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ABSTRACT 

Cola beverages are often made available to competitors during endurance 

sporting events. This thesis describes a series of investigations examining the 

frequency and possible physiological consequences of cola beverage use by 

trained endurance athletes.  

 
An initial field study assessed the knowledge, prevalence and quantity of 

caffeine use by athletes competing at the 2005 Ironman® Triathlon World 

Championships.  A large majority (89%) of athletes were planning on using a 

caffeinated substance immediately prior to or throughout the race and a 

similarly high proportion (78%) indicated that cola would be one source of 

this caffeine. Results also indicated a trend towards greater caffeine use in 

those athletes aware of its recent removal from the World Anti-Doping 

Agency’s (WADA) prohibited substances list.  

 
The first laboratory based study investigated the ergogenic impact of 

changing to a cola flavoured beverage during the later stages of an 

endurance cycling task as. Results demonstrated that changing to a cola 

flavoured, but ingredient matched beverage, or an alternative flavoured 

sports drink following prolonged exposure to one sports drink flavour did 

not affect subsequent cycling time trial performance, perception of effort or 

perceived ratings of gastrointestinal function. These findings suggest that 

flavour–mediated mechanisms do not contribute to the ergogenic potential of 

cola beverages consumed throughout endurance-exercise. 



 iv 

 
The final laboratory study investigated the dose-response effects of 1.5 and 3 

mg∙kg-1 body weight (BW) of caffeine on exogenous CHO oxidation, and 

performance during endurance exercise. Again, no significant time trial 

performance improvements were observed during either caffeine containing 

trial. Additionally, when glucose was consumed in sufficient amounts to 

optimise its gastrointestinal absorption the addition of caffeine at either low 

or moderate doses did not further enhance the subsequent oxidation of this 

CHO.   
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PREFACE  
 
You could easily be forgiven for thinking that cola beverage manufacturers 

invented the term “big business”. It is clear that no other product so clearly 

dominates human beverage or food consumption worldwide. For decades, 

image-makers have been targeting audiences with sponsorship and 

marketing images highlighting the association between cola beverage 

consumption and successful sportsmen, sportswomen and sporting events. 

However, somewhat surprisingly, there has been little scientific scrutiny 

directed towards investigating the effect(s) (if any) these beverages have, 

over other formulations, on the physical capacities of healthy individuals. 

Given the large profits currently generated by the dominant cola beverage 

manufacturers and the nutrient to calorie ratio of typical cola beverage 

drinks it is not surprising that discussions concerning a cola beverage’s 

suitability for use in sport often results in an emotive rather than evidence-

based debate. This thesis focuses on new scientific evidence behind issues 

relating to cola beverage consumption and endurance exercise performance. 

 
Chapter 1 explores the origins of popular cola beverages and includes a 

number of period images to further illustrate the colourful evolution of cola 

drinks. Having an appreciation of cola beverage history provides a useful 

contextual basis from which to view the following series of studies. 

Subsequently, a table of cola beverages available in Australia and their 

common ingredients is provided. The cola beverages are described according 

to their manufacturer, energy content, CHO content, CHO source, sodium 
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and caffeine concentrations. Importantly, the table confirms that cola 

beverages available to Australian consumers typically contain higher 

concentrations of CHO and added caffeine when compared to most 

commercial sports drinks (i.e. 6-8% CHO,  0mg caffeine) which are often 

consumed by the exercising athlete to improve endurance performance.     

 
Existing evidence assessing the impact of carbohydrate (CHO), caffeine, 

drink carbonation and drink flavour on endurance exercise performance is 

then reviewed. These drink features have been chosen for review as they 

represent the most likely cola beverage characteristics that could be 

responsible for eliciting an ergogenic effect(s) on long duration activity.  

 
Chapter 2 describes the research framework and hypotheses tested during 

the three subsequent investigations. Chapters 3, 4, 5 and 6 describe these 

investigations presented as either peer-reviewed published journal articles or 

manuscripts under review. Chapter 7 provides a statement of conclusions 

that summarises the findings of all experiments.  In conclusion, appendices 

are attached that describe the experimental methods in further detail 

including a concurrent research project published by the author during the 

doctoral candidature. 
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1.1 Brief History of Cola Beverages 
 
  
Commercial cola beverage manufacturing was undoubtedly one of the 

greatest marketing successes of the 20th Century. The two most popular 

brands, Coca-Cola and Pepsi-Cola reported net operating profits of $6.0 

and $5.1 billion respectively in their most recent corporate annual reports. 

However, these impressive annual figures and global distribution networks, 

belie their humble beginnings. 

 
1.1.1 Original Development of Cola Beverages 
 
  
For over 2000 years(y), various civilisations 

have been using, as both baths and beverages, 

the waters of natural mineral springs for their 

health promoting properties. The medicinal 

beliefs associated with mineral water 

consumption stimulated the earliest interest in 

the production of natural mineral waters. The 

origins of cola beverages as we know them 

today began in 1769 when an Englishman, Dr. Joseph Priestley, created the 

first man-made drinkable glass of carbonated water. A remarkable scientist, 

Dr Priestly is also credited with the discovery of oxygen and carbon 

monoxide amongst many other achievements in chemistry and religion. 

Three years later, a Swedish chemist, Torbern Bergman, invented a 

generating apparatus that made carbonated water from chalk by the use of 

sulfuric acid. Bergman's apparatus allowed imitation mineral water to be 

 
Dr Joseph Priestly 

 (Picture taken from Joseph Priestly by Don Carter website) 
http://www.lexcie.zetnet.co.uk/carter.html 
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produced in larger amounts. The experimental work of both Priestly and 

Bergman, however, would remain not commercially viable for some years.  

 
It took Jacob Schweppe, a German born Swiss jeweller, to perfect the process 

of making artificial mineral waters in 1783.  He partnered with Nicholas 

Paul, an engineer, and M. A. Gosse, a scientist, to produce artificial mineral 

waters in Geneva, Switzerland in 1790.  Later Schweppe would continue the 

business alone. Due to the popularity of his waters in England, Schweppe 

brought the process to London in 1792. Consequently, techniques for the 

production of carbonated waters expanded in both Britain and throughout 

the rest of the western hemisphere as made evident by the many patents for 

mineral water production that were issued during this period.  

 
The next significant developments in the evolution of cola beverages were 

the first United States patent for "means of mass manufacture of imitation 

mineral waters" issued to Simons and Rundell or Riondel of Charleston, 

South Carolina in 1810 and the first soda fountain patent granted to Samuel 

Fahnestock in 1819. These two events preceded many subsequent changes 

that dramatically increased the availability and hence popularity of soda 

beverages.  

  
With these new methods of production and the origins of mineral waters as 

“health” beverages, the neighbourhood pharmacy became the popular site 

for mineral water supply. Throughout the late 1800s American pharmacists, 

who were selling large volumes of the mineral waters, started to add 

medicinal and other flavour providing herbs (e.g. dandelion, sarsaparilla and 
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fruit extracts) to the unflavoured beverage. The early drug stores with their 

soda fountains became a popular part of American culture.  

 

 

 

 

 

 

 

 

 

 

 

Many modern commercial cola beverages were discoveries from this original 

process of adding medicinal ingredients (usually as a syrup) to the artificial 

soda water. These soft drink pioneers realised the importance of flavour and 

many syrups were developed purely in an attempt to maximise it whilst 

maintaining the health properties of the soda water. Table 1.1 describes the 

origins of four popular soda beverages that were created as a result of these 

trials. Despite the transition to synthetically derived additives and flavours, 

the formula for making modern cola beverages remains largely unchanged 

from this original process. 

 
 
 
 

 
Taken from Library of Congress – American Memory website http://memory.loc.gov/cgi-bin/query/r?ammem/ngp) 

“What flavor shall I make it?”  - Lady in front of soda fountain (Circa 1902) 
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Table 1.1 Origins* of four popular soda beverages  
Beverage Developed  Original 

Ingredients  
Original Health Claim 

Dr Pepper 1885 Waco, 
Texas 

?? “mixture of 
fruit syrups” 

Produced purely for flavour 

Coca-Cola 1886, 
Atlanta, 
Georgia 

Sugar, 
Lime, 
Cinnamon, 
Coca Leaves 
and Kola Nuts 

Nerve and Brain tonic, Headache 
Cure 

Pepsi-Cola 1898,  
New Bern, 
N Carolina 

Vanilla, Sugar, 
Oils, Pepsin 
and Kola Nuts 

Exhilarating, invigorating, aids 
digestion. Cure for dyspepsia 

7Up 1929, St 
Louis, 
Missouri 

Lithium, 
Lemon, Lime, 
Sugar 

Produced purely for flavour 

*Information sourced from official drink manufacturer websites 
 

The further development of the modern Coca-Cola and Pepsi-Cola 

companies of today involves a saga of political, engineering and marketing 

events far beyond the scope of this section. However, understanding the 

origins of cola beverages is important when considering their history of use 

in sport. 

 

1.1.2 The Origins of Cola Beverage Use in Sport 

 
It is not possible for this section to cover in detail the sports 

marketing/sponsorship strategies of cola beverage manufacturers 

throughout the 20th century. It is, however, important to acknowledge the 

roots from which the current marketing context has evolved. 

 
The evolution of cola beverages coordinated perfectly with the 20th century 

boom in technology and business. As early as the 1880s, it was obvious to the 

astute business leaders of patent medicine companies (which included cola 

beverages) that “selling” was their key to survival given that their products 
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were considered non-essential items. The original marketing of cola 

beverages focused solely on the purported medicinal properties of the 

drinks. However, it has been reported that in 1895 female consumers would 

often write to Coca-cola management asking them to stop advertising the 

product as a medicine for “they did not wish to feel guilty for taking doses of a 

medicine when all they wanted was a bracing soft drink” (Pendergast 1994). It was 

in this era that Asa Candler (the first majority shareholder of the Coca-Cola 

company and the original driving force behind the drink) began changing 

the focus of advertisements away from “medicinal elixor” and more towards 

“life enhancer”. Soft drink 

manufacturers realised that 

promotion and sponsorship 

were the tools to this 

expansion and aligning your 

product with sporting 

celebrities (amongst other 

high profile members of 

society) was an obvious 

approach to achieve market exposure.  

 
In 1909, automobile racing pioneer Barney Oldfield became the first Pepsi 

celebrity/sporting endorser when he appeared in newspaper advertisements 

describing Pepsi-Cola as "A bully drink…refreshing, invigorating, a fine bracer 

for a race” (PepsiCo 2004). It was during 1928, Coke, in one of its original 

attempts to become an American icon, travelled with the US Olympic team to 

 
Photo courtesy of Wayne Carroll Petersen and taken from www.coffeedrome.com/barney 

Barney Oldfield (car) and Harvey Firestone. With his 
reputation as a race driver, Barney Oldfield became the 
endorser of numerous commercial ventures (including 

Pepsi-Cola) during the early 20th Century. 
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the Amsterdam Olympics. The company has continued its association with 

the world’s premier sporting competition in every subsequent Olympic 

games and is currently a member of The Olympic Partner (TOP) program. 

Managed by the International Olympic Committee (IOC), TOP member 

companies are the only sponsors with the exclusive worldwide marketing 

rights to both Winter and Summer Olympic Games and includes a small 

selection of some of the world’s largest corporations.  

 
The cola giants also quickly established sponsorships with regional events 

such as dog-sled racing in Canada and bull-fighting in Spain. In Australia, 

major cola beverage manufacturers have been sponsoring regional sporting 

events such as cricket, Australian Rules football and rugby league for 

decades.  

 
Whilst the marketing approach of cola beverage manufacturers has moved 

away from the sponsorship of individual athletes being used as “models” to 

promote the benefits of the beverages, the strategy of building brand 

awareness through sport continues. For example, the sponsorship of both 

traditional and international sporting events in growth economies such as 

India (hosting 2010 Commonwealth Games) and China (hosting 2008 

Olympics) attempt to provide rapid exposure for cola beverage makers to 

large populations at times of significant national pride.    
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In many first world countries, a strong marketing relationship between cola 

beverages and sport has now existed for some generations. Little scientific 

attention, however, has been employed to describe the use of, attitudes 

towards and physiological effects of these beverages on human sporting 

performance. The remaining sections of this literature review illustrate the 

nutritional profile of commercial cola beverages available within Australia 

(Table 1.1.3) and examine the existing evidence linking cola beverage 

ingredients to improvements in endurance exercise performance. 

Photo courtesy of Cricket Australia. 

 Ishant Sharma, Australia v India, 3rd 
Test, Perth, 2nd day, January 17, 2008. 

Photo courtesy of http://oldpepsiads.blogspot.com/2007/07/scarce-1959-pepsi-for-
convalescence-ad.html 

 1959, Pepsi Convalescence Advertisement. 
Printed in Medical Journals. 

http://oldpepsiads.blogspot.com/2007/07/scarce-1959-pepsi-for-convalescence-ad.html�
http://oldpepsiads.blogspot.com/2007/07/scarce-1959-pepsi-for-convalescence-ad.html�
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1.1.3 Commercially available cola beverages in Australia  
 
Table 1.2: Nutrient content* of cola beverages currently available to Australian consumers (excludes products available via phone/email order)  
Brand 
Name  

Manufacturer Energy  
kJ·Serve-1  

(Serve Size) 

Energy 
(kJ·100mLs-1) 

CHO* 
(g·Serve-1) 

%CHO* CHO 
Source 

Na+ 
(mmol·L-1) 

Caffeine 
(mg·100mL-1) 

Coca-Cola Coca-cola Amatil Pty 
Ltd 

675 (375mL) 175 41 11 Sucrose 5 13 

Vanilla Coke Coca-cola Amatil Pty 
Ltd 

694 (375mL) 185 41 11 Sucrose 4 13 

Cherry Coke Coca-cola Amatil Pty 
Ltd 

686 (375mL) 183 40 10.5 Sucrose 4 13 
 

Diet Coke Coca-cola Amatil Pty 
Ltd 

8 (375mL) 2 0 0 Nil 7 13 

Diet Coke-
Vanilla  

Coca-cola Amatil Pty 
Ltd 

8 (375mL) 2 0 0 Nil 5 0 

Diet Coke - 
Lime 

Coca-cola Amatil Pty 
Ltd 

12 (375mL) 3 0 0 Nil 4 12.8 

Caffeine-Free 
Diet Coke 

Coca-cola Amatil Pty 
Ltd 

6 (375mL) 2 0 0 Nil 7 0 

Pepsi PepsiCo Int. Pty Ltd 737 (375mL) 197 44 12 Sucrose 0.5 10.6 
Pepsi Light  PepsiCo Int. Pty Ltd 3 (375mL) 1 0 0 Nil 1.5 12 
Pepsi Max  PepsiCo Int. Pty Ltd 5 (375mL) 1 0 0 Nil 1 12 
Caffeine-Free 
Pepsi Light  

PepsiCo Int. Pty Ltd 3 (375mL) 1 0 0 Nil 1.5 0 

LA Ice Cola  P&N Beverages Aust 
Pty Ltd 

731 (375mL) 195 43 11.5 Sucrose 4 10 

LA Ice Maxi 
Cola  

P&N Beverages Aust 
Pty Ltd 

8 (375mL) 2 0 0 Nil 4 10 

LA Ice Diet 
Cola 

P&N Beverages Aust 
Pty Ltd 

8 (375mL) 2 0 0 Nil 4 10 

Aroona Aroona Valley 724 (375mL) 193 45 12 Sucrose 3 0 
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Avalon Cola Springs Pty Ltd 
Dr Pepper  Dr Pepper Bottlers, 

Cadbury Schweppes 
Pty Ltd 

659 (375mL) 176 39 10.5 Sucrose 2.5 11.6 

Aurora 
Sparkling 
Chinotto 
Adult Cola 

Cosmo Foods Pty Ltd  731 (375mL) 195 43 11.5 Sucrose 2.5  

E Shot  Musashi 435 (300mL) 145 25 8.2  Sucrose 3 31.7 
Growling Dog Musashi 426 (500mL) 85 25 5 Medium 

chain CHO 
Polymers (?) 

2.5 4.5 

SLM Cola Musashi 25 (500mL) 5 0 0 Nil 3 4.5 
Signature 
Range Cola 

SR Brands Ltd 713 (375mL) 190 43 11.5 Sucrose 4 ≤ 14 

Signature 
Range Diet 
Cola  

SR Brands Ltd 8 (375mL) 2 0 0 Nil 4 ≤ 14 

Home Brand 
Cola  

Woolworths Pty Ltd 731 (375mL) 195 43 11.5 Sucrose 4 10 

Home Brand 
Diet Cola  

Woolworths Pty Ltd 5 (375mL) 0 0 0 Nil 9 10 

Basics Crazy 
Cola 

Food Brokers (WA) 
Pty Ltd. 

713 (375mL)  190 43 11.5 Sucrose 4 ≤ 14 

Basics 
Delicious Diet 
Cola 

Food Brokers (WA) 
Pty Ltd. 

15 (375mL) 4 0 0 Nil 4 ≤ 14 

Regal Cola Aldi Stores. 731 (375mL) 195 23 11.5 Sucrose 4 Negligible 
Regal Diet 
Cola 

Aldi Stores. 8 (375mL) 0 0 0 Nil 4 Negligible 

Jolt Cola Wet Planet Beverages 694 (375mL) 185 34 9 Sucrose 4 79 
* Nutritional values supplied by drink manufacturers         NB: For caffeine content of North American cola beverages see Chou et al 2007.  
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1.2 Literature Review  
Cola beverages vs alternate drinks on endurance sports 
performance  
 
1.2.1 Introduction  
 
 
Over the previous 50y, significant progress has been made in understanding 

the effects of different fluids and their ingredients on exercise performance. 

As a consequence of this new scientific evidence, drink manufacturers have 

been relentless in their development of new drink formulations, the wide 

variety of which have been responsible for the birth of two completely new 

drink markets (i.e., sports and energy drinks).   

 
This literature review is sectioned according to the various common 

components of cola beverages; Carbohydrate (CHO), Caffeine, Cola Flavour, 

Drink Carbonation and Other Additives (trace elements). The majority of the 

literature examined focuses on CHO and caffeine as they represent the most 

likely additives within cola beverages to have an impact on exercise 

performance. Additionally, CHO and caffeine have received the greatest 

scientific scrutiny regarding their ergogenic properties. Due to the volume of 

previous research, the review of CHO is specifically limited to studies 

assessing the ergogenicity of CHO consumed either immediately prior to 

(i.e., <1h) or during endurance exercise ≥1h. The review of caffeine and 

exercise covers exercise of any duration as caffeine has the potential to 

improve performance during both long and short durations of activity. 

Finally, the literature review explores the impact of drink flavour and 

carbonation on exercise performance as these remain distinctive features of 



   12 

cola beverages (compared to commercial sports drinks) if consumed whilst 

exercising. For this review research has only been considered if performed on 

human subjects and published within the peer reviewed scientific literature.    

 

1.2.2 Carbohydrate  

 
The evidence showing benefits of CHO intake either immediately prior to 

and/or during endurance events lasting longer than 90min is irrefutable. The 

consensus support for the consumption of CHO during endurance exercise 

from leading sports organisations (e.g., IOC) and health professional 

associations (e.g., American College of Sports Medicine (ACSM), Sports 

Dietitians Australia(SDA)) is a testament to the consensus of this scientific 

opinion. The mechanism by which CHO ingestion is believed to exert 

performance enhancement is via the maintenance of plasma blood glucose 

and increased exogenous CHO oxidation rates during exercise. Increased 

exogenous CHO oxidation rates during exercise leads to a reduced reliance 

on the finite stores of muscle and liver glycogen required to satisfy the 

energy demands of the working muscle thus delaying fatigue (Coyle 1995). 

 
Since the 1970s, numerous research groups have used both isotope 

(radioactive and stable), and muscle biopsy techniques to monitor the fate, 

and impact of CHO consumed during various prolonged exercise tasks 

(Costill et al 1973, Pirnay et al 1982, Erickson et al 1987, Moodley et al 1992, 

Saris et al 1993, Derman et al 1996). Taken collectively, these studies reveal 

that a constant supply of exogenous CHO, whilst not consistently impacting 
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on muscle glycogen utilisation, will certainly serve as an important source of 

supplementary fuel during the later stages of endurance exercise.  

 
Given the potential to improve endurance performance (Section 1.2.2.4 for 

effects on performance), researchers have been eager to establish the peak 

physiological limit to exogenous CHO oxidation. It is clear that maximal 

exogenous CHO oxidation may be affected by a number of factors most 

notably: the amount of CHO consumed, the timing of CHO ingestion relative 

to the activity being undertaken, the type of CHO (mono-, di- or 

polysaccharides or their combinations) being consumed, the pre-exercise 

glycogen state, the gender of the exercise participant and environmental 

conditions. 

 
Summaries of studies investigating the utilisation of exogenous CHO have 

commonly reported rates of oxidation between 0.8 to 1.0 g·min-1 (Jeukendrup 

2000) with the highest reports of 1.0 to 1.3 g·min-1 being demonstrated in 

studies that have seen larger amounts of CHO (~1.5 g·min-1) being ingested 

(Hawley et al 1992, Saris et al 1993, Wagenmakers et al 1993, Jentjens et al 

2004 and Jentjens et al 2004). The oxidation rates of different amounts and 

types of CHO have been reviewed as sections 1.2.2.1 and 1.2.2.2, respectively. 

The influence of gender and the effects of variable circumstances such as hot 

v cold environments and low v high pre-exercise CHO stores are still being 

investigated and a summary table (Table 1.3) is provided within section 

1.2.2.3.   
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1.2.2.1 Timing and Amount of CHO 

Early tracer studies demonstrated that, provided enough glucose was made 

available, the precise timing of the CHO ingestion had little effect on either 

the rate at which exogenous CHO oxidation increases or the maximal value 

achieved. In 1984, Krzentowski et al demonstrated that 100g of glucose 

provided either 15 or 120min after the commencement of low intensity 

prolonged exercise (walking at 45% of maximal oxygen consumption 

(VO2peak) for 4h) produced the same exogenous CHO oxidation pattern in the 

2h following ingestion. Likewise, Rehrer and colleagues (1994) showed that 

trained cyclists displayed no difference in CHO oxidation rates despite large 

variations in both drink composition (i.e., 4.5% glucose vs 17% glucose vs 

17% glucose polymer) and gastric emptying rates following the ingestion of 

approximately 1300mL of fluid in 1h. It should be noted, however, that in 

both of these studies carbohydrate ingestion rates approached the 

recommendation now suggested to elicit maximal carbohydrate oxidation 

(60-70 g·h-1, Juekendrup 2000), a behaviour not always achieved in 

competitive sport.  Furthermore, these studies only involved the ingestion of 

glucose exclusively whereas many popular commercial drinks consumed by 

athletes (including cola beverages) may contain a variety of mono-, di- and 

polysaccharides. 
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1.2.2.2 Type of CHO 

Numerous researchers have investigated the exogenous CHO oxidation rates 

of different CHO types. Figure 1.1 is a graph reproduced from a review 

paper by Jeukendrup and co-workers (2000) which provides a summary of 

these rates.    

 

 

Figure 1.1 Peak oxidation rates of orally consumed carbohydrates (CHOs) 
depicted against the CHO ingestion rate of different types of CHO. 
Fructose and galactose appear to be oxidised at relatively low rates whereas glucose, 
sucrose, maltose, maltodextrins and soluble starch seem to be oxidised at relatively high 
rates. The horizontal line depicts the absolute maximum for oral CHO oxidation. The 
dotted line represents the line of identity, where CHO ingestion equals CHO oxidation. 
Data from several studies. (Figure reproduced from Jeukendrup et al 2000.) 
 

The utilisation rates of fructose (Massicotte et al 1989, Jandrain et al 1993, 

Adopo et al 1994) and galactose (Leijssen et al 1995) appear to be slower than 

those of other digestible CHOs whose oxidation rates seem largely 

equivalent. For both fructose and galactose, differences in gastrointestinal 

absorption and a requirement for a monosaccharide to be converted to 

glucose in the liver prior to its utilisation in peripheral tissues appear to be 

the potential limits to more rapid oxidation. However, the interpretation that 
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due to their slower rates of oxidation these CHO are less useful as a 

supplement to the exercising muscles requires caution, as it appears fructose 

still plays an important role in contributing to peak CHO oxidation.  

 
In 1994, Adopo et al demonstrated that glucose and fructose in combination 

produced oxidation rates similar to glucose and fructose ingested alone, 

suggesting an additive response to the co-ingestion of different CHO types. 

Unfortunately, this study only used 100g of CHO as the highest amount of 

total CHO provided for any one trial (i.e., either 50g glucose+50g fructose or 

100g glucose or 100g fructose) during the 2h exercise bout making it difficult 

to deduce if the combination of CHO was more effective at improving 

exogenous CHO oxidation than a larger amount of one individual CHO. 

Recently, Jentjens et al (2004) repeated this study using larger amounts of 

both fructose (~72g) and glucose (~144g). Peak CHO oxidation rates (Figure 

1.2) for the glucose+fructose combination were ~55% higher than those of the 

isoenergetic glucose only solution (i.e., ~216g glucose) and the more 

traditional 8.7% glucose (i.e., ~144g glucose) solution used as comparisons. 

The co-ingestion of these larger amounts of glucose and fructose as a 2:1 ratio 

resulting in increased exogenous CHO oxidation have also just been 

confirmed during exercise in the heat (Jentjens et al 2006) and importantly to 

enhance endurance exercise performance (Currell et al 2008). The authors of 

all 3 recent studies (i.e., Jentjens et al 2004, Jentjens et al 2006 and Currell et al 

2008)  highlighted that the differences observed on the glucose+fructose trials 

were most likely to be caused by differences in CHO transport at the 

intestinal lumen.  
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Figure 1.2 Exogenous CHO oxidation during exercise with ingestion of (8.7% 
Glucose) Med-Glu, (13.1% Glucose) High-Glu, or (13.1% Fructose+Glucose) 
Fruc+Glu. EGO, exogenous glucose oxidation in Fruc+Glu; EFO, exogenous 
fructose oxidation in Fruc+Glu. 
Values are means±SE; n= 8. a Significantly different from Med-Glu and High-Glu, P ≥ 
0.01. (Figure reproduced from Jentjens et al 2004.) 
 

Glucose and galactose require a sodium-dependent glucose transporter 

(SGLT1) for absorption into mucosal cells (Groff et al 1995). It appears that 

these transporters are likely to saturate at glucose intake rates of ~1.1 g·min-1 

(Wagenmaker et al 1993) beyond which no increases in glucose oxidation 

rates are noted. The absorption of fructose is less well understood. It appears, 

however, that fructose is transported by a sodium independent facilitative 

transporter (Glut5) that proceeds on a concentration gradient (Groff et al 

1995). These differences in CHO transport may be responsible for the 

elevated CHO oxidation rates demonstrated when glucose and fructose are 

co-ingested (Jentjens et al 2004).   

 
Cola beverages, are based on sucrose (Table 1.1), a disaccharide combination 

of glucose and fructose with a structurally unique glycosidic bond involving 
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the anomeric hydroxyl of both residues (Gropper et al 2005). Despite its 

popularity as a natural sweetener, the oxidative capacity of sucrose ingested 

during exercise has received limited examination.  

 
In 1992, Moodley et al compared the oxidation rates of exogenous glucose, 

sucrose and glucose polymers (90g) during 90min of cycling at 70% VO2peak. 

They reported similar oxidation rates between sucrose and the glucose 

solutions. However, the peak oxidation rates were only 0.4 g·min-1 for both 

glucose and sucrose. This relatively low oxidation rate may in part be 

explained by the lower oxidation rates observed with the 14C-glucose isotope 

technique in comparison to the 13C-glucose method (Moseley et al 2005).  One 

year later, Wagenmakers et al (1993) investigated the use of an 8% sucrose 

solution compared to maltodextrin solutions of various concentrations (4, 8, 

12 & 16%) during 2h of cycling.  Their results showed no difference in the 

oxidation rates of the sucrose compared to the 8%, 12% and 16% 

maltodextrin (0.88 g·min-1 (sucrose) v 0.86 (8%), 1 (12%) and 1.06 (16%) g·min-

1). These rates are more in keeping with oxidation rates suggested from other 

studies (Figure 1.1). Of importance in the discussion was the author’s 

comments regarding the need to maintain a balance between the small 

advantages in regards to fuel supply to the working muscle that the higher 

concentrations of maltodextrins may confer versus the risk of gastrointestinal 

discomfort associated with the accumulation of CHO in the stomach and 

intestine. Given the differences in transport mechanisms between fructose 

and glucose and the knowledge that gastric emptying had little impact on 
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CHO oxidation rates (Rehrer et al 1994), it seems surprising that it took a 

decade for any further investigation into the oxidative capacity of sucrose. 

 
In 2004, Jentjens and co-workers published their investigation aimed at 

determining whether the combined ingestion of a large amount of glucose 

(180g) and sucrose (90g) during 2.5h of cycling lead to higher rates of CHO 

oxidation than those of isoenergetic glucose or the glucose disaccharide 

(maltose). The oxidation rates are presented below as Figure 1.3. The 

sucrose+glucose combination resulted in ~20% higher rates of exogenous 

CHO oxidation than matched amounts of glucose. 

 
 

 
 
Figure 1.3 Exogenous carbohydrate (CHO) oxidation during exercise without 
ingestion of carbohydrate [water (Wat)] or with ingestion of glucose (Glu), 
glucose and sucrose (Glu+Suc), or glucose and maltose (Glu+Mal). 
Values are means±SE; n =9; Significant differences: aGlu+Suc vs. Glu+Mal, and  
bGlu+Suc vs.Glu: P ≥ 0.05. (Figure reproduced from Jentjens et al 2004) 
 

These results confirmed the CHO oxidation findings from the previous study 

reported from the same laboratory (Jentjens et al 2004). That is, when large 

amounts of CHO (∼1.8 g·min-1) are ingested in the form of CHOs that digest 
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to both glucose (i.e., glucose, or maltose or maltodextrin) and fructose (i.e., 

fructose or sucrose) the peak total exogenous CHO oxidation rate 

approximates 1.25 g·min-1 which is higher that the rates typical observed 

when glucose only sources of CHO are consumed (i.e., ~1 g·min-1, Figure 1.4). 

Therefore, the authors subsequently deduced that to achieve peak exogenous 

CHO oxidation rates during endurance exercise it is imperative to exploit 

every opportunity for intestinal CHO absorption.  

 

 
 

Figure 1.4 Peak exogenous carbohydrate oxidation during exercise as a 
function of the rate of carbohydrate intake. 
Each dot represents the peak oxidation rate observed with one type of carbohydrate. The 
straight line represents the line of identity where oxidation equals the ingestion rate. In 
general, there is an increase in oxidation with increasing intake, but this seems to level off 
with higher rates of intake (>1.2 g·min-1). Peak oxidation rates for a single carbohydrate 
(circles) are typically 1.0 to 1.1 g·min-1. However, when multiple carbohydrates that use 
different intestinal transporters are ingested, oxidation rates can increase by 20% to 50% 
(squares). (Figure reproduced from Jeukendrup 2004) 
 
 
Another important practical finding from both of these studies was that the 

combination of glucose+fructose or glucose+sucrose resulted in fewer 

reports by subjects of gastro-intestinal discomfort when compared to the iso-

energetic glucose only solutions. The accumulation of CHO in the gut as a 
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result of incomplete intestinal absorption when large amounts of glucose 

alone are supplied has been speculated as a possible cause of this increased 

gut symptomology (Jentjens et al 2004). Regardless of the mechanism the 

result remains another benefit of mixed CHO solutions.      

    
Taken collectively, maximal exogenous CHO oxidation rates are achieved  

90-120 min following the commencement of endurance exercise when 60-70 

g·min-1 of CHO are ingested. To achieve optimal rates the CHO should be 

predominantly of a glucose base (i.e., glucose, maltose, or maltodextrin) with 

smaller amounts of fructose containing CHO (i.e. fructose or sucrose) added 

to provide a smaller but meaningful contribution to the working muscle. The 

effect of combined glucose and galactose solutions on exogenous CHO 

oxidation rates remains unclear. 

 

1.2.2.3 External factors affecting exogenous CHO oxidation  

A number of other factors such as training status, pre-exercise diet, 

environmental conditions and gender may influence CHO oxidation during 

exercise (Jeukendrup et al 2000, Jeukendrup 2003). Table 1.3 provides a 

summary of these effects. Table 1.4 describes recent studies investigating the 

oxidative rates of exogenous CHO supplied during endurance exercise under 

a variety conditions.  

 
To control for the impact of these variables it is typical for laboratory studies 

to be conducted in controlled environments, at fixed altitudes, involving 

either only men or women during a consistent phase of the menstrual cycle. 
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A number of research groups also provided subjects with standardised food 

parcels prior to any data collection to ensure utmost attempts are made to 

achieve pre-trial dietary standardisation.  

 
Table 1.3 Summary of factors affecting carbohydrate utilisation during exercise. 
Changes are expressed as relative (% compared to fat) and absolute (e.g., kJ·min-1) 
contributions to energy expenditure. (Adapted from Jeukendrup 2003.) 
 

 CHO contribution to Energy 
Relative Absolute 

↑ Exercise Intensity ↑ ↑ 
↑ Exercise Duration ↓ ↓ 
Prior CHO Feeding ↑ ↑ 

CHO rich diet ↑ ↑ 
Endurance Training ↓ ↓ 

Hot Conditions ↑ ↑ 
Cold Conditions ↑ ↑ 

↑Altitude ↑ ↑ 
Gender* (women compared to men) ↓ ↓ 
* Differences possibly relate to endogenous CHO oxidation only (see Wallis et al 2006)    
 

 

 
Whilst sections 1.2.2.1, 1.2.2.2 and 1.2.2.3 have documented the utilisation 

profile of ingested CHO during exercise, ultimately the impact of this CHO 

on concurrent exercise performance is the primary concern of the endurance 

athlete. 

 

1.2.2.4  CHO intake during exercise and performance  

There is unanimous acceptance of the ergogenic benefits of CHO ingestion 

during endurance exercise (IOC, ACSM, SDA). While these benefits are likely 

to become more apparent as the exercise time increases (i.e., >120min) the 

minimum duration of activity required prior to exogenous CHO intake 

producing any benefits is still less certain.  
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A recent review of studies examining CHO ingestion and performance 

highlighted that while the majority of studies indicate ergogenic effects the 

majority have incorporated pre-exercise overnight fasting periods 

(Jeukendrup 2004). Overnight fasting periods have three likely consequences: 

Firstly, they may potentiate any effect of the exogenously supplied CHO. 

Secondly, subjects may start trials under varying degrees of liver glycogen 

depletion. This will be dependant upon the timing and amount of CHO 

offered in the preceding meals and may influence a subject’s response to 

exogenously supplied CHO. Finally, a fasting period reduces the 

applicability of results to the real sporting situation where most athletes are 

encouraged to begin endurance exercise in the non-fasted state. Therefore, 

only studies where fed subjects are provided CHO throughout exercise are 

likely to concurrently control for both differences between subjects’ CHO 

availability and reflect the actual impact of CHO consumed by athletes in 

competition.  

