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Background & aims: Caffeine consumption is well studied among children and adults on a national level.
Literature about university student comprehensive consumption, in particular, is scarce. This study aims
to measure university student caffeine consumption during weekdays, weekends and exam days.
Methods: A cross-sectional study using the online Lime Survey tool was sent to a random sample of 2154
students at the American University of Beirut. The survey included a self-report questionnaire that asked
participants to quantify servings of various products consumed on a typical day using the visual pre-
sentation of available serving sizes of common brand names present in the market.
Results: A total of 146 students replied to the survey, yielding a response rate of 6.8%. The mean total
consumption of caffeine was 373.1 ± 286.6 mg during weekdays, 326.7 ± 305.3 mg on weekends and
473.6 ± 444.0 mg during exams. Consumption beyond the approved level of 400 mg/day was found
among 34.9%, 28.8% and 46.6% of participants during weekdays, weekends and exams, respectively.
Products other than coffee and energy drinks contributed to at least 61% of daily caffeine consumption.
Total caffeine consumption was associated with smoking, alcohol drinking, and general stress level.
Conclusion: University students consume high levels of caffeine from products other than coffee and
energy drinks. During exams, the total daily consumption of caffeine is alarmingly above the Food and
Drug Administration (FDA)-approved daily intake. Targeted programs and awareness campaigns are
needed on campus.

© 2020 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

Caffeine is the most widely consumed substance in the world
and is present in many products such as coffee, tea, energy drinks,
soft drinks, food and over-the-counter (OTC) drugs [1]. The most
commonly consumed caffeinated products among adults in na-
tional representative studies are coffee, tea, and soft drinks [2,3].
The amount of caffeine consumed per day should be less than
400 mg [2,4] in order to avoid side effects which include: anxiety,
poor sleep, daytime drowsiness, lower academic performance, and
other more serious cardiovascular and central nervous problems.
Side effects usually emerge when caffeine intake exceeds 3 mg/kg/
icine, American University of

ine at American University of

ition and Metabolism. Published b
day. Acute clinical toxicity occurs when daily doses reach 1 g. Doses
of 5 g and 10 g can be fatal [5].

Most caffeine intake among university students is through cof-
fee (79%) and caffeinated alcoholic beverages (65%) [6,7], with daily
intake ranging from 60 to 70 mg up to 800 mg, two times the
recommended amount [8]. University students consume caffeine
for a number of reasons which include: studying, partying, driving,
energy-boosting, completing a major course or simply for the taste
[2,5,8]. One study found that 50% of students drank energy drinks
while studying, 45% while driving and 17% to treat a hangover [5].

Differences in consumption may exist between regular week-
days when students have to wake up early for classes, and week-
ends when they stay up late for parties and hangouts, and during
exams, when they are stressed and require more energy to
concentrate. Most studies among university students measure the
consumption of one type of caffeinated beverage [1,6e8] and not
the simultaneous consumption of various caffeinated products. The
aim of this study is to measure university student caffeine
y Elsevier Ltd. All rights reserved.
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Table 1
Demographics of university students who completed the survey.

Total Number ¼ 146

Gender
Male 35.3%
Female 64.7%

Marital status
Single 93.3%
Married 6.7%

University level
Undergraduate 52.6%
Graduate 47.4%

University year
First year among undergraduates (N ¼ 77) 24%
Graduating year among graduates (N ¼ 69) 32.5%

Social habits
Smoker 17.8%
Regular alcohol intake (at least three times weekly) 5.9%
Alcohol on weekend 31.1%
Alcohol at a party 48.5%
Regular exercise 23.7%

Part time job 32.3%
BMI
Underweight 4.4%
Normal 64%
Overweight 25.7%
Obese 5.9%

Stress during last week
Not at all stressed 3.7%
Somewhat stressed 20%
Moderately stressed 34.1%
Very stressed 27.4%
Extremely stressed 14.8%
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consumption from coffee, energy drinks and other commonly
consumed products such as tea, soda, chocolate and OTC medica-
tion during weekdays, weekends and exam periods.

2. Materials and methods

2.1. Survey setting and participants

This cross-sectional study was conducted among university
students at the American University of Beirut (AUB) in Lebanon,
during the academic year of 2015e2016. Being a KAP (knowledge,
attitude and practice) study and estimating a 15% proportion of
students who will exceed the daily caffeine allowance with a
margin of error of 5% and 95% confidence level, a sample size of 200
is considered adequate. Expecting a 10% response rate, we expected
to target 2154 students. The sample is a convenience sample of the
entire university students-graduate, undergraduates, and all fac-
ulties. None of the students will be excluded. Targeting a sample
size of 200 and a 10% response rate, 2154 randomly selected stu-
dents were emailed an invitation to fill out an anonymous online
questionnaire using Lime Survey. The sample was randomly
selected by the Office of Registrar as follows: 1754 students (20% of
undergraduate students from each of the seven faculties present at
the university) and 400 graduate students (20% of all graduate
students irrespective of faculty). The students received three email
reminders four weeks apart across the entire three-month
semester.

