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Adverse effects of caffeinated energy drinks among youth
and young adults in Canada: a Web-based survey

David Hammond PhD, Jessica L. Reid MSc, Sara Zukowski BSc

Background: Energy drink consumption has increased dramatically among young Canadians, with anecdotal evidence of adverse
health effects. There is a lack of population-based studies to examine the prevalence of adverse events from energy drinks, particu-
larly among young people. The current study sought to assess adverse events from energy drinks among a population-based sample
of youth and young adults in Canada.

Methods: An online survey was conducted in 2015 with a national sample of youth (aged 12-17 yr) and young adults (aged
18-24 yr) recruited from a consumer panel. Respondents reported prior consumption of energy drinks as well as adverse outcomes,
concurrent activities associated with the outcomes and whether medical attention was sought or considered. Adverse events from
coffee were also assessed for comparison. Weighted analyses are reported.

Results: Of the 2055 respondents, 1516 (73.8%) reported having ever consumed an energy drink, and 1741 (84.7%) reported hav-
ing ever consumed coffee (unweighted). Overall, 55.4% of respondents who had ever consumed an energy drink reported that they
had experienced at least 1 adverse event, including fast heartbeat (24.7%), difficulty sleeping (24.1%), headache (18.3%), nausea/
vomiting/diarrhea (5.1%), chest pain (3.6%) and seizures (0.2%); 3.1% had sought or had considered seeking medical help for an
adverse event. The prevalence of reported adverse events was significantly greater among energy drink consumers than among cof-
fee consumers (36.0%) (odds ratio [OR] 2.67 [95% confidence interval (Cl) 2.01-2.56]), as was the proportion who reported seeking
or considering seeking medical help for adverse events (3.1% v. 1.4%) (OR 2.18 [95% CI 1.39-3.41)).

Interpretation: More than half of youth and young adults who had consumed energy drinks reported adverse outcomes, some seri-
ous enough to warrant seeking medical help. The adverse outcomes were consistent with the physiologic effects of caffeine but were
significantly more prevalent than with other sources of caffeine such as coffee, consistent with data from national adverse event
databases.

nergy drinks are beverages that contain concentrated

amounts of caffeine and other stimulants, including

sugars, vitamins, amino acids such as taurine and
various herbal supplements.! The recent dramatic increase
in the consumption of energy drinks has led to concerns
about their health impact.>* For example, Health Canada’s
Expert Panel on Caffeinated Energy Drinks labelled energy
drinks as “stimulant drug containing drinks” and identified
them as a “safety concern” in 2010.° Health concerns have
primarily focused on potential risks to children and youth,
given their greater susceptibility to the effects of caffeine
and other stimulants.” The adverse effects of caffeine
include anxiety, headache and insomnia.®® More serious
adverse effects from excessive caffeine consumption —
although rare — can include vomiting and abdominal pain,
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hypokalemia, hallucinations, seizures, arrhythmias and even
death.® Concerns about caffeine consumption among young
people have prompted Health Canada to issue recom-
mended maximum daily caffeine intake levels for children
less than 13 years of age (for those aged 10-12 yr, 85 mg,
roughly equivalent to 1 250-mL can of Red Bull [Red Bull
GmbH]; for adolescents aged > 13 yr, no more than 2.5 mg

Competing interests: None declared.

This article has been peer reviewed.

Correspondence to: David Hammond, dhammond @ uwaterloo.ca
CMAJ Open 2018. DOI:10.9778/cmajo.20160154

CMAJ OPEN, 6(1)  E19



OPEN

per kilogram of body weight).” Energy drinks contain stim-
ulants other than caffeine that may have independent physi-
ologic effects or may interact with caffeine in ways that are
poorly understood.