 
To clarify the effects of CHO ingestion during endurance exercise, Table 1.5 

provides a summary of studies indicating the effects of CHO ingestion 

during endurance exercise (>1h) on fed subjects (i.e., having eaten within 4h 

of the exercise task).  Studies have been excluded if: i) they only provided 

CHO immediately prior to exercise (i.e., ≤15min) but this followed a fasting 

period ≤4h, or ii) the precise fasting period was possibly <4h but was not 

controlled (e.g., “subjects entered the laboratory after at least a 1h fast”).  The 
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studies have also been categorised according to the research protocol’s 

duration and mode of activity.  

 
The duration of activity is particularly important as it is also possible that 

CHO may produce ergogenic effects unrelated to glycogen sparing such as 

stimulating the central nervous system (Carter et al 2004 and 2005) or 

changing afferent sensory input (Nikolopolous et al 2004). Given that little 

exogenous CHO is likely to appear in the peripheral circulation when 

exercise lasts ∼60min (McConell et al 2000), it is possible that the mechanism 

of effect(s) caused by the ingestion of CHO may differ across this time period 

dependent upon the specific demands of the activity being undertaken (i.e., 

intermittent v constant effort exercise).       

 
Surprisingly, for studies of exercise lasting >90min, the evidence of an effect 

of CHO intake during endurance exercise in fed subjects becomes less 

apparent, largely due to a limited number of published trials. Other factors 

such as the defined endpoints used to quantify performance (i.e., constant 

work (e.g., time trials (TT)) compared to constant power (e.g., time to 

exhaustion tests) have the potential to further disguise any CHO effects. 

Different performance endpoints may alter the factors affecting endurance 

performance (e.g., pacing) and hence influence the comparability of the 

different experiments (Hopkins et al 2001). 

    
Interestingly, however, two studies with exercise protocols lasting >90min 

have demonstrated no effect of CHO ingestion on performance in fed 

subjects. Hunter and coworkers (2002) failed to demonstrate any type of 
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performance improvement during a 100km cycling time trial with 

intermittent 1 and 4 km high intensity efforts. Unfortunately, the authors did 

not document the exact type of CHO used in their study as the primary 

objective was to investigate the ergogenic effects of caffeine (not CHO) on 

performance.  

 
The second study to demonstrate no effect of CHO ingestion on a prolonged 

performance was one in which a 5% glucose only solution was ingested 

during another 100km cycling time trial (Madsen 1996). This lower 

concentration of a lone monosaccharide may allude to the importance of 

utilising higher concentrations of mixed CHO that digest to different 

monosaccharides (and hence the benefits of maximising CHO transport from 

the gastro-intestinal system during endurance exercise).  

 
As discussed, cola beverages primarily contain sucrose which, when 

digested, supplies both glucose and fructose to the exercising athlete. 

Coincidentally, the impact of drinks containing multiple transportable CHO 

on endurance exercise performance has received recent scientific attention. 

Stannard et al (2007) and Currell et al (2008) have both investigated the 

impact of glucose+fructose mixed drinks on endurance cycling performance 

compared to drinks that are solely reliant on the SGLT1 (i.e., glucose and/or 

galactose drinks) for their intestinal absorption. In the earlier study, Stannard 

and coworkers (2007) observed a deterioration in performance when 1 g·kg-1 

BW·h-1 of galactose was compared to equal amounts of either 

glucose+galactose or glucose+fructose beverages consumed throughout an 
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endurance cycling test in fed subjects. The authors concluded that the 

ergolytic effect observed during the galactose only trial was likely to have 

been the result of impaired glucose supply caused by the delay in hepatic 

galactose to glucose conversion. Interestingly, no differences were reported 

between their isoenergetic 50% glucose/50% galactose drink and a 80% 

glucose/20% fructose solution which acted as comparisons. Most recently 

however, Currell et al (2008) observed a performance improvement during a 

1h cycling TT following a 2h steady state (SS) period when 1.8 g∙min-1 of a 2:1 

ratio glucose+fructose beverage was consumed throughout the trial 

compared to an isoenergetic glucose only solution, suggesting a benefit to 

consuming mixed CHO solutions that use the different intestinal transport 

routes.  

 
While these studies investigate the potential for multiple transportable CHO 

to modify endurance performance, it is important to remember that in reality 

most athletes consuming commercial sports drinks or cola beverages during 

endurance exercise are already ingesting CHO that digest differently as both 

drink types typically contain mixtures of maltodextrin, sucrose and/or 

fructose. Whilst it appears evident that mixed CHO solutions are likely to 

either maintain or improve endurance performance the more technical issue 

for athletes remains the quantity of each CHO to consume. 

 
It is evident that as exercise duration increases similarly the metabolic 

importance of CHO to maintaining performance escalates (Bergstrom et al 

1967, Rauch et al 1995). It should be noted that the lack of evidence 
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concerning the benefits of consuming CHO during exercise lasting >90min in 

a fed state is possibly more a reflection of the difficulty conducting research 

of this nature than as a lack of an effect of the CHO per se. Conducting 

studies on well fed subjects exercising for lengthy periods requires 

researchers with expertise in both physiology and nutrition. It is also 

important that subjects are suitably trained and sufficiently compliant to 

ensure the time commitment required is justified.  
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      Table 1.4 Recent studies of factors effecting exogenous CHO oxidation during prolonged endurance exercise (≥90mins) 
Reference Event Treatment  Subjects CHO intake Maximal exogenous CHO 

Oxidation (g/min) 
 Evironmental 

Studies 
    

Jentjens et al 
2006 

Cycling 120min 
@ 50% PPO  

Heat (32oC) 8 unacclimated 
trained M 

1.5 g·min-1 glucose 
or 1.0 g·min-1 
glucose + 0.5  
g·min-1 frucose or 
water 

1.14±0.05 – fructose+glucose 
0.77±0.08 – glucose only 

Jentjens et al 
2002 

Cycling 90min 
@ 55% VO2peak  

Heat (35.5oC) v 
Cold (16.4 oC) 

9 
nonacclimated 
trained M 

23 mL·kg-1 BW 8% 
glucose solution 

0.76±0.06 – in heat 
0.84±0.05 – in cool 

Galloway et 
al 2001 

Cycling ~80% 
VO2peak to 
exhaustion.  

Cold (~10oC) 6 healthy M 7.14 mL·kg-1 BW 
pre, then 1.43 
mL·kg-1 BW  every 
10 mins. (0,2,6,12%  
Glucose) 

Higher oxidation rates with the 6 
and 12% drinks. Between 0.5-0.7. 

 Pre-Exercise 
Diet 

    

Peronnet et al 
1998 

Cycling 120min 
@ ~64% VO2peak 

Low CHO pre-ex 
(48h x 200 gCHO·d-1) 
v  
High CHO pre-ex 
(48h x 700 gCHO·d-1) 

6 healthy M 12.5% glucose 
solution. 1600mL 
total (400mL pre + 
4 x 300 mL every 
20min)  

Higher oxidation rate in low 
CHO diet between 40-80min, but 
no difference during last 40mins 
(0.71±0.04 (low CHO) v 0.69±0.04 
(high CHO)).  
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Jeukendrup et 
al 1996 

Cycling 120min 
@ 57% VO2peak 

13h muscle glycogen 
manipulation Low 
CHO pre-ex (14 
gCHO) v  
High CHO pre-ex 
(250-300 gCHO) 

7 well-trained 
M  

18 mL·kg-1 BW 8% 
glucose solution 

0.64±0.05 – Low glycogen pre-ex 
0.88±0.04  - High glycogen pre-ex 

 Training Status     
Burelle et al 
1999 

Cycling 90min 
@ ~68% VO2peak.  

On separate occasion 
trained subjects also 
rode 90min @ 
untrained subject’s 
workload   

6 trained M 
and 6 
sedentary M 

10% glucose 
solution (250mL 
given @  
-30,0,30 & 60 mins) 

Trained subjects oxidised higher 
rates of exogenous CHO during 
exercise (0.74±0.03 vs 0.56±0.02) 
at both the same relative and 
absolute workloads.  

Van Loon et 
al 1999 

Cycling 120min 
@ ~55% VO2peak.   

On separate ocassion 
trained subjects also 
rode 120min @ 
untrained subjects’ 
workload 

6 trained M 
and 7 
sedentary M 

22mL·kg-1 BW 8% 
glucose solution  

No differences in CHO oxidation 
at the same relative or absolute 
worload. 
0.69±0.03 – untrained group 
0.75±0.03 – trained group 
(Relative) 
0.72±0.02 – trained group 
(Absolute) 

 Gender     
Wallis et al 
2007 

Cycling 120min 
@ ~60% VO2peak 

Rate of exogenous 
CHO ingestion in F 
subjects 

8 healthy F 
(follicular 
phase) 

0, 0.5, 1.0 or 1.5 
g·min-1 glucose. 

Peak oxidation rate (0.5) reached 
at 1 g·min-1. 

Wallis et al 
2006 

Cycling 120min 
@ ~67% VO2peak 

Gender 8 healthy F 
(follicular 
phase) and 8 
healthy M 

10.9% glucose 
solution @ 
1.5g·min-1 

No differences in CHO oxidation 
at the same relative. 
0.70±0.08 – males 
0.65±0.06 - females 
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M’Kaouar et 
al 2004 

Cycling 120min 
@ ~65% VO2peak 

Gender 6 healthy F 
(follicular 
phase) and 6 
healthy M 

15% glucose 
solution (20mL·kg-1 
BW)   

0.6 – females 
0.9 – males.  
However, when differences in 
body mass and energy 
expenditure were factored, 
exogenous glucose oxidation 
during exercise at the same 
relative workload was similar. 

Galassetti et 
al 2001 

Cycling 2 x 
90min @ 48% 
VO2peak, 
separated by 
3hrs 

Gender 8 healthy F and 
8 healthy M 

1.5g·kg-1 glucose 
solution provided 
after first 90min of 
ex. Also provided 
with glucose via 
infusion to 
maintain 
euglycaemia. 

No difference between the 
additional CHO required to 
maintain stable BSL between M 
& F during the second exercise 
task. 
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 Table 1.5  Effect of carbohydrate feeding during exercise on endurance performance in fed* subjects  
Reference Event Subjects CHO intake Enhanced 

performance 
Effect 

Cycling Studies (90+ min) 
Stannard et al 
2007 

120min @ ~65% 
VO2peak + TT 
(30min @ 80% 
VO2peak)  

9 well trained M 8% galactcose or 
8% 50% galactose + 
50% glucose or  
8% 20% fructose + 
80% glucose 
provided 
immediately before 
and at every 20min 
throughout 

Yes Glucose containing solutions 
improved performance 
compared to galactose only trial. 
No difference observed between 
Glucose+Galactose and Glucose 
+Fructose trials. 

Cox et al 2002** 120min @ ~70% 
VO2peak + 7 kJ·kg-1 
BW TT 

8 highly trained 
M 

6% CHO (glucose + 
sucrose, Gatorade), 
changed to 6%  or 
11% CHO (sucrose) 
at 80mins 

Trend 27:05±0:42 min – 6% CHO 
26:55±0:43 min – 11%CHO 
 

Hunter et al 
2002 

100km TT on air-
braked 
(Kingcycle) 
ergometer with 
high intensity 
bouts throughout 

8 well trained M 7% CHO solution 
(unspecified) 

No ~150min – CHO and Placebo 
(Graphical Interpretation only) 

Febbraio et al 
2000 

120min @ ~70% 
VO2peak + 7 kJ·kg-1 
BW TT 

7 well trained M 6.4% CHO (glucose 
+ MD) 

Trend ~ 33min – CHO 
~ 41min - Placebo  
(Graphical Interpretation only) 



   32 

Angus et al 
2000 

35 kJ·kg-1 BW TT 
(~100km) 

8 well trained M 6% CHO (glucose + 
sucrose, Gatorade) 

Yes 166±7 min – CHO 
178±11 min – Placebo   

Madsen et al 
1996 

100km TT on 
magnetic 
simulator 

9 well trained M 5% CHO 
(MD+glucose 1:1) 

No 160min – CHO 
160min – Placebo  

Lagenfeld et al 
1994 

80mile (128km) 
TT on windload 
simulator 

14 experienced 
and healthy M 

5 % glucose 
polymer + 2% 
sucrose 

Yes 241±2 min – CHO 
253±2 min – Placebo  

Wright et al 
1991 

70% VO2peak to 
exhaustion 

9 well trained M 5% gluoce polymer 
+ 3% sucrose 

Yes 289min – CHO 
237min – Placebo  

Cycling Studies (60-90 min)† 
Desbrow et al 
2004 

14kJ·kg-1 BW TT  9 well trained M 6% CHO (glucose + 
sucrose, Gatorade) 

No 62:34±6:44 min – CHO 
62:40± 5:35min – Placebo   

Clark et al 2000 40km TT 49 well trained 
M & 5 well 
trained F 

7.6% glucose 
polymer 

No 59±4 min –  CHO (blinded trial) 
59± 4min – Placebo (blinded 
trial) 
 

Running Studies (60-90min)† 
Burke et al 2005 Half-marathon. 

Field test  
18 highly 
trained runners  

1 g·kg-1 CHO gel 
provided 
immediately before 
and at 5, 10 & 15km  

No 73.35min – CHO gel 
73.56min - Placebo 

van 
Nieuwenhoven 
et al 2005  

18km run. Field 
test  

90 well trained 
M & 8 well 
trained F 

7% CHO (sucrose + 
glucose polymer)  

No Top 10 finishers only  
63:50 – Mineral Water (carbonated) 
63:54 - CHO  

    (* ≤4hours from pre-exercise meal) 
 (** no comparison with no CHO trial, additional CHO only) 
 († Nb. Limited metabolic effects as only low rates of exogenous CHO appearance in shorter events (McConell et al 2000).)  
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1.2.3 Caffeine  
 
The actions of caffeine on the human body have been extensively researched 

and are well beyond the scope of this review. Likewise, its impact on human 

exercise performance has received extensive scientific attention for over a 

century (Rivers et al 1907).  Table 1.6.1 provides a summary of these results 

relating to the duration of the exercise task being undertaken.  

 

Table 1.6.1 Summary of studies investigating the ergogenic properties of caffeine.   
 

 Number of 
studies* 

Total 
subjects  

Studies reporting 
ergogenicity† (%) 

Tasks >60min duration 

Caffeine 1h pre-event 10 96 7 (70) 
Caffeine during exercise  9 204 4 (44) 

TOTAL 19 300 11 (58) 

Tasks <60min duration  

30-60min  
Caffeine 1h pre-event 

14 120 10 (71) 

   Caffeine 1h pre + during 2 19 2 (100) 
~20min event 15 153 8 (53) 
~5min event 9 117 7 (78) 
Sprint event 15 206 4 (27) 

Resistance training 4 74 2 (50) 
TOTAL 69 689 33 (48) 

* All research designs included.   
† Studies reporting ergogencity show some degree of statistically positive performance 
effect following caffeine ingestion. Not all studies report unanimous ergogenic effects.         
 

For a more detailed interpretation, Tables 1.6.2 and 1.6.3 summarises each of 

these research studies specifically describing the type of exercise task and the 

method of caffeine administration undertaken. There are also a number of 

published reviews summarising the ergogenic properties of caffeine (Conlee 

1988, Jacobsen et al 1989, Dodd et al 1993, Clarkson 1993, Graham 2001, 
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Doherty et al 2005 and Ruxton 2008) along with other articles which include 

sections on caffeine as a component of larger reviews on many egogenic aids.  

 

1.2.3.1 Mechanism(s) of Action of Caffeine  

 
The mechanism(s) by which caffeine could convey ergogenic affects on 

human exercise performance have been documented in several reviews 

(Tarnopolsky 1994, Spriet 1997, Fredholm 1999, Graham 2001).  Caffeine is 

transported rapidly throughout the body, affecting a large number of organs 

and body systems. This makes it almost impossible to isolate a single 

mechanism of action in vivo to explain its ergogenic effects. For example, the 

ergogenic properties of caffeine might in part relate to caffeine-induced 

increases in plasma epinephrine whilst it concurrently affects performance 

by CNS stimulation or via direct action of caffeine on specific tissues. It is 

therefore the aim of this section to summarise the current consensus of 

caffeine’s reported mechanisms. The current proposed ergogenic 

mechanisms of caffeine can be categorised by interrelated effects along the 

following major themes i) metabolic effects, ii) direct effects of caffeine on 

skeletal muscle and iii) central effects. 

 
Metabolic Effects 

Studies conducted during the late 1970s hypothesised that caffeine had the 

ability to increase the potential for fat oxidation (Costill et al 1978, Ivy et al 

1979). The theory was attributed to the increased levels of circulating free 

fatty acids (FFA) seen during moderate-intensity exercise. This increased 
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availability of lipid substrate which resulted in glycogen sparing was 

considered the major mechanism by which caffeine exerted its ergogenic 

effects on endurance exercise performance (Costill et al 1978, Ivy et al 1979).  

This theory was based on an increased catecholamine action and the direct 

effect of caffeine on cyclic-AMP both acting to increase lipolysis in adipose 

and muscle tissue, causing an increase in circulating FFA concentrations and 

increased availability of fatty acids from intramuscular triacylglycerol 

(IMTG) stores.  However, a later study, conducted within the same 

laboratory, demonstrated that despite caffeine causing the muscle glycogen 

sparing, the spared CHO could not be attributed to concurrent increases in 

circulating FFA (Essig et al 1980). The authors refined their conclusions on 

the reasons behind the muscle glycogen sparing to either a direct inhibitory 

effect on glycogen phosphorylase a or an indirect increase in the availability 

of IMTG caused by either increased epinephrine or phosphodiesterase 

inhibition.  

 
Preliminary evidence supports the direct inhibition of phosphorylase a by 

physiologically relevant doses of caffeine. Rush and Spriet (2001) 

demonstrated, in vitro, that the regulation of phosphorylase a may, in part, 

be responsible for the glycogen sparing effect often observed when caffeine is 

administered to exercising individuals. Importantly however, no subsequent 

in vivo investigations have been published to clarify if caffeine does indeed 

have a direct effect on muscle glycogen flux.  
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Muscle glycogen may also be spared indirectly when the availability of lipid 

substrate increases (Burke et al 2002). As mentioned, caffeine researchers 

reported in the late 1970s that increased epinephrine levels were one possible 

explanation for the elevations observed in circulating FFAs (Costill et al 1978, 

Ivy et al 1979). Recently, epinephrine has also been shown to increase IMTG 

hydrolysis during exercise (Watt et al 2003). Therefore, the hormone clearly 

has the potential to influence lipid use by the working muscle. Additionally, 

epinephrine may have other effects (e.g., increasing HR, cardiac output and 

skeletal muscle vasodilation) which may further influence exercise 

performance. Epinephrine-related ergogenic effects were clarified by two 

unique studies conducted on spinal cord injured patients in the late 1990s 

(vanSoeren et al 1996 and Mohr et al 1998). As a result of their condition, 

quadriplegic subjects have impaired sympathoadrenal responses (i.e., 

impaired epinephrine release). Hence, effects resulting from caffeine 

ingestion seen in quadriplegic subjects can only be the result of direct 

stimulation from caffeine on specific tissues and not secondary to CNS 

activation or via secondary epinephrine-induced effects. These studies 

employed direct functional electrical stimulation of muscles and revealed 

elevations in circulating FFAs and increases in muscular endurance persisted 

following caffeine ingestion despite any alteration in epinephrine 

concentrations. Whilst this does imply that epinephrine-related effects may 

not contribute to the ergogenic potential of caffeine, clearly caffeine has 

effects beyond those mediated via increases in circulating catecholamines.   
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In the 1970s the role of adenosine as a inhibitor of lipolysis was being 

realised (Fredhom 1978). Caffeine’s direct interaction with adenosine 

receptors (i.e., antagonising adenosine) thus offered another potential 

explanation for the observed mobilisation of fat following caffeine’s ingestion 

(Ivy et al 1979, Essig et al 1980, Tarnopolsky et al 1989, Dodd et al 1991). 

Given the spread of adenosine receptors throughout the body, caffeine also 

has the potential to cause functional changes to many different tissues 

simultaneously. Caffeine has been established as an adenosine receptor 

antagonist (specifically the A1 and A2a receptor subtypes) (Fredholm 1995). 

Therefore, apart from its effects on substrate metabolism, interactions 

between caffeine and adenosine receptors may cause direct effects on 

nervous, cardiovascular, respiratory, renal and gastro-intestinal tissues 

together with effects in adipose tissue and muscle (Graham 2001). The 

adenosine antagonism explanation for caffeine’s effect on exercise 

performance is also supported by the number of studies that demonstrate 

caffeine’s ergogenic potential in activities not limited by muscle glycogen 

availability, (Table 1.6.3). Performance improvements in these shorter 

investigations suggest that the CHO sparing is unlikely to be the sole 

contributor towards caffeine’s ergogenic potential.       

 
Another more recently observed metabolic effect of caffeine begins within 

the gastrointestinal tract. The gastrointestinal absorption of glucose is 

increased when co-ingested with small amounts of caffeine 

(VanNieuwenhoven et al 2000). One recent study on carbohydrate oxidation 

suggests a further potential mechanism by which caffeine may elicit 
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ergogenic effects. Yeo and colleagues (Yeo et al 2005) demonstrated a 26% 

increase in exogenous CHO oxidation when 5 mg∙kg-1∙h-1 BW of caffeine + 

CHO was ingested compared to CHO only during a 2h cycle (Figure 1.5). 

There was also a trend (p=0.08) towards increased endogenous CHO 

oxidation. The authors hypothesised that the increased CHO oxidation was 

due to an increase in intestinal absorption of CHO caused by caffeine. 

However, the results of Yeo et al should be considered with caution. There 

appears little consideration given to habitual caffeine intake and pre-

experimental exercise and diet appears poorly controlled. Indeed rather than 

showing that adding caffeine to a glucose drink acts to increase exogenous 

CHO utilization, it could be interpreted as caffeine withdrawal inhibits 

exogenous CHO utilization. 

 

 
 
Figure 1.5 Exogenous carbohydrate oxidation during exercise with ingestion 
of glucose (Glu) or glucose+caffeine (Glu+Caf). 
Values are means±SE; n=8 men. a = Significant difference between Glu and Glu+Caf, P < 
0.05. (Figure reproduced from Yeo et al 2005) 
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Direct effects of caffeine on muscle  

As previously mentioned, studies conducted on quadriplegic subjects point 

to a direct effect of caffeine on skeletal muscle endurance (vanSoeren et al 

1996 and Mohr et al 1998). The potential for direct caffeine effects on skeletal 

muscle were first demonstrated by Lopes et al (1983) when caffeine at 

physiologically relevant doses was also shown to directly affect the 

contractile properties of a working muscle undergoing electric stimulation. 

However, this original investigation, which involved involuntary muscle 

contractions via external electrical stimulation, has not been supported by 

more recent work concerning voluntary muscle contractions made during 

exercise performed by healthy subjects (Hunter et al 2002, Greer et al 2006).  

 
Another purported ergogenic mechanism of caffeine relates to its potential to 

influence muscle electrolyte homeostasis. It is known that during contraction, 

potassium ions are lost from within the muscle with each depolarisation, and 

that these changes in intra-/ extracellular potassium concentration ([K+]) 

may contribute directly to muscle fatigue (Lindinger et al 1991). Caffeine has 

the ability to attenuate elevations in extracellular [K+] which occur during 

exercise. This may, in part, explain caffeine’s ability to reduce muscle fatigue 

(Lindinger et al 1993). It has been theorised that this effect is produced via 

caffeine-stimulated increases in Na+/K+-ATPase activity in contracting and 

particularly resting muscle (Lindinger et al 1993). Three potential 

mechanisms have been further proposed to explain the effect on the 

electrolyte pump. i) a role for increased intracellular calcium concentration 

[Ca2+], ii) Calcium or adenosine receptor mediated increases in intracellular 
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cyclicAMP, and (3) a direct action of methylxanthines on the Na+/K+-ATPase 

(Lindinger et al 1996). Whilst the existing literature is supportive of the 

capacity for caffeine to enhance potassium clearance from plasma, the impact 

of this effect on exercise performance remains unconfirmed (Crowe et al 

2006).   

 
Central effects 

One of the most well-defined areas for the effects of both caffeine and 

adenosine is their impact upon the central nervous system (CNS). It appears 

evident that many of the effects of caffeine on the CNS come as a direct result 

of adenosine antagonism (Fredholm 1995). In fact, methylxanthines 

(including caffeine) at common doses have such an affinity for CNS 

adenosine receptors that early researchers considered caffeine to be “an 

invaluable tool for the further investigation of the roles of adenosine in the central 

nervous system,” (Daly et al 1981).  

 
As previously mentioned, caffeine is known to cause adenosine receptor 

antagonism specifically on the A1 and A2a receptor subtypes (Fredholm 

1995). Via its action on A1 receptors, adenosine has been shown to inhibit the 

release of just about every classic neurotransmitter including glutamate, 

gamma-aminobutyric acid (GABA), acetylcholine, norepinephrine, 5-

hydroxytryptamine (5-HT) and dopamine (Dunwiddie et al 2001) indicating 

many possibilities for CNS excitation via caffeine ingestion. Within the brain, 

A2a receptors are typically located in striatum and play a role in decreasing 

dopaminergic activity (Fredholm 1995). Interestingly, specific A2a receptor 

antagonism has also been associated with increased locomotive drive in rats 
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(El Yacoubi et al 2000) suggesting that these receptors may influence central 

fatigue.  

 
Adding further support to the ergogenic impact caffeine has on central 

fatigue is the consistent observation of its ability to reduce ratings of 

perceived exertion (RPE) during exercise performance tasks (for review see 

Doherty et al 2005). RPE is a variable that is likely to reflect an overall sense 

of well-being combining many central and peripheral markers of fatigue. 

Hence, this common observation of lower RPE values by research 

participants yet again highlights the likely multi-mechanism basis of 

caffeine’s effects. 

 
Clearly, mechanisms related to adenosine antagonism provide some 

explanation for caffeine’s effects throughout the body particularly via their 

CNS effects. However, the distribution of adenosine receptors, the potential 

for caffeine to cause non-adenosine mediated effects, the potential for 

variability between subjects and possible metabolite (i.e., paraxanthine, 

theophylline and theobromine) effects of caffeine all challenge any attempt to 

discriminate between the separate possible caffeine pathways of action in 

humans. 

 

1.2.3.2 Caffeine Dose    

 
The dose of caffeine required to elicit the greatest ergogenic benefit is of 

obvious interest to athletes. However, the use of absolute dose (e.g., 250mg of 

caffeine) protocols versus a relative dose (e.g., 3 mg·kg-1 BW of caffeine) 
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protocol makes interpretation of performance studies difficult as the absolute 

treatments are likely to produce vastly different plasma caffeine levels within 

subjects of different body sizes. For studies that have used an absolute dose 

protocol, Tables 1.6.2 and 1.6.3 provide the approximate mg·kg-1 BW value. 

However, this value is calculated from the average weight of the subjects 

within that study so care should be taken with the interpretation. 

 
There have been a number of dose-response (D-R) studies using relative dose 

protocols (Perkins et al 1975, Dodd et al 1991, Graham et al 1995, Pasman et 

al 1995, Cohen et al 1996, Kovacs et al 1998, Anderson et al 2000, Bruce et al 

2000). In the earliest of these, Perkins and co-workers demonstrated no 

difference in incremental cycling test performance following ingestion of 4, 7 

and 10 mg·kg-1 BW of caffeine by untrained females compared to a caffeine-

free placebo. Likewise, Dodd et al (1991) demonstrated no benefits of caffeine 

when examining untrained male subjects using a similar yet slightly longer 

time to exhaustion protocol. Taken together these results suggest no 

performance effect of caffeine on high-intensity exercise performance 

irrespective of dose in untrained individuals.  Conversely, in two more 

recent studies (Anderson et al 2000 and Bruce et al 2000), 6 and 9 mg·kg-1 BW 

of caffeine had positive effects on performance when using trained and 

familiarised male and female subjects completed an exercise task of short 

duration (~5min). Importantly, however, whilst there was an observed 

performance improvement with caffeine there was little evidence of any 

dose-response. 
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In events of longer duration (i.e., ~1h), the results are more unanimous.  Both 

Pasman et al (1995) and Graham et al (1995) demonstrated performance 

effects using caffeine in trained subjects. Pasman et al (1995) demonstrated 

that taking 5 mg·kg-1 BW of caffeine produced ergogenic effects and that 

increasing the dose to either 9 or 13 mg·kg-1 BW produced no further 

performance benefits. Likewise, Graham et al (1995) demonstrated 

performance benefits from 3 and 6 mg·kg-1 BW of caffeine but not from 9 

mg·kg-1 BW in their trained male runners.  In the most recent study of dose 

responses on exercise within this duration, Kovacs et al (1998) provided 

subjects with either 2.1, 3.2 or 4.5 mg·kg-1 BW of caffeine both before and 

throughout a 60min cycling TT. They found a threshold performance benefit 

at the 3.2 mg·kg-1 BW dose (i.e., no further benefit with 4.5 mg·kg-1 BW). 

 
Only one study has investigated the dose-response relationship of caffeine to 

an endurance (i.e., ~90min) exercise task. Cohen et al (1996) investigated the 

effects of 5 and 7 mg·kg-1 BW on half-marathon running in hot conditions 

using seven trained runners. They found no ergogenic effects at either dose. 

Clearly, more research is required using exercise protocols lasting ≥90min to 

pinpoint an optimal caffeine dose (or range of doses) for events of longer 

durations. 

 

1.2.3.3 Timing of Administration 

 
The bulk of the investigations into caffeine's performance effects use a 1h 

pre-exercise bolus administration protocol. This is because caffeine is rapidly 
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absorbed and peak plasma concentrations are usually reached approximately 

1h after ingestion. (For a review of caffeine pharmacokinetics see Fredholm 

et al 1999).  

 
The majority of endurance exercise studies, using a 1h pre-exercise bolus 

administration, demonstrate an ergogenic effect from caffeine ingestion 

(Table 1.6.2 and 1.6.3). The results from sprint events seem more equivacol. 

Caffeine is slowly catabolised (half-life of 4-6h) and individuals maintain 

peak concentrations for 3 to 4h (Graham 2001). Likewise, caffeine’s ergogenic 

effects can last for up to 6h post ingestion (Bell et al 2002, Bell et al 2003).  

Alarmingly, many studies using 1h pre-exercise protocols fail to monitor 

plasma caffeine concentrations. Failing to have a verfied measure of plasma 

caffeine response may impact on the accurate interpretation of the results as 

some inter-individual variations to plasma caffeine uptake can occur (for 

more detailed information on caffeine uptake rates see Chapter 6). This is 

especially important for investigations into caffeine’s effects on short 

duration exercise where a slow uptake of caffeine may result in subjects 

having substantially different physiological caffeine doses.  

            
Ivy and co-workers (1979) demonstrated the potential benefits of consuming 

caffeine both before and throughout an exercise task. Taking caffeine 

throughout exercise may decrease the potential for an athlete to experience 

caffeine related side effects often reported during resting conditions (e.g., 

diuresis, anxiety, elevated heart rate). Over the next 19y only four studies 

(Saski et al 1987, Falk et al 1989, Ferrauti et al 1997 and Wemple et al 1997) 
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expanded on our knowledge of the effects of ingesting caffeine during 

exercise. Unfortunately, each of these papers has significant methodological 

limitations which may explain some of their contradictory results. Firstly, in 

both Saski et al 1987 and Ferrauti et al 1997, absolute dose caffeine protocols 

were provided (see 1.2.3.2 regarding absolute caffeine dose protocols). 

Furthermore, Falk et al 1989 utilised an unusual protocol (i.e., a 40km march) 

as the exercise assessment task and Wemple and co-workers (1997) recruited 

“active” people to cycling for 3-4h.   

 
Recently, however, there has been renewed interest in examining the effects 

of ingesting caffeine both before and during exercise on well trained subjects 

(Conway et al 2003, Cox et al 2002, Hunter et al 2002 and Kovacs et al 1998). 

As mentioned earlier, Kovacs and co-workers (1998) demonstrated ergogenic 

effects of caffeine using a 60min cycling TT when varying doses of caffeine 

were administered 70min pre and then at 20 and 40min during the trials. 

Conway et al (2003), using a longer cycling protocol (90min SS + TT), failed 

to find statistical performance differences between any of their trials (i.e., 

Placebo, pre-Caffeine (6 mg·kg-1 BW) or pre-Caffeine (3 mg·kg-1 BW) + 

Caffeine During (3 mg·kg-1 BW) at 45min of exercise) despite large reductions 

in TT times (i.e., 28.3, 24.2 and 23.4 min, respectively).  

 
Hunter et al (2002) also showed no ergogenic effects of 6 mg·kg-1 BW of 

caffeine pre-exercise + 0.33 mg·kg-1 BW every 15min throughout a 100km 

cycling TT. This study did not include a caffeine pre-exercise only trial and 

also failed to demonstrate an ergogenic benefit of CHO (discussed earlier) 
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compared to placebo over an exercise task of 2.5h (Table 1.4).  Both of these 

findings from the one study seem usual given the results of similar studies 

on both CHO and caffeine over exercise tasks of similar durations.  

 
Cox et al (2002) demonstrated performance enhancements with caffeine (6 

mg·kg-1 BW) given before or the same amount spread throughout a 2h SS 

ride on subsequent TT performance. The impact of exercise did not appear to 

affect the plasma caffeine concentration with both regimens resulting in 

similar pre-time trial caffeine levels. This paper also reported improvements 

in performance when much smaller doses (~1.5 mg·kg-1 BW) of caffeine were 

consumed as a cola beverage just prior to the TT in well-trained subjects. 

This is the first study to demonstrate such acute small dose ergogenic 

benefits of caffeine. These benefits were demonstrated at very low plasma 

caffeine concentrations (~10μmol·L-1) (Figure 1.6) and even differ from the 

results of Bell et al (2002) and Kovacs et al (1998) (discussed earlier) who 

have also shown ergogenic effects with the still relatively low plasma 

caffeine concentrations of between 15 and 25μmol·L-1. 
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Figure 1.6 Effect of 6 mg/kg body mass (BM) caffeine ingested 1 h pre-exercise 
(Precaf), 6 x 1 mg/kg BM caffeine ingested during exercise (Durcaf), or 2 x 5 
mL/kg Coca-Cola ingested late in exercise (Coke) on plasma caffeine 
concentration before and during exercise (A) and post-exercise urinary 
caffeine concentration. (Figure reproduced from Cox et al 2002) 
 
 

Taken collectively, and despite some inconsistency, studies that have 

investigated the timing of caffeine intake on endurance performance suggest 

that it has little impact upon caffeine’s ergogenic properties. 

