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ABSTRACT 

Caffeine-containing energy drinks (CCED) are beverages containing simple sugars, 

caffeine and mixtures of vitamin, mineral and/or herbal preparations which are 

aggressively marketed to adolescents and young adults.  This study analyzed the 

metabolic impact of acute, non-nutritive sweetener-containing CCED consumption on 

glucoregulation and gut peptide response in adolescents, and how it is affected by genetic 

variance.  CCED consumption induced acute insulin resistance following an oral glucose 

tolerance test when compared with placebo, with glucose and insulin concentrations 

rising by 15.8% and 73.0%, respectively.  Glucagon-like peptide-1, gastric inhibitory 

peptide, C-peptide, and pancreatic peptide YY concentrations rose following caffeine and 

decaffeinated treatments when compared with placebo.  Genetically fast caffeine 

metabolizers had exaggerated glucose and insulin curves following caffeine trials, while 

slow metabolizers were relatively unchanged.  This response to CCED consumption 

could be detrimental to individuals predisposed to metabolic deficits.  Results provoke 

further exploration into the mechanisms involved in this transient insulin resistance.   
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PREFACE 

Currently, there is a paucity of information on the metabolic implications of CCED.  Data 

obtained in this study will provide a mechanistic basis for the metabolic responses 

observed from caffeine consumed via energy drinks.  From a metabolic standpoint, such 

information is critical to understanding how CCED may perpetuate metabolic disease 

states including cardiovascular disease and diabetes.  Furthermore, if certain single 

nucleotide polymorphisms (SNPs) predispose individuals to caffeine-induced insulin 

resistance, then personalized recommendations to avoid caffeine may be warranted.  

These results have the potential to alter current perceptions that CCED are harmless and 

will have far reaching implications for both medical professionals and legislatures alike. 
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CHAPTER 1:  INTRODUCTION 

1.1 Significance 

In Canada, one in three adolescents is considered overweight or obese [1].  Obese 

children have a greater risk of developing chronic conditions such as heart disease and 

type 2 diabetes [2], and it is widely accepted that these conditions are initiated in 

childhood, and once initiated, typically persist into adulthood.   

 

Consumption of sugar-sweetened beverages has been associated with obesity and type 2 

diabetes [3].  Of particular concern are caffeine-containing energy drinks (CCED), which 

typically contain large amounts of sugar, caffeine, and a variety of other active 

ingredients [4].  These beverages are aggressively marketed to and increasingly 

consumed by adolescents [5].  CCED consumption could have significant metabolic 

detriments.  It has been established that ingestion of carbohydrates in the presence of 

caffeine results in acute insulin resistance in adults [6].  Chronic hyperinsulinemia and 

impaired glucose disposal are both implicated in the development of type 2 diabetes and 

cardiovascular disease, among other chronic conditions [7-10].  No data currently exists 

on the metabolic effects of CCED in adolescents, despite them being the key targeted 

consumers.   

 

To complicate matters, CCED are discretionally fortified with vitamin and mineral 

content well above recommended daily intake levels, with unknown effects on 

gastrointestinal hormone secretion.  Intake of fortified food is implicated in increased 
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energy intake and carbohydrate consumption [11].  When consumed chronically, this 

could contribute to unfavourable metabolic consequences. 

 

Adolescents are key consumers of caffeine-containing, discretionally fortified energy 

drinks, although no data exists of their metabolic response to these substances.  It is 

assumed that caffeine exposure co-administered with a carbohydrate load causes a similar 

level of insulin resistance in adolescents as it does in adults, although there is no data to 

support this theory.  There is no current knowledge on the effect of discretionally 

fortified novel beverages on gut peptide response.  Furthermore, these beverages have the 

potential to be harmful to adolescents, as their lower body masses could expose them to 

excessive levels of caffeine, vitamins and minerals.  It is possible that chronic CCED 

consumption and its associated metabolic disruptions could predispose adolescents to the 

development of chronic metabolic disease later in life. 

 

Individual genetics dictate rates of caffeine metabolism and clearance [12].  It is unclear 

if slow caffeine metabolism can exacerbate negative metabolic impacts implicated with 

simultaneous consumption of caffeine and carbohydrate, through prolonged exposure to 

caffeine. 

 

The purpose of this study is to examine metabolic impacts of acute CCED consumption 

on glucose tolerance and satiety hormone responses in adolescent male and female 

participants (age 13-19), and how these responses are influenced by genetic variance. 
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1.2 Presentation 

Chapter 1 outlines an introduction to the thesis, including a review of the current 

literature and defines the significance, aims and hypotheses of the study. Chapter 2 

presents the study manuscript, including methods, results, and conclusion. Chapter 3 

discusses strengths and weaknesses, methods used in the current study, describes 

potential next steps for research in this field, and summarizes the global conclusions of 

the study.  The Appendix presents supplementary materials including research ethics 

board approval, statistical test details and surveys. 

 

1.3 Caffeine-Containing Energy Drink Consumption in the Population 

Caffeine-containing energy drinks (CCED) are marketed to reduce fatigue, increase 

energy and alertness [13].  Sales of CCED have been increasing exponentially, growing 

5000% since 1999 (Figure 1) [5], and are being consumed by adolescents and young 

adults at alarming rates [14].  A recent study supported by the Canadian Diabetes 

Association, Canadian Cancer Society, and the Heart & Stroke Foundation which has not 

yet been peer-reviewed examined the economic and health impact of sugary drink sales 

in Canada [15].  The study found that over the past 12 years, energy drink sales have 

grown in Canada by 638%, along with other novel beverages including sports drinks, 

flavoured milk, flavoured water, sweetened coffees and flavoured milk.  Contrastingly, 

soft drink sales have decreased by 27%, fruit drinks by 22%, and 100% fruit juice by 

10%.  This suggest that novel beverages such as CCED may be replacing pop and juice 

consumption in Canada.  The study found that children aged 9-18 years consume an 

average of 578ml of sugary drinks (including CCED) per day. CCED are known to 
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promote obesity [16], likely impair insulin sensitivity [6] and cause sleep disturbances in 

adolescents [17].  Consumption of CCED is also associated with a number of unhealthy 

lifestyle and dietary choices in adolescents associated with obesity including increased 

sugar-sweetened beverage intake, smoking, and video game use [18].  Chronic ingestion 

of CCED may be associated with behaviours and unfavourable metabolic perturbations 

which could contribute to higher risk of metabolic disease in individuals and the 

Canadian population. 

 

 

 

Figure 1 - US energy drink sales growth (Adapted from Ferdman, R. [19]).  Sales of 

energy drinks in the United States have grown 5000% since 1999. 

 

1.4 Rising Prevalence of Adolescent Obesity 

Pediatric obesity rates are increasing at alarming rates, with recent data indicating obesity 

rates of 15.8% and 17.1% among female and male children, respectively, in the United 

States [20].  As obesity rates rise, comorbidities of obesity including type 2 diabetes, 
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sleep apnea, and non-alcoholic fatty liver disease are also becoming increasingly 

prevalent [21].  A report by Must and Strauss [22] evaluated immediate and long-term 

risks of childhood obesity.  The report anticipated that as childhood obesity rates rise, 

comorbidities affecting orthopedic, endocrine, pulmonary, gastrointestinal and 

neurological systems once considered rare in this population will become commonplace.  

They found that one third of new diagnoses of diabetes among children between the ages 

of ten and nineteen were type 2 diabetes, which is particularly troubling for a condition 

formerly considered so rare in children it was referred to as “adult onset” diabetes.  

Pediatric obesity typically persists into adulthood, with a higher risk of associated 

comorbidities and mortality [21].  It is imperative that we develop our understanding of 

lifestyle and nutrition factors which can contribute to pediatric obesity and implement 

prevention strategies at early stages.  High-risk activities, including chronic consumption 

of metabolically detrimental substances must be better understood and controlled in 

efforts to reduce global incidence of obesity and associated comorbidities. 

 

1.5 CCED Composition: A Caffeinated, Nutritionally-Fortified Novel Beverage 

Discretionary fortification refers to the addition of vitamins and minerals at the 

manufacturer’s discretion, primarily for marketing purposes [23].  Canadian legislation 

limits the levels of caffeine in novel beverages, but not vitamins and minerals [24].  A 

2015 examination of nutrient content in 46 novel beverages in Canadian grocery stores 

by Dachner and colleagues [25] found that these beverages contained an average of 4.5 

different fortifications, many of which exceeded the Estimated Average Requirements of 

nutrients for men aged 19-30 years.  Sacco and Tarasuk [23] found that intake of fortified 
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food is inversely associated with intake of vegetables, fruit, meat and alternatives, milk 

products, fiber, vitamins A, B6, B12, and D, magnesium, potassium and zinc and 

positively associated with dietary energy density, total energy intake and carbohydrate 

consumption.  This suggests that individuals may be replacing healthy eating practices 

with convenience foods and beverages.  Furthermore, nutritionally-fortified beverages 

may be especially harmful for children, whose lower body masses may expose them to 

nutrient concentrations above the upper tolerable limits [11]. 

 

CCED typically contain 25-250mg of caffeine either in its purified form, or as extracts 

from caffeine-containing plants [16].  In addition to caffeine, these beverages also contain 

various combinations of vitamins, amino acids, and antioxidant compounds [13].  

Caffeine and CCED are well known to have positive effects on athletic performance, 

however, the effects of caffeine on glucose metabolism in sedentary state are deleterious 

[26].  Caffeine administration interferes with the actions of insulin, and acute caffeine 

consumption combined with a glucose load results in hyperinsulinemia as well as 

impaired whole-body glucose disposal [27].   

 

CCED typically contain 6-27g of carbohydrates in the form of glucose, sucrose, and/or 

fructose, combined with enough caffeine to impair glucose metabolism [4, 13].  Impaired 

glucose disposal and hyperinsulinemia are established risk factors in the etiology of 

chronic diseases including type 2 diabetes, cardiovascular disease, and cancer [7-10].  

The potential role of CCED in the causal pathways of these diseases must be further 

explored. 
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1.6 Metabolic Impact of CCED 

Studies have found that co-administration of caffeine and a carbohydrate load result in an 

impairment of whole body glucose disposal by ~20-30% in adults [28-31].  Furthermore, 

this effect is seen in caffeine doses as low as 1mg caffeine/kg body weight [29].  The 

half-life of caffeine is ~4-6 hours [32], which means that the body could be in a state of 

insulin resistance for hours after ingestion.   

 

A rise in the consumption of sugar-sweetened beverages (SSB) has been associated with 

a rise in obesity and type 2 diabetes [33].  Along with the rising obesity rates in North 

American adults, one in five children between 6 and 19 years old are obese [34].  From 

this, it can be postulated that regular consumption of CCED, containing simple sugars 

would contribute to this impact.  Although little data exists on the metabolic impact of 

CCED, Bhupathiraju et al. [35] examined caffeinated or caffeine-free SSB and the risk of 

type 2 diabetes in 75,500 adult subjects in a retrospective design.  Results revealed that 

intake of caffeinated SSB increased the risk of type 2 diabetes by 16%, while caffeine-

free SSB intake increased risk by 23%.  While these results are significant, causality 

cannot be proved through a retrospective design and more experimental work must be 

done.   

 

1.7 Oral Glucose Tolerance Test 

The oral glucose tolerance test (OGTT) is a medical test which evaluates the body’s 

ability to clear a large, standard glucose load (75g or 1.75g/kg body weight in pediatrics) 

from the blood over a 2 hour period [36].  This test is used clinically to test for 
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gestational diabetes, diabetes mellitus, and pre-diabetes (impaired fasting glucose and/or 

impaired glucose tolerance).  Diagnostically (except when testing for gestational 

diabetes), only fasting and 2 hour post-glucose drink samples are obtained and analyzed 

for blood glucose concentrations (Table 1).  The OGTT for gestational diabetes includes 

an additional sample at the 1 hour time-point.   

 

Normal 

 

Fasting glucose <6.1 mmol/L 

AND 

2 hour glucose <7.8 mmol/L 

Diagnosis of Diabetes Mellitus Fasting glucose >6.9mmol/L 

OR 

2 hour glucose >11.0mmol/L 

Diagnosis of impaired fasting 

glucose (prediabetes) 

Fasting glucose 6.1-6.9mmol/L 

AND 

2 hour glucose <7.8mmol/L 

Diagnosis of impaired glucose 

tolerance (prediabetes) 

Fasting glucose <6.1mmol/L 

AND 

2 hour glucose 7.8-11.0mmol/L 

Diagnosis of impaired fasting 

glucose and impaired glucose 

tolerance (prediabetes) 

Fasting glucose 6.1-6.9mmol/L 

AND 

2 hour glucose 7.8-11.0mmol/L 

 

Table 1 - Oral glucose tolerance test diagnostic interpretation [36]  

 

Experimentally, taking samples at periodic time points throughout the 2 hour OGTT is 

useful to create a “curve” of physiologic response to a glucose load throughout the test, 

rather than only at the end-point.  By plotting the concentration of a metabolite or 

substance of interest against time, one can compare overall exposure to a metabolite or 

substance over time, and compare in various states.  The Area Under the Curve (AUC) 

can be calculated to represent metabolite concentration throughout the entire OGTT.  
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This is useful to compare the impact of various treatments on metabolites of interest 

throughout an OGTT. 

  

1.8 Gastrointestinal Hormones and CCED 

The effects of CCED on the gastrointestinal (GI) hormones and gut microbiota are also 

very important.  The GI system is the initial point of exposure to the contents of the 

CCED, at their highest concentration.  The GI system is responsible for hormone 

communication with other tissues in the body, based on this initial exposure [37].  In the 

intestine, CCED contents interact with peptide hormones and other mediators.  These 

hormones are released in response to nutrient consumption and enter the blood stream 

[38].  A summary of GI hormones and their effects can be found in Table 2.   

