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Abstract

Importance

The high prevalence of traumatic brain injuries (TBI) among adolescents has brought much

focus to this area in recent years. Sports injuries have been identified as a main mechanism.

Although energy drinks, including those mixed with alcohol, are often used by young ath-

letes and other adolescents they have not been examined in relation to TBI.

Objective

We report on the prevalence of adolescent TBI and its associations with energy drinks, alco-

hol and energy drink mixed in with alcohol consumption.

Design, Settings and Participants

Data were derived from the Centre for Addiction and Mental Health’s 2013 Ontario Student

Drug Use and Health Survey (OSDUHS). This population-based cross-sectional school sur-

vey included 10,272 7th to 12th graders (ages 11–20) who completed anonymous self-

administered questionnaires in classrooms.

Main OutcomeMeasures

Mild to severe TBI were defined as those resulting in a loss of consciousness for at least

five minutes, or being hospitalized for at least one night. Mechanism of TBI, prevalence esti-

mates of TBI, and odds of energy drink consumption, alcohol use, and consumption of

energy drinks mixed with alcohol are assessed.

Results

Among all students, 22.4% (95% CI: 20.7, 24.1) reported a history of TBI. Sports injuries

remain the main mechanism of a recent (past year) TBI (45.5%, 95% CI: 41.0, 50.1). Multi-

nomial logistic regression showed that relative to adolescents who never sustained a TBI,
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the odds of sustaining a recent TBI were greater for those consuming alcohol, energy

drinks, and energy drinks mixed in with alcohol than abstainers. Odds ratios were higher for

these behaviors among students who sustained a recent TBI than those who sustained a

former TBI (lifetime but not past 12 months). Relative to recent TBI due to other causes of

injury, adolescents who sustained a recent TBI while playing sports had higher odds of

recent energy drinks consumption than abstainers.

Conclusions and Relevance

TBI remains a disabling and common condition among adolescents and the consumption of

alcohol, energy drinks, and alcohol mixed with energy drinks further increase the odds of

TBI among adolescents. These associations warrant further investigation.

Introduction
In recent years, traumatic brain injuries (TBI) among children and adolescents have been iden-
tified as a major health concern in the United States and Canada, with increases of 57% in
sports-related TBI in the US between 2001 and 2009 [1–5]. Recently, we reported that 5.6% of
students in grades 7–12 in Ontario, Canada reported a TBI in the previous 12 months, most of
which were identified as having occurred during team sports play [5]. Sports offer youth many
health benefits, and a recent report notes that only 4% of 12- to 17-year-olds in Canada meet
the recommended guidelines of 60 minutes of moderate to vigorous activity daily, while
North-American youth 12 to 17-years-old spend an average of 9.3 hours daily being sedentary
[6]. Nevertheless, rates of sports-related TBI among adolescents have been described as an epi-
demic [7]. Many of these injuries are unreported and are not considered serious by youth, their
parents, coaches and often medical practitioners [8]. Positive attitudes towards violence in
team sports (e.g., hockey, American football) embedded in North American culture may also
play a role in this problem [9]. The Centre for Disease Control and Prevention and the Institute
of Medicine have recommended several actions to address this problem, including research on
the risks and consequences of TBI, and knowledge translation to the public and the vulnerable
populations (e.g., young and old athletes) [1–5].

One in five adolescents in a 2011 Canadian sample reported sustaining a traumatic brain
injury in their lifetime [5]. Adolescent TBI raises concerns given the acute and chronic cogni-
tive, emotional and psychosocial consequences such injured adolescent may endure during a
period in their development (when social skills are emerging, in a context of increasing envi-
ronmental demands) [5,7,10–13]. The negative social consequences of TBI during adolescence
are further illustrated by the elevated prevalence of TBI among criminal and delinquent popu-
lations and evidence that links TBI to violence and criminal acts [14–16]. We recently observed
strong relationships among a history of TBI and substance misuse, mental health problems,
suicidality, violent conduct behaviours, bullying and poor academic performance in a 2011
population sample of Ontario adolescents [5,10–11].

Energy drink consumption among adolescents in Canada and the US has been increasing
recently and evidence suggests that energy drink consumption is linked with playing sports (a
main mechanism of TBI among adolescents) and being male (the sex reporting most TBI his-
tory among adolescents) [17–20]. In 2010 approximately 16% more energy drinks were sold
than the previous year with sales close to $9 billion dollars in the US, and in Ontario, Canada
in 2013 almost 40% of adolescents consumed an energy drink in the past year [21–22]. Energy
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drink consumption among adolescents is associated with injury and other adverse correlates,
and existing research suggests that adolescents who are attracted to energy drink consumption
are generally engaged in more risk behaviours and experience greater adverse outcomes than
non-energy drink consumers [17–24]. The role of the pharmacological effects of the energy
drinks over systematic consumer characteristics in perpetuating adverse outcomes, however, is
yet to be clarified [20–21].

To our knowledge, no study to date has examined the possible association between energy
drink consumption and TBI among adolescents. The combination of TBI with energy drinks
consumption, or TBI with alcohol and energy drinks consumption may complicate and
lengthen recovery efforts, since it is not uncommon for TBI individual’s life to continue to
improve many years after the brain injury [12]. Given that the brain is still developing during
adolescence, trauma to the head, in addition to drinking alcohol with energy drinks, or con-
suming high levels of energy drinks post injury may decrease or interfere with the chance of
improving post injury, or may predispose the individual to higher risk of having another brain
injury [12]. Thus an examination of how a TBI and energy drinks consumption, and energy
drinks with alcohol relate is important to medical professionals, parents, sports coaches, and
school guidance councilors to aid the understanding and prevention efforts, but also for diag-
nosis and the recovery planning of adolescents with TBI, particularly since even mild forms of
TBI may have disabling consequences [4–5,10–13,15–16,25–26]. In this paper we describe the
influence of the consumption of alcohol, energy drinks, and energy drinks mixed with alcohol,
on the odds of sustaining a recent or former TBI, and recent sports related TBI in a population
sample of adolescents in Ontario, Canada.

Methods
The study was approved by the Research Ethics Committees of the Centre for Addiction and
Mental Health, St. Michael’s Hospital, participating Ontario Public and Catholic school boards,
and York University, which administered the surveys. The study was conducted according to
the principles expressed in the Declaration of Helsinki. All participants provided their signed
assent in addition to parentally signed consent for those aged under 18.