 

1.2.3.4 Source of Caffeine 

 
A number of studies have investigated the effects of caffeine using coffee as 

the caffeine source, (i.e., decaffeined coffee ± caffeine), (Costill et al 1978, 

Wiles et al 1992, Trice et al 1995, Denadai et al 1998, Graham et al 1998, 

Vanakoski et al 1998, Hoffman et al 2007). These studies report both 

ergogenic (Costill et al 1978, Wiles et al 1992, Trice et al 1995, Denadai et al 

1998, Hoffman et al 2007 and no beneficial effects (Graham et al 1998, 

Vanakoski et al 1998, Hoffman et al 2007) of coffee on exercise performance. 



   48 

Specifically, only Graham et al (1998) have included a trial which directly 

compared the performance responses of caffeinated coffee with the same 

amount of pure caffeine (i.e., caffeine alone without the other coffee 

ingredients). In this investigation, the well trained runners demonstrated an 

increase in time to exhaustion in the pure caffeine trial compared to the 

coffee trial. The differences in performance occurred despite similar 

appearance rates of caffeine and other caffeine metabolites suggesting that 

other components within coffee might antagonise the responses to the 

caffeine.  

 
The ergogenic properties of caffeine on endurance exercise have often (10 of 

19 studies) been found in studies that have seen caffeine added to beverages 

devoid of CHO (i.e., with water or artificially sweetened water) and/or in the 

absence of an immediate pre-event meal (Table 1.6.2). Eight of these ten 

studies report some ergogenic effect of caffeine. The interpretation of these 

studies must be made with caution as firstly, it is possible that any ergogenic 

effect of caffeine may be influenced by the coingestion of CHO by their 

reported shared effects on exogenous CHO oxidation/glycogen sparing 

(Spriet et al 1992, Yeo et al 2005) or mutual effects on rates of perceived 

exertion (Doherty et al 2004, Utter et al 2007).  Secondly, in the absence of the 

intake of a significant amount of carbohydrate during prolonged exercise, the 

effects of poor pre-trial dietary standardisation on research outcomes are 

likely to be exaggerated (Desbrow et al 2004). Finally, those studies where 

CHO is absent are likely to be the least ecologically valid due to the common 

use of CHO containing sports drinks by competitive endurance athletes.   
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Studies investigating caffeine’s impact on performance lasting >60min where 

CHO has been provided either immediately prior to or throughout the trial 

(nine studies) produce more inconsistent findings than in trials devoid of 

CHO co-ingestion. Only three of these studies (33%) have demonstrated  

ergogenic effects of caffeine when CHO has been provided (Berglund et al 

1982, Cureton et al 2007, Cox et al 2002). In 1982, Berlund and colleagues  

demonstrated some improvement in the performance of cross country skiers 

who were supplied with a “light meal” 2h prior to a race conducted at low 

altitude. Significant differences were observed following the first of two laps 

(after 11.5km) but were not significant at the race’s conclusion. Furthermore, 

performance during a second race conducted following the same dietary 

preparation but conducted at higher altitude failed to be significantly 

influenced by the consumption of caffeine.   

 
Recently, Cureton et al (2007) found the addition of 195 mg·L-1 of caffeine 

added to a sports drink containing 7% CHO (Powerade Advance) improved 

15min TT cycling performance following 2h of standardised cycling in 16 

trained cyclists. The sports drink was available immediately prior to and 

throughout the exercise.  The drinking protocol supplied 1.2 mg∙kg-1 BW of 

caffeine prior to exercise and an additional ~0.6 mg∙kg-1 BW every 15min of 

exercise thereafter (i.e., 5.3 mg∙kg-1 BW total caffeine). The caffeinated sports 

drink also supplied a small amount of additional CHO and other additives 

(taurine and B vitamins) over the CHO only control. The caffeinated 
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beverage significantly improved work performance during the final 15min of 

cycling by 15% (p<0.009).    

 
Only one study, Cox et al (2002), has investigated the impact of caffeine from 

a cola beverage. As described above, this study demonstrated a similar 

enhancement of cycling performance when a small amount of cola was 

compared to much larger doses of pure caffeine provided both before and 

throughout a 2.5h cycling task. In Part A of this paper, comparisons were 

made between pure caffeine and Coke™, however no control cola drink was 

provided (i.e., cola without caffeine). In a follow-up trial, as part of the same 

study, similar ergogenic benefits were shown when caffeine was added to a 

de-caffeinated cola.  
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1.2.3.5 Summary 

  
Given the results of both dose and timing studies, a caffeine dose of ~6 

mg·kg-1 BW taken either before or during endurance exercise appears to 

demonstrate ergogenic benefits. However, caffeine’s effects on well fuelled 

endurance athletes (i.e., those with an adequate CHO supply) appear far less 

conclusive, and warrant further examination. Furthermore, due to the lack of 

D-R studies using well trained subjects, any evidence supporting a lower 

caffeine dose (<6 mg∙kg-1 BW) that can either maintain or maximise 

endurance performance during exercise >1h remains unclear. The lack of 

investigations monitoring the effects of caffeinated products (compared to 

those of pure caffeine) further complicates the transferability of the current 

caffeine literature to the sporting context.  

 
Cola beverages contain both sucrose and caffeine. Considering the recent 

developments in our understanding of exogenous CHO oxidation and 

caffeine on endurance exercise performance it is possible that cola beverages 

(i.e., a mixture of a relatively small caffeine dose and added CHO which uses 

multiple gastrointestinal CHO transport routes) offers the potential to exploit 

the combined ergrogenic properties of both the CHO and caffeine 

simultaneously.   
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Table 1.6.2 Studies of caffeine intake and performance (>60mins) 
Reference Event Subjects Caffeine dose Enhanced 

performance 
Caff + 
CHO 
during 
exercise 

Summary 

Caffeine taken 1h pre-exercise 
Hadjicharalam
-bous et al 
2006 

Cycling  
63% (or 73%?) VO2max to 
exhaustion 

8 healthy M 7 mg·kg-1 BW No No, 1 
trial 
CHO 4h 
prior 

Caffeine did not affect performance 
when combined with a high-fat pre-
event meal. 

Jacobson et al. 
2001 

Cycling 
2h (70% VO2peak) + TT 

8 competitive 
athletes (M) 
  

6 mg·kg-1 BW. Either 
with CHO or 
Fat+Heparin  meal 
prior.  

No No, only 
pre-ex 
meal  

Despite improvement in 
perfomance with CHO meals there 
was no additional benefit of 
caffeine. Nb. Large variances in 
subjects’ performances. 

Van Soeren & 
Graham 1998 

Cycling 
80--85% VO2 max to 
exhaustion 

6 M 
(habitual caffeine 
users)  

6 mg·kg-1 BW (after 0, 2 
& 4 days withdrawal) 

Yes  
 

No Increased time to exhaustion in all 
caffeine trials regardless of period 
of withdrawal. 

Trice & 
Haymes 1995 

Cycling 
bouts of 30min alternating –
1min exercise: 1min rest to 
exhaustion 

8 untrained M. 
(caffeine naive) 

5 mg·kg-1 BW in decaf. 
coffee 

Yes No Time to exhaustion increased 29% 
with caffeine. Increased FFA and 
trend for decreasing RPE with 
caffeine.  

Spriet et al. 
1992 

Cycling 
80% VO2 max to exhaustion 

8 recreational 
cyclists (M & F) 

9 mg·kg-1 BW Yes No Increased time to exhaustion. 
Glycogen sparing by 55% in the 
first 15min of exercise. 

Costill et al. 
1978 

Cycling 
80% VO2 max to exhaustion 

9 recreational 
cyclist (M & F) 

330mg in de-caf. coffee    
(= 4.4 mg·kg-1 BW for 
M, 5.8 mg·kg-1 BW for 
F)  

Yes 
 

No Increased time to exhaustion. 
Evidence of increased lipolysis. 
Reduced RPE. 

Cohen et al. 
1996 
D-R 

Running 
½ marathon in hot 
conditions 
 

7 trained runners 
(M & F) 

5 and 9 mg·kg-1 BW No. No No effects on RPE or performance 
at either dose. 
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Reference Event Subjects Caffeine dose Enhanced 
performance 

Caff + 
CHO 
during 
exercise 

Summary 

French et al. 
1991 

Running 
75%VO2max for 45min then 
+ incremental to exhaustion 

6 recreational M 
runners 

10 mg·kg-1 BW 
(immediately before 
exercise) 

Yes  No Caffeine increased total distance 
run. Elevated glucose and lactate 
values only seen at exhaustion. No 
RER data collected.  

Stuart et al 
2005 

Rugby  
Simulated game (2 x 40 min 
sessions incorporating 
sprints, “drives” and ball 
passing)  

9 amateur M 6 mg·kg-1 BW Yes 
 

No Caffeine improved numerous 
aspects of the game simulation 
including skill based activities such 
as ball passing. Speculated that 
benefits are likely to arise by 
affecting several CNS processes 
which reduced fatigue. 

Berglund & 
Hemmingsson 
1982 

Cross country skiing 
Field study 
23km (high altitude) & 
20km (low altitude)  races 

High: 13 well 
trained skiers (M 
& F) 
Low: 14 well 
trained skiers (M 
& F) 

6 mg·kg-1 BW High: Yes 
Low: No 

No, 2h 
pre-ex 
“light” 
meal 

Trend to improved performance in 
low altitude study. No metabolic 
data collected. Difficult to 
standardise environmental 
conditions. 

Caffeine taken 1h pre-exercise and during event (unless specified) 
Cureton et al. 
2007 

Cycling  
120min (60 and 75% 
VO2max) + TT  

16 well trained M 
cyclists 

Caffeinated sports 
drink (Powerade®) 
which also contained 
taurine and carnitine.  
1.2 mg·kg-1 BW 10min 
pre + ≈0.6 mg·kg-1 BW 
every 15 min of 
exercise. (i.e. 5.3 mg·kg-

1 BW total caffeine)   
 

Yes  
 
 
 
 
 
 
 
 
 
 

Yes Average exercise intensity over the 
final 15-min maximal-effort ride 
was CAF+CE (90.4% ± 11.2% 
VO2max), for CE (79.0% ± 14.1% 
VO2max) and placebo (74.5% ± 11.7% 
VO2max). 
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Reference Event Subjects Caffeine dose Enhanced 
performance 

Caff + 
CHO 
during 
exercise 

Summary 

Conway et al. 
2003 

Cycling 
90min (80%VO2max) + TT 

8 well trained 
cyclists/ 
triathletes 

6 mg·kg-1 BW 1h pre or 
3 mg·kg-1 BW 1h pre + 3 
mg·kg-1 BW after 45min 
of exercise 

No No Trend for reduced TT time with 
caffeine (CP 24.2 v CC 23.4 v PP 
28.3min) consumption. Authors 
report likely type II error.  Similar 
plasma caffeine concentrations at 
TT with divided v single dose. 

Cox et al. 2002 Cycling 
2h (70% VO2peak) + TT 

Test A  
12 competitive 
cyclists/triathlete
s (M) 
Test B 
8 competitive 
cyclists/triathlete
s (M)  

Test A 
6 mg·kg-1 BW 1h pre or 
6 x 1 mg·kg-1 BW dose 
every 20min during or 
2 x 5 mL·kg-1 BW Coca-
cola between 100 and 
120min of exercise. 
Test B 
3x5 mg·kg-1 BW of 
either 6% Decaf CHO, 
6% caf CHO, 11% decaf 
CHO and 11% caf CHO 
during the last 40 min 
of SS exercise. (≈1.5 
mg·kg-1 BW) 

Yes 
 

Yes 6 mg·kg-1 BW enhanced TT 
performance over sports drink 
placebo independent of timing of 
intake. Replacing sports drink with 
coca-cola in the later stages of 
exercise improves performance, 
largely due to the small caffeine 
content.  

Hunter et al. 
2002 

Cycling  
100km TT (with 
intermittent 1 and 4km  
periods of high intensity 
efforts)   

8 well-trained M 
cyclists 

6 mg·kg-1 BW 1hr prior 
+ 0.33 mg·kg-1 BW 
every 15min 
thorughout (i.e. 9 
mg·kg-1 BW total) 

No Yes TT performance measured as either 
average power or time to complete 
distance was not different with 
caffeine. No effect of caffeine on 
high-intensity efforts (either power 
or EMG data) throughout the 
100km.    
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Reference Event Subjects Caffeine dose Enhanced 
performance 

Caff + 
CHO 
during 
exercise 

Summary 

Wemple et al. 
1997 

Cycling 
3h (60% VO2max) + TT 

6 active subjects 
(M & F)  

1h before + every 
20min until 160min of 
ride 
Total caffeine = 8.7 
mg·kg-1 BW 

No Yes CHO intake during exercise. 
No difference in performance, RPE 
or urine losses with caffeine. 

Ivy et al. 1979 Cycling 
2hr isokinetic cycling @ 
80rpm 

9 active cyclists 
(M & F) 

Total caffeine = 500mg. 
250mg at -1h then 7 x 
doses during exercise.  

Yes 
 

No Increase in total work. 
Increased mobilisation & utilisation 
of fat. RPE same despite increased 
work  

Van 
Nieuwenenho
v-en et al 2005 

Running 
Field Study - 18km run  

98 trained 
runners (90M & 
8F) 

Trial A Mineral Water 
Trial B Sports drink 
Trial C Sports drink + 
150mg·l-1 caf 
4 x 150mL drinks. 
Provided 10 min prior 
to start and @ 4.5, 9 and 
13.5 kms.  
Total caffeine = 90mg 
or ≈ 1.2 mg·kg-1 BW   

No Yes Neither Sports drink or Sports 
drink + Caffeine improved 
performance over Mineral water in 
either the entire group or the fastest 
10 athletes taken alone. Sports drink 
trials resulted in higher incidence of 
all GI complaints irrespective of 
caffeine’s presence. 

Falk et al 1989 
 

Marching 
8h at 45--50% VO2 max. 
Followed by 90% VO2 max 
cycle to fatigue.  

23 untrained M 
(caffeine naive) 
Experimental-
placebo design 

Total caffeine = 10 
mg·kg-1 BW (5 mg·kg-1 
BW prior, then 2.5 
mg·kg-1 BW at 3 & 5h.) 

No No, 3h 
pre-ex 
meal   

No elevation in FFA with caffeine. 
RPE differences between groups 
were marginal (p= 0.05)  

Ferrauti et al 
1997 

Tennis 
(240min of competition 
singles followed by hitting 
accuracy & tennis sprint 
test.) 

16 division II 
tennis players (M 
& F) 

Total caffeine = 
364mg (M) & 260mg (F) 
~4--4.5 mg·kg-1 BW 

Yes 
(F only) 

No Caffeine suggested to improve 
metabolic transition from rest to 
play, but is unlikely to induce 
metabolic effects during event. 

M=male, F=Female 
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Table 1.6.3 Studies of caffeine supplementation on performance (60min or less) 

Reference Event Subjects Dose Enhanced 
Performance 

Summary 

30--60min event Caffeine taken 1h pre-event (unless specified) 
Hoffman et al 
2007 

Cycling  
75% VO2max to 
exhaustion  

8 healthy M 
2 healthy F 

450 mg (6.4±1.2 mg·kg-1 
BW) as coffee with 
additional herbal 
ingredients. (30min prior)  

Yes Increased time to exhaustion (35.3±15.2 v 
27.3±10.7min) 

Hadjicharalamb-
ous et al 2006 

Cycling  
63% (or 73%?) VO2max 
for 30min then to 
exhaustion via 
incremental protocol 

8 healthy M 7 mg·kg-1 BW No Caffeine did not affect performance when 
combined with a high-fat pre-event meal. 

Ryu et al. 2001 & 
Cha et al. 2001 

Cycling 
60% VO2max for 45min 
then at 80%VO2max to 
exhaustion 

5 rugby players 5 mg·kg-1 BW Yes No times provided in text. Graph 
indicates ≈5 min increase in endurance 
time. Subjects provided with standardised 
pre-ex meal. Fat oxidation greater with 
caffeine, elevated FFA after 40min of 
exercise but no differences in blood 
glucose or lactate.   

Denadai & 
Denadai 1998 

Cycling 
Cycling to exhaustion @ 
10% below anaerobic 
threshold 

8 healthy M 5 mg·kg-1 BW Yes Increased time to exhaustion (46 v 32min) 
and reduced RPE 

Cole et al. 1996 Cycling 
30min – 3 x 10min @ RPE 
of 9, 12 & 15 

10 healthy M  6 mg·kg-1 BW Yes  12.6% mean increase in work produced, at 
same perception of effort. No differences 
seen in RER despite higher intensity.  

Pasman et al. 
1995 
 
D-R 

Cycling 
80%Wmax to exhaustion 

9 well trained 
cyclists 

0, 5, 9 & 13 mg·kg-1 BW Yes  Time to exhaustion was 27% longer in 
caffeine trials. No greater gains with 
increasing caffeine doses. Large 
individual variation in urinary caffeine 
response.  
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Reference Event Subjects Dose Enhanced 
Performance 

Summary 

Bridge et al 2006 Running  
8km competing against 
other runners 

8 trained M 3 mg·kg-1 BW Yes  31:41min with caffeine vs 32:04 without. 
All subjects improved performance.  

Bell et al 2002 Running 10km with 
military packs  

12 recreational 
runners (10M, 2F) 

4 mg·kg-1 BW No  Trend for reduced performance (1.7%) 
with caffeine however not statistically 
significant. 

Graham et al. 
1998 
 

Running 
85% VO2 max to 
exhaustion 

9 well trained M 4.5 mg·kg-1 BW 
Caffeine, decaf. Coffee 
and coffee 

Yes. Increase in time to exhaustion in caffeine 
trial vs coffee trials. Other components of 
coffee antagonise the responses to 
caffeine. 

Graham & Spriet 
1995 
D-R 

Running 
85% VO2 max to 
exhaustion 

8 trained M 
runners 

3, 6, 9 mg·kg-1 BW Yes 
(3 & 6 mg·kg-1 
BW only) 

Highest dose of caffeine had the greatest 
effect on epinephrine and metabolites, yet 
had the least effect on performance.  

Graham & Spriet 
1991 

Running 
~85% VO2max to 
exhaustion 
Cycling 
~85% VO2max to 
exhaustion 

7 well trained M 
runners 

9 mg·kg-1 BW Yes 
(both running 
and cycling)  

3 of 13 caffeine trials above IOC limit. No 
metabolic explanation for performance 
improvement. Non-responder noted.  

Falk et al 1990 Walking (with 22kg 
backpack) 
70-75%VO2max to 
exhaustion 

7 healthy M 5 mg·kg-1 BW (2h prior) 
+ 
2.5 mg·kg-1 BW (30min 
prior) 

No Caffeine did not affect fluid balance, 
sweat rate, core temperature or RER 
values.  

Sasaki et al. 1987 Running 
62-67% VO2max for 
30min – then to fatigue 
via incremental protocol  

7 healthy M Total Caf. = 200mg 
(mean~2.5 mg·kg-1 BW) 

No  Caffeine trial not significantly different 
from trials without caffeine or sucrose 
alone. 

McNaughton 
1986 

Running 
70-75% VO2max for 
45min – then to fatigue 
via incremental protocol 

12 healthy M 10 and 15 mg·kg-1 BW in 
decaf Coffee. 

Yes  Positive performance effect only with 
highest caffeine dose. 
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Reference Event Subjects Dose Enhanced 
Performance 

Summary 

30--60min event 
Caffeine intake before and during event 
Kovacs et al. 
1998 
 
D-R 

Cycling 
~60#min TT 

14 well trained M Total Caf. = 2.1, 3.2 & 4.5 
mg·kg-1 BW 
(equal doses at 75min 
pre-ex and at 20 and 
40min during TT) 

Yes 
(3.2 & 4.5 
mg·kg-1 BW < 
2.1 mg·kg-1 BW 
< Placebo)  

Addition of caffeine to CHO/electrolyte 
drinks improved 60min TT performance. 
Performance threshold at 3.2 mg·kg-1 BW. 
Dose well within legal limits.  

Sasaki et al. 1987 Running 
80% VO2max for 45min – 
rest---then to fatigue  

5 well trained M  Total Caf. = 420mg (mean 
~7.25 mg·kg-1 BW) 

Yes  Caffeine + sucrose trial not significantly 
different from trials with caffeine or 
sucrose alone, despite changes in 
substrate metabolism. 

~20min events Caffeine taken 1h pre-event (unless specified) 
McLellanet al. 
2004 
 
 
 
 
 
D-R 

Cycling 
6 x 80%VO2max to 
exhaustion seperated by 5 
hours  

13 healthy, habitual 
caffeine user  (9M, 
4F) 

Coffee consumed 1.5hrs 
prior to exercise + 
capsules 30mins later  
Trial A Decaf Coffee + 
placebo caps   
Trial B Decaf Coffee + 
Caff caps (5 mg·kg-1 BW) 
Trial C Coffee (1.1 mg·kg-

1 BW) + Caff caps (5 
mg·kg-1 BW) 
Trial D Coffee (1.1 mg·kg-

1 BW) + Caff Caps (3 
mg·kg-1 BW) 
Trial E Coffee (1.1 mg·kg-1 
BW) + Caff Caps (7 
mg·kg-1 BW)  
Trial F Brown Water 
(Placebo) + Caff Caps (5 
mg·kg-1 BW) 

Yes Caffeine consistently extended time to 
fatigue (without caff 21.7±8.1min vs with 
caff 27.0±8.4), regardless of dose of 
caffeine or whether decaf, brown water or 
caffeinated coffee was consumed in 
advance of anhydrous caffeine.  
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Reference Event Subjects Dose Enhanced 
Performance 

Summary 

Bell et al. 2003 Cycling 
2 x 80%VO2max to 
exhaustion seperated by 5 
hours  

9 healthy, habitual 
caffeine using M 

Trial A  
5 mg·kg-1 BW in am + 2.5 
mg·kg-1 BW im pm 
Trial B  
Placebo in am & pm 
Trial C  
5 mg·kg-1 BW in am  
Trial D  
5 mg·kg-1 BW in pm    

Yes Caffeine consistently extended time to 
fatigue, even in trials where it was 
consumed 6h prior to the start of exercise. 
Benefits of caffeine seen at low plasma 
concentrations. Questioned if preceding 
exercise sensitises body to the effects of 
caffeine. 

Bell et al. 2002 Cycling 
80%VO2max to 
exhaustion 

19 healthy M&F 
(users and 
nonusers) 

5 mg·kg-1 BW either 1,3 or 
6h prior.   

Yes Caffeine consistently extended time to 
fatigue. The improvement was greater for 
nonusers than users and lasted the full 6h. 
Whereas for users, caffeine’s effects lasted 
up to 3 hours only. 

Denadai & 
Denadai 1998 

Cycling 
Cycling to exhaustion @ 
10% above anaerobic 
threshold 

8 healthy M 5 mg·kg-1 BW No No difference in time to exhaustion (18.5 
v 19.2min) or RPE 

Mohr et al. 1998 Cycling 
Electronic stimulation of 
limbs.  

7 Tetraplegic (C5-7) 
& 2 Paraplegic (T4) 
males 

6 mg·kg-1 BW Yes  Time to exhaustion 6% longer in caffeine 
trials. Supports caffeine having a direct 
ergogenic effect on skeletal muscle. 

Bell et al. 1998 Cycling 
85% VO2 peak to 
exhaustion 

8 untrained M 5 mg·kg-1 BW 
(90min prior) 

No  Caffeine elevated epinephrine, FFA, 
glycerol and glucose yet had no effect on 
performance. 

Alves et al. 1995 Cycling 
80% Wmax to exhaustion  

8 untrained M 10 mg·kg-1 BW No Caffeine increased endurance (18.3 vs 15.8 
min) but this failed to reach statistical 
significance.  

Fulco et al. 1994 Cycling 
80% VO2max – at sea 
level and altitude. 

8 untrained M 4 mg·kg-1 BW Yes  Caffeine increased time to exhaustion 
during acute altitude exposure only. 
Influence of caffeine seemed to decrease 
with exposure to altitude.  
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Reference Event Subjects Dose Enhanced 
Performance 

Summary 

Dodd et al. 1991 
 
D-R 

Cycling 
Incremental test to 
exhaustion 

17 untrained M 
(8 caffeine naive & 
9 habitual users)  

3 & 5 mg·kg-1 BW No  Time to exhaustion unaffected by caffeine 
dose or intake history. Caffeine-naive 
subjects showed heightened resting VE, 
VO2, HR & exercising FFA.  

Flinn et al. 1990 Cycling 
Incremental test to 
exhaustion  

9 untrained M 10 mg·kg-1 BW 
(3h prior) 

Yes  Increase in time to exhaustion & work 
completed. Suggested taking caffeine 3h 
prior to exercise to allow plasma FFA to 
peak. 

Bond et al. 1987 Cycling 
Incremental test to 
exhaustion 

6 healthy M 5 mg·kg-1 BW No  Time to exhaustion unaffected by 
caffeine. Caffeine failed to alter any 
respiratory or blood parameter other than 
slightly increasing blood glucose. 

Gaesser & Rich 
1985 

Cycling 
Incremental test to 
exhaustion 

8 healthy M 5 mg·kg-1 BW No  Max values for Work, VO2, VE, HR,RER 
and Lactate along with Lactate Threshold 
were unaffected by caffeine.  

Powers et al. 
1983 

Cycling 
Incremental test to 
exhaustion 

7 recreational M 
cyclists. (2 weeks 
caf. withdrawal) 

5 mg·kg-1 BW No Values for TTF, VO2, HR, RER, FFA & 
lactate were all unaffected by caffeine. 
Plasma glycerol levels increased.  
 

O’Rourke et al 
2007 

Running  
5km competing against 
other runners 

15 well trained 
runners and 15 
recreational 
runners  

5 mg·kg-1 BW Yes TT times were 1.1% and 1.0% faster in 
well-trained and recreational runners 
respectively.  

MacIntosh & 
Wright 1995 

Swimming 
1500m freestyle 

11 well trained M & 
F swimmers  

6 mg·kg-1 BW Yes  23sec improvement in swimming times. 
Caffeine affected substrate and electrolyte 
balance.  
 

~5min events Caffeine 1h pre-exercise 
Jackman et al. 
1996 

Cycling 
100% VO2 max – 2 x 2min 
then to exhaustion 

14 untrained (M & 
F) subjects  

6 mg·kg-1 BW  Yes  Increase in time to exhaustion for 10 
subjects. No glycogen sparing.  
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Reference Event Subjects Dose Enhanced 
Performance 

Summary 

Perkins et al. 
1975 
D-R 

Cycling 
Incremental test to 
exhaustion  

14 undergraduate F 
students 

4, 7 and 10 mg·kg-1 BW 
mixed with juice given 
30min prior 

No No effect on performance, HR or RPE 
either at submaximal or maximal 
intensities.  

Asmussen et al. 
1947 

Cycling 
450 revolutions as 
quickly as possible 

3 healthy M 
students 

300mg (30min prior) Yes* Performance time shifted from 5.16 to 
5.06min with the addition of caffeine. *No 
statistical calculations made.  

Foltz et al. 1943 Cycling 
Twice to exhaustion  
(1235 kgm·min-1 @ 54 rpm 
cadence)  

4 trained M 
students 

500mg Caffeine Sodium 
Benzoate – IV Infusion 
given at various times 
(30sec to 30min) pre-trial 

Yes*† Total work output increased with the 
caffeine infusion (9716 vs 8868 kgm). *No 
statistical calculations made. 
†Given the workloads reported, some 
errors in bike calibration appear to have 
occurred. 

Doherty et al. 
1998 

Running 
Time to exhaustion 
(3--4min) 
Maximal accumulated 
oxygen deficit (MAOD) 
calculated 

9 trained M 5 mg·kg-1 BW Yes 10-14% improvement in time to 
exhaustion. Increased MAOD. 
Mechanism unclear. 

Wiles et al. 1992 Running 
1500m TT 

18 trained M 3g caffeinated coffee 
(~150--200mg caffeine) 

Yes  Av 4.2sec faster over 1500m. 

1100m constant speed + 
1min max. ‘final burst’ at 
self selected pace. 

10 well trained 
athletes 

As above  Yes  Caffeine improved speed of final 1min 
‘burst’, reduced RER and increased VO2. 

1500m @ 0.5km·h-1 below 
max 1500m pace. 

6 well trained M 
athletes 

As above Not measured Caffeine increased VO2. However RER, 
Lactate and RPE unaffected by caffeine.  

Foltz et al. 1943 Step Test  
Twice to exhaustion 
wearing 
Backpack with ⅛ 
subject’s BW 
 

23 untrained M 500mg Caffeine Sodium 
Benzoate 

No Subjects’ total stepping time failed to 
increase with caffeine – 296 (range 124-
629) sec placebo vs 285 (102-765) sec 
caffeine. 
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Reference Event Subjects Dose Enhanced 
Performance 

Summary 

Anderson et al. 
2000 
 
D-R 

Rowing 
2000m TT 

8 trained F  6 and 9 mg·kg-1 BW Yes Dose-dependent improvements in time 
and power especially in first 500m of TT. 
High dose 1.3% improvement and mod 
dose 0.7% improvement in time. 
Reduction in RER seen with 6 mg·kg-1 BW 
only. No effects on RPE. 

Bruce et al. 2000 
 
D-R 

Rowing  
2000m TT 

8 trained M 6 and 9 mg·kg-1 BW Yes 6 mg·kg-1 BW 1.3% improvement, 9 
mg·kg-1 BW 1.0% improvement. 1.2% 
average lower time. Changes in RER 
values during submax exercise but similar 
values during the TT. 

Sprint events 
Hoffman et al 
2007 

Cycling  
30sec Wingate test 

8 healthy M 
2 healthy F 

450mg (6.4±1.2 mg·kg-1 
BW) as coffee with 
additional herbal 
ingredients. (30min prior)  

No No effects on peak power, average power, 
time to peak power or rate of power loss. 

Beck et al 2006 Cycling 
30sec Wingate test 

37 trained M  Nutrition Supplement 
(201mg of caff + other 
ingredients)  

No No values provided for peak or mean 
power. 

Crowe et al 2006 Cycling  
2 x 1min sprints   

12 untrained M  
5 untrained F  

6 mg·kg-1 BW. (1.5h prior) No No effects on peak power, total work 
performed, rate of power loss or cognitive 
function tests (i.e. recall or reaction time).  

Greer et al 2006 Cycling 
30sec Wingate test 

18 untrained M 5 mg·kg-1 BW No No effect on performance or motor unit 
recruitment (EMG) data. 

Schneiker et al 
2006 

Cycling 
2 x 36min intermittent 
sprint bouts separated by 
10 min rest (18 x 4sec 
sprints + 5 x 2sec sprints 
per bout)  
 

10 trained team 
sport athletes 

6 mg·kg-1 BW Yes Caffeine improved both work performed 
and mean peak power in both halves of 
the study. 
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Reference Event Subjects Dose Enhanced 
Performance 

Summary 

Bell et al. 2001 Cycling 
30sec Wingate test 

16 untrained M 5 mg·kg-1 BW (1.5h prior) No Caffeine produced increased lactate and 
epinephrine levels. 

MOAD Test (125%  
VO2peak to exhaustion) 

8 untrained M 5 mg·kg-1 BW (1.5h prior) Yes Improved time to exhaustion by 8%. 
Glucose and lactate values were elevated 
by caffeine. No additive effects of 
ephedrine on either trial. 

Greer et al. 1998 Cycling 
4 x 30sec Wingate tests 

9 untrained M 6 mg·kg-1 BW No  No effects on peak power, average power 
or rate of power loss. Hence no indication 
for use of caffeine in sports requiring 
repeated supramaximal bouts of activity. 
 

Vanakoski et al. 
1998 

Cycling 
3 x 1min sprints  
followed by 45min SS 
ride (non-performance) 

7 national level 
track & field 
athletes (M &F) 

7 mg·kg-1 BW (70min 
prior) (taken with decaf 
coffee) 

No (neither 
alone nor in 
combination 
with creatine) 

No differences observed in blood lactate, 
blood glucose or HR. Caffeine 
pharmacokinetics were not affected by 
creatine administration over 3d.  

Anselme et al. 
1992 

Cycling 
repeated 6sec sprints – 
force/velocity exercise 
test 

14 untrained (M & 
F) subjects  

250mg 
(30min prior) 
~≥4 mg·kg-1 BW  

Yes  Caffeine increased pedalling frequency 
and hence Wmax. Caffeine elevated lactate 
and lactate/W. 

Collomp et al. 
1991 

Cycling 
1 x 30sec Wingate test 

6 untrained M & F 
subjects  

5 mg·kg-1 BW No No support for untrained individuals to 
take caffeine to enhance supramaximal 
exercise performance.  

Williams et 
al.1988 

Cycling 
1 x 15sec max. power test 

9 M 
(caffeine naive) 

7 mg·kg-1 BW No Caffeine failed to increase max power 
output or alter rate or magnitude of 
fatigue.  

Asmussen et al. 
1947 

Cycling 
35 revolutions as quickly 
as possible 

3 healthy M 
students 

300mg (30min prior) No* Performance times were 15.1 (control) vs 
14.9sec (caffeine). *No statistical 
calculations made.  

Paton et al. 2001 Running 
10 x 20m sprints 

16 team-sport 
athletes (M) 

6 mg·kg-1 BW No Caffeine ingestion unlikely to be of 
significant benefit to team sport athletes’ 
repeated sprint ability. 
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Reference Event Subjects Dose Enhanced 
Performance 

Summary 

Collomp et al. 
1992 

Swimming 
2 x 100m sprints 

14 trained (M & F) 
and 7 recreational 
(M & F) swimmers 

250mg 
(~4 mg·kg-1 BW) 

Yes 
(in trained 
subjects) 

Suggested that specific training is 
required for caffeine to produce 
improvements in anaerobic capacity. 

Haldi et al. 1946 Swimming 
1 x 100yard sprint 
(3 x 33⅓ yard laps) 

12 healthy M 250mg (90min prior) No No effect recorded on total time (77.6 
(placebo) vs 77.5sec (caffeine)) or on 
degree of fatigue over laps two or three. 

Resistance Training  
Astorino et al 
2007 

1RM bench press and leg 
press followed by 60%  
1RM to failure 

22 trained M 6 mg·kg-1 BW No No caffeine effects on muscular strength 
or endurance. Positive trends only. 

Beck et al 2006 1RM bench press and leg 
press followed by 80%  
1RM to failure 

37 trained M  Nutrition Supplement 
(201mg of caffeine + 
other ingredients)  

Yes – Bench 
press 
No – Leg press 

Increase in 1RM bench press but not 
bench press endurance.  

