 

inactive state (Zello, 2006). Athletes who frequently restrict E intake, engage in weight-loss 

programs, eliminate one or more foods or group from their diet, or just consume a poorly 

selected diet may experience micronutrient deficiencies and require supplementation. 

Micronutrients that contribute to performance and are found to have sub-adequate intakes 

amongst athletes include calcium, vitamin D, and iron (Thomas et al., 2016). However, data has 

shown that sodium is consumed at levels double the recommended dietary allowance (RDA) and 

adequate intakes (AI). We must remember that athletes that sweat a lot will need to consume 

more sodium as high sodium losses can occur via sweating.  

Calcium is especially important in the maintenance, repair, and growth of healthy bone 

tissue as well as conducting normal nerve conduction and muscle contraction (Thomas et al., 

2016). Therefore, with exercise heavily relying upon the use of the skeletal and muscular 

systems, female athletes need to meet recommendations to ensure optimal athletic performance. 

Low calcium intakes are associated with restricted E intakes, disordered eating, and avoidance of 

dairy products due to gastrointestinal intolerance. Intakes of 1000 mg/day are recommended 

when E needs are met by the female athlete. The absorption of calcium is enhanced with vitamin 

D intake.  

Vitamin D, which acts synergistically with calcium, plays an important role in the 

maintenance of bone health by regulating calcium and phosphorous absorption and metabolism 

(Thomas et al., 2016). There is growing interest in the role of vitamin D in enhancing athletic 

performance by mediating skeletal muscle metabolic function and improving muscular strength 

(Zello, 2006; Sinha et al., 2013). Additional studies have investigated the relationship between 



 

- 15 - 

 

vitamin D status and injury prevention, as well as decreasing stress fractures (Ruohola et al., 

2006). Vitamin D deficiency is common amongst the athletic population and determining 

specific requirements for optimal health and performance is a complex process (Thomas et al., 

2016). Recommendations of 80 nmol/L and up to 125 nmol/L are used to optimize athletic-

training adaptation, albeit the current recommendation provided on a per day basis is 15 μg/day 

(Cannell et al., 2009). Revised Endocrine Society Guidelines report intakes of 37.5-50 μg 

vitamin D/day to optimize bone health for 19-50 yr (Holick et al., 2011; Mountjoy et al., 2014). 

Therefore, there is still much need for evidence-based research on the recommended intake 

regarding athletes, though it appears that they may require greater amounts than the average 

population. If bone or joint injury, stress fractures, muscle pain and weakness, and signs of 

overtraining occur, then the athlete may need an assessment to create an individualized vitamin 

D supplementation protocol (Thomas et al., 2016). Though sufficient amounts of vitamin D are 

obtained from sun exposure during summer months, winter poses additional problems as the 

climate is considerably cooler in temperature in the Northern regions and sun exposure is 

limited. Individuals with darker complexions also require higher intakes as they possess poor 

cutaneous synthesis (Zello, 2006). 

Another micronutrient of concern for the female athletic population is iron (Coates et al., 

2016). Female athletes with inadequate dietary intakes can develop iron deficiencies, with or 

without anemia, which can impair the functioning of the muscle and lead to suboptimal 

performance. This deficiency usually results from a lack of heme sources along with subpar E 

intake (where ~6 mg of iron is consumed per ~1000 kcal) (Beard and Tobin, 2000). Many 

aspects of training can affect iron status but the dominant factor when dealing with the female 

athlete is menstrual blood losses (Zello, 2006). For menstruating women, the estimated average 
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requirements (EAR) was calculated from losses (basal and menstrual) and then multiplied by the 

efficiency of absorption (Zello, 2006). Basal and menstrual losses are approximated at 0.0896 

mg and 0.51 mg while iron absorption was estimated at 18% efficiency (Zello, 2006). Therefore, 

recommendations for women of childbearing age require 18 mg/day, though 11 mg for women 

that use oral contraceptives suffices (Zello, 2006). Other iron losses can occur via excretion in 

the urine, feces, sweat, and intravascular hemolysis (Thomas et al., 2016). Therefore, iron 

requirements for female athletes may be increased up to 70% of the estimated average 

requirement (DellaValle, 2013).  

Athletes at greatest risk for iron deficiency are vegetarians and regular blood donors. Iron 

deficiency with anemia can require 3 to 6 months to reverse when oral iron supplementation is 

administered, and therefore, would be better controlled if a nutritional strategy were introduced 

prior to this occurrence (Lukaski, 2004). Nutritional strategies that athletes use include both 

heme and non-heme sources in conjunction with vitamin C to improve absorption. However, 

athletes are advised to not engage in unmonitored supplementation practices and should be 

properly educated beforehand.  

 The last micronutrient to be discussed is sodium. Sodium is an essential electrolyte that 

helps control body fluid status and blood pressure and regulates the function of muscle and 

nerves. It is commonly found in many foods and consumption is vastly greater than the set upper 

limit (UL) of 2300 mg/day, especially in North American diets (ACSM & ADA, 2000).  

With blood and sweat concentrations of sodium being ~135-145 mmol/L and 30-110 

mmol/L), the current recommendations advise athletes to ingest ~20-40 mmol sodium/L during 

exercise to offset sodium losses (Convertino et al., 1996; Hew-Butler et al., 2006). Hew-Butler 

(2006) investigated the sodium needs of long distance runners and marathoners and found that 
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athletes completing 12 hrs of exercise did not need additional sodium supplementation, above 

that of daily intakes. The Institute of Medicine recommended 1500 mg/day to meet athletic needs 

in covering sweat losses which would increase their daily intake of sodium to 3800 mg/day.   

HYDRATION 

All athletes need to maintain adequate hydration levels by drinking regularly before, 

during, and after competition (Ryan, 2005). Hydration can be determined from a BM scale and 

urine specific gravity (USG) refractometer (Holway and Spriet 2011). Euhydration is achieved 

when USG values are ≤ 1.020. Athletes, whether male or female, should strive to drink enough 

fluid to balance their fluid losses, otherwise the end result may be mild dehydration and 

decreases in performance. Varsity hockey players often lose more than 2% BM (Palmer and 

Spriet, 2008, Palmer et al., 2010, Logan-Sprenger et al., 2011) and Linseman et al (2014) have 

shown that this can decrease on-ice performance. Previous findings reported increases in heart 

rate, core temperature (Tc), and perceived exertion with as little as 1% decrease in BM during 

cycling (Logan-Sprenger et al., 2012, 2013). Research indicates that a loss of 1 kg BM represents 

~1 litre (L) of sweat loss (Thomas et al., 2016).  

To maintain good hydration practices the current general recommendations outlined are: 

400-660 millilitre (mL) of fluid in the two hours before exercise, 200-300 mL of fluid or a sports 

drink 10-20 min before exercise, 150-350 mL at 15-20 min intervals during exercise, depending 

on tolerance, and 450-675 mL of fluid during recovery for every pound (0.5 kg) of BM lost 

during exercise (ACSM & ADA, 2000; Walsh et al., 2000; Rodriguez et al., 2009). These 

recommendations are applicable to both sexes with no apparent differentiation in amounts. A 

meta-analysis completed by Thomas (2016) suggested frequent consumption of relative intakes 

of 5-10 mL/kg BM (~2-4 mL/pound) in the 2-4 hr prior to exercise. During and post-exercise 
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fluid plans include 0.4-0.8 L/hr during exercise and absolute volumes of 125-150% greater than 

the fluid deficit once cessation of exercise occurs (ex. 1.25-1.5 L fluid for every 1 kg BM lost) 

(Convertino et al., 1996; Thomas et al., 2016). 

The minimum amount of fluid required for sedentary females aged 14-18 and 19-30 yr. 

are 2.3 (2300 mL)/day and 2.7 L (2700 mL)/day. Additional fluid may be required to achieve a 

euhydrated state prior to exercise and recommendation of 400-600 mL of fluid in the 2-3 hr 

before exercise would be in addition to drinking 2300-2700 mL/day. 

 A review investigating the fluid replacement habits of athletes found that CES consumed 

before and during exercise helps in the sparing of muscle glycogen (Walsh et al., 2000). With 

ingestion rates of 1 g CHO/min in the intestine, CES CHO concentrations are formulated 

between 6-8% CHO/solution for maximal absorption so that fluid is not emptied from the 

stomach or prematurely absorbed from the intestines due to osmotic effects (Walsh et al., 2000). 

Depending on the specific fluid needs of an athlete, establishment of an individualized 

rehydration strategy can be beneficial to minimize BM loss. Individualized recommendations are 

calculated based on sweat rates, sport dynamics, and individual tolerances (Walsh et al., 2000). 

These custom hydration strategies determine the specific amount of fluid replacement needed to 

replace sweat and urine losses. When these strategies are utilized, athletes are able to avoid 

losses of 2% BM which has been shown to impair performance in intermittent sport (Maxwell et 

al., 1999).  

Maintenance of hydration status in athletes with high sweat rates can prove difficult, 

especially if there is limited opportunity for fluid access. Hockey does not typically have this 

restriction, as players are able to consume fluid ad libitum upon returning to the bench for breaks 

in play during games and most contemporary coaches allows breaks in play during practices 
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also. Fluid ingested while playing is usually cool (~4 °C) as most individuals prefer this 

temperature over that of warm beverages.  

ASSESSING DIETARY INTAKES FOR VARSITY ATHLETES 

 Nutritional information needs to be properly recorded before being assessed and utilized. 

Data involving E, CHO, fat, protein, fluid and micronutrient intakes can prove useful when 

comparing to the general population, or in the case of athletes, to sport nutrition 

recommendations. The accurate E, macro, and micronutrient intakes of hockey players has not 

been thoroughly investigated thus far, and will require well-executed research to develop a 

nutritional database for this population. These food assessments have increased in popularity for 

the athletic population during recent decades because athletes now want to know how their 

performance is affected by the foods they eat. Different methods of dietary recording are used 

including food frequency questionnaires, dietary history, 24 hr recall, 3-7 day recall, and 3-7 day 

record methods (Block, 1982), as well as newer variations such as phone apps and food pictures.  

Food frequency questionnaires (FFQ) are limited checklists of food and beverages 

reported by the subject over a specified period of time and are regarded as qualitative 

assessments. Epidemiologists use FFQs to minimize the highly intra-individual, day-to-day 

variabilities that exist without relying upon multiple day assessments (e.g. 7 day records) (Kristal 

et al., 1992). The dietary history method was developed in the 1940s by Burke and Stuart, who 

suggested that the long-term history or pattern of usual intakes was of the upmost importance 

(Block, 1982). These assessments are semi-quantitative and use trained nutritionists to interview 

participants of what they ate several days back in attempts of developing habitual intake patterns 

(Block, 1982; Hinton et al., 2004). A single day of dietary recording can be accomplished with a 

24 hr recall. These 24 hr recalls require less time than other protocols and are often considered 
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favourable because of their reliance on memory of recent intakes. However, though quantities 

may be precise, there is high variability between day-to-day testing that would not encompass a 

normal diet (Block, 1982).  

Dietary assessments that last 1 week are often thought of as highly reliable, valid, and 

accurate as these techniques record intakes over a 7 day period. Two prominent assessment tools 

used are 7 day dietary recalls and 7 day dietary records. The 7 day dietary recall method attempts 

to achieve greater representativeness of food intakes by verbally recalling consumption over the 

span of a week. The downfall of this method becomes the ability to remember food and beverage 

intakes beyond two and three days from previous consumption (Block, 1982). Therefore, the 7 

day dietary record is often utilized as it is regarded as highly reliable and valid as it uses actual 

intakes, by either weighing, measuring, or estimating portion sizes (Block, 1982). The use of 7 

days of recording is deemed more accurate and representative of intakes than a single day alone. 