 

GI Hormone Secreted from Effects 

Insulin Pancreatic β-cells Glucose uptake to skeletal muscle and 

adipose 

C-Peptide Pancreatic β-cells Involved in formation of insulin 

GLP-1 Enteroendocrine L-cells Insulinotropic, satiety 

GIP Enteroendocrine K-cells Insulinotropic, satiety 

Ghrelin Gastric fundal A cells Hunger – increase gastric motility 

PYY Enteroendocrine L-cells Delays gastric emptying, satiety 

Leptin Adipocytes Satiety 

MCP-1 Monocytes, macrophages, 

dendritic cells 

Recruits cells to sites of inflammation 

due to injury/infection 

Glucagon Pancreatic α-cells Gluconeogenesis, glycogenolysis 

 

Table 2 - Gastrointestinal hormone secretion source and effects [37, 39-43]  
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1.8.1 Incretins: GLP-1 and GIP 

Incretins are gut-derived factors responsible for post-meal insulin secretion.  The two 

main incretin hormones are glucagon-like peptide-1 (GLP-1) and gastric inhibitory 

peptide (GIP) also known as glucose-dependent insulinotropic polypeptide [37].  

Carbohydrates cause the greatest incretin secretion, although protein and fat contribute as 

well [44].  GLP-1 and GIP are both released from intestinal cells in response to a glucose 

load, in turn signalling insulin release and satiety [37].  The “incretin effect” refers to the 

fact that ingested glucose elicits a greater insulin response than an equal amount 

administered intravenously [45].  GLP-1 and GIP are responsible for 70% of postprandial 

insulin secretion [46].  GLP-1 is secreted from enteroendocrine L-cells in the jejunum, 

ileum, and colon and degraded by the enzyme dipeptidyl peptidase IV (DPP-IV) within 

minutes of its release [47].  GIP is secreted from enteroendocrine K-cells of the 

duodenum and jejunum [48].  In addition to being insulinotropic, incretins influence 

postprandial glucose disposal.  GLP-1 inhibits glucagon secretion, delays gastric 

emptying, and both GLP-1 and GIP improve peripheral insulin sensitivity [49].  

Furthermore, GLP-1 is a satiety signal.  GLP-1 secretion is diminished in insulin resistant 

individuals [38].  GIP secretion is also reduced in individuals with type 2 diabetes, due to 

downregulation of its receptor in the pancreatic beta cells and/or reduced sensitivity [50].  

GIP treatment has not been found to be an effective treatment for individuals with type 2 

diabetes due to the lack of GIP receptors in the pancreas [44]. GLP-1 receptor agonists 

and DPP-4 inhibitors have developed as a potential therapy for type 2 diabetes by 

prolonging and amplifying the effects of GLP-1.  GLP-1 treatment has been shown to 

reduce hyperglycemia in individuals with type 1 diabetes, and improve insulin sensitivity 
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while reducing fasting and postprandial glucose levels in individuals with type 2 diabetes 

[44]. 

 

GLP-1 is also stimulated by certain phytochemicals.  For instance, chronic consumption 

of yerba maté leaf, an ingredient commonly found in various CCED, by obese mice was 

associated with an increase in GLP-1 secretion, decrease in liver triglycerides and body 

mass [51].  The effect of this phytochemical in humans is unknown, but it is possible that 

other natural compounds found in CCED may stimulate GIP and GLP-1. 

 

1.8.2 Other Gut Peptides: PYY, Ghrelin, C-Peptide, Leptin, MCP-1, Glucagon 

There is a myriad of other gastrointestinal hormones which are implicated with satiety, 

insulin response and inflammation (Table 2).  The impact of caffeine and discretionary 

nutrient fortification during an oral glucose challenge on the response of these hormones 

has not been comprehensively examined.  As abnormal secretion of these peptides has 

been shown to play a role in the development of obesity and type 2 diabetes, it is 

important to gauge whether CCED consumption causes disruption to typical hormone 

response. 

 

Pancreatic peptide YY (PYY) is secreted from the enteroendocrine L-cells in response to 

lipids, protein, and carbohydrates.  It is secreted in an inactive form, and activated by 

DPP-IV [47].  Activated PYY has been found to be involved in satiation [39].  PYY 

reduces gastric emptying, inhibits the secretion of digestive enzymes, and ultimately 

controls food intake [52].  PYY concentrations are low in the fasted state and quickly rise 
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following a meal, peaking 60-90 minutes postprandial and remaining up to 6 hours [53].  

PYY has been shown to increase following decaffeinated coffee ingestion, but not 

caffeinated coffee or caffeine ingestion [54].  There has been speculation that Taste 

Receptor Type 1 Member 2 (T1r2) and Taste Receptor Type 1 Member 3 (T1r3) sweet 

taste receptors on enteroendocrine L-cells could be stimulated by non-nutritive 

sweeteners to secrete PYY, however sucralose ingestion does not affect secretion of this 

peptide [55].  Fasting levels and postprandial secretion of PYY are lower in obese adults 

and children than in non-obese [56, 57] indicating that PYY may either be involved in the 

development of obesity, or altered as a result of obesity. 

 

Ghrelin, conversely, is a gastric peptide which stimulates appetite and adiposity and 

reduces insulin secretion [58].  Ghrelin is secreted primarily from endocrine A-like cells 

of the gastric epithelium, but also from the pancreas, heart, lungs, hypothalamus and 

pituitary [59].  Ghrelin secretion increases during acute fasted states and in anorexic 

patients.  Ghrelin levels are typically diminished following a meal [41] and are typically 

33% lower than normal in obese individuals [60].  Furthermore, it is believed that ghrelin 

is implicated in GLP-1’s regulation of food intake through the translocation of the GLP-1 

receptor based on nutrient availability [59].  As both PYY and ghrelin contribute to 

hunger state and pathogenesis of diabetes, their response to glucose in the presence of 

CCED is of interest.   

 

Connecting peptide, or C-peptide, is an amino acid involved in the assembly of insulin.  It 

is a marker of insulin secretion and for this reason was crucial in developing an 
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understanding of, and distinguishing, type 1 and 2 diabetes pathophysiologies [61].  C-

peptide also has anti-oxidant, anti-apoptotic, and anti-inflammatory properties, including 

suppression of chemokines interleukin 8 (IL-8) and monocyte chemoattractant protein 

(MCP-1) [43]. 

 

Leptin is a satiety hormone, produced from adipose cells.  Leptin opposes the effects of 

ghrelin, inhibiting hunger through its actions on the central nervous system.  Positive 

correlations have been demonstrated between leptin and fasting insulin concentrations, 

implicating leptin levels with insulin sensitivity and secretion.  Leptin concentrations are 

typically higher in obese subjects, with women demonstrating higher leptin levels than 

men [40].  Despite the elevated leptin levels, obese individuals continue to overeat and 

gain weight [59].  While the use of leptin as a potential obesity treatment has been 

explored, administration to obese individuals results in no reduction to body weight or 

food intake, despite high circulating concentrations, indicating a resistance to leptin in 

these individuals [62].  An exception to this is found in individuals with congenital leptin 

deficiency, due to mutations in the leptin gene.  This condition is extremely rare, with 

only 20 patients identified with this condition to date, worldwide [63].  These individuals 

are identified by childhood-onset morbid obesity and extremely low serum leptin 

concentrations.  Paz-Filho et. al [63] treated four patients with congenital leptin 

deficiency for 10 years with leptin replacement therapy and mean BMI changed from 

51.2±2.1 kg/m2 to 26.9±2.1 kg/m2 in 18 months and remained stable, demonstrating the 

efficacy of leptin replacement as a treatment for this form of human obesity.  The 

efficacy of leptin replacement therapy to treat congenital leptin deficiency has also been 
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demonstrated in a child in Canada [64].  Leptin receptors are also present in 

enteroendocrine L cells and stimulate the release of GLP-1 [59]. 

 

High blood glucose levels have been shown to induce an inflammatory response.  

Monocyte chemoattractant protein (MCP-1) is one of the inflammatory mediators which 

is upregulated by elevated glucose levels and plays a role in initiating signal cascades 

involved in monocyte recruitment [65, 66].  Plasma MCP-1 levels are higher in obese 

adults and children than in lean controls, correlated with visceral adipocytes [67].  MCP-

1 signalling induces adipogenesis, and is involved in angiogenesis of endothelial cells, 

contributing to the growth of adipocytes [68, 69].  MCP-1 levels are elevated in 

individuals with type 2 diabetes [70].   

 

Glucagon is a glucoregulatory hormone released from the pancreas in a fasted state.  

Glucagon levels are high in a fasted state and decline postprandially.  Individuals with 

type 2 diabetes have abnormally high levels of postprandial glucagon, which may 

contribute to impaired glucoregulation, as hyperglucagonemia is associated with 

hyperglycemia and hyperinsulinemia [42]. 

 

1.8.3 Non-Nutritive Sweeteners 

Many CCED contain calorie-free, artificial sweeteners such as sucralose and acesulfame-

K [13].  Animal research has found that non-nutritive sweeteners are metabolically active 

in the gastrointestinal tract, via sweet taste receptors on the L cells of the gut mucosa, 

which secrete GLP-1 and pancreatic peptide YY (PYY) [71].  Ma et al. [72] found no 
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influence of intragastric infusion of sucralose on insulin, GLP-1, or GIP release in 

healthy humans.  However, Brown et al. [73] administered an OGTT following 

consumption of diet, caffeine-free soda or carbonated water and found that GLP-1 peak 

and AUC were much higher following ingestion of the diet soda, than carbonated water, 

with glucose and insulin levels not significantly different.   

 

A recent study by Sylvetsky et al. [74] examined the effect of caffeine-free diet cola, diet 

Mountain Dew, and soda water containing sucralose and acesulfame-potassium (in 

concentrations equal to the cola) on GLP-1, glucose, and insulin levels throughout an 

OGTT in healthy adults.  They found that both diet sodas resulted in elevated GLP-1 

levels throughout the OGTT, but the non-nutritive sweetener in water did not elicit the 

same response.  Insulin AUC was slightly elevated in all trials and glucose levels were 

unaffected.  The authors postulate that the taste of the diet soda or other active ingredients 

may be responsible for stimulating GLP-1 secretion.  The authors also acknowledge that 

acesulfame-potassium activates bitter-taste receptors in low doses.  This suggests that 

artificial sweeteners in the presence of glucose enhance GLP-1 release, but perhaps not 

independently and not in all conditions. 

 

1.9 Caffeine Metabolism 

Cytochrome P450 is a superfamily of hepatic cytochrome enzymes responsible for the 

metabolism of various drugs.  CYP1A1 and CYPA12 are abundant enzymes of the P450 

system and are largely responsible for caffeine metabolism [75].  It is believed that 

CYP1A1 and CYP1A2 are co-regulated.  CYP1A2 is considered the main enzyme 
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involved in caffeine metabolism, whereas the role of CYP1A1 in caffeine metabolism is 

unknown [75].   

 

Caffeine is metabolized into paraxanthine, theobromine, and theophylline by the 

cytochrome P450 system (Figure 2).  The CYP1A2 gene codes the rate-limiting enzyme 

of caffeine metabolism, P450 1A2.  Recent research indicates that caffeine clearance rate 

can be affected by various polymorphisms to this gene.  There are three possible 

genotypes for the CYP1A2 gene; AA, AC, and CC.  The AA genotype indicates fast 

caffeine metabolism.  Carriers of the C allele - AC and CC genotypes - are slow 

metabolizers and are therefore exposed to caffeine’s effects on glucose metabolism for 

longer [76, 77].   
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Figure 2 - Caffeine metabolites in humans (adapted from O. Alharbi) [78].  Caffeine 

is metabolized into paraxanthine, theobromine, and theophylline through the cytochrome 

P450 system.  Approximate human metabolism of caffeine to metabolites by percentage 

shown here. 

 

1.10 Genetics 

Single nucleotide polymorphisms (SNPs) are variations at a single position in a DNA 

sequence, resulting in the possibility of one of two or more different alleles being present 

at a particular base position.  SNPs and resulting DNA variations can contribute to higher 

individual risk of certain conditions, and well as altered response to drugs.  Global minor 

allele frequency (GMAF) refers to the frequency at which the least common allele occurs 

in a particular population.  If GMAF is greater than 1% of the population, it is considered 

a SNP.  A summary of SNPs related to caffeine consumption and metabolism is 

presented in Table 3. 
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Figure 3 - Induction of CYP1A1 and CYP1A2 by xenobiotic AHR complex (adapted 

from P. Sulem) [79]. AhR, a ligand-activated transcription factor couples to ARNT to 

regulate transcription of CYP1A1 and CYP1A2. 

 

AHR is a gene which encodes the aryl hydrocarbon receptor (AhR).  AhR is a ligand-

activated transcription factor which couples with another factor, ARNT, to regulate the 

expression of CYP1A1 and CYP1A2 [80].  AHR regulation is therefore also implicated in 

xenobiotic metabolism through the induction of CYP1A1 and CYP1A2 [79]. 

 

There are several SNPs of interest which play a role in caffeine consumption habits and 

metabolism through regulation of CYP1A1, CYP1A2 and AHR.  The primary SNPs 

relevant to this thesis are as follows (Figure 4): 
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SNP   Role Action GMAF Expected Genotypes (n=100) 

rs762551 

[12] 
CYP1A2  

Caffeine 

metabolism 
0.352 

12   (CC) – slow metabolism 

46   (AC) – slow metabolism 

42   (AA) – fast metabolism 

rs4410790 

[81] 
AHR 

Caffeine 

consumption 
0.490 

26    (TT) – decreased consumption 

50    (CT) – typical consumption 

24    (CC) – increased consumption 

rs2470893 

[81] 
CYP1A1/2 

Caffeine 

consumption 
0.310 

47    (CC) – decreased consumption 

43    (TC) – typical consumption 

10    (TT) – increased consumption 

rs2472297 

[79] 
CYP1A1/2 

Caffeine 

consumption 
0.260 

54   (CC) – regular consumption 

39   (TC) – increased consumption 

7     (TT) – increased consumption 

rs2472299 

[82] 
CYP1A2 

Caffeine 

consumption 
0.270 

7     (AA) – decreased consumption 

40   (GA) – decreased consumption 

53    (GG) – increased consumption 

 

Table 4 - SNPs implicated in caffeine consumption and metabolism through 

regulation of CYP1A1, CYP1A2, and AHR.  Genotypes of each SNP are involved in 

caffeine metabolism rate and consumption.  GMAF and expected number of people out 

of 100 indicated for each genotype. 

