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Background/objective: Gum chewing while walking increases walking distance and energy expenditure
in middle-aged male and female individuals. This study aimed to examine the effects of gum chewing
while walking on walking distance and energy metabolism in male and female individuals of various age
groups.
Methods: Fifty participants (25 male and 25 female individuals) aged 22e69 years completed two trials
in a random order. In the gum trial, participants walked at a natural pace for 15 min while chewing two
gum pellets (1.5 g, 3 kcal per pellet) following a 50-min rest period. In the tablet trial, participants rested
for 50 min before walking, and the participants then walked at a natural pace for 15 min after ingesting
two pellets of tablet containing the same ingredients with the exception of the gum base. The walking
distance, step count, walking speed, stride, heart rate, energy expenditure, and respiratory exchange ratio
were measured.
Results: Walking distance, step count, walking speed, heart rate, and energy expenditure during walking
were significantly higher in the gum trial than in the tablet trial. In participants aged �40 years, walking
distance, walking speed, stride, heart rate, and energy expenditure during walking were significantly
increased during the gum trial compared with those during the tablet trial.
Conclusion: The study findings demonstrated that gum chewing while walking increased walking dis-
tance and energy expenditure in both male and female individuals.

© 2021 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier
(Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommo

ns.org/licenses/by-nc-nd/4.0/).
Introduction

Globally, the number of overweight and obese people has been
increasing. As such, the World Health Organization (WHO) has
stated that it is necessary to gain control of the global obesity
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epidemic.1 Furthermore, the WHO has highlighted that many cau-
ses of overweight and obesity are preventable and reversible.
However, no country has yet reversed the growth of this epidemic.2

Overweight and obesity are major risk factors for a number of
chronic diseases, including cardiovascular disease, metabolic dis-
ease, musculoskeletal disorders, and cancer.2 Effective methods for
the prevention and treatment of overweight and obesity are
needed to influence the onset and progression of these associated
diseases.

Gum chewing stimulates sympathetic nervous activity and in-
creases heart rate and energy expenditure.3e5 In addition, gum
chewing for a total of 1 h (3 sessions of 20 min each) before and
after consumption of a breakfast shake increases energy expendi-
ture.6 Furthermore, gum chewing for 15min after consumption of a
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621-kcal meal promoted diet-induced thermogenesis.7 Gum
chewing also affects appetite and suppresses energy intake.8,9

Collectively, these findings indicate that gum chewing may be an
effective method of weight management. In addition, it is generally
accepted that physical activity confers both physiological and
psychological health benefits and reduces the risk of cardiovascular
diseases and certain cancers.10 To date, two studies11,12 have
investigated the effects of gum chewing while walking on physio-
logical and physical functions. One study reported an increase in
heart rate when participants chewed gumwhile walking compared
with when participants did not chew gum while walking.
Furthermore, this effect was particularly apparent in middle-aged
and elderly male participants, in whom the walking distance,
heart rate, and energy expenditure increased.11 Another study
demonstrated that gum chewing while walking increased energy
expenditure, heart rate, step count, walking distance, and walking
speed compared with walking without chewing gum.12 However,
these studies have methodological issues with regard to the
assessment of energy expenditure (i.e., estimated from walking
speed)11 and a limited number of participants (15 participants in
total).12 Therefore, additional research is needed to elucidate the
effects of gum chewingwhile walking on physiological and physical
functions.

Thus, this study aimed to examine the effects of gum chewing
while walking on walking distance and energy metabolism in male
and female individuals of various ages. We tested the hypothesis
that gum chewing while walking, compared with ingesting tablets
while walking, would lead to increased walking distance and en-
ergy expenditure, particularly in middle-aged and older adults.

Methods

Participants

This study was approved by the Institutional Ethics Committee
on Human Research (Approval number: 2019-015) and was con-
ducted according to the Declaration of Helsinki. All participants
gave written informed consent before participating in the study.
This study was registered in advance with the University Hospital
Medical Information Network Center (UMIN), a system for regis-
tering clinical trials (ID: UMIN000036534). A flow diagram of
participants is shown in Fig. 1. This study enrolled 50 participants
aged between 20 and 69 years and 5male and 5 female participants
enrolled in each 10-year age group. Fifty participants who gave
informed consent and underwent screening were invited to com-
plete two trials in a random order. The lead investigator enrolled
participants to the study and randomly assigned the trial sequence
in a counterbalanced manner using computer-generated random
numbers to avoid order effects. Because of the nature of the study
design, it was not possible to blind participants to the trial order
allocation. The selection criteria for this studywere as follows: aged
between 20 and 69 years, body mass index (BMI) between 22 and
30 kg/m2, and a habit of gum chewing (minimum once per week).
Baseline physical characteristics of the participants are shown in
Table 1.