This assessment tool requires daily meetings with an investigator to review a detailed food 

journal completed by the participant where they recorded all weights of foods and fluids 

ingested. The issue with 7 day dietary records is that it demands a high level of compliance on 

the participant’s behalf and compliance sometimes suffers as a result of this. Since pros and cons 

exist for each assessment, a dietary recording method needs to be applicable to both the athletes 

and the researcher. Performance coaches and athletes are now dedicating more of their time and 

attention to the food intakes and timing of food intakes that an athlete practices, in hopes of 

devising a nutritional strategy to improve optimal performance.  

THE IMPORTANCE OF FOOD RECORDS FOR ATHLETES 

This review of literature will highlight the 7 day dietary record since it is commonly used 

by the athletic population. Previous research in Australian male triathletes, marathon runners, 
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Australian Rules football players, and Olympic weightlifters found that E, macro, and 

micronutrient intakes could be assessed using 7 day food records (Burke et al., 1991). The data 

collected was used to compare between groups as well as recommendations in literature for 

athlete nutrition (Burke et al., 1991).  

Implementation of 7 day dietary records had been completed by Martin et al. (2006), 

where sixteen female soccer players used self-reporting records. Several areas of recording were 

required by the participants, such as all food and beverages consumed, any training that would 

occur throughout the duration of the week, and matches or other physical activities that 

coincided within their testing week. The participants were provided detailed information on how 

to measure average portion size ranges for common foods (eg. pasta, rice, cereals) and a guide of 

universal household measures (eg. teaspoon, tablespoon, cup) to improve the recording of food 

intake (Martin et al., 2006). Habitual eating patterns were followed during their testing week, 

which was confirmed by a set of questions at the end of the food record. Additional recording 

space was provided for the inclusion of not commonly consumed foods such as dietary 

supplements and/or sports nutrition supplements.  

To date, there is very little information regarding the nutritional needs and dietary intakes 

of varsity female ice hockey players. To the best of our knowledge, research of 3 and 4 day 

dietary intakes of female field hockey players are the only studies currently relating to our 

population (Tilgner & Schiller, 1989; van Erp-Baart et al., 1989; Nutter, 1991).  

CONCLUSION/RATIONALE FOR STUDY 

 To date there is evidence showing that nutritional strategies based on sport nutrition 

recommendations help intermittent athletes to meet the high E demands before, during, and after 

practicing, playing, or training. However, there appears to be a significant gap in sport nutrition 
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recommendations for ice hockey players and the E, macro, micronutrient, and fluid requirements 

that they need to perform optimally. This study was developed with the goal of collecting and 

analyzing 7 day dietary intakes of female varsity players to determine habitual dietary habits of 

this population group. A hockey player’s primary focus is meeting their E requirements by 

matching E intakes with E expenditure. The macronutrients focused on are CHO and protein due 

to their reliance as fuel before, during, and after play (CHO), and in the need to properly recover 

for the next training bout (protein). More hockey players are now seeking the help of sports 

dietitians and nutritionists in the development of personalized nutritional and hydration plans. 
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CHAPTER 2: AIMS OF THE THESIS 

PROBLEM 

 Hockey is characterized as a high-intensity intermittent sport that is both physically and 

mentally challenging. The game is fast paced and requires the players to skate, shoot, pass, 

deliver and receive or evade body contact by opposing players (though not in the women’s 

game), and move from defence to offence and vice versa in fractions of a second. Year-round 

training has become essential in preparing players for these on-ice activities. Additional focus on 

sound nutritional strategies to help players provide better choices when fuelling and replenishing 

their bodies is occurring.  

Currently, evidence-based research pertaining to energy requirements and dietary intakes 

of hockey players is lacking. It is assumed that energy intake, and specifically carbohydrate 

intake, would be increased for varsity level players to meet energy demands. Further 

investigation is required to determine optimal performance based nutritional intakes for this 

population.  

PURPOSE 

The primary purpose of this study was to measure dietary intakes during game, practice, 

and rest days of elite-level female varsity ice hockey players during a typical week of the 

competitive season to further evidence-based research. The secondary purpose was to provide 

each player with individualized feedback reporting E, macronutrient, and selected micronutrient 

intakes that comprised their typical 7 day diets. 
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AIMS 

The aims of this study were: 

i) To determine the total E and macronutrient intakes of female varsity hockey players 

during a 7 day period in the regular season which included practice, game and rest 

days, and then compare to female athletes of other intermittent sports. 

ii) To compare total E intake with estimated energy requirements of varsity female 

hockey players to determine if players were meeting their energy needs.  

iii) To compare the differences found between the dietary intakes on game, practice, and 

rest days by position and as line/unit combinations.  

iv) To determine specific aspects of dietary intake, including fluid, calcium, vitamin D, 

iron, and sodium as a team average, and separated by position and by line 

combination.  

v) To determine individual sodium intakes and compare against the recommendations 

for this micronutrient.  

HYPOTHESES 

Based on previous research in other stop-and-go sports the following was hypothesized: 

i) Players would have increased total E intake with greater emphasis on carbohydrate 

intakes, compared with other elite athletes involved in different intermittent sports, as 

a result of improved dietary recording. 

ii) Players would have total E intakes below their estimated E requirements, as found in 

other intermittent sports.   

iii) Players would have the highest E and macronutrient intakes on game days over that 

of practices and rest days. 
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iv) Players would have adequate intake of calcium, vitamin D, and iron based on 

increased total E intakes, with all positions and line combinations being comparable.   

v) Players would have sodium intakes above the UL based on increased total E intakes.  
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CHAPTER 3: METHODS 

This study collected 7 day dietary records over a 4 week period from all members of a 

female varsity hockey team during the months of October and November, 2016.  

PARTICIPANTS 

Twenty-five varsity female ice hockey players from the University of Guelph Gryphons 

women’s hockey team were recruited for this study. Two participants did not participate in the 

data collection due to injury. Mean (± SEM) age, height, and body mass for participants (n = 23) 

were 19.0 ± 0.2 years, 1.67 ± 1.3 m, and 67.0 ± 1.7 kg. All participants were informed of the 

study protocol and 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 (REB#16JL010). 

QUESTIONNAIRE 

Prior to the start of the study a Food Consumption Patterns Questionnaire (FCPQ) was 

administered to each participant. This questionnaire evaluated the eating habits of the 

participants and included questions pertaining to the frequency of small and large meal 

consumption, frequency of snacks consumed, geographic proximity to the closest grocery store, 

number of roommates from the hockey team the participant currently lived with, their abilities to 

cook for themselves, favourite food group, and influences on eating patterns. The FCPQs were 

used to gain as much information as possible to facilitate the collection of the dietary records. 

The information was also used to create groupings of 5-7 participants based on living locations 

and proximity to other teammates.   
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STUDY DESIGN   

 One group of 5-7 participants were tested each week. Participants recorded their dietary 

intake for 7 consecutive days. This process continued through testing weeks 2-4. Each week 

contained an introductory meeting with the investigator to review all materials and purposes of 

the study, in addition to daily meetings to improve compliance and accuracy of the dietary 

records. These meetings aided in the development of rapport with all participants, which 

provided the investigator additional opportunities to promote honest recording practices. After 

completion of each testing week all materials were collected by the lead investigator.  

WEEKLY DIETARY PROTOCOL 

All participants met with the lead investigator prior to their week of testing to review 

their involvement in the study and ensure complete understanding of the tasks they needed to 

complete within the week. All pre-testing meetings took place at the Gryphon Centre Arena on 

the University of Guelph campus.  

A testing week encapsulated games, practices, and rest days. The average number of days 

for games, practices, and rest days were 1.8 ± 0.2, 2.8 ± 0.1, and 2.4 ± 0.1, respectively. For 

inclusion in the positional analysis a minimum of 2 games needed to be played during the testing 

week, with ~1 home and ~1 away game per week of testing (1.2 ± 0.3 home and 0.8 ± 0.2 away 

games based on all members included for analysis).  

Groups of 5-7 participants were organized based on living location and proximity to other 

teammates. It was preferred that players who lived either together, or lived in a similar area, be 

involved in the study during the same week to ensure a greater degree of compliance. Groups 

included a mix of forwards, defence, and goalies to avoid focus on only one position during the 

week of testing. Anthropometric measures (age, height, and BM) were also recorded prior to the 
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testing week. Age was reported verbally and height was measured using a wall-mounted 

measuring scale. BM was recorded on a digital weigh scale accurate to ± 0.1 kg (Zenith, LG 

Electronics Canada, Mississauga, ON). Energy expenditure was estimated using age, height, and 

BM in the ESHA nutritional software (ESHA Processor Nutrition Analysis Software, Salem, 

US). 

Each participant was provided a food weigh scale (Starfrit electronic kitchen scale, 

Longueuil, QC) accurate to ± 0.1 kg (Figure 1) and a binder that contained a 7 day dietary record 

with charts and food pictures (Figure 2). A small plastic water bottle with side measurements 

was also administered to each participant. The food scale was for home use during the week. 

Binders were to be carried by participants for the entire duration of the week. When dining out, it 

was not expected to use weigh scales, however, pictures of their ordered food (both before and 

after eating, top, and side views) were required (Figures 3, 4, 5). The pictures were sent to the 

investigator via email regardless of how much was consumed. The pictures of top and side views 

were used to determine the composition of food (Figure 5) and approximate amount plated. 

Participants were asked to write down all components of the meal consumed in as much detail as 

possible.  

This study was designed to encompass the daily and realistic diets of female hockey 

players, not what a perceived diet for this population should be, so honesty was of the utmost 

importance.  
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Figure 1. Starfrit Electronic Kitchen Scale. 

 

Figure 2. Food Pictures Provided in Laminated Handout to Participants.  

 

Figure 3. Food Ordered, When Dining Out. 
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Figure 4. Remaining Food after Eating, When Dining Out. 

 

Figure 5. Top View of Food, When Dining Out. 

DAILY EXPERIMENTAL PROTOCOL DURING TESTING WEEK & OFF-DAYS 

Daily meetings with participants were used to review dietary intake and to improve 

reporting accuracy of all food and drink consumed from the previous day until the current 

meeting. Food type, amount, and method of preparation were thoroughly reviewed for accurate 

depiction of the food intake, while gentle questioning was used to obtain greater detail of food 

preparation. Daily meetings were planned 24 hr apart, but this was not always practical, given 

the participants’ schedules. Therefore, daily meeting times varied based on the participants’ 

schedule and availability. Most meetings were planned around practices and games. The majority 
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of meetings took place at the Gryphon Centre Arena (Tim Horton’s coffee shop) either 

individually or in small groups of 2-3 participants.  

The first (introductory) meeting took ~30 min and involved all participants being tested 

that week. The study was reviewed as was how to record all food and drink items properly. The 

investigator physically demonstrated how to properly use the weigh scale, binder contents, and 

quick reference materials. Meetings 2 through 8 occurred daily and lasted ~10 min/participant.  

GAME-DAY TESTING 

Participants recorded all food and drink items prior to their arrival to the arena, whether 

being a home or away game. Mandatory arrival to the arena occurred at a minimum of 2 hr 

before the start of each home game. Road games had a mandatory departure time that was 

designated by the head coach and her staff.  

Once at the arena, a brief meeting was held between the participants and the investigator 

to review content consumed from the previous day up to the most recent food intake. Each 

participant was provided with 5 pre-filled water bottles that were used prior to (2 bottles for 

before the game and during intermission) and during games (1 bottle for each period). The pre-

game/intermission and period water bottles were labeled with blue and yellow tape, with all 

bottles including the last name of each participant written in capitals on two sides (Figure 7).  
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Figure 6. Labeled 1-L Gatorade Bottles Used during Pre-Game/Intermissions and Periods 1-3.  