 

1.10.1 rs4410790 

Cornelis et al. [80] conducted a genome-wide meta-analysis of habitual caffeine 

consumption of nearly 50,000 Americans of European descent.  The strongest association 

this study identified was between caffeine consumption and SNP rs4410790.  This SNP is 

associated with the aryl hydrocarbon receptor (AhR) and therefore involved in inducing 

CYP1A1 and CYP1A2 transcription.    
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1.10.2 rs2470893 

In the same genome-wide meta-analysis by Cornelis et al. [80] described above, the 

second strongest association identified was between caffeine consumption and SNP 

rs2470893.  This SNP is found within a promotor region for both CYP1A1 and CYP1A2 

(a “bidirectional promotor”) which indicates involvement in transcription activation of 

both genes. 

 

1.10.3 rs2472297 

A similar genome-wide meta-analysis was performed by Sulem et al. [79] on over 10,000 

individuals from six populations of European descent (in Europe and the USA).  They 

found a significant association between the individuals with SNP rs2472297-T and coffee 

consumption.  They concluded that the effect of the T allele was an increase of 0.2 cups 

per day per allele.  This SNP is also located between CYP1A1 and CYP1A2 genes.  The 

authors of this study postulate that rs2472297-T allows individuals to consume a higher 

amount of coffee as they metabolize caffeine at a greater rate due to increased CYP1A1 

and CYP1A2 activity. 

 

1.10.4 rs2472299 

Rodenburg et al. [82] found that SNP rs2472299-G is also linked to increased coffee 

consumption, through regulation of CYP1A2.  Individuals homozygous for the A allele 

and heterozygous drank -0.34 and -0.19 cups per day less than in individuals 

homozygous for the G allele, respectively.  Furthermore, the study found that rs2472299 

linked with rs762551, sex, age and smoking status contributes to coffee consumption. 
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1.10.5 rs762551 

rs762551 is the most studied SNP in relation to caffeine metabolism.  The genotype an 

individual expresses for this particular SNP dictates the rate at which CYP1A2 

metabolizes caffeine.  rs762551-A is known to increase CYP1A2 enzyme activity, 

whereas the C allele decreases enzyme activity [83, 84].  

 

A recent study by Palatini et al. [85] examined the relationship between coffee 

consumption and fasting glucose concentrations in 639 never treated patients screened for 

stage 1 hypertension, and furthermore, how this varies based on CYP1A2 genotype.  The 

study found that impaired fasting glucose was more prevalent among those who drink 

coffee than those who abstain.  Furthermore, this association was stronger in carriers of 

the C allele, especially in heavy coffee consumers, which could implicate a genetic 

influence on caffeine’s effect on glucoregulation.  

 

It has yet to be examined if variations in the expression of this gene are responsible for 

increased or diminished severity of insulin resistance due to CCED consumption.  

 

1.11 Rationale 

Adolescent rates of obesity in Canada continue to increase at concerning rates, 

predisposing these children to increased risk of developing chronic comorbidities.  Once 

these conditions onset, they are likely to persist through adulthood.  Adolescents are 

targeted consumers of CCED, and are consuming these products at alarming rates.  

Despite this, little is known of potential deleterious metabolic effects of this potentially 
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high-risk activity.  As detrimental effects of simultaneous caffeine and carbohydrate 

consumption on glucoregulation have been established in adults, it could be predicted 

that CCED consumption by adolescents is also detrimental.  It is imperative that we 

establish the effect of discretionally-fortified and caffeine-containing energy drink 

consumption on insulin resistance and gut peptide response in adolescents.  Chronic 

consumption of CCED could introduce metabolic disruptions which put vulnerable 

adolescents at higher risk of developing chronic metabolic disease.  Additionally, the 

discovery of any detrimental genetic predisposition to caffeine-induced metabolic 

response could indicate a need for individualized risk assessment. 

 

1.12 Research Question 

What are the metabolic impacts of acute CCED consumption on glucose tolerance and 

satiety hormone response in male and female participants aged 13-19 years and how are 

these responses influenced by genetic variance? 

 

1.13 Specific Aims 

1.13.1 Aim I 

To examine the metabolic impacts of acute CCED consumption on glucose tolerance and 

insulin sensitivity index in adolescents during a standard oral glucose tolerance test. 

 

1.13.2 Aim II 

To examine the impacts of acute CCED consumption on gut peptide responses in 

adolescents during a standard oral glucose tolerance test. 
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1.13.3 Aim III 

To examine whether the severity of caffeine-induced disruption to glucoregulation is 

influenced by genetic variance. 

 

1.14 Hypothesis 

It was hypothesized that CCED consumption followed by an oral glucose tolerance test 

would disrupt glucoregulation and alter gut peptide secretion.  Furthermore, the degree of 

these changes would be determined by individual genotype.  Specifically, it was 

anticipated that: 

1.  Insulin levels during the OGTT would rise from caffeinated CCED consumption.  

This would be associated with a rise in glucose concentration, indicating acute 

insulin resistance.  Typical insulin and glucose response would be seen following 

decaffeinated CCED and placebo treatments. 

2. Gastrointestinal peptide secretions throughout the OGTT would be greater 

following consumption of the discretionally-fortified caffeinated and 

decaffeinated CCED than placebo. 

3. Acute CCED-induced insulin resistance would be exaggerated in genetically slow 

caffeine metabolizers. 
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CHAPTER 2: ACUTE IMPAIRED GLUCOREGULATION AND DISRUPTED 

GASTROINTESTINAL HORMONE SECRETION IN ADOLESCENTS IN 

RESPONSE TO CAFFEINE-CONTAINING AND NUTRITIONALLY 

FORTIFIED “ENERGY SHOTS”. 

 

2.1 INTRODUCTION  

 

Diabetes is a worldwide epidemic, growing at alarming rates due to population growth, 

aging, and increased rates of obesity and limited physical activity.  It is estimated that 

366 million people worldwide will be living with diabetes by the year 2030 [86].  Data 

from 2009-2011 using World Health Organization criteria found that 19.8% of Canadian 

children aged 5-17 were overweight, and 11.7% were obese [87].  Although still not 

common in pediatrics, type 2 diabetes is being diagnosed at much earlier ages today [88].  

A Canadian study revealed a minimum incidence of 1.54 cases of type 2 diabetes per 

100,000 children under 18 years old, although this rate varies regionally across the 

country [89].  Chronic hyperinsulinemia and impaired glucose disposal are both 

implicated with the development of type 2 diabetes and cardiovascular disease, among 

other chronic conditions [7-10].  

 

Caffeine-containing energy drinks (CCED) and small format energy “shots” are marketed 

to reduce fatigue, increase energy and alertness [13].  Along with caffeine, these 

beverages typically contain large amounts of sugar or non-nutritive sweeteners, and are 

discretionally fortified with a variety of other active ingredients, including vitamins, 
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amino acids, and antioxidant compounds [4].  Fortified food consumption has been 

inversely associated with intake of fruit, vegetables, meat, milk products, vitamins and 

minerals, and positively associated with dietary energy density, total energy intake and 

carbohydrate consumption [23].  Furthermore, caffeine-containing and nutritionally-

fortified beverages may be especially harmful for children, whose lower body masses 

may expose them to caffeine and nutrient concentrations above the upper tolerable limits 

[11]. 

 

Sales of caffeine-containing and discretionally fortified energy drinks and shots have 

been increasing exponentially [5], and are being consumed by adolescents and young 

adults at alarming rates [14].  CCED are known to promote obesity [16], likely impair 

insulin sensitivity [6] and cause sleep disturbances in adolescents [17].  Consumption of 

energy drinks is also associated with a number of unhealthy lifestyle and dietary choices 

in adolescents [18].  It is well accepted that co-administration of a large carbohydrate 

load and caffeine impairs whole-body glucose disposal in adults [6].  Caffeine 

administration interferes with the actions of insulin and acute caffeine consumption 

combined with a glucose load results in hyperinsulinemia as well as impaired whole-body 

glucose disposal [27].  Regular consumption of CCED may contribute to behaviours and 

metabolic disturbances which could be expected to significantly increase the risk of 

metabolic disease of individuals and the population. 

 

In Canada, one in three adolescents is considered overweight or obese [1].  Obese 

children have a greater risk of developing chronic conditions such as heart disease and 
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type 2 diabetes [2], and these conditions are typically initiated in childhood.  Despite the 

fact that marketing of CCED and shots directly targets adolescents, no data exists of their 

metabolic response to these beverages.  It is possible that chronic energy drink or shot 

consumption, and its associated metabolic disruptions could predispose adolescents to the 

development of chronic metabolic disease, including type 2 diabetes later in life. 

 

Furthermore, caffeine metabolism is highly individual, and genetically determined.  

There are several genetic variants or SNPs which relate to caffeine intake habits as well 

as metabolism rate [79, 81, 82, 90].  Individuals who are genetically slow metabolizers 

would have higher concentrations of caffeine circulating for a particular dose of caffeine 

compared with a fast metabolizer. 

 

This randomized, crossover study was conducted to investigate the metabolic impact of 

caffeine-containing, nutrient-fortified energy “shots” in adolescents, who represent a 

vulnerable population, and the target market of the products.  Furthermore, genetic 

impact on metabolic disturbances was examined. 

 

2.2 METHODS 

2.2.1 Study Subjects 

This study was approved by the Conjoint Health Research Ethics Board at the University 

of Calgary (Appendix A). Twenty (10 males, 10 females) adolescents aged 13-19 years 

without underlying medical conditions, supplement, or medication intake affecting 

glucose tolerance, and without phenylketonuria or known caffeine allergies were invited 
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to participate.  Subjects were recruited to participate in this study through advertisements 

posted at the University of Calgary and the Alberta Children’s Hospital and through word 

of mouth. 

 

2.2.2 Experimental Design 

After informed consent was obtained, basic demographic information was obtained and 

questionnaires were self-administered to collect information regarding physical activity 

levels, caffeine consumption habits, family ancestry and medical history (Included in 

Appendix C and D). The Paffenbarger Physical Activity Questionnaire [91] was 

employed to establish an activity level for each participant.  Energy expenditure of <2000 

kcal/week was considered “Low Activity”, 2000-4000 kcal/week was considered 

“Moderately Active”, and >4000 kcal/week was considered “Highly Active”.  

Anthropometric measures including height, weight, waist circumference, and body fat 

determination via dual- energy X-ray absorptiometry were collected. 

 

Each participant completed three trials in a randomized and double-blind fashion, each 

trial separated by 1-4 weeks.  Participants arrived at the Human Performance Laboratory 

at the University of Calgary on the day of each trial following a 24 hour abstention from 

caffeine and vigorous exercise and an overnight fast (10-12 hour) to undergo a modified 

oral glucose tolerance test (OGTT).  Upon arrival, participants were given a brief 

questionnaire to screen for conditions that may exclude them from the blood draw.  After 

confirming compliance, an indwelling catheter was inserted into an antecubital vein and a 

fasting blood sample was collected (time: minus 40min).  Immediately after, the 
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treatment drink of caffeine-free energy shot, 5-hour ENERGY Decaf (DECAF), caffeine-

containing energy shot, 5-hour ENERGY Original (CAFF) or water (PLACEBO) was 

consumed (5mg/kg CAFF; DECAF and PLACEBO volume-matched) (Table 3).  Trial 

order was randomly assigned by a computer-generated randomizing program.  

Treatments were identified as A, B, or C, with only the study coordinator un-blinded.  

Participants, research assistants, and the research nurse performing the OGTT were 

blinded throughout the trial.  40 minutes after treatment consumption, a second blood 

sample was taken (time: 0 min), immediately followed by the ingestion of a glucose drink 

(1.75g/kg body weight Trutol, to a maximum of 75g).  Additional blood samples were 

drawn at 30, 45, 60, 90, and 120 min. 
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5-hour ENERGY Original 5-hour ENERGY Decaf 

Ingredient Amount %Daily 

Value 

Ingredient Amount %Daily 

Value 

Vitamin B6 

Folic Acid 

Vitamin B12 

Sodium  

Niacin 

Energy Blend  

-Taurine 

-Glucuronic Acid 

-Malic Acid 

-N-Acetyl L-

Tyrosine 

-L-Phenylalanine 

-Caffeine 

-Citicoline 

40mg 

400mcg 

500mcg 

18mg 

30mg 

1870mg 

2000% 

100% 

8333% 

<1% 

150% 

Not  

established 

Vitamin B6 

Folic Acid 

Vitamin B12 

Sodium 

 

Energy Blend 

-Taurine 

-Choline  

-Glucuronic Acid 

-N-Acetyl L-

Tyrosine 

-L-Phenylalanine 

-Malic Acid 

-Caffeine (6mg)) 

40mg 

400mcg 

500mcg 

18mg 

 

2009mg 

2000% 

100% 

8333% 

<1% 

 

Not 

established 

Other Ingredients: 

-Purified Water 

-Natural and Artificial Flavors 

-Sucralose 

-Potassium Sorbate 

-Sodium Benzoate 

-EDTA 

Other Ingredients: 

-Purified Water 

-Natural and Artificial Flavors 

-Sucralose 

-Potassium Sorbate 

-Sodium Benzoate 

-EDTA 

Table 3 - 5-hour ENERGY Original and 5-hour ENERGY Decaf ingredient profile 

 

2.2.3 Blood Analysis 

At each time point, blood was collected in a vacutainer treated with EDTA (BD 

Vacutainer®) and placed on ice immediately for later glucose analysis via glucose 

oxidase method using a colorimetric assay (Cayman Chemical Company, Ann Arbor, 

Michigan, USA).  Blood glucose levels were also recorded at each time-point using a 

glucometer.  These values were not used in the analysis, but to ensure safe pre- and post-

OGTT blood glucose concentrations in case of hypoglycemia requiring treatment, and in 

case of errors or suspected errors in the glucose oxidase assay.  In addition, EDTA tubes 



 

30 

were treated with diprotinin-A (0.034g/L blood; MP Biomedicals), sigma protease 

inhibitor (1g/L blood; Sigma Aldrich), and Roche Pefabloc (1g/L of blood) for analysis 

of gut peptides.  After blood collection, samples were centrifuged at 3000rpm for 15 

minutes, supernatant collected and frozen at -80°C for later determination of metabolic 

hormones.  A total of nine metabolic hormone biomarkers were simultaneously 

quantified via Human Metabolic Array 9-Plex (Eve Technologies Corp, Calgary, AB, 

Canada).  The multiplex assay was performed at Eve Technologies by using the Bio-

Plex™ 200 system 9Bio-Rad Laboratories, Inc., Hercules, CA, USA), and a Milliplex 

Human Metabolic Hormone kit (Millipore, St. Charles, MO, USA) according to their 

protocol.  The 9-Plex consisted of C-Peptide, ghrelin, glucose-dependent insulinotropic 

peptide (GIP), glucagon-like peptide-1 (GLP-1) (active), glucagon, insulin, leptin, 

monocyte chemo attractant protein 1 (MCP-1), and pancreatic polypeptide YY (PYY) 

(total).  The assay sensitivities of these markers range from 0.6-87pg/mL. 