Study design and protocol

A randomized, single-blind, controlled, cross-over design was
employed in this study. Participants were not informed about the
exact purpose or hypothesis of the present study to avoid possible
results bias. Instead, the participants were simply told that the
study was designed to examine the effects of food intake while
walking on physical and physiological functions. Walking was
selected as the mode of physical activity because walking is one of
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the most widely performed activities in Japan.13 The provider of the
test sample (i.e., gum or tablet) to the participants decided not to
measurewalking distance, and themeasurers weremasked to trials
that the participants performeddsince a double-blind test was not
possible in the present study. Our intention with this practice was
to ensure the execution of a single-blind test. Each participant
underwent two trials, namely gum chewing while walking trial
(gum trial) and tablet intake while walking trial (tablet trial), in a
random order. The experiments were performed in our university's
sports hall at a temperature of 29.1 �C ± 3.4 �C (mean ± standard
deviation [SD]), with a relative humidity of 49.2% ± 9.4%.

A schematic representation of the study protocol is shown in
Fig. 2. Participants fasted 4 h before arriving at the sports hall. On
arrival, participants were asked to consume a 200-kcal energy bar
(Calorie Mate, Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan), and
their body mass and height were measured. Thirty minutes after
arriving at the sports hall, the participants performed a 10-min
practice walking session to familiarize themselves with the proto-
col while wearing the main unit of the wearable K5 metabolic
system (COSMED srl, Rome, Italy). Thereafter, the participants res-
ted for 40min in a chair. After resting, heart rate andmetabolic data
were recorded over a 10-min period while participants remained
seated in a chair. Then, the participants walked at a natural pace for
15 min on a 98.04-m track while chewing two gum pellets at a self-
selected pace (i.e., 1.5 g, 3 kcal per pellet; gum trial) or ingesting two
tablet pellets (the tablet was designed to rapidly dissolve) con-
taining the same ingredients with the exception of the gum base
(tablet trial). After the first walking session, participants rested for
40 min in a chair, and resting heart rate and metabolic data were
recorded over a 10-min period. Next, the participants completed
the second trial by walking at a natural pace for 15 min while
chewing either gum or table pellets (the opposite of their first trial
pellet).
Calculations and analytic methods

Body mass was measured to the nearest 0.1 kg using a digital
scale (Inner Scan 50, Tanita Corporation, Tokyo, Japan) and height
was measured to the nearest 0.1 cm using a stadiometer (YS-OA, AS
ONE Corporation, Osaka, Japan). BMI was calculated as weight in
kilograms divided by the square of height in meters. Walking dis-
tance was measured as the distance walked in 15 min on a 98.04-m
track. Participants walked the track counterclockwise at their own
natural pace e only one participant walked the track at each time.
Step count was measured using an accelerometer (Kenz Lifecorder
EX, SUZUKEN Co., Ltd, Aichi, Japan). Walking speed was calculated
based on walking distance and walking time (15 min). Stride was
calculated based on walking distance and step count. A heart rate
monitor (RCX 3, Polar Co., Kempele, Finland) was attached to the
chest, and the heart rate was measured. Participants wore the main
unit of the wearable K5 metabolic system (COSMED srl, Rome,
Italy), which was connected to the face mask, on their back (device
including battery weight, 900 g). The K5 system uses a galvanic fuel
cell and a non-dispersive infrared sensor for the analysis of oxygen
(O2) and carbon dioxide (CO2) in the inhaled and exhaled air and an
optoelectronic reader with a high-performance turbine flowmeter
to measure flow rate. The reader measures infrared light in-
terruptions caused by the spinning blade inside the turbine. This
study utilized a micro-dynamic mixing chamber measurement of
gas exchange. The energy expenditure and respiratory exchange
ratio data were obtained from the measured values using the
wearable K5 metabolic system.



Fig. 1. Study recruitment and design.

Table 1
Characteristic of the participants.

