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ABSTRACT

Background: Most research on caffeine has given it in beverages or capsules. Recently, caffeinated chewing gum
has been produced and this leads to very rapid absorption and positive behavioural effects with a dose of 40mg.
Caffeine often has its greatest benefit in low alertness states, and the present study examined this topic using
caffeine in chewing gum. Methods: Volunteers (N=48) were randomly assigned to caffeinated gum, placebo gum
or no gum conditions. Half of each group were sleep deprived and tested between 04.00 and 07.00, whereas the
others were allowed normal sleep before testing between 09.00 and 12.00. Baseline measures of mood and
performance were taken before chewing the gum. The gum was then chewed before repeating the tasks. Results:
The results showed few differences between the placebo gum and no gum conditions and these groups were
combined to form the control group. The results showed that caffeinated gum increased ratings of alertness and
hedonic tone but not anxiety. The caffeinated gum group showed improved performance on the simple reaction
time task, detection of repeated numbers task and five-choice serial response task. There were no significant effects
of caffeine on the memory tasks. Conclusion: The results showed the profile of effects that one would expect from
the caffeine literature. The changes seen after caffeine were not modified by level of fatigue induced by sleep
deprivation. The magnitude of the caffeine effects were in the region of about half a standard deviation which is
consistent with the size of effects seen in other studies, and are of a magnitude that may be of practical importance
in real-life activities.

KEYWORDS: Caffeine; Chewing gum; Mood; Alertness; Simple reaction time; Sustained attention; Memory;
Sleep deprivation; Time of day; Nightwork.

INTRODUCTION
The effects of caffeine on mood and cognitive function

advantageous in situations where alertness and
performance have to be quickly restored,!”! Smith!*d

have been widely studied and frequently reviewed.!*”
These reviews suggest that the effects of caffeine are
often positive except when one considers very large
doses of caffeine and certain types of task (e.g. episodic
memory). Caffeine research has often involved
manipulating the caffeine dosage in a cup of coffee or
some other beverage. Research has examined the
medium of consumption of the caffeine, comparing
coffee with tea, diet cola, cola, tap water and sparkling
water.®! The results showed that the caffeine did not
change as a function of the type of drink. Other research
has given caffeine in capsules which allows ingestion of
caffeine in situations where it may be impossible to drink
a caffeinated beverage.

More recently research has focused on caffeinated gum,
and it has been shown that caffeine is rapidly available
from this, probably due to absorption through the buccal
cavity. Caffeinated gum could, therefore, be

examined effects of caffeinated chewing gum (40 mg
caffeine) twenty minutes after chewing. Those in the
caffeinated gum condition reported a more positive mood
and showed better performance of sustained attention
tasks.

The effects of caffeine are often clearest when alertness
is low (e.g. at night™ when the person is sleep
deprived,!*? after prolonged work,™ after lunch,™* or
when the person has a cold,™ Research has also
examined effects of caffeinated chewing gum in low
alertness situations, usually after many hours of sleep
deprivation.™ Such studies often use very large doses of
caffeine (e.g. 800mg per night) which would not be
recommended for normal use. The studies of smaller
doses have been carried out when participants were
generally alert (e.g. late afternoon), and it is now
important to determine whether caffeinated chewing gum
can improve mood and performance in low alertness
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situations (e.g. following sleep deprivation or in the early
morning).

Chewing placebo gum has also been shown to increase
alertness and improve attention,™"?% although the effect
sizes are smaller than those observed with caffeine. In
the present study, the caffeinated gum condition was
compared with placebo gum and with no chewing. The
study tested two main hypotheses. The first was that the
caffeinated gum would lead to a more positive mood and
better sustained attention than the comparison conditions.
Memory tasks were not expected to be affected by the
caffeine. The second hypothesis was that the effects of
caffeine would be greater in a group tested after sleep
deprivation and being in the laboratory from 04.00-07.00
compared to a non-sleep deprived group tested between
09.00 and 12.00.

MATERIALS AND METHODS

This study was approved by the ethics committee, School
of Psychology. All participants were required to sign an
informed consent form which outlined the experiment,
explained that they were free to withdraw at any time
and confirmed the anonymity of all information
collected.

Participants

Volunteers were recruited from the research unit’s panel.
All volunteers were young adults (mean age: 22 years;
range: 18-32 years) and an equal number of males and
females were assigned to each condition. Regular
caffeine consumption was recorded (mean consumption
= 100mg per day). Specific inclusion criteria were that
the person was at least an occasional gum user and
passed medical screening. Potential volunteers were
excluded if they consumed in excess of twenty-five units
of alcohol per week; smoked more than 5 cigarettes a
day; had a serious medical conditions (e.g.
phenylketonuria, diabetes, heart disease, kidney disease);
were currently taking medication; had tempero-
mandibular joint dysfunction; and were allergic to mint
flavours. Upon completion of the study participants
received a payment (£15 for the non-sleep deprived
condition and £50 for the sleep-deprived group).