All food (e.g. Clif bars) and other drink (e.g. coffee) consumed before, during, and 

immediately following the game was recorded by the investigator. A food table was prepared ~1 

hr prior to each game and was planned and organized by the team’s nutritional manager. The 

players were accustomed to this food table as it had been implemented several years prior to this 

study. All food and fluid weights were recorded on a weigh scale brought by the investigator. 

All players, whether tested or not, were able to select foods from the table before, during 

intermissions, or after the game. Food composition consisted of fresh fruit, peanuts, pretzels, 

granola, granola bars, and sport supplement bars (Figure 8). All foods (except granola bars and 

supplement bars) were placed in a single serve Dixie cup. The team manager kept cup amounts 

consistent. Food cups were weighed prior to intake.    

Pre-game/intermission bottles were returned to the investigator after the game for a final 

weighing. Food cups were still available during this time.  

 

Figure 7. Food Table Set-up at Home and Away Games. 

PRACTICE-DAY TESTING 

 Each player was provided a labeled (blue taped) 1-L Gatorade bottle containing water 

during every practice. These water bottles were filled at the University of Guelph arena. 
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Volumes of all bottles were recorded before practice. All bottles were collected and re-weighed 

to determine volume consumption after practice.  

ESHA & EXCEL SOFTWARE 

Individual 7 day dietary records were entered into ESHA Food Processor (ESHA 

Processor Nutrition Analysis Software, Salem, US). The lead investigator was trained on the 

ESHA Food Processor software and inputted and analyzed all of the dietary records 

independently. E, macronutrient, calcium, vitamin D, iron, and sodium intakes were averaged 

over 7 days and expressed in their common unit of measurement. All data was further processed 

in Microsoft EXCEL. In EXCEL, % energy was derived from each macronutrient by multiplying 

the grams (absolute amount) of each substrate by the appropriate E density corresponding to that 

macronutrient, dividing by the total E intake, and multiplying by 100 to acquire a percentage. 

Relative amounts were determined by dividing the absolute amount of E, macro-, or 

micronutrient by the individual’s BM in kg.  

DATA ANALYSES 

Complete data records were obtained from 23 players. Participants were then separated 

by position played, being forwards (13), defense (7), and goaltenders (3). Final analysis 

separated all participants by either line combination (line 1-4) or defense pairing (defense 1-3), 

with one goalie (the starter) being assessed. There were 19 participants used for the final analysis 

(12 forwards, 6 defense, and 1 goalie).  

Averages of the entire week (7 days) along with game, practice, and rest days were used 

for this study. The absolute amounts of E, macronutrients, calcium, vitamin D, iron, and sodium 

were divided by 7 days or the corresponding number of game, practice, or rest days and shown in 

their proper unit of measurement. When separated by position played the following was 



 

- 34 - 

 

determined: The 13 forwards had 1.8 ± 0.2 games, 2.9 ± 0.1 practices, and 2.3 ± 0.2 rest days; 

the 7 defense had 1.7 ± 0.3 games, 2.9 ± 0.1 practices, and 2.4 ± 0.2 rest days; and the starting 

goaltender had 2.0 games, 2.0 practices, and 3.0 rest days during their averaged week of testing.  

The participants were organized to match the line combination/defense pairings that they 

played in during games. It was assumed that lines and defense pairings were consistent as each 

game had similar line-ups reported.  

ENERGY EXPENDITURE EQUATIONS 

 Several different E equations were used to determine estimated E expenditures. These 

values were used to compare to E intake in determining how well players were meeting their E 

needs. The TDEE calculates BMR by multiplying resting oxygen intake (3.5 mL O2/min) by an 

individual’s BM (kg). This product was then multiplied by min in an hour (min/hr) along with 

hours at rest during a day (hr/day). Afterwards, this total product was divided by 1000 (to 

convert mL to litres) and was then multiplied by 4.85 kcal/L O2 (which is a respiratory exchange 

ratio factor). The TEF was calculated by multiplying the total E intake of an individual by 10%. 

Lastly, the EEE was calculated by multiplying 0.0175 kcals (a constant) by a metabolic 

equivalent (MET) and also by an individual’s BM (kg). All components (BMR, TEF, and EEE) 

were then added together to obtain the TDEE (Appendix 1). 

 BMR was calculated using the Harris-Benedict equation. Therefore, BMR equalled 655.1 

plus 9.563 multiplied by BM (kg) plus 1.850 multiplied by height (cm) minus 4.676 multiplied 

by age (yr) (Appendix 1). Afterwards, this value was multiplied by a physical activity factor of 

1.725 (heavy exercise, engaged in 6-7 training session/week).  

 The E expenditure equation formulated by ESHA was based on the program’s definition 

of moderately active individuals, which encompassed rigorous training 6-7 times week.  
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STATISTICAL ANALYSES 

 All statistical analyses were completed using GraphPad Prism 6 (GraphPad Software, 

Inc., 2015). A two-tailed paired t-test was used to compare Energy intake and the Total Daily 

Energy Expenditure (TDEE) (p<0.05). Linear regression were performed between age and E and 

macronutrient intake. As a team, all E, macronutrients (CHO, fat, and protein), and fluid intakes 

were analyzed on games vs practice vs rest days as a group first, and then by position using a 

one-way ANOVA. Data from line combinations were not statistically analyzed so observations 

were used because of small sample sizes. Only actual intakes and trends were reported once 

separated by line combination. Repeated measures one-way ANOVAs were used for 

micronutrient (calcium, vitamin D, iron, and sodium) analysis amongst position for games vs 

practices vs. rest day as a team first, and then by position. When significance was determined 

(p<0.05), a Tukey’s multiple comparison post hoc test was used to determine significance 

between groups. 
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CHAPTER 4: RESULTS 

CHARACTERISTICS OF FEMALE HOCKEY PLAYERS 

 Anthropometric characteristics of age, height and weight of each individual participant 

were recorded at the beginning of each testing week and are provided in Table 1 as an average of 

the entire 23-player team.  

TABLE 1. Anthropometric Characteristics of Female Gryphon Varsity Hockey Players. 

Characteristics Average Range 

Age (yr) 19.0 ± 0.2 18.0-21.0 

Height (cm) 167.1 ± 1.3 155.0-180.0 

Body mass (kg) 67.0 ± 1.7 47.7-84.5 

Means ± SEM, n = 23. 

 

The women’s hockey team played 8 games during the study. Two games, either home or 

away, were played/week over the course of four weeks. There were a total of 5 home games and 

3 away games played.  

ENERGY AND MACRONUTRIENT INTAKES 

The proportion of each macronutrient consumed, or the acceptable macronutrient 

distribution range (AMDR), were 52% from CHO, 32% from fat, and 16% from protein (Figure 

8, Table 2). CHO intake was higher than both fat and protein.  
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% P R O  (1 6 % )

 

FIGURE 8. Average Macronutrient Distribution for Gryphon Team. N = 23. 

 

Table 2 outlines the mean E intakes and macronutrients as absolute, relative, and % daily 

amounts. The 7 day averaged absolute and relative energy intake of all 23 participants was 2354 

± 74 kcal/day and 35.4 ± 1.1 kcal/kg BM/day. The Harris-Benedict, estimated TDEE, and the 

ESHA’s moderately active E expenditure calculations were 2602 ± 29, 2304 ± 43, and 2546 ± 31 

kcal/day and 39.2 ± 0.6, 34.5 ± 0.3, 38.3 ± 0.6 kcal/kg BM/day. A positive correlation existed 

between actual E intake and TDEE (Figure 9) and players met their E requirements (Figure 10). 

When using the TDEE calculations, only 4/23 players (17%) had E intakes 10% or lower than 

the recommendations. 
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TABLE 2. Energy and Macronutrient Intakes of Ice Female Hockey Players. 

Dietary Measure Mean Range 

Energy (kcal) 2354 ± 74 1533-3029 

             (kcal/kg) 35.4 ± 1.1 26.5-46.7 

Carbohydrate (% energy) 52 ± 1 36-65 

                       (g) 305 ± 15 178-476 

                       (g/kg) 4.6 ± 0.2 2.5-7.6 

Fat (% energy) 32 ± 1 21-42 

      (g) 82 ± 4 49-117 

      (g/kg) 1.2 ± 0.1 0.7-1.7 

Protein (% energy) 16 ± 1 10-21 

             (g) 91 ± 4 56-148 

           (g/kg) 1.4 ± 0.1 1.0-1.8 

Fluid (mL) 2162 ± 158 1158-3453 

          (mL/kg) 32.1 ± 2.1 17.6-52.0 

Means ± SEM, n = 23. Based on averaged 7 day dietary intakes.  
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FIGURE 9. Correlation between Energy Intakes and Total Daily Energy Expenditure. Means ± 

SEM, n = 23. *, significant relationship was found (r = 0.569, p<0.0046).  
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FIGURE 10. Total Daily Energy Expenditure (TDEE) Compared to the Energy (E) Intake for 

Gryphon Team. Means ± SEM, n = 23.  

 

The relative amounts of CHO and protein intakes were 4.6 ± 0.2 g/kg BM/day and 1.4 ± 

0.1 g/kg BM/day. As a team, relative CHO intakes were below recommendations of 5-7 g/kg 

BM/day while protein intakes met recommendations of 1.2-2.0 g/kg BM/day. Fat has no relative 

intake suggested for the athletic population but general intakes are recommended at 20-35% 

(~32% fat intake on average/day) of total E intake. Absolute fluid intakes were below 

recommendations (14-18 yr, 2300 mL/day; 19-30 yr, 2700 mL/day) as 5/10 (50%) of the 14-18 

yr and 11/13 (~85%) of the 19-30 yr failed to meet recommended intakes throughout each day of 

testing.  

There were significant differences in E, fat, and protein intakes between game and rest 

days (Table 3) and in fluid intake among game, rest and practice days. Greater E (from fat and 

protein) on game days was attributed to higher consumption of eggs, cooking oils, nuts, and sport 

supplement protein bars. Furthermore, there were no significant differences between %CHO, 

%fat, or %protein when compared between games vs. practices vs. rest days.  
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TABLE 3. Energy and Macronutrient Intakes for Games, Practices, and Rest Days for Team. 

Dietary Measure Games Practices Rest 

Energy (kcal) 2616 ± 106* 2317 ± 91 2146 ± 92 

             (kcal/kg) 39.3 ± 1.6* 34.9 ± 1.5 32.2 ± 1.3 

Carbohydrate (% energy) 48 ± 2 52 ± 2 55 ± 2 

                       (g) 319 ± 19 301 ± 16 297 ± 17 

                       (g/kg) 4.8 ± 0.3 4.5 ± 0.3 4.5 ± 0.2 

Fat (% energy) 30 ± 1 33 ± 1.5 31 ± 2 

      (g) 87 ± 5* 85 ± 4.6 73 ± 5 

      (g/kg) 1.3 ± 0.1* 1.3 ± 0.1 1.1 ± 0.1 

Protein (% energy) 15 ± 1 16 ± 1 15 ± 1 

             (g) 97 ± 6* 93 ± 4 82 ± 5 

             (g/kg) 1.5 ± 0.1* 1.4 ± 0.1 1.2 ± 0.1 

Fluid (mL) 2739 ± 194** 2071 ± 171 1721 ± 162 

          (mL/kg) 40.5 ± 2.3** 30.7 ± 2.3 25.7 ± 2.3 

Means ± SEM, n = 23. *, significantly different from rest days. **, significantly different from 

other two conditions.  