Data were based on 10,272 7th-12th graders (ages 11–20) and were derived from the Centre
for Addition and Mental Health’s (CAMH) 2013 Ontario Student Drug Use and Health Survey
(OSDUHS), a repeated cross-sectional probability survey of Ontario students enrolled in pro-
vincially funded schools. The sample excluded private, military, institutional and low enrol-
ment schools, and special education, English as a second language and low enrolment classes.
These exclusions represent a small proportion of the Ontario student population (about 8%).
Therefore, although our target population represents students, it captures the vast majority
(92%) of Ontario children and adolescents aged 12–18 years.

Students completed a self-administered, anonymous pen-and-paper questionnaires in their
classrooms between November 2012 and June 2013. The school, class and student participation
rates were 61%, 87% and 63%, respectively. A comparison between high responding and low
responding classes showed no evidence of nonresponse bias for a set of health-relate behav-
iours [27]. The 2013 OSDUHS employed a stratified (region by school type [elementary, sec-
ondary]), two-stage (school, class) cluster sample design. Within each strata, schools were
selected with probability-proportional-to-size, and within selected schools, classes were
selected with equal probability. Students completed one of two alternately distributed (i.e., A,
B, A) questionnaires (Form A or Form B). The TBI, alcohol, energy drinks, sex, gender and
current marks in school items were found in both forms A and B which were answered by
10,272 students drawn from 198 schools and 671 classes dispersed province wide. Form B
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exclusively contained the energy drinks mixed with alcohol question and was answered by a
half sample of 4,794 students. Detailed description of the survey methods, including the sam-
pling design and how the survey is administered within schools and classes, is web-available
[27].

Measures
Traumatic brain injury (TBI) was defined to students as a blow or a hit to the head that ren-
dered the student unconscious for at least five minutes or resulted in their hospitalization for at
least one night. This criteria is also employed in several classification systems including
DSM-IV and has previously been used in adolescent and adult studies [28–32]. Students were
asked if they ever had such injury in the 12 months prior (recent TBI) or in their lifetime, but
not past 12 months (former TBI). Students reporting a recent TBI in the 12 months prior were
asked about the source of the injury. To assess potential nonresponse bias, we compared high-
participating classes (those with 70% or more of students in the class participating) to low-par-
ticipating classes (less than 70% participating) in their TBI responses, and found no evidence
of nonresponse bias (for former TBI: 21.5% vs. 22.4%, t669 = -0.889, P = 0.374; and recent TBI:
6.3% vs. 6.1%, t669 = 0.344, P = 0.731).

Mechanism of TBI was assessed in the survey for past 12 months TBI reports only, and was
coded 0 (labeled other causes of injury) for motor vehicle accident, other vehicle accidents,
bicycle accident, fell down by accident, fight, bullied (pushed by someone, and other causes not
listed, and 1 for sports injuries.

The alcohol question read: “In the last 12 months, how often did you drink alcohol—liquor
(rum, whiskey, etc.), wine beer, coolers?” Data were coded 1, labelled “never” (for “never drank
alcohol in my lifetime”); were coded 2, labelled “lifetime, excluding past 12 months” (for “drank
alcohol before, but not in the last 12 months”); were coded 3, labelled “infrequent drinking”
(for “had a sip of alcohol to see what it’s like” or “drank only at special events such as holidays
or weddings”); and were coded 4, labelled “occasionally/frequent drinking” (for “once a month
or less often”, “2 or 3 times a month”, “once a week”, “2 or 3 times a week”, “4 or 5 times a
week”, or “almost every day”).

Energy drink consumption was assessed with a question that asked students how often they
drank “a can of a high-energy caffeine drink, such as Redbull, Rockstar, Full Throttle, Monster,
etc.” in the past 12 months? Response categories referred to consumption in the last 7 days
contrasting among 1, labeled “never”, for no consumption in the last 7 days or in the last 12
months; 2, labeled “past 12 months”, for no consumption in the last 7 days, but some consump-
tion in the last 12 months; 3, labeled “once in the past 7 days”; 4, labeled “2–4 times in the past 7
days” for 2 to 4 times; 5, labeled “5+ in the past seven days”, for consumption that exceeded 5
times in the past 7 days.

Students’ consumption of alcohol mixed with an energy drink was assessed by the following
question: “In the last 12 months, how often did you drink an energy drink mixed with alcohol,
such as Red Bull mixed with alcohol, Rock Star + vodka, or other brands?” The options were 1,
labeled “never”, for never drank an energy drink with alcohol in lifetime, 2, labeled “lifetime”
for drank an energy drink with alcohol, but not in the last 12 months; 3, labeled “1–2 times”,
for 1 or 2 times; 4, labeled “3–5 times” for 3 to 5 times; 5, labeled “6+ times” for more than 6
times in the past 12 months. From a policy prospective, it is important to note that this defini-
tion refers to premixed and hand-mixed beverages, as opposed to alcohol and energy drink
consumed within the same drinking session.

We included academic performance as a covariate based on earlier work showing an associa-
tion between TBI status and academic performance 5]. Academic performance was defined as
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marks (on average) currently obtained in school. The variable was coded (1) 90–100%; (2) 80–
89%; (3) 70–79%; (4) 60–69%; and (5) below 60%.

Analysis
Because data derived from complex surveys using stratification and clustering underestimate
variances (and thus overstate significance levels) analyses must employ design based estimation
methods. All analyses employed a complex sample design with 20 strata (region by school
level), and 198 primary sampling units (schools) estimated by Taylor series linearization (TSL)
executed in the Complex Sample module in SPSS version 22.0 (SPSS Inc., 2013). Logistic
regressions predicting membership of those sustaining a recent and former TBI status (vs.
never sustaining a TBI), and were performed fitting six factors—sex, grade (7 through 12),
past-year alcohol use, past year alcohol-energy drink consumption, past year energy drink con-
sumption, and academic performance, against P< 0.05 (two-tailed). We performed three mul-
tinomial logistic regression one for each of the three factors: past-year alcohol use, energy
drinks and energy drinks mixed with alcohol, while holding fixed sex and academic perfor-
mance, against a two-tailed P< 0.05. We fit single regression models for each factor to reduce
multicollinearity which posses difficulties for the estimation of multinomial logistic models
[33]. Listwise deletion reduced the estimation sample to 10,102 from 10,272 (for the entire
sample), and to 4670 from 4794.

