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Abstract

The aim of this study was to determine whether chewing gum affects
cognitive function and stress relief. Sixty volunteers (mean age 23.3+3.01
years) without general or neuropsychiatric disease were recruited,
and Stroop tests and stress surveys were conducted. Volunteers were
administered performed a General and Emotional Stroop test with and
without chewing gum, and the response time was recorded. The response
time after chewing gum was significantly faster while conducting the General
Stroop test. Stimulation of chewing gum may increase blood flow to the
brain, which results in increased cognitive function. The response time was
longer in the incongruent stimuli test compared to the congruent stimuli test,
due to the effect of Stroop interference. However, when the chewing gum
stimulus was introduced, the possibility of effectively reducing this effect.
Stress index and response time of negative stimuli test showed weak positive
correlation. This study suggests that chewing gum mayplay a positive role
in increasing cognitive function and relieving stress.
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Introduction

The aging of the population is accelerating," and
the negative effects caused by tooth loss? and
senile disorder, such as cognitive impairment are
increasing.® Also, psychiatric-related diseases
caused by stress are increasing recently.* An
analysis of recent articles indicates that there is
an important correlation between mastication and
cognitive function. Chewing gum during the workday
increases productivity while reducing cognitive
problems® and it has positive effects on sustained
attention in over half of the related existing articles.®

Moreover, there was also an increase in the learning
performance in chewers.” There is a significant
association between teeth and cognitive function,
for example, tooth loss is a risk factor of dementia.?
Furthermore, the remaining teeth and occlusal
balance have a significant correlation with cognitive
function in older adults.® Chewing could also be an
active coping strategy for relieving stress.

The Stroop test is a widely used method for
evaluating cognitive function. The General Stroop
test (GST) is composed of three conditions:
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congruent, incongruent, and color stimuli. The
Emotional Stroop test (EST) also consists of three
conditions: positive, negative, and neutral stimuli. In
EST, depressed subjects have a longer response
time than non-depressed subjects in negative
stimuli." For this reason, the EST is widely used in
clinical studies related to alcoholism, anxiety, and
fear."?

The aim of this study was to determine whether
chewing gum affects response time when performing
GST and EST. In addition, the relationship between
response time of negative stimuli and the subject’s
stress index was evaluated. In this study, we
evaluated whether chewing gum could help with
cognitive function and relieve stress.

Materials and Methods

Participants

This study was approved by the Ethics Committee
of Ulsan College (No. 1044363-E-2019-002). After
thoroughly explaining the purpose and method of
the study, 60 volunteers (mean age 23.3+3.01 years,
no personal or family history of general disease, no
personal history of neuropsychiatric iliness, free of
medication) were recruited with written informed
consent.

Masticatory Stimuli

A piece of xylitol gum weighing 1.45 g (Seoul, South
Korea) was used for masticatory stimuli. Xylitol
gum was distributed by researchers to all subjects,
therefore the gum was uniform for the population.
The duration of chewing was determined by the
subjects themselves.

- First group

480

Stroop Test

The Stroop test is divided into GST and EST. GST
consists of congruent, incongruent, and color stimuli.
In case of the congruent stimuli, the meaning and
the word’s font color are matched. Word meaning
and font color are not matched in incongruent stimuli.
Color stimuli consist of color recognition only (without
text). EST consists of positive, negative, and neutral
stimuli. In positive and negative stimuli, a word has a
positive or negative meaning, individually, whereas
the neutral stimuli consist of common words that are
neither positive nor negative.

The participants read out the color of the font,
ignoring the meaning of the word, in the Stroop test.
The time was recorded during the test.

Experimental Protocols

Considering that the time span may be shortened
by the effect of experience when implementing the
Stroop test, the participant group was randomly
divided in half. In the first group (30 participant),
the time was recorded after performing the Stroop
test. The next day, the Stroop test was repeated
with participants chewing gum, and the time was
recorded again. The second group (the remaining
30 participant) was examined in the reverse order.
Then, participants randomly selected one of six
stimuli (three in GST, three in EST) and participated
in a test. They took a break with or without chewing
gum before the start of the tests, which were
performed in a blind manner. Recorded data were
collected and then statistically processed (Figure 1).