 

2.2.4 DNA Analysis 

All participants ejected 5mL of saliva into a tube for genetic analysis (Oragene, DNA 

genotek).  Immediately following collection, tubes were sealed and stored, until 

shipment.  Comprehensive genotyping (933 202 SNP Chip, Illumina OmniExpress Plus 

Genotyping BeadChip, 23andMe) for polymorphisms at defined loci was conducted. 
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2.2.5 Statistical Analysis 

All analyses were done using IBM SPSS (version 22).  Descriptive statistics are 

presented as mean and standard deviation (SD) for numerical/continuous variables and 

percentages for categorical variables. 

 

Area under the curve (AUC) for serial measurements of glucose and gut peptides during 

the two hour OGTTs (time: 0-120 min) was calculated using the trapezoidal method.  

AUC values are presented as mean and standard error of the mean (SEM).  Repeated 

measures ANOVA for parametric data and Friedman’s Test for non-parametric data were 

employed, as applicable, to identify whether or not treatments (CAFF, DECAF, 

PLACEBO) affected AUC.  If data violated the assumptions of sphericity, a Greenhouse 

Geisser correction was utilized.  Wilcoxon signed-rank test was used for pairwise 

comparisons when treatment effects were identified from Friedman’s Test.  Where 

significant treatment effects were found, post hoc tests using a Bonferroni correction 

identified which treatments significantly affected AUC (p<0.05 considered significant). 

 

To examine genetic influence on glucose response, an “allele score” was calculated for 

each participant.  A total of five genes involved in caffeine metabolism and consumption 

behaviours were assessed as previously described.  Individual genotypes were scored for 

AHR, CYP1A1, and CYP1A2 genes (SNPs: rs4410790, rs2470893, rs2472297, 

rs2472299, and rs762551) and total allele scores were assigned for each subject.  For 

each gene, scores of 0, 1, and 2 were assigned to each genotype as previously described 

by Nordestegaard et al. [92].  Allele scores of low (1-5) or high (6-10) were assigned.  
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Independent samples t-test or Mann-Whitney U-test, as applicable were applied to 

explore if the Insulin Sensitivity Index, HOMA-IR, insulin or glucose AUC % change 

from DECAF to CAFF and PLACEBO to CAFF treatment was significantly different 

based on allele score. 

 

2.3 Results 

A total of twenty adolescents (10 male; 10 female) participated in this study, and all 

completed all three trials between December 2014 and May 2015.  A multiple variable 

regression was run to determine influence of gender, age, and BMI z-score on primary 

outcomes between DECAF and CAFF treatments.  There were no significant gender, age, 

or BMI z-score effects on glucose AUC (F=2.142, p=0.135, R2=0.287) or insulin AUC 

(F=0.487, p=0.696, R2=0.084) so data from all participants was pooled.  All participants 

reported exercising regularly with 40% of participants exercising 2-4 days a week and the 

remaining 60% exercising 5-7 days a week.  95% (n=19) of participants were scored as 

being “highly active” based on survey scores, while the remaining participant was 

considered “low activity” based on survey scores.  85% of participants (n=17) reported 

that they consume caffeine (Survey summary in Appendix C).  Subject characteristics are 

show in Table 4. 
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 Mean (SD) Range 

Age (years) 17.0 (2.2) 13.4 - 19.9 

Gender 10M;10F  

BMI (kg/m2) 22.6 (4.4) 13.6 - 31.5 

BMI z-score 0.25 (1.15) -0.93 - 2.17 

Body fat % 20.3 (5.6) 11.0 - 30.8 

Body lean % 

Waist Circumference (cm) 

76.3 (5.5) 

76.8 (10.5) 

65.9 - 85.2 

61.0 - 102.9 

Ethnicity % Caucasian 90% 

Black 5% 

Chinese 5% 

 

Fasting blood glucose (mmol/l) 4.53 (0.40) 3.82 – 5.2 

Fasting insulin (pmol/l) 89.94 (44.9) 31.37 – 180.9 

Table 4 - Subject characteristics reported as mean (SD) and range or proportion.   

 

2.3.1 Effect on Blood Glucose Control: 

Glucose and Insulin OGTT curves are shown in Figures 5 and 6.  There was a significant 

treatment effect on glucose AUC (p<0.05) (Figure 7).  Post hoc tests revealed no 

significant difference between PLACEBO and other treatments on glucose AUC, 

however CAFF treatment resulted in a significantly increased glucose AUC, when 

compared with the DECAF treatment (p<0.05).  
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Figure 5 Glucose OGTT Curve - Data represents 20 subjects, mean±SEM plasma 

glucose changes with time over OGTT.  Treatment beverage consumed at -40 min, 

OGTT initiated at 0 min. *Significant treatment effect at given time-point. 

 

Figure 6 Insulin OGTT Curve - Data represents 20 subjects, mean±SEM plasma insulin 

changes with time over OGTT.  Treatment beverage consumed at -40 min, OGTT 

initiated at 0 min. *Significant treatment effect at given time-point. 
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Figure 7 – Glucose AUC significant 

treatment effect on Glucose AUC 

(p=.000) with significant difference 

between DECAF and CAFF treatments 

(p=.000).  (n=20) 

 

Figure 8 – Insulin AUC significant 

treatment effect on Insulin AUC 

(p=.000) with significant difference 

between PLACEBO and DECAF 

(p=.006) and PLACEBO and CAFF 

(p=.003).  (n=20) 

 

 

A significant treatment effect was also found on insulin AUC (p<0.05) (Figure 8).  

Although mean insulin AUC was higher following CAFF treatment than DECAF, the 

difference was not statistically significant (p=0.084).  However, significant increases in 

insulin AUC following both CAFF and DECAF treatments were found, when compared 

with placebo treatment (p<0.05 for both). 

 

Insulin Sensitivity Index (ISI) was also significantly affected by treatments (p<0.05).  ISI 

was significantly lower following CAFF treatment, when compared with PLACEBO 

(p<0.05) indicating a higher degree of insulin resistance due to CAFF (mean 5.07 vs 6.7, 

with insulin resistance indicated for ISI less than or equal to 2.5). 
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The Homeostatic Model Assessment of Insulin Resistance (HOMA-IR), a measure of 

insulin resistance calculated from fasting values, also experienced significant treatment 

effects (p<0.05), with HOMA-IR values significantly lower for PLACEBO trials than 

DECAF and CAFF (p<0.05 for both). 

 

2.3.2 Effect on Gastrointestinal Hormone Secretion: 

A summary of all hormone results is presented in Table 5. 
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Metabolic 

Hormone 

Treatment AUC Mean (SEM) p-value Pairwise 

Comparison 

Post Hoc 

Sig. 

Glucose 

mmol/l/120min 

(n=20) 

PLACEBO 

DECAF 

CAFF 

603.7 (25.5) 

556.9 (26.8) 

683.8 (31.4) 

p=.000* placebo, decaf 

placebo, caff 

decaf, caff 

p=.332 

p=.063 

p=.000* 

Insulin 

pmol/l/120min 

(n=20) 

PLACEBO 

DECAF 

CAFF 

31,094.6 (2,621.7) 

42,437.2 (4,711.1) 

52,324.5 (7,371.2) 

 

p=.000* 

placebo,decaf 

placebo,caff 

decaf,caff 

p=.006* 

p=.003* 

p=.084 

Ghrelin 

pg/ml/120min 

(n=20) 

PLACEBO 

DECAF 

CAFF 

4,872.3 (555.2) 

5,208.2 (519.2) 

5,173.6 (615.3) 

 

p=.632 

  

PYY 

pg/ml/120min 

(n=18) 

PLACEBO 

DECAF 

CAFF 

5,207.9 (437.3) 

7,530.1 (868.4) 

7,771.1 (864.2) 

 

p=.001* 

placebo,decaf 

placebo,caff 

decaf,caff 

p=.004* 

p=.005* 

p=1.00 

Leptin 

pg/ml/120min 

(n=20) 

PLACEBO 

DECAF 

CAFF 

509,568.0 (74,169.1) 

536,471.8 (72,667.4) 

489,282.6 (67,250.3) 

 

p=.498 

  

MCP-1 

pg/ml/120min 

(n=19) 

PLACEBO 

DECAF 

CAFF 

6,172.9 (526.5) 

5,910.8 (368.5) 

5,943.7 (472.9) 

 

p=.755 

  

GIP 

pg/ml/120min 

(n=20) 

PLACEBO 

DECAF 

CAFF 

2,163.5 (418.4) 

2,960.6 (565.8) 

3,003.4 (517.0) 

 

p=.212 

  

GLP-1 

pmol/l/120min 

(n=19) 

PLACEBO 

DECAF 

CAFF 

272.4 (32.6) 

407.0 (47.8) 

383.2 (40.4) 

 

p=.000* 

placebo,decaf 

placebo,caff 

decaf,caff 

p=.000* 

p=.007* 

p=1.000 

Glucagon 

ng/l/120min 

(n=10) 

PLACEBO 

DECAF 

CAFF 

2,354.2 (294.5) 

3,085.8 (508.1) 

2,963.2 (347.7) 

 

p=.045* 

placebo,decaf 

placebo,caff 

decaf,caff 

p=.015* 

p=.141 

p=1.00 

C-Peptide 

nmol/l/120min 

(n=14) 

PLACEBO 

DECAF 

CAFF 

100.1 (6.4) 

115.0 (7.2) 

120.1 (6.7) 

 

p=.002* 

 

placebo,decaf 

placebo,caff 

decaf,caff 

p=.051 

p=.009* 

p=.880 

Table 5 - Metabolic hormone AUC response to treatments 

 

PYY AUC differed significantly between treatments (p<0.05) (Figure 9), with AUC 

significantly higher during CAFF and DECAF treatments than PLACEBO (p<0.05, for 

both).  Significant treatment effects were evident in GLP-1 AUC (p<0.05) (Figure 10).  

GLP-1 AUC was significantly higher following both CAFF and DECAF consumption, in 
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comparison with PLACEBO (p<0.05, for both).  Glucagon AUC was subject to 

significant treatment effects (p<0.05) (Figure 11) with higher AUC following DECAF 

when compared with PLACEBO (p<0.05).  There were significant treatment effects on 

C-Peptide AUC (p<0.05) (Figure 12) with higher AUC following CAFF treatment than 

PLACEBO (p<0.05).  No significant treatment effects were found for ghrelin, leptin, 

MCP-1, or GIP AUC (p=0.632, p=0.498, p=0.755, and p=0.212). 
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Figure 9 – PYY AUC significant 

treatment effect on PYY AUC (p=.001) 

with significant difference between 

PLACEBO and DECAF (p=.004) and 

PLACEBO and CAFF (p=.005). (n=18) 

 

 

Figure 10 – GLP-1 AUC significant 

treatment effect on GLP-1 AUC 

(p=.000) with significant difference 

between PLACEBO and DECAF 

(p=.000) and PLACEBO and CAFF 

(p=.007). (n=19) 

 

Figure 11 – Glucagon AUC significant 

treatment effect on GLUCAGON AUC 

(p=.045) with significant difference 

between PLACEBO and DECAF 

(p=.015). (n=10) 

 

 

Figure 12 - C-Peptide AUC significant 

treatment effect on C-Peptide AUC 

(p=.002) with significant difference 

between PLACEBO and CAFF 

(p=.009). (n=14)
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2.3.3 Genetics:   

Four of the five SNPs studied were found to be within the rules of Hardy-Weinburg 

Equilibrium as assessed by chi square goodness of fit analysis with 2 degrees of freedom.  

However, due to the small sample size and low frequencies of genotypes observed for 

certain SNPs, the chi square approximation may not be accurate. 

 

As the largest and most consistent disruption to glucoregulation was observed between 

PLACEBO and CAFF, these treatments were further analyzed to determine if genetics 

influence the severity of caffeine-induced insulin resistance.  As described by 

Nordestegaard et al. [92], an allele score was determined, based on individual genotypes 

for five relevant SNPs (Table 6).  Based on this score, participants were described as 

having a low allele score (0-5) or high allele score (6-10).  Higher scores were assigned 

for genotypes of SNPs which indicate fast caffeine metabolism and high caffeine 

consumption.  Therefore, a low total allele score is representative of slow caffeine 

metabolism and a high total allele score is representative of fast caffeine metabolism, 

based on five SNPs of interest.  Nine (45%) participants had a low allele score and eleven 

(55%) had a high allele score.   

 

 

 

 

 



 

41 

Gene SNP Genotype Allele score n  

AHR rs4410790 TT 

CT 

CC 

0 

1 

2 

2 

11 

7 

 

CYP1A1/2 rs2470893 CC 

TC 

TT 

0 

1 

2 

9 

10 

1 

 

CYP1A1/2 rs2472297 CC 

TC 

TT 

0 

1 

2 

12 

8 

0 

 

CYP1A1 rs2472299 AA 

GA 

GG 

0 

1 

2 

3 

5 

12 

 

CYP1A2 rs762551 CC 

AC 

AA 

0 

1 

2 

3 

5 

12 

 

Allele Score Low 

High 

1-5 

6-10 

9 

11 

 

Table 6 - Caffeine related genes, genotypes and allele scores.  As described by 

Nordestgaard [92].  Low allele score represents combination of genotypes contributing to 

slow caffeine metabolism; high allele score represents combination of genotypes 

contributing to fast caffeine metabolism. 