Evidence on adverse events is a priority given changes to
the regulatory status of energy drinks in Canada. Before 2013,
energy drinks were classified as a Natural Health Product;
however, in 2013, they were reclassified to fall under the Food
and Drug Act and became subject to new regulations on caf-
feine content, mandatory cautionary labelling and restrictions
on health claims.' As part of this transition, Health Canada
has committed to monitoring the safety of energy drinks in
order to evaluate the effectiveness of these new measures and
to review the “temporary market authorization” provided to
energy drinks.

The energy drink industry has maintained the safety of
energy drink consumption.'"!? Expert panels, medical associa-
tions and regulatory agencies, however, have continued to
note their concern about adverse effects among young peo-
ple.** Data on the adverse effects of energy drink consump-
tion derive from a variety of sources, including clinical trials,
case reports, data on emergency department visits and calls to
poison centres.!>1 Most reports are of short-term effects. For
example, trials have shown acute cardiovascular effects of
energy drinks, particularly among those at higher risk for such
events.!”1® Case reports have linked energy drink consump-
tion with serious adverse events, such as stroke,! seizures?’-??
and serious cardiac effects.”??” Data from emergency depart-
ment visits have also identified adverse outcomes associated
with energy drinks.”*?! For example, an analysis of national
US data showed that the number of emergency department
visits linked with energy drinks doubled between 2007 ( =
10 068) and 2011 (z = 20 783).>> An analysis of calls to the US
National Poison Data System in a 12-month period in
2010711 identified 4854 calls related to energy drinks, includ-
ing 1480 calls that were not also related to alcohol; 15% were
considered to be “moderate to major” adverse effects.’® Simi-
larly, calls to the Australian Poison Control Centre increased
fivefold between 2004 and 2010, with cardiac events, halluci-
nations or seizures reported in 10% of cases.** The US Food
and Drug Administration has identified more than 30 deaths
linked with energy drinks, based on adverse events reports
between 2004 and 2012.3%%¢ In Canada, a newspaper investi-
gation showed that serious side effects of energy drinks were
reported to Health Canada by 35 Canadians between 2003
and 2012, as well as 3 deaths.?”

Adverse event reports represent only a “small fraction” of
adverse events associated with any product, owing to under-
reporting and other biases.’® Population-based surveys of
energy drink consumers may be less susceptible to under-
reporting, because consumers are contacted proactively. A
school-based study of seventh-grade students in Finland
showed increased odds of headaches, sleeping problems and
irritation among energy drink users.’” An Italian survey
revealed that 45% of medical students reported adverse out-
comes, including palpitations (35%), insomnia (21%) and irri-
tability (20%).* In an Australian study conducted among 12-
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to 18-year-olds, just over half of participants reported
experiencing at least 1 physical symptom after consuming an
energy drink, including racing heart (41%), upset stomach
(28%), anxiety (22%), tremors (18%) and heart palpitations
(16%).*" Finally, a survey conducted in Poland showed that
29% of young athletes who reported consuming energy
drinks reported a “health problem.”*

The current study sought to assess adverse events from
energy drinks among a population-based sample of youth and
young adults in Canada, including reports of seeking medical
attention. Adverse events from coffee were also assessed for
comparison, given that caffeine consumption from coffee has
been used as the reference in risk assessments for energy
drinks in Canada and elsewhere.®

Setting

Data were collected via self-completed Web-based surveys
that took place between Nov. 6 and Dec. 22, 2015. Respon-
dents were from all provinces, and surveys were completed in
English or French.

Design
We recruited participants via email through the Legerweb
consumer panel. The Legerweb panel has over 400 000 active
members, half of whom are sampled through probability-
based methods (via telephone), with additional members
recruited online and through word of mouth, social media and
refer-a-friend programs. Email invitations (with a unique link)
were sent to a random sample of panellists (after targeting for
age criteria), primarily to those of known eligibility and sup-
plemented with those of unknown eligibility; panellists known
to be ineligible were not invited. Respondents aged
18-24 years were recruited directly, whereas those aged
12-17 years were recruited through their parents, and paren-
tal consent was obtained before youth accessed the survey.
After eligibility screening, all respondents were provided with
information about the study and were asked to provide con-
sent before participating. Respondents received remuneration
from Léger Marketing in accordance with their usual incen-
tive structure, which includes points-based or monetary
rewards (redeemed as cash or donated) as well as chances to
win monthly prizes.

