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Abstract 
    Background and Purpose: The use of dietary supplements is on the rise in Canada. This raises questions 

about the safety of the supplements when taken in the recommended dosage. One ingredient of concern in 
dietary supplements is caffeine, which can cause adverse health effects when consumed in great enough 
quantities. Given the lack of research into the caffeine content of dietary supplements, along with few 
regulations that exist regarding labelling or limits on caffeine content within Canada, a major concern is whether 
or not these supplements pose a risk to the public. The purpose of this study is to compare the caffeine content 
of various types of dietary supplements, and to determine if the caffeine content warrants a risk to the public. 

    Methods: Supplement stores within the Vancouver Metropolitan Area were visited online and in person, and 
supplements were categorized as an energy drink, pre-workout supplement, energy bar, fat-loss supplement, or 
caffeine pill or capsule. The caffeine content per recommended dosage of each supplement was recorded from 
the label. 

    Results: It was found that the caffeine content did vary between supplement categories (Kruskall-Wallis one 
way ANOVA test had a p-value < 0.000), and that fat-loss supplements and pre-workout supplements had the 
highest caffeine content with a mean 221.19mg per serving and 249.68mg per serving respectively. Caffeine 
pills had a mean of 186.90mg per serving, energy drinks had a mean of 166.84mg per serving, and energy bars 
had a mean of 85.06mg per serving. 

    Discussion: Health Canada recommends that healthy adults not exceed 400mg of caffeine per day. Exceeding 
this limit can lead to adverse health reactions, such as anxiety, insomnia, heart palpitations or more serious 
symptoms such as convulsions or death. It was found in this study that 5% of the samples exceeded 400mg, 
and can be considered hazardous. Taking multiple doses of supplements, or consuming additional caffeine from 
alternative sources, such as coffee, also puts consumers at a greater risk of exceeding the recommended 
limits. Currently there are no regulations in Canada regarding how much caffeine is permitted within these 
products, or any labeling requirements for caffeine in dietary supplements. 

    Conclusion: Given the increase in popularity of dietary supplements in Canada, along with the limited 
regulations on labelling requirements, caffeine-containing supplements could potentially pose a risk to 
consumers. This study shows that the caffeine content differs between types of dietary supplements, and that 
some supplements exceed the Health Canada guidelines of 400mg. More regulations and guidelines on 
labeling requirements for these supplements may be necessary to protect the public. 
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Introduction 
Nutritional supplementation has exploded over the 
last few decades with as many as 45.6% of 
Canadians aged 1 and older reported to have used 
at least one supplement in 2015 compared to just 
26.3% in 2004 (Statistics Canada, 2017). Nutritional 

supplements refer to a large range of products 
that can include protein powders, multivitamins, 
pre-workout supplements, caffeine pills, and fat 
burners. While multivitamins make up most of the 
supplements consumed by Canadians (23.1%), 
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supplements geared towards fitness and 
performance are on the rise (Statistics Canada, 
2017). A major ingredient in many fitness 
supplements is caffeine, which is known to have 
hazardous side effects in sensitive individuals or 
in large doses (Health Canada, 2012). Health 
Canada recommends that healthy adults not 
exceed 400mg of caffeine per day (2012), but there 
are currently no requirements on how much 
caffeine is permitted within pre-packaged food 
products (Canadian Food Inspection Agency, 
2010) with the exception of 200 ppm for cola-type 
beverages (2010). Additionally, different 
individuals may have different responses to 
caffeine, and women who are pregnant or are 
planning to become pregnant, as well as children, 
have requirements below 400mg per day (Health 
Canada, 2012). As such it is possible that many 
workout and fitness supplements that contain 
large quantities of caffeine per serving can pose a 
danger to the public if left unchecked. This project 
will investigate the caffeine content of different 
types of dietary supplements in order to determine 
if there is a difference in caffeine concentration 
between supplement types, as well as to get a 
better understanding of the risks they pose to the 
public. 