Results
Table 1 describes demographic characteristics and the mechanisms of injury. The estimated
lifetime prevalence of TBI among Ontario adolescents was 22.4% (95% CI: 20.7, 24.1); 6.0%
(95% CI: 5.1, 7.1) reported at least one recent TBI (in the past 12 months) and 16.3% (95% CI:
15.1, 17.3) reported a former TBI (in their lifetime but not in the past 12 months). Sports inju-
ries accounted for almost half of the recent TBI cases (45.5% [95% CI: 41.0, 50.1]) and were
more common among males than females (51.8% vs. 34.7%, respectively).

Our preliminary logistic regression (not tabled) identified sex, alcohol use, energy drinks,
energy drinks mixed with alcohol and academic performance as significant predictors of TBI.
Because level grade was not significantly associated with TBI status we excluded it from further
analyses [33]. Relative to students who never sustained a TBI, the odds of sustaining a former
TBI were significantly greater among students who obtained grades, on average, lower than
60% (OR = 3.43, 95% CI: 1.33, 8.83), between 60 to 69% (OR = 2.59, 95% CI: 1.83, 3.67), and
between 70 to 79% (OR = 1.94, 95% CI: 1.48,2.56) than those with grades 90% or above. Rela-
tive to students who never sustained a TBI, the odds of sustaining a recent TBI were signifi-
cantly greater among students with grades below 60% (OR = 5.88, 95% CI: 1.66, 20.79), and
between 60–69% (OR = 2.80, 95% CI: 1.24, 6.34) than those with grades at or above 90%.
Therefore subsequent regressions held constant academic performance and sex.

The three multinomial logistic regressions reliably distinguished among the three TBI
groups (former, recent, never) for all three predictors compared to abstainers (Table 2); alcohol
use Wald’s F (10,169) = 14.74, P< 0.001, energy drinks consumption Wald’s F (12,167) =
29.25, P< 0.001, and alcohol-energy drink consumption Wald’s F (12,154) = 10.33, P< 0.001.
There are two general features evident in this analysis. First, the odds of sustaining a former
TBI or recent TBI increase with the consumption of both alcohol and energy drinks. This pat-
tern is not evident for alcohol-energy drink consumption on former TBI. Second, the odds of
sustaining a former TBI or recent TBI are greater for sustaining a recent TBI rather than a for-
mer TBI. Indeed, the increasing ORs are appreciably greater for those sustaining a recent TBI,
than a former TBI.
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Table 1. Weighted and unweighted estimates of TBI by demographic characteristics andmechanisms of injury for Ontario 7th–12th graders, 2013
OSDUHS (N = 10,102).

Sample characteristics Never Lifetimea Past 12 months
% (95% CI) % (95% CI) % (95% CI) % (95% CI)
(n = 10102) (n = 7904) (n = 1575) (n = 623)

Sex

Females (n) (5546) (4558) (721) (267)

Weighted 48.4 (46.2, 50.6) 81.9 (80.2, 83.5) 13.1 (11.9, 14.5) 5.0 (4.0, 6.1)

Unweighted 54.9 (53.5, 56.3) 82.2 (81.1, 83.2) 13.0 (12.2, 13.9) 4.8 (4.2, 5.5)

Mechanism of Injury Sports injury 34.7 (28.4, 41.5)d

34.0 (29.7, 38.6)e

Fell down by accident 22.3 (17.0, 28.7)d

21.2 (17.9, 24.9)e

Fight 2.3 (0.9, 5.7)d

1.9 (1.1, 3.3)e

Bullied (pushed) 2.5 (1.2, 5.2)d

3.0 (1.9, 4.5)e

MVAb 2.6 (1.2, 5.9)d

3.8 (2.5, 5.7)e

Other VAc 1.5 (0.5, 4.3)d

1.9 (1.1, 3.4)e

Bicycle accident 3.5 (1.6, 7.2)d

3.3 (2.1, 5.1)e

Other causes 30.6 (24.3, 37.8)d

30.9 (27.0, 35.1)e

Males (n) (4556) (3346) (854) (356)

Weighted 51.6 (49.6, 53.8) 74.1 (71.4, 76.6) 19.0 (17.0, 21.2) 6.9 (5.7, 8.3)

Unweighted 45.1 (43.7, 46.5) 73.4 (72.0, 74.8) 18.7 (17.5, 20.0) 7.8 (7.0, 8.7)

Mechanism of Injury Sports injury 51.8 (45.7, 57.9)d

51.0 (46.6, 55.3)e

Fell down by accident 12.0 (8.5, 16.6)d

13.1 (10.6, 16.1)e

Fight 4.4 (2.5, 7.7)d

4.3 (3.0, 6.2)e

Bullied (pushed) 2.9 (1.1, 7.6)d

1.5 (0.8, 2.8)e

MVAd 3.9 (1.1, 13.2)d

2.2 (1.3, 3.5)e

Other VAe 2.7 (1.5, 5.1)d

2.4 (1.6, 3.8)e

Bicycle accident 1.4 (3.4, 9.2)d

6.1 (4.6, 8.1)e

Other causes 16.6 (12.6, 21.4)d

19.4 (16.6, 22.4)e

Grade 7 (n) (2034) (1587) (320) (127)

Weighted 11.7 (9.9, 13.9) 78.6 (75.3, 81.6) 17.4 (15.2, 19.9) 4.0 (2.6, 6.0)

Unweighted 20.1 (18.9, 21.5) 78.0 (75.9, 80.0) 15.7 (14.2, 17.2) 6.2 (5.2, 7.5)

Grade 8 (n) (1978) (1566) (281) (131)

Weighted 12.6 (10.5, 15.1) 79.1 (74.9, 82.7) 14.9 (11.4, 19.4) 6.0 (4.5, 8.0)

Unweighted 19.6 (18.2, 21.0) 79.2 (77.1, 81.1) 14.2 (12.5, 16.1) 6.6 (5.5, 7.9)