All (n ¼ 50) Young group (n ¼ 20) Middle-aged/elderly group (n ¼ 30)

Male (n ¼ 25) Female (n ¼ 25) Male (n ¼ 10) Female (n ¼ 10) Male (n ¼ 15) Female (n ¼ 15)

Age (years) 46 ± 15 44 ± 14 31 ± 6 29 ± 4 56 ± 9 54 ± 8
Height (m) 1.69 ± 0.05 1.57 ± 0.07 1.69 ± 0.05 1.59 ± 0.05 1.70 ± 0.06 1.55 ± 0.08
Body mass (kg) 73 ± 8 62 ± 9 73 ± 9 62 ± 9 73 ± 8 61 ± 9
BMI (kg/m2) 25.4 ± 2.4 25.2 ± 2.7 25.5 ± 2.2 24.8 ± 2.9 25.4 ± 2.6 25.4 ± 2.6

All values are given as the mean ± SD. BMI: body mass index.

Fig. 2. A schematic representation of the study protocol.
Thirty minutes after arrival at the sports hall, participants performed a 10-min practice walking session. In the gum trial, participants walked at a natural pace for 15 min while
chewing two gum pellets (1.5 g and 3 kcal per pellet), following a 50-min rest period. In the tablet trial, participants walked at a natural pace for 15 min after ingesting two tablet
pellets containing the same ingredients with the exception of the gum base after a 50-min rest period. The heart rate, energy expenditure, and respiratory exchange ratio were
measured at rest for 10 min before the first and second walking sessions. The walking distance, step count, walking speed, stride, heart rate, energy expenditure, and respiratory
exchange ratio were measured for 15 min during the first and second walking sessions.
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Statistical analysis

In the present study, the primary outcome was energy
191
expenditure during walking. The sample size was estimated using
G*Power 3.1,14 and was based on the data from a previous study
that investigated the effects of gum chewing while walking on
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energy expenditure in young and middle-aged men and women.12

The sample size was calculated to detect an effect size of 0.836
using a paired t-test for comparison between trials. For two trials
with an alpha level set at 0.05, an estimated total sample size of 21
would provide 95% power to detect between-trial differences.
Based on these calculations, we recruited 50 participants to account
for potential inter-individual differences in energy expenditure
considering the wide range of age groups. A paired t-test was
performed to compare each outcome variable between the gum
and tablet trials. Stepwise regression analysis was used to estimate
which factors independently contribute to energy expenditure
during walking; step count, walking distance, walking speed, and
stride were independent variables, and energy expenditure during
walking was the dependent variable (criteria for probability of F:
entry 0.05, removal 0.10). Furthermore, the effect of the charac-
teristics of the participants on variables that affected energy
expenditure was analyzed using stepwise regression analysis. All
statistical analysis performed using the SPSS Statistics version 25
statistical analysis software (IBM Corporation, Armonk NY, USA)
and jamovi 1.6.15, and a p-value <0.05 was deemed to be statisti-
cally significant. All values are expressed as mean ± SD. Stratified
analyses were also performedwith respect to differences in sex and
age groups (the “young” group was defined as participants aged
20e39 years, and the “middle-aged/elderly” group was defined as
participants aged 40e69 years).11 The 95% confidence intervals
(95% CI) for the mean absolute pairwise differences between the
two trials were calculated using t-distribution and degrees of
freedom (n�1). Effect sizes (ES; Cohen's d) were calculated to
describe the magnitude of the difference between trials. An effect
size of 0.2 was considered the minimal clinically important differ-
ence for all outcome measures, 0.5 was considered moderate, and
0.8 was considered large.15
Results

For all participants, regardless of age or sex, significant differ-
ences between the gum and tablet trials with respect to walking
distance (mean difference [95% CI] and ES [95% CI]; 16.5 [0.464,
32.6] and 0.292 [0.008, 0.574]), step count (11.0 [0.938, 21.0] and
0.321 [0.026, 0.613]), walking speed (1.20 [0.130, 2.27] and 0.319
[0.033, 0.602]), heart rate (2.15 [1.01, 3.29] and 0.535 [0.236,
0.829]), and energy expenditure (3.08 [0.994, 5.16] and 0.420
[0.129, 0.707]) during walking were evaluated. These values were
significantly higher in the gum trial than in the tablet trial (Table 2).