Literature Review 
Effects of Caffeine 
Caffeine is one of the most common drugs that is 
consumed by the public. Currently the primary source 
of caffeine is coffee for adults and soft drinks for 
children (Frary C., et al, 2005). A survey by Mahoney 
et al. (2018) of 1,248 U.S. college students found that 
some of the major reasons stated for caffeine use was 
to feel more awake, enjoyment of the taste, and to 
improve concentration and physical energy. These 
findings were similar to those found by another study 
of one hundred forty athletes at the 2005 iron man 
championships where the main stated reasons for 
consuming caffeine was improved endurance and 
concentration when performing (Desbrow and Leveritt, 
2007). These reports are backed by experimental 
evidence that showed that sprint performance among 
athletes was seven percent faster for those who 
received 6mg of caffeine per kilogram of bodyweight 
compared to a placebo (Schneiker et al., 2006). 
Additionally, improved performance on reaction time 
tasks, rapid visual information processing tasks, and 
performance tests was observed in twenty three test 
subjects given caffeine compared to a placebo in a 
double-blind within-subjects study (Smitt and Rogers, 
2000). This could help explain why more athletes and 
young adults are turning to nutritional supplements 
containing caffeine (Health Canada, 2012). 
 
There are some potentially harmful side effects of 

consuming too much caffeine. A comparison study of 
twelve individuals given a 250mg dose and a 500mg 
dose in a randomized, double�blind, single�dose 
crossover study saw an increase in anxiety, insomnia, 
irritability, heart palpitations, and restlessness in the 
500mg dose over the 250mg dose (Kaplan et al., 
2013). Another study of thirteen men performing 
resistance training varied caffeine doses to 3mg/kg, 
6mg/kg, and 9mg/kg and found that side effects, such 
as tachycardia, heart palpitations and gastrointestinal 
disturbances increased moderately from the 3mg/kg 
dose to 6mg/kg, but spiked when given the 9mg/kg 
dose (Pallares et al., 2013). These and other studies 
suggest that the dose of caffeine is largely responsible 
for the health effects experienced by the users. 
Indeed, Health Canada (2012) recommends that the 
limits for healthy adults should be 400mg of caffeine 
per day, women of childbearing age 300mg per day, 
children aged four to six 45mg per day, children seven 
to nine 62.5mg per day, children ten to twelve 85mg 
per day, and children thirteen and older should limit 
their consumption to 2.5mg/kg of bodyweight per day. 

 
In extreme cases overdoses of caffeine can lead to 
vomiting, convulsions, coma, and death as was seen 
in a case study of two deaths involving a thirty nine 
year old woman who was found to have a blood 
caffeine concentration of 192mg/L, and a twenty nine 
year old male who had a blood caffeine concentration 
of 567mg/L (Kerrigan and Lindsay, 2005). Another 
case study by Jabbar and Hanly (2013) describes a 
thirty nine year old man who consumed 12g of caffeine 
in a dietary supplement and died with a blood caffeine 
concentration of 350mg/L. Beauchamp, Amaducci, 
and Cook (2017) state that caffeine may be fatal at 
doses of 150mg/kg of bodyweight. For most people 
this requires approximately ten grams of caffeine to be 
ingested (2017). It is highly unlikely to ingest this much 
caffeine from coffee as one cup contains 
approximately 135mg (Health Canada, 2012) and 
would require drinking seventy five cups. However, 
consuming fifty caffeine pills with 200mg each of 
caffeine or consuming one tablespoon of caffeine 
anhydrous powder can reach levels high enough to kill 
(Beauchamp et al., 2017). Deaths related to caffeine 
may be rare. An analysis of 83,580 forensic autopsies 
in Sweden from 1993 to 2009 (Thelander et al., 2010) 
found that caffeine only contributed to 20 of the 
deaths. However, the current lack of regulation and 
knowledge about caffeine in nutritional supplements, 
combined with the increased use of supplements by 
athletes and young adults, may result in an increase in 
caffeine-related deaths and illness. 
 
Regulations and Guidelines 
In Canada caffeine is considered a food additive and 
is governed by the Food and Drugs Regulation under 
the Food and Drugs Act. Under this regulation caffeine 
must be listed in the ingredient list of food and 
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beverages, however the amount of caffeine allowed is 
only restricted in cola-beverages in section B.16.100 
(Food and Drugs Regulation, 2018), and foods labeled 
as decaffeinated in section B.05.003. Additionally, 
caffeine from natural sources, such as guarana and 
teas, are not required to be listed in the ingredient list 
(Health Canada, 2010). 
 