(Continued)
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In general odds ratios for alcohol consumption, energy drinks and energy drinks mixed
with alcohol were lower for predicting former TBI compared to recent TBI. Specifically, relative
to those not sustaining a TBI, odds ratios for a former TBI were significant for infrequent to
occasional/frequent alcohol consumption in the past 12 months (aORs = 1.29 to 1.54, respec-
tively), energy drinks consumption in the past 12 months, between 2 to 4 times in past 7 days
and once during the past 7 days and (aORs = 1.55, 2.24, and 2.34, respectively), and energy
drinks consumption with alcohol in lifetime but not in the past 12 months (OR = 2.55). Com-
pared to abstainers, infrequent to occasional/frequent drinkers had adjusted odds of 1.98 to
3.65 times higher to have sustained a recent TBI than not. Adjusted odds of sustaining a recent
TBI were positively related to frequency of energy drink consumption rising from 2.04 (past 12
month consumed at least once) to 6.78 (5+ energy drinks consumed in the past 7 days). This
increasing pattern was also observed for consumption of energy drinks mixed with alcohol on
the odds of sustaining a recent TBI (adjusted odds ratios increasing from 1.71 among those
who reported lifetime consumption to 7.70 among those who reported consuming these drinks
6+ times in the past 12 months).

Three further multinomial logistic regressions reliably distinguished among recent TBIs that
occurred during sport participation (e.g., team sports) relative to recent TBIs that occurred as a
result of other causes (fell down by accident, fight, pushed as a result of bullying, motor vehicle
accident, bicycle accident, other causes not assessed) (Table 3); alcohol use Wald’s F (5,148) =
4.48, P< 0.01, energy drinks consumption Wald’s F (6,149) = 4.91, P< 0.001, and alcohol-
energy drink consumption Wald’s F (6,96) = 2.31, P< 0.05. Relative to those students sustain-
ing a recent TBI due to other mechanisms of injury other than sports, the odds of sustaining a
TBI due to injuries that occurred while playing sports (e.g., team sports) was greater among

Table 1. (Continued)

Sample characteristics Never Lifetimea Past 12 months
% (95% CI) % (95% CI) % (95% CI) % (95% CI)
(n = 10102) (n = 7904) (n = 1575) (n = 623)

Grade 9 (n) (1523) (1176) (247) (100)

Weighted 16.6 (15.2, 18.1) 77.1 (74.3, 79.7) 15.0 (12.5, 17.9) 7.9 (6.0, 10.3)

Unweighted 15.1 (13.4, 16.9) 77,2 (75.1, 79.2) 16.2 (14.5, 18.1) 6.6 (5.4, 8.0)

Grade 10 (n) (1524) (1189) (252) (83)

Weighted 16.9 (15.5, 18.4) 79.3 (76.2, 82.1) 16.2 (13.4, 19.5) 4.4 (3.2, 6.2)

Unweighted 15.1 (13.8, 16.4) 78.0 (75.8, 80.1) 16.5 (14.6, 18.6) 5.4 (4.4, 6.7)

Grade 11 (n) (1554) (1214) (249) (91)

Weighted 17.9 (16.6, 19.3) 77.3 (73.2, 81.0) 16.1 (13.4, 19.2) 6.6 (4.6, 9.3)

Unweighted 15.4 (13.8, 17.1) 78.1 (75.6, 80.4) 16.0 (14.4, 17.8) 5.9 (4.6, 7.4)

Grade 12 (n) (1489) (1172) (226) (91)

Weighted 24.3 (22.3, 26.4) 76.8 (73.0, 80.3) 17.0 (14.2, 20.2) 6.2 (4.0, 9.4)

Unweighted 14.7 (13.5, 16.1) 78.7 (76.4, 80.8) 15.2 (13.4, 17.2) 6.1 (5.0, 7.5)

Note:
a Lifetime, excluding past 12 months;
b Motor vehicle accident;
c Other vehicle accident
d Weighted estimates;
e Unweighted estimates

doi:10.1371/journal.pone.0135860.t001
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students who consumed at least one energy drink in the past year (aOR = 2.18) than students
who never consumed energy drinks. Relative to those students sustaining a recent TBI due to
sports injuries, the odds of sustaining a recent TBI due to injuries that occurred while not being
engaged in playing sports (riding a bike, falling, etc.) were greater among students who

Table 2. Multinomial Logistic Regression analyses predicting former (lifetime but not in the past 12
months) and recent (past 12 months) TBI by fitting alcohol use, energy drinks, energy drinks mixed
with alcohol, respectively, while controlling for sex and academic performance. The Table displays
adjusted Odds Ratios (aOR) and design adjusted 95%CI for TBI, 2013 OSDUHS.

Former TBI vs. Never Recent TBI vs. Never
aOR (95% CI) aOR (95% CI)

Alcohol Useb (n = 9899)1 F (6,173) = 16.25***

Never used 1.00 (Reference) 1.00 (Reference)

Lifetimea 1.53 (.87, 2.70) 1.53 (.58, 4.01)

Infrequentlyb 1.29 (1.05, 1.60)* 1.98 (1.33, 2.95)**

Occasionally/Frequentlyc 1.54 (1.21, 1.96)** 3.65 (2.59, 5.14)***

Sexd F (2,177) = 9.76***

Current marks in school, on averaged F (2,177) = 19.25***

Energy drinksb (n = 9969)2 F (8,171) = 15.38***

Neverb 1.00 (Reference) 1.00 (Reference)

Past 12 months 1.55 (1.26, 1.91)*** 2.04 (1.45, 2.87)***

Once in past 7 days 2.34 (1.63, 3.37)*** 5.57 (3.23, 9.62)***

2–4 times in past 7 days 2.24 (1.39, 3.61)** 4.73 (2.57,8.68)***

5 + in past 7 days 1.49 (.66, 3.33) 6.78 (2.80, 16.43)***

Sexd F (2,177) = 6.63**

Current marks in school, on averaged F (2,177) = 9.54***

Energy drinks mixed with alcohol (n = 3309)3 F (8,158) = 9.35***

Never 1.00 (Reference) 1.00 (Reference)

Lifetimea 2.55 (1.39,4.70)** 1.71 (.59, 4.90)