Jacobs et al. 2003 3 x  Set(leg press 80% 
1RM to failure + bench 
press 70% 1RM to 
failure). 2min rest 
between sets 

13 healthy M (some 
experience in 
resistance training) 

4 mg·kg-1 BW (1.5h prior) No Caffeine failed to increase the number of 
repetitions possible prior to exhaustion. 
Caffeine also had no effect on BP. Effects 
of caffeine only present when given with 
ephedrine. 

Rivers et al. 1907 6 x sets of hand weight 
lifts to fatigue 
(ergograms). Repeated 3 
and 5 times on different 
occasions separated by 30 
min intervals. 

2 untrained 
Researchers 

300mg and 500mg 
Caffeine citrate taken 
10min before 2nd repeat of 
sets.  

Yes*  * Authors concluded observing a caffeine 
effect. No statistical comparisons were 
made and the differences between 
subjects were large. 

M=male, F=Female 
D-R = Dose-Response Study 
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1.2.4 Drink Flavour 
 
  
Sports drink flavour research has primarily focused on the effects of 

changing drink flavour on the ad libitum consumption of fluids and hence its 

impact on managing thermal stress in exercising children and athletes (eg. 

Wilk et al 1998, Rivera-Brown et al 1999, Minehan et al 2002, Passe et al 2000 

and Passe et al 2004). The results of these studies indicate that sweeter (or 

more palatable) flavoured beverages typically result in larger voluntary fluid 

consumption by their subjects and hence are encouraged to offset the effects 

of dehydration.  

 
Alternatively, other researchers have examined changes in the perceptions of 

drink features (i.e., liking, sweetness, strength of flavour) that may occur 

during exercise (Passe et al 2000). Passe and co-workers (2000) asked 49 

athletic subjects to choose (at rest) a most and least palatable flavour from a 

selection of ten CHO-electrolyte beverages. They then compared the 

perceptions of these two drinks (and water) throughout endurance exercise. 

The results demonstrate large differences between a subject’s ability to 

distinguish between flavours during or post exercise when compared to the 

rested state (i.e., the differences in ratings of palatability become less) (Figure 

1.7). They also predictably demonstrated that subjects drank more of the 

most palatable beverage.  

 
To date, there has been only one published study directly investigating the 

impact of a drink flavour change on exercise performance when beverage 

volume and CHO content were controlled. In a recent study Carter and 



   66 

colleagues (2005) demonstrated that drink sweetness did not affect cycling 

time to fatigue compared to an unsweetened, but CHO matched control. This 

study was performed to clarify the possible mechanisms by which a CHO-

containing mouthwash improved exercise performance compared to a non-

CHO containing placebo in a previous trial (Carter et al 2004). The different 

beverage flavours in this study were provided at the onset of exercise. Hence 

no studies have investigated the possible impact of a drink flavour change 

that occurs during exercise. 

 

 
 
Figure 1.7 Overall acceptability (9-point scale) of the ``most acceptable'' 
flavour (M), ``least acceptable'' flavour (L), and water (W) under sedentary 
conditions and following 90min and 180min of exercise. 
Statistical annotation: a, ``most acceptable''>water ( p<0_01), water>``least acceptable'' ( p 
<0_01); b, ``most acceptable'' >``least acceptable'' ( p<0_05), ``least acceptable''>water ( 
p<0_01); c, For ``most acceptable'' and water, sedentary>90min and 180min ( p<0_05); d, 
For ``least acceptable'', sedentary<90 min and 180min ( p<0_05). Most acceptable ( ●-●); 
least acceptable (ο-ο); water (▼-▼). (Figure reproduced from Passe et al 2000) 
 
 

Unfortunately, very few exercise science studies investigating drink flavour 

in any context have included “cola” flavoured trials. This seems surprising 

given both the popularity of the flavour (a useful attribute for rehydration 
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solutions) and the very different “mouth-feel” cola beverages induce 

compared to traditional CHO-electrolyte beverages.  

 
Cox et al (2002), found performance improvements occurred when switching 

to Coke from a CHO-electrolyte drink despite only small changes in 

metabolic variables such as blood caffeine and glucose concentrations, 

mechanisms that might explain why subjects were able to ride faster. It is 

therefore possible that other variables independent of the caffeine or 

additional CHO (e.g., drink flavour) might also be in part responsible for the 

performance improvement. Given that the drink was only provided during 

the later stages of the exercise task it seems more probable that if a flavour 

change during exercise does cause ergogenic effects, those effects are the 

result of some form of central change which impacts on muscle fatigue rather 

than changes that occur directly at the muscle itself. An investigation into the 

flavour effects of consuming a cola beverage during endurance exercise is 

therefore warranted to fully understand the beverage’s impact on subsequent 

exercise performance. 
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1.2.5 Drink Carbonation 

 
Similarly to drink flavour, exercise science investigations into drink 

carbonation have largely focused on the effects carbonation may have on a 

beverage’s rehydration properties (Ryan et al 1991, Zachwieja et al 1991, 

Lambert et al 1992, Zachwieja et al 1992, Lambert et al 1993, Hickey et al 

1994, Passe et al 1997 and Shirreffs et al 2007). These studies have either 

focused on the ad libitum consumption of carbonated versus non-carbonated 

beverages or the influence of the carbonation on gastric comfort and gastric 

emptying and hence on a beverage’s capacity to transport fluid. In summary, 

drink carbonation of a beverage neither affects gastric emptying or ad 

libitum drink consumption when either provided during or immediately 

following cycling or running. Hence drink carbonation is unlikely to 

influence the rehydration properties of a beverage.    

 
Only one study has investigated the impact of drink carbonation on exercise 

performance (Zachwieja et al 1992). In this study eight cyclists rode 105min 

at a SS followed by a TT lasting approximately 15min. During each trial 

subjects consumed one of four drinks - a 10% CHO solution, a non-CHO 

carbonated solution, a 10% CHO carbonated drink or a drink with neither 

manipulation. The results indicated that adding carbonation to a sports drink 

did not significantly alter gastric function, the perception of gastro-intestinal 

comfort or exercise performance. This is in contrast to the anecdotal belief 

held by some athletes that lightly carbonated cola beverages improve 
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gastrointestinal symptoms during endurance activities (personal 

communication). 

 
In practice, however, cola beverages being consumed by endurance athletes 

during endurance exercise are often less carbonated than the original 

commercial beverages. Endurance athletes will often either shake cola drink 

containers to “defizz” the drink or the beverage itself is left exposed to 

normal atmospheric air pressure for variable time periods (i.e., if left on aid 

station tables) which decreases the degree of drink carbonation (personal 

observation). This reduced carbonation from the original product is likely to 

further decrease the probability of cola beverage’s carbonation producing  

measurable effects on endurance exercise performance.        
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1.2.6 Other Additives 

 
There is obviously the potential that other additives within cola beverages 

may influence exercise performance. Some of these we are aware of (eg. 

sodium, phosphorous, potassium) and many may remain unknown (due to 

recipe confidentiality). Given the sensitivity of our measures of human 

performance (for review see Paton et al 2001), even if every ingredient was 

known it would be unlikely that any influence on performance would be 

detectable given the differences in the amounts likely to be present in the 

cola beverages compared to an alternative CHO-electrolyte solution.  

 
The literature review provided here defines the existing evidence assessing 

the mechanisms and impact of carbohydrate (CHO), caffeine, drink 

carbonation and drink flavour on endurance exercise performance. These 

factors were chosen for review as they represent the most likely cola 

beverage characteristics that could be responsible for eliciting an ergogenic 

effect(s) on long duration activity. The following thesis chapters describe the 

author’s attempts to expand on our understanding of the use and effect of 

cola beverages on endurance exercise performance. 
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CHAPTER 2 
 

RESEARCH FRAMEWORK 
 

2.1 Preamble 
2.2 Caffeine use of endurance trained athletes in competition   
2.3 The impact of drink flavour change on endurance cycling   
       performance in well-trained athletes 
2.4 The effect of caffeine administration on endurance exercise   
       performance and exogenous CHO oxidation: a dose-response   
       study 
 
 
2.1 Preamble 
 
Cola beverages are commonly used during the latter stages of endurance 

exercise competitions by athletes such as cyclists and triathletes (personal 

observation). However, few studies have attempted to quantify this practice 

or investigated the reasons that underpin the use of these beverages (or other 

caffeinated products) by competing athletes. Furthermore, the efficacy of 

their use via the impact of their consumption on endurance exercise 

metabolism and performance has only received preliminary attention in well 

controlled environments (Cox et al 2002).  

 
By using a mixed method approach, incorporating field and laboratory based 

research, the popularity and efficacy of cola beverage use to enhance 

endurance exercise performance has been further examined in this thesis.  
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Initially, the thesis describes a field project that quantified the use of 

caffeinated foods and fluids within a group of endurance athletes competing 

in an international endurance event following the removal of caffeine from 

the World Anti Doping Agency (WADA) doping list. This investigation also 

attempted to clarify why and how athletes chose to use (or not) caffeine as a 

ergogenic supplement.  

 
Subsequently, the impact of a cola beverage’s flavour, caffeine and 

carbohydrate content has been examined by way of two studies where 

athletes completed an endurance exercise performance task within a 

controlled laboratory environment. In order to maximise the validity of the 

research findings all laboratory trials were conducted on well-trained and 

familiarised subjects and incorporated strict dietary and exercise control 

procedures to ensure participants were well hydrated and fed.  
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2.2 Caffeine use of endurance trained athletes in competition 
 
The majority of information relating to caffeine use by elite athletes is found 

in studies that have investigated either total dietary intake or supplement 

usage (Slater et al 2003, Froiland et al 2004 and Kristiansen et al 2005). These 

studies often report on habitual caffeine use rather than caffeine 

consumption in association with competition.  Likewise, no study has been 

published that has quantified plasma caffeine concentrations of competitive 

endurance athletes as a method of establishing the “physiological dose” 

achieved during endurance competition.  

Therefore the aims of this study were to:  

1. clarify the awareness of caffeine’s legality and planned use 

(including cola beverages),  

2. explore the perceptions and experiences of caffeine (including cola 

beverage) use during exercise,  

3. demonstrate the extent of caffeine related knowledge, and  

4. investigate the levels of plasma caffeine achieved during racing 

conditions within a group of competitive endurance trained 

athletes. 

Hypotheses under investigation were: 

1. that the majority of athletes would be aware of caffeine’s status 

 within the WADA anti-doping code, 
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2. that endurance trained athletes would regularly use caffeine 

containing substances (particularly cola beverages) for their 

perceived ergogenic benefits,   

3. that athletes would be able to identify caffeine containing 

foods/fluids but display a limited ability to accurately quantify 

this caffeine, and 

4. that the majority of athletes would have trace levels of plasma 

caffeine detected at the conclusion of an endurance event.     

 

Details of these investigations are described in Chapters 3 and 4. 

 



                  75 

2.3 The impact of drink flavour change on endurance cycling 
performance in well-trained athletes. 
 
It has been demonstrated that endurance exercise performance may be 

affected by sensory responses that occur when CHO containing beverages 

are washed in the mouth but not subsequently ingested (Carter et al 2004). 

This suggests that changing to a cola beverage (from a traditional sports 

drink) during the later stages of an endurance exercise task (as in Cox et al 

2002) could produce ergogenic effects that are mediated via non-metabolic 

pathways, possibly associated with the flavour of the beverage.  

 
Therefore the aim of this study was to:  

1. investigate the effect of changing drink flavour  (alternate sports drink 

and a lightly carbonated Cola beverage) on cycling performance 

whilst other drink variables such as CHO and caffeine are controlled.   

Hypothesis under investigation were: 

1. that changes to drink flavour alone during exercise (including the 

addition of a cola beverage) would produce no alterations in 

perceptions of effort or detectable performance improvements over an 

ingredient matched traditional sports drink.  

 

Details of this investigation are described in Chapter 5. 
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Trial A (SpD = subjects told “improved formula with same flavour” = same as SpD) 

Sports Drink (SpD)        SpD             SpD             SpD            SpD          SpD             SpD               SpD 
 
 

       Trial B (AFSD = Alternate Flavour Sports Drink = new flavour, same composition) 
      SpD                         SpD           SpD             SpD            SpD        AFSD           AFSD            AFSD 
  
 

Trial C (Cola = Caffeine free Diet-Coke® with 6% CHO + electrolytes added) 
            SpD                         SpD           SpD              SpD           SpD         Cola             Cola              Cola 

 

Figure 2.1 Flavour Study Design 
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2.4 The effect of caffeine on endurance performance and 
exogenous CHO oxidation: a dose-response study.  
 
In reality the within competition caffeine intakes of endurance athletes are 

likely to be much lower than those doses typically used in laboratory based 

caffeine research (≥5 mgkg-1 BW). See table 1.6.2 and 1.6.3. A number of 

studies have investigated the effect of low-dose (<3 mgkg-1 BW) caffeine 

ingestion on exercise performance, (Sasaki et al. 1987, Dodd et al. 1991, 

Graham & Spriet 1995, Ferrauti et al 1997, Graham et al. 1998, Kovacs et al 

1998, Cox et al 2002, Jacobs et al. 2003, Bridge et al 2006), often without 

including higher doses for comparison. Only one study (Cox et al 2002) 

however has demonstrated the effect of low-dose caffeine ingestion on 

continuous endurance-exercise lasting >60min. Findings from the study by 

Cox et al (2002) suggested that very low doses of caffeine (<3 mgkg-1 BW) 

have the potential to improve endurance-exercise performance lasting 

>60min to the same extent as higher caffeine doses (eg. 6 mgkg-1 BW 

provided either 1h prior or throughout exercise). These findings suggest that 

long-duration endurance-exercise performance can be enhanced by low 

doses of caffeine when taken in combination with CHO.  

 
One possible explanation for combined benefits when caffeine and CHO are 

coingested during prolonged endurance-exercise may relate to effects seen at 

the gastrointestinal level. The gastrointestinal absorption of glucose is 
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increased when co-ingested with caffeine (VanNieuwenhoven et al 2000) and 

recently Yeo and colleagues have demonstrated that at a larger dose (5 

mL∙kg-1 BW⋅hr-1) altered exogenous CHO oxidation rates during a 2h cycling 

protocol (Yeo et al 2005).     

 

Therefore the aims of this study were to: 

1. investigate the effects of a lower caffeine dose (3 and 6 mgkg-1 BW) on 

exogenous CHO oxidation during endurance exercise, and  

2. determine if a dose-response relationship exists for the ergogenic 

effect of caffeine on endurance cycling performance.  

Hypotheses under investigation were: 

1. that lower caffeine doses would increase exogenous CHO oxidation 

similar to the extent observed by Yeo et al 2005, and  

2. that both 3 and 6 mgkg-1 BW of caffeine would improve endurance 

cycling performance over a placebo, with the higher dose conveying 

additional performance benefits over the lower dose.  

 

Details of this investigation are described in Chapter 6.  
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CHAPTER 3 
 

AWARENESS AND USE OF CAFFEINE BY 
ATHLETES COMPETING AT THE 2005 

IRONMAN® TRIATHLON WORLD 
CHAMPIONSHIPS. 

 
3.1 Abstract 
3.2 Introduction 
3.3 Methods 
3.4 Results 
3.5 Discussion 
 
Publication Details:  
International Journal of Sport Nutrition and Exercise Metabolism. 
16:545-558, 2006. 
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3.1 Abstract  

This study assessed the knowledge, prevalence and quantity of caffeine use 

by athletes competing at the 2005 Ironman® Triathlon World Championships. 

Caffeine-related questionnaires were self-administered to 140 (105 male and 

35 female, 40.3±10.7 years) athletes representing 16 countries. Fifty of these 

athletes further consented to immediate post-race blood samples for analysis 

of plasma caffeine and paraxanthine using HPLC. Seventy-two percent of 

athletes correctly identified caffeine as being an unrestricted substance in 

triathlon. The majority of athletes (125 (89%)) were planning on using a 

caffeinated substance immediately prior to or throughout the race. Cola 

drinks (78%), caffeinated gels (42%), coffee (usually pre-race) (37%), energy 

drinks (13%), and NoDoz® tablets (9%) were the most popular caffeinated 

choices. Mean±SD (and range) post race plasma caffeine and paraxanthine 

levels were 22.3±20 μmol∙L-1 (1.7-98.4) and 9.4±6 μmol∙L-1 (1.8-28.9) 

respectively. Seven athletes (14%) finished with plasma caffeine levels ≥ 40 

μmol∙L-1. Plasma values from elite athletes did not differ from age group 

competitors. Despite the prevalence of its consumption and the training 

experience of this athletic group, over one quarter of athletes remained either 

confused or uninformed about caffeine’s legality. Levels of plasma caffeine 

taken immediately post race indicated that athletes typically finish with 

quantities of caffeine that have been shown to improve endurance 

performance (i.e., ~20μmol∙L-1 or a dose of ≥ 3 mg·kg-1 BW).   



 82 

3.2 Introduction 
 
Caffeine is probably the most widely used pharmacologically active 

substance in the world. Although caffeine is found in a number of foods, it is 

most frequently consumed in coffee, tea and cola beverages (Mandel 2002). 

In January 2004, the World Anti-Doping Agency (WADA) removed caffeine 

from its restricted substances list (WADA 2004). Consequently, athletes are 

now able to consume caffeine in conjunction with WADA sanctioned sports, 

without fear of doping code violations. However, caffeine remains on 

WADA’s monitoring program, indicating that the drug is placed under 

heightened scrutiny for further tracking of trends in use and possible abuse 

for future prohibition list consideration (WADA 2005).    

 
A substance or method can be placed on the WADA prohibited list if it meets 

two of the three following criteria: 1. it has the potential to be performance 

enhancing; 2. it represents an actual or potential risk to the athlete's health; 

and 3. it violates the spirit of sport (WADA 2004). Therefore any decision 

concerning the prohibition status of caffeine requires considerable 

monitoring and expert debate.  

 
The issue of caffeine’s safety in endurance sport deserves consideration. 

Recently, Nawrot and colleagues (2003) concluded that caffeine had no 

adverse effects at levels of up to 400mg·day-1 in healthy adults. A recent 

meta-analysis of the impact of coffee and caffeine on blood pressure 
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indicated a dose response effect. Trials containing >410mg·day-1 of caffeine 

produced a significantly greater elevation in systolic blood pressure when 

compared to trials with lower caffeine doses (Noordzij et al 2005). It is 

important to remember that both of these findings originate and are 

orientated towards the free-living population rather than people competing 

in endurance triathlons. 

 
To date the majority of research performed in the area of caffeine in sport has 

focused on its potential ergogenic properties. More than sixty original studies 

have been published in peer-reviewed journals documenting caffeine’s effect 

on various aspects of sporting performance (for review see Burke et al 2006). 

In a recent meta-analysis of controlled trials, caffeine was confirmed as 

ergogenic, particularly for endurance sport (Doherty 2004). Furthermore, this 

performance enhancement was demonstrated at levels that are not likely to 

produce acute or chronic health problems (3-6 mg·kg-1 BW) (Burke et al 2006, 

Nawrot 2003).  

 
Despite this scientific interest in caffeine’s ergogenic effects there remains a 

lack of ultra endurance caffeine performance data. No published study has 

investigated the impact of caffeine on Ironman triathlon performance. 

Furthermore, there are no studies that have investigated the effect of caffeine 

on exercise performance over the duration or distance of one of the 
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individual disciplines required to complete an ironman triathlon (i.e. 3.8km 

swim, 180km cycle or 42.2km run).   

 
Limited information exists on the recent caffeine use by athletes. Graham 

(Graham 2001) reported that in 1993, 27% of Canadian teenagers surveyed 

reported using caffeine in order to improve their sports performance. In 

2003, Slater and co-workers (2003) also demonstrated a high prevalence of 

caffeine use (37%) in Singaporean athletes. One year later, lower rates of 

caffeine consumption (11% - mostly by college wrestlers) were reported by 

researchers in the United States (Froiland et al 2004). These lower rates were 

confirmed by a recent study reporting that despite caffeine having the 

highest usage of all dietary supplements it was rarely consumed by athletes 

for its ergogenic benefits (rather for pleasure and alertness) (Kristiansen et al 

2005).  

 
Three issues impact on the relevance of previous studies when assessing the 

current caffeine behaviours of athletes. First, the majority of these studies 

(Graham 2001, Slater et al 2003, Frioland et al 2004) were conducted prior to 

1st January 2004, when there is the potential that under-reporting by athletes 

concerned by the possible legal implications of their responses has 

influenced the research findings. Second, all of these studies rely on self-

reported information and have not had the reported behaviours confirmed 

by any objective measurements (e.g., plasma/urinary caffeine 
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concentrations). Finally, many of the studies reporting on caffeine behaviours 

in athletes have assessed “usual” total dietary or supplement behaviours, 

rather than the prevalence of caffeine taken in conjunction with competition 

to specifically attempt to elicit a performance enhancement (Slater et al 2003,  

Frioland et al 2004 and Kristiansen et al 2005). 

 
The only published study quoting urinary caffeine levels in athletes since its 

removal from the prohibited substances list does not include data collected 

after 2002 (Van Thuyne et al 2005). Unpublished information available from 

WADA indicates that despite some changes in the number of high caffeine 

samples recorded by elite athletes, the frequency of monitoring tests has 

decreased since its legalisation (0.035% positive tests in 2002 (n=70214) 

versus 0.152% positive tests in 2004 (n=18394)) (personal communication, 

WADA 25th Nov 2005). Importantly, this data only describes tests that have 

recorded urinary caffeine concentrations of >12µg·mL-1 (i.e., a former 

positive test) and does not provide any information on the prevalence of 

caffeine use at lower doses. Additionally, the total number of caffeine tests 

(and testing centres) has fallen considerably since removal from the 

prohibited substances list. As a consequence, objective information available 

on the caffeine behaviours of elite athletes has decreased despite the 

likelihood that more athletes are going to experiment with caffeine since its 

removal from the WADA prohibited substances list.  
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The aim of this study was to investigate the knowledge and use of caffeine 

within a group of athletes competing at a major international triathlon. 

Professional athletes competing at this event are sanctioned in accordance 

with the WADA anti-doping code. Results will provide information 

concerning the levels of caffeine used in a group of well-trained endurance 

athletes (both elite and age group competitors) twenty-two months following 

caffeine’s legalisation. Planned caffeine use will be confirmed by an objective 

measure (i.e., plasma caffeine). This information will confirm the accuracy of 

the self-reported caffeine intake data. It is anticipated that a cross-sectional 

investigation into the caffeine intake behaviours of athletes will improve the 

advice and education provided to these athletes regarding safe caffeine 

practices and will inform doping control agencies regarding caffeine’s 

current use as a legal ergogenic aid.    
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3.3 Methods 

Event Description 

The 2005 Hawaiian Ironman® Triathlon World Championship was operated 

under licence from the World Triathlon Corporation (WTC).  The WTC 

Ironman® races are not sanctioned by the International Triathlon Union (ITU) 

and are therefore not an official triathlon world championship. The event 

consists of a 3.8km swim, 180km cycle and a 42.2km run. Athletes qualify for 

the event and participate as open competitors (professional) or compete 

within age groups.    

 
Study Participants  

One hundred and forty-one caffeine-related questionnaires were self-

administered to randomly approached athletes immediately following race 

registration. One questionnaire was returned incomplete. Information was 

therefore collected on 140 (105M 41.1±11.3 y (mean±SD), 75.1±8.2 kg BW and 

35F, 37.9±7.8 y, 57.9±5.4 kg BW) athletes (8% of all participants) from 16 

countries (Figure 3.1).  

 
Fifty of these athletes (34M, 40.0±11.1 y, 74.3±6.7 kg BW and 16F, 38.0±8.0 y, 

59.0±6.3 kg BW) further consented to immediate post-race blood samples for 

analysis of plasma caffeine and paraxanthine. Participants in both 

components of the research were a mixture of elite and age-group 

competitors. Elite athletes were defined as those registered as professional 
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triathletes or those finishing in the top three places of age categories ≤ 45y. 

The term age-group competitor is used to describe the remaining well 

trained endurance athletes that compete in this event. Figure 3.2 illustrates 

race times relative to the participant’s ability classification. The questionnaire 

was only available in English, consequently limiting the potential diversity of 

research participants.  

 
Questionnaire Design  

A self-administered questionnaire investigating participants’ caffeine 

knowledge, attitudes, use history, planned consumption and caffeine-related 

side effects was developed from a previous caffeine use questionnaire that 

had been pilot tested on athletes by members of the research team (Table 3.1) 

(Nb. Only data related to knowledge and planned consumption is reported 

in this study). 

 
The questionnaire initially assessed the participant’s intent to use caffeinated 

products throughout the event (caffeine users v non-users). Separate 

components of the remaining questionnaire were completed based on this 

intention.  
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Figure 3.2 Race times of Participants in 2005 Ironman® Triathlon World Championship Caffeine Questionnaire (n=131*).  
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Caffeine Non-Users: History of previous caffeine use and rationale for not 

using caffeine were investigated (open-ended question). 

Caffeine Users:  Participants outlined the type, timing and approximate 

amount of caffeinated substance that they intended consuming throughout 

the race. The history of use was also investigated by noting the length of 

experience with using caffeine and by offering the athlete the opportunity to 

provide an example (open-ended question) of either a positive or negative 

experience when using caffeine in the past.  

 

 

 

 

 

 

 

 

 

 

 

Plasma Caffeine and Paraxanthine Collection  

Consenting athletes (n=50) were identified at the finish line by research 

assistants and escorted directly to the medical recovery area. On presentation 

(~10min post-race, personal observation) 5mL of blood was collected from 

the antecubital vein into lithium heparin sample tubes. The samples were 
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performance 
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effects  
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Caffeine use in 
2005 Hawaiian 
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dose of 
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influence 
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Frequency 
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of  
Side-effects 

Figure 3.3 Questionnaire Components 

(Nb. Only data related to knowledge and planned consumption are reported).  
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then immediately centrifuged at 3300rpm for 10min (Horizon miniE, The 

Drucker Company, PA, USA). The separated plasma was then frozen for 

subsequent caffeine and paraxanthine analysis. During the blood sampling 

procedure participants were asked to confirm or modify their planned 

caffeine intake to indicate actual consumption.    

  
Plasma Caffeine and Paraxanthine Analysis 
 
Quantification of plasma caffeine and paraxanthine was performed using 

HPLC via a method adapted from the validated technique described by Koch 

et al (1999). Specific details of the analysis are described below.  

Equipment/materials. The method of analysis was performed using the 

following HPLC system: pump, Waters M45; UVdetection, Applied 

Biosystems 757, the detection wavelength was set to 273 nm; integrator, 

Shimadzu-CR3A; column, LiChrospher 5µm RP18 (25cm x 4.6mm); and 

injector, Rheodyne 7125. The pH of the mobile phase was adjusted using a 

Radiometer Copenhagen PHM83 Autocal and filtrated over a Millipore 

GVHP04700 filter (poresize 0.22mm). 

Mobile phase. The mobile phase used in this assay was composed of 830mL 

0.05M NaH2PO4, 300µL triethylamine (pH 6.4) and 280mL methanol. The 

eluent was filtrated over a Millipore filter (Supelco 0.2µm x 47mm, Nylon 66 

membranes)  before it was used in the assay. The flow of the eluent was 1.5 

mL·min-1. 

Preparation of standard and validation solutions. A stock solution of 

2000µmol·L-1 caffeine and 500µmol·L-1 paraxanthine was used for the 
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preparation of standard solutions of caffeine and paraxanthine. All standard 

solutions (25, 50 & 100µmol·L-1) were prepared by diluting this stock 

solution. 

Sample preparation. Serum proteins were precipitated before the sample 

could be injected onto the chromatographic system. Protein precipitation 

was achieved using the following method: 50µL serum + 100µL methanol 

were mixed on a Vortex for 1min and centrifuged at 12000rpm for 10min. 

25µL of supernatant were injected into the HPLC system.  

Quantification. Quantification of caffeine and paraxanthine was achieved 

by comparing peak areas to those of standards.  

 
Quantification of Planned and Actual Caffeine Consumption 

An accredited sports dietitian calculated the planned and actual caffeine 

intakes of participants based on reported food and beverage intake using a 

summary table of caffeine values (ASC 2006). For standardisation of intake 

data the following three assumptions were made if no further information 

was provided by the participant: a) all drinks provided at aid stations were 

100mL, b) carbohydrate gels didn’t contain caffeine and (when uncertain) 

caffeinated carbohydrate gels provided 25mg of caffeine/sachet, and c) No-

Doz tablets each contained 200mg of caffeine (as per standard US dose). 

Reported planned caffeine intakes are expressed as mg (total) and mg·kg-1 

BW (relative) values.     

Statistical Analysis  
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All data was coded and entered into SPSS (SPSS Inc. Version 12.0.1) for 

analysis. Descriptive data analysis (mean, SD, ranges and percentages) was 

performed. All data are expressed as mean±SD unless specified. All 

percentages are expressed as numbers relative to the total that completed the 

relevant questionnaire sections. Correlation coefficients for relative actual 

caffeine intake and plasma caffeine and plasma paraxanthine were calculated 

as was the correlation between planned and actual reported caffeine intake. 

An independent samples t-test was conducted to determine if knowledge of 

prohibition status affected mean actual caffeine intake. One-way ANOVA 

was applied to assess if mean caffeine (both actual consumption and plasma) 

values differed relative to an athlete’s nationality. The chi-square calculation 

was performed to investigate differences between knowledge and level of 

ability.  Statistical significance was set at p≤0.05.  

 
Ethics  
 
The study was reviewed and approved by the Griffith University Human 

Research Ethics Committee. 
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3.4 Results 

Caffeine Knowledge 

One hundred (72%) athletes correctly identified caffeine’s WADA 

prohibition status as being unrestricted in triathlon. Figure 3.3 illustrates the 

relative responses to the question regarding caffeine’s prohibition status. The 

elite category (n=18) consists of 12 athletes registered as professionals and 6 

podium placed age category finishers. There were no differences between 

elite and age-group athletes regarding knowledge of caffeine’s legality 

(χ2=2.75, p=.097).  

 
Planned Caffeine Use  

One hundred and twenty-five (89%) athletes were reportedly planning on 

using a caffeinated substance immediately prior to or throughout the race. 

Cola beverages (78%), caffeinated gels (42%), coffee (usually pre-race) (37%), 

energy drinks (13%), and No-Doz tablets (9%) were the most popular 

caffeinated choices. Due to incomplete data, only 93 athletes could have their 

planned caffeine intake accurately estimated. Mean(range) planned intake 

and mean(range) planned relative intake were 300(0-1780) mg and 4.4(0-23.7) 

mg·kg-1 BW, respectively. Planned caffeine was highly correlated to actual 

intake (R=0.80, p<0.01). Elite athletes planned to consume more caffeine than 

age group competitors (476±298 mg v 279±289 mg, p =0.044), however this 

relationship was not evident when comparing planned relative doses. The 

influence of an athlete’s knowledge regarding caffeine’s prohibition status 
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and the athlete’s planned caffeine intake approached statistical significance 

(p=0.079) with higher caffeine doses planned by athletes with the greater 

awareness of caffeine’s legality (337±322 mg versus 219±189 mg). No 

differences were observed between planned (either total or relative) caffeine 

intake and age, gender or nationality.  

 
Actual Caffeine Use  

Forty-eight athletes were able to provide information regarding their actual 

caffeine intake on completion of the race. Table 3.2 provides a summary of 

reported actual caffeine consumption. There were no differences reported 

between elite and age group competitors regarding actual caffeine 

consumption. Cola beverages were commonly consumed both during the 

bike and run disciplines (22%) as well as on the run exclusively (60%). 

Whereas approximately half of those using No-Doz tablets ingested them 

during both the bike and cycle legs as opposed to the run exclusively (25%).  

 
Table 3.1 Reported Actual Caffeine Intake collected immediately following the 2005 
Hawaiian Ironman World Championships. Comparison of Elite versus Age Group 
competitors (Mean±SD) 
 
 All Athletes 

(n = 48) 
Elite 

(n = 10) 
Age Group 

(n = 38) 
Total Caffeine (mg) 351±281 380±296 343±287 
Relative Caffeine 
(mg/kg body weight) 

4.9±3.7 5.16±3.6 4.85±3.7 

 
 
 
Table 3.3 displays data relating to the influence of awareness of caffeine’s 

prohibition status on actual caffeine consumption. Results indicated that 
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those athletes with an awareness of caffeine’s prohibition status were more 

likely to consume larger doses (both total; p=0.23) and relative to body 

weight (p=0.029) of caffeine than those less familiar with its legality.  No 

differences were observed between actual (either total or relative) caffeine 

intake and age, gender or nationality.   

 
Table 3.2 Reported actual caffeine intake collected immediately following the 2005 
Hawaiian Ironman® World Championships. Influence of knowledge concerning 
caffeine’s prohibition status (Mean±SD). 
 
 

All Athletes 
(n = 48) 

Unaware of 
caffeine status 

(n = 16) 

Aware of 
caffeine status 

(n = 32) 
Total Caffeine (mg) 351±281 222±155 415±309† 
Relative Caffeine 
(mg·kg-1 BW) 

4.9±3.7 3.3±0.6* 5.7±4.0* 

† indicates significant difference between actual total caffeine intakes based on an 
athlete’s awareness of caffeine’s prohibition list status (p=0.023). 
* indicates significant difference between actual relative caffeine intakes based on an 
athlete’s awareness of caffeine’s prohibition list status (p=0.029). 
 

Plasma Caffeine and Paraxanthine 

Mean±SD (range) post-race plasma caffeine and paraxanthine levels were  

22.3 ± 20 µmol·L-1 (1.7-98.4) and 9.4 ± 6 µmol·L-1 (1.8-28.9) respectively. All 

athletes finished the race with detectable amounts of circulating caffeine. 

Seven athletes (14%) finished with plasma caffeine levels ≥40 µmol·L-1. Figure 

3.4 illustrates the correlation between post-race plasma caffeine and reported 

actual relative caffeine intake (r = 0.69, p<0.01). This indicates that reported 

caffeine intakes collate strongly with plasma levels.  Plasma values from elite 

athletes did not differ from age group competitor. 
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Figure 3.4 Knowledge of Caffeine’s prohibition status by participants 
competing in the 2005 Ironman® World Championship (n=139).  
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Figure 3.5 Reported Relative Caffeine Intake (Actual) (mg/kg body weight) 
compared to post race plasma caffeine (µmol·L-1) (n=50). 
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3.5 Discussion  
 
To date there are no published papers documenting the knowledge and 

behaviours of athletes regarding caffeine use in competition since its removal 

from the WADA anti-doping code. Such information would allow any 

conclusions regarding caffeine’s place in sport to be based on evidence rather 

than anecdote.  

 
One of the primary findings of this study was that detectable levels of 

caffeine were found in every sample of post-race blood collected from 

athletes (n=50) completing in 2005 Hawaiian Ironman® Triathlon. These 

samples were collected from a broad cross-section of well-trained endurance 

athletes (elite and age group competitors). Given that peak plasma 

concentrations occur approximately 1.5h after ingestion and that the plasma 

half-life for caffeine is approximately 7h (McLean et al 2002), it appears 

evident that these athletes have typically ingested caffeine in moderate doses 

over a wide time period. 