No personal identifiers were collected as part of this study.

Sources of data/measures

All respondents who had ever tried energy drinks (i.e., ever-
consumers) were asked, “Have you ever experienced any of
the following after drinking an energy drink?,” with an option
to select all that applied from the following: “jolt and crash”
episodes (increased alertness and energy followed by a sudden
drop in energy), headache, jittery/shaking, difficulty sleeping,
fast heartbeat, chest pain, nausea/vomiting/diarrhea, seizures,
decreased sexual performance, dental pain, other (respondents
were asked to specify) or none of the above. Respondents who
selected “fast heartbeat,” “chest pain” or “seizures” were asked



a follow-up question to confirm how many times they had
experienced the effect after consuming energy drinks, with
the options “never,” “once” or “more than once;” those who
said “never” were excluded from estimates. Respondents who
reported experiencing any adverse event were asked follow-up
questions, including how many drinks they had consumed,
what activities they had been participating in concurrently and
whether they had sought or had considered seeking medical
attention. Parallel questions were asked of those who had ever
tried coffee.

We selected questionnaire items based on previous
research where possible, although the items of interest noted
above are novel. The survey used in the current study was
based on a previous iteration (pilot-tested and fielded in
2014), with only minor changes, and was thoroughly tested
for functionality and usability before data collection. The sur-
vey took about 20 minutes to complete and included ques-
tions eliciting sociodemographic information, a 24-hour recall
of caffeinated products, items on energy drink use, percep-
tions, knowledge and marketing (Appendix 1, available at
www.cmajopen.ca/content/6/1/E19/suppl/DC1). Additional
methodological description is available in the technical
report.*

Statistical analysis

We constructed poststratification sample weights based on
population estimates from the 2011 National Household Sur-
vey.® Using the individual-level 2011 National Household
Survey data set, we created sample probabilities based on
weighted proportions for 40 demographic groups (each group
being calculated as [# in current study/weighted » in National
Household Survey]): age group (12-14 yr, 15-17 yr, 18-19 yr,
20-24 yr) by sex and by region (British Columbia, Prairies,
Ontario, Quebec, Atlantic). Weights were calculated as
(1/sample probability) for each group and were applied to the
current data set. We tested differences in the prevalence of
adverse events for energy drinks and coffee using generalized
estimating equations modelling. All estimates are weighted
unless otherwise specified. We conducted analyses using SPSS
version 23 (IBM).

Ethics approval
The study received ethics approval from the Office of
Research Ethics at the University of Waterloo.

Sample

A total of 37 152 online panel members were sent an email
invitation to the survey (20 614 members aged 18-24 yr and
16 538 parents of youth aged 12-17 yr), of whom 3108 (8.4%)
accessed the survey link. A total of 2181 invitees (5.9%) com-
pleted the survey; 291 others refused, 546 were classified as
ineligible, and 90 were of unknown eligibility. All invitees
who consented to participate in the survey completed it to the
end (although some items may have been missing, as respon-
dents could always choose “don’t know” or “refuse to
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answer”). A total of 126 records were deleted: because of
missing data on variables used for weighting in 22 cases,
because the survey was completed outside the study time
frame in 1 case and because of failure on a question checking
data quality that asked for the current month in 103 cases.
Thus, a total of 2055 surveys (5.5% of all invitations sent)
were retained for analysis.

Table 1 shows the demographic characteristics of the sam-
ple. A total of 1516 respondents (73.8%) reported having ever
consumed an energy drink, and 1741 (84.7%) reported having
ever consumed coffee (unweighted).

