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Abstract. [Purpose] Although gum chewing while walking has been reported to increase walking speed and heart 
rate, its effect on energy expenditure remains unclear. The purpose of the present study was to investigate the effects 
of gum chewing while walking on fat oxidation, energy expenditure, and different walking parameters. [Participants 
and Methods] This randomized crossover study included 10 males and 5 females who walked for 15 min at their own 
pace while chewing 2 pieces of gum in the gum trial or while eating 2 tablets in the control trial. A wearable metabol-
ic system, heart rate monitor, and pedometer measured fat oxidation, energy expenditure, heart rate, step count, and 
walking distance. Walking speed and stride length were also calculated. [Results] The energy expenditure, fat oxida-
tion and heart rate were significantly higher during the gum trial than during the control trial. Significant increases 
were observed in the step count, walking distance, and walking speed but not in the stride length. [Conclusion] Our 
results suggest that gum chewing affects sympathetic nervous system activity and walking rhythm with a consequent 
improvement in the health-related effects of walking, which in turn helps to maintain weight. These findings may 
play a role in preventing the gradual age-related weight gain that predisposes to obesity.
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INTRODUCTION

The prevalence of obesity is increasing worldwide, so much so that it is being called a global pandemic1). In Japan, the 
rate of obesity (defined as a BMI ≥25 kg/m2) was 31.3% among males and 20.6% among females in 20162). These rates have 
not changed significantly in the last 10 years and are equivalent to tens of millions of people in Japan being obese. Obesity 
is associated with cardiovascular disease, metabolic disease, musculoskeletal disorders, cancer, and many other chronic 
diseases3). Effective methods of preventing and treating obesity are needed to influence the onset and progression of these 
associated diseases.

Chewing food slowly has long been regarded as healthy, and a Japanese study has in fact found a close relationship 
between eating quickly and obesity4). In an epidemiological study of adults (3,737 males and 1,005 females; mean age 
48 years), eating speed correlated with obesity, and fast eaters had both a higher current BMI and greater increases in BMI 
from age 20 years. These differences remained statistically significant after correcting for other factors (energy intake, age, 
smoking, physical activity, and alcohol consumption). The Japanese Ministry of Health, Labour and Welfare has a program 
called “Kamingu 30” that recommends developing a habit of chewing every bite 30 times5). However, surveys and assess-
ments of the number of chews per bite in different populations have indicated that 30 chews per bite is not easy to achieve6–8).
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Chewing gum is a food that by its purpose and design is chewed numerous times9–12). Gum chewing has been reported to 
increase sympathetic nervous system activity, heart rate, and energy expenditure13–18). A “healthy women study” that com-
pared a group that chewed gum for 15 minutes before oral glucose administration to a group that did not chew gum found that 
while blood glucose and insulin levels peaked after 30 minutes in both groups, the subsequent decline was significantly faster 
and larger in the gum group19). This suggests that mastication speeds up the insulin secretion response, which causes blood 
glucose levels to decline faster. Therefore, gum chewing may be an effective means of weight and glucose management.

Because exercise increases energy expenditure, gum chewing during exercise would be expected to result in higher energy 
expenditure than either exercise or gum chewing alone. Hence, combining exercise with gum chewing could be an effective 
method of weight management. We have previously evaluated the effects of gum chewing while walking on both physical 
functions such as walking distance, walking speed, step count, and stride length, and physiological functions such as heart 
rate and energy expenditure in a crossover trial20). We reported that the heart rate during walking was significantly higher 
when the participants chewed gum compared with the control arm when they did not chew gum. Stratified analyses by gender 
and age (≤39 years =young; ≥40 years =middle-aged and elderly) showed that walking distance, walking speed, step count, 
and energy expenditure were significantly higher among middle-aged and elderly males when walking while gum chewing 
compared to walking only. Thus, gum chewing while walking affects both physical and physiological functions. However, 
we calculated the increase in energy expenditure based on the increase in walking speed. Therefore, our results for the energy 
expenditure did not consider the effects of an increased heart rate as a function of the autonomic nervous system.

Therefore, in this study, we aimed to examine the effects of gum chewing on fat oxidation, energy expenditure, and 
walking indices in participants using a portable metabolic system while walking.