 
Laboratory studies indicate that to elicit an average plasma caffeine level of 

approximately 22 µmol·L-1, the caffeine dose 1h pre-exercise would need to 

be ≥3 mg·kg-1 BW (Graham et al 1995). The present mean plasma 

paraxanthine values indicate sustained activity of the Cytochrome P-450 1A2 

enzyme (the major degrative pathway of caffeine) and are similar to those 

levels seen 4-8h following 6 mg·kg-1 BW doses of caffeine (Hunter et al 2002, 

McLean et al 2002). Clearly, additional plasma caffeine and paraxanthine 
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samples are required to confirm the precise timing and magnitude of peak 

plasma caffeine and paraxanthine levels achieved during events of this 

nature especially considering an average race time of approximately 11hrs 

for our subjects. Despite this, the plasma data does support the reported 

information collected from athletes immediately post race indicating a mean 

caffeine consumption of >4.5 mg·kg-1 BW either prior to or throughout the 

race.  

 
Analysis of the relationship between the plasma caffeine data and the self-

reported caffeine intakes indicated a significant positive correlation. This 

relationship could suggests that self-reports of caffeine intake are a useful 

method of collecting caffeine dose information during endurance events. 

Alternatively, it perhaps reflects that those people who provided a blood 

sample were much more interested in caffeine intake and very aware of how 

much they had ingested. 

    
No post-race urinary caffeine measures were collected during this study, 

therefore it is not possible to know the exact number of athletes that would 

have produced urinary levels greater than the previous WADA cut-off limit 

(12 µg·mL-1) for caffeine. Despite this, it is apparent that the majority of 

athletes competing in this event use caffeine at doses well below what has 

previously been reported to elicit a positive urinary test (i.e., 9 mg·kg-1 BW 

(Graham et al 1991). Additionally, of the five athletes that reported planning 

to use >9 mg·kg-1 BW of caffeine and subsequently had their planned intake 



 102 

verified immediately after the race, only two managed to achieve the 

planned intake. The present data demonstrates the tendency for athletes to 

consume doses of caffeine that are unlikely to result in urinary values above 

the former cut-off limit. It also illustrates the importance of the post-race 

follow-up to ensure the accuracy of information collected in research of this 

nature. 

 
The safety aspects of taking higher doses of caffeine during endurance sport 

are controversial and it was not the intent of this investigation to clarify 

caffeine’s involvement (if any) in the adverse events that occurred 

throughout the race. The present data indicate a mean caffeine intake of 351 

mg (range 0-1325mg). Approximately 30% of athletes either planned to or 

actually did consume more than 400mg of caffeine in association with this 

event and the highest plasma values were associated with the ingestion of 

caffeine tablets (i.e. No-Doz tablets). It is important to consider, however, 

that any ergogenic benefits from caffeine are likely to be achieved at doses 

below or similar to the reported no adverse effect level (Burke et al 2006). 

 
Another key finding was the high prevalence of caffeine use despite a 

somewhat limited awareness from both elite and age group athletes of the 

recent removal of caffeine from the prohibited substances list. The lack of 

difference in awareness regarding caffeine’s legality between the elite and 

age group athletes may, in part, be explained by the nature of “elite” 

competition in Ironman® triathlon racing. The majority of athletes defined as 
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elite for the purposes of this study are unlikely to be considered as national 

elite triathletes that compete over the traditional Olympic distance and are 

subsequently subjected to WADA testing. The lack of exposure by the elite 

athletes in the present study to national sports drug education programs and 

regular anti-doping testing limits the applicability of the present findings to 

the behaviours of the broader elite triathlete population.  

 
The athlete’s awareness of caffeine’s legality was associated to their actual 

caffeine intake. This suggests that, not only are many athletes taking caffeine 

throughout this event, but that the dose of caffeine used is likely to increase if 

an athlete is aware of caffeine’s position as an unrestricted substance. 

Additionally, the demonstration that an athlete’s awareness influences their 

actual caffeine intake suggests that the consumption of caffeine throughout 

endurance events of this nature is altering from one of incidental 

consumption as seen in previous dietary intake studies (Speedy et al 2001) to 

one of targeted supplementation. Certainly, the twelve (8.5%) athletes who  

planned to use No-Doz tablets throughout the race can be considered to 

making a deliberate decision to consume caffeine. Clearly, caffeine is being 

used as a legal ergogenic aid and this has implications for coaches, race 

organisers and sports medical/scientific staff. Likewise, there is a clear 

rationale to continue the monitoring of caffeine use by international anti-

doping agencies.   
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The notion that all caffeine users are deliberately targeting caffeine for its 

performance enhancing properties is not without limitation. The present 

study uncovered one athlete who stated that no caffeine had been consumed 

but recorded a substantial plasma caffeine concentration (~20 µmol·L-1). 

Similarly, a number of athletes reported having not consumed caffeine 

containing foods/fluids but on additional questioning reported large intakes 

of cola beverages. Evidently, some athletes either do not have knowledge of 

which foods/fluids contain caffeine or they do not consider the consumption 

of them as “using” caffeine. There is also a possibility that athletes, who were 

not aware that caffeine is now unrestricted, are fearful of the repercussions of 

reporting “illegal” caffeine use. Consequently, care must be taken with the 

interpretation of reported caffeine intake data.   

 
Several other limitations exist regarding the generalizability of the present 

data to the entire participant population. The sample size for the 

questionnaire (n=140) represents only 8% of those that competed. 

Additionally, the possibility that a sampling bias towards those interested in 

caffeine or aware of caffeine’s unrestricted status can not be entirely 

eliminated.      

 
Nevertheless, this study demonstrated the nature of caffeine use in a group 

of well-trained endurance athletes. The present data indicated that athletes 

competing in the 2005 Hawaiian Ironman® often finish with quantities of 

caffeine that have been shown to improve endurance performance. 
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Surprisingly, despite the prevalence of its consumption and the training 

experience of this athletic group over one quarter of athletes remained either 

confused or misinformed of caffeine’s legality. An understanding of the 

awareness and usage patterns of caffeine by athletes will contribute to the 

development of more effective education programs and resources for athletes 

on caffeine use in sport. Equally, by continuing to monitor the caffeine 

practices behaviours of athletes, decisions regarding the future prohibition 

list status of caffeine will be based on contemporary scientific evidence. 
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Abstract  

This descriptive cross-sectional study assessed the perceptions, knowledge 

and experiences of caffeine use by athletes competing at the 2005 Ironman® 

Triathlon World Championships. Questionnaires were distributed to 140 

(105M and 35F, 40.3±10.7 y) athletes representing 16 countries during pre-

race registration. A large proportion (73%) of these endurance athletes 

believe caffeine is ergogenic to their endurance performance and 84% believe 

it improves their concentration. The most commonly reported positive 

caffeine experiences related to the within competition use of Cola drinks 

(65%) and caffeinated gels (24%). The athlete’s ability to accurately quantify 

the caffeine content of common food items was limited. The most popular 

sources of caffeine information were self experimentation (16%); fellow 

athletes (15%); magazines (13%) and journal articles (12%). Over half (53%) 

could not identify an amount of caffeine required to improve their triathlon 

performance. Mean(±SD) suggested doses were 3.8±3 mg∙kg-1 BW. Few side-

effects associated with taking caffeine during exercise were reported.     
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Introduction 
 
In January 2004, the WADA removed caffeine from its restricted substances 

list (WADA 2004). Consequently, athletes are now able to consume caffeine 

in conjunction with WADA sanctioned sports, without fear of doping code 

violations. However, caffeine remains on WADA’s monitoring program, 

indicating that the drug continues to be under scrutiny for further tracking of 

use and possible abuse for future prohibition list consideration (WADA 

2005).    

 
There are more than sixty studies published in peer-reviewed journals 

documenting caffeine’s effect on various aspects of sporting performance (for 

reviews see Burke et al 2006 and Keisler et al 2006). Furthermore, a recent 

meta-analysis confirmed caffeine’s ergogenic properties for endurance sport 

by reviewing research largely conducted in well controlled laboratory 

environments (Doherty et al 2004). Few studies however have investigated 

the perceptions, experiences or sources of information trained endurance 

athletes use when considering taking caffeine during competition. A study 

involving Singaporean athletes reported on the popularity of caffeine as a 

sports supplement and that athletes used caffeine to “reduce fatigue and/or 

improve athletic performance” (Slater et al 2003). Recently Kristiansen and 

coworkers (2005) reported that despite caffeine having the highest usage of 

all dietary supplements in their study of Canadian varsity athletes, it was 

rarely consumed by athletes for its ergogenic benefits. Unfortunately, 



 109 

however, both these studies include mostly team sport athletes and were 

either conducted before (Slater et al 2003) or one month after (Kristiansen et 

al 2005) caffeine’s removal from the prohibited substances list when the 

potential that under-reporting by athletes still concerned by the possible 

legal implications of their responses may have significantly influenced the 

research findings.  

 
Two recent studies have been published documenting the prevalence of 

caffeine’s use by athletes since its legalisation (Chapter 3, Van Thuyne et al 

2006).  Van Thuyne and colleagues (2006) reported findings from urine tests 

(n=4633) analysed at a WADA accredited testing laboratory throughout 2004 

and compared them to data taken before the change to caffeine’s prohibition 

list status. The samples were from elite athletes involved in a wide cross 

section of sports and indicated that average urinary caffeine concentrations 

decreased after caffeine’s withdrawal from the list of prohibited substances. 

The overall percentage of positive samples (urinary caffeine >12μg·mL-1) 

between the two periods remained the same, however the percentage of 

positive samples noticed in cycling increased after the removal of caffeine 

from the doping list.  

 
We have also recently reported on the prevalence of caffeine use by 

endurance athletes completing at the 2005 Hawaiian Ironman® Triathlon 

(Chapter 3). This study included pre-race questionnaires (n=140) and blood 
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samples (n=50) taken immediately after race completion. Plasma samples 

demonstrated detectable levels of circulating caffeine in all subjects with 

mean values of caffeine (~20 μmol∙L-1 or a dose equivalent to ≥3 mg∙kg-1 BW) 

similar to those that have been shown to improve endurance performance in 

controlled trials (Burke et al 2006). We also demonstrated that the athlete’s 

awareness of caffeine’s legality was associated with their actual caffeine 

intake, that is, the dose of caffeine used was higher if an athlete was aware of 

caffeine’s position as an unrestricted substance. Additionally, when a larger 

group of triathletes competing at the same event were questioned during 

pre-race registration, the majority (n=124 (89%)) reported that they were 

planning to use a caffeinated substance throughout the event. Taken 

collectively these two studies (Chapter 3, Van Thuyne et al 2006) indicate that 

despite no dramatic increase in the use of caffeine by all athletes, caffeine 

continues to be a very popular supplement amongst endurance athletes in 

the post-prohibition era.          

 
Reports on the knowledge level amongst endurance athletes, sources of 

information and their experiences using caffeine are likely to provide a 

unique perspective into the reality of caffeine use by endurance athletes. The 

aim of this study is to further describe the attitudes, knowledge and 

experiences of caffeine use within a group of well trained athletes competing 

at a major international endurance event. It is anticipated that this 

information will translate into better advice and education regarding safe 
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caffeine practices amongst athletes and will inform doping control agencies 

regarding the perceptions and trends of caffeine’s consumption as a legal 

ergogenic aid.    
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Methods 

Event Description 

Refer to event description - Chapter 3.    

 
Sampling   

141 caffeine-related questionnaires were completed by a cross-section of 

athletes who were approached immediately following race registration.  One 

of the authors (BD) was available to provide assistance with any 

questionnaire difficulties. Participants in the research were a mixture of elite 

and age-group competitors. Elite athletes were defined as those registered as 

professional triathletes or those finishing in the top 3 places of age categories 

≤45y. The term age-group competitor is used to describe the remaining very-

well trained endurance athletes that compete in this event. The questionnaire 

was only available in English, consequently limiting the potential diversity of 

research participants.  

 
Questionnaire Design  

Refer to Table 3.1  

Attitudes concerning caffeine’s performance influencing effects  

Athletes were asked to rate the impact they believed caffeine would have on 

various aspects of exercise performance on a five point scale (“strongly 

negative effect” – “strongly positive effect”) or indicate that they were 

“unsure”. Aspects of performance included endurance, speed and power in 
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endurance exercise (>30min); strength; concentration/alertness; calming 

‘nerves’ and fat loss (long term). 

Knowledge of caffeine sources 

29 items (food, drinks and supplements) with specified quantities (e.g., 1 can 

Coca-Cola®) were provided for athletes to categorise as either “contains no 

caffeine”, “contains caffeine but only a small amount (i.e., less than 50 mg)” 

or “contains caffeine in a larger amount (i.e., more than 50mg)”. Respondents 

were also able to avoid categorising items by selecting that they were 

“unfamiliar with this food/supplement”. 

Sources of information on caffeine and exercise 

Respondents were provided with a list of 18 possible sources of caffeine and 

exercise related information (e.g., Doctor, Fellow athlete, Magazines etc) and 

asked to indicate all relevant choices. An “other” option was available to 

allow for additional information sources to be provided.   

Suggested dose of caffeine to influence performance 

Athletes were asked to indicate a caffeine dose to consume if they wanted to 

improve their Ironman® triathlon performance (stating a specified dose 

either in milligrams or amounts of certain foods). Respondents were also able 

to indicate if they “would not take caffeine”, or were “unsure”.  Suggested 

doses where divided by body weight to calculate a relative suggested dose. 
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History of caffeine use in competition  

The questionnaire assessed the participant’s intent to use caffeinated 

products throughout the event (caffeine users v non-users). Separate 

components of the questionnaire were completed based on this intention. 

Caffeine non-users were asked about their history of previous caffeine use 

and rationale for not using caffeine were investigated (open-ended question). 

Caffeine users were asked to outline the type, timing and approximate 

amount of caffeinated substance that they intended consuming throughout 

the race. The history of use was also investigated by noting the length of 

experience with using caffeine and by offering the athlete the opportunity to 

provide an example (open-ended question) of either a positive or negative 

experience when using caffeine in the past.  

Frequency and Severity of side-effects 

This section was completed by all athletes with experiences of using caffeine 

during endurance sport.  Athletes were asked to rate the severity of common 

caffeine side-effects (i.e., tremors/shakes, headaches, elevated heart rate, 

increased sweating, increased urine volume, abdominal/gut discomfort and 

caffeine addiction) on a five point scale (“barely noticeable” – “very severe”) 

or indicate that they were “unsure”. Respondents were then asked to 

indicate the frequency of these side-effects on a 6 point scale (Never (0%)-

Always (100%)) or indicate if they were “unsure”. An open-ended question 
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was also provided to offer the opportunity to comment on other side-effects 

not previously included.  

Statistical Analysis  
 
All data was coded and entered into SPSS (SPSS Inc. Version 13.0.1) for 

analysis. Descriptive data analysis (mean, SD, ranges and percentages) was 

performed. All data is expressed as mean±SD unless specified. All 

percentages are expressed as numbers relative to the total that completed the 

relevant questionnaire sections. Correlations between triathlon experience 

and planned caffeine use were conducted to evaluate the influence of race 

experience. Cross-tabulation and chi-square (χ2) calculations were performed 

to investigate differences in perceptions of caffeine’s effects compared to 

triathlon experience and between elite and age group competitors regarding 

information sources used to gain caffeine related advice. When conducting 

chi-square analysis categories were collapsed to ensure <20% of cells 

remained below minimum counts. Statistical significance was set at p≤0.05.  

 
Ethics  

The study was reviewed and approved by the Griffith University Human 

Research Ethics Committee. 
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Results 

Study Participants  

One questionnaire was returned incomplete. Information was therefore 

collected on 140 (105M, 41.1±11.3 y (mean±SD), 75.1±8.2 kg and 35 F, 37.9±7.8 

years, 57.9±5.4 kg) athletes (8% of all participants) from 16 countries (for 

further details see Chapter 3). 

 
Experience of Athletes 

Athletes completing the caffeine questionnaires had been involved in 

triathlon for an average of 10.2±7 y (range 1–25y). Caffeine users reported 

having used caffeinated products during competition for the previous 5.7±5 

y (range 0-22y) on average. A weak positive correlation between planned 

caffeine use (both absolute and relative to body weight) and triathlon 

experience was observed (r=0.219 (absolute) and r=0.232 (relative), both 

p<0.05). 

  
Attitude toward caffeine’s performance influencing effects  
 
Table 4.1 illustrates respondents’ perceptions of the impact of caffeine on 

endurance, strength and power on exercise lasting >30min. Clearly it is the 

perception of athletes surveyed that caffeine can enhance endurance 

performance in longer duration activities with 101 (73%) respondents 

indicating either a positive or strongly positive effect.  Likewise, the athletes 

competing in this event also believed that caffeine enhances concentration  
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Table 4.1 Athletes’ perceptions of caffeine’s effects on endurance, speed, power, strength, concentration, calmness and fat 
loss by respondents to the 2005 Ironman® Triathlon World Championship Caffeine Questionnaire (n=137). All figures are 
percentages (unless specified).   

 

* Related to exercise lasting >30mins.   
χ2=  Chi-Square comparison between triathlon experience (experience grouped into 5 year categories) and perception of 
caffeine’s effect.  
 

 Strongly  
Negative  Negative No effect Positive Strongly 

Positive Unsure 
Relationship between 

experience and 
perception χ2 (p-value) 

Endurance* 1 7 14 60 13 4 3.43 (0.49) 
Speed *  0 6 31 46 10 7 1.14 (0.88) 
Power * 0 7 48 29 4 12 1.42 (0.84) 
Strength  2 4 63 19 2 11 0.50 (0.98) 

Concentration 1 7 4 43 41 3 3.36 (0.50) 
Calmness 15 56 13 10 1 5 2.20 (0.70) 
Fat Loss 1 5 40 36 3 15 4.13 (0.39) 
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with 115 (85%) reporting positive effects. Table 4.1 also shows athletes’ 

opinions of caffeine’s impact on strength, calmness and ability to cause fat 

loss. No relationships between years of triathlon experience and the 

perceptions of caffeine’s effects were observed.         

 
Knowledge of caffeine sources 

Athletes’ responses concerning the caffeine content of selected food, 

beverages and supplements are described in Table 4.2. Typically respondents 

identified correctly the sources of caffeine, however their ability to accurately 

predict the quantity of caffeine was less assured. Furthermore, the athletes 

demonstrated increased uncertainty when asked to identify the caffeine 

content of less customary items such as No-Doz® tablets and coffee flavoured 

milk drinks.  

 
Sources of information on caffeine and exercise 
 
Respondents reported using a wide variety of strategies (68 (52%) reporting 

three or more) to direct their caffeine related competition behaviour.  Figure 

4.1 illustrates the popularity of various sources of information. No 

differences were observed between sources of information reported by elite 

and age group competitors (χ2=6.83, p=0.55). Commonly reported 

information sources were fellow athletes (15%), magazines (13%), journal 

articles (12%), and coaches (10%). The most popular strategy, however, was 

self research/experimentation (16%), whereas qualified health professionals 
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Table 4.2: Knowledge of the caffeine content of selected beverages, food and supplements from participants completing the 
2005 Hawaiian Ironman® World Championships caffeine questionnaire.     

 
 

Coke® 
(n = 139) 

1 can 

Diet 
Coke® 

(n = 139) 
1 can 

Gatorade
® 

(n = 137) 
600mL 

Sprite® 

(n=138) 
1 can 

Red Bull® 
(n=139) 

1 can 

Red Bull® 

Sugar-Free 
(n=137) 

1 can 

Mountai
n Dew® 
(n= 138) 

1 can 

Black Tea 
(n=139) 
1 cup 

Iced Tea 
(n=139) 
16oz per 
500mL 

PowerBar®- 
Performance- 

Rasberry & cream 
(n= 139) 

1 bar 

No-Doz® 
Tablets 
(n= 138) 
1 tablet 

Instant 
Coffee 
(n=140) 

1 tsp 
powder 

Ground 
Coffee 
(n=140) 

1 tsp 
powder 

Iced 
Coffee 
(n=140) 
20oz per 
600mL 

Orange 
Juice 

(n=137) 
16oz per 
500mL 

Unfamiliar 
with item  <1 2 4 7 4 12 16 9 10 16 29 4 1 21 7 

Contains No 
Caffeine 0 3 84 71 <1 0 15 7 15 58 3 <1 <1 18 93 

Contains a 
Small 

Amount of 
Caffeine  

(i.e. <50mg) 

40 42 11 14 5 11 13 50 58 22 2 38 29 47 0 

Large 
Amount of  

Caffeine  
(i.e. >50mg) 

60 53 <1 8 91 77 56 34 17 4 66 58 69 14 0 

All figures are percentages with correct responses in bold type 
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Figure 4.1 Sources of information athletes report having influenced their decision to use/not use caffeine within triathlon 
(n=394).  
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were not perceived or used as a popular source of caffeine-related  

information (Dietitians 4%, Doctors 3%, Pharmacists 1%, Physiologists 1%).       

 
Suggested dose of caffeine to influence performance 

Of those athletes planning on using caffeine during the event, 73 (53%) 

reported they did “not know” a suggested amount of caffeine to improve 

their triathlon performance. Suggested doses ranged from 50mg to 1g. Figure 

4.2 displays the frequency of suggested relative caffeine doses. The mean 

suggested relative dose was 3.9±3 mg∙kg-1 BW with 2 (1.5%) athletes 

reporting caffeine doses in mg∙kg-1 BW units. 

17.5015.0012.5010.007.505.002.500.00

Suggested Caffeine Dose (mg/kg body weight)

10

8

6

4

2

0

Fr
eq

ue
nc

y

Figure 4.2 Frequency of amounts reported by respondents to the 2005 
Ironman® Triathlon World Championship Caffeine Questionnaire when 
asked to provide a suggested performance enhancing caffeine dose. 
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History of caffeine use in competition 
 
A total of 89 (64%) athletes provided comments on their previous experiences 

of caffeine use. The majority of these recollections (n=83 (93%)) were of 

positive experiences. The most commonly quoted positive experiences 

related the use of Cola (n=58 (65%)) and caffeinated gels (n=21 (24%)) 

particularly toward the later stages of the event which resulted in 

perceptions of enhanced speed, better concentration, superior mood state 

and improved gastrointestinal tolerance.  

 
Frequency and Severity of side-effects 

Athletes reported only mild and infrequent adverse effects when caffeine is 

used in association with exercise. Increased urination (n=32 (44%) rated ≥ 

“occasional”) and elevated heart rate (n=26 (33%) rated ≥ “occasional”)) were 

the most frequently reported side-effects. The severity of these most common 

side-effects was regarded as minimal (all respondents rated the severity as 

either “barely noticeable” or “noticeable but minor” for both increased 

urination and tachycardia).  14 (10%) athletes provided comments regarding 

caffeine side-effects. Responses included reports of headaches if caffeine 

wasn’t consumed (caffeine withdrawal effects) (n=3), insomnia (n=1) and 

that using caffeine was habit forming (n=1).   
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Discussion  
 
Few published papers have documented the perceptions, experiences or 

sources of information trained endurance athletes use when considering 

taking caffeine during competition (Kristiansen et al 2005). The results of this 

study provide some preliminary evidence highlighting how caffeine is 

perceived by well trained endurance athletes twenty-two months after its 

removal from the WADA prohibited substances list.   

 
Clearly, the present data demonstrate that it is the perception amongst the 

majority of these experienced athletes that caffeine is ergogenic to their 

triathlon performance. Interestingly,  athletes commonly reported that caffeine 

enhanced both their endurance ability directly as well as benefits relating to 

concentration. This suggests that both physiological and cognitive factors 

underpin the popularity of caffeine use within events of this nature (Chapter 3).  

Page and Goldberg (1986) observed that habitual caffeine users were more 

likely to report perceptions of increased energy and alertness concerning 

caffeine’s effects than non-users. Given that the bulk of respondents were 

planning on taking caffeine during the race and that in the present study no 

information was collected on habitual caffeine use this form of bias cannot be 

excluded.         

 
Typically, respondents exhibited the ability to identify sources of caffeine 

amongst heavily marketed caffeine containing food items (i.e., coffee, tea, cola 
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beverages and energy drinks). However, their ability to quantify this amount 

was less certain. Additionally athletes became less confident of both the 

existence and quantity of caffeine in non-traditional caffeine containing 

products such as sports bars, coffee flavoured milk, non-cola flavoured soft 

drinks and No-Doz® tablets. This uncertainty may be in part explained by the 

limited nutrition information provided by food manufacturers using food 

labels that often confirm the presence but not quantity of caffeine. Furthermore, 

the international representation of the respondents ensures some unavoidable 

confusion concerning the food items listed in the questionnaire. Whilst 

acknowledging these issues, the results indicate a substantial proportion of 

athletes are not aware of the quantity of caffeine found in many food items 

(many of which are consumed by athletes during exercise).     

         
The most popular strategies quoted by our endurance trained triathletes for 

developing their opinion of the effectiveness of caffeine were self 

research/experimentation, fellow athletes and magazine articles. Other 

recent studies investigating sources used by athletes for advice on 

supplements in general have reported mixed findings (Froiland et al 2004, 

Jacobson et al 2001, Kristiansen et al 2005, Slater et al 2003). Typically, other 

studies have indicated that fellow athletes (Frioland et al 2004, Slater et al 

2003), family members (Froiland et al 2004), coaches/trainers (Jacobson et al 

2001, Slater et al 2003) and health professionals along with the internet 

(Kristiansen et al 2005) were the most popular information sources. These 
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former studies have all involved athletes competing across a variety of sports 

and have been investigating the sources of information used by athletes 

spanning a range of dietary supplements. This is not the case in the present 

study. The popularity of self experimentation observed in this study is 

probably explained by the familiarity participants have with caffeine 

consumption (as opposed to other dietary supplements which are not 

habitually consumed) and the opportunity for experimentation created 

through the high training volumes required for participation in an event of 

this scale.  

 
No differences were observed between the information sources targeted by 

elite compared to age group competitors. Additionally, health professionals 

(i.e., Dietitians, Doctors, Pharmacists) were not considered popular choices 

for information amongst the current group of athletes. Froiland and 

colleagues  (2004) highlighted that athletes were unlikely to use the services 

of a health professional (i.e., a Dietitian) for advice on supplement issues 

unless they were readily available. Given that the majority of athletes defined 

as elite for the purposes of this study are unlikely to be considered as 

national elite triathletes that compete over the traditional Olympic distance, 

one could confidently predict the elite athletes investigated here are not 

generally exposed to national sports science professional services which 

could include dietitians, doctors and/or physiologists. With the lack of 

access to these professionals by elite athletes in this study it is 
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understandable that no differences were observed in information sources 

used by the elite and age group competitors. Furthermore, without contact 

with these professional services, the applicability of the present findings on 

attitudes and knowledge of caffeine to those of the broader elite triathlete 

population is limited. 

 
Another significant finding was the uncertainty reported by many athletes 

(53%) regarding a caffeine dose that would improve their race performance. 

Of those that provided a response the majority of athletes (72%) suggested 

doses <5 (mean±SD = 3.8±3) mg∙kg-1 BW. This result indicates that of those 

confident in suggesting a caffeine dose they believe the ergogenic benefits 

from caffeine occur with smaller relative caffeine doses than typically used in 

laboratory studies (i.e., often ≥5 mg∙kg-1 BW) (Burke et al 2006). Given that 

the athlete’s ability to quantify the caffeine content of food items is limited, it 

could be assumed that self-experimentation with individual foods or drinks 

and the advice of fellow athletes are the major factors determining these 

recommendations. Interestingly, these anecdotal suggestions have some 

scientific support with three studies on exercise ≥60min demonstrating 

enhanced performance when using lower doses of caffeine (1-3.5 mg∙kg-1 

BW) (Cox et al 2002, Graham et al 1995, Kovacs et al 1998). Given the 

experience of these athletes and the limited number of studies exploring the 

impact of lower caffeine doses using exercise protocols >60min (Cox et al 
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2002, Ferrauti et al 1997, VanNieuwenhoven et al 2005) further research on 

this issue is warranted.   

 
One additional factor contributing to caffeine’s popularity during endurance 

events may be the lack of reported severe side-effects associated with its use. 

Athletes in the present study reported very minor and infrequent adverse 

caffeine related symptoms when ingestion was coupled with endurance 

exercise. The infrequent nature of these side effects is possibly related to both 

the modest caffeine doses achieved during events of this length (Chapter 3) 

which are unlikely to be associated with doses known to cause adverse 

effects (Nawrot et al 2003) and the extreme amount of simultaneous 

physiological stress being incurred which may mask any caffeine related 

adverse symptoms. However, further evidence is required to confirm this 

explanation.          

 
Implications  
 
The majority of athletes competing in this event ingest caffeine. This caffeine 

is either consumed inadvertently or with the intension to utilise its ergogenic 

properties.  Athletes taking caffeine intentionally obviously perceive the 

benefits of caffeine consumption to outweigh the risks of side effects and/or 

any ethical concerns associated with taking a drug to enhance performance. 

When educating athletes regarding caffeine use an emphasis should be 

placed on moderate caffeine consumption and providing athletes with 
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information on the caffeine content of various foods, particularly those items 

with added caffeine such as some carbohydrate gels and sports bars.  

Considering the importance placed on peer advice and the immediate 

credibility that comes to athletes that complete this event, targeted strategies 

whereby health professionals focus on athlete education at major events (e.g., 

in registration packs or official information booklets) could act as a subtle 

approach to educate a broader audience of endurance triathletes regarding 

caffeine use within competition.      
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5.1 Abstract 

 
This study investigates whether a change in beverage flavour during 

endurance cycling improves subsequent performance. 8 trained male athletes 

[age 24.3± 3.9 y, mass 74.7±6.0 kg, VO2peak 65.4±5.4 mL·kg-1BW·min-1; mean ± 

SD] undertook 3 trials, with training and diet being controlled. Trials 

consisted of 120 min SS cycling at ~70% VO2 peak, immediately followed by 

a 7 kJ·kg-1 BW TT. During exercise subjects were provided with fluids every 

20min. Following 80min of SS cycling subjects either continued drinking the 

same flavour sports drink (SpD) or changed to an alternate flavour – either 

an alternate flavour sports drink (AFSD) or Cola. All beverages were CHO 

and volume matched. Changing drink flavour caused no significant change 

in TT time (SpD 27:16±3:12, AFSD 27:06± 3:16, Cola 27:03±2:42 TT (min:ss)). 

The various flavours produced no treatment effects on HR, Blood Glucose or 

RPE throughout the SS exercise protocol. The influence of other taste 

variables such as palatability, bitterness or timing of flavour change on 

endurance exercise performance requires more rigorous investigation.      
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5.2 Introduction 

 
Adequate hydration plays a major role in sustaining human exercise 

performance (IOC 2004). Fluids consumed during endurance exercise are 

important for the maintenance of core body temperature, cardiovascular 

fluid dynamics and the avoidance of heat related illnesses (ACSM 1996). 

Traditionally, the total volume, amount and type of CHO as well as the 

electrolyte concentration of the fluid have been manipulated in an attempt to 

optimise sports drink formulations (for review see Coyle et al 2004).  

 
Previous studies have investigated the effects of drink flavour on ad libitum 

fluid consumption during exercise in view of minimising dehydration 

(Minehan et al 2002, Passe et al 2000, Passe et al 2004, Rivera-Brown et al 

1999, Wilk et al 1998). In addition to encouraging a greater fluid consumption 

(Minehan et al 2002, Passe et al 2000, Passe et al 2004, Rivera-Brown et al 

1999), it is possible that sports drink flavour  may also mediate performance 

changes not related to hydration.  

 
Carter and colleagues (2004) demonstrated that a CHO containing mouth 

rinse improved 1h TT cycling performance despite no subsequent ingestion 

of the fluid. The authors concluded that a possible stimulus of sensory 

receptors in the mouth could mediate an improvement in performance 

independent of any extra provision of metabolic fuel or fluid associated with 

the subsequent ingestion of a drink.  
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In 2002, Cox and colleagues reported TT performance improvements when 

switching from a CHO containing sports drink to Coca-cola during the 

latter stages of a 2.5h cycling task. This trial evolved as a response to athlete 

testimonials of the ergogenic properties of consuming cola beverages during 

the later stages of endurance races (D.T. Martin, unpublished observations). 

The trial results demonstrated improvements in performance when using a 

cola beverage. The authors attributed this performance improvement to the 

small changes in metabolic variables (i.e., blood caffeine and glucose 

concentrations) caused by subtle differences in the ingredients of a cola 

beverage and traditional sports drinks (Cox et al 2002). It is possible, 

however, that drink flavour may also be, in part, responsible for causing the 

performance improvements noted in this study.  

 
To date there is only one published study directly investigating the impact of 

a drink flavour change on exercise performance when beverage volume and 

carbohydrate content were controlled. In a recent study, Carter and 

colleagues (2005) demonstrated that drink sweetness did not affect time to 

fatigue endurance cycling performance compared to an unsweetened, but 

CHO matched control. The different beverage flavours in this study were 

provided at the onset of exercise rather than as a flavour change during the 

trials.    
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Therefore the aim of this study was to examine the effect of drink flavour 

change on cycling performance when drink volume, carbohydrate content 

and electrolyte concentrations are maintained. More specifically, this study 

attempted to explain whether the performance enhancements seen 

previously when changing to a cola beverage during the later stages of 

endurance cycling (Cox et al 2002) were also attributable to possible 

differences in organoleptic responses mediated by the introduction of a new 

drink flavour.  
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5.3 Methods 
 
Subjects and Preliminary Testing 
 

Eight trained male cyclists or triathletes [24.3± 3.9 y, 74.7±6.0 kg BW, VO2peak 

65.4± 5.4 mL·kg-1BW·min-1; values are mean±SD] who were cycling 

≥200km·wk-1 were recruited to participate. All subjects were fully informed 

of the nature and possible risks of the investigation before giving their 

written consent. The investigation was approved by the Human Research 

Ethics Committee of Griffith University. 

 
Each subject visited the laboratory on at least six occasions. On the first visit, 

each subject performed an incremental test to exhaustion on an 

electromagnetically braked cycle ergometer (Lode Instruments, Groningen, 

The Netherlands) to determine VO2peak. The VO2peak test protocol began at 

100W and increased in 50W increments every 5min until exhaustion. During 

the maximal test, which typically lasted between 30 and 35min, subjects 

inspired air through a calibrated MedGraphics (Minnesota, USA) gas 

analysis system. VO2peak was defined as the highest VO2 value (L.min-1) 

subjects attained during two consecutive 30s sampling periods, whereas 

peak sustained power output (PPO) was calculated from the last completed 

work rate, plus the fraction of time spent in the final, incomplete work rate 

(Hawley et al 1992). The results of this VO2peak test were used to establish a 
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work rate that corresponded with ~70% of VO2 peak (65% of PPO), which was 

to be used for all subsequent experimental trials. 