As of March 2010, Health Canada has begun the 
process of establishing labeling guidelines for 
caffeinated pre-packaged foods in addition to the 
guidelines for daily caffeine consumption that already 
exists (Health Canada, 2010). In these new guidelines 
Health Canada proposes to include instructions on 
how to label pre-packaged foods and to include the 
quantity of caffeine from all sources that are in the 
product. This would allow consumers to more 
accurately track their caffeine intake and to make 
better decisions regarding its use. 
 
Many dietary supplements containing caffeine are 
regulated as Natural Health Products in Canada 
(Health Canada, 2016). Natural Health Products can 
include vitamins and minerals, herbal remedies, 
probiotics, amino acids, and essential fatty acids 
(2016). Natural Health Products must be licensed by 
Health Canada and are governed by the Natural 
Health Products Regulation (2016). Under section 5(d) 
of this regulation manufacturers are required to 
provide a qualitative list of non-medical ingredients, a 
statement about the purpose or intent of the 
ingredient, and information that demonstrates the 
safety of the product when used in the recommended 
dosage when applying for a license (Health Canada, 
2018). Since caffeine is a non-medical ingredient, the 
quantity does not need to be submitted for review. 
 
Caffeinated energy drinks are currently listed as a 
natural health product, but efforts are underway to 
transition them to a food product to be regulated under 
the Food and Drugs Regulation (Canadian Food 
Inspection Agency, 2018). In the meantime caffeinated 
energy drinks must have a Temporary Marketing 
Authorization Letter (TMAL) that can be issued by 
Health Canada (2018). In order to receive a TMAL the 
total caffeine content from all sources must be 
provided and listed on the label. 
 
In British Columbia the guidelines for food and 
beverage sales in BC schools (Ministry of Health, 
2013) states that beverages and snacks that contain 
more than 15mg of caffeine, but do not state this on 
the label, should not be sold in BC schools. No other 
additional legislation or guidelines exist in BC for 
caffeine in pre-packaged foods or supplements. 

 
Caffeine in Dietary Supplements 
Since there are no regulations requiring most dietary 
supplements to provide the quantity of caffeine on the 

label, many manufacturers have voluntarily added the 
information on the label. A study by JustaNeves and 
Caldas (2017) on workout supplements in Brazil found 
that of 213 samples only 109 actually declared the 
amount of caffeine on the label. Additionally, the 
researchers measured the caffeine content of the 
workout supplements and found that 26.6% of the 
caffeine labeled samples contained more than 120% 
of the caffeine stated on the label. After examining the 
recommended doses listed on the supplements the 
researchers found that 47.9% would lead to a caffeine 
intake exceeding 400mg (2017). 
 
Another study of the caffeine content of 53 caffeine-
containing supplements in the U.S. found that 89% 
had caffeine levels within 16% of the stated amount on 
the label (Andrews et al., 2007). In this study it was 
found that the mean amount of caffeine per serving in 
the supplements was 238mg, however caffeine 
content ranged from 1mg per serving to as much as 
800mg per serving (2007). Out of the 53 supplements 
examined it was found that 15 exceeded the 
recommended daily intake of 400mg. The 
supplements examined only included tablets, caplets, 
and capsules containing caffeine and did not examine 
energy drinks, workout powders or beverages. 
 