 

 

 Further analyses of total E and macronutrient intake data was done by age group (Figure 

11). There was a significant and negative correlation between relative energy intake (kcal/kg 

BM/day) and age, and relative CHO intake (g/kg BM/day) and age. Findings indicated that the 

younger members on the team were better at meeting E and CHO needs than older players. Fat 

and protein intakes were unaffected by age. 
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FIGURE 11. Comparisons of Relative Energy, Carbohydrate, Fat, and Protein Intakes against 

Age of Participants. Mean ± SEM, n = 23. *, statistical significance found between energy/kg 

BM/day (r = 0.4336, p = 0.0388) and CHO/kg BM/day (r = 0.4512, p = 0.0307) vs. age. 

 

GENERAL MICRONUTRIENT INTAKES 

 

Selected micronutrients were analyzed and compared to Canadian recommendations set 

forth by the Dietitians of Canada (DC). Calcium intakes met recommendations of 1000 mg/day 

for athletes involved in heavy training almost daily (Table 4). On average, Vitamin D intakes 

were below recommendations of 15 μg/day (Zello, 2006). Iron and sodium both surpassed their 

recommended intakes (Table 4). Daily iron recommendations are 15 mg/day for ages 14-18 and 

18 mg/day for ages 19-30. Sodium intake was 1.4 times above the upper limit (UL) of 2300 

mg/day. 

 

 

 



 

- 42 - 

 

TABLE 4. Reported Micronutrient Intakes of Female Hockey Team.  

Dietary Measure Average Range 

Calcium (mg) 1041 ± 64 512-2042 

               (mg/kg) 15.5 ± 0.8 7.5-26.3 

Vitamin D (μg) 6 ± 2 1-40 

                  (μg/kg) 0.1 ± 0.0 0.0-0.5 

Iron (mg) 19 ± 3 7-71 

        (mg/kg) 0.3 ± 0.0 0.1-0.9 

Sodium (mg) 3265 ± 139 2283-5151 

              (mg/kg) 49.3 ± 2.3 32-76 

Means ± SEM, n = 23. Based on averaged 7 day dietary values. Data includes iron (n = 4) and 

daily vitamin (n = 1) supplements used by players. 

  

TABLE 5. Selected Micronutrients Intakes for Games, Practices, and Rest Days for Team. 

Dietary Measure Games Practices Rest 

Calcium (mg) 1018 ± 85 1103 ± 75 974 ± 78 

               (mg/kg) 15.1 ± 1.1 16.5 ± 1.0 14.5 ± 1.1 

Vitamin D (μg) 6 ± 2 6 ± 2 6 ± 2 

                  (μg/kg) 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 

Iron (mg) 18 ± 3 18 ± 2 19 ± 3 

        (mg/kg) 0.3 ± 0.0 0.3 ± 0.0 0.3 ± 0.0 

Sodium (mg) 3230 ± 207 3338 ± 178 3190 ± 165 

              (mg/kg) 48.9 ± 3.4 50.6 ± 3.0 47.8 ± 2.4 

Means ± SEM, n = 23. Iron (n = 4) and multivitamin (n = 1) supplementation by participants 

included. 

 

DIETARY HABITS 

 Four of 23 (17%) players used a dietary supplement during their testing week. Iron (as 

ferrous fumarate) was the most common supplement used. One iron supplement user also took a 

one-a-day multivitamin while another participant used only a vitamin C supplement.  

The mean frequency of dining out at restaurants, eateries, or snack bars was 8.5 ± 1.0 

times/week/participant, or 1.2 ± 0.2/day averaged over 7 days. The 3rd group (n = 6) tested had 

the greatest frequency of dining out at 1.90 times/day/individual. This group consisted of 

freshman participants that lived in residence on the Guelph University campus. Frequent dining 

areas visited were sub and pizza shops, coffee shops (eg. Tim Horton’s, Starbucks), sit down 
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diners (eg. East Side Mario’s, Angel’s Diner), and restaurant-style eateries either close to or on 

the premises at the University of Guelph (eg. Creelman’s, Bullring).  

NUTRITIONAL INTAKES SEPARATED BY POSITION 

 Table 6 highlights positional age (yr), height (cm), and BM (kg) data. Heights were 

uniform for all positions. Interestingly, defense were lighter in BM than forwards by ~5 kg. 

TABLE 6. Anthropometric Characteristics of Players Separated By Position. 
 

FORWARDS DEFENSE GOALTENDER 

CHARACTERISTICS MEAN RANGE MEAN RANGE MEAN RANGE 

Age (yr) 19.1 ± 0.3 18.0-21.0 18.9 ± 0.3 18.0-20.0 21.0 N/A 

Height (cm) 167.2 ± 1.4 160.0-180.0 167.3 ± 3.5 155.0-180.0 173.0 N/A 

Body Mass (kg) 69.6 ± 1.8 58.7-84.5 64.8 ± 3.0 52.3-77.7 70.9 N/A 

Means ± SEM, n = 13 forwards, 7 defense, 1 goaltender.  

  

 Table 7 separated games, practices, or rest days by positions. Goaltender data pertained 

to the starting goaltender as all other goaltenders (backup and 3rd string) failed to play a 

minimum of 2 games.  

TABLE 7. Number of Game, Practice, and Rest Days Separated by Position. 

 Game Days Practice Rest 

Entire Team 1.8 ± 0.2 (0.0-2.0) 2.8 ± 0.1 (2.0-3.0) 2.4 ± 0.1 (0.0-2.0) 

Forwards 1.8 ± 0.2 (0.0-2.0) 2.9 ± 0.1 (2.0-3.0) 2.3 ± 0.2 (0.0-2.0) 

Defense 1.7 ± 0.3 (0.0-2.0) 2.9 ± 0.1 (2.0-3.0) 2.4 ± 0.2 (1.0-2.0) 

Goaltender 2.0 2.0 3.0 

Means ± SEM, n = 13 forwards 7 defense, 1 goaltender. 

 

 Total E intakes were consistent for all positions, with no significance found (Figure 12). 
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FIGURE 12. Energy Intake and Energy Intake per Kilogram by Position. Mean ± SEM, n = 13 

forwards, 7 defense, 1 goaltender.   

 

 Forwards. E and macronutrient intakes are listed in Table 8.  

TABLE 8. Reported Energy and Macronutrient Intakes of the Forward Position.  

Dietary Measure Average Range 

Energy (kcal) 2363 ± 69 1954-2841 

             (kcal/kg) 34.2 ± 1.1 26.6-40.0 

Carbohydrate (% energy) 51 ± 2 37-63 

                       (g) 299 ± 16 180-386 

                       (g/kg) 4.4 ± 0.3 2.5-5.8 

Fat (% energy) 32 ± 1 23-42 

      (g) 84 ± 4 54-117 

      (g/kg) 1.2 ± 0.1 0.8-1.6 

Protein (% energy) 16 ± 1 13-21 

             (g) 98 ± 5 69-148 

             (g/kg) 1.4 ± 0.1 1.0-1.8 

Fluid (mL) 2183 ± 197 1210-3453 

          (mL/kg) 31.1 ± 2.4 18.1-45.2 

Means ± SEM, n = 13. Based on averaged 7 day dietary intakes. 

 

Forwards had E intakes that were highest on game days vs. practices vs. rest days (Table 

9). Energy intake and fat intake were significantly greater on game vs. rest days. More fluid was 

consumed on game vs. practice vs. rest days.  
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TABLE 9. Energy and Macronutrient Intakes for Games, Practices, and Rest Days for Forwards. 

Dietary Measure Games Practices Rest 

Energy (kcal) 2765 ± 144* 2347 ± 104 2157 ± 136 

             (kcal/kg) 39.7 ± 2.3* 33.7 ± 1.8 31.0 ± 2.0 

Carbohydrate (% energy) 45 ± 2 50 ± 2 56 ± 2 

                       (g) 315 ± 28 295 ± 18 303 ± 23 

                       (g/kg) 4.5 ± 0.4 4.3 ± 0.3 4.4 ± 0.4 

Fat (% energy) 33 ± 2 34 ± 2 29 ± 2 

      (g) 99 ± 6* 90 ± 6 69 ± 7 

      (g/kg) 1.4 ± 0.1* 1.3 ± 0.1 1.0 ± 0.1 

Protein (% energy) 15 ± 1 17 ± 1 16 ± 1 

             (g) 107 ± 9 102 ± 6 88 ± 8 

             (g/kg) 1.5 ± 0.1 1.5 ± 0.1 1.3 ± 0.1 

Fluid (mL) 3040 ± 280** 2153 ± 198 1705 ± 174 

          (mL/kg) 42.9 ± 3.2** 30.7 ± 2.6 24.3 ± 2.4 

Means ± SEM, n = 13. *, significantly different from rest days. **, significantly different from 

other two conditions.  

 

 Forwards were at the calcium requirements of 1000 mg/day for the general and athletic 

populations (Table 10). Vitamin D was 1/3 (5 μg/day) of the recommendations while iron intakes 

were satisfactory (18 mg/day). Sodium was ~1.4 times higher than the recommended UL (2300 

mg/day). 

TABLE 10. Reported Micronutrient Intakes of the Forward Position. 

Dietary Measure Average Range 

Calcium (mg) 1022 ± 64 538-1377 

               (mg/kg) 14.8 ± 1.0 7.5-20.6 

Vitamin D (μg) 5 ± 1 1-13 

                  (μg/kg) 0.1 ± 0.0 0.0-0.2 

Iron (mg) 18 ± 1 12-29 

        (mg/kg) 0.3 ± 0.0 0.2-0.4 

Sodium (mg) 3157 ± 122 2283-3842 

             (mg/kg) 45.9 ± 2.4 31.8-57.5 

Means ± SEM, n = 13. Based on 7 day dietary averages. Iron supplementation by participants (n 

= 2) were included. 

 

There was no significance found for calcium, vitamin D, iron, and sodium between all 3 

days (Table 11). 
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TABLE 11. Selected Micronutrient Intakes for Games, Practices, and Rest Days for Forwards. 

Dietary Measure Games Practices Rest 

Calcium (mg) 979 ± 80 1083 ± 87 956 ± 96 

               (mg/kg) 14.0 ± 1.1 15.7 ± 1.4 13.8 ± 1.5 

Vitamin D (μg) 5 ± 1 5 ± 1 6 ± 1 

                  (μg/kg) 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 

Iron (mg) 17 ± 2 18 ± 1 21 ± 3 

        (mg/kg) 0.2 ± 0.0 0.3 ± 0.0 0.3 ± 0.0 

Sodium (mg) 3255 ± 295 3306 ± 224 3163 ± 235 

              (mg/kg) 47.1 ± 4.8 48.0 ± 4.2 45.60 ± 3.7 

Means ± SEM, n = 13. Iron supplementation by participants (n = 2) were included. 

 

 Defense. E and macronutrient intakes are listed in Table 12.  

TABLE 12. Reported Energy and Macronutrient Intakes of the Defense Position. 

Dietary Measure Average Range 

Energy (kcal) 2459 ± 148 1780-3029 

            (kcal/kg) 38.2 ± 2.4 26.5-46.9 

Carbohydrate (% energy) 55 ± 3 46-65 

                       (g) 339 ± 31 231-476 

                       (g/kg) 5.3 ± 0.5 3.4-7.6 

Fat (% energy) 29 ± 2 21-37 

      (g) 81 ± 8 49-113 

      (g/kg) 1.3 ± 0.1 0.7-1.7 

Protein (% energy) 14 ± 1 10-17 

             (g) 84 ± 6 63-104 

             (g/kg) 1.3 ± 0.1 1.0-1.6 

Fluid (mL) 2000 ± 325 1158-3289 

          (mL/kg) 30.3 ± 4.1 19.0-48.2 

Means ± SEM, n = 7. Based on averaged 7 day dietary values. 

