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ABSTRACT

Objectives To investigate the frequency of energy

drink (ED) consumption, and the association between

ED consumption and selected sleep characteristics and
parameters in Norwegian college and university students.
We also explored whether these associations varied based
0N Sex.

Design Cross-sectional.

Setting Data were gathered from the SH0T2022 study
(Students’ Health and Well-being Study), a national survey.
Participants 53266 students, aged 18-35 years, enrolled
in higher education in Norway (2022).

Main outcome measures Estimated marginal means
were computed from general linear models investigating
the association between ED consumption and continuous
sleep outcomes, while log-link binomial regression
analysis was used for dichotomous sleep outcomes of
sleep measures. All models were adjusted for age.
Results Among the participants, 4.7% of men and 3.3%
of women reported consuming ED daily. The frequency

of ED consumption was inversely associated with sleep
duration and sleep efficiency, while a direct association
was observed with the frequency of ED consumption and
sleep patterns such as sleep onset latency and wake after
sleep onset across sexes. The strongest association was
found between daily ED consumption and short sleep
duration where men had a risk ratio (RR) of 2.07; 95% Cl
1.77 10 2.42, and women had a RR of 1.87; 95%Cl 1.64
to 2.14.

Conclusion ED consumption was a strong determinant for
negative sleep outcomes. Even small amounts of ED were
associated with poorer sleep outcomes, which warrant
more attention towards the consequences of consuming
ED among college and university students.

INTRODUCTION

Energy drinks (ED) are non-alcoholic bever-
ages with an average caffeine content of
150mg per litre in addition to sugar, vita-
mins, minerals and amino acids in varying
amounts.! * They are marketed as boosters
of mental health and physical performance
and often consumed by students for these
reasons.”” In contrast, negative effects
of frequent ED consumption have been
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= The main strength of this study was the use of a
wide range of sleep parameters including sleep du-
ration and insomnia.

= The current sample is derived from the SH0T2022
study (Students’ Health and Well-being Study) which
is a large national sample of college and university
students in Norway.

= The study relies on self-reported frequency of ener-
gy drink consumption, which can be susceptible to
both recall bias and social desirability bias.

suggested in relation to mental health prob-
lems and sleep.” !

In recent years, there has been an increase
in ED consumption among adolescents in
Norway® and ED consumption has been
mostly focused on the adolescent popula-
tion as they are deemed as more vulnerable
to potential negative effects of ED.* Studies
among Norwegian adolescents show that
1-1.5% consume ED every day.®? However,
estimates of daily ED consumption in other
countries range from, for example, 1.1% in
28610 students in Canadian' to 11.4% in a
small study (n=919) in the United Arab Emir-
ates.!! Moreover, some studies have found
a greater prevalence of ED consumption
among male students,” ' but the results are
inconclusive.

The literature on ED and sleep among
young adults is limited, with some notable
exceptions including four studies that have
investigated consumption of ED in rela-
tion to sleep. These studies have reported
shorter time in bed, lower sleep quality,
later bedtime, more difficulty falling asleep
and tiredness the next day, among young
adults who consumed ED.? ! 1415 However,
the literature remains somewhat conflicting,
as a crosssectional study (n=2793) found
no differences between young adults who
had one or more ED per week on trouble

BM)

Kaldenbach S, et al. BMJ Open 2024;14:2072951. doi:10.1136/bmjopen-2023-072951 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0001-8702-8943
http://orcid.org/0000-0001-5303-8879
http://orcid.org/0000-0002-4038-151X
http://orcid.org/0000-0003-4654-9296
http://dx.doi.org/10.1136/bmjopen-2023-072951
http://dx.doi.org/10.1136/bmjopen-2023-072951
http://dx.doi.org/10.1136/bmjopen-2023-072951
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2023-072951&domain=pdf&date_stamp=2024-01-10

sleeping or inadequate sleep compared with those who
did not consume ED.'® Furthermore, most of the studies
have included crude sleep measures, such as only a single
item assessing sleep quality and tiredness.'' '* ' 7 More
comprehensive assessments of sleep quality such as the
diagnostic criteria for insomnia have been used to a lesser
extent.® '8 Also, a more detailed assessment of some core
sleep parameters such as sleep duration, sleep onset
latency and wake after sleep onset could provide valu-
able information on which aspects of sleep may be more
or less impacted by ED consumption. It is not known
whether the associations are sex specific. In addition
to the noted sex differences in ED consumption, sleep
problems have also exhibited sex-specific rates. We have
previously shown that young adult female students have
higher rates of insomnia than males; however, we found
no differences in sleep duration.'

