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ABSTRACT

Introduction

Energy drinks are common in the diets of teenagers. Despite the increase in consumption in American teenagers,
little has been done to study its effects on the anxiety and depressive behaviors of teenagers.

Methods
25 participants were selected including a majority of Asians and Caucasians between the ages of 12 to 22. The
participants filled out a survey that recorded a baseline for a week, and then drank increasing dosages of energy

drinks the following week while continuing to fill out a survey. They filled out a survey that was designed with
SIG E CAPS indicators on each day, and the results were compared using a student’s t-test.

Results
The results were not statistically significant, but this supports that the caffeine limit set by the Food and Drug
Administration does indeed prevent negative effects of caffeine on adolescents. One participant, with a pre-

existing psychiatric condition, withdrew from the study after his markers of anxiety were significantly higher
in the week that he took the energy drinks.

Discussion
While the study was limited in both scale and dosage, it did fall in alignment with the body of literature that
preceded it. To formulate a statistically significant study with results that have a higher confidence level, the

dosage of caffeine and the number of participants who consume it would need to be increased.

Conclusion

The study, while not being statistically significant, reinforced the pediatric limit of caffeine and opened the door
to further studies that involve a higher dosage or more participants.

Introduction
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Adolescents and adults around the world consume energy drinks to sustain themselves over periods of great
stress or increased workload. Commonly, these drinks are carbonated beverages that contain sweeteners, fla-
vorings, and caffeine in order to boost an individual’s alertness and delay the urge to fall asleep. Energy drink
consumption and regulation for adolescents remains controversial. In certain countries, such as the UK, energy
drinks are considered controlled substances and require age-specific identification to purchase.! However, in
the United States there are no age-specific regulations or limitations on energy drink purchases by adolescents.
Given this lack of limitations, the Food and Drug Administration has suggested a maximum dosage of 400
milligrams of caffeine per day for adults (defined as those above the age of 18), but the dosage recommendation
is adjusted to 100 milligrams of caffeine daily for adolescents.?

Multiple studies have found mood changes as a result of energy drink consumption.** One study
observed that tension and anxiety scores increased significantly relative to placebo at 1h post consumption in
Austrian adolescents.® A study conducted on South Korean students’ energy drink intake indicated energy drink
intake was significantly associated with sleep dissatisfaction.* The authors concluded that energy drinks led to
detrimental effects related to stress, sleep, and overall mood. Additional research conducted in North America
supports higher cases of insomnia, abdominal pain, and irritability." In a study conducted in 2017, healthy 18-
year olds were subjected to 946 mL of caffeine and 15 participants exhibited negative effects during the energy
drink arm and 13 participants exhibited the same negative effects during the caffeine control arm.’ Adverse
effects named by the study included anxiety, insomnia, dizziness, nausea, and shortness of breath.

Similarly, the American teenage demographic consume large amounts of energy drinks.®’ However,
scientific study has been sparse in documenting the effect of energy drinks on the adolescent mind in America.
Through literary research, there was a significant lack of research done in the United States on the effects of
these drinks on teenagers (those under 18), and specifically that done with low doses. The purpose of this study
is to investigate the effect of energy drink consumption on adolescent mood. It was hypothesized that energy
drink consumption would increase markers of anxiety and depression in the individuals undergoing the testing,
due in part to the caffeine but also due to the added sugars.>* 38 Learning about the effects of energy drinks on
adolescents is important due to the implications it could have on the developing mind and body during the
critical developmental period of adolescence. As many students consume these drinks, and often in large quan-
tities, better understanding of the effects of these substances is needed.

Methods

Study Recruitment

25 individuals were recruited to participate in this study. They were recruited via a variety of methods: through
school sponsored postings and advertisements, personal contact, social media, as well as word of mouth com-
munication. The participants included 11 identifying as female and 14 identifying as male. The eldest was 22
and the youngest was 12. All identified in the target demographic of students (either in middle school, high
school, or college who were enrolled in full time education). The average age (of those who completed the
study) was 16.04 years old. Five participants withdrew from the study pre-maturely for a variety of reasons
including (but not limited to): health-related, parental concern, and lack of time. Certain individuals chose to
withdraw from the study, and one was kind enough to share information about his ADHD that prompted his
withdrawal. This individual, male, aged 14, was advised to stop after the energy drink consumption led to a
spike in his anxiety levels (as reported in his survey in the second week of the trial).