 

 There was no difference in E, CHO, fat, or protein intake between game, practice and rest 

days (Table 13). Fluid intake was greatest on game days but not found to be significantly 

different from other days.  
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TABLE 13. Energy and Macronutrient Intakes for Games, Practices, and Rest Days for Defense. 

Dietary Measure Games Practices Rest 

Energy (kcal) 2506 ± 235 2540 ± 208 2268 ± 127 

             (kcal/kg) 38.8 ± 3.1 39.8 ± 4.1 35.1 ± 1.3 

Carbohydrate (% energy) 54 ± 4 53 ± 3 59 ± 3 

                       (g) 341 ± 46 343 ± 43 333 ± 27 

                       (g/kg) 5.3 ± 0.7 5.4 ± 0.8 5.2 ± 0.4 

Fat (% energy) 25 ± 2 31 ± 3 30 ± 3 

      (g) 70 ± 10 88 ± 11 76 ± 9 

      (g/kg) 1.1 ± 0.2 1.4 ± 0.2 1.2 ± 0.1 

Protein (% energy) 13 ± 1 14 ± 1 13 ± 1 

             (g) 81 ± 12 89 ± 5 72 ± 8 

             (g/kg) 1.2 ± 0.1 1.4 ± 0.1 1.1 ± 0.1 

Fluid (mL) 2582 ± 316 2074 ± 436 1765 ± 419 

        (mL/kg) 39.4 ± 3.7 31.0 ± 5.6 26.6 ± 5.8 

Means ± SEM, n = 7.  

 

 Calcium intake met requirements of 1000 mg/day (Table 14). Vitamin D intakes were 

below 15 μg/day. Iron and sodium met 18 and 2300 mg/day recommendations.  

TABLE 14. Reported Micronutrient Intakes of the Defense Position. 

Dietary Measure Average Range 

Calcium (mg) 1132 ± 156 827-2042 

               (mg/kg) 17.1 ± 1.6 14.1-26.3 

Vitamin D (μg) 9 ± 5 1-40 

                  (μg/kg) 0.1 ± 0.1 0.0-0.5 

Iron (mg) 23 ± 8 12-71 

        (mg/kg) 0.3 ± 0.1 0.2-0.9 

Sodium (mg) 3361 ± 331 2472-5151 

              (mg/kg) 51.8 ± 4.3 42.9-75.5 

Means ± SEM, n = 7. Based on averaged 7 day dietary values. Iron (n = 2) and multivitamin (n = 

1) supplementation by participants were included. 

 

There was no significance found for calcium, vitamin D, iron, and sodium between all 3 

days (Table 15). 
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TABLE 15. Selected Micronutrient Intakes for Games, Practices, and Rest Days for Defense.  

Dietary Measure Games Practices Rest 

Calcium (mg) 1106 ± 279 1295 ± 192 933 ± 169 

               (mg/kg) 16.5 ± 3.4 19.7 ± 1.9 14.1 ± 1.9 

Vitamin D (μg) 9 ± 6 10 ± 6 9 ± 6 

                  (μg/kg) 0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.1 

Iron (mg) 24 ± 12 24 ± 8 21 ± 9 

        (mg/kg) 0.4 ± 0.2 0.4 ± 0.1 0.3 ± 0.1 

Sodium (mg) 2984 ± 405 3671 ± 467 3264 ± 384 

              (mg/kg) 45.3 ± 4.9 57.0 ± 6.9 50.0 ± 4.8 

Means ± SEM, n = 7. Iron (n = 2) and multivitamin (n = 1) supplementation by participants were 

included.  

 

DIETARY INTAKE BY INDIVIDUAL LINE PAIRINGS ON GAME DAYS 

 While no statistical analyses were performed for line pairings, it was noticed that Line 4 

had less ice time than other pairings (Figure 13). There were no obvious differences in E intake 

between line pairings, with the exception of Defense pairing 1, which appeared lower (Figure 

14).  
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FIGURE 13. Comparisons of Ice Times Determined By Playing Position. Mean ± SEM, n = 18 

(3 players/line, 2 players/defense pairing).  
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FIGURE 14. Average Energy Intake Separated by Line, Defense and Goaltender Combinations. 

Mean ± SEM, n = 19 (3 players/line, 2 players/defense pairing, 1 goaltender).  

 

 Additional data for E, macronutrient, micronutrient, and fluid intakes for line pairings 

and Goaltenders can be found in Appendix A.  
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CHAPTER 5: DISCUSSION 

OVERVIEW 

This study collected 7 day dietary records (including rest, practice and game days) of the 

varsity women’s ice hockey team (n = 23). Analysis of the data determined E and macro- and 

selected micronutrient intakes for position (forwards, defense, and goaltenders) and line 

combinations (lines 1-4, defense pairings 1-3, goaltender). Players were asked to maintain their 

usual dietary habits during testing. The results showed that participants generally met ~100% of 

their TDEE (2304 ± 31 kcal/day) with a caloric intake of 2354 ± 74 kcal/day. E intake was 

significantly greater on game vs. rest days, while E intake between line combinations showed no 

differences. When examining players by position, defense had a trend towards greater E intakes 

than forwards (defense, 2459 ± 148 kcal/day, 38.2 ± 2.4 kcal/kg BM/day; forwards, 2363 ± 69 

kcal/day, 34.2 ± 1.1 kcal/kg BM/day) though no significance was found.  

Fat and protein intakes were higher on game vs. rest days while no significant findings 

were found between positions or line combinations. No significance was found for CHO intake 

for day tested, positions or line combinations. All micronutrients met general recommendations, 

with the exception of vitamin D. No differences were reported between testing day, positions and 

line combinations. Fluid intake was highest on game days and no differences in fluid intake 

occurred between positions or line combinations.  

To the best of our knowledge, this is the first study involving a 7 day dietary record in the 

recording of energy and nutrient intakes of varsity level female ice hockey players.  

ENERGY INTAKE vs. ESTIMATED ENERGY REQUIREMENT 

Female athletes at the varsity level are at higher risk for nutrient deficiencies, eating 

disorders, and other dietary-related health issues than their male counterparts. They often report 
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low E intakes either due to under-consumption or under-reporting (Burke et al., 2003; Shriver et 

al., 2013). Edwards et al. (1993) found that 9 female endurance-trained athletes under-reported E 

intakes by ~32%. Therefore, with under-reporting being documented in other female athletes our 

primary goal was to determine if female hockey players at the Canadian collegiate level achieved 

adequate E to match their estimated expenditure. This required a serious effort to accurately 

collect 7 day dietary records in these athletes. We determined that our female participants were 

meeting estimated E requirements by comparing E intake to a TDEE equation that calculated 

BMR, TEF, and EEE. As a team, the participants were meeting 102 ± 3% of their E needs using 

this comparison. However, there were 4/23 (17%) players still under-consuming E by more than 

~10%. There are several methods to estimate EER and when using other equations, our 

participants were still meeting 90% and 92% of their E needs (Table 16).  

TABLE 16. Different Methods of Estimating Total Daily Energy Requirements Compared to 

Energy Intake of Female Ice Hockey Players. 

Measure 
Total Estimated Energy 

Requirement (kcal/day) 

Actual Energy Intake 

(kcal/day) 

Estimated 

Energy 

Requirement (%) 

Harris-Benedict Equation 

+ Physical Activity Factor 
2602 ± 29 (2263-2918) 2354 ± 74 (1533-3029) 90 ± 3 (68-113) 

ESHA Estimation 

Moderately Active 
2546 ± 31 (2264-2920) 2354 ± 74 (1533-3029) 92 ± 3 (68-118) 

Total Daily Energy 

Expenditure 
2304 ± 43 (1771-2764) 2354 ± 74 (1533-3029) 102 ± 3 (79-126) 

    

Therefore in conclusion, female ice hockey players in this study appear to be acquiring 

sufficient E for optimal living and performance. We speculate that 4 players under consumed or 

under-reported their E intakes as they were not meeting 90% of their EER, though post-study 

BM would have helped to confirm this. 

A study by Shriver (2013) using 3 day dietary records in addition to a 24 hr recall 

reported that soccer players, basketball players, cross country, and track and field athletes 
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reported an average caloric consumption of 1939 ± 604 kcal/day collectively. The highest 

reported E intake obtained from 3 day food records came from Short & Short (1983) were 9 

collegiate male basketball players (BM, 71.0 kg) consumed an average of 3250 kcal/day. 

However, other research found that women volleyball players most closely matched the ice 

hockey players of this study with average BM of 64.4 and 70.0 kg and E intakes of 2247 and 

2346 kcal/day (van Erp-Baart et al., 1989; Hassapidou & Manstrantoni, 2001).  

The varsity women (67 kg BM) had E intakes above the aforementioned values with an 

average E intake of 2354 ± 74 kcal/day. It can be concluded that these female players had similar 

intakes as female athletes from other intermittent sports. Three studies researching the E intakes 

of small groups of female field hockey players found that the E intakes ranged from 1518-2151 

kcal/day while using 3 and 4 day dietary records (Tables 17, 18) (Tilgner & Schiller, 1989; van 

Erp-Baart et al., 1989; Nutter, 1991). The findings from van Erp-Baart (1989) used 4 day dietary 

records (including 2 weekdays and 2 weekend days) though it wasn’t reported if game or 

practice days were used (Table 17). Nutter (1991) involved a 3 day food record including 1 

game, 1 practice, and 1 weekend day being recorded (Tables 17, 18). As previously mentioned, 

our group of players consumed ~35.4 kcal/kg BM/day which was equal to E intakes/day found in 

professional field hockey players from Holland, while also obtaining more E/day than collegiate 

players from the USA. The defense group in our study had the highest E intakes of all groups at 

2459 ± 148 kcal/day compared to the forwards (2363 ± 69 kcal/day).  

A strength of our study was the diligence taken to collect data. Several procedures that 

made our data successful in the reporting of E intakes were: providing a food consumption 

questionnaire to determine groups based on location lived; using a 7 day dietary record instead of 

3 or 4 days to improve accuracy by encompassing the entire week, with weekends included and 
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also rest, practice and game days; daily meetings with players to review their food records and 

check for inconsistencies; the implementation of food weigh scales to record all food and 

beverage weights accurately; food pictures of top and side views that were sent to the 

investigator after dining out at restaurants; and having the investigator record all food and fluid 

at games and practices to allow players to focus on playing. Therefore, the data that was obtained 

from the players was as accurate as possible.  

TABLE 17. Dietary Food Record Studies of Field and Ice Hockey Completed by Different 

Authors.   

Sport Level Country Reference Survey Method 

Ice Hockey University Canada Vermeulen (2017) 7 day 

Field Hockey College USA Nutter (1991) 3 day 

Field Hockey College USA Tilgner & Schiller (1989) 3 day 

Field Hockey Elite Holland van Erp-Baart et al. (1989) 4 day 

 

TABLE 18. Comparison of Number of Participants, Energy, and Macronutrients from Field and 

Ice Hockey Studies Completed by Different Authors.   