There may be multiple pathways in which ED consump-
tion impacts sleep. One plausible mechanism is the effect
of caffeine present in ED. For example, ED consump-
tion has been found to be associated with heart palpi-
tations,” elevated systolic blood pressure and increased
QT interval*'—all of which may potentially affect sleep
and be mediated by caffeine. According to a review by the
Norwegian Scientific Committee for Food and Environ-
ment, a young adult with an average weight of 70 kg would
be at risk of sleep disturbance when drinking more than
98 mg/day of caffeine, which is approximately 300 mL of
ED a day.' * Moreover, it is possible that some of the other
ingredients can potentiate caffeine’s effect on sleep. As
an example, the ingredient guarana is often added to ED,
where 1g of guarana contains 40mg of caffeine which
again contributes to the caffeine content of ED without
being stated on the total caffeine content.?” This might
result in a higher intake of certain ingredients which in
combination has an impact on sleep. The sugar content
of ED is often high, with 65% of the ED sold in Norway
containing sugar, though there are several sugarfree
options available.” Sugar intake through sugar-sweetened
beverages has a known impact on sleep,” * making the
intake of ED containing both sugar and caffeine a likely/
potential source of poor sleep quality.

ED has a high caffeine content, and caffeine intake
is a well-known risk factor for poor sleep.?®?” However,
research focusing on how ED consumption may impact
sleep among young adults has been limited. Based on
these considerations, the overall aim of the current study
was to investigate the frequency of ED consumption and
its association with several sleep characteristics, using
a national sample of Norwegian college and univer-
sity students. We specifically focused on sleep duration
and insomnia as the primary outcomes, in addition to
more detailed sleep parameters, such as sleep efficiency,
sleep onset latency and wake after sleep onset. We also
explored whether these associations varied based on
sexes.

METHODS

Procedure

The current paper used data from the SHOT2022 study
(Students’ Health and Well-being Study), a large national
survey of students enrolled in higher education (college
and university students) in Norway, conducted by three
large student welfare organisations. Four surveys have
been completed since 2010. This paper is based on the
most recent wave, conducted in 2022. The SHOT2022
study is a comprehensive survey of several domains of
mental health and lifestyle factors which is distributed
electronically through a web-based platform. Details of
SHOT studies have been published elsewhere,” but in
short, the SHOT2022 was conducted between 8 February
and 19 April 2022, and invited all full-time Norwegian
students pursuing higher education, both in Norway and
abroad. During this period, close to all COVID-19 restric-
tions were lifted in Norway just before the data collec-
tion started, but there was still some online teaching in
higher education.”” In all, 169572 students fulfilled the
inclusion criteria of being a full-time student in higher
education and aged 18-35 years. Of these 59 544 students
completed the online questionnaires (after being sent
two reminders), yielding a response rate of 35.1%. For the
purpose of the current sample, we only included students
aged 35 years or younger, and with valid responses on the
ED and sleep variables, yielding a final study sample of
53226 students.

Instruments

Sociodemographic information

Information about the participants’ sex and age was
extracted from their unique 11-digit National Iden-
tity Number. Participants were also asked about their
relationship status, and if either the student or his/her
parents were born outside of Norway. Finally, the partic-
ipants indicated the educational level of their parents as
either having completed primary education, secondary
education or college/university education.

ED consumption

ED consumption was assessed with the following ques-
tion (as part of a larger food and drink questionnaire):
‘How often do you usually drink energy drinks (Red Bull,
Battery, Monster, Burn or similar)?’, with the following
response options ‘daily’, ‘4-6 times per week’, ‘2-3 times
per week’, ‘1 time per week’, ‘1-3 times per month’ and
‘seldom/never’.