Adverse events

Overall, 41.5% of the 2055 respondents reported ever experi-
encing at least 1 adverse event from energy drinks, and 30.6%
reported ever experiencing at least 1 adverse event from cof-
fee. The overall proportion who reported experiencing an
adverse event was significantly higher with energy drinks than
with coffee (odds ratio [OR] 1.63 [95% confidence interval
(CI) 1.46-1.81]). More than half (55.4%) of respondents who
reported ever consuming energy drinks reported at least
1 adverse event, compared to 36.0% of those who reported
ever consuming coffee (OR 2.67 [95% CI 2.01-2.56]). The
proportions of ever-consumers who reported experiencing
the various adverse events are shown in Table 2.

Most respondents who reported experiencing an adverse
event from energy drinks had consumed less than the recom-
mended maximum of 1 or 2 drinks (depending on the size of
the container): 50.8% (n = 421) reported having 1 drink, and
23.2% (n = 1811), 2 drinks. Similarly, most of those who
reported experiencing an adverse event from coffee had con-
sumed 1 (43.0% [n=257]) or 2 (24.2% [n = 152]) beverages.

Seeking medical attention

A total of 1.2% (n = 19) of energy drink consumers reported
having sought medical help or having talked to a health care
professional about an adverse event(s), most commonly for
fast heartbeat, chest pain, headache, jitteriness or gastrointes-
tinal effects. A further 1.8% (n = 28) considered seeking medi-
cal attention. The corresponding proportions for coffee con-
sumers were 0.7% (n = 12) (most commonly for headache,
difficulty sleeping, fast heartbeat or gastrointestinal effects)
and 0.7% (n = 12).

Energy drink consumers were significantly more likely
than coffee consumers to report having sought or considered
seeking medical attention for an adverse event (3.1% v. 1.4%)
(OR 2.18 [95% CI 1.39-3.41]).

Concurrent activities

Respondents who reported having experienced an adverse
event were asked about other activities they had been partici-
pating in at the same time (Table 3). Although a substantial
proportion had consumed alcohol, drugs/medications or other
caffeinated products, or were participating in physical activity,
nearly half (48.6%) of those with adverse events from energy
drinks and more than three-quarters (76.7%) of those with
adverse events from coffee reported none of these activities.
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Table 2: Proportions of ever-consumers of energy drinks and
coffee who reported ever experiencing adverse events

Table 1: Demographic characteristics of Canadian
respondents aged 12—-24 years
No. (%) of respondents
(unweighted)
Characteristic n = 2055
Sex
Female 1016 (49.4)
Male 1039 (50.6)
Age group, yr
12-14 401 (19.5)
15-17 621 (30.2)
18-20 336 (16.4)
21-24 697 (33.9)
Language
English 1240 (60.3)
French 815 (39.6)
Race/ethnicity*
White 1513 (73.6)
Chinese 92 (4.5)
South Asian 88 (4.3)
Black 65 (3.2)
Aboriginal 63 (3.1)
Other/mixed 202 (9.8)
Don’t know/refused 32 (1.6)
Province
British Columbia 150 (7.3)
Alberta 185 (9.0)
Saskatchewan 27 (1.3)
Manitoba 62 (3.0)
Ontario 636 (30.9)
Quebec 887 (43.2)
New Brunswick 25 (1.2)
Nova Scotia 59 (2.9)
Prince Edward Island 12 (0.6)
Newfoundland and Labrador 12 (0.6)
*Respondents could select all that applied from a list including the following:
white, Chinese, South Asian (e.g., East Indian, Pakistani, Sri Lankan), black,
Filipino, Latin American, Southeast Asian (e.g., Cambodian, Indonesian,
Laotian, Vietnamese), Arab, West Asian (e.g., Afghan, Iranian), Japanese,
Korean, other. A separate question asked about Aboriginal status.
Responses were combined and recoded as follows: Aboriginal includes all
those who said they were Aboriginal; white, Chinese, South Asian and black
are exclusive categories (i.e., only that race/ethnicity selected); and other/
mixed includes all other races/ethnicities selected and all those who
selected more than 1 category.