 
Study Design  
 
Each subject undertook three experimental trials, with training and diet 

being controlled before each trial. Six subjects also completed a fourth trial 

(repeating their first trial) to provide an indication of performance 

variability. Experimental trials were separated by at least 7d and were 

conducted at the same time of the day to avoid circadian variances. Prior to 

the commencement of their first trial all subjects performed two 

familiarisation rides over the complete protocol. Subjects refrained from 

consuming caffeine-containing substances (coffee, chocolate, and soft drinks) 

for 24h before each experiment. Subjects were asked to refrain from heavy 

training 24h prior to each trial and that any light training be completed by 12 

noon the day prior to the experimental trials. During the 24h period 

immediately preceding each trial, subjects were provided with a prepacked 

standard diet with an energy content of approximately 250 kJ·kg-1 BW, 

composed of 61% CHO (9 g·kg-1 BW), 25% fat, and 14% protein. Subjects 

were also provided with an additional meal (details below) to be consumed 

on the morning of the trial. Food and exercise diaries were used to check 

compliance. All dietary preparation and analysis was performed by a 

qualified dietitian using Foodworks© Version 4.00, (Xyris Software 

(Australia)) dietary analysis software.   
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Each experimental trial consisted of 120min of SS cycling at 70% VO2peak 

immediately followed by a 7 kJ·kg-1 BW TT (Figure 5.1). Specifically, exercise 

commenced 2h after the intake of a standardised CHO-rich meal providing 2 

g·kg-1 BW of CHO which included a 8 mL·kg-1BW commercial sports drink 

(Powerade® 8% CHO, 11 mmol·L-1 sodium, 4 mmol·L-1 potassium, Lemon-

Lime flavour). In addition, subjects were provided with drinks (1 x 8mL·kg-

1BW immediately prior to and 6 x 5mL·kg-1BW drinks throughout the  2.5h) 

and CHO (total of 3.0 g·kg-1 BW over 2.5h) to allow replacement of fluid 

during exercise. The three experimental treatments were provided according 

to an incomplete Latin square design and conducted in a stable environment 

at 19±2 oC. 

 
Study Treatments 
 
The 3 x 5g·kg-1 BW sports drinks provided at 80 and 100min of SS and during 

the TT consisted of either: 1) Lemon-Lime flavoured Powerade (same drink 

(SD)); 2) Mountain blast Powerade  (alternate flavour sports drink (AFSD)) 

and 3) decaffeinated, lightly-carbonated cola-flavoured drink (Cola). The 

AFSD and Cola beverage contained the same CHO concentration, CHO type 

(i.e. sucrose + glucose polymer), and sodium and potassium concentration as 

the control beverage. The Cola beverage consisted of a mixture of Caffeine 

Free Diet Coke  with sugar, maltodextrin, NaCl and KCl added. All 

beverages in the experimental trials were provided in opaque bottles, were 
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prepared 24h before each trial and stored under the same environmental 

conditions. All drinks were prepared by one of the authors (BD). 

 
At the conclusion of all trials, subjects completed a questionnaire in which 

they were asked to identify the order of treatments received during the study 

and nominate which treatment and trial they perceived was associated with 

their best performance. 

 
Experimental Protocol  
 
On the morning of an experiment, subjects reported to the laboratory at 

approx 0700hrs having consumed their prepacked breakfast (which consisted 

of fruit bread, jam, a Power Bar® and the sports drink) between 0545 and 

0600hrs. Within 20min of arrival a Teflon cannula was inserted into a vein in 

the antecubital fossa, and a resting blood sample was taken at 0730hrs. The 

cannula was subsequently flushed with 2–3mL of 0.9% sterile saline to 

ensure patency of the vein. Subjects then rested in the laboratory until 

0745hrs. Following a short break, subjects voided, and then mounted the 

cycle ergometer approximately 115min after the consumption of breakfast. A 

blood sample was taken and a bottle containing 8g·kg-1 BW of lemon-lime 

sports drink (8% CHO, 11 mmol·L-1 sodium) was provided with instructions 

that it was to be consumed within the next 5min. During this period 

(following 2min of resting gas exchange) subjects were encouraged to cycle 
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at 100W. After 120min, subjects began cycling at a SS workload equal to 65% 

PPO (~244±17 W).  
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Rest Exercise (Cycling @ 65% PPO) TT 
(7kJ·kg-1 BW) 

Mean±SD 
27:08±2.9 (min:s) 

-120 (mins)            0                     20                    40                    60                    80                   100                  120  
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1 Study Design. Sports Drink = 5ml∙kg-1 BW unless otherwise stated.  
†see 5.3 METHOD for volume provided.
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Immediately following a blood sample at 20min of SS, subjects were 

presented with a new bottle of CHO-electrolyte drink. This pattern of 

collection of gas exchange, blood samples and presentation of new drink 

continued on a 20min cycle until 80min of SS. At this point subjects were 

provided with a “test beverage”. No other information about the beverage 

was provided. A further two cycles of data was collected from 95-100min 

and 115–120min, and, after exactly 120min of SS cycling, subjects dismounted 

the ergometer to allow it to be adjusted into a pedaling rate-dependent 

(linear) mode as previously described (Cox et al 2002). After a 3min rest, 

subjects commenced a 7 kJ·kg-1 BW TT that typically lasted 25-30min. During 

the first experimental trial, they were provided with 5ml∙kg-1 BW of CHO-

electrolyte drink or lightly-carbonated Cola and instructed to consume fluids 

ad lib throughout the TT. The volume consumed was then recorded and that 

amount was then provided in the subsequent trials where subjects were 

instructed to consume the entire volume. Subjects were instructed to 

complete the TT “as fast as possible,” and a financial incentive was provided 

to all subjects to produce the fastest average TT time. The same researcher 

supervised each TT and provided standardised feedback to each subject. 

Subjects were able to view their HR, cadence and power output for the first 

10% of the TT only. Following this the only information available to subjects 

was elapsed work as a percentage of the final work; furthermore, subjects 

were given the results of their TT only after the entire study was completed. 
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No respiratory or blood samples were collected during the TT. On 

completion of the TT, a final blood sample was taken.  

 
Throughout the SS ride, RPE was recorded after each gas collection by using 

the modified Borg scale (Borg et al 1977). HR was recorded throughout all 

experimental trials by using personal telemetry (Polar Electro, Kempele, 

Finland). Following every drink administration, subjects were asked to 

record personal ratings of drink sweetness, coolness, strength of flavour, 

liking and gastrointestinal bloating on a 20-point rating scale. The scale used 

the terms “nil/nothing”, “insignificant”, “slightly”, “moderately”, “very 

much” and “extreme” and was developed by one of the authors (BD). 

 
Blood sampling and analysis 

A 5mL blood sample was collected following the cannula insertion. The 

majority of the sample was placed in a tube containing fluoride heparin and 

centrifuged at 3000rpm for 10min. The resultant plasma was stored at -80°C 

and later analysed for plasma caffeine and paraxanthine (dietary 

standardisation compliance check). Approximately 50µL of the original 

sample was used to immediately analyse for blood glucose using a Accu-

Chek® Advantage II (Roche Diagnostics, Germany) blood glucose monitor.  

All subsequent blood samples were for investigation of glucose 

concentrations only. All blood glucose measures were performed in 

duplicate with the mean value taken as the recorded result. 
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Plasma Caffeine and Paraxanthine Analysis 
 
Quantification of plasma caffeine and paraxanthine was performed using 

HPLC via a method adapted from the validated technique described by Koch 

(Koch et al 1999). Specific details of the analysis are described below.  

Equipment/materials. The method of analysis was performed using the 

following HPLC system: pump, Waters M45; UVdetection, Applied 

Biosystems 757, the detection wavelength was set to 273nm; integrator, 

Shimadzu-CR3A; column, LiChrospher 5µm RP18 (25cm x 4.6mm); and 

injector, Rheodyne 7125. The pH of the mobile phase was adjusted using a 

Radiometer Copenhagen PHM83 Autocal and filtrated over a Millipore 

GVHP04700 filter (poresize 0.22mm). 

Mobile phase. The mobile phase used in this assay was composed of 830ml 

0.05 M NaH2PO4, 300µL triethylamine (pH 6.4) and 280mL methanol. The 

eluent was filtrated over a Millipore filter (Supelco 0.2µm x 47mm, Nylon 66 

membranes)  before it was used in the assay. The flow of the eluent was 1.5 

mL·min-1. 

Preparation of standard and validation solutions. A stock solution of 

2000μmol∙L-1 caffeine and 500μmol∙L-1 paraxanthine was used for the 

preparation of standard solutions of caffeine and paraxanthine. All standard 

solutions (25, 50 & 100μmol∙L-1) were prepared by diluting this stock 

solution. 
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Sample preparation. Serum proteins were precipitated before the sample 

could be injected onto the chromatographic system. Protein precipitation 

was achieved using the following method: 50µL serum + 100mL methanol 

were mixed on a Vortex for 1min and centrifuged at 12000rpm for 10min. 25 

µL of supernatant were injected into the HPLC system.  

Quantification. Quantification of caffeine and paraxanthine was achieved by 

comparing peak areas to those of standards. 

 
Statistical Analyses 
 
All data was coded and entered into SPSS (SPSS Inc. Version 12.0.1). Data 

from the three trials were compared by using a mixedfactor (treatment and 

time) ANOVA with repeated measures. The effect of trial order was assessed 

using one-way ANOVA. Differences in plasma glucose levels across time 

and hedonic ratings of drink preference were compared using paired t tests 

generated by a spreadsheet for fully controlled crossovers (Hopkins 2005). 

Test reliability data was assessed using a spreadsheet for reliability from 

consecutive pairs of trials (Hopkins 2000). Significant differences were 

accepted when P ≤ 0.05. All data are reported as means ± SD. 
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5.4 Results 

 
Pretrial standardisation.  
 
Examination of food diaries revealed that subjects complied with the pretrial 

standardisation. No exercise was undertaken during the 18h period before 

each trial, and complete caffeine withdrawal was reported for 24h before 

each trial. Pretrial mean plasma caffeine and paraxanthine levels were 0.2±0.4 

μmol∙L-1 and 0.6± 1.1 μmol∙L-1 respectively, confirming the reports of 

minimal caffeine intake. There were no differences among treatments for 

reported intakes of CHO and energy during the 24-h pretrial: 9.2±1.1 g·kg-1 

BW and 246±25 kJ·kg-1 BW (control), 9.4±0.6 g·kg-1 BW and 253±21 kJ·kg-1 BW 

(AFSD), 9.2±1 g·kg-1 BW and 247±24 kJ·kg-1 BW (Cola), respectively. 

 
Drinks consumed during exercise and personal rating of beverages.  
 
Subjects complied with the consumption of their drinks during each 

treatment. Drink volumes varied marginally between individuals based on 

ad libitum consumption of the first pre TT drink. Mean total intake of CHO 

provided by drinks was 215±21 g (2.9±0.1 g·kg-1 BW).  

Subjects rated both the Cola and AFSD as significantly sweeter that the SD 

(p<0.05). No statistical differences were observed between flavours for 

personal ratings of drink coolness, gastrointestinal bloating, liking and 

strength of flavour. Personal ratings of drink liking indicated a more varied 

response toward the cola beverage. Defined by a rating change of 2 points or 
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more, Table 5.1 indicates subjects’ preferences concerning drink flavours. 

This arbitrary value was selected as pilot work suggested this to be the least 

significant change indicative of a shift in preference.  

 
Table 5.1 Results of subjects’ preference to drink flavour change compared to 
SD (n=8). 
 

Treatment Liked No Change Disliked 
SD 0 8 0 

AFSD 6 2 0 
Cola 2 3 3 

Preference defined as change in personal rating of drink “liking” of 2 or more on a 
20 point scale between drinks provided at 60 and 80 minutes of exercise. See 5.3 
METHODS for explanation of treatment groups. 
 

Plasma metabolites.  
 
Figure 5.2 summarises concentrations of blood glucose taken prior to and 

throughout exercise for each trial. The initiation of exercise caused a slight 

rise in blood glucose concentrations between 20 and 40min. Euglycemia was 

restored by 80min. The TT caused blood glucose concentrations to rise 

significantly from the levels seen in the SS phase (5.2±0.6 v 6.3±1.2 mmol·L-1). 

No effects were observed between flavour treatments or interaction effects 

between treatment and time. 



 146 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

0 20 40 60 80 100 120 PostTrial

Exercise Time (mins)

B
lo

od
 G

lu
co

se
 (m

m
ol

/l)

SD
AFSD
Cola

*
*

*

 
Figure 5.2: Effect of drink flavour change on plasma blood glucose throughout the endurance cycling protocol (2h SS cycling at 
65% PPO followed by 7 kJ·kg-1 BW TT.  
Values are mean ± SD (n=8). * difference from preceeding time point.    
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Perception of effort  

The RPE increased over time during SS, from ~12 at 20min to ~13 at 120min 

(P>0.05) (Fig. 5.3). There was no main effect of treatment, likewise no 

interaction effects between time and treatment were observed. 

 
TT performance, reliability and post trial feedback. 
 
The results of the TT are summarised in Table 5.2 which includes the 

calculation of effect sizes and confidence intervals.  

 
Table 5.2 Results of 7 kJ·kg-1 BW TT following 120min SS cycling. 
 

Treatment TT Time 
(min:sec) 

% Improvement 
(95% Confidence 

Limits) 

Cohen’s Effect 
Size  

(Improvement)  
SD 27:16 ± 3:12    

AFSD  27:06 ± 3:16 0.6%  
(-0.5% to 1.7%) 

0.05 

Cola 27:03 ± 2:42 0.8%  
(-3.2% to 4.8%) 

0.07 

TT values are means ± SD. See METHODS for explanation of treatment 
groups. No significant treatment effect were observed (SD vs AFSD, SD vs Cola, 
AFSD vs Cola, p = 0.245, 0.671 and 0.926 respectively). 
 
 

Individual data is displayed in Figure 5.4. No flavour treatment effects were 

found at any time. Results of the repeat trials are provided in Table 5.3.  
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Table 5.3 Results of repeated 7 kJ·kg-1 BW TT following 120min SS cycling 
(n=6). 
 

Treatment TT Time 
(min:sec) 

% Improvement 
(95% Confidence 

Limits) 

Cohen’s Effect 
Size  

(Improvement)  
Trial 1  27:47 ± 3:16 1.8 % 

(-2.9.% to 6.5%) 
0.14 

Trial 4  
(Repeat Trial 1)   

 27:16 ± 3:59   

TT values are means ± SD. See METHODS for explanation of treatment 
groups and determination of coefficient of variation (CV). Typical error as CV = 
3.3%. 
 
All subjects recorded their fastest TT time when the drink flavour was 

altered (i.e., either cola or AFSD). No order effect was observed (p>0.05). The 

coefficient of variation for the performance test was 3.3% (n=6). The post trial 

questionnaires revealed that 3 subjects were able to correctly identify their 

fastest TT. 
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Figure 5.3 Effect of drink flavour change on RPE throughtout the endurance cycling SS protocol. Values are mean±SD 
(n=8).  
* main effect time.  
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5.5 DISCUSSION 
 
The present findings indicate no detectable performance improvements 

when endurance trained athletes change to a different flavoured sports drink 

or an ingredient matched cola beverage during the later stages of an 

endurance cycling task. This result suggests that any change in drink flavour 

either confers no additional benefit to the exercising athlete outside the 

known ergogenic constituents of the beverage (such as the fluid volume, 

carbohydrate and/or electrolyte components) or that if it does confer a 

benefit the magnitude of this effect is below that of our performance 

measure’s sensitivity (CV = 3.3%).     

 
The only other published study to investigate the effect of a “taste” change 

(i.e., sweetness) on exercise performance when beverage volumes were 

matched (Carter et al 2005) also demonstrated no improvement in time to 

fatigue between a sweetened CHO beverage and a non-sweetened CHO 

matched control when provided in the heat. The authors concluded from this 

study that improvements in performance conveyed from a CHO beverage 

relate more to the quantity of the CHO found in the beverage rather than any 

degree of sweetness that the CHO provokes.  

 
In the current study, the trial beverages were also carbohydrate matched (in 

both amount and type) and varied in terms of sweetness (i.e., the AFSD and 

cola beverages were noticeably sweeter than SD). However, the methodology 
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differed between the two studies in that the current study contained drinks 

that varied in terms of “mouth feel” (i.e., the cola beverage being lightly-

carbonated) and that the flavour change was provided during the exercise 

task in the present study. Despite their methodological differences, however, 

both demonstrate minimal effects on endurance performance when altering 

the organo-leptic properties of a sports beverage only.     

   
Despite all subjects recording their fastest TT time when changing flavours 

(either to AFSD or cola) (Figure 5.4), no statistical association was found 

between changing drink flavour and performance. This is probably due to 

the within-subject variability often observed with the other flavour change 

trial. Furthermore, when considering drink preference, no performance 

improvements were observed when subjects changed to a flavour rated more 

palatable.  

 
It has been demonstrated that beverages consumed throughout exercise have 

the capacity to influence exercise performance via non-metabolic 

mechanisms (Carter et al 2004). Sensory responses in the lingual epithelium 

to fluid texture, viscosity, temperature, salts, proteins and fats have been 

suggested to play an important role in the central responses to beverages 

along with the qualitative judgements about these issues that converge to 

form “taste” (Katz et al 2000). Referred to as the “mouth feel phenomenon” 

Katz and colleagues highlight that the gustatory sytem is part of a large, 
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interacting system that is not just involved in that processing of tastes and 

nutrients but also assessing the palatability and acceptability of foods and 

beverages. During this study we have not attempted to measure taste but 

rather palatabilty as desribed by Passe and coworkers (2000). In the present 

study the same three drink flavours were provided to all subjects unrelated 

to their personal drink preferences. It is possible that other flavours 

(producing more distinct differences in personal ratings of liking) may 

produce a different outcome if they influence factors such as central 

endorphin activity. The findings of Carter et al (2005) and the present data 

confirm that any non-metabolic mechanism(s) is unlikely to be mediated 

through drink sweetness. However, the influence of other taste variables 

such as palatability, bitterness and timing of flavour change on endurance 

exercise performance require more rigorous investigation.      

 
The protocol chosen for this study was done so to provide a dietary 

preparation in keeping with suggested pre-exercise behaviours (Burke 2006) 

and to directly compare the results with those of a previous investigation 

(Cox et al 2002). It has been established that CHO availability influences the 

ergogenic responses to drinks provided during even non-CHO depleting 

exercise (Desbrow et al 2004) and hence the abundance of available CHO in 

this study may have negated any possible positive ergogenic effect of flavour 

change. However it is not possible to predict from the present data the effects 

of a flavour change with a modified dietary preparation (i.e., lower trial CHO 
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availability). Furthermore, the outcomes of the same study conducted using a 

longer exercise task remain unclear. These factors may influence the degree 

to which a change of beverage flavour may impact on endurance exercise 

performance. 

 
The observed behaviours of competing athletes indicate they desire a variety 

of beverage flavours (including cola beverages) (Chapter 3, Speedy et al 

2001) during the later stages of endurance events when the metabolic impact 

of these fluids are likely to be less significant. Studies that demonstrate any 

impact a beverage may have within the oral cavity alone (Carter et al 2004) 

on exercise performance provide a rationale to partially explain these 

observed behaviours. However, the present data would support the 

conclusions of Cox and coworkers (2002) in that the ergogenic effects of 

providing a cola beverage during the later stages of an endurance exercise 

task are largely the result of the additional CHO and caffeine in combination 

rather than any effect mediated by a change in beverage flavour.    

 
The effect size of a change in drink flavour on performance was of a similar 

magnitude to that detected when changing from a 6% to 11% CHO solution 

described by Cox et al (2002) and was smaller than our training effect. 

Clearly the possibility of committing a type II error exists, however given the 

very small effect size a large number of subjects would be required to 

demonstrate significant change. Furthermore any decision to conduct a 
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future study of this size for such a trivial effect would be questionable.  

Nevertheless, the small number of subjects used in this study may limit the 

generalisability of the results to all endurance athletes. 

 
In conclusion, this study investigated the impact of changing drink flavour 

during endurance exercise on a subsequent performance task in trained male 

cyclists. No observed benefit was detected when changing to either an 

ingredient matched AFSD or Cola beverage.   

Acknowledgements  

The generous help of Sally Anderson and Anne Finch is gratefully 

acknowledged. The editorial input of Associate Professor Roger Hughes is 

recognised and appreciated. This study was funded by the Heart Foundation 

Research Centre, Griffith University. Nestlé Australia generously covered all 

food expenses. This study is dedicated to the memory of Daniel Bennett. 



 156 

CHAPTER 6 
 

THE EFFECT OF CAFFEINE ON ENDURANCE 
CYCLING PERFORMANCE AND EXOGENOUS 
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6.1 Abstract 
6.2 Introduction 
6.3 Methods 
6.4 Results 
6.5 Discussion 
 
Publication Details:  
Medicine and Science in Sports and Exercise. (under review) 

 

 
 



 157 

6.1 Abstract 
 
This study investigated the effects of a low and moderate caffiene dose on 

exogenous CHO oxidation and endurance exercise performance. 9 trained 

and familiarised male cyclists [29.4±4.5 y, 81.3±10.8 kg BW, 183.8±8.2 cm, 

VO2 peak 61.7±4.8 mlkg-1min-1; values are mean±SD] undertook 3 trials, with 

training and high CHO diet being controlled. One hour prior to exercise 

subjects ingested capsules containing placebo, 1.5 or 3 mgkg-1 BW of caffeine 

using a double blind administration protocol. Trials consisted of 120 min 

steady-state (SS) cycling at ~70% VO2 peak, immediately followed by a 7 kJ·kg-1 

BW time trial (TT). During exercise subjects were provided with fluids 

containing 14C glucose every 20min to determine exogenous CHO oxidation. 

No significant TT performance improvements were observed during caffeine 

containing trials (Placebo 30:25±3:10, 1.5 mgkg-1 BW 30:42±3:41, 3 mgkg-1 

BW 29:51±3:38 TT Time±SD (min:ss)). Furthermore, caffeine failed to 

significantly alter maximal exogenous CHO oxidation (maximal oxidation 

rates Placebo 0.95±0.2, 1.5 mgkg-1 BW 0.92±0.2, 3 mgkg-1 BW 0.96±0.2 g·min-

1). In conclusion, low and moderate doses of caffeine have failed to improve 

endurance performance in fed, trained subjects.    

 



 158 

6.2 Introduction 

 
The ergogenic effect of caffeine on endurance-exercise performance is well 

recognised (Doherty et al 2004). However, the dose of caffeine required to 

elicit optimal performance during long-duration (>60 min), endurance 

exercise remains unclear (Doherty et al 2004). The only reported study to 

specifically investigate a dose-dependent response to caffeine ingestion on a 

task of this duration failed to include a dose <5 mgkg-1 body weight (BW; 

Cohen et al 1996).  Investigating the smallest caffeine dose required to elicit 

ergogenic benefits when performing long-duration exercise has implications 

for the safe use of the supplement and is relevant in the sporting context; the 

consumption of caffeine by endurance athletes is typically lower (≤5 mgkg-1 

BW) than those doses often used in laboratory research (Chapter 3).  

 
A number of studies have investigated the effect of low-dose (i.e., <3 mgkg-1 

BW) caffeine ingestion on exercise performance, (Sasaki et al 1987, Dodd et al 

1991, Graham & Spriet 1995, Ferrauti et al 1997, Graham et al 1998, Kovacs et 

al 1998, Cox et al 2002, Jacobs et al 2003, Bridge et al 2006), often without 

including higher doses for comparison. Only one study (Cox et al 2002) has 

demonstrated the effect of low-dose caffeine ingestion on continuous 

endurance-exercise lasting more than 60min. Findings from the study by Cox 

et al (2002) suggested that very low doses of caffeine (<3 mgkg-1 BW) have 
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the potential to improve endurance-exercise performance lasting longer than 

60min to the same extent as higher caffeine doses (e.g., 6 mgkg-1 BW).  

 
Cox and co-workers (2002) demonstrated positive effects of caffeine on 

performance when providing a cola beverage (~1.5 mgkg-1 BW) during the 

later stages of a cycling protocol that lasted almost 2.5h. A second, but 

related investigation that looked at the cola beverage components 

independently, demonstrated that the performance enhancement was the 

result of the combined effects of the additonal carbohydrate (CHO) and 

caffeine contained within the cola beverage (Cox et al 2002). This finding 

suggests that long-duration, endurance-exercise performance can be 

enhanced by low doses of caffeine when taken in combination with CHO.  

 
One possible explanation for ergogenic benefit seen when caffeine and CHO 

are coingested during prolonged endurance-exercise may relate to an effect 

seen at the gastrointestinal level. The gastrointestinal absorption of glucose 

was enhanced when a low caffeine dose (1.35 mgkg-1 BW) was co-ingested 

with CHO during a 90min exercise task (VanNieuwenhoven et al 2000). 

Recently, Yeo and colleagues (2005) demonstrated that a larger caffeine dose 

(5 mgkg-1 BW.h-1) increased exogenous CHO oxidation rates during a 2h 

cycling protocol. The authors suggested that caffeine’s impact on glucose 

gastrointestinal absorption (rather than effects on hepatic glucose output or 

increased muscle glucose uptake) was the most likely cause for the elevated 
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exogenous substrate use as CHO uptake appears to be the limiting step to 

maximising exogenous CHO oxidation (Jentjens et al 2004a).  Unfortunately, 

the impact of this increased exogenous CHO oxidation on endurance 

performance was not examined.  

 
The aim of the present study is to investigate the effects of a low and 

moderate caffeine dose on CHO oxidation during exercise, and subsequently 

to determine if there is a dose-response ergogenic effect of caffeine on 

endurance cycling performance lasting >2 h. By concurrently investigating 

dose responses to a metabolic and ergogenic variable, we aim to clarify the 

impact of the caffeine on performance and the degree to which any 

performance changes relate to changes seen in exogenous CHO oxidation. It 

is hypothesised that the caffeine will increase exogenous CHO oxidation and 

endurance cyling performance, independent of caffeine dose, compared to a 

placebo.  
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6.3 Methods 
 
Subjects  
 
Nine trained male cyclists or triathletes [29.4±4.5 y, 81.3±10.8 kg BW, 

183.8±8.2 cm, VO2 peak 61.7±4.8 mlkg-1min-1; values are mean±SD] who were 

cycling ≥200 kmwk-1 volunteered to participate as subjects in the present 

study. All subjects were fully informed of the nature and possible risks of the 

study before giving their written informed consent. The investigation was 

approved by the Human Research Ethics Committee of Griffith University. 

 
Experimental Design 
 
Each subject visited the laboratory on at least six occasions. The first visit was 

preliminary testing to confirm participants’ maximal exercise capacity. This 

was followed by a minimum of two familiarisation visits using the 

experimental protocol. Once familiar with the protocol, each subject then 

undertook three experimental trials, with the subject’s regular cycling 

training and diet being controlled before each trial. One hour before 

commencing an experimental trial, subjects were provided with capsules 

containing either a placebo (metamucil), 1.5 or 3 mgkg-1 BW of caffeine 

(PCCA, Texas, USA) using a double-blind administration protocol. The three 

experimental treatments were randomised via an incomplete Latin square 

design. Each experimental trial consisted of 120min of SS cycling performed 

at ~70% VO2 peak  immediately followed by a 7 kJkg-1 BW TT (Figure 6.1). 

Throughout the exercise measures of perceived exertion, HR and rates of 
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whole body CHO, fat and exogenous CHO oxidation were collected as 

dependent variables.      

 
Preliminary Testing 
 
Each subject performed an incremental test to exhaustion (VO2 peak test) on an 

electromagnetically braked cycle ergometer (Lode Instruments, Groningen, 

The Netherlands) to determine VO2 peak. The VO2 peak test protocol has been 

previously described (Chapter 5). Briefly, each test began at 100W and 

increased in 50W increments every 5min until exhaustion. During the VO2 

peak test , which typically lasted between 30 and 35min, each subjects’ expired 

air was continuously analysed by a calibrated metabolic measurement 

system (MedGraphics, Minnesota, USA). 

 
Familiarisation 
 
Subjects performed at least two familiarisation rides over the protocol to 

establish their tolerance to the chosen SS intensity (initially 65%PPO) and 

subsequent linear factor (initially 82%PPO at a cadence of 110rpm) used 

during the TT. Three subjects had their SS intensity lowered (~60%PPO) 

during familiarisation to ensure they were able to satisfactorily complete the 

entire protocol. The SS intensity and linear factor then remained consistent 

for each subject during all subsequent experimental trials. 
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Training and Dietary Standardisation 

Experimental trials were separated by at least 7d and were conducted at the 

same time of the day in a stable laboratory environment (19±2o C, 55% 

relative humidity). Subjects refrained from consuming caffeine-containing 

substances (i.e., coffee, chocolate and soft drinks) for 24h before each 

experiment. Subjects were asked to refrain from heavy training 24h prior to 

each trial and any light training was to be completed by 1200h the day before 

the experimental trials. During the 24h period immediately preceding each 

trial, subjects were provided with a prepacked standard diet with an energy 

content of approximately 200 kJkg-1 BW, composed of 64% CHO (8 gkg-1 

BW), 24% fat, and 12% protein. Subjects were also given an additional meal 

to be consumed on the morning of the trial that provided 2 gkg-1 BW CHO 

and included a 600ml commercial sports drink (Gatorade®), fruit bread, jam 

and a Power Bar®. Food and exercise diaries were used to examine 

compliance. All dietary preparation and analysis was performed by a 

qualified dietitian using Foodworks© Version 5.1, 2007, (Xyris Software, 

Australia) dietary analysis software.   

 
Experimental Protocol  
 
On the morning of an experimental trial, subjects reported to the laboratory 

at approximately 0600h having already consumed their prepacked breakfast 

between 0500 and 0515h. Within 10min of arriving at the laboratory, a blood 

sample was taken and the subjects were then asked to ingest the trial 
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capsules with a small amount of water. Subjects rested in the laboratory 

before mounting the cycle ergometer at 0700h. A 2min resting sample of 

expired gas was collected for whole-body substrate analysis and a ~1l 

expired breath sample was collected to determine background 14C-glucose 

oxidation. A second blood sample was taken immediately after the 2min rest 

period on the cycle ergometer and a bottle containing 8 mlkg-1 BW of 6% 

glucose solution and trace amounts of isotopic 14C-glucose (GE Healthcare 

Biosciences, UK) was provided to the subject with instructions indicating 

that it was to be consumed within the first 2-3 min of exercise. Subjects then 

began cycling at the predetermined SS workload (average 236 ± 44 W).  

 
Following 15min of SS exercise, expired gas was collected for 5min followed 

by a further ~1l breath sample. Subjects were then presented with a new 

bottle (5 mlkg-1 BW) of glucose drink. This pattern of gas exchange, expired 

breath samples and presentation of new drink continued on a 20min rotation 

for 120min of SS. After 120min of SS exercise, subjects dismounted and the 

cycle ergometer was adjusted into a pedaling rate-dependent (linear) mode 

as described by Cox et al (2002). After approximately 3min of rest, subjects 

commenced a 7 kJkg-1 BW TT that typically lasted 25-30 min. During the first 

experimental trial, subjects were provided with 5 mlkg-1 BW of CHO 

solution and instructed to consume fluids ad libitum throughout the TT. The 

volume consumed was then recorded and that amount of CHO solution was 

provided in the subsequent trials where subjects were instructed to consume 
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Figure 6.1 Experimental Protocol.  
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the entire volume. Subjects were instructed to complete the TT “as fast as 

possible,” and a financial incentive was provided to all subjects to produce 

the fastest average TT time. The same researcher supervised each TT and 

provided standardised feedback to each subject. Subjects were able to view 

their HR, cadence and power output for the first 10% of the TT only. After 

completion of the first 10% the only information available to subjects was 

elapsed work as a percentage of the final work; furthermore, subjects were 

given the results of their TT only after the entire study was completed. No 

gas exchange data or blood samples were collected during the TT. Subjective 

ratings of perceived exertion (RPE; Borg et al 1977) and heart-rate values 

(Polar Electro, Kempele, Finland) were recorded every 20min during SS 

exercise and at each 10% of the TT.  

 
At the conclusion of all experimental exercise trials, subjects completed a 

questionnaire which asked them to identify the order of treatments received 

during the study and nominate which treatment and trial they perceived was 

associated with their best TT performance. 

 
Blood Sampling and Analysis 

A 5mL blood sample was collected via venipunture on arrival. This sample 

was placed in a tube containing lithium heparin and centrifuged at 3000rpm 

for 10min. The resultant plasma was stored at -80°C for subsequent analysis. 

In addition, 6mL blood samples were collected immediately before exercise 
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as well as after 60 and 120 min of SS exercise. The 6mL blood samples were 

divided into 5mL and 1mL aliquots for the subsequent determination of 

caffeine and glucose, respectively. The caffeine sample was treated as 

previously mentioned. The glucose sample was added to a fluoridated tube 

and was certifuged as above with the resultant plasma stored for later 

analysis.    

 
Plasma Caffeine Analysis 
 
The quantitative analysis of caffeine was performed using an automated 

high-performance liquid chromatography (HPLC) system, consisting of a 

Varian Prostar 240 Quaternary Solvent Delivery Module, Varian Prostar 

Photodiode Array Detector, Varian Prostar Autosampler, equipped with a 

Varian Pursuit C18 reverse phase column (250 x 4.6 mm, 5µm particle size). 

The column was thermostated at 30◦C and eluted caffeine was detected at 

wavelengths of 210 and 273nm. The HPLC conditions used were modified 

from reported methods by Koch et al (1999) and chromatography was carried 

out using an isocratic method in which solvent A was 0.05M NaH2PO4 

(adjusted to pH 5.5 using triethylamine) and solvent B methanol. A mobile 

phase of 75% solvent A: 25% solvent B at a flow rate of 1 mL∙min -1 eluted 

caffeine at a retention time (Rt) of 8.7min.  The identity and purity of caffeine 

peaks were achieved by spectral purity analysis and comparison to pure 

caffeine verification samples scattered throughout the run. The reverse 

phase, isocratic method allows for the analysis of caffeine with limits of 
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quantification (LOQ) ≥1.7 µM (signal-to-noise ratio of 10-to-1) and limits of 

detection ≥1 µM (signal-to-noise ratio of 3-to-1).  The calculated standard 

curves for caffeine were linear in the range from 12.5 to 50 µM and relative 

standard deviations of ≤5% were obtained for both repeatability and 

intermediate precision studies.  

 
Sample preparation. Serum proteins were precipitated before the sample 

could be injected onto the chromatographic system. Protein precipitation 

was achieved using the following method: 100µL serum + 200μL methanol 

were mixed on a Vortex for 1 min and centrifuged at 14000rpm for 10min. 