Sleep variables

Participants’ self-reported usual bedtime and bed-rise
time were indicated in hours and minutes, and data were
reported separately for weekdays and weekends. Time
in bed (TIB) was calculated as the difference between
bedtime and rise time. For the purpose of the current
study, late bedtime was operationalised as going to bed
after midnight. Sleep onset latency (SOL: defined as the
length of time that it takes to accomplish the transition
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from full wakefulness to sleep) and wake after sleep onset
(WASO: defined as amount of time a person spends
awake after sleep onset) were also indicated separately
for weekdays and weekends in hours and minutes. SOL
and WASO were used both as continuous variables, as
well as dichotomised at the 90th percentile, which corre-
sponds to SOL >2hours, and WASO =1 hour. Sleep dura-
tion was defined as TIB minus SOL and WASO, and sleep
efficiency was calculated as sleep duration divided by TIB
multiplied by 100 (reported as a percentage). Only the
weekday sleep variables were used in the current study.

All participants also indicated the average number of
nights per week they experienced difficulties initiating
sleep (DIS), difficulties maintaining sleep (DMS), and
early morning awakenings (EMA), as well as daytime
sleepiness and tiredness. Those suffering from sleep
problems were asked about how long the problems had
been present. The following three criteria were used as an
operationalisation for insomnia disorder, in line with the
the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5) criteria: (1) the presence of either
DIS, DMS or EMA for at least three nights per week, (2)
the presence of daytime sleepiness and tiredness for at
least 3 days per week and (3) duration of the sleep prob-
lems for at least 3 months. Oversleeping was measured
with one question (‘How often do you oversleep?’) and
scored on a 5-point scale (‘never’, ‘sometimes per year’,
‘sometimes per month’, ‘sometimes per week’ and ‘every
day’). Students who responded ‘sometimes per week’ or
‘every day’ were categorised as frequently oversleeping.
More details about the sleep inventory used in the SHOT
studies have been published elsewhere.' In the current
study, sleep duration and insomnia were the primary
outcome measures.

Statistics

IBM SPSS V.28 (SPSS Inc., Chicago, IL, USA) for Windows
was used for all analyses. Pearson % test was used to
examine the sex differences in ED consumption. General
Linear Model (GLM) with Least Significant Difference
(LSD) post hoc multiple comparisons, calculating age-
adjusted estimated marginal means (EMM), were used
to examine the association between ED consumption
and the continuous outcome measures. Analyses were
conducted separately for men and women, but in addi-
tion, we also tested for interactions between ED and sex
in the full sample on the sleep outcomes by including an
interaction term (EDxsex) in the models. We conducted
log-link binomial regression analysis to calculate effect-
sizes for the dichotomous outcomes, adjusting for age.
Rather than the more commonly used logistic regressions
(producing odds ratios), log-link binomial regressions
(producing risk ratios (RR)) provide more correct esti-
mates when the prevalence of the outcome of interest (eg,
insomnia or short sleep duration) is relatively high. The
following dichotomous cut-offs were used: late bedtime
after 24:00, short sleep duration (<6hours), sleep onset
latency (>2hours), wake after sleep onset (>1 hour), sleep
efficiency (score <85), weekly oversleeping and insomnia
according to the DSM-5. Results are presented as RR
with 95% confidence intervals (CI). The normality of the
data was examined using skewness and kurtosis, and all
continuous measures were well within the recommended
ranges (+2).” There was generally very little missing data
(n<0.5%), and hence missing values were handled using
listwise deletion.