Volunteers (n=30)
(n=60)
——  Second group ] 1 | | | | | | |

(n=30) celTrTe

Fig.1: Experimental protocols

Subjects took a break for 1 minute with or without
chewing gum. Then they selected one of six stimuli.
After that, subjects conducted a test and the time
was recorded.

B, Take a break for 1 minute; C, Take a break for 1
minute with chewing gum; T, Conduct a stroop test.

Questionnaire for Measuring Stress Index
(Table 1)

Stress response inventory (SRI) is one questionnaire
used for stress self-diagnosis.' It was used to
measure the subjects’ stress index. SRI contains
emotional, somatic, cognitive, and behavioral stress
responses with 39 questions under the seven
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subscales (tension, aggression, somatization,
anger, depression, fatigue, and frustration). In the
subscales, tension includes six items (questions 2,
16, 17, 30, 31, and 37), aggression includes four
items (questions18, 28, 29, and 33), somatization
includes three items (questions 6, 7, and 10), anger
includes six items (questions 4, 24, 25, 26, 27, and
34), depression includes eight items (questions 5,
15, 19, 22, 23, 35, 38, and 39), fatigue includes
five items (questions 1, 12, 13, 14, and 36), and

frustration includes seven items (questions 3, 8, 9,
11, 20, 21, and 32).

The SRI consists of 39 questions that are answered
using a rating scale (Never: 0, Almost Never: 1,
Sometimes: 2, Fairly Often: 3, and Very Often:
4 points for a total of 0 to 156 points). After the
participants had answered the questionnaire, the
total score was calculated by summing up the points
for each question.

Table 1: Stress Response Inventory (SRI)

Questions Never Almost Never Some-times Fairly Often Very Often
1. I make many mistakes at work | | | ] ]
2. | don't feel like talking o | o ] ]
3. My chest feels tight o | o ] ]
4. | feel angry o | o ] ]
5. | feel agitated and restless | | | ] ]
6. | suffer from indigestion o | o ] ]
7. My stomach hurts | | | ] ]
8. | feel like screaming o | o ] ]
9. | often sigh o | o ] ]
10. | feel dizzy o | o ] ]
11. Everything bothers me | | | ] ]
12. | have distracting thoughts | | | ] ]
13. I am easily fatigued o | o ] ]
14. | feel totally exhausted o | o ] ]
15. | have lost my self-confidence o | o ] ]
16. | feel tense O O O o o
17. My body trembles | | | ] ]
18. | feel like hitting someone o | o ] ]
19. I have lost incentive to do anything | | | ] ]
20. | feel like crying o | o ] ]
21. | feel on edge o | o ] ]
22. | have no future in my current work | | | ] ]
23. | often stare blankly o | o ] ]
24. | hate someone o o o o o
25. | can’t get that thought out of my head o | o ] ]
26. My voice is louder than it usually is | | | ] ]
27. | easily get impatient | | | ] ]
28. | act violently

(such as reckless driving, cursing, fighting o | o ] ]
29. | feel like breaking something | | | ] ]
30. I talk less than | used to o o o o o
31. My head hurts or it feels heavy | | | ] ]
32. My heart throbs | | | ] ]
33. I feel like killing someone o | o ] ]
34. My face gets flushed or it feels hot o | o ] ]
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35. | feel bored m
36. | have lost my patience o
37. My face looks rigid O
38. | am useless (or unworthy) O
39. | don’t like moving any part of my body o
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O O o o
O O o o
O O o o
O O o o
O O o o

Data Analysis

All statistical analyses were performed using
SPSS 12.0 (SPSS Inc., Chicago, IL, USA). Data
were evaluated by paired T-test and regression
and correlation analysis. p<0.05 was considered
statistically significant.