PARTICIPANTS AND METHODS

The participants were recruited among employees of the Lotte Central Laboratory via an electronic bulletin board that all 
employees can access via the company intranet. The inclusion criteria for study participants were being ≥20 and <60 years 
old and in good health. Exclusion criteria were symptoms that could affect the ability to chew gum or walk, current treatment 
for a disease, and intake of supplements or health foods that promote energy or fat metabolism. The study was conducted 
with 16 participants who responded and met the inclusion criteria. One participant had to be excluded from the data analysis 
because of outlier measurements due to technical problems with data collection, leaving a total of 15 participants whose data 
could be analyzed (10 males, 5 females, age range 27–58 years). Their mean age, height, weight, BMI, body fat percentage, 
and muscle mass were 35.4 ± 9.9 years, 166.4 ± 8.3 cm, 62.3 ± 10.5 kg, 22.6 ± 4.0 kg/m2, 22.4 ± 9.6%, and 43.1 ± 10.7 kg, 
respectively [mean ± standard deviation (SD)].

This study was conducted with the approval of the ethics screening committee of Shiba Palace Clinic. It was also regis-
tered in advance with the University Hospital Medical Information Network Center (UMIN), a system for registering clinical 
trials (ID: UMIN000031404). After explaining the study to the participants orally and in writing, all participants provided 
their consent in writing.

This was a randomized crossover study with two study trials. Walking was selected as the mode of exercise for this study 
because it is the most widely used type of exercise in Japan21). Before conducting the trials, all participants got accustomed 
to the device during a day of walking with the wearable metabolic system at the trial site.

Energy expenditure and walking parameters as described below were measured with participants walking at their own 
pace for 15 minutes on a 97-m track, once while chewing two pieces of gum (1.5 g per piece, gum trial) and another time 
while eating a tablet (control trial). The ingredients of the chewing gum were maltitol, sweetener (xylitol), flavoring (apple 
flavor), thickener (gum arabic), starch, and gum base. The tablet used in the control trial contained the same ingredients 
except for the gum base. The two trials were performed on different days in a random order. All trials were conducted at an 
ambient temperature set to 24°C.

The primary outcome parameter of this study was fat oxidation. The secondary outcomes were energy expenditure, heart 
rate, walking distance, walking speed, step count, stride length. To measure energy expenditure, fat oxidation, and heart rate, 
the 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), and had the K5’s heart rate monitor attached to their 
chest. The K5 system uses a galvanic fuel cell and a non-dispersive infrared sensor for the analysis of oxygen and carbon 
dioxide 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 interruptions caused by the spinning blade inside the turbine. This study utilized 
a micro-dynamic mixing chamber measurement of gas exchange.

Walking distance was measured as the distance walked in 15 minutes on the 97-m track. The participants walked the track 
counterclockwise one by one at their own pace. Walking speed was calculated by dividing the total walking distance by the 
walking time of 15 minutes. Total step count was measured with a pedometer (Tanita® FB-731, Tanita Corp., Tokyo, Japan). 
Stride length was calculated by dividing the walking distance by the step count.

A p-value of <0.05 was considered to denote statistical significance. Statistical analysis was performed using IBM SPSS 
for Windows, version 20 (IBM Corp., Armonk, NY, USA). Data at rest and during the walking trial were compared using 
the paired t-test.
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RESULTS

There were no statistically significant differences between the gum chewing and the control trial prior to walking for 
resting heart rate (72 ± 3 vs. 71 ± 4 bpm (mean ± standard error (SE)), energy expenditure (1.4 ± 0.1 vs. 1.3 ± 0.1 kcal/min), 
and fat oxidation (1.0 ± 0.1 vs. 0.8 ± 0.1 kcal/min, all p>0.05).

Energy expenditure during 15 minutes of walking was 4.4 ± 0.3 kcal/min in the gum trial and 4.0 ± 0.2 kcal/min in the 
control trial, representing a statistically significant 10.0% increase in the gum trial as compared to the control (p<0.05, 
Table 1). Fat oxidation was 2.5 ± 0.2 kcal/min in the gum trial and 2.2 ± 0.1 kcal/min in the control trial, representing a 
statistically significant 13.6% increase in the gum trial as compared to the control (p<0.05, Table 1).

Walking speed during 15 minutes of walking was 5.1 ± 0.2 km/h in the gum trial and 4.9 ± 0.2 km/h in the control trial, 
which was a statistically significant difference (p<0.05, Table 1). The step count was 1,798 ± 37 steps/15 min in the gum 
trial and 1,759 ± 32 steps/15 min in the control trial, which was a statistically significant difference (p<0.05, Table 1). Stride 
length was 70.3 ± 1.4 cm/step in the gum trial and 69.6 ± 1.4 cm/step in the control trial, this difference was not significant 
(Table 1).