% of respondents

(weighted)*
Ever
consumed Ever
energy consumed
drinks coffee
Adverse event n=1516 n=1741
“Jolt and crash” episodes 22.5 9.7
(increased alertness and energy
followed by sudden drop in
energy)
Headache 18.3 1.5
Jittery/shaking 26.5 17.0
Difficulty sleeping 241 16.5
Fast heartbeat 247 10.5
Chest pain 3.6 1.7
Nausea/vomiting/diarrhea 5.1 5.1
Seizures 0.2 0.2
Decreased sexual performance 0.5 0.3
Dental pain 1.8 0.8
Other 0.8 1.5
None of the above 39.7 60.8
Don’t know/refuse to answer 4.3 2.9

*Percentages do not total 100 because respondents could select multiple responses.

Table 3: Concurrent activities of those who reported ever
experiencing adverse events from energy drinks or coffee

% of respondents (weighted)*

Energy drinks Coffee
Activity n =865 n =607
Drinking alcohol 22.5 3.2
Participating in sports or 18.5 76
physical activity
Consuming other caffeinated 10.6 6.0
products
Taking recreational drugs 8.3 4.4
Taking medication(s) 6.4 5.6
None of these 48.6 76.7
Don't know/refuse to answer 4.1 2.9

*Percentages do not total 100 because respondents could select multiple responses.

The current findings suggest that about 4 in 10 respondents
(including consumers and nonconsumers) have experienced
an adverse event associated with energy drinks, including
more than half of consumers. The prevalence of self-
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reported adverse events in the current sample is similar to
that in population-based surveys of youth in Australia.*! We
are unaware of any population-based studies conducted
among adults; however, our findings are generally consistent
with the interpretation that youth may be more vulnerable
to the effects of caffeine than adults, potentially owing to



smaller body size as well as lower levels of pharmacological
tolerance to the effects of caffeine because of lower habitual
intake. !¢

Consistent with recent reviews,'>!¢ the adverse events most
commonly reported by our respondents affected the cardio-
vascular and neurologic systems. The most common self-
reported serious adverse events were fast heartbeat, difficulty
sleeping, headache, nausea/vomiting/diarrhea and chest pain.
Although relatively few respondents reported experiencing
seizures following energy drink consumption, a previous
review showed an association between seizures and energy
drinks.”® The types of adverse events are also consistent with
data contained in the Canada Vigilance Adverse Reaction
Online Database, Health Canada’s postmarket surveillance
program that collects and assesses reports of suspected
adverse reactions to health products marketed in Canada*
(Appendix 2, available at www.cmajopen.ca/content/6/1/E19/
suppl/DC1).

The current study suggests that adverse effects — includ-
ing serious adverse events that prompted people to seek or to
consider seeking medical assistance — are more prevalent
with energy drinks than with coffee. The comparisons
between energy drinks and coffee are notable, given that haz-
ard assessments for energy drinks have been based primarily
on consumption of caffeine from coffee and similar bever-
ages.® The energy drink industry has also relied on the safety
of other caffeinated beverages, such as coffee, to establish the
safety of energy drinks when assessing the potential health
effects of their products.** However, the current findings
suggest that adverse outcomes from energy drinks exceed the
direct effects of caffeine alone. This is consistent with the
Canada Vigilance Adverse Reaction Online Database, which
indicates substantially higher numbers of adverse reaction
reports for energy drinks than for coffee between 1999 and
2013.%¢