2.2. Measurement of caffeine consumption

The most used tool to measure caffeine consumption to date is
the self-report questionnaire that asks participants to quantify
servings of various products consumed in a specified period of
time. The first questionnaire, Caffeine Consumption Questionnaire
(CCQ), was developed in 1992 and lacks many newer caffeinated
items [9]. The Sandford Caffeine Questionnaire, developed and vali-
dated against the salivary content of caffeine, asks participants to
fill out a three-day diary [10]. Recentlymodified by Irons et al., CCQ-
revised now includes a visual presentation of available serving sizes,
new caffeinated items and asks participants to record the average
amount of product consumed per week [11].

The CCQ-revised questionnaire was not published when we
conducted our study, though we used many of the modifications
suggested, such as a visual presentation of the serving sizes
(Supplement 1). An extensive list of products containing caffeine,
including brand names available in the Lebanese market, was
provided and included estimate caffeine content taken from
product labels (Supplement 2). To avoid recall bias, knowing that
consumption of caffeine products may differ from one day to the
next, we asked participants to record the number of products they
consumed on a typical day.

2.3. The questionnaire

The questionnaire included the following segments [1]: servings
of caffeinated products (in addition to some that do not contain
caffeine) consumed during weekdays, weekends and exams [2];
measurement of knowledge of caffeine amount contained in
various products using a four-category Likert Scale (none, minimal,
moderate, and high) [3]; a list of reasons for consuming products
adapted from previous studies [4]; demographics including stress
level, academic year and whether students were full or part-time.
Students were also provided with a table of caffeine content (mil-
ligrams per serving) in common caffeinated products so that they
could calculate daily consumption. See supplement 1 for the
detailed questionnaire.

2.4. Ethical statement

This study was approved by the American University of Beirut
(AUB) Institutional Review Board (IRB).

2.5. Statistical analysis

Descriptive statistics were reported as absolute or relative fre-
quencies for categorical variables, and means (standard deviation)
for continuous variables. Caffeine intake scores were calculated for
the consumption of all products containing caffeine, including
coffee-related products, tea products, chocolate products, energy
drinks, and OTC drugs. The data was not normally distributed using
the Shapiro_Wilk test. Means of caffeine consumption by the
various demographics were compared using the KruskalWallis test.
Statistical significance was set at p < 0.05. All analyses were per-
formed with SPSS 19.0 software (SPSS, Chicago, IL).

3. Results

An email was sent to 2154 randomly selected students; a total of
146 students completed the questionnaire, with a response rate of
6.8%. Students were mostly females (64.7%) and single (93.3%).
There was an almost equal distribution between undergraduate
and graduate students. Nearly three quarters reported moderate to
extremely high levels of stress (Table 1).

The mean consumption of caffeine was 373.1 ± 286.6 mg during
weekdays, 326.7 ± 305.3 mg on weekends and 473.6 ± 444.0 mg
during exams. Consumption beyond the approved level of 400 mg/
day was consumed among 34.9%, 28.8% and 46.6% of the partici-
pants during weekdays, weekends and exams, respectively. The
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mean consumption of caffeine for participants that surpassed the
advisable amount was 670.1 ± 275.3 mg during weekdays,
626.8 ± 411.1 mg onweekends and 780.3 ± 479.6 mg during exams.
A difference in the consumption of caffeine for all participants
during the different periods was observed for total caffeine, OTC
drugs, and coffee consumption (Fig. 1). The average percentage of
caffeine consumed over total daily consumption was from coffee
(55%), chocolate (36%), tea (15%), soft drinks (10%), OTC drugs (6%)
and energy drinks (4%). The consumption of coffee and OTC drugs
increased during exam periods, resulting in higher daily con-
sumption. More tea and soft drinks were consumed on the
weekend.

Using KruskaleWallis Test, the bivariate analysis showed that
total caffeine consumption was positively associated with smoking
whether on weekdays, weekends or exam days. Regular alcohol
drinkers consumed more caffeine during weekends and exam days
than participants who are not regular drinkers. Total caffeine con-
sumption was positively associated with the general stress level of
the students (Table 2).