Results

General Stroop Test (Figure 2)

As a result of time measurement during the
congruent stimuli test without chewing gum, the
average recorded time was 21.7 s. After chewing
gum, the average recorded time was 18.6 s with
masticatory stimuli, the time required for the test
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was reduced by 3.2 s, which is statistically significant
(p<0.01). For the incongruent stimuli recorded in
subjects with and without chewing gum, the average
times were 29.6 s and 34.6 s, respectively. The time
reduction was 5.1 s (p<0.01). For the color stimuli,
the average times with and without masticatory
stimuli were 21.0 and 24.0 s, respectively and the
time reduction was 3.0 s (p<0.01). The average time
was longer for incongruent stimuli than congruent
stimuli (without chewing gum: 12.9 s more, with
chewing gum: 11.0 s more). The color stimuli test
took more time than the congruent stimuli and less
time than incongruent stimuli tests regardless of the
presence of masticatory action. (data not shown).

Without chewing gum With chewing gum

v
Without chewing g

:
With chewing gum Without chewing gum With chewing gum

In congruent stimuli

In incongruent stimuli

In color stimuli

Fig. 2: Average recording time with or without chewing gum in General Stroop test.
** p<0.01 Compared with group of without chewing gum.
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Without chewing gum With ehewing gum

Without chewing gum

With chewing gum Without chewing gum With chewing gum

In positive stimuli

In negative stiunuli

In neutral stimuli

Fig. 3: Average recording time with or without chewing gum in Emotional Stroop test
** p<0.01 Compared with group of without chewing gum.
* p<0.05 Compared with group of without chewing gum.
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Emotional Stroop Test (Figure 3)

As a result of measuring time during positive stimuli
test without chewing gum, the average duration was
27.5 s. After chewing gum, the average time was
23.3 s. This means that with masticatory stimuli, the
time required for the test reduced by 4.1 s, which
is statistically significant (p<0.01). For the negative
stimuli, the average recorded times in subjects with
or without chewing gum were 24.8 s and 28.9 s,
respectively, with a time reduction of 4.1 s (p<0.01).
In case of the neutral stimuli, the average times
with or without masticatory stimuli were 24.6 s and
27.4 s, with a time reduction of 2.7 s (p<0.05). The
average time was longer for negative stimuli than
positive stimuli (without chewing gum: 1.4 s more,
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with chewing gum: 1.5 s more). The neutral stimuli
test took more time than the positive stimuli and less
time than the negative stimuli tests, without the effect
of chewing gum (data not shown).

Questionnaire Results for Stress Self-Diagnosis
(Table 2)

All participants responded to the SRI questionnaires,
and the total scores were calculated by adding the
points assigned to each question. The average
score was 33.2 (+9.90) points. Among the seven
subscales, the most common response was fatigue,
followed by depression, frustration, anger, and
tension. There were few responses of aggression
(Table 2).

Table 2: Questionnaire results for stress self-diagnosis

Subscales Response rate after summing up the points
Fatigue 25.2%
Depression 19.6%
Frustration 19.6%
Anger 14.6%
Tension 11.9%
Somatization 7.7%
Aggression 1.5%

Relationship between Stress Index and Stroop
Test results

The correlation between the individual stress index
and the time required for the negative stimuli test
without chewing gum showed a weak positive
correlation (r=0.166) and no significant correlation.
In addition, the test showed a weak positive
correlation (r=0.256) when measuring the connection
between the reduced time in the negative stimuli test,
with or without chewing gum, and the stress index.

Discussion

Previous research has shown that the response time
was faster when the Stroop test was performed after
the participants had chewed gum.' However, that
pilot study was conducted with 14 participants and,
accordingly, there was no statistically significant
difference. In addition, there is no existing research
showing whether chewing gum affects the response
time for EST. To bridge this gap, 60 volunteers were
recruited for this study, and the effect of chewing gum
on the EST was evaluated.

In this study, the response time after chewing
gum was significantly faster while conducting the
GST. The reason for this can be deduced from a
comparison to previous studies. Chewing increases
regional cerebral blood flow in the sensorimotor, 618
supplementary motor,'®"” insula,'®'” thalamus,'-®
cerebellum'®-'® and striatum,® bilaterally. Moreover,
chewing increases blood oxygenation level
dependent signals in the right prefrontal area,
unilaterally."” Existing research also suggests that
mastication increases blood flow in the prefrontal
cortex and hippocampus, which are related to
learning and memory function.?’ From the results
of these studies, it can be interpreted that chewing
gum stimulation increased blood flow to the
brain, increasing cognitive function and reducing
the response time when the Stroop test was
administered.