An examination of the labels of sixty four caffeine-
based supplements in Portugal found that 22% 
exceeded 200mg of caffeine per recommended dose 
and 11% exceeded 400mg (Bassada, Alves, and 
Oliveira, 2018). The researchers examined several 
caffeine containing supplements including energy 
powders, energy drinks, energy bars, energy 
concentrated liquids, energy gels, and capsules. It 
was found that energy powders contained the most 
caffeine per weight (1060mg/100g - 2500mg/100g) 
and that caffeine content varied widely between the 
different supplement types. Some of the labels 
provided clear instructions on dosage and use, but 
others did not provide information. It was noted by the 
researchers that caffeine supplements do not require 
any pre-approval or safety evaluation before 
commercialization within the European Union and that 
more regulation and enforcement by health authorities 
was needed to oversee the sale of the products. 
From the research it is clear that the caffeine content 
of dietary supplements can vary widely between 
different brands and types. In Canada very little 
oversight and regulations exists to control the caffeine 
content and labeling of caffeine-containing products. 
This may be in part because historically food and 
drinks containing caffeine, such as coffee, teas, sodas, 
and various snacks, contained very small amounts of 
caffeine leading to very little risk of harmful effects. As 
more products are being developed that contain 
concentrated and more potent forms of caffeine, and 
the demand and use of such products is increasing, 
the potential for harm has increased. Currently, very 
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little research has been done on the caffeine content 
of dietary supplements sold in Canada. If regulations 
and guidelines are to be developed regarding these 
supplements then more information is needed 
regarding which products contain the most caffeine 
and have the largest potential to cause harm. 
 
The purpose of this study is to evaluate the caffeine 
content of dietary supplements based on supplement 
type. This will assist regulators in determining what 
regulations, if any, are needed to be developed by 
comparing the average caffeine content of different 
supplement types to determine which products pose 
the greatest risk to consumers. 
 
Methods 
Design 
This experiment used a cross-sectional research 
design. The independent variable is the supplement 
category, and the dependent variable is the caffeine 
content per recommended dosage written on the label. 
The hypothesis being tested is that there is a 
difference in the caffeine content of dietary 
supplements based on the supplement category. 
 
Materials and Procedure 
Sports nutrition and supplement stores within 
Vancouver metropolitan area were visited in person 
and online. The stores selected were within 
Vancouver, Burnaby, New Westminster, Surrey, and 
Richmond, and were chosen based on popularity on 
google search results, as well as quantity and variety 
of supplement selection available at the store. Various 
supplements and products were selected based on 
popularity and recommendation from the sales staff, or 
online using keywords such as “caffeine”, “energy”, 
and “workout”. The labels of the supplements were 
analyzed and the products categorized as an: energy 
drink, pre-workout supplement, energy bar, fat-loss 
supplement, or caffeine pill or capsule. The caffeine 
content was recorded per the recommended dosage 
according to the label. Within stores the caffeine 
content was read off of the labels, whereas online the 
content was read off a picture of the label or from the 
ingredient list provided on the site. This methodology 
resembles that used by Bessada et. al (2018) in a 
similar study performed in Portugal. An example of 
collecting a data point from an online supplement 
store can be seen in figures 1 and 2 below. 
 

Figure 1: VPX energy drink sold on GNC’s online store 
(taken from GNC online store, November 2018) 
  

Figure 2: Label of VPX energy drink demonstrating 
300mg of caffeine per serving (Taken from GNC online 
store, November 2018) 
 
An alternative method for performing this research 
would be to purchase various dietary supplements and 
test the caffeine content using near-infrared (NIR) 
spectrometry, such as performed by Wang et al. 
(2018) on herbal teas, or high pressure liquid 
chromatography, such as used by Attipoe et al. (2016) 
when measuring the caffeine content of energy drinks 
and energy shots. 
 
The proposed method was selected based on the 
ability to obtain a large sample size for comparison, as 
well as the ability to complete the study within a 
reasonable amount of time and at low cost. The 
materials used in this project included a laptop, 
microsoft excel, and NCSS statistics package. 
 
Reliability and Validity 
A concern of internal validity is whether the caffeine 
content listed on the labels is representative of the 
actual caffeine content within the supplements. 
Inaccurate labels or labels that overestimate or 
underestimate the caffeine content in the product can 
lead to errors in conclusions. Andrews et al. (2007) 
analyzed the caffeine content of 53 supplements and 
found that 89% of supplements contained caffeine 
within 16% of the stated caffeine content of the label. 
Attipoe et al. (2016) found that all products they tested 
were within 15% of the stated amount on the label. 
These studies suggest that the caffeine content listed 
on the label closely resembles the actual caffeine 
content in the majority of supplements. 
    Another concern is whether the supplements used 
in the study are representative of what the majority of 
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consumers are purchasing and consuming. While 
many people do select stores based off of google 
search results, some may select stores based on word 
of mouth or by another means. This may influence 
how well the results generalize to dietary supplements 
that are purchased by consumers. This study focused 
solely on dietary supplements and stores that are 
listed online and excluded stores that do not have a 
website or a google search result. Additionally, only 
dietary supplements that provide the caffeine content 
on the label are included in this study, and 
supplements that do not have a label or do not provide 
the amount of caffeine on the label are not used. The 
reliability of the methods used in this study are high as 
no equipment or measuring devices are used. 
The probability of a type 2 or Beta error (falsely 
concluding that there is no difference in caffeine 
content between supplement categories) can be 
decreased by taking a large sample of each 
supplement category. The probability of making a type 
1 or alpha error can be reduced by selecting a smaller 
p-value of 0.01. 
 