Patients and public involvement
The SHOT2022 study was initiated and governed by the
three largest student welfare organisations in Norway. This

Table 1 Sociodemographic characteristics of the SHOT2022 study

Men Women Total
SHOT2022
Age, mean (SD) 24.3 (3.3 23.8 3.2) 24.0 3.2
Sex, % (n) 33.6% (17 939) 66.4% (85 423)
Single, % (n) 44.7% (8023) 51.2% (18 142) 49.0% (26 165)
Self and/or parent(s) born abroad, % (n)
Born in Norway 89.6% (16 080) 89.6% (81 741) 89.6% (47 821)
Born outside Norway 10.4% (1859) 10.4% (3682) 10.4% (5541)
Maternal education, % (n)
Primary 4.3% (736) 4.9% (1671) 4.7% (2407)
Secondary 26.5% (4510) 29.6% (10197) 28.6% (14 707)
College/university 69.2% (11 798) 65.5% (22 528) 66.7% (34 326)
Paternal education, % (n)
Primary 5.8% (983) 6.6% (2199) 6.3% (3182)
Secondary 32.9% (5536) 39.3% (13 199) 37.2% (18 735)
College/university 61.3% (10 300) 54.1% (18 146) 56.5% (28 446)
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included both planning and design of the study, agreeing
on inclusion and exclusion criteria, and selecting poten-
tial research questions and instruments used in the study.
Recruitment was also conducted in close collaboration
with the student welfare organisations, but there were no
students involved in the actual data collection.

RESULTS

The total sample comprised 53226 young adults (66.4%
women), with a mean age of 24 years (SD: 3.2). The
majority of the sample had parents who had attended
college/university as shown in table 1.

There was a significant sex difference in the overall ED
consumption ()(2 (5, n=52695)= 547.844, p<0.001), as
displayed in figure 1. More women (49.6 %) than men
(39.6 %) had never or seldom consumed ED. Moreover,
among women, 5.5% reported consuming ED 4-6 times
a week and 3.3% consumed ED daily. Men reported
consuming ED more often than women, where 7.8%
consumed ED 4-6 times a week and 4.7% consumed ED
daily.

Figure 2 shows the ED consumption and associations
with different sleep parameters, separately for men and
women when using general linear models to compute esti-
mated marginal means. For both sexes, there was a clear
dose-response relationship between ED consumption and
reduced sleep. For example, both men and women who
consumed ED daily slept approximately 30 min less (7:06
and 7:10hours, respectively), compared with those who
seldom or never consumed ED (both sexes: 7:39 hours).
Similar associations were also observed for WASO and
SOL; increasing consumption of ED was associated with a
corresponding increase in both nocturnal wake time and
time spent falling asleep. Furthermore, the prevalence of
insomnia was 51%, among those women who consumed
ED daily, compared with 33% among women who seldom
or never consumed ED, and a similar graded pattern was
observed for men (37% vs 22 %, respectively). The ED
and sex interaction analyses showed significant effects
for risetime and bedtime (and to some extent insomnia),
with men displaying a stronger association with ED for
these sleep outcomes.

As shown in table 2, similar graded dose-response associ-
ations were observed when outcome variables were dichot-
omised using log-link binomial regression models: higher
ED consumption was associated with an increasing risk
of sleep problems across all sleep parameters. The stron-
gest associations for both sexes were observed between
ED consumption and short sleep duration. Compared
with never or seldom consuming ED, men who daily
consumed ED had more than a twofold increased risk of
sleeping less than 6 hours (RR=2.07; 95% CI 1.77 to 2.42),
and a similar pattern was observed for women (RR=1.87;
95% CI 1.64 to 2.14). As also detailed in table 2, infre-
quent use of ED (1-3 times per month) was significantly
associated with an increased risk of poor sleep across
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Figure 1 Response pattern of energy drink consumption
in male and female college and university students in the
SHOT2022 study.
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Figure 2 Energy drink consumption (X axis) and age-adjusted sleep parameters (Y axis) in male and female college and
university students. Error bars represent 95% Cls. ED, energy drinks.

most sleep parameters, but not including late bedtime
and short sleep duration for both men and women.