Study Design
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The energy drink chosen for this study was Red Bull, in its original flavor. Participants were de-identified in
order to blind the researcher. The independent variable measured was the amount of energy drink consumed
per day, starting with 20mL (of a 248mL can). Starting with 20mL, it increased by 20mL each day, for one
week. Before the study (two weeks prior), participants were asked to not drink any caffeine in order to clear
their systems for the study. No data was formally collected of the participants’ caffeine habits prior to the study.
In the week prior, participants were asked to drink a matched, increasing volume of water per day (as Red Bull
in the following week) in order to create a baseline using a placebo. Each participant served as their own control
for the statistical analyses that followed. Participants were asked to drink the water or Red Bull at approximately
3:00 PM in the afternoon. They were then asked to complete a survey at approximately 8:00 PM at night. The
survey investigated markers of anxiety and depression using SIG E CAPS (Sleep, Interest, Guilt, Energy, Con-
centration, and Appetite, Psychomotor, and Suicidal ideation). Data collected was subsequently analyzed. In
total, each participant filled out the survey 7 times for a baseline and 7 times while drinking the Red Bull. For
participant’s safety, all were allowed to opt out at any time without negative consequence. In addition, no par-
ticipant was ever requested to drink over the pediatric recommended limit of 100 mg (roughly one can or 248
ml of Red Bull). A link to the survey can be found here.?

Statistical Analyses

Data was collected and analyzed through the use of Microsoft Excel. Data was run using a two-tailed paired
student’s t-test with a confidence level of 95% and a p-value of 0.05. The collection period was a 14 day period
that involved comparisons across days in a week, therefore degrees of freedom was 6. Participants’ number
scores for each question were taken (7 each week, 14 total) and evaluated using the following formula of the
student’s t test.

Results

Demographics

Out of a total of 25 participants who participated in the survey, the majority identified as either Asian (36%) or
Caucasian (40%). There were 10 Asian participants and 9 Caucasian participants. Out of the remaining racial
categories, there was a small representation of 4 African American participants, and one of each Native Amer-
ican and Pacific Islander identification. It is important to stress that the onboarding survey asked for the partic-
ipant’s primary racial identity (i.e. what race made up the majority of his or her genetic composition) and sec-
ondary racial identities were not tracked further.
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Figure 1. Chart of racial distribution of participants. Participants were surveyed based on their primary racial
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Figure 2. Pie chart of racial distribution of participants.

Age

Participants fell under the age range of 12 to 22. The majority of participants were aged between 14 and 18,
comprising a total of 19 participants making up a total of 76% of all participants. Outliers included a single 12
year old and two 22 year olds. There were no participants aged 20 or 21 years old. Outliers made up a total of

12% of the participants.
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Figure 3. Chart of age distribution of participants. Participants were asked to provide their age at the time of
this study.
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Figure 4. Pie chart of age distribution of participants.

Sex

15 of the participants identified as male, representing 60% of the total sample size. The other 10 participants
identified as female, representing 40% of the total sample size.
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Figure 5. Pie chart of sex distribution of participants.

Statistical Analysis
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Overall, the t-tests revealed that there was little significance (defined as = 95 % confidence level) of the results.

However, certain individual data points were determined to be relatively significant as a result of the t-test if it
yielded = 50% confidence level within the limited context of this study. There were a total of 51 somewhat
significant (confidence level of 2 50%) outcomes of the t-test, out of a total 275 t-tests that were performed on

the data (due to 11 questions on each survey filled out by 25 participants). As a result, 19% of the data yielded

a relatively significant result with a confidence level of = 50%. It is also key to note that a total of 31 surveys

(of a total collection of 350 surveys, 14 surveys each for 25 participants) were submitted after the collection

period (later than 8 pm of the day they intended to represent). The average number of missed submissions was

1.24 survey submissions per person. Unfortunately, all but two participants had at least one missed survey
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Figure 6. Participants’ birthday (for de-identification) and relative t -test value for each of the questions over a

14-day period. Yellow values denote a statistical confidence level of p = .5 or 50% confidence. Blue values

denote a divide by zero error in the t-test equation. Orange values denote data that fell under the statistical

confidence level of p = .5 or less than 50% confidence.
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Question | Full Question (as how it appears on the survey)
Number

Question 1 | On a scale of 0 to 10, how much did your sleep improve or worsen? (5 being no
change).

Question 2 | On a scale of 0 to 10, how much motivation did you feel in completing your home-
work? (5 being no change).

Question 3 | On a scale of 0 to 10, how much more or less interested were you to complete extra-
curricular/hobbies/activities (anything you do outside of school) in the afternoon? (5
being no change).