 

A summary of insulin and glucose AUC, ISI and HOMA-IR results based on allele scores 

is presented in Table 7.   

Mean (SEM) CAFFEINE PLACEBO 

Allele Score Low (1-3) High (4-6) Low (1-3) High (4-6) 

Insulin AUC 49150.9 

(11417.2) 

54921.1 

(10044.0) 

35648.78 

(3937.3) 

27368.4 

(3242.1) 

Glucose AUC 617.2 (40.4) 738.2 (40.9) 612.9 (25.6) 596.2 (42.5) 

ISI 5.67 (1.26) 4.58 (0.50) 6.65 (0.82) 9.96 (1.29) 

HOMA-IR 3.04 (0.57) 2.58 (0.44) 1.96 (0.34) 1.31 (0.22) 

Table 7 – Glucoregulatory factor AUCs for high and low allele scores insulin AUC 

(pmol/L*120min); glucose AUC (mmol/L*120min); Matsuda Index and HOMA-IR for 

high and low allele scores following CAFF and PLACEBO treatments. 

 

Surprisingly, individuals with high allele scores (representative of fast metabolism of 

caffeine) had significantly elevated glucose and insulin concentrations as well as 



 

42 

impaired insulin sensitivity throughout the OGTT than individuals with a low allele 

score, as determined by the percent change in insulin and glucose AUC as well as the raw 

change in insulin sensitivity index (p=0.040, p=0.021, p=0.019, respectively) between 

PLACEBO and CAFF treatments (Table 8).  This contradicted the hypothesis that slow 

metabolizers, or individuals with a low allele score would see greater insulin resistance 

than fast metabolizers.  As co-administration of caffeine and a carbohydrate load is 

known to cause insulin resistance, it was hypothesized that slow metabolizers would have 

exaggerated insulin resistance as they are exposed to caffeine and its effects for longer 

before it is metabolized.  Glucose OGTT curves for high and low allele scores are 

represented in Figures 13 and 14, respectively.  Insulin OGTT curves for high and low 

allele scores are represented in Figures 15 and 16, respectively.  The percent increase 

between treatments by allele score is represented in Figure 17. 

 

Mean (SEM) Change from Placebo to 

Caffeine 

p-value 

Allele Score Low (1-3) High (4-6)  
Insulin (%Δ) +37.2 (20.3) +102.3 (21.1) .040* 

Glucose(%Δ) +0.95 (5.5) +27.9 (8.5) .021* 

Matsuda Index 

(Δ) 

-1.0 (1.3) -5.4 (1.1) .019* 

HOMA-IR (Δ) +1.1 (0.5) +1.3 (0.3) .760 
Table 8 – Glucoregulatory changes from placebo to caffeine for high and low allele 

scores mean changes between placebo and caffeine treatments in insulin and glucose 

AUC (%), Matsuda Index, and HOMA-IR compared between low and high allele score 

groups. 
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Figure 13 – Glucose OGTT curves for high allele scores – Data represents 11 subjects, 

mean±SEM plasma glucose changes with time over OGTT in individuals with High 

Allele Score.  Treatment beverage consumed at -40 min, OGTT initiated at 0 min. 

*Significant treatment effect at given timepoint. 
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Figure 14 - Glucose OGTT curves for low allele scores – Data represents 9 subjects, 

mean±SEM plasma glucose changes with time over OGTT in individuals with Low 

Allele Score.  Treatment beverage consumed at -40 min, OGTT initiated at 0 min. 
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Figure 15 – Insulin OGTT curves for high allele scores – Data represents 11 subjects, 

mean±SEM plasma insulin changes with time over OGTT in individuals with High Allele 

Score.  Treatment beverage consumed at -40 min, OGTT initiated at 0 min. *Significant 

treatment effect at given timepoint. 

 

 

* *

* *

* * *

0

100

200

300

400

500

600

700

800

-60 -30 0 30 60 90 120

M
ea

n
 P

la
sm

a 
In

su
lin

 (
p

m
o

l/
L)

Time (minutes)

Insulin - High Allele Score

CAFF

PLACEBO



 

46 

 

Figure 16 – Insulin OGTT curves for low allele scores – Data represents 9 subjects, 

mean±SEM plasma insulin changes with time over OGTT in individuals with Low Allele 

Score.  Treatment beverage consumed at -40 min, OGTT initiated at 0 min. 
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Figure 17 – AUC % change from PLACEBO to CAFF for high and low allele scores 

mean±SEM % change to glucose and insulin AUC between PLACEBO and CAFF 

treatments in individuals with low and high allele scores.  Significant differences between 

percent change in glucose AUC from PLACEBO to CAFF between individuals with low 

and high allele scores (p=.021).  Significant differences between percent change in 

insulin AUC from PLACEBO to CAFF between individuals with low and high allele 

scores (p=.040). 

 

Upon further investigation of the rs762551 SNP, there was no significant influence of 

genetic variance noted for fasting glucose levels (p=0.278) (Figure 18).  However, it was 

noted that fasting insulin concentration (mean for the three trials) was significantly higher 

in “slow metabolizers” than in “fast metabolizers” (p=0.040).  Of concern, 50% of “slow 

metabolizers” had fasting insulin levels above the normal range by Calgary Lab Services 

reference ranges (normal <120pmol/L) (Figure 19).  
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Figure 18 - Fasting glucose concentration of individuals with slow and fast rs762551 

alleles. No significant difference in fasting glucose levels between slow and fast 

metabolizers (p=.278). 

 

Figure 19 - Fasting insulin concentration of individuals with slow allele rs762551 

was higher than “fast metabolizers”.  Slow metabolizers had significantly higher 

fasting insulin concentrations than fast metabolizers (p=.040). 
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2.4 Discussion: 

Many studies have identified that co-administration of caffeine and carbohydrate result in 

acute insulin resistance [27].  However, CCED represent a new and relatively unstudied 

area of nutrition.  Very little is known about the physiological effects of caffeine and 

energy drink consumption in adolescents.  To our knowledge, this study is the first to 

evaluate the metabolic impact of small format, caffeine-containing and nutritionally 

enhanced energy “shots” in adolescents, who represent the key consumers of the 

products.  Furthermore, this study presents novel findings on genetic influence of the 

severity of these metabolic disturbances.  As energy drinks are being purchased and 

consumed by teenagers at alarming and increasing rates, it is important to evaluate 

potential deleterious metabolic effects in this population. 

 

We found that CAFF consumption prior to an OGTT resulted in a 15.8% elevation in 

blood glucose levels compared to PLACEBO throughout a two hour OGTT although this 

result was not significant (p=.063), accompanied by a 73.0% increase in insulin secretion, 

and as expected, elevated c-peptide levels.  The fact that this dramatic increase in insulin 

secretion was not followed by a decrease in glucose confirms the hypothesis that acute 

consumption of caffeine prior to an OGTT results in insulin resistance in adolescents.  

This is evident when examining the Insulin Sensitivity Index (ISI), which decreased by 

3.4 units, on average, from 8.5 to 5.1.  ISI is an index which evaluates whole body insulin 

sensitivity, through OGTT glucose and insulin levels.  The lower the value, the more 

insulin resistant.  An ISI result of 2.5 or lower is considered whole body insulin 

resistance [93].  Therefore, although this study showed that CCED consumption by 
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adolescents results in impaired insulin sensitivity it was not to a clinically concerning 

degree among participants.  However, this is likely due to the fact that participants were 

all young, highly active, non-obese, and potentially more capable of physiologically 

compensating for these perturbations than individuals with impaired glucose tolerance 

would be.  Although this study examined a healthy population, this impairment to 

glucoregulation could be further exaggerated in obese individuals, who may already have 

reduced insulin sensitivity. 

 

Insulin levels following treatment with DECAF were slightly higher (38.8%) than 

PLACEBO, yet still lower than CAFF.  Interestingly, this was accompanied by a decrease 

in glucose AUC by 6.1% following DECAF, when compared with PLACEBO.  

Furthermore, GLP-1 AUC was significantly higher following both CAFF (52.4%) and 

DECAF (50.1%) consumption, in comparison to PLACEBO.  It is hypothesized that the 

non-nutritive sweeteners in the energy drink caused this increase in GLP-1 secretion by 

binding to sweet taste receptors.  GLP-1 increases insulin secretion, which helps to 

explain the rise in insulin concentration following both DECAF and CAFF treatments.  

However, the decreased glucose AUC following DECAF consumption and rising insulin 

concentrations indicates an appropriate physiological response to rising insulin levels, 

whereas the surge in glucose concentration from CAFF indicates caffeine-induced insulin 

resistance, as hypothesized.  As caffeine-induced impairment to glucoregulation in the 

literature is typically a more severe disruption than these results show, it is hypothesized 

that the non-nutritive sweeteners or the other active ingredients in the energy drinks may 

dampen the negative effects of caffeine, through increased incretin secretion, and 
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ultimately, insulin secretion, as is evidenced in the decreased glucose AUC following 

consumption of the DECAF beverage. 

 

No difference was found from treatments on metabolic hormones ghrelin, leptin, MCP-1, 

or GIP and it can be concluded that caffeine, non-nutritive sweeteners, and certain 

vitamin and mineral supplementation likely do not have an effect on these gut peptides. 

 

Glucagon secretion was also found to be higher from CAFF and DECAF consumption, 

than placebo.  This could be due to cytidine diphosphate-choline (CDP-Choline) in CAFF 

and DECAF treatments, as injection of CDP-choline has been shown to cause a dose-

dependent rise in plasma glucagon concentrations in rodents [94].  Furthermore, although 

GLP-1 inhibits, GIP stimulates glucagon secretion [95].  Although increase is GIP AUC 

from CAFF and DECAF treatments were non-significant, it is possible that GIP secretion 

contributed to glucagon secretion. 

 

PYY AUC was substantially increased in CAFF (52.2%) and DECAF (42.8%) 

treatments, with no significant difference between these two treatments.  Therefore, it is 

likely that non-nutritive sweeteners or vitamin/mineral content of these energy drinks 

effect PYY secretion.  Increased PYY secretion due to non-caffeine components in 

energy drinks could be a further protective property against risks associated with 

caffeine-induced insulin resistance through increasing satiety, potentially reducing further 

food and carbohydrate consumption and further subjection of cells to caffeine-induced 

hyperglycemia. 
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As described in the methodology, individuals were identified as either having a low or 

high allele score, a composite score of the AHR, CYP1A1, and CYP1A2 genes (SNPs: 

rs762551, rs4410790, rs2470893, rs2472297, and rs2472299) which are involved in 

caffeine metabolism and consumption habits.  When glucoregulatory responses were 

compared between allele groups for changes following caffeine consumption, significant 

differences were evident among all parameters (change in insulin AUC, glucose AUC, 

and ISI: p=.04, p=.021, p=.019, respectively).  Individuals with a low allele score had a 

37.2% increase in insulin AUC, 0.95% increase in glucose AUC, and a 1.0 reduction in 

ISI following consumption of CAFF, as compared with PLACEBO.  Conversely, 

individuals with a high allele score had a 102.3% increase in insulin AUC, a 27.9% 

increase in glucose AUC, and a 5.4 reduction in ISI following consumption of CAFF, as 

compared with PLACEBO.  This data appears to show that only individuals with genetic 

variants contributing to a high allele score are subject to the detrimental effects of 

caffeine on glucoregulation, whereas individuals with a low score are relatively 

unaffected, with evident insulin disruption likely due to an increase in GLP-1 secretion in 

response to non-nutritive sweeteners, as described earlier.  To the author’s knowledge, no 

other studies have examined or shown this relationship and these results contradict the 

hypothesis that individuals with a low allele score would experience exaggerated insulin 

resistance, due to exposure to detrimental effects of caffeine for a longer period of time 

before it is metabolized.  One theory to explain this is that caffeine metabolites rather 

than caffeine itself, may be responsible for the insulin resistance as they would be 

circulating in higher concentrations in individuals with high allele scores, who metabolize 
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caffeine quickly.  Theophylline, a caffeine metabolite, has been shown to cause a rise in 

blood glucose [96].  Another theory is that individuals with high allele scores may 

metabolize caffeine so quickly that they are unable to build a tolerance to caffeine-

induced insulin resistance whereas slow metabolizers with low allele scores, who were 

relatively unaffected by caffeine administration may have developed this tolerance.  This 

has been suggested by Keijzers et al. [97] who explain that tolerance to caffeine-induced 

insulin resistance may occur with chronic consumption, but individuals who are fast 

metabolizers of caffeine may be unable to develop this tolerance due to the short caffeine 

half-life.  These unexpected results and potential explanations require further exploration.      

 

Furthermore, individuals with a “slow” caffeine metabolism genotype for rs762551 had 

significantly higher fasting insulin concentrations than those with a “fast” caffeine 

metabolism genotype (p=.040).  Half of these “slow metabolizers” had fasting insulin 

levels which would be considered abnormal according to the Calgary Laboratory 

Services reference ranges [98].  To the author’s knowledge, this has not been previously 

noted in the literature.  Fasting glucose levels were not significantly different in this 

population.  It could be that “slow metabolizers” do not see the same increase with 

glucose and insulin AUC from PLACEBO to CAFF during an OGTT as “fast 

metabolizers” because their fasting insulin is already so elevated that elevations in insulin 

throughout the OGTT are not as drastic as fast metabolizers who have lower fasting 

insulin levels.  These elevations appear to be greater in “fast metabolizers” because their 

fasting and PLACEBO values are so much lower.  In addition, it is possible that blood 

glucose levels and OGTT AUC appear to be relatively unaffected by “slow metabolizers” 
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following caffeine consumption because their elevated insulin levels allow for more 

efficient glucose clearance.  As these findings are unprecedented, it is unknown if this 

elevation in fasting insulin level is beneficial to controlling blood glucose concentrations 

or detrimental in contributing to risk of insulin resistance. 