Stratified analysis with respect to participant sex revealed that
Table 2
Physical and physiological data, all and stratified by sex and age, in the gum and tablet t

All (n ¼ 50) Male (n ¼ 25) Fe

Gum Tablet Gum Tablet G

Walking distance (m) 1138 ± 120* 1121 ± 116 1158 ± 126 1148 ± 125 11
Step count (steps) 1746 ± 108* 1735 ± 112 1710 ± 116 1702 ± 128 17
Walking speed (m/min) 75.9 ± 8.0* 74.7 ± 7.7 77.3 ± 8.4 76.5 ± 8.2 74
Stride (cm/step) 65.3 ± 6.8 64.8 ± 6.5 67.9 ± 6.4 67.7 ± 5.7 62
Heart rate (bpm)
Resting 76 ± 12 76 ± 12 75 ± 13 76 ± 13 76
Walking 104 ± 16* 102 ± 15 98 ± 15* 97 ± 15 11
Respiratory exchange ratio
Resting (10 min) 0.82 ± 0.06 0.82 ± 0.07 0.84 ± 0.06 0.83 ± 0.06 0.
Walking (15 min) 0.85 ± 0.06 0.85 ± 0.06 0.86 ± 0.05 0.87 ± 0.06 0.
Energy expenditure (kcal)
Resting (10 min) 13.0 ± 2.6 12.9 ± 2.5 13.4 ± 2.7 13.5 ± 2.6 12
Walking (15 min) 63.4 ± 15.2* 60.3 ± 13.5 63.7 ± 14.9* 60.8 ± 14.2 63

All values are given as the mean ± SD. *p < 0.05, gum trial vs. tablet trial. bpm: beats pe
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inmale participants, the heart rate (mean difference [95% CI] and ES
[95% CI]; 1.64 [0.388, 2.90] and 0.540 [0.115, 0.956]) and energy
expenditure (2.93 [0.658, 5.19] and 0.532 [0.108, 0.947]) during
walking were significantly higher in the gum trial than in the tablet
trial (Table 2). In female participants, the heart rate (mean differ-
ence [95% CI] and ES [95% CI]; 2.65 [0.666, 4.64] and 0.551 [0.125,
0.968]) during walking was significantly higher in the gum trial
than in the tablet trial.

Stratified analysis of the results obtained from the young and
middle-aged/older participant groups revealed that in the young
participant group, the walking distance, walking speed, stride,
heart rate, and energy expenditure during walking were not
significantly different between the gum and tablet trials (Table 2),
whereas in the middle-aged/older participant group, significant
differences were observed (mean difference [95% CI] and ES [95%
CI]; walking distance, 25.9 [3.82, 47.9] and 0.438 [0.060, 0.810];
walking speed, 1.80 [0.302, 3.30] and 0.449 [0.069, 0.821]; stride,
1.12 [0.013, 2.23] and 0.400 [0.004, 0.789]; heart rate, 2.74 [1.17,
4.31] and 0.651 [0.251, 1.04]; and energy expenditure, 4.66 [1.59,
7.73] and 0.567 [0.177, 0.950]). These values were significantly
higher in the gum trial than in the tablet trial (Table 2).

To assess factors that independently contribute to energy
expenditure during walking, stepwise regression analysis was
performed. Walking speed was the most powerful predictor of
energy expenditure during walking (R¼ 0.583, adjusted R2¼ 0.333,
b coefficient ¼ 0.583, variance inflation factor ¼ 1.000). Walking
distance, step count, and stride were not predictive of energy
expenditure during walking as calculated using multiple regression
analysis. The heart rate during walking (b coefficient ¼ 0.476,
variance inflation factor ¼ 1.160) and sex (b coefficient ¼ �0.383,
variance inflation factor ¼ 1.160) contributed to the walking speed
(R ¼ 0.487, adjusted R2 ¼ 0.222).
Discussion

The present study revealed that gum chewing while walking
increased the walking distance, step count, walking speed, heart
rate, and energy expenditure during walking. The findings also
showed that gum chewing while walking increased the walking
distance, walking speed, stride, heart rate, and energy expenditure
during walking in middle-aged/elderly participants.

The findings of the present study support the results of our
previous studies that found gum chewing while walking increased
physical and physiological functions.11,12 Our previous study
demonstrated that in a total of 46 male and female participants
rials.

male (n ¼ 25) Young group (n ¼ 20) Middle-aged/elderly group
(n ¼ 30)

um Tablet Gum Tablet Gum Tablet

17 ± 112 1094 ± 102 1105 ± 112 1103 ± 119 1159 ± 121* 1133 ± 114
81 ± 89 1768 ± 87 1700 ± 106 1684 ± 106 1781 ± 98 1773 ± 103
.5 ± 7.5 72.9 ± 6.8 73.8 ± 7.5 73.5 ± 7.7 77.3 ± 8.1* 75.5 ± 7.6
.7 ± 6.3 62.0 ± 6.2 65.1 ± 6.6 65.5 ± 6.2 65.4 ± 7.2* 64.2 ± 6.8

± 11 77 ± 11 73 ± 11 75 ± 11 77 ± 13 77 ± 12
0 ± 15* 107 ± 14 100 ± 15 99 ± 14 107 ± 16* 104 ± 15