Pilot Study 
In order to determine the feasibility of the method used 
in this study five supplements for each category were 
selected using online stores. This was to determine if 
caffeine content could be determined from reading the 
labels using online stores. It was found that most 
supplements found online did provide a label that 
included the caffeine content, or an ingredient list that 
included the data. 
 
Results 
The data that was collected in this study is numerical 
and was analyzed using a one way analysis of 
variance test using NCSS statistical software. Energy 
drinks, preworkout supplements, and fat loss 
supplements each had a sample size of 30. This was 
to ensure that there was an adequate sample size to 
increase the power of the study and limit the 
probability of a type 2 error from occurring. Energy 
bars had a sample size of 16, and caffeine pills/tablets 
had a sample size of 21. This was due to there being 
fewer energy bars containing caffeine and caffeine 
pills for sale in the Vancouver area. The data was 
found to not be normally distributed so the results 
were read using the non-parametric Kruskal-Wallis 
one way ANOVA test. The mean caffeine content for 
each supplement category is presented in table 1 and 
figure 3, along with the median and standard 
deviation. 
 
Table 1: Caffeine content of the supplements in 
milligrams per serving of the different supplement 
categories 
 
 

 

 
Figure 3: Differences in caffeine content in milligrams 
per serving of dietary supplements types 
 
The results of the Kruskall-Wallis one way ANOVA 
(see appendix) showed that the p-value was very 
small (p < 0.000), therefore the null hypothesis was 
rejected. The results show that there is a difference in 
the mean caffeine content between supplement 
categories. The power of the study was very high 
(Power = 1.000), and the Beta was below the 
detection of the NCSS software, therefore one can be 
confident of the validity of the results. A Scheffe’s 
multiple comparison test was run to determine which 
supplement categories differed from each other. This 
is summarized in table 2 below. 
 
Table 2: Results of Scheffe’s Multiple Comparison Test 

 
Interestingly while preworkout supplements and fat 
loss supplements were statistically different from 
energy drinks, caffeine pills were not statistically 
different from either. This is probably due to the 
sensitivity of the Scheffe’s multiple comparison test. 
From the descriptive statistics it can be concluded that 
preworkout supplements, fat loss supplements, and 
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caffeine pills have the highest caffeine content per 
serving, followed by energy drinks, and then energy 
bars. 
 
Discussion 
The findings of this study are consistent with Bassada 
et al. (2018) in that there is a difference in mean 
caffeine content between supplement types, and that 
energy powders, such as workout supplements or fat 
loss supplements, do contain the most caffeine per 
serving. A reason for this could be the different 
intended uses of the supplements. While energy 
drinks and energy bars may only be used to boost 
alertness or decrease fatigue, and thus require smaller 
doses of caffeine to achieve this effect, energy 
powders are mostly geared towards improved athletic 
performance, and may require higher doses of 
caffeine to achieve this. The mean caffeine content of 
all dietary supplements studied was below the Health 
Canada recommended guidelines of 400mg, and only 
7 of the 130 total samples (approximately 5%) 
contained 400mg per serving or above. This is lower 
than the 11% observed by observed by Bassada et al. 
(2018). However, 75 of the 130 total samples 
(approximately 58%) contained more than 200mg per 
serving, which is higher than the 22% observed by 
Bassada (2018). The highest caffeine content 
observed was the MuscleTech Performance Series 
Vapor X5 Ripped fat loss supplement, which contained 
530mg per serving. 
 