 

An important limitation to understanding the complex effect of caffeine-containing 

energy drinks on insulin, glucose, and metabolic hormone response is the very broad 

ingredient profile of the beverages.  This makes it difficult to understand potential 

mechanisms of action, and impossible to determine causality.  While it is important to 

study the effects of the intact energy drink to determine potential health concerns or 

benefits associated with consumption, with so many compounds in the same beverage it 

proves challenging to pinpoint what the beneficial compounds are, in comparison with 

the detrimental ones.  Clearly more research needs to be done on energy drinks, main 

active ingredients, and further examining genetic influence to become closer to 

understanding the complex mechanisms involved.  

 

We have demonstrated that caffeine-containing energy shots do induce insulin resistance, 

resulting in elevated glucose and insulin concentrations, and deleterious effects on insulin 

sensitivity.  We also have demonstrated that this effect may only occur in individuals 

with particular genotypes, or at least to a more severe degree.  Furthermore, caffeine-

containing energy shots alter gastrointestinal hormone secretion. 
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CHAPTER 3: FINAL CONCLUSIONS 

3.1 Strengths and Limitations 

3.1.1 Study Design 

One primary limitation of this study is the method of recruitment.  A convenience sample 

was used, where only those who volunteered were included in the study.  This leaves the 

potential for selection bias.  Furthermore, nearly half of the study participants were 

recruited from within the Kinesiology student population, which tends to include 

individuals who are more physically active than the general population.  These factors 

could reduce the external validity of results.  However, activity level was similar among 

all participants and influence of BMI z-score on primary outcomes was explored.  

However, no differences were found so data was pooled together.  The crossover design 

of the study also reduces the impact of any individual bias, as each participant received 

all three treatments, essentially acting as their own control. 

 

There was a large range of body fat percentage represented among participants (11.0-

30.8%).  Body fat distribution and adipose tissue have been shown to be positively 

associated with insulin resistance [99].  McCarthy et al. published sex and age-specific 

body fat percentage curves for Caucasian children [100].  Nearly all study participants 

were within the normal range for their gender and age.  Two Caucasian male participants 

were mildly overfat.  One Chinese participant was underfat and one black participant was 

overfat based on these Caucasian-derived curves, which may not be applicable for their 

ethnicity.  Due to the crossover design of the study, if body fat percentage affected 
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individual insulin sensitivity, this would not reduce the validity of the results as all 

analysis was looking at treatment effects within each individual.   

 

Another possible limitation is the complex ingredient profile of CCED.  This makes it 

difficult to establish causation of any one ingredient on the outcome measures of interest.  

For this reason, not only was a caffeinated energy drink compared with a decaffeinated 

energy drink, but both energy drinks were also compared with a placebo treatment.  This 

provided indication if the various other micronutrients contained in the CCED were 

responsible for outcomes.  Furthermore, the argument could be made that because the 

beverage dose consumed by each participant depended on their body mass that this is not 

reflective of real-world consumption, as subjects were not consuming exactly one CCED.  

However, caffeine doses of 5mg/kg body weight are most consistently used in the 

literature when examining the effects of caffeine on glucoregulation.  Being consistent 

with this dose allows for greater opportunities of data comparison between studies. 

 

With any human intervention, it is difficult to control participant activities outside of the 

study.  With this particular study, caffeine consumption, exercise, and carbohydrate 

consumption days prior could affect OGTT results.  Researchers asked questions to 

assess participant compliance with pre-OGTT rules.  Some forms of measurement bias 

could exist as well.  Recall or reporting bias could have come in to play in terms of 

participant’s dietary and caffeine consumption records.  Furthermore, certain 

measurements may not be precise.  For example, waist circumference measurements can 

be subjective and have poor inter-rater reliability.  For this purpose, only one designated 
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researcher measured waist circumference, to reduce this potential variability and maintain 

precision. 

 

3.1.2 Generalizability of Results 

One of the biggest limitations is in the generalizability of laboratory research to the real 

world.  It is not truly reflective of popular “real world” consumption of CCED to be early 

in the morning, in a fasted state, with a 40-minute period prior to carbohydrate 

consumption.  However, as this is a novel, pilot study, it is important to control these 

factors in order to develop initial understanding of the physiological processes involved.  

A potential limitation of this design is the separation of caffeine (5mg/kg) and the glucose 

load OGTT.  This defined dose and separation of the CCED and OGTT were designed to 

enhance comprehension of the physiological response to caffeine. 

 

3.1.3 Broad Ingredient Profile of CCED 

Due to content variations of various CCED, they are difficult products to study.  To get 

around this problem, many nutritional studies look at the effects of individual 

components, rather than in the combinations in which they are sold.  This methodology 

neglects to consider potential interactions of the active ingredients [101].  Consider one 

of the main ingredients in CCED, caffeine.  It is established that caffeine consumption 

results in whole-body insulin resistance, however this effect is less severe when caffeine 

is consumed as coffee, rather than purified caffeine [26, 27].  Battram et al. [16] gave 

4.45mg/kg doses of caffeine to humans, administering it either in its purified form or as 

coffee, followed by an oral glucose tolerance test.  The ISI following the placebo 
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treatment was 8.7 [93].  Purified caffeine caused the ISI to decrease to 7.6.  The coffee-

derived caffeine treatment resulted in a slight decline in the ISI to 8.2, which was non-

significant.  Decaffeinated coffee resulted in an improvement of the ISI to 9.0.  The ISI is 

an evaluation of whole-body insulin sensitivity from data obtained via oral glucose 

tolerance test.  A decrease in ISI reflects a decline in whole-body glucose disposal [93].  

This indicates that there are other components in coffee which are biologically active [27, 

102, 103].  Certainly CCED, with a complex ingredient profile may have other 

biologically active components as well, and it is not understood how they interact and 

play a role in glucose disposal.   

 

Another common ingredient in CCED is the naturally occurring amino acid taurine.  

Ribeiro et al. [104] evaluated insulin sensitivity and glucose tolerance as well as insulin 

secretion from islet cells in mice supplemented with taurine in their drinking water.  

Taurine-supplemented mice demonstrated improved glucose tolerance, insulin sensitivity 

and islet insulin secretion. Studying the metabolic effects of individual components of 

CCED may not be indicative of how they interact together.  Furthermore, it is difficult to 

predict metabolic outcomes associated with CCED consumption when the ingredients 

appear to have contradictory physiologic effects. 

 

Consumption of CCED has effects on multiple peripheral systems in the body.  While 

numerous studies look at the effects of CCED on skeletal muscle, few consider the 

effects on the gastrointestinal system [105].  Furthermore, many studies which consider 
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the effects of CCED on skeletal muscle are considering the ergogenic benefits in active 

individuals, and ignore the deleterious systemic effects in sedentary individuals. 

 

3.1.4 Dose and Chronic Usage 

Many studies on caffeine and CCED examine acute doses, often instructing participants 

to abstain from caffeine for a specified time period prior to the study to eliminate effects 

of chronic consumption.  Valuable information is obtained from these studies, however 

the information may not be generalizable to chronic consumers.  Chronic consumption of 

many of the active ingredients contained in CCED have not been investigated, but it is 

established that with regular consumption, a dulling of some physiological effects of 

caffeine occur [106].  Acute caffeine consumption in individuals who have not been 

chronically exposed to it leads to elevated blood pressure and heart rate, among other 

factors [107].  Prolonged caffeine users, however, have almost complete tolerance to 

these effects [107].  Furthermore, resistance to various effects of caffeine are known to 

occur in chronic users, due to up-regulation of adenosine receptors [106, 108].  However, 

the effects of caffeine on glucose tolerance (both as an ergogenic aid, and as a contributor 

to whole-body insulin resistance) do not seem to change with regular consumption [30].  

Due to these inconsistencies, one cannot generalize acute effects of caffeine or CCED use 

to long-term exposure.  However, understanding acute response is an important first step 

in understanding the physiological processes at play. 

 

CCED are considered potentially dangerous to children and adolescents, due to their 

smaller body weight, and the larger concentration of active ingredients (including 
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caffeine) on a per kg scale [109].  Many ingredients in one serving of the CCED used in 

this study are well above the recommended daily intake.  The nutrient profile on the 

product package shows 30mg of niacin is present in the CAFF CCED, with none 

contained in the DECAF product.  This is under the tolerable upper intake level (UL) of 

35mg/day for those 19 years and older according to Health Canada [110].  However, the 

UL for 14-18 year olds is 30mg/day, and for 9-13 year olds is 20mg/day.  This indicates 

that one standard CCED beverage contains niacin at levels which is above the limit which 

poses no adverse health risks for individuals under 13 years old and is exactly the limit 

for individuals 14-18 years old.  The present study administered greater volumes of the 

CCED in order to give consistent doses per kilogram body weight, in efforts to make 

caffeine doses consistent with other studies.  This exposed participants to niacin levels 

above the UL.  One standard serving of CCED would not expose participants to levels of 

vitamin B6 or folic acid above the UL (B6: 60mg/day 9-13 year olds, 80mg/day 14-18 

year olds; folic acid: 600mcg/day 9-13 year olds, 800mcg/day 14-18 year olds) and there 

is no established UL for vitamin B12.  However, the present study did administer 

beverage volumes that would have exceeded UL for B6 and folic acid, in addition to 

niacin.  No adverse events were noted in any trials.  As these products are available to 

and consumed by individuals of all ages, consumption of vitamins in levels above UL 

could be easily reached with chronic consumption, especially by younger individuals. 

 

Some research on CCED consumption provide the same treatment dose to all participants 

(often one serving of a typical energy drink), not accounting for participant body weight 

[111].  This makes the potential metabolic effects of CCED on children even murkier, 
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and potentially dangerous, as a standard serving would yield a much higher dose of 

caffeine/kg body weight.  In order to safely investigate paediatric effects of CCED on 

glucose disposal, employing a caffeine dose based on body weight is necessary to reduce 

the likelihood of potential harmful side effects. 

 

3.1.5 Study Populations 

Age, genetics, and health condition all play a role in an individual’s metabolic and 

physiologic response to CCED.  Most CCED data comes from studies of healthy adults, 

who are often self-selected.  This limits the external validity of the research to groups 

other than young, healthy adults.  This is concerning, as there is more recognition of the 

positive effects of caffeine on glucose metabolism (as an ergogenic aid in active 

individuals) and less recognition of its deleterious effects (on insulin sensitivity in a 

sedentary state), although the negative effects may be more relevant to CCED users 

targeted through marketing. 

 

There have been conflicting reports on the role of sex hormones and menstrual phase on 

insulin sensitivity.  A 2010 study by Yeung et. al [112] included 257 healthy, 

premenopausal women and measured fasting insulin, glucose and insulin resistance up to 

8 times per cycle.  They found that menstrual cycle had minor effects on insulin levels, 

but not glucose, and that estradiol and progesterone were associated with insulin 

resistance.  Unfortunately, menstrual phase was not tracked for the present study.  

However, as participants were randomized to treatment order and visit timings varied 

within the crossover design, it is likely that any potential bias from menstrual phase was 
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randomly controlled for.  Furthermore, puberty is associated with insulin resistance, with 

a decrease in insulin sensitivity and subsequent elevation in insulin secretion in children 

at Tanner stages between II and IV, compared with adults or children at Tanner stage I 

[113].  The current study included assessment of Tanner staging through self-

administered questionnaires.  In this study, 50% of participants reported being at Tanner 

stage V and one participant reported stage I.  The remaining nine participants reported 

Tanner stages III and IV.  It is possible that these participants had decreased insulin 

sensitivity due to their pubertal stage.  Once again, due to the crossover design of this 

study any individual variation in glucose tolerance would not have affected study results 

as all comparisons were done within each individual. 

 

Individual caffeine sensitivity and metabolism is largely influenced by gender, ethnicity, 

genetics, lifestyle habits, caffeine exposure and diet.  All of these factors can lead to a 

large variability in caffeine clearance [114, 115].  Unfortunately, many studies do not 

indicate these specifics of their studied population or account for individual caffeine 

clearance efficiency.  Furthermore, there are no studies examining the effects of CCED 

consumption in paediatric and adolescent populations, despite adolescents comprising a 

large group of the key consumers [5]. 

 

This project revealed novel genetic findings affecting individual caffeine metabolism, 

insulin levels, and glucose clearance.  Genotypes were determined and classifications 

were made based on individual allele scores.  Genome associations come from large 

pools of genetic information, largely from individuals of European descent.  While this is 
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appropriate for our data set of primarily Caucasian (90%) participants, generalizations to 

all ethnicities may not be accurate. 

 

3.2 Future Directions 

Further understanding of genetic influence is vital to understanding the broad health 

implications of CCED consumption in adolescents.  For instance, there is evidence that 

caffeine can be detrimental to cardiovascular risk, but only in individuals who are slow 

metabolizers (rs762551-C allele) of caffeine.  Therefore, understanding the relationship 

between caffeine and genetic variance is an important consideration in the assessment of 

diet-disease associations.  As a genetic predisposition to caffeine or CCED induced 

insulin resistance has not been previously established, it is important to investigate this in 

a larger sample size.  This could indicate a future need for individualized guidelines for 

CCED consumption, based on one’s genotype. 

 

It was hypothesized that slow caffeine metabolizers would see exaggerated glucose and 

insulin response to the OGTT following caffeinated CCED consumption, and therefore a 

heightened state of insulin resistance.  However, upon investigation of genetic influence 

in this study, slow caffeine metabolizers had relatively unchanged glucose and insulin 

response to caffeine, whereas fast metabolizers experienced acute, caffeine-induced 

insulin resistance.  The mechanism behind this is currently unknown and clearly is an 

area that must be explored.   
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One possible explanation for this effect could be that the deleterious actions of caffeine 

on glucose response could be due to the action of caffeine metabolites, rather than 

caffeine itself.  Caffeine is broken down into metabolites paraxanthine, theobromine, and 

theophylline.  Theophylline has been shown to cause a significant rise in blood glucose 

concentration, in the absence of a glucose load, with no significant change to insulin 

concentration [96].  While this could contribute to rises in glucose levels during an 

OGTT after CCED consumption, it unlikely is solely responsible for the detrimental 

effects seen, as theophylline only accounts for 4% of caffeine’s metabolites.  There is no 

data to date indicating that paraxanthine and theobromine are contributing to caffeine-

induced insulin resistance, but our findings warrant giving more consideration to the 

effect of caffeine metabolites, as this could explain greater insulin resistance in fast 

metabolizers, who would have higher levels of circulating metabolites. 