Design

Volunteers were randomly assigned to either the non-
sleep deprived or the sleep deprived condition. The
sleep-deprived group were in the laboratory from 04.00
to 07.00 am, whereas the non-sleep deprived group were
in the laboratory from 9.00 am to 12.00. Apart from the
sleep manipulation and time of testing the volunteers
followed the same protocol. Forty- eight volunteers were
tested in total, with sixteen randomly assigned to the
caffeinated gum condition (eight sleep deprived, eight
not), sixteen to the placebo gum condition (eight sleep
deprived and eight not) and sixteen to the no gum
condition (eight sleep deprived and eight not). The
caffeine manipulation was double-blind.

Procedure

The evening before their test day participants were
required to limit their alcohol consumption to a
maximum of four units and to abstain from drinking
caffeinated beverages. Upon arrival at the laboratory,
participants filled out a questionnaire which recorded
their alcohol consumption in the previous 24 hours,
details of their sleep, and food and drink consumed that
day. They then carried out a familiarisation session,
where they were briefed about the study procedures and
practised the test battery. The sleep deprived group
carried out a baseline session at 04.40, and the non-sleep
deprived group carried out their baseline session at
09.40. In the gum conditions, chewing occurred between
5.40-06.00 or 10.40-11.00. The post-chewing test session
occurred between 06.00-07.00 and 11.00-12.00.

Nature of the gum

The gum used contained 20mg caffeine per pellet (or no
caffeine in the placebo gum). The serving was two
pellets at a time. The gum was mint flavoured.

Mood and Performance battery

Rationale behind choice of measuring instruments

Our previous studies of low doses of caffeine®'% showed
significant changes in mood following caffeine and
significant improvements in the sustained attention tasks.
The other tests showed a trend towards greater
improvement after caffeine and have given significant
effects in other studies with higher doses and larger
sample sizes. The battery of tests represents a wide range
of mental functions, are sensitive measuring instruments
that are well tolerated by the volunteers and were,
therefore, most suitable to wuse in the present
investigation.

Performance tests

The following performance tests were completed at each

test session in the order shown below. The length of

time to complete the test is shown in brackets beside it.

1. Free recall task (3 minutes)

The volunteers were shown 20 words presented at a rate

of one every 2 seconds. At the end of the list of words

the person had 2 minutes to write down (in any order) as

many of the words as possible on the sheet provided.

Participants were shown a different list at each test

session.

2. Variable fore-period simple
minutes)

In this task a box was displayed on the screen and at

varying intervals (from 1 to 8 seconds) a square appeared

in the box. Participants were required to press a

response key as soon as they detected the square.

3. Verbal reasoning test (3 minutes)

The volunteers were shown statements about the order of

the letters A and B followed by the letters AB or BA

(e.g. A follows B: BA). They had to read the statement

and decide whether it was a true description of the order

of the letters. If it was, they pressed the T key on the

keyboard; if it wasn't, they press the F key. The

reaction time (5
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sentences ranged in syntactic complexity from simple
active to passive negative (e.g. A is not followed by B).
4. 5 Choice serial reaction time test (5 minutes)

Five buttons were in a pentagon around a central button
on a response box. A light appeared in one of the
peripheral buttons and the volunteer had to press that
button before the light returned to the centre button,
which also had to be pressed before the procedure started
again.

5. Repeated digits detection task (5 minutes)
Volunteers were shown three-digit numbers on the
screen at the rate of 100 per minute. Each digit was
normally different from the preceding one but
occasionally (8 times a minute) the same number was
presented on successive trials. They had to detect these
repetitions and respond as quickly as possible.

6. Semantic processing task (3 minutes)

This test measured speed of retrieval of information from
general knowledge. Volunteers were shown a sentence
and had to decide whether it was true (e.g. canaries have
wings) or false (e.g. dogs have wings). The number
completed in the 3 minutes was recorded, as was the
accuracy of responses.

7. Recognition memory (2 minutes)

At the end of the test session, volunteers were shown 40
words which consisted of the 20 words shown at the start
plus 20 distracters. They had to decide as quickly as
possible whether each word was shown in the original
list or not.