1–2 timesb 1.12 (.72, 1.74) 2.35 (1.49, 3.69)***

3–5 timesb 1.16 (.53, 2.54) 2.76 (1.20, 6.34)*

6 +b 1.80 (.88, 3.69) 7.70 (3.81, 15.59)***

Sexd F (2, 164) = 6.08**

Current marks in school, on averaged F (2, 164) = 8.78***

Notes:
(1) Listwise deletion resulted in the following n’s: never (n = 7780), former (lifetime excluding past 12

months) TBI (n = 1526) and recent (past 12 months)TBI (n = 593);
(2) Listwise deletion resulted in the following n’s: never (n = 7801), former TBI (n = 1556), and recent TBI

(n = 612);
(3) Listwise deletion resulted in the following n’s: never (n = 2486), former TBI (n = 555), recent TBI

(n = 268), this variable was assessed in only one of the two forms of the questionnaires;

In complex samples, df = (# PSUs)—(# strata);

*** significant at P < 0.001;

** significant at P < 0.01;

* significant at P < 0.05 (two-tailed);
a Lifetime, excluding past 12 months;
b Past 12 months;
c Occasionally/Frequently;
dCovariate

doi:10.1371/journal.pone.0135860.t002
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Table 3. Multiple logistic regression analyses predicting recent (past 12months) TBI due to sports
injuries relative to recent TBI due to other mechanisms of injury by fitting alcohol use, energy drinks,
energy drinks mixed with alcohol, respectively, while controlling for sex and academic performance.
The Table displays adjusted Odds Ratios (OR) and design adjusted 95%CI for TBI, 2013 OSDUHS.

Recent TBI due to sports injuries vs. Recent TBI due to other
mechanisms of injury aOR (95% CI)

Model F 5,148) = 4.48**

Alcohol Use (n = 552)1 F (3, 150) = 2.25

Never used 1.00 (Reference)

Lifetimea 0.17 (0.04, 0.69)

Infrequentlyb 0.54 (0.21, 1.38)

Occasionally/Frequentlyc 0.79 (0.37, 1.70)

Sexd F (1,152) = 15.13***

Current marks in school, on
averaged

F (1,152) = 8.49**

Model F (6,149) = 4.91***

Energy drinks (n = 570)2 F (4,151) = 3.98**

Never usedb 1.00 (Reference)

Past 12 months 2.18 (1.31, 3.63)**

Once in past 7 days 1.13 (.46, 2.76)

2–4 times in past 7 days 1.02 (.24, 4.26)

5 + in past 7 days 0.16 (.04, .68)*

Sexd F (1,154) = 17.26***

Current marks in school, on
averaged

F (1, 154) = 7.15**

Model F (6,96) = 2.31*

Energy drinks mixed with
alcohol (n = 245)3

F (4,98) = 0.54

Never 1.00 (Reference)

Lifetimea 1.38 (.20, 9.66)

1–2 timesb 1.99 (.57, 6.93)

3–5 timesb .68 (.16, 2.93)

6 +b .73 (.26, 2.08)

Sexd F (1,101) = 4.48*

Current marks in school, on
averaged

F (1, 101) = 9.44**

Notes:
(1) Listwise deletion resulted in the following n’s: other causes of recent (past 12 months) TBI (n = 259), and

recent TBI due to sports (n = 293);
(2) Listwise deletion resulted in the following n’s: other causes of recent (past 12 months) TBI (n = 268), and

recent TBI due to sports (n = 302);
(3) Listwise deletion resulted in the following n’s: other causes of recent (past 12 months) TBI (n = 117), and

recent TBI due to sports (n = 128);

In complex samples, df = (# PSUs)—(# strata);

*** significant at P < 0.001;

** significant at P < 0.01;

* significant at P < 0.05 (two-tailed);
a Lifetime, excluding past 12 months;
b Past 12 months;
c Occasionally/Frequently;
dCovariate

doi:10.1371/journal.pone.0135860.t003
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consumed five or more energy drinks in the past 7 days (aOR = 6.36; CI: 1.48, 27.42) than stu-
dents who never consumed energy drinks.

Discussion
A primary finding of the present investigation is that recent (past year) as well as former (life-
time, but not in the past 12 months) TBI was associated with the consumption of both alcohol
and energy drinks consumption. Recent TBI was also associated with the consumption of the
mixture of energy drink and alcohol, but this association was not evident for alcohol-energy
drink consumption and former TBI. To our knowledge, this is the first study to investigate the
use of energy drinks, and energy drinks mixed with alcohol, among adolescents who reported
TBI, and evaluate these predictors in relation to sport injuries relative to other mechanisms of
injury among teenagers. A secondary finding of the present investigation is that recent TBI was
more strongly related to consuming alcohol, energy drinks and energy drinks and alcohol
mixed. Consumption of these substances may be a coping mechanism to deal with the effects
of TBI, or they may predispose adolescents to TBI, or both [34–35]. These results are consistent
with recent studies that have linked the use of energy drinks by high school and college stu-
dents with risk taking behaviours and increased physical injuries [24,34–35]. The potential for
negative synergistic effects of combined TBI and substance problems showed by previous
research, including impact on academic performance, subsequent limited vocational options
after high-school, and more risk-taking behaviours suggests that this should be a priority for
future studies [10–11,24,36].

The association between TBI and energy drink consumption may not be surprising since
the advertising of energy drinks often uses both team and non-team sports scenarios to pro-
mote these products [17–24]. Team sports remain the main mechanism of TBI among adoles-
cents compared with all other mechanisms of injury reported [1–5]. However, the current
study identifies significant positive associations between recent TBIs sustained during sports
participation relative to those that sustained a recent TBI due to other causes and consumption
of energy drinks (at least once in the past year) when compared to abstainers, and between
recent TBI sustained during any other activities but sports relative to those that sustained a
recent TBI due to sports participation and consumption of energy drinks (5+ in the past 7
days). Adolescent energy drink use may be more positively associated with sensation seeking
while engaging in sports activities as shown to be the case among one adolescents and several
young adult users studies [24,36,37,38], but also head injuries associated with biking, motor
vehicle accidents, falling and fighting. Indeed, results from a 2011 cross-sectional study of ado-
lescents conducted in Ontario, Canada, showed a positive association between self-reported
physical injuries reported to a medical doctor in the past 12 months (reported by 42% of the
adolescents in the sample) as well as sensation seeking (reported by 16% of the adolescents in
the sample) and energy drinks consumption as reported in past 7 days, as well as past year (but
not in the past 7 days) [24]. Among those who reported high sensation seeking and those who
reported being injured and treated in the previous year, almost 39% and 28%, respectively, had
consumed energy drinks in the previous week compared to almost 16% and 13% of those who
did not report high sensation-seeking and injury, respectively. To our knowledge, this is the
first evidence-based data to link sports TBI with consumption of energy drinks among teenag-
ers in a population-based sample. These results, however, may not be surprising. Evidence in
recent years points to increased risk for energy drinks following participation in a variety of
school and intramural sports [20,21].