Measure van Erp-Baart Tilgner & Schiller Nutter Vermeulen 

n 9 8 9 23 

BM (kg) 62.1 60.0 64.0 67.0 

E (kcal) 2151 1955 1518 2354 

E (kcal/kg) 34.6 32.6 23.7 35.1 

CHO (%) 46 47 54 52 

CHO (g) 264 228 213 305 

CHO (g/kg) 4.3 3.8 3.4 4.6 

Fat (%) 35 39 27 32 

Fat (g) 85 84 45 82 

Fat (g/kg) 1.4 1.4 0.7 1.2 

Protein (%) 19 16 15 16 

Protein (g) 42 76 57 91 

Protein (g/kg) 1.0 1.3 0.9 1.4 

 

ENERGY INTAKE BY AGE GROUP 

We also determined that the younger players (freshman, 18 yr, 66 kg BM, 37.3 ± 1.4 

kcal/kg BM) in our study consumed more E than the older players (juniors and seniors, 20-21 yr, 

~73 kg BM, ~32.7 ± 2.2 kcal/kg BM). When normalized to FFM these values were 46.7 kcal/kg 
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FFM/day for freshman vs. 41.0 kcal/kg FFM/day for juniors and seniors, with both acquiring 

adequate E. We concluded that these findings may be a result of a large number of freshman 

making up a greater overall percentage of the team. The 10 freshman ate in different cafeterias 

throughout all the residences and chose and ingested higher caloric foods that were prepared and 

highly processed. The older members on the team (juniors, n = 3; seniors, n = 4) lived off 

campus and made the majority of their meals at home, which allowed them to eat less processed 

and more nutritious foods, as recorded at the start of the study using the FCPQ. The junior and 

senior groups also possessed adequate cooking abilities and were generally more health-

conscious than their younger counterparts based on reported dietary recordings.  

MACRONUTRIENT INTAKE 

CARBOHYDRATE (CHO) 

 The majority of CHO utilized during high-intensity training comes from the breakdown 

of muscle glycogen (Burke et al., 2011). The size of these CHO stores in the body are relatively 

small but can be manipulated on a daily basis through dietary intakes or even a single exercise 

bout (Spriet, 2014). With CHO being used as a fuel for both anaerobic and aerobic conditions, it 

is relied heavily upon during high-intensity intermittent exercise.  

The established minimum CHO requirement to maintain glycogen stores and support 

general training of all athletes in various training situations is 5 g CHO/kg BM/day (Burke et al., 

2001). However, ranges from 5-7 g/kg BM/day are recommended for moderate exercise 

programs while 6-10 g/kg BM/day are listed for higher endurance programs (Thomas et al., 

2016). As a team, players were slightly below the 5 g/kg BM/day recommendations – attaining a 

relative intake of 4.6 ± 0.2 g/kg BM/day for the entire 7 days (Table 18). Intakes were 4.8 and 

4.6 g/kg BM/day for game and practice days. However, assuming that under-reporting in our 
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study was ~10% even given the efforts we went to, then the relative CHO intake for this group 

would potentially reach ~5.1 g/kg BM/day, which meets recommendations. Individually, the data 

showed that 14/23 (60%) were still below 5 g/kg BM/day, while 9/13 (40%) met or surpassed 

recommendations. Additional results indicate that these players had 52% of their total E intake 

from CHO which met the AMDR standard of 45-65%. When viewed by position, the defense 

(the youngest of the positions) had the greatest intake of 5.3 g/kg BM/day in comparison to 4.4 

and 3.9 g/kg BM/day for forwards and the goaltender. The team average of 4.6 ± 0.2 g CHO/kg 

BM/day was higher than findings from female field hockey players, where amounts of 3.4-4.3 

g/kg BM/day were consumed (Tilgner & Schiller, 1989; van Erp-Baart et al., 1989; Nutter, 

1991).  

The greatest CHO intakes amongst female team sports athletes were found in collegiate 

basketball and soccer players, with each group obtaining 5.3 g/kg BM/day and 5.2 g/kg BM/day, 

based on their respective recordings (Short & Short, 1983; Clark et al., 2003). However, most 

groups using food recordings found relative amounts of ~4 g/kg BM/day in several different 

intermittent sports (van Erp-Baart et al., 1989; Heaney et al., 2010). When comparing our female 

players to female athletes from other intermittent sports, it was found that our players were near 

suggested recommendations and still consumed greater quantities of CHO on a per kg basis 

compared to other female athletes.  

PROTEIN 

 Dietary protein is needed in the support of metabolic adaptation, repair, and remodeling 

of tissues (Thomas et al., 2016). The AMDR for protein is 10-35%, which the team met with a 

16% of total E intake. Not one individual was 10% below the recommended intake of the AMDR 

as all players surpassed 100% of their suggested daily intakes. Athletic recommendations for 
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relative protein intakes are dependent on body size and training status and range between 1.2-2.0 

g/kg BM/day (Thomas et al., 2016). This group of female players had protein intakes of 1.4 g/kg 

BM/day. All players also reported highest protein intakes on game days (1.5 g/kg BM/day) 

followed by practices (1.4 g/kg BM/day) and rest days (1.2 g/kg BM/day). 

Our group had increased protein intakes over that of 0.9-1.3 g/kg BM/day found in other 

field hockey studies (Table 18) (Tilgner & Schiller, 1989; van Erp-Baart et al., 1989; Nutter, 

1991). Higher protein intakes amongst female athletes in basketball, netball and volleyball were 

reported in several other studies (1.5, 1.7, and 1.6 g/kg BM/day) (Short & Short, 1983; Heaney et 

al., 2010). These sports also reported increased E intakes (3250, 2619, and 2574 kcal/day) over 

that of our group. When reviewing other literature, the majority of female athletes in other sports 

consumed < 1.4 g/kg BM/day, but still met recommendations (1.2 g/kg BM/day or above), 

indicating that protein intake is usually met for most female athletes. 

FAT 

 Dietary fats should come from lean protein foods (meats), nuts, nut butters, fatty fish (eg. 

salmon, tuna, mackerel, herring, etc.), fish oil supplements, different oils, avocados, and egg 

yolks (Volek et al., 2006). However, highly saturated (red meats and processed foods), 

hydrogenated, and Trans fats should be kept at a minimum to ensure optimal health and reduce 

the risk of adverse health outcomes (Thomas et al., 2016). 

Many female athletes choose to follow very low fat diets in the belief that fat intake 

impairs their athletic performance and causes increases in adiposity (Larson-Meyer et al., 2002). 

Fat intake is necessary to provide needed E, for many cellular processes including membrane 

composition, maintaining sex hormone concentrations, and to prevent menstrual disturbances, 

especially if hypocaloric diets are followed (Volek et al., 2006). The players in this study 



 

- 57 - 

 

achieved 32% daily fat intake with an absolute intake of 82 ± 4 g/day (Table 18). Research on 

female field hockey players found that 45-85 g/day were consumed with ranges of 27-35% 

making up their total caloric intake (Tilgner & Schiller, 1989; van Erp-Baart et al., 1989; Nutter, 

1991). Our players were found to follow similar consumption patterns as field hockey collegiate 

and professional women from the USA and Holland, much like CHO and protein intakes (Table 

18). There are currently no recommendations pertaining to absolute and relative intakes for fat 

but athletes are generally advised to keep fat intake to 20-35% of their total E intake, with no 

more than 10% coming from highly saturated (unhealthy) fats.  

SELECTED MICRONUTRIENT INTAKE 

 Micronutrients play an important role for E production, hemoglobin synthesis, 

maintenance of bone health, and the protection of tissues from oxidative damage (Rodriguez et 

al, 2009). As a result of certain metabolic pathways becoming stressed as a result of exercise, 

these micronutrients are also used to help build and repair muscle tissue following exercise 

(Rodriguez et al., 2009; Thomas et al., 2016). These stresses cause biochemical adaptations that 

sometimes increases the need of certain micronutrients. An athlete that engages in severe E 

restriction diets, changes their diet composition, or omits one or more foods groups from their 

general intake may increase their risk of deficiency for these micronutrients (Thomas et al, 

2016).  

Previous research in varsity athletes has shown that several key micronutrients are at 

higher risk for suboptimal intake or being deficient such as calcium, vitamin D, and iron 

(Thomas et al., 2016). These micronutrients were reviewed for this study since all other nutrient 

intakes were found to be within reasonable levels for this female group. Low levels of calcium, 

vitamin D, and iron have been reported in female athletes engaged in swimming, field hockey, 
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gymnastics, and basketball suggesting that sex, not sport, was the main determinant for under-

consumption (Nowak et al., 1988; Tilgner & Schiller, 1989; Hinton et al., 2004).  

Vitamin D. Vitamin D was considerably below the 15 μg/day suggested recommendation, with 

the team consuming on average 6 ± 2 μg/day. Our data found that 22/23 (96%) players were 

below recommendation. Vitamin D is predominately found in fatty fish (tuna, salmon, mackerel, 

herring, etc.) which were not consumed regularly by members of the hockey team. Vitamin D is 

not as profound in food sources as some other nutrients and supplementation may be required if 

properly assessed by a professional. The effectiveness of supplementation may be determined by 

blood measures.  

Calcium. The growth, maintenance, and repair of bone tissue, along with the regulation of 

muscle contraction and nerve impulse transmission are factors associated with calcium (Thomas 

et al., 2016). Calcium recommendations are 1000 mg/day which the team met with intakes of 

1041 ± 64 mg/day. However, we found that 11/23 (48%) players were below recommendations, 

with only 2 participants being below 80% of recommended intake. Interestingly, the players 

reported increased calcium intakes on practice days over games and rest days which did not 

coincide with the higher E intakes on game days. This indicated that players had lower E intakes 

on practices days but consumed foods higher in calcium content. Calcium levels can be vastly 

improved via dairy consumption, assuming that lactose intolerance is a non-issue.  

Iron. Another micronutrient of concern for low or reduced intakes, especially in the female 

population, was iron. The micronutrient iron is needed to help carry oxygen to tissues through 

the bloodstream and when at sub-optimal levels can impair muscle function and limit work 

capacity (Thomas et al., 2016). These sub-optimal iron levels are generally an indicator of low 

heme consumptions that are associated with meat and alternative-type foods. Women are at 
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increased risk of iron deficiency due to monthly menses in addition to intense training regimes 

(Zello, 2006; Thomas et al. 2016). Therefore, a diet meeting E availability and containing 

nutrient-dense food will help minimize these losses. This team contained 10 players that were 18 

yr (in the 14-18 yr group) and 13 players that were 19-21 yr (part of a 19-30 yr group). The RDA 

for 14-18 yr old are 15 mg/day, while 18 mg/day is advised for 19-30 yr when not pregnant 

(Zello, 2006). The UL for iron is 45 mg/day, which one player (4%) surpassed at 71 mg/day due 

to her iron plus daily multivitamin supplementation. The team’s average iron intake was 19 

mg/day such that players met 112% of their recommendations. We found that 12/23 (52%) of 

players were below iron recommendations with 3/12 (25%) being below 15 mg/day and 9/12 

(75%) being below 18 mg/day. The data shows that the highest iron intakes coincided with days 

that had the lowest E intakes (rest days). Iron supplementation may be required by female 

athletes with professionally diagnosed iron deficiencies, though blood work would be needed to 

determine the efficacy of this intervention.  

Sodium. Sodium is needed for nerve conductance and maintenance of body fluids and has a 

suggested adequate intake (AI) of 1500 mg/day for adults (Zello, 2006). If an athlete has 

increased E needs then sodium intake naturally rises with most general food intake (Zello, 2006). 

Athletes that also possess high sweat rates or train in hot, humid environments may need 

additional sodium. The establishment of an upper limit (UL) for sodium was created and based 

on moderate physical activity, where sodium losses were high due to increased physical exertion. 

The reported UL of sodium is 2300 mg/day while the team had intakes of 3265 ± 139 mg/day, 

which are ~1.4 times higher than the UL recommendations. Individually, all but one player 

surpassed 2300 mg/day. When analyzing sodium intake within ± 10% of recommendations, only 

9% (2/23) were able to limit sodium intakes to that suggested by the UL. However, research 
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indicates that sodium losses via sweating can be substantial, especially if an athlete has high 

sweat rates (~1-2.4 L/hr) (Sawka et al., 2007). Although sweat rates and sodium losses are highly 

variable, an individual can lose ~ 1 g sodium/L (50 mmol/L) through sweating (Thomas et al., 

2016). This would account for a sodium loss of 1-2.4 g alone. Hence, there is no concern with 

the higher intakes that were consumed by this group. Lastly, additional research may be required 

showing that hockey players need additional sodium to offset high sweat rates, especially if their 

sweat contains high sodium concentrations. Players are able to increase sodium intakes through 

regular food or beverage consumption if it is determined that they lose too much sodium through 

sweating. Another way to easily obtain sodium (along with the added benefit of fluid and CHO) 

for hockey players is to consume sports beverages.  