Student knowledge regarding caffeine content in various prod-
ucts revealed some misconceptions. One-third of the students
(33.6%) believed that chocolate had small amounts of caffeine,
whereas chocolate is a good source of caffeine. One-third of stu-
dents (33.6%) considered that soft drinks contained high amounts
of caffeine though the amount is moderate. Also, 38.7% of students
underestimated the amount of caffeine in OTC drugs, believing it to
be minimal. The majority knew that both coffee and energy drinks
contain high amounts of caffeine.
Fig. 1. Daily consumption of caffeine from various product
The reasons for consuming caffeinated products were various
(Table 3). Most students consumed chocolate (67.1%) and tea
(38.4%) for taste. Soft drinks were mostly consumed with a meal.
OTC drugs were used to soothe headaches. Coffee was consumed
for a number of reasons, mostly to stay awake, to help focus, for
taste, as a social pastime, to deal with daily stress, to combat
headaches and to satiate caffeine cravings. Energy drinks were
mostly consumed to help focus.

4. Discussion

This is the first study to measure the simultaneous consumption
of caffeine in various products by university students during
specified time periods. Almost one-third of participants exceeded
the safe level of caffeine per day (400 mg/day). Almost half
exceeded the level during exams (reaching 780 mg/day). A good
proportion of daily caffeine intake (61%) came from non-coffee/
energy drink products, which students seemed to have various
misconceptions about. They underestimated the amount of caffeine
in OTC drugs and chocolate and they overestimated the amount in
soft drinks.

A recent review of nationally representative studies in the
United States, Europe, Canada, Australia, New Zealand, and Korea
have shown that caffeine consumption among adults is below the
Food and Drug Administration (FDA)-approved amount of 400 mg/
day [3]. NHANES 24-h dietary recall showed themean consumption
of caffeine among adults to be 173 mg/day [12]. Based on a daily
weekly diary, mean caffeine intake was 212 mg/day for 18- to 24-
s during typical weekdays, weekends and exam days.



Table 2
Association of caffeine intake with smoking, alcohol consumption and stress
level.

Total consumption of caffeine (Mean ± SD)

Weekdays Weekends Exam days

Smokers (N ¼ 24) 493.5 ± 315.7 664.2 ± 647.1 458.3 ± 587.6
Non-Smokers (N ¼ 111) 346.5 ± 275.2 411.6 ± 332.6 298.1 ± 204.0
P value 0.022 0.022 0.006

Regular Alcohol
intake (N ¼ 8)

401.8 ± 267.2 637.6. ± 983.6 748.5 ± 927.2

Irregular Alcohol
intake (N ¼ 127)

369.9 ± 289.1 304.6 ± 206.9 436.8 ± 359.7

P value 0.761 0.003 0.039

Not at all
stressed (N ¼ 5)

339.8 ± 298.3 186.0 ± 43.2 262.7 ± 129.0

Somewhat
stressed (N ¼ 27)

347.0 ± 250.6 282.2 ± 199.3 318.4 ± 262.1

Moderately
stressed (N ¼ 46)

310.7 ± 193.2 290.2 ± 196.0 416.3 ± 278.6

Very
stressed (N ¼ 37)

465.1 ± 390.2 418.1 ± 485.3 635.1 ± 608.3

Extremely
stressed (N ¼ 20)

389.7 ± 269.2 328.4 ± 258.1 469.6 ± 347.8

P value 0.275 0.346 0.033

Kruskal Wallis statistic was used to calculate p values.
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year-olds and 137 mg/day for 25- to 34-year-olds [2]. Similarly, our
study revealed values below the FDA-approved amount during
weekdays and weekends, albeit the values were much higher, close
to 400 mg/day. Our results were similar to caffeine intake among a
representative sample of the Austrian population, which was found
to be 357mg/day with 90th percentile intake reaching 957 mg [13].
Moreover, at least one-third of the students consumed more than
400 mg/day, in contrast to just 4% of UK consumers who exceed
300 mg/day [14]. The Korean National Health and Nutrition Exami-
nation survey revealed a very low mean of daily caffeine intake at
67 mg/day. Caffeine consumption clearly varies by country. This
study, according to the knowledge of its authors, is the first to
measure caffeine consumption in a developing country.

Few studies, in fact, address the caffeine consumption of college
students and, those that do, show varied results. A general study of
monthly caffeine consumption showed that college students
consumed 455 mg of caffeine daily [15]. A pencil-and-paper 24-h
recall among Dutch university students found caffeine intake from
beverages to be 144 mg/day [16]. A study among US college stu-
dents showed a mean consumption of 173 mg/d among caffeine
users [17]. The difference in results could be attributed to different
data collection methods and recall of consumption (24 h as
opposed to 30 days). Our results were similar to those obtained by
longer recall duration, as we asked participants to record their daily
consumption of caffeine. Asking for a longer duration of days or a
typical day is a better way to assess variation in caffeine con-
sumption through various products.
Table 3
Reasons why university students consume caffeinated products.