One in five Ontario students in grades 7 through 12 in this Canadian province-wide school
survey reported a lifetime TBI, and 6% sustained a TBI in the previous year. Estimated lifetime
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prevalence of TBI in this population showed no change between 2011 and 2013, indicating that
TBI remains a prevalent health concern among youth [4]. The relationships among TBI, alco-
hol use and poor academic performance and its stable prevalence between 2011 and 2013
underscores the need for prevention [2,4,5,7].

This work is not without limitations, which include possible bias related to self-report pro-
cedures, the exclusion of groups who might be at higher or lower risk for TBI (institutional-
ized) and preclusion of causal inferences. Although our response rate was good and our data
did not show evidence of appreciable bias [27], potential non-response bias cannot be ignored.
Another limitation of our study is the lack of information regarding the temporal sequence
between the occurrence of TBI and the consumption of energy drinks and alcohol we observed.
Based on our data we cannot establish causality. The consumption of energy drinks and alco-
hol, either singly or in combination, may represent a coping mechanism to deal with the effects
of TBI, or predisposing factors for adolescent TBI, or all may result from common underlying
causes such as increased propensity for risk taking. Lastly, our operational definition excluded
milder forms of traumatic brain injury that leaves the individual confused or dazed without
loss of consciousness, or resulted in loss of consciousness for less than 5 minutes. Several stud-
ies have shown that among surveyed brain injured adults whose injury was not accompanied
by loss of consciousness or their loss of consciousness lasted less than 5 minutes, as many as
40% to 66% of them also reported having had a history of problem drinking behavior, use of
illegal drugs or both [39–41]. Additional research to assess the associations between such
milder forms of TBI and the correlates we investigated here is needed, as well an investigation
of the role of multiple episodes and severity of TBI in these associations.

Future studies should examine the context in which energy drinks are used (e.g., in sports to
help adolescents stay alert, to study for school, etc.), and the extent to which they represent a
contributor to TBI, a consequence of TBI, or are a result of common underlying factors. Studies
on energy drinks and adolescent behaviour support the idea that energy drinks consumption
may compound the natural tendency to engage in risk taking behaviours, although few possible
mechanisms for this association have been demonstrated [19,24,35]. One behavioural and
imaging study suggests that TBI can diminish the ability to understand the future conse-
quences of one’s actions, but more research is needed to fully understand this relationship [41].

This is the first study to assess the relationship between energy drink use, consumption of
energy drinks mixed with alcohol and TBI in an adolescent population. To our knowledge this
is also the first investigation to examine the hypothesized link between TBI caused by sport
injuries and consumption of alcohol, energy drinks and mixing alcohol with energy drinks
among adolescents. The magnitude of the prevalence estimates and the associated risks identi-
fied within this representative sample support suggestions to reduce media advertising promot-
ing the use of energy drinks in sports, and highlight the need improve understanding of how
these measures are linked.

Author Contributions
Conceived and designed the experiments: GI AB RM EA HHMA JR MC. Performed the
experiments: AB RM EA HH JR MC. Analyzed the data: GI RM EA. Contributed reagents/
materials/analysis tools: GI AB RM EA. Wrote the paper: GI AB RM EA HHMA JR MC.

References
1. Gilchrist J. Nonfatal Traumatic Brain Injuries Related to Sports and recreation Activities Among Per-

sons Aged < = 19 years—United States, 2001–2009. Centre for Disease Control and Prevention: Mor-
bidity and Mortality Weekly Rep. 2011; 60(39): 1337–1342.

Energy Drinks, Alcohol, Sport Concussions among Adolescents

PLOS ONE | DOI:10.1371/journal.pone.0135860 September 16, 2015 11 / 13



2. Institute of Medicine of the National Academies. Committee on Sports-Related Concussions in Youth.
Available: http://www.iom.edu/Activities/Children/YouthSportsConcussions.aspx. Accessed 3 August
2015.

3. Halstead ME, Walter KD. American Academy of Pediatrics. Clinical report—sport-related concussion in
children and adolescents. Pediatrics. 2010; 126: 597–615. doi: 10.1542/peds.2010-2005 PMID:
20805152

4. Faul M, Xu L, Wald MM, Coronado VG. Traumatic brain injury in the United States: emergency depart-
ment visits, hospitalizations, and deaths. Atlanta (GA): Centers for Disease Control and Prevention,
National Center for Injury Prevention and Control; 2010. Available: http://www.cdc.gov/
traumaticbraininjury/pdf/blue_book.pdf. Accessed 10 June 2014.

5. Ilie G, Boak A, Adlaf EM, Asbridge M, Cusimano MD. Prevalence and correlates of traumatic brain inju-
ries among adolescents. JAMA. 2013; 309(24): 1–2.

6. Active Healthy Kids Canada. Is Canada in the Running? The 2014 Active Healthy Kids Canada Report
Card on Physical Activity for Children and Youth. Toronto: Active Healthy Kids Canada. Available:
http://dvqdas9jty7g6.cloudfront.net/reportcard2014/AHKC_2014_ReportCard_ENG.pdf Accessed 11
November 2014.

7. National Center for Injury Prevention & Control. Report to Congress on mild traumatic brain injury in the
United States: Steps to prevent a serious public health problem. Atlanta, GA: Centers for Disease Con-
trol and Prevention. Available http://www.cdc.gov/ncipc/pub-res/mtbi/mtbireport.pdf. Accessed 23
December 2014.