Mood

Mood was assessed after the battery of performance tests
using 18 visual analogue rating scales (e.g.
Drowsy/Alert; Happy/Sad; Tense/Calm.). These vyield
three mood dimensions: Alertness, Hedonic tone and
Anxiety. Post-task mood measures have been shown to
be more sensitive to the effects of caffeine than measures
taken before doing the tests.

Completion of the whole battery of tests took
approximately 40 minutes.

Data analysis

Data were transferred directly from the test computer to
the database with no manual intervention. Statistical
analyses used the IBM SPSS 26 statistical package and
ANOVAS were carried out on the percentage change
from baseline scores. Initial analyses compared the
placebo gum and no gum conditions to see whether they
should be considered separately or combined as a single
control group.

RESULTS

Comparison of placebo gum and no gum groups

There was little evidence of differences between the
placebo gum and no gum conditions. The placebo gum
and no gum conditions were, therefore, combined to
make a single control group.

Effects of caffeinated gum

Mood

The results showed that caffeinated gum increased
ratings of alertness (F(1,44) = 6.10 p < 0.05), hedonic
tone (F (1,44) = 6.47 p < 0.05) but not anxiety (F (1,44)
= 2.44 p > 0.05). These effects are shown in Table 1.
There were no significant interactions between caffeine
condition and sleep deprivation conditions.

Performance

The caffeinated gum group showed faster performance of
the simple reaction time task (F (1,44) = 4.26 p < 0.05),
more hits in the detection of repeated numbers task (F
(1,44) =4.21 p < 0.05, and greater accuracy in the five-
choice serial response task (F (1,44) = 4.24 p < 0.05).
These effects are shown in Table 1. There were no
significant interactions between caffeine conditions and
sleep deprivation conditions.

Table 1: Effects of caffeinated gum on mood and performance (scores are the mean percentage change from

baseline, s.e.s in parentheses).

DISCUSSION

The results from the study confirm that caffeine in
chewing gum induces similar behavioural effects to those
observed when the caffeine is given in other vehicles.
The profile observed here was consistent with that seen
in low alertness situations: increased alertness and

Caffeinated gum Control
Alertnes§ (high scores = greater 408 (7.7) 17.6 (5.4)
increase in alertness)
Hedp_mc tone (high scores = more 24.1 (5.4) 7.4(3.8)
positive mood)
Simple reaction time (low scores
 faster RT) -1.0 (3.0) 8.6 (2.1)
|_'|I'[S in repeated digits (high scores 4.2 2.1) 1.2 (1.4)
= more accurate performance)
Accuracy in five choice task (high
scores = more accurate 0.42 (0.47) -0.76 (0.33)
performance)

attention but little effect on episodic, semantic

processing and working memory. There was no
difference in the effect of caffeine in the sleep deprived
and non-sleep deprived groups. This may reflect several
things. First, students often have a nocturnal lifestyle,
and the short sleep deprivation may have had little effect.
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This view is not supported by the baseline data, where
the alertness levels of the sleep deprived group were only
60% of the alertness of the non-sleep deprived group.
The second reason for similar effects in the two groups is
that they both carried out a fatiguing battery of tests.
What is likely and has been shown in other research on
caffeine and sleep deprivation, is that caffeine leads to a
certain degree of restoration of function but does not
remove all the effects of extreme fatigue. Caffeine may,
therefore, be a good countermeasure for acute less
extreme fatigue but will not completely remove all the
effects of extreme reductions in alertness due to many
hours of sleep deprivation. The effects obtained here
were in the region of half a standard deviation and may
be of practical significance in real-life activities such as
driving.” The subjective benefits of chewing the
caffeinated gum were generally larger than those seen
with the objective measures, suggesting that caffeine
may increase subjective wellbeing.

This study did not show any effect of the caffeine on
working memory or semantic processing tasks. These
tasks have been shown to be sensitive to higher doses of
caffeine,”? and larger sample sizes may be required to
demonstrate effects of smaller doses on these tasks. The
study also found little difference between chewing
placebo gum and no chewing. Again, this may reflect the
small sample sizes and, possibly, the duration of the
chewing period. Further research is required with
different methodology to address these areas.

CONCLUSION

The present study showed that 40mg of caffeine in
chewing gum increased alertness, led to a more positive
mood, faster reaction times and a greater ability to
sustain attention. These effects were general, being
observed in a sleep deprived group tested between 04.00
-07.00 and a non-sleep deprived group tested between
09.00-12.00. Plausible biological mechanisms have been
put forward to account for such effects of caffeine, and it
has some utility as a countermeasure to real-life fatigue.

Dedication

This paper is dedicated to John Gallagher (deceased)
who was my research assistant working on projects
relating to caffeine. John was an important member of
my research unit and a good friend and colleague.
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