N ¼ 146 Tea (N/%) Chocolate (N/%) Soft d

Drink with meal 38 (26) 2 (1.4) 87 (5
Combat a headache 21 (14.4) 7 (4.8) 3 (2.1
I like its taste 56 (38.4) 98 (67.1) 44 (3
Deal with stress in daily life 26 (17.8) 35 (24) 3 (2.1
Helps me focus my attention 17 (11.6) 14 (19.6) 5 (3.4
I like the jolt of energy rush I feel 1 (0.7) 11 (7.5) 5 (3.4
Stay awake 18 (12.3) 10 (6.8) 5 (3.4
Social pastime 34 (23.3) 15 (10.3) 10 (6
Crave caffeine 4 (2.7) 5 (3.4) 2 (1.4
Like to mix it with alcohol 2 (1.4) 0 13 (8
College students use caffeine to stay focused and increase con-
centration during exams. However, caffeine was found to boost the
explicit memory of young college students only in the morning and
not in the afternoon [18] and the use of energy drinks is associated
with a lower Grade Point Average (GPA) [19]. In fact, there is an
association between caffeine intake and lower academic perfor-
mance; the association is exaggerated when the caffeine intake
exceeds 500e600 mg per day [20]. Furthermore, the use of alcohol
and smoking have a negative impact on academic performance
[21]. In our sample, caffeine intake was highly associated with
smoking and alcohol drinking. Similarly, two large cohorts in the
Netherlands and the United Kingdom showed a positive association
between smoking and caffeine consumption [22]. In a prospective
study over 12 months, caffeine was found to promote the use of
cigarette smoking and alcohol use [23]. There is a controversy about
the genetic-based causality of the epidemiologic finding of an as-
sociation between alcohol, smoking and caffeine use [24e26].
Nevertheless, there is no doubt that daytime sleepiness and
caffeine intake mediate the negative effects of alcohol and smoking
on academic performance [21]. Although college students consume
coffee for better concentration, it will be counterproductive in the
long run on their academic performance especially if it was asso-
ciated with alcohol and smoking.

In this study, caffeine intake was associated with stress levels.
Based on a cross-sectional design, causality cannot be tested and
it is not clear whether caffeine intake leads to stress or vice versa.
College students who consumed high amounts of caffeine were
more likely to show symptoms of anxiety and depression [27].
However, studies using animal models, caffeine prevented the
maladaptive changes caused by chronic stress and prevented
depression [28,29]. Furthermore, a meta-analysis of observa-
tional studies suggested a non-linear J-shaped relation between
coffee intake and depression with a peak of protective effect for
400 mL/day [30]. A balanced intake of caffeine may be helpful to
college students who may have general stress over their career
and academic performance. College students should be informed
of other stress-reduction techniques that could replace their
current strategies to increase caffeine consumption during
exams.
4.1. Strengths and limitations

This study is the first to address the caffeine intake of college
students during different segments of the week and during
different academic periods. In order to overcome the recall bias, we
asked the participants to report consumption of caffeinated prod-
ucts in a typical day. One limitation we encountered is the small
sample size. Due to a low response rate, we were not able to reach
the needed 200 participants and this could affect generalizability.
Both the sample size and the non-parametric analysis may affect
the precision of the results. Another challenge was securing an
rinks (N/%) OTC drugs (N/%) Coffee (N/%) Energy drinks (N/%)

9.6) 0 5 (3.4) 1 (0.7)
) 71 (48.6) 50 (34.2) 2 (1.4)
0.1) 1 (0.7) 72 (49.3) 13 (8.9)
) 8 (5.5) 50 (34.2) 3 (2.1)
) 5 (3.4) 76 (52.1) 13 (48.9)
) 3 (2.1) 33 (22.6) 9 (6.2)
) 1 (0.7) 95 (65.1) 18 (12.3)
.8) 1 (0.7) 55 (37.7) 2 (1.4)
) 0 48 (32.9) 2 (1.4)
.9) 1 (0.7) 1 (0.7) 14 (9.6)
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accurate and complete list of all caffeinated products available in
the market.

In conclusion, this study has shown that caffeine consumption
among university students almost exceeded the FDA-approved
daily amount. Caffeine consumption reached alarming levels dur-
ing exams. In parallel, students underestimated the caffeine con-
tent in common non-coffee/non-energy drink products. It is
important to educate students on the various sources of caffeine
such as tea, chocolate, soft drinks, and OTC drugs. Further studies
are needed to determine whether awareness campaigns and stress
management sessions may help reduce caffeine intake.
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