 

Significant elevations in GLP-1 were seen following consumption of CAFF and DECAF 

beverages, when compared with PLACEBO.  This is likely due to the non-nutritive 

sweetener included in the CAFF and DECAF ingredient profiles [55, 72].  GLP-1 causes 

an increase in insulin secretion, which is crucial to blood glucose clearance and 

glucoregulation.  While much research has been done on the effect of caffeine on 

glucoregulation, little has included the addition of non-nutritive sweeteners.  With the 

abundance, availability, and promotion of “sugar-free” caffeinated beverages, this is a 

key understudied area in the field.  In the present study, it is possible that the composition 

of the treatment beverages “dulled” the detrimental effects of the caffeine.  If the 

treatment beverages had not contained non-nutritive sweeteners and GLP-1 
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concentrations had not been elevated due to stimulation of sweet-taste receptors, it is 

likely that insulin concentrations would not have risen early or to the same degree, and 

blood glucose AUC would have become much higher than in the present study.  This 

relationship should be explored in future studies.  With the growth of sugar-free, 

caffeinated beverages available, it is important to discern whether this rise in GLP-1 is 

protective, or detrimental. 

 

Interestingly, baseline fasting insulin levels were incongruent with oral glucose challenge 

findings when compared between rs762551 genotypes.  In this study, individuals who 

were “slow metabolizers” based on the rs762551 genotype were found to have 

significantly higher fasting insulin levels than “fast metabolizers”.  Furthermore, fasting 

insulin levels for 50% of these individuals were above the locally used reference range.  

This relationship has not been previously found to the author’s knowledge and should be 

examined further.  This interesting finding should be explored in a larger sample size.  

Additionally, the assay used for this study should be compared with the assay used by 

Calgary Laboratory Services to determine the validity of the results.  Due to the lack of 

standardization of insulin assays, results from different assays are not always comparable 

[116]. 

 

This study was conducted in healthy adolescents without any chronic metabolic disease.  

Further, nearly the entire cohort was within a healthy BMI range, with theoretically lower 

risk of developing type 2 diabetes than a cohort with high BMI.  The next step to our 

research aims will be to assess the same criteria as outlined in this study, but in a 
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population of obese adolescents, who may have risk factors predisposing them to develop 

type 2 diabetes.  These teens would represent a potentially vulnerable group, in whom 

impaired glucoregulation may have more detrimental effects than in adolescents of a 

healthy weight.  It would be interesting to examine the severity of CCED-induced insulin 

resistance, as well as the degree of incretin response to nutritional fortification in this 

population.  It is predicted that obese adolescents would be at the greatest health risk 

from chronic consumption of CCED. 

 

This study examined only acute impacts of CCED consumption in adolescents.  

Establishing these acute effects are of vital importance in order to develop an initial 

understanding of what is happening physiologically.  In the real world, adolescents may 

be consuming multiple energy drinks each day.  The next phase of this study seeks to 

explore the impact of chronic CCED consumption on glucoregulation in a multi-day trial.  

While the current study employed small-format caffeine-containing energy “shots” in 

order to separate the caffeine and micronutrients from the glucose administration, the 

most common type of CCED are large format, containing caffeine, micronutrients and 

glucose together.  To assess non-immediate impact associated with chronic consumption, 

the next stage will involve the consumption of two large-format CCED (caffeine, 

micronutrient and glucose) per day for three days.  Glucose response will be measured 

over 96 hours, utilizing a continuous glucose monitor (CGM) to record glucose levels 

during the three days of CCED consumption and the residual effects the following day.  

This study will seek to explore how CCED alter glucose response in a “normal” situation 

where participants will consume their regular diets and maintain typical activity levels.  
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This study will ameliorate any concerns with the current study of not being representative 

of the real world.  This study will build on top of our current knowledge of acute CCED 

impacts and provide indications of any chronic detriments to glucoregulation.  This will 

augment any reports to inform governing bodies concerning health risks associated with 

CCED consumption by an adolescent population. 

 

3.3 Global Conclusions 

In conclusion, discretionally fortified CCED are being consumed by adolescents and 

young adults at concerning rates.  Despite this, prior to this pilot study there was no data 

on the metabolic consequences of this action in this population.  Additionally, there is no 

current knowledge on the influence of individual genotype on these outcomes of interest. 

 

This study shows that acute consumption of CCED prior to a standard OGTT induces a 

state of insulin resistance in adolescents, as defined by elevated glucose and insulin 

levels.   

 

Due to the discretionary fortification and non-nutritive sweeteners, key metabolic 

hormone secretion is also altered.  Furthermore, this study provides the first evidence 

indicating that individuals who are fast caffeine metabolizers see the greatest disruption 

to glucoregulation. 

 

In order to help reduce chronic disease rates in young adults, we need to develop a better 

understanding of contributing diet, lifestyle and genetic factors.  This study provides the 
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first evidence that CCED consumption may have detrimental consequences in 

adolescents, inducing a state of insulin resistance, which may put susceptible individuals 

at a higher risk of developing chronic metabolic disease, including type 2 diabetes.   

 

Future studies will need to examine chronic CCED consumption impacts, the degree of 

CCED induced insulin resistance in obese adolescents, who may be at higher risk of 

developing type 2 diabetes, and whether individual guidelines must be established based 

on one’s genotype. 
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Appendix B Statistical Test Details 

OUTCOME NORMAL 

DISTR.? 

TEST 

USED 

SIG.? POST 

HOC 

TEST 

CORRECTION? 

GLUCOSE 

 

Yes Repeated 

measures 

ANOVA 

Yes  No 

INSULIN 

 

No Friedman 

Test 

Yes Wilcoxon 

Signed-

Rank 

 

ISI 

 

Yes Repeated 

measures 

ANOVA 

Yes  Greenhouse-

Geisser  

HOMA-IR 

 

Yes Repeated 

measures 

ANOVA 

Yes  No 

GHRELIN 

 

Yes Repeated 

measures 

ANOVA 

No  Greenhouse-

Geisser 

PYY 

 

Yes Repeated 

measures 

ANOVA 

Yes  Greenhouse-

Geisser 

LEPTIN 

 

Yes Repeated 

measures 

ANOVA 

No  No 

MCP-1 

 

Yes Repeated 

measures 

ANOVA 

No  No 

GIP 

 

No Friedman 

Test 

No   

GLP-1 

 

Yes Repeated 

measures 

ANOVA 

Yes  No 

GLUCAGON 

 

No Friedman 

Test 

Yes Wilcoxon 

Signed-

Rank 

 

C-PEPTIDE 

 

Yes Repeated 

measures 

ANOVA 

Yes  No 
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B.1 Glucose:   

Glucose AUC was greatest during the CAFF trial, and lowest during the DECAF trial, 

with the PLACEBO trial falling in the middle.  A repeated measures ANOVA determined 

that glucose AUC significantly differed between treatments (p<.0005).  Post hoc tests 

using a Bonferroni correction revealed no significant difference between DECAF and 

PLACEBO (p=.332) or PLACEBO and CAFF glucose AUC (p=.063), however 

significant differences were present between DECAF and CAFF (p=.000). 

 

B.2 Insulin:   

Friedman test found a statistically significant treatment effect on insulin AUC (p<.0005).  

Post hoc analysis with Wilcoxon signed-rank test was conducted with a Bonferroni 

correction applied.  Although mean insulin AUC was higher following CAFF treatment 

than DECAF, the difference was not statistically significant (p=.084).  However, 

significant increases in insulin AUC following CAFF and DECAF treatments were 

found, when compared with placebo treatment (p=.003; .006, respectively). 

 

B.3 Insulin Sensitivity Index:  

Mean Insulin Sensitivity Index (ISI) was the lowest from CAFF, highest from 

PLACEBO, with DECAF in the middle.  A repeated measures ANOVA with a 

Greenhouse-Geisser correction found a significant treatment effect on ISI (p=.010).  Post 

hoc tests using a Bonferroni correction found no significant differences between 
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PLACEBO and DECAF (p=.083) or CAFF and DECAF (p=.530), however differences 

between CAFF and PLACEBO were statistically significant (p=.007). 

 

B.4 HOMA-IR:  

A repeated measures ANOVA found a significant treatment effect on HOMA-IR 

(p=.001).  Post hoc tests using a Bonferroni correction found no significant difference 

between CAFF and DECAF (p=1.00), however differences between DECAF and 

PLACEBO HOMA-IR and CAFF and PLACEBO HOMA-IR were significant (p=.002 

for both). 

 

B.5 Ghrelin:   

A repeated measures ANOVA with a Greenhouse-Geisser correction found no significant 

treatment effect on ghrelin AUC (p=.632). 

 

B.6 PYY:   

A repeated measures ANOVA with a Greenhouse-Geisser correction found PYY AUC 

differed significantly between treatments (p=.001).  Post hoc tests using a Bonferroni 

correction found no significant difference between PYY AUC between CAFF and 

DECAF treatments (p=1.00).  However, increased PYY AUC for both CAFF and 

DECAF, when compared with PLACEBO were statistically significant (p=.005; .004, 

respectively). 
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B.7 Leptin:   

A repeated measures ANOVA found no significant treatment effect on leptin AUC 

(p=.498). 

 

B.8 MCP-1:  

A repeated measures ANOVA found no significant treatment effect on MCP-1 AUC 

(p=.755). 

 

B.9 GIP:   

Friedman test found no significant treatment effect on GIP AUC (p=.212) 

 

B.10 GLP-1:   

Repeated measures ANOVA found a significant difference in GLP-1 AUC between 

treatments (p=.000).  Post hoc analysis with a Bonferroni correction revealed no 

significant difference between GLP-1 in response to CAFF or DECAF consumption 

(p=1.000).  However, GLP-1 AUC was significantly higher following both CAFF and 

DECAF consumption, in comparison with PLACEBO (p=.007; .000). 

 

B.11 Glucagon:   

Friedman test found a statistically significant treatment effect on glucagon AUC 

(p=.045).  Post hoc analysis with Wilcoxon signed-rank test was conducted and a 

Bonferroni correction was applied.  No significant differences on glucagon AUC were 

found between CAFF and DECAF (p=1.000) or CAFF and PLACEBO (p=.141), 
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However glucagon AUC was significantly higher following consumption of DECAF in 

comparison with PLACEBO (p=.015). 

 

B.12 C-Peptide:   

Repeated measures ANOVA found a significant difference in C-Peptide AUC between 

treatments (p=.002).  Post hoc analysis with a Bonferroni correction found no significant 

difference in C-Peptide AUC following treatment with CAFF or DECAF (p=.880), or 

DECAF and PLACEBO (p=.051), however significant differences were seen between 

CAFF and PLACEBO (p=.009). 

 

Appendix C Survey Results Summary: 

 

What is your age?       

Answer Options Response Percent Response Count 

13   5.0% 1 

14   25.0% 5 

15   15.0% 3 

16   0.0% 0 

17   5.0% 1 

18   35.0% 7 

19   15.0% 3 

answered question   20 

skipped question   0 

 

What is your race?       
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Answer Options Response Percent Response Count 

Caucasian   85.0% 17 

Black   5.0% 1 

Chinese   5.0% 1 

Russian/Ukranian   5.0% 1 

answered question   20 

skipped question   0 

 

In a typical week, how many days do you exercise? 

Answer Options Response Percent Response Count 

I don't regularly exercise 0.0% 0 

Once a week 0.0% 0 

2 to 4 days a week 40.0% 8 

5 to 7 days a week 60.0% 12 

answered question 20 

skipped question 0 

 

On a scale from 1 (not stressful at all) to 10 (completely stressed), please indicate how 

stressful you feel your daily life is. 

Answer Options Response Percent Response Count 

0 0.0% 0 

1 0.0% 0 

2 0.0% 0 

3 20.0% 4 

4 20.0% 4 

5 15.0% 3 
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6 15.0% 3 

7 15.0% 3 

8 15.0% 3 

9 0.0% 0 

10 0.0% 0 

answered question   20 

skipped question   0 

 

 

 

 

Caffeind Consumption 

Do you consume caffeine? 

Answer Options Response Percent Response Count 

Yes 85.0% 17 

No 15.0% 3 

answered question 20 

skipped question 0 

 

Are you sensitive or allergic to caffeine? 

Answer Options Response Percent Response Count 

Yes 15.0% 3 

No 85.0% 17 

answered question 20 

skipped question 0 
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*This is how self-administered survey was written, but participants were verbally 

screened for allergies to caffeine, so any “Yes” responses could be interpreted as 

reported sensitivity to caffeine. 

 

What type of caffeinated drinks do you consume? (Please select all that apply). 