DISCUSSION

This study examined the frequency of ED consumption
related to different sleep parameters in a large sample of
Norwegian college and university students. The results
showed a clear dose-response association between the
frequency of ED consumption and the primary outcomes

measures sleep duration and insomnia, next to WASO,
SOL and oversleeping. There was also a negative dose-
response association between increasing ED consumption
and both sleep duration and sleep efficiency. Even small
amounts of ED had an impact on sleep where daily ED
consumption increased the risk of sleep problems across
all parameters for both sexes. Furthermore, most of the
associations between ED and sleep were similar for male
and female students but with a few notable exceptions.
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For bedtime and risetime, we observed a significantly
stronger effect for men compared with women. In terms
of other sex-specific patterns, we found a higher rate of
ED consumption among men, which is also consistent
with previous findings.”'* '?

We found that 3.3% of women and 4.7% of men were
daily ED consumers, which is different from previous
findings as both higher and lower overall consumption
rates have been found.'"’ ' The reasons for these differ-
ences could be due to smaller sample sizes and thereby
more selected population or the year of data collec-
tion where more recent data show a higher percentage
of consumption since ED consumption is increasing in
popularity. When comparing to the adolescent popula-
tion in Norway (2017-2019, n=297102), the frequency of
ED consumption was higher in the student population
than in the adolescent population where 1.5% consumed
ED daily.® These results could suggest that ED becomes a
more regular drink when becoming a college or univer-
sity student or that there is a general increase across
age groups during the last years which could account
for the differences. The latter could also be affected by
the precursing COVID-19 pandemic. One study showed
that ~10% of young adults reported consuming more
sugary drinks (including ED) during the pandemic than
before,” while another review indicated a slight decrease
in ED consumption during the pandemic.” Regardless,
the reasons for different prevalence rates of ED consump-
tion should be further investigated in studies with a longi-
tudinal design to investigate changes across development
or repeated cohort studies to investigate time trends.

In the current study, even low frequencies of ED
consumption were associated with an increased risk of
insomnia. This finding is in line with a study that found
ED to be a risk factor for poor sleep quality'' * and tired-
ness,'* and extends on previous findings which have
found an association with insomnia symptoms.3 We also
found ED consumption associated with later bedtime
and short sleep duration that correspond to findings in
a study among high school students where later bedtime
and shorter sleep duration were associated with increased
odds of ED consumption among both middle and high
school students.”* The current study extends the findings
from these studies by providing more in-depth infor-
mation on which sleep characteristics are more closely
related to ED consumption.

Strength and limitations

Strengths of the current study include the large samples
and detailed assessment battery of sleep parameters. The
most important limitation is the observational design of
the study which limits the ability to infer causality. For
example, reverse causality could also explain the associ-
ation, where ED consumption may be a consequence of
poor sleep® rather than the frequency of ED consump-
tion leading to reduced sleep. Also, we do not know at
what time during the day that ED was consumed, nor
the specific amount of ED consumed each time, as only

the frequency of ED consumption was reported in the
current study.

Another limitation is the modest response rate of
35.1%, and we have limited information about the non-
participants other than their age and sex distribution.
One potential reason for the low response rate may be
that people are more likely to participate in a survey if
they feel it is relevant to them.” Additionally, all of the
responses were based on self-report which makes the
answers prone to recall bias. There may also be unmea-
sured confounders that could account for the associa-
tion, such as other lifestyle-related measures including
physical activity (either low or high), screen time, stress,
academic pressure, depression and alcohol consumption,
which may impact both ED consumption and sleep prob-
lems.”*™ These potential factors were not considered in
the current analysis.

The SHOT2022 study was performed shortly after
COVID-19 restrictions were lifted, and this might have
affected both sleep patterns and ED consumption. Some
studies have demonstrated the relationship between
COVID-19 and sleep, both longer sleep duration*’ and
increased sleep problems.41 Another study from Norway,
though in adolescents, demonstrated a higher intake
of ED during the COVID-19 pandemic compared with
before,*” consequently one could speculate whether the
pandemic had an impact on the consumption rates of ED
that we found in the current study.

In conclusion, the results from the current study show
that there is a robust association between the frequency
of ED consumption and the different sleep parameters.
Identifying modifiable risk factors for sleep problems
among college and university students is vital and our
results suggest that the frequency of ED consumption
could be a possible target for interventions.
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