20µL of supernatant were injected into the HPLC system in triplicate. The 

concentration of caffeine in samples was calculated by extrapolation from 

the aforementioned standard curve run immediately prior to sample 

analysis. 

 
Plasma Glucose Analysis  

The quantitative analysis of plasma glucose was performed on a automated 

Cobas-Mira (Roche, Switzerland) diagnostic system using an Infinity™ 

(Thermo Electron Corp, France) glucose oxidase liquid stable reagent.  

Manufacturers recommended procedures were followed which included a 

sample:reagent ratio of 1:150, a 5min incubation period and photometric 

detection of the red quinoneimine dye at a 500nm wavelength.  Known 

glucose standards confirmed the accuracy of the method.   
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Rates of whole body CHO, Fat and Exogenous Glucose Oxidation  

Total CHO (CHO Ox) and Fat oxidation (Fat Ox) rates (gmin-1) during SS 

were determined using respiratory gas data (L·min-1) and the following 

stoichiometric equations (Jeukendrup et al 2005).  

CHO Ox   =  4.21·VCO2 - 2.962·VO2 

Fat Ox       =  1.695·VO2 - 1.701·VCO2 

Exogenous (ingested) glucose oxidation was determined following the 

method described by Carey and colleagues (2001). That is, on the initiation of 

exercise subjects began ingesting a glucose solution containing trace amounts 

of isotopic 14C-glucose. All beverages were prepared 24h before each trial by 

one of the authors (BD). Two 1mL samples were taken from each drink to 

determine the 14C enrichment.   

 
Prior to SS a sample of ~1l of expired air was collected into a rubber 

anaesthetic bag via a two-way Hans Rudolph valve and passed through a 

solution containing 1mL hyamine hydroxide in methanol, 1mL 96% ethanol, 

and two drops of 1% phenolphthalein indicator. The air was bubbled 

through this mixture for 1-2 min until the phenolphthalein turned from pink 

to clear, at which point 1 mM of CO2 had been absorbed (Moseley et al 2005). 

Liquid scintillation cocktail (10 ml; Ready Gel, Beckmann) was then added to 

the solution. This sample collection protocol was repeated every 20min 

during the SS period. On the completion of each trial 14CO2 

disintegrationsmmol-1min-1 were counted for each breath sample and the 



 170 

drink standards in a scintillation counter (Packard 2100TR Tri-Carb, 

Downers Grove, IL) within 5d of collection.  

 
The rates of total exogenous glucose oxidation were calculated from the 

following equation 

EXOox = (SA CO2/SA Drink) · VCO2 
 
where EXOox is the rate of exogenous glucose oxidation in mmolmin-1, later 

converted to gmin-1; SA CO2 is the specific (radio)activity of expired 14CO2 in 

disintegrationsmin-1mmol-1; SA Drink is the mean corresponding specific 

(radio)activity of the drink standards in disintegrationsmin-1mmol-1; and 

VCO2 is the volume of expired CO2 in mmolmin-1, calculated from the 

Lmin-1 VCO2 value and the 22.4 mLmmol-1 gas volume.  

 
Statistical Analyses 
 
All data was coded and entered into Microsoft Office Excel (Microsoft 

Corporation. 2003). Differences in TT performance, heart rate and RPE along 

with SS plasma glucose and caffeine levels across time were compared using 

paired t-tests generated by a spreadsheet for fully controlled crossovers 

(Hopkins 2005). The effect of trial order was assessed using one-way 

ANOVA. Significant differences were accepted when P ≤ 0.05. All data are 

reported as means±SD. 
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6.4 Results 

 
Pretrial standardisation.  
 
The subjects’ habitual caffeine intake was estimated as 232±129 (range 74–

395) mgday-1. No exercise was reported during the 18h period before each 

trial, and complete caffeine withdrawal was reported for 24h before each 

trial. Pretrial mean plasma caffeine levels later revealed that one subject 

failed to comply with the requested 24h caffeine abstinence in the 1.5 mgkg-1 

BW trial (subject 6). Mean pretrial plasma caffeine values were 0, 2.1±4.5 and 

0.2±0.4 µmol·L-1 for the 0, 1.5 and 3 mgkg-1 BW trials respectively, 

confirming the reports of minimal caffeine for most subjects. There were no 

differences among treatments for reported intakes of CHO and energy 

during the 24h pretrial period. Average intakes throughout this period were 

CHO 8.2±1.1 gkg-1 BW and Energy 210±13 kJkg-1 BW.  

 
Drinks consumed during exercise.  
 
Subjects complied with the consumption of their drinks during each 

treatment. Drink volumes varied marginally between individuals based on 

ad libitum consumption of the initial 120min drink. The SS fluid ingestion 

protocol provided a total of 1.98 gkg-1 BW of CHO and 33 mlkg-1 BW of 

fluid during exercise. Athletes then consumed a further 10±8 g (range 0-22g) 

of CHO immediately prior to or throughout the TT.  
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SS Data  
 
Plasma Caffeine & Glucose.  
 
Figure 6.2 summarises concentrations of plasma caffeine taken prior to and 

throughout SS exercise for each trial. Plasma caffeine concentrations during 

caffeinated trials differed from placebo at the initiation of exercise and 

remained different throughout SS (p<0.05). Initial differences between the 1.5 

and 3 mg·kg-1 BW caffeine doses were observed following 60min of exercise 

and these differences remained throughout the remainder of SS. No 

differences were observed in plasma glucose, heart rate or RPE between 

treatments during the 120min of SS (p>0.05).  

 
Rates of whole body CHO, Fat and Exogenous Glucose Oxidation 
 
Rates of whole body CHO, fat (Figure 6.4) and exogenous glucose oxidation 

(Figure 6.5) were all unaffected by caffeine administration. Due to technical 

difficulties exogenous glucose oxidation values could only be calculated for 

eight subjects. Peak exogenous glucose oxidation rates (average of 80-120 

min of SS) were 0.95±0.2, 0.92±0.2, 0.96±0.2 g·min-1 for the 0, 1.5 and 3 mg·kg-1 

BW doses, respectively. 
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Figure 6.2 Plamsa caffeine concentration prior to and throughout SS exercise following ingestion of 0, 1.5 and 3 mg·kg-1 BW of 
caffeine. Values are mean±SD (n=9).  
*significant difference between 0 and 1.5 and 3 mg·kg-1 BW caffeine doses †significant difference between caffeine 1.5 and 3 mg·kg-1 BW caffeine doses. 

*† *† * 
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Time trial cycling heart rate (±SD) in response to caffeine (n=9).

150

160

170

180

190

200

10 20 30 40 50 60 70 80 90 100

% Workload Completed

H
ea

rt
 R

at
e 

(b
pm

) 

Placebo

1.5 mg.kg-1 BW 

3 mg.kg-1 BW

Figure 6.3 Heart rate throughout TT exercise following ingestion of 0, 1.5 and 3 mg·kg-1 BW of caffeine. Values are mean±SD (n=9). 
*significant differences observed between 0 and 3 mg·kg-1 BW caffeine doses. 
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Figure 6.4 Substrate utilisation throughout SS exercise following ingestion of 0, 1.5 and 3 mg·kg-1 BW of caffeine. Values are 
mean±SD (n=9). 
No statistical differences observed. 

 



 176 

 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

0 20 40 60 80 100 120

Time (min)

Ex
og

en
ou

s 
gl

uc
os

e 
ox

id
at

io
n 

(g
.m

in
-1

)

Placebo
1.5 mg.kg-1 BW
3 mg.kg-1 BW

 
Figure 6.5 Exogenous glucose oxidation rate throughout SS exercise following ingestion of 0, 1.5 and 3 mg·kg-1 BW of caffeine. 
Values are mean±SD (n=8).  
No statistical differences observed. 
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TT Data 
 
Performance and post trial feedback. 
 
Mean TT results are summarised in Table 6.1 including calculations of effect 

sizes and confidence intervals. Individual TT data is displayed in Figure 6.6. 

Despite a trend toward improved TT performance with the 3 mg∙kg-1 BW 

dose, no statistically significant differences were found for either the 1.5 or 3 

mg∙kg-1 BW caffeine dose. No trial order effect was observed (p>0.05). 

Elevated heart rates were detected between 50-70% of the TT on the 3 mg·kg-1 

BW caffeine trial when compared to placebo (Figure 6.3). No RPE differences 

between treatments were noted throughout the TT. Post trial questionnaires 

revealed two subjects who were able to correctly identify the order of their 

caffeine doses, however only one of these subjects indicated a high degree of 

certainty over their predictions. Six subjects correctly identified their fastest 

TT.  

 
Table 6.1 Results of 7 kJ·kg-1 BW TT following 120 min of SS cycling 
following ingestion of 0, 1.5 and 3 mg∙kg-1 BW of caffeine. 
 

Treatment TT Time 
(min:s) 

% Improvement 
(95% Confidence 

Limits) 

p value  Cohen’s Effect 
Size  

(Improvement)  

Placebo 30:25 ± 3:10    
1.5 mgkg-1 BW  30:42 ± 3:41 -0.93%  

(-4.5% to 2.7%) 
 

0.53 (0 to 1.5) 
 

0.36 (1.5 to 3) 

-0.09 
 

0.27 
3 mgkg-1 BW 29:51 ± 3:38 1.86%  

(-1.8% to 5.5%) 
0.29 (0 to 3) 0.17 

Time trial values are means±SD. See 6.3 METHODS for explanation of treatment 
groups. No significant treatment effect were observed. 
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6.5 Discussion 
 
To our knowledge the present investigation is only the second to examine the 

effect of low dose (≤3 mg∙kg -1 BW) caffeine administration on endurance 

exercise lasting more than 60min. The findings of the present study indicate 

no significant ergogenic effect when endurance-trained athletes were 

provided with either a 1.5 or 3 mg∙kg-1 BW caffeine dose 1h prior to 

commencing an endurance cycling task in which CHO was readily available.  

 
These results are in contrast to those of Cox and coworkers (2002) who found 

significant positive effects from a low caffeine dose (~1.5 mgkg-1 BW) and a 

larger dose (6 mg∙kg-1 BW) given to subjects completing precisely the same 

endurance cycling exercise protocol used in this study. In the present study, 

a trend for improvement in performance was shown at the higher caffeine 

dose only, whilst the lack of any ergogenic effect was more apparent 

following the 1.5 mg∙kg-1 BW dose. The modest effect size of the present data 

may provide some explanation for the inconsistent findings seen during 

endurance-exercise studies that have employed similar caffeine doses 

ingested by small numbers of research participants (n=6-12; Ivy et al 1979, 

Cohen et al 1996, Wemple et al 1997, Van Soeren et al 1998, Jacobson et al 

2001, Cox et al 2002, Hunter et al 2002, Conway et al 2003, 

Hadjicharalambous et al 2006).  

           Performance Deterioration  
 
              Trivial Effect 
 
              Performance Improvement 
 
 

Categories based on CV=3.3%   
(Chapter 5)  
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The current lack of performance effect observed on these lower caffeine 

doses compared to the 3.1% improvement in performance observed by Cox 

et al (2002) is more difficult to explain. Subjects recruited for both studies 

reported similar pre-trial training volumes but subtle differences in physical 

characteristic such as body weight, VO2 peak and average habitual caffeine 

intake. However, differences related to the method of low dose caffeine 

administration (i.e., Encapsulated pure caffeine [present study], Caffeine 

within cola beverage [Cox et al 2002]) and the timing of the caffeine ingestion 

(i.e., 1h pre-exercise [present study], later stages of 2h SS exercise [Cox et al 

2002]) represent a feasible basis for the differing results. For example, it is 

possible that the effects of low doses of caffeine are more pronounced when 

they are consumed contemporaneously with the decline in exercise capacity 

or the onset of fatigue which was not the case in the present study. Whilst 

both Type I and II errors are a possibility, clearly, the effect of low caffeine 

doses on endurance performance requires further examination, especially 

given that these doses of caffeine are more likely to typically reflect amounts 

ingested by endurance athletes in competition (Chapter 3).      

 
It has been suggested that caffeine may augment endurance performance by 

increasing the gastrointestinal absorption of glucose (VanNieuwenhoven et 

al 2000). In support of this theory, Yeo and colleagues (2005) reported that 

the consumption of a caffeinated beverage increased exogenous CHO 

oxidation by 26% during the 90 to 120min period of a 2h endurance cycling 
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bout (Placebo = 0.57±0.1, Caffeine = 0.72±0.1 g∙min -1). In contrast, no 

increases in exogenous glucose oxidation were observed in the present study 

at either caffeine dose (Placebo = 0.95±0.2, 1.5 mg∙kg-1 BW = 0.92±0.2, 3 

mg∙kg-1 BW = 0.96±0.2 g∙min-1). Participants in the current study received a 

pre-prepared high CHO diet 24h prior to all trials along with a high CHO 

breakfast 2h prior to the commencement of exercise, whereas 

VanNieuwenhoven et al (2000) and Yeo et al (2005) both requested subjects 

to fast prior to trials. Additionally, the 6% CHO solution supplied during this  

study throughout exercise, resulted in peak exogenous CHO rates 

comparable with those seen in studies attempting to maximise exogenous 

CHO oxidation rates (Jentjens et al 2004b, Moseley at al 2005).  The combined 

results of VanNieuwenhoven et al (2000) and Yeo et al (2005) point to the 

potential for caffeine to improve the ultilisation of exogenous glucose, 

however this has only been demonstrated when CHO intake throughout 

exercise was moderate  (VanNieuwenhoven et al ~30-35, Yeo et al 48 g·h-1, 

respectively). Conversely, the present data demonstrates that when glucose 

is consumed in sufficient amounts to maximise its gastrointestinal transport 

(rates ~70 g·h-1, Jentjens et al 2004b) the addition of caffeine at either low or 

moderate doses does not further enhance the subsequent oxidation of this 

CHO.   
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Furthermore, the results of the current study and those of 

VanNieuwenhoven et al (2000) and Yeo et al (2005) suggests that caffeine’s 

ergogenic potential may change based on exogenous CHO availability. That 

is, when exogenous CHO availability is moderate, caffeine has the potential 

to cause an increase in CHO absorption and subsequently may influence 

performance via an improvement in exogenous CHO oxidation. However, 

when exercising individuals are supplied with ample CHO either 

immediately prior to or throughout an endurance-exercise task this potential 

ergogenic mechanism is beyond caffeine’s influence.  

 
Interestingly, the ergogenic properties of caffeine on exercise >1 h have often 

(10 of 19 studies) been examined using experimental protocols devoid of 

CHO (i.e. using water or artificially sweetened beverages throughout 

exercise and in the absence of an immediate pre-event meal (Costill et al. 

1978, Ivy et al. 1979, French et al. 1991, Spriet et al. 1992, Trice et al 1995, 

Cohen et al. 1996, Ferrauti et al 1997, Van Soeren et al 1998, Conway et al. 

2003, Stuart et al 2005). Eight of these ten studies report some ergogenic effect 

from caffeine administration. Whereas, the nine studies investigating 

caffeine’s impact on performance over this duration where CHO has been 

provided either immediately prior to or throughout the trial (Berglund et al 

1982, Falk et al 1989, Wemple et al. 1997, Jacobson et al. 2001, Cox et al. 2002, 

Hunter et al. 2002, Van Nieuwenenhoven et al 2005, Hadjicharalambous et al 
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2006, Cureton et al. 2007) have produced more inconsistent findings (only 3 

of 9 studies report ergogenic effects).  Whilst the grouped interpretation of 

these studies must be made with caution due to differences in exercise 

protocols, caffeine doses, subject’s training status and gender etc., and the 

direct influence of the CHO on performance, the interaction between CHO 

availability and caffeine warrants further clarification. Additionally, the 

ergogenic potential of caffeine on endurance-exercise should be assessed by 

emphasising those studies with the greatest “ecological” validity. That is, 

those providing CHO to subjects undertaking self-paced exercise protocols 

as CHO containing sports drinks are commonly consumed by athletes within 

competitive endurance events.   

 
An alternative explanation for the lack of any metabolic change seen in the 

present study may relate to the differences observed in subjects’ time-to-peak 

plasma caffeine rates. The concentration ranges of plasma caffeine 1h post 

ingestion of 1.5 and 3 mg∙kg-1 BW were 0-10.7 and 0-21.9 µmol∙L-1, 

respectively. Furthermore, we observed a consistent response from our 

subjects regarding their plasma caffeine appearance profiles. That is, similar 

time-to-peak rates were seen with our slowest (i.e., 180min post-ingestion) 

and fastest (i.e., 60min post-ingestion) responders to caffeine irrespective of 

the dose, indicating some inter-individual differences in exposure to the 

caffeine. Caffeine pharmacokinetics both at rest and during exercise have 
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been established for some years (Newton et al 1981, Bonati et al 1982, 

Blanchard et al 1983, Collomp et al 1991, McClean et al 2002). These studies 

typically describe the rapid apperance of caffeine over the first hour 

following ingestion and a 4.5-6.5h average plasma half-life in men. However, 

many of these studies have employed relatively small numbers of subjects 

((Newton et al 1981 (n=6), Bonati et al 1982 (n=4), Blanchard et al 1983 (n=10), 

Collomp et al 1991 (n=12)) and several note considerable individual 

differences in time to reach peak caffeine values (Newton et al 1981, 

Blanchard et al 1983, Collomp et al 1991). With the observed differences in 

plasma caffeine concentrations throughout SS in the current study we cannot 

exclude the possibility of some subjects experiencing a greater exposure to 

caffeine-related effects compared to other subjects, or alternatively an over-

exposure to these effects during the 2h SS period which may have potentially 

influenced subsequent performance. Fortunatley, the performance task in the 

current study was performed 3h post caffeine ingestion, when individual 

differences between plasma caffeine levels were smallest, suggesting that any 

direct impact of caffeine concentration on performance was well controlled 

in this study. The caffeine time-to-peak data does, however, demonstrate 

important differences between individual participants in the present study 

and the importance of measuring individual plasma caffeine values 

particularly when caffeine is provided ≤1h prior to  short duration 

performance tasks. 
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In summary, this study investigated the effect of two caffeine doses on 

endurance-exercise metabolism and performance in trained male cyclists. No 

significant effects were observed on substrate utilisation or performance 

following either the 1.5 or 3 mg∙kg-1 BW caffeine dose. Possible explanations 

for an absence of any ergogenic benefit may relate to the magnitude of the 

performance change being below that of our performance measures’ 

sensitivity, a blunting of caffeine’s ergogenic potential when exogenous CHO 

availability is high and/or possible differences in exposure to caffeine as a 

result of indiviudal variability in caffeine appearance rates.    
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7.1 Review of Findings 
 
 
The objective of this research program was to examine the frequency and 

possible physiological consequences of cola beverage use during endurance 

exercise.   

 
The initial investigation revealed that caffeine is frequently used by well 

trained endurance triathletes in competition. Cola beverages (78%), 

Caffeinated Gels (42%), Coffee (pre-race) (37%), Energy Drinks (13%), and 

No Doz Tablets (9%) were the most popular sources of caffeine nominated 

for use by athletes competing at the 2005 Ironman Triathlon World 

Championship. The reasons provided by athletes for using a cola beverage  

during competition included; to provide a “Lift”, to rectify gastrointestinal 

complaints, and as a source of caffeine. The amount of caffeine found in 

particpants’ plasma collected immediately following the race demonstrates 

that athletes in competition consume quantities of caffeine below (i.e., 

~20μmol∙L-1 or a dose of ≤ 3 mg·kg-1 BW) those commonly provided to 

subjects of laboratory investigations into the ergogenic properties of the drug 

(i.e., 5-6 mg·kg-1 BW). This suggests that future investigations focused on the 

ergogenic potential of lower caffeine doses (i.e., like those provided when 

consuming cola beverages) will have direct practical application.  

 
Our initial laboratory investigation revealed no detectable performance 

improvements when eight non-fasted endurance-trained athletes either 
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changed sports drink flavours or consumed an ingredient matched cola 

beverage during the later stages of an endurance cycling task. The results 

suggest that previously reported ergogenic properties associated with 

changing to cola beverages during the later stages of an endurance cycling 

event (Cox et al 2002) are unlikely to be attributable to the differences in the 

organoleptic and/or flavour properties of a cola beverage compared to a 

traditional CHO-electrolyte drink.  

 
Finally, no detectable ergogenic or exogenous CHO oxidation effects were 

observed when nine endurance-trained athletes were provided with either a 

1.5 or 3 mg∙kg-1 BW of caffeine dose 1h prior to an endurance cycling task in 

which CHO was readily available. The lack of any ergogenic effect was more 

apparent following the 1.5 mg∙kg-1 BW dose. This result is in direct contrast 

to the findings of the only other published study to investigate the ergogenic 

effect of a low caffeine dose on exercise lasting >2 h (Cox et al 2002).   

 
The explanation for an absence of any ergogenic benefit observed in the final 

laboratory trial may relate to the magnitude of the performance change being 

below that of our performance measures’ sensitivity, a blunting of caffeine’s 

ergogenic potential when exogenous CHO availability is high and/or 

possible differences in exposure to caffeine as a result of indiviudal 

varaibility in caffeine appearance rates.  

 
 



 189 

7.2  Future Considerations 
 
Whilst caffeine remains on WADA’s monitoring substances program, the 

rationale for further tracking of trends in use, possible abuse and athlete 

education exists. The present findings that a triathlete’s awareness of 

caffeine’s legality influenced their planned use coupled with a concurrent 

increase in the variety of caffeinated commercial foods and beverages 

(especially caffeinated sports drinks) available to consumers suggests 

ongoing field based research on caffeine supplementation practices and 

beliefs of athletes is warranted.  

 
It is not possible to predict from the present data any ergogenic effect of a 

drink flavour change during the later stages of an endurance cycling task 

with a modified dietary preparation (i.e., lower CHO availability).  

Furthermore, the outcomes of a similar study conducted using a longer 

exercise task, incorporating drinks designed to maximise the contrast in 

drink flavour palatability, or provided to subjects whose opinion concerning 

the potential ergogenicity of the trial beverage differ all remain unclear. 

These factors may individually influence the degree to which a change to a 

cola beverage could affect endurance-exercise performance. Clearly, any 

future decision to investigate non-metabolic effects of beverages consumed 

during exercise should allow for the probable outcome of a small effect size 

when conducting pre-trial power calculations. 
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Given the potential for caffeine’s ergogenic influence to be attenuated in the 

presence of CHO further applied studies on the effects of low and moderate 

caffeine doses on subjects with ample available CHO are warranted. This is 

particularly relevant as the lower caffeine doses are more likely to reflect 

amounts actually ingested by endurance athletes during competition. 

Opportunities for applied studies investigating the ergogenic properties of 

low caffeine doses on different endurance exercise modalities (running vs 

cycling vs swimming etc.), in different environmental conditions and 

pertaining to female athletes remain.  

 
In light of the plasma caffeine pharmacokinetics (particularly caffeine rate of 

appearance) results observed in the final investigation, research into factors 

affecting caffeine appearance rates and comparisons of performance changes 

related to physiological caffeine responses (rather than just administered 

dose) are justified. It appears critical that future studies investigating the 

ergogenic potential of caffeine (particularly on short duration events) 

measure plasma caffeine to ensure the avoidance of Type II errors.  

 
Finally, the ergogenic impact of small amounts of caffeine ingested when the 

body is already "primed" to fatigue would serve as a useful applied research 

project to further investigate the impact of timing of caffeine consumption on 

endurance performance. 
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7.3 Practical Applications 

 
In practical terms, a decarbonated cola beverage may offer the exercising 

athlete a pleasant tasting, convenient source of caffeine and additional CHO 

(which uses multiple CHO transport mechanisms) during endurance-events, 

particularly if CHO availability is limited. Whilst many endurance athletes 

anecotally report that cola beverages reduce gastro-intestinal distress and 

provide a “lift” in their mood during endurance exercise, the amount of 

caffeine contained within the cola beverage appears unlikely to produce the 

clear ergogenic benefits previously proposed. 

 

 

7.4 Conclusion  

 
Despite little scientific scrutiny to support their consumption, the use of cola 

beverages by endurance athletes in competition has been popular for some 

years. Any ergogenic response to the consumption of a cola beverage during 

the later stages of an endurance-exercise task appear unrelated to any drink 

flavour-mediated mechanism. Current evidence suggests that moderate 

doses of caffeine (i.e., ≥ 3 mg∙kg-1 BW) consumed prior to endurance-exercise 

performed in mild environments (i.e., 17-22oC) may result in small 

performance improvements unrelated to changes in exogenous CHO 

oxidation.   
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APPENDIX A1 
RESEARCH INVOLVEMENT 

 
Chapters 3 & 4 (Field Study) 

• Developed the research design and completed the human research 
ethics application.  

• Designed and pilot tested the self-administered questionnaire. 
• Recruited and arranged for subjects at the Hawaii Ironman triathlon 

to complete a questionnaire and undertake a post-race blood sample. 
• Assisted in the collection of blood samples in the field and their 

subsequent international transport. 
• Assisted in the preparation and subsequent analysis of blood samples 

for the determination of plasma caffeine and paraxanthine. 
• Conducted the statistical analysis of data. 
• Prepared the research manuscripts for subsequent publications.  

 
Chapters 5 & 6 (Laboratory Studies) 

• Developed the research designs and completed the human research 
ethics applications.  

• Designed and pilot tested the subjective questionnaires and caffeine 
intake calculator. 

• Arranged the calibration of the cycle ergometers. 
• Was solely responsible for subject recruitment.  
• Organised and conducted laboratory exercise protocols including tests 

of aerobic capacity, cycling performance and collection of respiratory 
gases to determine energy expenditure and substrate utilisation. 

• Was solely responsible for all pre-trial dietary standardisation and 
subsequent dietary analysis. 

• Single handedly undertook various laboratory analytical techniques 
including analysis of plasma caffeine and blood glucose.  

• Organised and executed a protocol utilising a radioactive tracer to 
determine the utilisation of exogenous carbohydrate. 

• Conducted the statistical analysis of data. 
• Prepared the research manuscripts for subsequent publications.  

 
 
 

 



     

APPENDIX A2 
DIETARY STANDARDISATION PROCEDURES 

 

 
 
 
 

 
 

All control diets developed on Foodworks 2005 and 2007 (Xyris Software 
Pty Ltd, Brisbane, Australia). 

 
 



     

Example of control diet designed for 24 hrs prior to trials.  
Male, 21years, 79kg, 188cm, Heavy Activity 
 
Day Food Quantity 
tt1 Sanitarium Weet-Bix(regular) [Breakfast 

cereal] 
6 biscuit 

  Milk,Fluid,Whole 400ml 
  Juice,orange,commercial,unsweetened 250ml 
  Sunblest sandwich--fresh [Bread] 4 regular sandwich slice (nfs) 
  Muesli Bar,Yoghurt-Topped 2 bar (nfs) 
  Yoghurt,Skim/Low Fat,Fruit 1 tub (200g) 
  Cottees Fruit of the forest [Cordial base] 275 ml 
  Bread,Garlic,White 200g 
  Gatorade [Sports drink] 1000ml 
  Lean Cuisine - Vegetable Cannelloni 1 packet 
  Power Bar (regular - average) 2 Bar 
  Cheese,Cheddar(Mild,Tasty,Vintage) 2 slice (pre packed) 
  Butter,Regular 30g 
  Goulburn Valley - fruit salad (diced) 2 small container 
  Tom Piper creamed rice [Pudding] 440g 
 
Analysis 

Nutrient Avg/Day Nutrient . kg 
Body Weight-1 

RDI RDI(%) 

Weight (g) 4005.50    
Energy (kJ) 19494.91 247   
Protein (g) 121.85 1.54 64.00 174% 
Total Fat (g) 131.88 1.67   
Saturated Fat (g) 62.40    
Polyunsaturated Fat (g) 12.70    
Monounsaturated Fat (g) 32.33    
Cholesterol (mg) 280.65    
Carbohydrate (g) 725.94 9.19   
Sugars (g) 395.02    
Starch (g) 241.04    
Water (g) 2362.29    
Alcohol (g) 0.00    
Dietary Fibre (g) 28.26    
Thiamin (mg) 4.68  1.20 329 
Riboflavin (mg) 4.84  1.30 316 
Niacin (mg) 35.25    
Niacin Eq. (mg) 58.38  16.00 295 
Vitamin C (mg) 193.26  45.00 375 
Total Folate (ug) 380.79?  400.00 69 
Total Vitamin A Eq. (ug) 1212.55  900.00 122 
Retinol (ug) 1034.46    
Beta Carotene Eq. (ug) 1055.55    
Sodium (mg) 4513.20?    
Potassium (mg) 4538.35    
Magnesium (mg) 562.84  400.00 118 
Calcium (mg) 2742.74  1000.00 241 
Phosphorus (mg) 2589.86  1000.00 218 
Iron (mg) 22.85  8.00 235 
Zinc (mg) 17.31  14.00 96 
 
 



     

Example of control diet design for Pre-trial breakfast.  
Male, 28years, 79kg, 179cm 
Day Food Quantity 
  Power ade thirst quencher [Sports drink] 700 mL 
  Jam,Regular,All Flavours 30g 
  Power Bar (regular - average) 1 Bar 
  Bread,Fruit 3 slice 
 
Analysis 

Nutrient Avg/Day Nutrient . kg 
Body Weight-1 

RDI RDI(%) 

Weight (g) 900.00    
Energy (kJ) 3215.52 40.7   
Protein (g) 15.89 0.20 64.00 25% 
Total Fat (g) 5.74 0.07   
Saturated Fat (g) 1.28    
Polyunsaturated Fat (g) 0.93    
Monounsaturated Fat (g) 0.74    
Cholesterol (mg) 0.00    
Carbohydrate (g) 154.51 1.96   
Sugars (g) 103.57    
Starch (g) 32.67    
Water (g) 691.25    
Alcohol (g) 0.00    
Dietary Fibre (g) 4.30    
Thiamin (mg) 0.90  1.20 75% 
Riboflavin (mg) 0.73  1.30 56% 
Niacin (mg) 9.62    
Niacin Eq. (mg) 12.30  16.00 77% 
Vitamin C (mg) 21.66  45.00 48% 
Total Folate (ug) 118.47?  400.00 30 
Total Vitamin A Eq. (ug) 0.90  900.00 0% 
Retinol (ug) 0.00    
Beta Carotene Eq. (ug) 4.80    
Sodium (mg) 554.22?    
Potassium (mg) 788.40    
Magnesium (mg) 119.28  400.00 30% 
Calcium (mg) 428.88  1000.00 43% 
Phosphorus (mg) 437.88  1000.00 44% 
Iron (mg) 5.66  8.00 71% 
Zinc (mg) 4.15  14.00 30% 
 



     

Example of Food checklist provided to subjects.  
Subjects returned checklists for subsequent analysis.  

 
Time Trial Study 

Control Diet for D N 
 
Trial 3 - Commence diet at breakfast on Thursday 20th October 

 
• Avoid caffeine containing drinks and foods including coffee, tea, 

diet caffeine containing soft drinks (i.e. Pepsi Max, Diet Coke, 
Mountain Dew), and chocolate 

• Water can be consumed freely, but must be recorded 
• No alcohol is to be consumed 

 
Breakfast  

 6 x Weetbix 
 2 x 200 ml Milk 
 250ml Orange Juice 
 ……………ml water 

 
Lunch  

 2 cheese sandwiches 
  4 slices of bread (120g) 
  2 cubes of cheddar cheese 
 3 x margarine 
 200g tub of low-fat yoghurt 
 150ml Cordial 
 ………………ml water 

 
Dinner 

 Lean Cuisine 
 Garlic Bread 
 Rice Pudding 
 125ml Cordial 
 ……………… ml water 

Snacks 
 2 x Power bar 
 2 x Muesli Bars 
 1000ml Gatorade (powder) 

 
Race Breakfast  Wed  Morning 5:40am 
 

 Drink 1 = 700 ml Sports Drink 
 3 x Raisin Toast 
 30g Jam 
 1 x Power Bar 

 



     

Example of controlled dietary analysis for one subject for 24 hrs Pre-trial 
Standard Diet 69kgMale, 21years, 79kg, 188cm, Heavy Activity 
 
Day Food Quantity 
 tt1 .Sanitarium Weet-Bix(regular) [Breakfast 

cereal] 
6 biscuit 

  Milk,Fluid,Whole 400ml 
  Juice,orange,commercial,unsweetened 250ml 
  .Sunblest sandwich--fresh [Bread] 4 regular sandwich slice (nfs) 
  Muesli Bar,Yoghurt-Topped 1 bar (nfs) 
  Yoghurt,Skim/Low Fat,Fruit 1 tub (200g) 
  .Cottees Fruit of the forest [Cordial base] 175 ml 
  Bread,Garlic,White 200g 
  .Gatorade [Sports drink] 1000ml 
  Lean Cuisine - Vegetable Cannelloni 1 packet 
  Power Bar (regular - average) 1 Bar 
  Cheese,Cheddar(Mild,Tasty,Vintage) 2 slice (pre packed) 
  Butter,Regular 20g 
  Goulburn Valley - fruit salad (diced) 2 small container 
  .Tom Piper creamed rice [Pudding] 440g 
 
Analysis 
Nutrient Avg/Day Nutrient . kg 

Body Weight-1 
RDI RDI(%) 

Weight (g) 3789.50    
Energy (kJ) 17083.50 216   
Protein (g) 111.29 1.41 64.00 174% 
Total Fat (g) 115.49 1.46   
Saturated Fat (g) 52.99?    
Polyunsaturated Fat (g) 12.09?    
Monounsaturated Fat (g) 28.45?    
Cholesterol (mg) 253.81?    
Carbohydrate (g) 630.11 7.98   
Sugars (g) 326.76    
Starch (g) 232.39?    
Water (g) 2289.26?    
Alcohol (g) 0    
Dietary Fibre (g) 27.17?    
Thiamin (mg) 3.95?  1.20 329 
Riboflavin (mg) 4.10?  1.30 316 
Niacin (mg) 25.93?    
Niacin Eq. (mg) 47.17?  16.00 295 
Vitamin C (mg) 168.62?  45.00 375 
Total Folate (ug) 275.34?  400.00 69 
Total Vitamin A Eq. (ug) 1095.01?  900.00 122 
Retinol (ug) 935.67?    
Beta Carotene Eq. (ug) 943.86?    
Sodium (mg) 4307.55?    
Potassium (mg) 4029.45?    
Magnesium (mg) 470.42?  400.00 118 
Calcium (mg) 2413.59?  1000.0 241 
Phosphorus (mg) 2184.24?  1000.0 218 
Iron (mg) 18.76?  8.00 235 
Zinc (mg) 13.49?  14.00 96 
 

  



     

 
 
 
 
 
 



     

APPENDIX A3 
LODE BIKE CALIBRATION RESULTS 

CALIBRATIONS PERFORMED MAY 2004 
QUEENSLAND ACADEMY OF SPORT 

 
 
 
 
 
 



QAS 2004
Sport Scientist: Peter Herzig

Lode Bike 2 Raw Data

*Disclaimer: All calculations are interpretations by the scientist.  No warranty is given to their accuracy.  The QAS will not be held responsible for any 

part of this excel spreadsheet (except the raw data).