Question 4 | On a scale of 0 to 10, how guilty do you feel? (5 being no change).

Question 5 | On a scale of 0 to 10, how fulfilled do you feel? (5 being no change).

Question 6 | On a scale of 0 to 10, how was your energy level compared to your normal? (5 being
no change).

Question 7 | On a scale of 0 to 10, how was your concentration compared to your normal? (5 being
no change).

Question 8 | On a scale of 0 to 10, how was your appetite compared to your normal? (5 being no
change).

Question 9 | On a scale of 0 to 10, how anxious do you feel compared to normal? (5 being no
change).

Question | On a scale of 0 to 10, how much non-intentional movement did you have today com-
10 pared to normal? (i.e. foot tapping, nervous ticks, fidgeting, etc.) (5 being no change).

Question | On a scale of 0 to 10, how much aggression did you feel towards yourself and/or

11 others compared to normal? (5 being no change).

Figure 7. A list of the corresponding questions as they appeared on the survey.

Any t-test result highlighted in yellow demonstrates a statistical confidence level of p = .5 or 50%
confidence. While none of the data is technically “significant”, relative to other data points it is significant in
this smaller scale research. In response to question 5 regarding fulfillment, 9 individuals reported relatively (in
the context of this study) significant levels of greater or worse fulfillment on a daily basis. In response to ques-
tion 6 regarding energy level, 6 individuals reported significantly greater or worse energy levels. Question 11
regarding aggression also yielded 6 individuals reporting significantly greater or less aggression. 6 individuals
also reported statistically significant results regarding non-intentional movement (showcased in Question 10).
It is important to note that the data skewed mostly toward a negative result. When going back to review indi-
vidual responses, the data skewed towards individuals reporting negative effects of energy drink consumption.
For example, eight of the nine participants who reported relatively statistically significant results for fulfillment
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mentioned that their fulfillment was less than normal. Similarly, energy levels were reported as lower than
normal by all six of the individuals whose data was relatively significant. Five of the six individuals who re-
ported non-intentional movement data that was relatively significant reported that they experienced an increase
in non-intentional movement compared to normal. While the overall results of the study are anything but con-
clusive, there are certain data points that do suggest a possibility of negative effects that energy drinks cause
upon the user. Statistical results between the individual who chose to withdraw and the other participants
showed a significant increase for the individual who had pre-diagnosed ADHD. He withdrew after day 3 of the
second week (where he drank the energy drink dosage assigned to him). Running the statistical t-test on his
incomplete results, provided the trends in his responses would have continued, there would be a result that >
90% confidence level that energy drinks negatively impacted his markers of anxiety and depression using the
SIG E CAPS survey developed for this study.

Distribution of Relatively Significant Data Points
10

Mumber of Relatively Significant Data Points
=N

Figure 8. Distribution of Relatively Significant Data Points. Larger bars indicate more data points that were
determined to be statistically significant relative to the study as a whole. Relatively statistically significant
results are defined (in this study) as having a confidence level of 50% or higher, or a p value of p > .5.

Data points that showed increased include questions 5, 6, and 10. These are questions asking about
fulfillment, energy level, and non-intentional movement, respectively. As a result of the increased number of
data points (each showing an individual’s difference between the placebo and energy drink), the increase in
significant data points over the rest of the data demonstrates that energy drinks significantly impacted the data
that participants reported. Out of 25 participants, 9 of them had significantly more or less fulfillment. Referring
to the individual responses, the majority reported less fulfillment than they normally felt. 6 of the 25 participants
reported significantly more or less energy during the day, as well as more or less non-intentional movement.
Looking at responses specifically, this data also skews towards individuals having more energy and uninten-
tional movement. However, all questions did yield at least two individuals with relatively statistically signifi-
cant results.

Discussion

The lack of significance (= 95% confidence level) indicates that the pediatric limits on energy drinks and caf-
feine do not significantly affect an adolescent's mood. This study demonstrated that the pediatric dose does not
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influence changes in anxiety and depressive indicators.? Certain values (illustrated in yellow) were considered
sub-significant relative to the other results of this study. However, the majority of participants were unaffected
by the dosage of energy drinks given and their results were statistically insignificant. This points to the pediatric
dose being correct in negating harmful effects of caffeine intake.