FLUID & HYDRATION 

 Previous personal experience with this group of athletes has shown us that they are 

diligent in their fluid intake practices (Jannas-Vela et al., 2016). When separating days into 

games, practices and rest days researchers thought that greatest intakes would coincide with 

games over that of practices and rest days because of the increased need of fluid due to higher 

sweat rates on those days. Previous research has shown that fluid intake during games (1.0 L/hr) 

was slightly more than that of practices (0.7 L/hr) (Bigg et al., 2016). Adequate hydration has 

been shown to contribute to optimal health and lead to maintenance of exercise performance 

(Thomas et al., 2016). Body water content influences numerous physiological functions though 

one of the major aspects it aids in is the replenishment of sweat loss (Thomas et al., 2016).  

 No participant reported a prepared fluid intake schedule during play, training, or in 

general throughout the day. The participants consumed fluids on an ad libitum basis and had a 7 

day fluid intake average of 2162 ± 158 mL/day. Fluid recommendations were separated into 
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2300 mL/day for 14-18 yr (10 freshman) and 2700 mL/day for 19-30 yr (the remaining 13 

players that were sophomores, juniors or seniors). As a team, the varsity women were close to 

meeting recommendations of 2300 mL/day but may require additional fluid to offset sweating 

incurred via playing. Significantly more fluid was consumed on games vs. practices vs. rest days 

(2739 vs. 2071 vs. 1721 mL/day), which was originally hypothesized. Fluid intakes were similar 

between positions and line combinations.  

LIMITATIONS 

 Activities done on a day-to-day basis change drastically and vary greatly between days. 

With this in mind, it can prove difficult to keep consistency between days tested. Numerous 

variables such as game and practice schedules, workout times, recovery from previous games or 

practices, school schedule, work schedules, and living locations all needed to be considered 

when reviewing the results of this study as the dietary recordings could have been skewed if the 

participant had numerous tasks at a given time. However, the task that proved most difficult was 

getting several participant’s to report their habitual dietary intakes, even though thorough 

protocols were implemented to improve the validity of data collecting. Developing a rapport with 

players at the beginning of testing was critical to the accuracy of this study as concern of under-

reporting or under-consumption, and unwillingness to self-report these behaviours, were known 

to be a possibility. We feel that the extra measures (e.g. meeting with participants daily, 

weighing food, taking food pictures) implemented helped to reduce under-reporting in this study 

to ~10%. Individuals may not be inclined to report unfavourable eating habits or behaviours.  

 Another limitation in this study is the estimation of TDEE. As previously mentioned, 

each day tested is different in terms of exercise done, as well as the duration and intensity levels 

at which the exercise was done, and accurately gauging the EEE on all days can be difficult.  
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FUTURE RESEARCH 

Future research investigating the dietary intakes of a professional team, either female or 

male, or a National team, would further data collection in ice hockey. Their dieting programs are 

assumed to be more regimented and controlled than junior or lower calibres. Each team usually 

has access to a chef/cook and registered dietitian, which would increase data collection by 

supplying and controlling food intakes of all players. Afterwards, dietary interventions could be 

implemented to players in need of nutritional guidance or to simply improve their dietary 

knowledge.  

Other areas of particular focus in relation to hockey nutrition is currently, and will 

continue to be pre-game preparation, in game nutrition, and post-game recovery. Nutritional 

periodization is experienced and practiced by most athletes, since different times of preparation 

and training require different nutritional needs (Thomas et al., 2016). Studies looking at specific 

periods of training highlighted the E expenditure during those times and the E needed to 

counterbalance E expenditures. However, current assessments of calculating E expenditure in 

stop-and-go athletes, such as ice hockey players, has not been done and would be difficult to do.  

CONCLUSION 

 In conclusion, the team’s E intakes met ~100% of their estimated energy expenditure 

during 7 days of recording dietary intakes. There may have been under-reporting or under 

consumption of dietary intakes, but we believe this was limited to 4/23 (17%) players on the 

team. All macronutrients met AMDR. If 10% under reporting occurred then CHO met relative 

intake of 5 g/kg BM/day. The team had greatest E intakes on game days over other days. 

Defense had the highest E and CHO intakes of all positions. Fluid intakes were below 

recommendations on a per day basis and found to be highest on game days. All selected 



 

- 63 - 

 

macronutrients reviewed, with the exception of vitamin D, were within reasonable levels on a per 

day basis though many team members still reported slightly low intakes. Interestingly, rest days 

had the highest intakes of micronutrients compared to games and practices, which did not 

coincide with increased E intakes on game days. Overall, this group of female athletes did 

exceptionally well in continuing and reporting their habitual dietary intakes over a typical week 

of training and competition during the competitive varsity season.   
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APPENDIX 1: Estimated Energy Equations and Line Combination Dietary Results 

 

TDEE = BMR + TEF + EEE 

FIGURE. Total Daily Energy Expenditure equation. 

 

BMR = 655.1 + (9.563 × BM in kg) + (1.850 × height in cm) – (4.676 × age in yr). 

FIGURE. Harris-Benedict Estimated Energy Expenditure Equation.  

 

TABLE 19. Average Energy and Macronutrient Intakes for Line 1 during Game, Practice, and 

Rest Days. 

Measure Games Practices Rest 

Calories (kcal) 2912 ± 270 2385 ± 200 2403 ± 444 

               (kcal/kg) 39.0 ± 2.8 31.9 ± 0.6 31.7 ± 3.6 

CHO (g) 301 ± 67 297 ± 37 302 ± 47 

          (g/kg) 4.0 ± 0.7 4.0 ± 0.3 4.0 ± 0.3 

Fat (g) 107 ± 8 84 ± 2 89 ± 18 

       (g/kg) 1.4 ± 0.1 1.1 ± 0.1 1.2 ± 0.2 

Protein (g) 110 ± 29 120 ± 19 112 ± 24 

             (g/kg) 1.4 ± 0.3 1.6 ± 0.2 1.5 ± 0.2 

Fluid (mL) 3749 ± 471 2526 ± 438 2689 ± 440 

          (mL/kg) 49.8 ± 3.0 33.5 ± 4.2 35.6 ± 3.4 

Means ± SEM, n = 3.   

 

TABLE 20. Reported Micronutrient Intakes of Line 1. 

Dietary Measure Games Practices Rest 

Calcium (mg) 958 ± 324 984 ± 291 864 ± 151 

               (mg/kg) 12.5 ± 3.7 13.0 ± 3.3 11.4 ± 1.2 

Vitamin D (μg) 2 ± 1 1 ± 0 2 ± 1 

                  (μg/kg) 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

Iron (mg) 14 ± 2 17 ± 1 14 ± 0 

        (mg/kg) 0.2 ± 0.0 0.2 ± 0.0 0.2 ± 0.0 

Sodium (mg) 2668 ± 550 2978 ± 477 3289 ± 84 

              (mg/kg) 35.4 ± 5.9 39.9 ± 6.0 44.3 ± 1.9 

Means ± SEM, n = 3.   

 

TABLE 21. Average Energy and Macronutrient Intakes for Line 2 during Game, Practice, and 

Rest Days. 

Measure Games Practices Rest 

Calories (kcal) 2590 ± 74 2296 ± 42 2156 ± 131 

               (kcal/kg) 39.0 ± 2.2 34.7 ± 2.6 32.8 ± 4.2 

CHO (g) 279 ± 12 293 ± 15 291 ± 28 

          (g/kg) 4.2 ± 0.5 4.5 ± 0.5 4.5 ± 0.7 

Fat (g) 102 ± 7 87 ± 6 76 ± 4 

       (g/kg) 1.6 ± 0.2 1.3 ± 0.0 1.2 ± 0.1 

Protein (g) 110 ± 13 99 ± 8 89 ± 9 

             (g/kg) 1.7 ± 0.3 1.5 ± 0.2 1.4 ± 0.2 
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Fluid (mL) 2804 ± 448 2284 ± 72 2047 ± 96 

          (mL/kg) 41.5 ± 3.8 34.4 ± 1.9 30.9 ± 2.3 

Means ± SEM, n = 3.   

 

TABLE 22. Reported Micronutrient Intakes of Line 2.  

Dietary Measure Games Practices Rest 

Calcium (mg) 1132 ± 58 1064 ± 108 1203 ± 255 

               (mg/kg) 17.0 ± 0.8 16.0 ± 1.6 18.2 ± 4.0 

Vitamin D (μg) 4 ± 1 5 ± 1 6 ± 1 

                   (μg/kg) 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 

Iron (mg) 14 ± 1 17 ± 1 24 ± 3 

        (mg/kg) 0.2 ± 0.0 0.3 ± 0.0 0.4 ± 0.1 

Sodium (mg) 3697 ± 534 3145 ± 259 3156 ± 381 

              (mg/kg) 55.4 ± 7.5 48.1 ± 7.1 48.3 ± 8.2 

Means ± SEM, n = 3.   

 

TABLE 23. Average Energy and Macronutrient Intakes for Line 3 during Game, Practice, and 

Rest Days. 

Measure Games Practices Rest 

Calories (kcal) 2948 ± 321 2266 ± 163 1834 ± 346 

               (kcal/kg) 42.8 ± 5.8 32.6 ± 1.6 26.8 ± 5.7 

CHO (g) 374 ± 85 264 ± 34 281 ± 89 

          (g/kg) 5.5 ± 1.4 3.8 ± 0.6 4.1 ± 1.4 

Fat (g) 82 ± 9 97 ± 25 48 ± 1 

       (g/kg) 1.2 ± 0.1 1.4 ± 0.3 0.7 ± 0.0 

Protein (g) 103 ± 13 96 ± 15 67 ± 7 

             (g/kg) 1.5 ± 0.2 1.4 ± 0.2 1.0 ± 0.1 

Fluid (mL) 2697 ± 547 1804 ± 217 1143 ± 215 

          (mL/kg) 38.8 ± 7.6 25.9 ± 2.3 16.6 ± 3.5 

Means ± SEM, n = 3.   

 

TABLE 24. Reported Micronutrient Intakes of Line 3. 

Dietary Measure Games Practices Rest 

Calcium (mg) 909 ± 57 1393 ± 47 708 ±113 

               (mg/kg) 13.2 ± 1.2 20.2 ± 1.2 10.3 ± 1.9 

Vitamin D (μg) 7 ± 4 10 ± 4 7 ± 2 

                  (μg/kg) 0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.0 

Iron (mg) 23 ± 6 20 ± 4 26 ± 6 

        (mg/kg) 0.3 ± 0.1 0.3 ± 0.1 0.4 ± 0.1 

Sodium (mg) 3169 ± 274 3490 ± 119 2776 ± 363 

              (mg/kg) 46.0 ± 5.0 50.5 ± 3.0 40.4 ± 6.2 

Means ± SEM, n = 3.   