8. Matteo CA, Hanna SE, MahoneyWJ, Hollenberg RD, Scott LA, Law ML, et al. My child doesn’t have a
brain injury, he only has a concussion. Pediatrics. 2010; 125(2): 327–334. doi: 10.1542/peds.2008-
2720 PMID: 20083526

9. Cusimano MD, Sharma B, Lawrence D, Ilie G, Silverberg S, Jones R. Trends in North- American news-
paper reporting of brain injury in ice hockey. PLoS One. 2013; 8(4), e61865. doi: 10.1371/journal.pone.
0061865 PMID: 23613957

10. Ilie G, Boak A, Adlaf EM, Mann RE, Hamilton H, Asbridge M, et al. Suicidality, bullying and other con-
duct and mental health correlates of traumatic brain injury in adolescents. PLoS One. 2014; 9(4);
e94936. doi: 10.1371/journal.pone.0094936 PMID: 24736613

11. Ilie G, Mann RE, Hamilton H, Adlaf EM, Boak A, Asbridge M, et al. Substance use and related harms
among adolescents with traumatic brain injury. J Head Trauma Rehabil. December 2, 2014. Epub
ahead of print. doi: 10.1097/HTR.0000000000000101

12. Yeates KO. (2010). Traumatic Brain Injury. In Yeates K.O., Ris M.D., Taylor H.G., & Pennington B.F.
(Eds.), Pediatric neuropsychology: Research, theory and practice. 2nd. Ed. New York: Guilford Press;
2010. pp.112–146.

13. Anderson V, Brown S, Newitt H, Hoile H. Long-term outcome from childhood traumatic brain injury:
intellectual ability, personality, and quality of life. Neuropsych. 2011; 25: 176–184.

14. Kenny DT, Jennings CJ. The relationship between head injury and violent offending in juvenile detain-
ees. Crime and Justice. 2007; 107: 1–15.

15. Leon-Carrion J, Ramos FJ. Blows to the head during development can predispose to violent criminal
behavioyr: rehabilitation of consequences of head injury is a measure for crime prevention. Brain Inj.
2003; 17: 207–216. PMID: 12623497

16. Timonen M, Miettunen J, Hakko H, Zitting P, Veijola J, vonWendt L. The association of preceding trau-
matic brain injury with mental disorders, alcoholism and criminality: the Northern Finland 1966 Birth
Cohort Study. Psychiatry Research. 2002; 113: 217–226. PMID: 12559478

17. Wolk BJ, Ganetsky M, Babu KM. Toxicity of energy drinks. Curr Opin Pediatr. 2012; 24(2): 243–51. doi:
10.1097/MOP.0b013e3283506827 PMID: 22426157

18. Reissig CJ, Strain EC, Griffiths RR. Caffeinated energy drinks—A growing problem. Drug Alcohol
Depend. 2009; 99(1–3): 1–10. doi: 10.1016/j.drugalcdep.2008.08.001 PMID: 18809264

19. Miller KE. Wired: energy drinks, jock identity, masculine norms, and risk taking. J Am Coll Health. 2008;
56: 481–489. doi: 10.3200/JACH.56.5.481-490 PMID: 18400659

20. Azagba S, Langille D, Asbridge M. The Consumption of Alcohol mixed with Energy Drinks: Prevalence
and Correlates among Canadian High-School Students. CMAJ Open. 2013; 1(1): E19–26. doi: 10.
9778/cmajo.20120017 PMID: 25077098

21. Azagba S, Langille D, Asbridge M. An emerging adolescent health risk: caffeinated energy drinks con-
sumption among high school students. Preventive Medicine. 2014; 62: 54–59. doi: 10.1016/j.ypmed.
2014.01.019 PMID: 24502849

Energy Drinks, Alcohol, Sport Concussions among Adolescents

PLOS ONE | DOI:10.1371/journal.pone.0135860 September 16, 2015 12 / 13

http://www.iom.edu/Activities/Children/YouthSportsConcussions.aspx
http://dx.doi.org/10.1542/peds.2010-2005
http://www.ncbi.nlm.nih.gov/pubmed/20805152
http://www.cdc.gov/traumaticbraininjury/pdf/blue_book.pdf
http://www.cdc.gov/traumaticbraininjury/pdf/blue_book.pdf
http://dvqdas9jty7g6.cloudfront.net/reportcard2014/AHKC_2014_ReportCard_ENG.pdf
http://www.cdc.gov/ncipc/pub-res/mtbi/mtbireport.pdf
http://dx.doi.org/10.1542/peds.2008-2720
http://dx.doi.org/10.1542/peds.2008-2720
http://www.ncbi.nlm.nih.gov/pubmed/20083526
http://dx.doi.org/10.1371/journal.pone.0061865
http://dx.doi.org/10.1371/journal.pone.0061865
http://www.ncbi.nlm.nih.gov/pubmed/23613957
http://dx.doi.org/10.1371/journal.pone.0094936
http://www.ncbi.nlm.nih.gov/pubmed/24736613
http://dx.doi.org/10.1097/HTR.0000000000000101
http://www.ncbi.nlm.nih.gov/pubmed/12623497
http://www.ncbi.nlm.nih.gov/pubmed/12559478
http://dx.doi.org/10.1097/MOP.0b013e3283506827
http://www.ncbi.nlm.nih.gov/pubmed/22426157
http://dx.doi.org/10.1016/j.drugalcdep.2008.08.001
http://www.ncbi.nlm.nih.gov/pubmed/18809264
http://dx.doi.org/10.3200/JACH.56.5.481-490
http://www.ncbi.nlm.nih.gov/pubmed/18400659
http://dx.doi.org/10.9778/cmajo.20120017
http://dx.doi.org/10.9778/cmajo.20120017
http://www.ncbi.nlm.nih.gov/pubmed/25077098
http://dx.doi.org/10.1016/j.ypmed.2014.01.019
http://dx.doi.org/10.1016/j.ypmed.2014.01.019
http://www.ncbi.nlm.nih.gov/pubmed/24502849


22. Meier B. F.D.A. posts injury data for 3 drinks. The New York Times. November 15, 2012. Available:
http://www.nytimes.com/2012/11/16/business/scrutiny-of-energy-drinks-grows.html?_r=0. Accessed
23 December 2014.

23. Macdonald N, Stanbrook M, Hébert PC. “Caffeinating” children and youth. CMAJ. 2010; 182(15): 1597.
doi: 10.1503/cmaj.100953 PMID: 20660575

24. Hamilton H, Boak A, Ilie G, Mann RE. Energy drink consumption and associations with demographic
characteristics, drug use and injury among adolescents. Canadian J Public Health. 2013, 104(7):
e496–501.