50 75 100 150 200 250 300 350 400 450 500 550 600 650 700
50 51.2 76.5 102.3 152.2 203 254.5 306.8 358.05

RPM 49.8 49.6 49.45 49.1 48.7 48.25 47.7 46.95
75 53.5 77.5 102 155.9 201.2 255.4 302.5 353 404.8 455.1 506.2 558 611

RPM 74.9 74.75 74.7 74.5 74.3 74.1 73.9 73.6 73.4 73.15 72.9 72.55 72.2
90 52.1 76.5 100.9 150 199.7 249.8 299.5 350.7 401.6 452.3 502.8 554 605.4 655.5

RPM 89.85 89.8 89.75 89.55 89.4 89.25 89.05 88.9 88.7 88.55 88.3 88.15 87.95 87.65
110 50.5 74.8 99.2 148.9 199 249 299.5 349.6 400.2 451.2 501.3 553.1 601.8 652.3

RPM 109.95 109.95 109.85 109.7 109.55 109.45 109.35 109.2 109.1 108.9 108.75 108.65 108.55 108.3

For 90-110rpm, Insert Lode 2 Power here: 400 If you want an an actual power, insert here: 400 For Lode 2 bike on slope function
Over 60sec at 100rpm, 23.5kJ of work was completed

Actual power then equals: 401.55519 The Lode 2 power at 90-110 you need equals: 398.461 This equates to an average power of 391.6667W
Calrig fluctuated around an average of 392W

Based on: Thus function is accurate, irrespective of cadence dropping
ax b out on Lode bike and Lode interface

1.00633098172546 -0.977199320016950

r2 = 0.999987

75 50 100 150 200 250 300 350 400 450 500 550 600 650
90 90rpm 76.5 52.1 100.9 150 199.7 249.8 299.5 350.7 401.6 452.3 502.8 554 605.4 655.5

110 110rpm 74.8 50.5 99.2 148.9 199 249 299.5 349.6 400.2 451.2 501.3 553.1 601.8 652.3
Average 100 75.65 51.3 100.05 149.45 199.35 249.4 299.5 350.15 400.9 451.75 502.05 553.55 603.6 653.9
SD 1.20208 1.13137 1.20208 0.77782 0.49497 0.56569 0 0.7778175 0.9899 0.7778175 1.0606602 0.6363961 2.5455844 2.2627417

% diff from expected 0.86667 2.6 0.05 -0.36667 -0.325 -0.24 -0.16667 0.0428571 0.225 0.3888889 0.41 0.6454545 0.6 0.6

*75W not included in graph

18/05/2004

POWER

CADENCE

Lode 2: 90-110rpm Cadence Range Average

y =  50.0000 x 
R² =  1.0000  

y = 50.351374x - 1.309615 
R² = 0.999973 
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For all cadences, Insert Lode 2 Power here: 200 If you want an an actual power, insert h 201.9

Actual power then equals: 201.83 The Lode 2 power you will need equals 200.07

Based on:
ax b

1.00641831704207 0.54484169145769

r2 = 0.999992

75 50 100 150 200 250 300 350 400 450 500 550 600 650
50 50rpm 76.5 51.2 102.3 152.2 203 254.5 306.8 358.05
75 75rpm 77.5 53.5 102 155.9 201.2 255.4 302.5 353 404.8 455.1 506.2 558 611
90 90rpm 76.5 52.1 100.9 150 199.7 249.8 299.5 350.7 401.6 452.3 502.8 554 605.4 655.5

110 110rpm 74.8 50.5 99.2 148.9 199 249 299.5 349.6 400.2 451.2 501.3 553.1 601.8 652.3
Average 81.25 76.325 51.825 101.1 151.75 200.725 252.175 302.075 352.8375 402.2 452.86667 503.43333 555.03333 606.06667 653.9
SD 1.12064 1.29454 1.40238 3.08815 1.77271 3.24178 3.4529 3.752638 2.358 2.0108042 2.510644 2.60832 4.6360903 2.2627417

% diff from expected 1.76667 3.65 1.1 1.16667 0.3625 0.87 0.69167 0.8107143 0.55 0.637037 0.6866667 0.9151515 1.0111111 0.6

*75W not included in graph

Lode 2: All Cadence Range Average

y =  50.0000 x 
R² =  1.0000  

y = 50.329945x + 0.458654 
R² = 0.999983 
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APPENDIX A4 
FLAVOUR STUDY DATA SHEETS 

 
 

Flavour Change Study – Daily Activity Sheet    
 
 
 

Day/Time Activity People Equipment 

Day -4 → -2 
Preparation & 

Transport of Trial 
Diet (8g/kg) 

Ben, Michael 
Food Scales, 

Kitchen, 
Fridge/Freezer 

Day -1 

Rest and Trial Diet 
Caffeine Free 

Preparation of Test 
Beverages 

Ben, Michael Food Scales, 
Fridge 

Day 0 Trial Ben, Michael, 
Clare 

Time Trial Data 
Sheet 



     

Trial Data Sheet 

Subject: _____________________   Trial Number/Date:__________ Drink: A / B / C    Bike  1   /  2 

- 2hr   �  Breakfast: Total CHO =_________ (2g/kg) 
�  Drink 1= ________ml  (8ml/kg) 
�  Drink Hedonics 

 
- 60min  �  Cannula Insertion 

�  Blood (10ml) Caff, BGL 
 
- 30min �  Bike and Gas set-up 
 
- 5min   Weight in nicks: ___________      Resting HR:_____________ 

� Self selected warm up <100W 
� Drink 2(8ml/kg)               Hedonics                          
� Blood (5ml)       BSL:_________ 

Rest  � Gas Analysis (2 min) 
Exercise 65% PPO: ______________ W 

Time RPE HR BSL Hedonics Blood Gas 
15 min    S C St L B  5 min 
20min         5 ml  

Drink 3(5ml/kg)           
35 min          5 min 
40 min         5 ml  

Drink 4(5ml/kg)           
55 min          5 min 
60 min         5 ml  

Drink 5(5ml/kg)           
75 min          5 min 
80 min         5 ml  

Test Drink 6(5ml/kg)           
95 min          5 min 

100 min         5 ml  
Test Drink 7(5ml/kg)           

115 min          5 min 
120 min         5 ml  

Test Drink 8(5ml/kg) Bike to Linear Mode = 82.5% PPO (@ 110rpm) 
   
Time Trial 

 (7kJ/kg =            kj) kJ Time HR RPE 
10%     
20%     
30%     
40%     
50%     
60%     
70%     
80%     
90%     
100%     

Post Trial � Blood (5 ml)     
 

     



Flavour Study Hedonic Rating Scale 
 

20 Extremely 
19  
18  
17 Very Much 
16  
15  
14  
13 Moderately 
12  
11  
10  
9 Mildly 
8  
7  
6 Slightly 
5  
4  
3 Insignificantly 
2  
1  
0 Nil 

Sweetness 
Coolness 
Strength 
Liking 
Bloating 



Flavour Study Feedback Sheet 
 
Name:       Date: 
 
Which of your time trials do you feel was the fastest 
1st/2nd/3rd 
 
Why do you fell you rode faster on this time trial? 
__________________________________________________
__________________________________________________
__________________________________________________ 
 
On your first time trial what stopped you from riding faster? 
(eg. leg tiredness, general tiredness, pain) 
__________________________________________________
__________________________________________________
__________________________________________________ 
 
On your second time trial what stopped you from riding 
faster? (eg. leg tiredness, general tiredness, pain) 
__________________________________________________
__________________________________________________
__________________________________________________ 
 
On your third time trial what stopped you from riding faster? 
(eg. leg tiredness, general tiredness, pain) 
__________________________________________________
__________________________________________________
__________________________________________________ 
 
Did you feel any different during the cola trial? 
__________________________________________________
__________________________________________________
     
General comments about the study? 
__________________________________________________
__________________________________________________
__________________________________________________
__________________________________________________ 



APPENDIX A5 
HAWAIIAN IRONMAN 2005  

CAFFEINE QUSETIONNAIRE 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

School of Public Health 
Gold Coast Campus 

Australia 

Caffeine Use & Endurance Athletes 
 
Dear Athlete, 

Recently there has been increased scientific attention given to the effect caffeine may have on 
exercise performance. As you are competing in the leading ironman triathlon in the world, we 
are interested in finding out your knowledge, use and experiences of using caffeine in regard 
to your sport.  
By completing the following questionnaire, you will be helping us to understand 
how we can best help elite athletes to use caffeinated products to assist in sports 
performance.  

Your participation in this questionnaire is voluntary, and confidential. All analyses 
of data will be done in such a way that your identity will remain anonymous. No 
information on any individual will be given to support or coaching staff. 
The questionnaire will take less than ten minutes to complete. Once you have 
finished the questionnaire, please detach and retain this coversheet. 
 
Griffith University conducts research in accordance with the Australian National 
Statement on Ethical Conduct in Research Involving Humans. Should you have any 
concerns or complaints about the ethical conduct of this questionnaire, please contact 
the Manager, Research Ethics on +617 3875 5585 or research-ethics@griffith.edu.au. 
 
If you have any questions regarding the completion of this questionnaire, please 
contact Ben Desbrow from the School of Public Health of Griffith University, on 
phone: +617 5552 9110, or b.desbrow@griffith.edu.au  
 
If you are under 18 years of age, we encourage that you discuss your participation in 
completing this questionnaire with a parent/guardian.  Again, please contact Ben 
with any questions or concerns. 
 
Kind Regards, 
 
Ben Desbrow 
Griffith University 

mailto:research-ethics@griffith.edu.au�
mailto:b.desbrow@griffith.edu.au�


 

CAFFEINE PRACTICES OF ATHLETES: SURVEY 
 
 
 

1.0 About You 
 
 
 

 1.1  Gender 1[  ] Male 2[  ] Female 
 
 

 1.2 Your age  years 
 
 

 1.3 Your weight   kg  /  lb 
 
 
 1.4 Your Nationality 

 (Please 
circle) 

 
 
1.5 For how many years have you been competing in Triathlon?  
 

______________________________________________ 
______________________________________________ 
 
 
1.6 What is your expected race time in the 2005 Ironman (eg. 12 hours 45 mins) 
 
 
 
 
1.7 Under WADA (World Anti-Doping Agency) regulations, are there    
      limitations/restrictions regarding caffeine use in triathlon?  

 
1[  ] Yes, caffeine use is restricted in triathlon  
2[  ] No, caffeine can be used freely in triathlon 
3[  ] I’m unsure whether caffeine use is allowed or not 
 

 
 
 
 
 

The remainder of this questionnaire will assess your caffeine 
knowledge and seek information regarding your personal use of 

caffeine for ironman competition. 



 

2.0 About Caffeine 
 
This section aims to explore what effects YOU THINK caffeine might have on 
your exercise performance. (NB. This many not necessarily relate to just 
during a trialthon but exercise in general) 

 
 

2.1 If you were to use caffeine rate the effect YOU THINK it would have on the following 
aspects of exercise performance? 
 

 Strongly 
negative 

effect 

Negative/ 
Adverse 

effect 

No  
effect 

Positive/ 
Good  
effect 

Strongly 
positive  

effect 

Unsure 

Endurance in long term 
exercise (30+ minutes) 

1 2 3 4 5 6 

Speed in long term exercise 
(30+ minutes) 

1 2 3 4 5 6 

Power in long term exercise 
(30+ minutes) 

1 2 3 4 5 6 

Endurance in short term, 
intense exercise 

1 2 3 4 5 6 

Speed in short term,  
intense exercise 

1 2 3 4 5 6 

Power in short term,  
intense exercise 

1 2 3 4 5 6 

Strength 1 2 3 4 5 6 
Concentration/alertness 1 2 3 4 5 6 
Calming ‘nerves’ 1 2 3 4 5 6 
Fat loss (long term) 1 2 3 4 5 6 
‘Making weight’  
(i.e. weight category sports) 

1 2 3 4 5 6 

 
 



 

 
2.2 In the list below, please categorise the products according to their caffeine levels 
 I am 

unfamiliar 
with this 

food / 
supplement 

Contains no 
caffeine 

Contains caffeine, 
but only a small 
amount (i.e. less 

than 50mg) 

Contains caffeine 
in a larger amount  

(i.e. more than 
50mg) 

Coca Cola (1 can) 1 2 3 4 
Diet Coke (1 can) 1 2 3 4 
Gatorade (600mL bottle - all flavours) 1 2 3 4 
Sports Water (750mL bottle) 1 2 3 4 
Sprite (1 can) 1 2 3 4 
Red Bull Energy drink (1 can) 1 2 3 4 
‘Sugar free’ Red Bull (1 can) 1 2 3 4 
‘Sugar free’ V Energy Drink (1 can) 1 2 3 4 
Mountain Dew (1 can) 1 2 3 4 
Black tea (1 cup) 1 2 3 4 
Herbal teas (1 cup) 1 2 3 4 
Ice Tea (eg 16oz (500ml) Lipton Iced Tea ) 1 2 3 4 
Chocolate Ensure ( 8 oz can) 1 2 3 4 
Power Gel  (Chocolate – 1 sachet)  1 2 3 4 
Chocolate ice cream (3 scoops) 1 2 3 4 
PowerBar (Cappuccino flavour – 1 bar) 1 2 3 4 
PowerBar (Cookies & cream flavour – 1 bar) 1 2 3 4 
Peanut Butter (Thick spread) 1 2 3 4 
Viking chocolate bar with Guarana (1 bar) 1 2 3 4 
Mars bar (1 bar) 1 2 3 4 
White chocolate (1 row family block) 1 2 3 4 
No Doz tablets (1 tablet) 1 2 3 4 
Berocca Tablets (standard – 1 tablet) 1 2 3 4 
Berocca ‘Performance’ Tablets (1 tablet) 1 2 3 4 
Regular Multivitamin (1 tablet) 1 2 3 4 
Coffee (1 cup from 1 tsp instant powder) 1 2 3 4 
Coffee (1 cup from 1 tsp ground coffee) 1 2 3 4 
Coffee flavoured milk (20 oz (600ml) carton) 1 2 3 4 
Orange Juice (16 oz (500mL) bottle) 1 2 3 4 

 
2.4 If you wanted to take caffeine to improve your ironman performance, how 

much caffeine would you take? 
(ie. In milligrams (mg) or amounts of certain foods or drinks) 
 
 
 
or 
2[  ] I don’t know     
 
or 
3[  ] I wouldn’t take it      



 

3.0 Information source 
 
3.1 From the following list, please select any individual(s) or information 

sources that have influenced your decision to use/not use caffeine within 
triathlon? (Please tick all responses that apply to you – more than one answer is 
allowed) 

  
1[  ] I’ve never considered the use of caffeine with sport 
2[  ] Doctor/Physician 
3[  ] Pharmacist 
4[  ] Dietitian-Nutritionist 
5[  ] Coach 
6[  ] Trainer 
7[  ] Manager 
8[  ] Parent 
9[  ] Relative 
10[  ] Fellow athlete 
11[  ] Friend 
12[  ] Health food store attendant 
13[  ] TV/radio 
14[  ] Journal Articles 
15[  ] Food &/or Drug Company advertising 
16[  ] Magazines 
17[  ] Internet 
18[  ] Self researched/experimented  
19[  ] Other ___________________________________________________________ 
 



 

 
  
If you ARE PLANNING TO CONSUME CAFFEINE IN ANY FORM DURING 
THE IRONMAN, please SKIP section 4.0 and proceed to the next section 
(Section 5.0, over page) 
 
 
 
4.0 Non-caffeine users only 
 
 
4.1 Have you PREVIOUSLY used caffeine to specifically improve your 

triathlon performances? 
 

1[  ] Yes - Go to question 4.2 
2[  ] No – Go to question 4.3 

 
 
4.2  Why did you stop using caffeine in competition? 
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________ 
 
4.3  Do you have a reason for not using caffeine in the ironman? 
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________ 
 
 

 
 

Please now proceed to section 6.0 (page 8) 
 

 
 
 
 
 
 
 



 

5.0 Your caffeine use during the ironman 
 
In this question we are interested in finding out the amount and timing of your 
planned caffeine intake during the 2005 Hawaiian Ironman. 
 
 
5.1 Please select those products you are planning to consume in or before the 
ironman, specifically for their caffeine content. Be sure you answer for BOTH 
before and during the race and provide the amount. 
 
 

 
 

Before race start During the Bike During the Run 
Please  and state amount Please  and state amount Please  and state amount 

Coca Cola/Pepsi    
Diet Coke/Pepsi Max    
Gatorade    
Sports water    
Red bull energy drink    
Sprite    
Sugar-free Red Bull    
Other  “Energy” Drink  (please state) 

___________________________ 
   

Mountain Dew    
Sustagen Sport    
Black tea    
Herbal tea    
Ice Tea    
Caffeinated Carbohydrate gel    
Chocolate ice cream    
PowerBar (Cappuccino)    
PowerBar (Other flavours)    
Peanut Butter    
Viking chocolate bar    
Mars Bar    
White chocolate    
No-Doz tablets    
Berocca tablets    
Berocca ‘Performance’ tablets    
Multivitamin    
Instant coffee    
Ground coffee (eg. from espresso 
machine) 

   

Coffee flavoured milk    
Orange juice    
Other 
(please state_______________) 

   

 
 
 



 

 
 
 

5.2 How long have you been using caffeine in COMPETITION? (e.g. first attempt 
or last 2 ironman races or for 4 years) 

 

 
5.3 If possible, please provide us with an example of your experiences (positive 

or negative) regarding caffeine use during triathlon competition   
(eg. 2003 Hawaii Ironman drank 500 ml of cola during the first 8 miles of the 
marathon an had a great lift and ran very well from then on) 

______________________________________________
______________________________________________
______________________________________________
______________________________________________ 
______________________________________________
______________________________________________
______________________________________________ 
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________
______________________________________________ 



 

6.0 Side-effects of caffeine use 
 

If you have EVER used caffeine within endurance sport, please complete this section. If 
not, you have finished this questionnaire, and we thank you for your time! 

In this section we are interested in finding out any negative effects you may 

have experienced when using caffeine, either in training or in competition.  
 

7.1 Please note the SEVERITY of any side effects you have experienced as a result of  
      using caffeine with training and/or competition? 

 Barely 
noticeable 

Noticeable, 
but minor 

Noticeable Severe Very 
Severe 

Unsure 

Tremors/Shakes 1 2 3 4 5 6 
Headaches 1 2 3 4 5 6 
Elevated heart rate 1 2 3 4 5 6 
Increased sweating 1 2 3 4 5 6 
Increased urine volume 1 2 3 4 5 6 
Abdominal/gut discomfort 1 2 3 4 5 6 
Caffeine addiction 1 2 3 4 5 6 

 
 

7.2 Please note the FREQUENCY (proportion of time that you experience) any side effects 
as a result of using caffeine with training and/or competition? 

  
Never 
(0%) 

 

 
Rarely 
(<25%) 

 
Occasionally 

(25-50%) 

 
Regularly 
(50-75%) 

 
Almost 
always 
(>75%) 

 
Always 
(100%) 

 

Unsure 

Tremors/Shakes 1 2 3 4 5 6 7 
Headaches 1 2 3 4 5 6 7 
Elevated heart 
rate 

1 2 3 4 5 6 7 

Increased 
sweating 

1 2 3 4 5 6 7 

Increased urine 
volume 

1 2 3 4 5 6 7 

Abdominal or 
gut discomfort 

1 2 3 4 5 6 7 

Caffeine 
addiction 

1 2 3 4 5 6 7 

 
Any other side effects? Please comment 
______________________________________________
______________________________________________
______________________________________________
______________________________________________ 

 

Thank you for completing this questionnaire. 
We greatly appreciate your time! 

  



 

APPENDIX A6 
DOSE-RESPONSE CAFFEINE AND PERFORMANCE 

DATA SHEETS  



 

Trial Data Sheet 

Subject: _____________________   Trial Number/Date:__________           Trial: A / B / C  
                   Bike:  1   /  2 
- 2hr   �  Breakfast: Total CHO =_________ (2g/kg) 
 
- 60min  �  Cannula Insertion 

�  Blood (10ml) Caff 
�  Capsule admin   

 
- 30min �  Bike and Gas set-up 
 
- 5min   � Resting HR:_____________ 

� Self selected warm up <100W 
� Drink 1 (8ml/kg)                                        
� Blood (5ml)       BSL:_________ 

Rest  � Gas Analysis (2 min) 
Exercise 65% PPO: ______________ W 

Time RPE HR BSL Blood Gas 
15 min     5 min + 1 bag 
20min    5 ml  

Drink 2 (5ml/kg)      
35 min     5 min + 1 bag 
40 min    5 ml  

Drink 3 (5ml/kg)      
55 min     5 min + 1 bag 
60 min    5 ml  

Drink 4 (5ml/kg)      
75 min     5 min + 1 bag  
80 min    5 ml  

Drink 5 (5ml/kg)      
95 min     5 min + 1 bag 

100 min    5 ml  
Drink 6 (5ml/kg)      

115 min     5 min + 1 bag 
120 min    5 ml  

Drink 7 (5ml/kg) Bike to Linear Mode = 82.5% PPO (@ 110rpm) 
   
Time Trial 

 (7kJ/kg =            kj) kJ Time HR RPE 
10%     
20%     
30%     
40%     
50%     
60%     
70%     
80%     
90%     
100%     

 
 



 

 
 
Caffeine Dose Response Study Feedback Sheet 
 
Name:       Date: 
 
Which of your time trials do you feel was the fastest 1st/2nd/3rd 
 
Why do you fell you rode faster on this time trial? 
________________________________________________________________
________________________________________________________________ 
 
On your first time trial what stopped you from riding faster? (eg. leg 
tiredness, general tiredness, pain) 
________________________________________________________________
________________________________________________________________ 
 
On your second time trial what stopped you from riding faster? (eg. leg 
tiredness, general tiredness, pain) 
________________________________________________________________
________________________________________________________________ 
 
On your third time trial what stopped you from riding faster? (eg. leg 
tiredness, general tiredness, pain) 
________________________________________________________________
________________________________________________________________ 
 
Match your trials with your caffeine dose (either 0, 3 or 6 mg/kg) – 
Indicate your degree of certainty         
  
       Certainty (please circle) 
Trial A  = _____ mg/kg Caffeine        No idea / Some idea / Pretty Sure / Absolutely Certain 

 
Trial B  = _____ mg/kg Caffeine  No idea / Some idea / Pretty Sure / Absolutely Certain 
 
Trial C = _____ mg/kg Caffeine  No idea / Some idea / Pretty Sure / Absolutely Certain 
 
 
General comments about the study? 
________________________________________________________________
________________________________________________________________
________________________________________________________________ 
 



 

APPENDIX A7  
HABITUAL CAFFEINE USE QUESTIONNAIRE 

 
Food/Fluid  Serve  Frequency  Mean Caffeine Intake  Minimum  Maximum 
  Once/day = 1                                  Once week = 1/7                             Once Month (occasional) = 1/30   Once 3-4 months (rarely) = 1/120  

Coffee (Hot)           
Instant coffee 250ml or 1 Cup  0 0 0 
Decaff Instant coffee 1 cup  0 0 0 
Brewed coffee "Long Black" 1 cup  0 0 0 
Decaff Brewed coffee "Long Black"   0 0 0 
Short black coffee/espresso 1 small serve  3       324 75 642 

Coffee (Cold)           
Nippy's Iced Coffee (UHT) 600ml  0 0 0 
Pura Classic Lite Café Latte 600ml  0 0 0 
Farmers Union Iced Coffee 600ml  0 0 0 
Farmers Union Feel Good LF  600ml  0 0 0 
Big M Coffee 600ml  0 0 0 
Dare 600ml  0 0 0 
Sanitarium So Good (soyaccino) 600ml  0 0 0 
Pura Classic IC 600ml  0 0 0 
Rush Wicked Latte  600ml  0 0 0 
Ice Break 600ml  0 0 0 
Iced Coffee (Not otherwise 
specified) 600ml  0 0 0 
Tea            

Tea (loose leaf black tea) 
1 cup        
(containing 1 tsp leaves)  0 0 0 

Tea (loose leaf green tea) 1 cup as above  0 0 0 

Tea (tea bag) 
1 cup (containing 1 
bag) 2       64 48 90 

Iced Tea  375ml  0 0 0 

Chocolate and Chocolate drinks            
Hot Chocolate/Drinking Chocolate  2 tsp  0 0 0 
Chocolate milk (any variety) 600ml  0 0 0 



 

Milk Chocolate (Plain) 
60g               
(approx 2 rows or 1 bar)  0 0 0 

Milk Chocolate (Filled with other ingred) 60g   3/7  4 4 4 
Dark Chocolate 60g  0 0  
White Chocolate  60g  0 0 0 
Viking chocolate bar 60g  0 0 0 

Other Beverages           
Coca Cola  375ml  0 0 0 
Diet Coke  375ml  0 0 0 
Pepsi Cola  375ml  0 0 0 
Diet Pepsi 375ml  0 0 0 
Musashi E Shot Cola  300ml  0 0 0 
Jolt Cola 375ml  0 0 0 
Red Bull  250ml  0       1 1 1 
Red Eye Energy drink  330ml  0 0 0 
V Energy drink  250ml  0 0 0 
Black Stallion energy drink  250ml  0 0 0 
Lipovitan energy drink  250ml  0 0 0 
Lift Plus energy drink 250 ml can 36 250ml  0 0 0 
Smart Drink - Brain fuel  250ml  0 0 0 
PowerBar caffeinated sports gel  1 sachet (40g)  0 0 0 
PowerBar double caff sports gel  1 sachet (40g)  0 0 0 
Gu caffeinated sports gel  1 sachet (32g)  0 0 0 
PowerBar Performance bar + Acticaf 1 Bar (65g)   1/30 2 2 2 
      
      

   
Average daily             
caffeine intake  Minimum Maximum 

Results     395 130 739 



 

 
 

APPENDIX A8  
HPLC CAFFEINE ANALYSIS PROCEDURES 

 
 
Date of Current Analysis: Jan 2008 
Operator: Gary Grant and Ben Desbrow  
 
Adapted from: Koch, J., Tusscher, G. t., Kopple, J., & Guchelaar, H. (1999). Validation of a high-performance liquid 
chromatography assay for quantification of caffeine and paraxanthine in human serum in the context of CYP1A2 
phenotyping. Biomedical Chromatography, 13, 309-314. 
 

 
HPLC Conditions 

Column: C18 column (3.0 cm x 4.6 mm i.d., 3um particle size)   
Mobile Phase: solvent A was 0.05M NaH2PO4 (adjusted to pH 5.5 using triethylamine) and 
solvent B methanol. The following protocol was used during the run: 0–20 min 75% solvent 
A: 25% solvent B at a flow rate of 1 mL/min. 
Temperature: 25±1oC 
Flow Rate: 1.0 mL/min  
Detection: (UV) 273 nm 
System: Varian Prostar 240 Solvent delivery module; 20μL of sample was introduced into 
the HPLC assay using a Varian Prostar 430 Autosampler; The sample was analysed using a 
Varian Prostar 335 Photodiode Array detector at 210 and 273nm. 
Pick up Solvent: Distilled Water  
Wash Solvent: Methanol  
 

Stock Solutions 

Caffeine Detail 

Empirical formula: C8H10N4O2  

Molecular weight:  194.19g 
 

Caffeine stock solution (2000μM/L)  
1. Weigh 9.7095mg of caffeine on an analytical balance � 
2. Dissolve with Distilled Water in a 25mL volumetric flask � 
 

Caffeine (calibration standard) distilled water solutions (100, 50, 25 and 12.5 μM/L) 
1. Take 500μL from caffeine stock solution above � 
2. Dissolve with Distilled Water in a 5 mL volumetric flask ([ ] = 200 μM/L) � 
NOTE: 1 in 10 dilution – Freeze remaining 4 mL for future standards or using for spiking 
with plasma. 
 
3. Take 1mL from caffeine 200 μM/L  
4. Dissolve with 1mL Distilled Water in 2mL eppendorf ([ ] = 100 μM/L) � 

http://en.wikipedia.org/wiki/Carbon�
http://en.wikipedia.org/wiki/Hydrogen�
http://en.wikipedia.org/wiki/Nitrogen�
http://en.wikipedia.org/wiki/Oxygen�


 

 
5. Take 1mL from caffeine 100 μM/L  
6. Dissolve with 1mL Distilled Water in 2mL eppendorf ([ ] = 50 μM/L) � 
 
7. Take 1mL from caffeine 50 μM/L  
8. Dissolve with 1mL Distilled Water in 2 mL eppendorf ([ ] = 25 μM/L) � 
 
9. Take 1mL from caffeine 25 μM/L  
10. Dissolve with 1mL Distilled Water in 2mL eppendorf ([ ] = 12.5 μM/L) � 
 
 
0.05M NaH2PO4 (adjusted to pH 5.5 using triethylamine) Solution 
1. Weigh 7.8005g of NaH2PO4 on an analytical balance � 
2. Dissolve with Distilled Water in a 1000mL beaker  (add approx 750ml water initially) � 
3. Insert ph meter and add ~300-400μL of triethylamine slowly whilst stirring until the 

registers 5.5 � 
4. Decant into 1000ml volumetric flask. 
5. Add remaining Distilled water to make 1000mL 
6. The resultant solution is then filtrated over a Millipore filter (Supelco 0.2µm x 47mm, 

Nylon 66 membranes) 
 
 
Caffeine calibration standards in Plasma (5, 20 and 75 μM/L standards)   
1. All standards made from 200 μM/L stock solution (see above) in 2mL eppendorf tubes � 
2. For 5μM/L – For 1 mL of solution take 25μL stock + 975μL Plasma � 
3. For 20μM/L – For 1 mL of solution take 100μL stock + 900μL Plasma � 
4. For 5 μM/L – For 0.5 mL of solution take 187.5μL stock + 312.5μL Plasma � 
 
Deproteination of Serum  
 
5-8. Place 100μL Plasma+Caff solution in 2 mL eppendorf tube. Add 200μL methanol  � 
9.    Vortex solution for approx 10sec � 
10.  Centrifuge solution @ 14000rpm for 10min � 
11.  Approx 170μL of supernatant is added to HPLC sample vial. 
 
 

 

 

 

 

 

 

 

 



 

 

 

Standard Operating Procedure 
 

Calibration Standards in Distlled Water 
1. Prepare from the caffeine distilled water solution to yield target concentrations � 
2. [] 12.5, 25, 50 and 100 μM/L �  
 

Calibration Standards in serum  
1. Prepared daily from the stock solution of caffeine by sequential dilution with blank 

serum � 
2. [] 5, 20, 75 μM/L of each in three replicates �  
 

Samples for Analysis  
1. Place 100μL sample solution in 2 mL eppendorf tube. Add 200μL methanol  � 
2. Vortex solution for approx 10sec � 
3. Centrifuge solution @ 14000rpm for 10min � 
4. Approx 170μL of supernatant is added to HPLC sample vial. 
 



 

 
 
 

APPENDIX A9  
CAFFEINE IN RETAIL COFFEE PUBLICATION 

(The following publication is the result of an associated study 
conducted during the course of the PhD candidature following the 

authors acquisition of independent caffeine content values on 
Australian foods and beverages.)  


	CHAPTER 2 - RESEARCH FRAMEWORK.pdf
	Rest
	TT
	7 mg(kg-1 BW 
	(~30 min)

	Trial A (SpD = subjects told “improved formula with same flavour” = same as SpD)
	Trial B (AFSD = Alternate Flavour Sports Drink = new flavour, same composition)
	Trial C (Cola = Caffeine free Diet-Coke® with 6% CHO + electrolytes added)

	Rest
	TT
	7kJ∙kg-1 BW 
	(~30 min)


	CHAPTER 3 - HAWAII PAPER 1.pdf
	Ethics
	3.4 Results
	3.5 Discussion
	Acknowledgements


	CHAPTER 4 - HAWAII PAPER 2.pdf
	Ethics
	Results
	Discussion
	Acknowledgements


	CHAPTER 5 - FLAVOUR STUDY PAPER.pdf
	Rest
	TT
	(7kJ∙kg-1 BW)

	Acknowledgements

	CHAPTER 6 - CAFFEINE STUDY PAPER.pdf
	Rest
	TT
	(7 kJ(kg-1 BW)

	Acknowledgements

	APPENDICES (Except A3 & A9).pdf
	6 x Weetbix
	Test Drink 8(5ml/kg)
	Bike to Linear Mode = 82.5% PPO (@ 110rpm)

	Subject: _____________________   Trial Number/Date:__________ Drink: A / B / C    Bike  1   /  2
	- 2hr   (  Breakfast: Total CHO =_________ (2g/kg)
	Rest  ( Gas Analysis (2 min)

	Post Trial ( Blood (5 ml)

	Flavour Study Hedonic Rating Scale
	School of Public Health
	Caffeine Use & Endurance Athletes
	Recently there has been increased scientific attention given to the effect caffeine may have on exercise performance. As you are competing in the leading ironman triathlon in the world, we are interested in finding out your knowledge, use and experien...
	Your participation in this questionnaire is voluntary, and confidential. All analyses of data will be done in such a way that your identity will remain anonymous. No information on any individual will be given to support or coaching staff.
	CAFFEINE PRACTICES OF ATHLETES: SURVEY

	Extremely
	Unsure
	Drink 7 (5ml/kg)
	Bike to Linear Mode = 82.5% PPO (@ 110rpm)


	1.0 About You
	2.0 About Caffeine
	3.0 Information source
	5.0 Your caffeine use during the ironman
	6.0 Side-effects of caffeine use
	If you have EVER used caffeine within endurance sport, please complete this section. If not, you have finished this questionnaire, and we thank you for your time!
	In this section we are interested in finding out any negative effects you may
	have experienced when using caffeine, either in training or in competition.
	Any other side effects? Please comment

	Thank you for completing this questionnaire.
	Subject: _____________________   Trial Number/Date:__________           Trial: A / B / C                     Bike:  1   /  2
	- 2hr   (  Breakfast: Total CHO =_________ (2g/kg)
	Rest  ( Gas Analysis (2 min)



	Stock Solutions
	Caffeine Detail
	Empirical formula: C8H10N4O2
	Molecular weight:  194.19g
	Caffeine stock solution (2000μM/L)
	Caffeine (calibration standard) distilled water solutions (100, 50, 25 and 12.5 μM/L)
	0.05M NaH2PO4 (adjusted to pH 5.5 using triethylamine) Solution
	Caffeine calibration standards in Plasma (5, 20 and 75 μM/L standards)

	Standard Operating Procedure
	Calibration Standards in Distlled Water

	Calibration Standards in serum
	Samples for Analysis


	Appendix A3.pdf
	Lode Bike 2