81 ± 0.07 0.80 ± 0.06 0.85 ± 0.06 0.84 ± 0.07 0.81 ± 0.06 0.80 ± 0.06
85 ± 0.07 0.84 ± 0.06 0.87 ± 0.07 0.87 ± 0.07 0.84 ± 0.05 0.84 ± 0.05

.5 ± 2.4 12.3 ± 2.2 12.5 ± 2.8 12.9 ± 2.2 13.3 ± 2.5 12.9 ± 2.7

.0 ± 15.9 59.8 ± 12.9 56.6 ± 10.2 55.9 ± 9.3 67.9 ± 16.5* 63.2 ± 15.1

r minute.
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aged 21e69 years, gum chewing (two pieces) while walking for
15 min increased heart rate.11 In the present study, we found that
besides increasing the heart rate during walking, walking distance,
step count, and walking speed were increased in the gum trial
compared with those in the tablet trial. In addition, energy
expenditure during walking was increased. In a previous study,11

energy expenditure was calculated based on walking speed using
the American College of Sports Medicine's formula.16 Thus, the
findings of this study support and confirm the findings of our
previous study.11 Our previous study found that gum chewing
increased walking heart rate only.11 In contrast, the present study
found that gum chewing increased the walking distance, step
count, walking speed, heart rate, and energy expenditure during
walking. Regarding the difference between the results of the two
studies, it is possible that, in this study, manymeasured parameters
increased by gum chewing while walking in the middle-aged and
older participants. Thus, data from the middle-aged and older
participants may have contributed to the overall results. Another
study by our group that included 15 male and female individuals
also demonstrated that walking distance, step count, walking
speed, walking heart rate, and energy expenditure during walking
were higher during the gum trial (two pieces) than during the
tablet trial.12 However, our previous study12 was limited by the
small number of participants. The present study is an extension of
our previous study12 and demonstrates that in a relatively large
sample, gum chewing increases walking distance, heart rate, and
energy expenditure during walking.

Energy expenditure increased by gum chewing during walking
in the present study. A previous study in which participants
chewed 1.9 g of gum for 20 min while at rest reported that energy
expenditure increased by 5.1% due to gum chewing.6 In the present
study, chewing two gum pellets (3 g) for 15 min during a walking
session increased the energy expenditure by 5.1%. Thus, the incre-
ment of energy expenditure by gum chewing during walking in the
present study was consistent with the increment of energy
expenditure by gum chewing at rest in the previous study.

The mechanism bywhich gum chewing while walking increases
these physical functions, including walking distance, step count,
walking speed and stride, is unknown. One possible mechanism is
cardiac-locomotor synchronization (CLS) or cardiac-locomotor
coupling, through which the locomotor activity rhythm synchro-
nizes heart rhythm.17 In the present study, the findings of the
stepwise regression analysis revealed that walking speed contrib-
uted to energy expenditure and heart rate during walking, and sex
contributed to walking speed. Increased heart rate during walking
caused by gum chewing could have generated CLS, which then
involved physical function, leading to increased walking distance,
step count, and walking speed. Chewing is one of the locomotor
rhythms. Therefore, the tempo of gum chewing could have affected
the walking tempo in the present study, and this increased walking
tempo by gum chewing could have resulted in increments in
walking distance, step count, and walking speed. A recent study
demonstrated a strong association between chewing and walking
in young healthy adults and healthy older adults.18 In addition, CLS
is more likely to occur in older adults than in young adults.19 The
greatest difference in the heart rate between the gum and tablet
trials were observed in middle-aged and elderly participants
compared with young participants in the present study. It is also
worth noting that the results of the present study were influenced
by sex. This confirms the findings of our previous study that had a
similar experimental design.11 A previous study indicated less
masticatory muscle activity in female individuals compared with
that in male individuals, and less masticatory muscle activity in
middle-aged and elderly female individuals compared with that in
young female individuals.20 It is unclear that how these sex
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differences in masticatory activity influence CLS. Thus, further
research is required to develop a mechanistic understanding of CLS
and to elucidate the effect of CLS on physical functions.

One limitation of the present study is the lack of quantitative or
qualitative measurements of chewing while walking. In future
studies, it would be interesting to measure these parameters as the
additional data (rate of chewing and the intensity of chewing) and
these data could help us to understand and provide more holistic
insights into the role of gum chewing while walking on physical
and physiological functions.

Conclusion

The present study demonstrated that gum chewing while
walking increased walking distance and energy expenditure in
both male and female individuals.
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