25. Blakemore SJ, Choudhury S. Development of the adolescent brain: implications for executive function
and social cognition. J Child Psych Psychiatry Allied Disciplines. 2006; 47: 296–312.

26. BouchampMH, Dooley JJ, Anderson V. A preliminary investigation of moral reasoning and empathy
after traumatic brain injury in adolescents. Brain Inj. 2013; 27(7–8): 896–902. doi: 10.3109/02699052.
2013.775486 PMID: 23789866

27. Paglia-Boak A, Hamilton HA, Adlaf EM, Mann RE. Drug use among Ontario students, 1977, 2013:
Detailed OSDUHS findings (CAMHResearch Document Series No. 36). Toronto, ON: Centre for
Addiction and Mental Health; 2013. Available: http://www.camh.ca/en/research/news_and_
publications/ontario-student-drug-use-and-health-survey/Pages/default.aspx. Accessed 23 December
2014.

28. Menon DK, Schwab K, Wright DW, Maas AI. Position Statement: definition of Traumatic Brain Injury.
Arch Phys Med Rehabil. 2010; 91(11): 1637–1640. doi: 10.1016/j.apmr.2010.05.017 PMID: 21044706

29. Kay T, Harrington DE, Adams R, Anderson T, Berrol S, Cicerone K, et al. Definition of mild traumatic
brain injury. J Head Trauma Rehabil. 1993; 8: 86–7.

30. Dicker BG. Preinjury and recovery after a minor head injury: a review of the literature. J Head Trauma
Rehabil. 1989; 4:73–81.

31. Esselman PC, Uomoto JM. Classification of the spectrum of mild traumatic brain injury. Brain Inj. 1995;
9: 417–24. PMID: 7640688

32. Frances A, Mack AH, Ross R, First MB. The DSM-IV Classification and Psychopharmacology. Avail-
able: http://www.acnp.org/G4/GN401000082/CH081.html. Accessed 23 December 2014.

33. Heeringa SG, West BT, Berglund PA. Applied Survey Data Analysis. Chapman Hall / CRC Press:
Boca Raton, FL; 2010.

34. Peacock A, Bruno R, Martin FH, Carr A. The impact of alcohol and energy drink consumption on intoxi-
cation and risk-taking behavior. Alcoholism: Clinical and Experimental Research. 2013; 37(7): 1234–
1242.

35. Pharo H, Sim C, GrahamM, Gross J, Hayne H. Risky business: Executive function, personality, and
reckless behavior during adolescence and emerging adulthood. Behavioral Neuroscience., 2011; 125
(6), 970–978. doi: 10.1037/a0025768 PMID: 22004262

36. Terry-McElrath YM, O’Malley PM, Johnston LD. Energy Drinks, Soft Drinks, and Substance Use
Among United States Secondary School Students. J Addict Med. 2014; 8(1): 6–13. doi: 10.1097/01.
ADM.0000435322.07020.53 PMID: 24481080

37. Arria AM, Caldeira KM, Kasperski SJ, Vincent KB, Griffiths RR, O’Grady KE. Energy drink consumption
and in- creased risk for alcohol dependence. Alcohol Clin Exp Res. 2011; 35(2): 365–375. doi: 10.
1111/j.1530-0277.2010.01352.x PMID: 21073486

38. Brache K, Stockwell T. Drinking patterns and risk behaviors associated with combined alcohol and
energy drink consumption in college drinkers. Addict Behav. 2011; 36: 1133–1140. doi: 10.1016/j.
addbeh.2011.07.003 PMID: 21840130

39. Cherpitel CJ. Alcohol and injuries: a review of international emergency room studies since 1995. Drug
and Alcohol Review. 2007; 26: 201–214. PMID: 17364856

40. Corrigan JD. Substance abuse as a mediating factor in outcome from traumatic brain injury. Arch Physi-
cal Med Rehab. 1995; 76: 302–309.

41. Cook LG, Hanten G, Orsten KD, Chapman SB, Li X, Wilde EA, et al. Effects of moderate to severe trau-
matic brain injury on anticipating consequences of actions in adolescents: a preliminary study. J Inter-
national Neuropsych Society. 2013; 19: 508–517.

Energy Drinks, Alcohol, Sport Concussions among Adolescents

PLOS ONE | DOI:10.1371/journal.pone.0135860 September 16, 2015 13 / 13

http://www.nytimes.com/2012/11/16/business/scrutiny-of-energy-drinks-grows.html?_r=0
http://dx.doi.org/10.1503/cmaj.100953
http://www.ncbi.nlm.nih.gov/pubmed/20660575
http://dx.doi.org/10.3109/02699052.2013.775486
http://dx.doi.org/10.3109/02699052.2013.775486
http://www.ncbi.nlm.nih.gov/pubmed/23789866
http://www.camh.ca/en/research/news_and_publications/ontario-student-drug-use-and-health-survey/Pages/default.aspx
http://www.camh.ca/en/research/news_and_publications/ontario-student-drug-use-and-health-survey/Pages/default.aspx
http://dx.doi.org/10.1016/j.apmr.2010.05.017
http://www.ncbi.nlm.nih.gov/pubmed/21044706
http://www.ncbi.nlm.nih.gov/pubmed/7640688
http://www.acnp.org/G4/GN401000082/CH081.html
http://dx.doi.org/10.1037/a0025768
http://www.ncbi.nlm.nih.gov/pubmed/22004262
http://dx.doi.org/10.1097/01.ADM.0000435322.07020.53
http://dx.doi.org/10.1097/01.ADM.0000435322.07020.53
http://www.ncbi.nlm.nih.gov/pubmed/24481080
http://dx.doi.org/10.1111/j.1530-0277.2010.01352.x
http://dx.doi.org/10.1111/j.1530-0277.2010.01352.x
http://www.ncbi.nlm.nih.gov/pubmed/21073486
http://dx.doi.org/10.1016/j.addbeh.2011.07.003
http://dx.doi.org/10.1016/j.addbeh.2011.07.003
http://www.ncbi.nlm.nih.gov/pubmed/21840130
http://www.ncbi.nlm.nih.gov/pubmed/17364856