It should be noted that while most supplements 
contained less than 400mg per serving, this does not 
take into account that consumers may take more than 
one serving in a day which could push their daily 
caffeine intake well over the 400mg limit. People that 
consume caffeine from other sources, such as coffee, 
teas, or sodas, would also be at risk of exceeding the 
daily caffeine content when using most supplements. 
Additionally, children under 18 years of age and 
women of childbearing age are at the highest risk of 
exceeding their daily caffeine intake 
recommendations. This could lead to health 
consequences such as anxiety, insomnia, irritability, 
heart palpitations, and restlessness (Kaplan et al., 
2013), or even more severe symptoms such as 
vomiting, convulsions, coma, and death (Kerrigan and 
Lindsay, 2005) when taking extremely large doses of 
caffeine. 
 
Limitations 
A major consideration that should be taken into 
account with this study is that it does not factor in any 
possible synergistic effects caffeine may have with 
other ingredients. Some doses of caffeine may be safe 
on their own, but when combined with the effects of 
other ingredients could produce potentially dangerous 
health consequences. Many dietary supplements are 

cocktails of many different ingredients, and can 
contain stimulants or other substances that may 
interact with caffeine to produce an enhanced effect. 
Thus the caffeine content per serving should not be 
the only consideration when examining the safety of 
dietary supplements. 
 
This study only examined supplements sold in popular 
brand stores, such as GNC or Popeyes Supplements. 
These larger retailers may limit their selection of 
dietary supplements to brands or products that contain 
smaller quantities of caffeine in order to ensure the 
safety of their customers or to limit liability. It is 
possible that supplements purchased from smaller 
online retailers, or sold within gyms contain caffeine 
quantities that differ from those observed in this study. 
It was assumed in this study that the majority of 
consumers would purchase supplements from popular 
retail stores within the Greater Vancouver Area, 
however a survey of users may have shown whether 
or not this was the case. Additionally, this study relied 
on self reported data from the manufacturers of dietary 
supplements, and some manufacturers may over or 
under report the caffeine content of their products due 
to marketing or other factors. 
 
Knowledge Translation 
Since very few regulations exist in Canada on the 
labelling of caffeine containing dietary supplements, 
this research could be used as justification for new 
regulations to be established. The results of this study 
show that some supplements do contain caffeine in 
excess of 400mg per serving, which demonstrates the 
need for proper labelling so consumers can make 
smart decisions regarding their use. Regulators may 
also wish to put limits on how much caffeine is 
permitted per serving, or to require warning labels be 
visible on all products. The results of this study also 
demonstrate that the caffeine content of some dietary 
supplements may be dangerous to people under the 
age of 18, which could require regulations that limit or 
prohibit the sale to minors be established. 
    Health Canada has guidelines that the public can 
use to determine the average caffeine content of 
various food items, such as coffee and chocolates. 
This research could be used to establish similar 
guidelines for dietary supplements. The public could 
then use these guidelines to make informed decisions 
about regarding the use of dietary supplements. 
 
Future Research Ideas 

• Conduct a survey of dietary supplement users 
in order to assess how dietary supplements 
are consumed, what supplements are most 
commonly used, and where do consumers 
purchase their supplements. 

• Measure the actual caffeine content of dietary 
supplements and compare this to the amount 
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listed on the label. 
• Compare the caffeine content of dietary 

supplements sold in Canada to those that are 
sold in other countries. 

• Identify an ingredient that could interact with 
caffeine and compare the quantity of this 
ingredient between different supplement 
types. 

 
Conclusions 
Caffeine content differs between the types of dietary 
supplements available on the market. Preworkout 
supplements, fat loss supplements, and caffeine pills 
contain the most caffeine per serving, and energy bars 
have the lowest caffeine per serving. Fifty eight 
percent of the supplements observed had more than 
200mg per serving. If misused, or used in addition to 
caffeine from other sources, this could lead to a user 
exceeding the Health Canada recommended limit on 
daily caffeine consumption. Given the increased use 
of dietary supplements, especially by younger people, 
more regulations and guidelines on labelling 
requirements of dietary supplements may be 
necessary to protect the public. 
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