This study was conducted with a limited budget and limited participants. Several aspects should be
considered for further investigation of this relationship. As many adolescents consume energy drinks far in
excess of the recommended pediatric dose, a higher dose of energy drink consumed by participants would be
more representative of the real amount of energy drinks consumed by teenagers.” Given the small sample size
of participants in this study, further research with a greater number of participants would also be more repre-
sentative and provide more conclusive results. Sleep, surprisingly, noted very little significance in results, with
only two individuals reporting relatively statistically significant results. This contrasts with previous literature
in which decline in quality of sleep was an observed result of energy drink consumption.'*!'* While fulfillment,
nervous ticks, and aggression all resulted in the greatest number of significant data points (pointing to the energy
drinks having the greatest effect), this falls in line with previous literature demonstrating increases in anxious
behavior." Further testing would also require a larger sample size to yield more statistically significant results.

The amount of energy drink consumed is simply not representative of the real world. On average,
adolescents were found to consume 244 mg of caffeine on average per day!'?. In addition, energy drinks are
available in over 140 countries (including the United States) and are the fastest growing US beverage market.
Sales were expected to top $9 billion in 2011, with half of the energy drink market consisting of those between
the ages of 12 and 25. ' This study’s results show an alignment with the previous bodies of literature that the
pediatric-suggested limit of caffeine does not impact individuals in any noticeable amount. To conclusively
answer this question, this study would need to be modified to include a much larger sample size (to increase
statistical significance and confidence level) as well as investigate with higher doses of energy drinks. Due to
the average adolescent consuming 244 mg of caffeine per day, participants of this new study would need to
consume in excess of two cans per day to more accurately represent conditions students are accustomed to, in
addition to exceeding the recommended pediatric dosage to investigate the culminating side effects (should
they exist).”® Only by increasing both dosage and sample size would a definitive answer to the effects of energy
drinks on the adolescent mind be reached.

A method of garnering demonstrated support (such as financial incentive) should be used in order to
ensure the timely deliverance of data.'® While this study was limited in its budget, a financial motivator (gift
card, cash, prize) could help ensure that surveys are filled out promptly and without delay. During this study,
the participants averaged 1.24 missed submissions. As a result, the information conveyed in these surveys could
have been skewed by the later date, as participants would have had to recall their feelings from the day prior.
In addition, not all data was collected in a timely manner, as a few outlier submissions took upwards of 3 days
to be received. This begs the question as to how does a study effectively manage participant’s submissions
without delay, and if the results would have been different had the participants submitted all surveys exactly on
time.

In addition, while participants were asked to clear their systems of caffeine two weeks prior to this
study, there was no way of determining whether or not participants actually did so. A study with greater finan-
cial backing and access to more resources could, in theory, utilize blood plasma to measure the caffeine intake
in the blood prior and during the study.!” As a result, data generated could be a reflection of withdrawal syn-
drome from not receiving the same amount of caffeine as before. Previous literature also cited that energy drinks
were commonly consumed as part of social gatherings. This study did not measure or request information in
regards to the habits that these energy drinks were consumed, raising the question of whether intentional peer
pressure to drink these drinks could lead to different results.'® The study was additionally limited as no data was
formally collected on prior energy drink consumption of participants. Further studies would benefit from ana-
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lyzing a participant’s previously recorded intake of caffeine and the effects in both placebo trials and experi-
mental trials. Finally, as exhibited by the individual who withdrew before the study concluded, more research
that could possibly isolate groups of individuals who have pre-existing mental health conditions and those who
do not would help to draw conclusions based on how it affects individuals with different underlying conditions.

Conclusions

Overall, this dose of energy drink does not seem to be significant, supporting the pediatric dosage limit of
caffeine as being correct and effective in not instigating side effects of energy drink consumption. However, as
evidenced by the participant who struggles with ADHD and had to withdraw after consultation with his physi-
cian, those who have a pre-diagnosed condition may be at a higher risk for exhibiting negative effects from
energy drinks. While this study was conducted with a limited budget and limited participants, the study was
able to suggest that pre-diagnosed conditions are susceptible to increased energy drink consumption while the
pediatric safe dosage is safe for those without a pre-diagnosed condition. Statistical results between the indi-
vidual who chose to withdraw and the other participants showed a significant increase for the individual who
had pre-diagnosed ADHD. Running the statistical t-test on his incomplete results, there would be a = 90%
confidence level that energy drinks negatively impacted all of his markers of anxiety and depression using the
SIG E CAPS survey developed for this study. More testing would need to be conducted in order to further
subdivide individuals diagnosed and undiagnosed with pre-existing mental health conditions. To further eluci-
date the effects of caffeine on adolescents and their behavior, utilizing a greater number of participants and a
higher dosage may elucidate significant trends of energy drink effects on adolescent mood, as well as provide
more statistically significant results and findings.
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