It is unclear to what extent adverse events from energy
drinks are due to caffeine, other product constituents or an
interaction between the two. Common stimulants in energy
drinks, such as taurine and guarana extracts, may have inde-
pendent effects — for example, taurine can have deleterious
effects on sodium channels and can cause arrhythmias — and
may also potentiate the effects of caffeine.!>* For this reason,
it has been suggested that the adverse effects of energy drinks
should not simply be generalized from caffeine, and energy
drinks should be considered a “novel” exposure.’® Coingestion
of energy drinks with alcohol and other drugs may also
increase the effects of caffeine.’! As in previous studies,” a
substantial number of respondents in the current study
reported drinking alcohol and/or using other drugs during the
occasion of the adverse event. The association between energy
drinks and high-risk alcohol consumption has been well estab-
lished.’? However, coingestion with other substances
accounted for only a minority of respondents who reported an
adverse event in our study. It is notable that almost one-fifth
of respondents who reported an adverse event also reported
concurrently engaging in physical activity. According to
Health Canada, “the consumption of [caffeinated energy
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drinks] within the context of sport performance is not recom-
mended as their intake could lead to serious adverse effects,
especially when used for purposes of hydration.”!® Despite
this, sporting activities are among the most common themes
in energy drink advertising, and several studies suggest that
energy drinks are being consumed by youth to improve their
sports performance.®*3-¢

Strengths and limitations

The accuracy of adverse events can be difficult to establish
with any methodology. Although such surveys have limita-
tions, the use of a population-based Web survey is a strength
compared with adverse event databases, which require proac-
tive reporting and are known to underrepresent the number
of adverse events. The current study also included measures
on concurrent activities and comparisons with adverse events
from coffee, which also represents a strength. Overreporting,
including reporting of health events that are unrelated to
energy drinks, is a possibility in the current study. Measures
were taken to identify “false” reports, including follow-up
questions about serious adverse events, and a question to test
general data quality was included. Underreporting is also pos-
sible, owing to a failure to link adverse effects with energy
drink consumption. It is also possible that respondents mis-
classified some of the beverages they consumed. However, to
minimize this risk, we prefaced questions on energy drink
consumption with, “We would like to ask you some more
questions about energy drinks. Popular brands include Red
Bull, Monster, Rockstar, NOS, Amp and Full Throttle, but
there are others. DO NOT include sports drinks, such as
Gatorade or Powerade.” The caffeine content in energy
drinks and coffee varies depending on the product and size, so
it was not possible to estimate precisely how much caffeine a
person had consumed when experiencing adverse effects,
although the guidance for not exceeding 1-2 drinks per day
was used as a conservative estimate.

Finally, the sample was drawn from a commercial panel
where not all respondents were recruited through probabil-
ity-based methods. The response rate of the survey was rela-
tively low. In addition, some groups (e.g., Quebec residents)
were overrepresented in the sample. However, we used post-
stratification weights to ensure representative distributions of
age, sex and geographic region in the analysis. As with all
online surveys, the population completing the survey may not
represent the total target population (in this case, Canadians
aged 12-24 yr), although we do not expect people who had
experienced an adverse effect from energy drinks to be more
or less likely to be a part of an online consumer panel or to
have completed the survey (note that initial survey invitations
did not specify the survey topic). Indeed, the prevalence of
energy drink consumption in the current study was similar to
or slightly higher than that in other, larger provincial and
national studies.”’”? The effects of any sample bias are
unclear; however, failure to adequately represent “at-risk”
youth in the sample would lead to lower estimates of preva-
lence and, possibly, lower estimates of adverse outcomes. In
addition, all adverse effects are reported as proportions
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among energy drink users, so even if the current study under-
or overrepresented energy drink users in this age group, the
proportion of users experiencing adverse outcomes would not
be expected to differ.

Conclusion

The current findings are consistent with those of Health Can-
ada’s Expert Panel on Caffeinated Energy Drinks, which con-
cluded that, although the probability of serious adverse events
is low, given the high volume of use, the risk of adverse events
“is considered to be a public health issue.” Public health
authorities may be warranted in considering additional regu-
lations on energy drinks, including minimum age restrictions
and enhanced health warnings. To assess the prevalence and
nature of adverse events from energy drinks, broader con-
sumer surveys should be conducted, in addition to monitoring
through current consumer reporting mechanisms.
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