Iron supplementation by participant (n = 1) included. 
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TABLE 25. Average Energy and Macronutrient Intakes for Line 4 during Game, Practice, and 

Rest Days 

Measure Games Practices Rest 

Calories (kcal) 2612 ± 467 2606 ± 230 2930 ± 282 

               (kcal/kg) 38.1 ± 7.9 38.0 ± 5.1 42.4 ± 4.1 

CHO (g) 304 ± 49 320 ± 39 404 ± 68 

          (g/kg) 4.5 ± 0.9 4.7 ± 0.7 5.8 ± 1.0 

Fat (g) 103 ± 20 105 ±12 103 ± 2 

       (g/kg) 1.5 ± 0.3 1.5 ± 0.2 1.5 ± 0.1 

Protein (g) 105 ± 21 106 ± 13 113 ± 5 

             (g/kg) 1.5 ± 0.3 1.6 ± 0.3 1.6 ± 0.1 

Fluid (mL) 2909 ± 804 2375 ± 522 2180 ± 683 

          (mL/kg) 41.7 ± 10.5 34.5 ± 8.0 31.1 ± 8.8 

Means ± SEM, n = 3.   

 

TABLE 26. Reported Micronutrient Intakes of Line 4. 

Dietary Measure Games Practices Rest 

Calcium (mg) 917 ± 118 1199 ± 326 1248 ± 284 

               (mg/kg) 13.2 ± 1.6 17.8 ± 5.5 18.3 ± 4.6 

Vitamin D (μg) 6 ± 4 5 ± 1 7 ± 3 

                  (μg/kg) 0.1 ± 0.1 0.1 ± 0.0 0.1 ± 0.1 

Iron (mg) 15 ± 3 16 ± 3 22 ± 3 

        (mg/kg) 0.2 ± 0.0 0.2 ± 0.1 0.3 ± 0.1 

Sodium (mg) 3484 ± 974 3696 ± 730 3819 ± 442 

              (mg/kg) 51.5 ± 16.6 54.5 ± 13.4 55.9 ± 8.9 

Means ± SEM, n = 3.   

Iron supplementation by participant (n = 1) included. 

 

TABLE 27. Average Energy and Macronutrient Intakes for Defense Pairing 1 during Game, 

Practice, and Rest Days. 

Measure Games Practices Rest 

Calories (kcal) 1905 ± 272 2574 ± 720 2221 ± 111 

               (kcal/kg) 32.9 ± 8.7 45.3 ± 17.7 38.0 ± 6.6 

CHO (g) 275 ± 72 364 ± 135 338 ± 66 

          (g/kg) 4.8 ± 1.8 6.5 ± 3.1 5.9 ± 1.9 

Fat (g) 42 ± 2 61 ± 22 65 ± 10 

      (g/kg) 0.7 ± 0.1 1.1 ± 0.5 1.1 ± 0.0 

Protein (g) 53 ± 5 72 ± 4 79 ± 11 

             (g/kg) 0.9 ± 0.2 1.2 ± 0.2 1.3 ± 0.0 

Fluid (mL) 2243 ± 340 1271 ± 196 1108 ± 460 

          (mL/kg) 37.9 ± 1.0 21.2 ± 0.6 17.8 ± 5.5 

Means ± SEM, n = 2.   

 

TABLE 28. Reported Micronutrient Intakes of Defense Pairing 1.  

Dietary Measure Games Practices Rest 
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Calcium (mg) 666 ± 123 1090 ± 32 1383 ± 500 

               (mg/kg) 11.6 ± 3.5 18.5 ± 1.8 22.4 ± 5.5 

Vitamin D (μg) 2 ± 1 5 ± 2 7 ± 3 

                  (μg/kg) 0.0 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 

Iron (mg) 10 ± 1 13 ± 1 16 ± 1 

        (mg/kg) 0.2 ± 0.0 0.2 ± 0.0 0.3 ± 0.0 

Sodium (mg) 2332 ± 809 3536 ± 599 2531 ± 302 

              (mg/kg) 37.9 ± 8.8 61.4 ± 17.7 42.4 ± 0.3 

Means ± SEM, n = 2.   

 

TABLE 29. Average Energy and Macronutrient Intakes for Defense Pairing 2 during Game, 

Practice, and Rest Days. 

Measure Games Practices Rest 

Calories (kcal) 3013 ± 274 2622 ± 254 2668 ± 237 

               (kcal/kg) 44.0 ± 1.7 38.2 ± 1.2 39.0 ± 1.6 

CHO (g) 454 ±73 381 ± 68 384 ± 62 

          (g/kg) 6.6 ± 0.2 5.5 ± 0.3 5.6 ± 0.2 

Fat (g) 89 ± 3 86 ± 3 95 ± 2 

       (g/kg) 1.3 ± 0.2 1.3 ± 0.2 1.4 ± 0.2 

Protein (g) 95 ± 30 98 ± 5 80 ± 2 

             (g/kg) 1.3 ± 0.3 1.4 ± 0.1 1.2 ± 0.1 

Fluid (mL) 2550 ± 976 2380 ± 587 1475 ± 852 

          (mL/kg) 35.8 ± 9.6 34.0 ± 4.2 20.2 ± 9.8 

Means ± SEM, n = 2.   

 

TABLE 30. Reported Micronutrient Intakes of Defense Pairing 2.  

Dietary Measure Games Practices Rest 

Calcium (mg) 1486 ± 704 1875 ± 551 1084 ± 466 

               (mg/kg) 20.6 ± 7.6 26.6 ± 4.6 15.1 ± 4.8 

Vitamin D (μg) 20 ± 19 21 ± 17 20 ± 20 

                  (μg/kg) 0.3 ± 0.3 0.3 ± 0.2 0.3 ± 0.3 

Iron (mg) 50 ± 37 44 ± 26 35 ± 21 

        (mg/kg) 0.7 ± 0.5 0.6 ± 0.3 0.5 ± 0.2 

Sodium (mg) 3260 ± 295 3276 ± 153 2994 ± 108 

              (mg/kg) 47.6 ± 1.8 48.1 ± 4.0 44.4 ± 7.3 

Means ± SEM, n = 2.   

Iron and multivitamin supplementation by participant (n = 1) included. 

 

TABLE 31. Average Energy and Macronutrient Intakes for Defense Pairing 3 during Game, 

Practice, and Rest Days. 

Measure Games Practices Rest 

Calories (kcal) 2601 ± 229 2485 ± 411 2410 ± 596 

               (kcal/kg) 39.4 ± 2.1 37.5 ± 4.9 36.3 ± 7.8 

CHO (g) 294 ± 50 314 ± 67 291 ± 77 

          (g/kg) 4.4 ± 0.6 4.7 ± 0.8 4.4 ± 1.0 
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Fat (g) 80 ± 18 103 ± 16 105 ± 32 

       (g/kg) 1.2 ± 0.2 1.6 ± 0.2 1.6 ± 0.4 

Protein (g) 94 ± 4 87 ± 4 87 ± 1 

             (g/kg) 1.4 ± 0.0 1.3 ± 0.0 1.3 ± 0.0 

Fluid (mL) 2954 ± 423 2679 ± 821 2774 ± 940 

          (mL/kg) 45.1 ± 8.0 40.3 ± 11.1 41.6 ± 12.8 

Means ± SEM, n = 2.   

 

TABLE 32. Reported Micronutrient Intakes of Defense Pairing 3.  

Dietary Measure Games Practices Rest 

Calcium (mg) 1166 ± 559 983 ± 191 901 ± 130 

               (mg/kg) 17.4 ± 7.9 14.8 ± 2.4 13.8 ± 2.5 

Vitamin D (μg) 4 ± 1 5 ± 1 2 ± 1 

                   (μg/kg) 0.1 ± 0.0 0.1 ± 0.0 0.0 ± 0.0 

Iron (mg) 14 ± 2 13 ± 3 18 ± 3 

        (mg/kg) 0.2 ± 0.0 0.2 ± 0.0 0.3 ± 0.0 

Sodium (mg) 3359 ± 1036 4584 ± 1754 4171 ± 1595 

              (mg/kg) 50.5 ± 14.0 68.7 ± 24.2 62.5 ± 22.0 

Means ± SEM, n = 2.   

 

TABLE 33. Reported Average Energy and Macronutrient Intakes of the Goaltender Position. 

Dietary Measure Average Range 

Energy (kcal) 1945 ± 207 1533-2186 

             (kcal/kg) 32.1 ± 0.7 30.3-33.3 

Carbohydrate (% energy) 49 ± 1 47-51 

                       (g) 237 ± 30 178-276 

                       (g/kg) 3.9 ± 0.1 3.7-4.0 

Fat (% energy) 35 ± 3 29-40 

      (g) 74 ± 5 68-84 

      (g/kg) 1.3 ± 0.1 1.0-1.4 

Protein (% energy) 15 ± 0 15-16 

             (g) 76 ± 10 56-86 

             (g/kg) 1.2 ± 0.1 1.2-1.4 

Fluid (mL) 1998 ± 658 1244-3309 

          (mL/kg) 33.3 ± 10.1 17.6-52.0 

Means ± SEM, n = 3.  

 

TABLE 34. Energy and Macronutrient Intakes for Games, Practices, and Rest Days for 

Goaltenders.  

Dietary Measure Games Practices Rest 

Energy (kcal) 2280 ± 138 2171 ± 3 1992 ± 12 

             (kcal/kg) 34.1 ± 3.9 32.4 ± 1.7 29.7 ± 1.4 

Carbohydrate (% energy) 49 ± 1 48 ± 4 53 ± 1 

                       (g) 277 ± 9 262 ± 22 264 ± 8 

                       (g/kg) 4.1 ± 0.4 3.9 ± 0.5 3.9 ± 0.1 

Fat (% energy) 28 ± 4 36 ± 4 31 ± 1 
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     (g) 70 ± 5 88 ± 10 70 ± 3 

     (g/kg) 1.0 ± 0.0 1.3 ± 0.1 1.0 ± 0.0 

Protein (% energy) 13 ± 0 18 ± 1 16 ± 0.0 

             (g) 76 ± 4 95 ± 4 789 ± 0 

             (g/kg) 1.1 ± 0.1 1.4 ± 0.0 1.2 ± 0.1 

Fluid (mL) 2315 ± 862 2190 ± 1130 2369 ± 1057 

          (mL/kg) 33.8 ± 11.0 31.8 ± 15.1 34.5 ± 13.8 

Means ± SEM, n = 3.   

 

TABLE 35. Reported Micronutrient Intakes of the Goaltender Position. 

Dietary Measure Average Range 

Calcium (mg) 908 ± 202 512-1170 

               (mg/kg) 14.5 ± 1.9 10.7-16.5 

Vitamin D (μg) 5 ± 2 3-9 

                  (μg/kg) 0.1 ± 0.0 0.1-0.1 

Iron (mg) 11 ± 2 7-13 

        (mg/kg) 0.2 ± 0.0 0.1-0.2 

Sodium (mg) 3058 ± 276 2663-3589 

              (mg/kg) 51.2 ± 5.0 41.2-56.4 

Means ± SEM, n = 3.  

 

TABLE 36. Selected Micronutrient Intakes During Games, Practices, and Rest Days for 

Goaltenders.  

Dietary Measure Games Practices Rest 

Calcium (mg) 1097 ± 177 1195 ± 48 981 ± 22 

               (mg/kg) 16.5 ± 3.5 17.9 ± 1.7 14.6 ± 0.5 

Vitamin D (μg) 7 ± 4 6 ± 2 5 ± 3 

                  (μg/kg) 0.1 ± 0.1 0.1 ± 0.0 0.1 ± 0.1 

Iron (mg) 12 ± 1 12 ± 1 13 ± 2 

        (mg/kg) 0.2 ± 0.0 0.2 ± 0.0 0.2 ± 0.0 

Sodium (mg) 2589 ± 691 3602 ± 416 3401 ± 146 

              (mg/kg) 38.1 ± 8.2 53.4 ± 3.3 50.8 ± 4.9 

Means ± SEM, n = 3.   
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FIGURE 15. Average Fluid Consumption between Games, Practices, and Rest Days. 

Means ± SEM, n = 23. *, significantly different from other two conditions.  

 