Loss of teeth decreases gray matter volume
around the hippocampus and the amount of
the frontal lobe,?° which then affects cognitive
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function.® Extraction and decreasing of the height
of the occlusal reduced hippocampal nerve
reduces learning and spatial memory in rats.?'
In the Mini-Mental State Examination, the score was
higher in patients with natural teeth than patients
with prosthetic treatment,?® and this kind of brain
activity was influenced by the type of prosthetic
treatment.?? In rats, the number of hippocampal
dentate gyrus cells decreased in the soft diet feeding
group compared to the hard diet feeding group,?*
2 and a hard diet was more conducive to learning
and memory recovery than a soft diet.22 Therefore,
chewing gum may play a positive role in maintaining
cognitive function, and restoration of tooth loss will
be important for cognitive function.

In this study, the longer response time in the
incongruent stimuli test compared to the congruent
stimuli test may be due to the Stroop interference
effect.?* This is because there is a semantic
relationship between words and colors. The longer
response time is due to the suppression process
of the frontal lobe, which means that this process
requires cognitive attention. Interestingly, response
time for congruent stimuli decreased by 3.2 s
after chewing gum, but it decreased by 5.1 s for
incongruent stimuli after chewing gum. This suggests
that the incongruent stimuli test process takes more
time due to the Stroop interference effect, but when
the chewing gum stimulus is introduced, there is a
possibility that this effect is reduced.

Interestingly, depressed subjects have a longer
response time when performing the negative
stimuli test than the positive stimuli test in EST.
Consequently, EST is used to measure selective
attention, cognitive flexibility, processing speed,
and executive functions. In particular, it has
most frequently been used to measure selective
attention, which is when an individual focuses on a
specific target while ignoring other elements of the
environment.?

We hypothesize that the performing of the negative
stimuli test in higher stress index groups takes more
time. However, the stress index and response times
on the negative stimuli test showed weak positive
correlation. Considering the characteristics of the
volunteers, it seems that this correlation was due to
their young age, with no relation to personal or family
history of general disease and neuropsychiatricillness.
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This study provides evidence for applying chewing
gum to clinical situations. First, chewing gum is
non-invasive, familiar, and easy to use. Second,
through the use of chewing gum, social costs for
senile disorder treatment can be reduced. Due to the
increase in the population of older adults, medical
costs such as prosthetic treatments and drug
treatments for dementia are increasing. Chewing
gum stimulates saliva secretion, increasing the
auto purification in the oral cavity and protecting
oral health. Furthermore, it can also increase
mastication, and cognitive ability can thus be
maintained. Chewing gum cannot be applied to older
adults who have already lost their teeth, but it can
be applied as a simple tool to prevent further tooth
loss, at least for those who have remaining teeth.
Third, chewing gum is a simple and easy way to
reduce stress. One of the most common ailments
in modern society is psychiatric disease caused
by stress. Breathing, exercise, meditation, drug
therapy and expert counseling are used to address
these problems, and treatment can take a long time
(particularly with a lack of will) and be expensive.
However, chewing gum requires a relatively low cost
and effort. Therefore, more research on chewing
gum should be conducted, and this study will provide
a solid foundation for future research.

This study has several limitations. First, the duration
and force of chewing were not uniform (because
focusing on the chewing would have interfered
with the cognitive tests). Second, if the number of
samples would be increased, the reliability of the
data would further improve.

Further studies will need to determine whether
chewing gum has a positive effect on patients with
cognitive impairment and stress-induced mental
illness.

Conclusion

The response time after chewing gum was
significantly faster while conducting the GST.
It could be that chewing gum stimulus increased
blood flow to the brain, which increased cognitive
function. Moreover, the response time was longer
in the incongruent stimuli test than in the congruent
stimuli test, which could be due to the Stroop
interference effect. It is possible to effectively
reduce the Stroop interference effect through the
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introduction of a chewing gum stimulus. Finally, the
stress index and response times on the negative
stimuli test showed a weak positive correlation.
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