Answer Options Response Percent Response Count 

Coffee 40.0% 8 

Chocolate beverages 40.0% 8 

Tea 55.0% 11 

Caffeinated energy drinks (for example: Red Bull, 

Jolt, Monster) 

25.0% 5 

Caffeinated soft drinks (for example: Coca-Cola, 

Mountain Dew, Diet Cola) 

65.0% 13 

Other (please specify) 15.0% 3 

answered question 20 

skipped question 0 

 

Other:   

Pre workout 2 

Iced Tea 1 

 

Do you consume energy shots? (for example: 5Hour Energy) 

Answer Options Response Percent Response Count 

Yes 15.0% 3 

No 85.0% 17 
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answered question 20 

skipped question 0 

 

 

 

Appendix D Questionnaires 

D.14 Paffenbarger Physical Activity Questionnaire  

Paffenbarger Physical Activity Questionnaire 

 

1. How many city blocks or their equivalent do you normally walk each day? 

____ blocks/day 

 

2. How many flights of stairs do you climb up each day? 

_______flights/day (let 1 flight = 10 steps) 

 

3. List any sports or recreation you have actively participated in during the past year.  

Please remember seasonal sports or events: 

 

Number of 

times per 

year 

Average time per 

episode Years of 

participation Activity Hours Minutes 

Sports     

Badminton     

Baseball     

Basketball     

Boxing     

Cheerleading     

Coaching sports     

Cricket     

Fencing     

Field hockey     

Football     

Golf     

Gymnastics     

Handball     

Ice Hockey     
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Number of 

times per 

year 

Average time per 

episode Years of 

participation Activity Hours Minutes 

Ice Skating     

Kickball     

Lacrosse     

Polo     

Racquetball     

Rugby     

Soccer     

Softball     

Volleyball     

Wrestling     

Household 

Activities 

    

Boat maintenance     

Cutting Wood     

Digging     

Do-it-yourself 

projects 

    

Gardening     

Heavy work 

around home and 

yard 

    

Home 

maintenance 

    

Home repair     

Housekeeping     

Mowing lawn with 

hand mower 

    

Mowing lawn with 

a power mower 

    

Paper hanging     

Painting     

Raking Lawn     

Snow shoveling     

Spading     

Splitting wood     

Occupational     

Carpentry outside     
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Number of 

times per 

year 

Average time per 

episode Years of 

participation Activity Hours Minutes 

Carpentry in 

workshop 

    

Farming     

Forestry and trail 

maintenance 

    

Logging     

Lumbering     

Ranching     

Roof repair     

Shingling     

Recreational 

Activities 

    

Aerobics – low 

impact 

    

Aerobics – high 

impact 

    

Archery     

Back Packing     

Bicycling – leisure     

Bicycling – 

moderate 

    

Bicycling – 

vigorous 

    

Bicycling – 

stationary bike 

    

Bicycling – Trail 

bike riding 

    

Bicycling – 

Mountain biking 

    

Bocci Ball     

Body Building     

Bowling     

Bowling – 

Candlepin 

    

Bowling – Duckpin     

Calisthenics Catch     

Croquet     
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Number of 

times per 

year 

Average time per 

episode Years of 

participation Activity Hours Minutes 

Cross country 

hiking 

    

Curling     

Dancing     

Fishing – from 

riverbank or boat 

    

Fishing – Spear 

fishing 

    

Fishing – In 

stream with 

wading boots 

    

Fishing – Surf 

casting 

    

Frisbee     

Games with 

children 

    

Health Club     

Home Exercise     

Horseback Riding     

Horseshoes     

Hunting     

Hunting – Fox 

hunting 

    

Indian Clubs     

Jump-roping     

Juggling     

Kendo     

Kick boxing     

Lawn Ball     

Martial arts – Judo     

Martial arts – 

Karate 

    

Martial arts – Tai 

kwan do 

    

Mountain Climbing     

Nautilus     

Paddleball     
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Number of 

times per 

year 

Average time per 

episode Years of 

participation Activity Hours Minutes 

Pilates     

Rock Climbing     

Roller-skating     

Rowing Machine     

Running     

Running – jogging     

Running – 

competitively 

    

Shooting     

Shuffleboard     

Skateboarding     

Skiing – cross 

country 

    

Skiing – downhill     

Skiing – snow     

Sledding     

Snow Shoeing     

Snowboarding     

Squash     

Stepping     

Tai Chi     

Tennis     

Tennis – Paddle 

Tennis 

    

Tennis – Platform 

Tennis 

    

Tennis – Table 

Tennis 

    

Tobogganing     

Track ball     

Trampoline     

Two handed 

sword 

    

Walking     

Walking – 

treadmill 

    

Water Activities –     
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Number of 

times per 

year 

Average time per 

episode Years of 

participation Activity Hours Minutes 

Boating 

Water Activities – 

Canoeing for 

pleasure 

    

Water Activities – 

Diving 

    

Water Activities – 

Kayaking 

    

Water Activities – 

Racing Crew 

(Sculls) 

    

Water Activities – 

Rowing (in 

competition) 

    

Water Activities – 

Sailing 

    

Water Activities – 

Scuba diving 

    

Water Activities – 

Snorkeling 

    

Water Activities – 

Surfing – body 

surfing 

    

Water Activities – 

Surfing/wind 

surfing 

    

Water Activities – 

Swimming 

    

Water Activities – 

Water Polo 

    

Water Activities – 

Water Skiing 

    

Water Activities – 

White water rafting 

    

Weight lifting     

Whiffle Ball     

Working dogs in     
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Number of 

times per 

year 

Average time per 

episode Years of 

participation Activity Hours Minutes 

the field 

Yoga     

Other, please 

describe 

_______________

__ 

_______________

_______________

______ 
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4. On a usual weekday and a weekend day, how much time do you spend on the 

following activities? (Total for each day should add to 24 hrs) 

 Usual Weekday 

(hours/day) 

Usual Weekend Day 

(hours/day) 

Vigorous Activity: (digging in 

the garden, strenuous sports, 

jogging, aerobic dancing, 

sustained swimming, brisk 

walk, heavy carpentry, 

bicycling on hills, etc)  

  

Moderate Activity: 

(housework, light sports, 

regular walking, golf, yard 

work, lawn mowing, painting, 

repairing, light carpentry, 

ballroom dancing, bicycling on 

level ground, etc)  

  

Light Activity: (office work, 

driving car, strolling, personal 

care, standing with little 

motion, etc)  

  

Sitting Activity: (eating, 

reading, desk work, watching 

TV, listening to radio, etc)  

  

Sleeping or Reclining    

TOTAL 24 24 

 

5. What is your usual pace of walking? (please select one) 

a. Casual or strolling (less than 2 mph) 

b. Average or normal (2 to 3 mph) 

c. Fairly brisk (3 to 4 mph) 

d. Brisk or striding (4 mph or faster) 

 

6. Which of these statements best expresses your view? (please select one) 

a. I take enough exercise to keep me healthy 

b. I ought to take more exercise 

c. Don’t know 
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7. At least once a week, do you engage in regular activity akin to brisk walking, jogging, 

bicycling, swimming, etc long enough to work up a sweat, get your heart thumping, 

or get out of breath? 

a. NO, why not? _______________ 

b. YES, how many times per week? ______ Activity: 

__________________________________________ 

 

8. When you are exercising in your usual fashion, how would you rate your level of 

exertions (degree of effort)? (please circle one number) 

 

 

 

D.25 Demographic Questionnaire 

Demographics Questionnaire 

 

Please select or describe the appropriate answer to each question. 

 

Circle One: Male Female 

 

1. What is your age? __________ 
 

2. What is your race? __________ 
 

3. Where were you born? (include country/province/town) 
 

 1.   2.   

Country 3.  Province 4.  Town 

 

4. Where have you lived the majority of you life? (include country/state/town) 
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 5.   6.   

Country 7.  Province 8.  Town 

 

 

5. Current grade/education level (if in school) 
________________________________________ 

 

6. Have you ever participated in a research study before?  YES NO 
 

7. What is your weight? __________ 
 

8. What is your height? __________ 
 

9. Do you smoke cigarettes? YES NO 
 

10. If yes, approximately how many ______ cigarettes/day for ______ years? 
 

11. Do you take any recreational drugs other than alcohol or nicotine?   YES
 NO 

 

12. Do you receive quality sleep on a regular basis?   YES NO 
 

13. How many hours of sleep do you get, on average, per night? __________hrs 
 

14. How regularly do you exercise? __________days/week 
 

15. Are you particularly sensitive or allergic to the effects of caffeine?  YES NO 
 

16. Have you ever been advised to avoid caffeine?   YES NO 
 

17. Please indicate how stressful you feel your daily life is on average. (scale of 1-10, where 
1 = not stressful at all and 10 = completely stressed) 
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D.3 Caffeine Consumption Questionnaire 

 

Caffeine Consumption Questionnaire 

 

 

18. Do you consume caffeine?  YES NO 
 

19. If yes, how many caffeinated drinks do you consume per day? __________ 
 

20. At what age did you start consuming caffeinated drinks? __________ 
21. What type of caffeinated drinks do you consume? Select all the options that apply to you. 

a. Coffee 
b. Chocolate beverages 
c. Tea 
d. Caffeinated energy drinks (for example: Red Bull, Jolt, Monster) 
e. Caffeinated soft drinks (for example: Coca-Cola, Mountain Dew, Diet Cola) 

 

 

Below is a list of reasons that one might chose to ingest caffeine.  Please read them 

carefully and select the number which corresponds to how likely you are to consume 

caffeine for these reasons according to the following scale: 

 

1 = I never drink caffeine for this reason 

2 = I rarely drink caffeine for this reason 

3 = I sometimes drink caffeine for this reason 

4 = I often drink caffeine for this reason 

5 = I always drink caffeine for this reason 

 

I chose to ingest caffeine: (select a number from the menu above) 

 

…to feel more alert  __________ 
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…to combat a headache __________ 

 

…to help me concentrate __________ 

 

…because I like the taste of caffeinated beverages __________ 

 

…to help deal with stress in my daily life __________ 

 

…to help deal with anxiety __________ 

 

…to help deal with depression __________ 

 

…to combat drowsiness __________ 

 

…because its convenient to drink caffeinated beverages __________ 

 

…to help to focus my attention __________ 

 

…to help me study or “cram” for school __________ 

 

…because I like the “jolt” of energy rush that I feel __________ 

 

 

I chose to ingest caffeine: (select a number from the menu above) 

 

…to help me relax or calm down __________ 
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…to stay awake __________ 

 

…because I like the buzz feeling caffeine gives me __________ 

 

…as a social pastime __________ 

 

…because I crave caffeine __________ 

 

…as a reward to myself for completing a task __________ 

 

…because seeing others ingest caffeine makes me crave it __________ 

 

…because it is a powerful diuretic __________ 

 

…because it puts me in a better mood __________ 

 

…to help control my weight __________ 

 

…before I work out or perform strenuous physical activity 

 

…because it helps me performs better while playing videogames 

 

 

22. Have you ever tried to quit consuming caffeine products, but couldn’t?  YES NO 
 

23. Do you consume caffeinated products now because it is hard to quit?  YES NO 
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24. Have you eve felt like you were addicted to caffeinated beverages?  YES NO 
 

25. Do you ever have strong cravings to consume caffeinated beverages?  YES NO 
 

26. Have you ever felt like you really needed caffeinated beverages?  YES NO 
 

27. Is it hard to keep from consuming caffeine at times/places where other are not?  YES
 NO 

 

28. Do you consume energy shots? (for example: 5Hr Energy)  YES NO 
 

29. Does consuming caffeine make you anxious?  YES NO 
 

30. Do you consume decaffeinated products? (for example: decaffeinated coffee or 
decaffeinated energy drinks)   YES NO 

 

31. Do your parents/guardians consume caffeinated drinks?  YES NO 
 

32. What types of caffeinated drinks do your parents/guardians consume? 
a. Coffee 
b. Chocolate beverages 
c. Tea 
d. Caffeinated energy drinks (for example: Red Bull, Jolt, Monster) 
e. Caffeinated soft drinks (for example: Coca-Cola, Moutain Dew, Diet Cola) 

 

D.4 Video Gaming Questionnaire 

Video gaming Questionnaire 

 

 

33. Do you currently play video games?  YES NO 
 

If you answered YES to the above question, proceed to the following questions below: 

 

34. How many hours do you spend playing video games per week? __________ 
 

35. Would you consider yourself a ‘gamer’?   YES NO 
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36. Do you consume caffeine to improve your ‘gaming’ abilities?   YES NO 
 

37. How often do you find yourself consuming caffeine while playing video games?  Circle 
one: 
 

Never   Rarely   Sometimes  Often  Always 

 

D.58 Epworth Sleepiness Scale 

Epworth Sleepiness Scale 

 

How likely are you to doze off or fall asleep in the situations described below, in contrast 

to feeling just tired?  This refers to your usual way of life in recent times.  Even if you 

haven't done some of these things recently, try to work out how they would have affected 

you.   

 

Use the following scale to choose the most appropriate number for each situation: 

0 = Would never doze 

1 = Slight chance of dozing 

2 = Moderate chance of dozing 

3 = High chance of dozing 

 

Situation  

Chance 

of dozing 

Sitting and reading ____ 

Watching TV ____ 

Sitting, inactive in a public place (e.g. a theatre or a meeting) ____ 

As a passenger in a car for an hour without a break ____ 

Lying down to rest in the afternoon when circumstances permit  ____ 
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Sitting and talking to someone ____ 

Sitting quietly after a lunch without alcohol ____ 

In a car, while stopped for a few minutes in the traffic ____ 

 

D.69 Family Medical History Questionnaire 

Family Medical History 

Please fill out the following table as best you can.  The column on the left hand side lists health 

conditions, while the top row lists individuals related to you we are interested in learning about.  

Please select the response that best describes that individual, and if possible the age at which 

the condition was identified by a health care professional (diagnosis). 

Health Condition Yourself Biological Father Biological Mother 

Type 1 Diabetes  Yes → 

Age _____ 

 No 

 Yes → Age _____  

Unknown age 

 No 

 Unknown 

 Yes → Age _____  

Unknown age 

 No  

 Unknown 

Type 2 Diabetes  Yes → 

Age _____ 

 No 

 Yes → Age _____  

Unknown age 

 No 

 Unknown 

 Yes → Age _____  

Unknown age 

 No  

 Unknown 

Heart Attack  Yes → 

Age _____ 

 No 

 Yes → Age _____  

Unknown age 

 No 

 Unknown 

 Yes → Age _____  

Unknown age 

 No  

 Unknown 

Deceased   Yes → Age _____  

Unknown age 

& Cause ____  

Unknown cause 

 No  

 Unknown 

 Yes → Age _____  

Unknown age 

& Cause ____  

Unknown cause 

 No  

 Unknown 

High Blood Pressure  Yes → 

Age _____ 

 No 

 Yes → Age _____  

Unknown age 

 No 

 Unknown 

 Yes → Age _____  

Unknown age 

 No  

 Unknown 
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High Cholesterol  Yes → 

Age _____ 

 No 

 Yes → Age _____  

Unknown age 

 No 

 Unknown 

 Yes → Age _____  

Unknown age 

 No  

 Unknown 

Heart Disease  Yes → 

Age _____ 

 No 

 Yes → Age _____  

Unknown age 

 No 

 Unknown 

 Yes → Age _____  

Unknown age 

 No  

 Unknown 

Obesity/Overweight  Yes 

 No 

 Yes 

 No  

 Unknown 

 Yes 

 No  

 Unknown 

 

 

 