Heart rate could not be accurately measured in two of the 15 participants, resulting in data for 13 participants being 
analyzed. Heart rate during 15 minutes of walking was 101 ± 5 bpm in the gum trial and 96 ± 4 bpm in the control trial. The 
heart rate in the gum trial was therewith significantly higher (p<0.05, Table 1).

DISCUSSION

In this study, fat oxidation increased significantly in healthy adult males and females when walking while gum chewing 
compared with while eating a tablet. Further, gum chewing while walking was associated with increased heart rate and energy 
expenditure.

The obesity rates of Japanese males and females in their 20s were 25.7% and 9.5%, respectively, in the 2016 National 
Health and Nutrition Survey2). These percentages increase with age, peaking for males in their 50s and females in their 60s at 
36.5% and 24.2%, respectively. For an average-weight male (height 171.5 cm, weight 67.6 kg) in his 20s to reach a BMI of 
25 kg/m2 after 10, 20, or 30 years, he would have to gain on average 0.6 kg/year, 0.3 kg/year, and 0.2 kg/year, respectively. 
The same survey found that males and females in their 30s walked 7,257 steps per day on average. Based on the step count 
achieved during 15 minutes of walking in the control trial in our study, this means males and females in their 30s walk for 
61.9 minutes each day. Energy expenditure was increased by 0.4 kcal/min in the gum trial in our study. Assuming gum was 
chewed every time when walking throughout the day, energy expenditure could increase by 24.8 kcal/day. If done every day, 
this would increase energy expenditure by 9,052 kcal/year, or, if only half the time was spent walking, by 4,526 kcal/year. 
Given that the energy cost of 1 kg of body weight is about 7,000 kcal, gum chewing while walking about 61.9 min per day 
could prevent a weight gain of 1.3 kg/year, or of 0.6 kg/year if walking half the time. While the energy of the gum itself need 
to be considered, these results indicate that gum chewing while walking could help maintain weight and prevent the observed 
weight gain with age leading to obesity in Japanese males.

Gum chewing at rest has been reported to increase sympathetic nervous system activity, heart rate, and energy expendi-
ture13, 15). Oxygen uptake can be estimated from individual walking speed, and this can be used together with a person’s body 
weight to calculate energy expenditure (American College of Sports Medicine) as follows:

Estimated oxygen uptake (mL/kg/min)=3.5 (mL/kg/min) + 0.1 (mL/kg/m) × walking speed (m/min)
Energy expenditure (kcal/min)=estimated oxygen uptake (L/min) × 4.9 (kcal)
With this formula, energy expenditure during the gum trial vs. the control trial would have been 3.64 ± 0.16 kcal/min 

vs. 3.55 ± 0.15 kcal/min, respectively, which are lower values than the measurements obtained with the metabolic system. 
Energy expenditure based on estimated oxygen uptake would only be 2.5% higher in the gum as compared to the control 

Table 1.  Physical and physiological data in the control and gum chew-
ing trials

n=15 or 13
Control Gum

Energy expenditure (kcal/min) 4.0 ± 0.2 4.4 ± 0.3*
Fat oxidation (kcal/min) 2.2 ± 0.1 2.5 ± 0.2*
Walking speed (km/h) 4.9 ± 0.2 5.1 ± 0.2*
Steps (steps/15 min) 1,759 ± 32 1,798 ± 37*
Stride (cm/step) 69.6 ± 1.4 70.3 ± 1.4
Heart rate (bpm) 96 ± 4 101 ± 5*
All values are given as the mean ± SE. *p<0.05, control trial vs. gum 
trial. bpm: beats per minute. Heart rate data are presented for 13 par-
ticipants.
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trial, whereas it was 10.0% higher when measured with the metabolic system. While a definite conclusion cannot be drawn 
due to the differences in the calculation methods, it appears highly likely that factors other than walking speed had an impact 
on the results. In previous measurements at rest, energy expenditure increased by 19 ± 4% from baseline among seven 
non-obese participants chewing 8.4 g of gum at a pace of 100 times/min, which indicates that gum chewing has considerable 
thermogenic activity15). The increase when standing was 11 ± 11%. An assessment of autonomic nervous system activity at 
rest found that when 11 healthy males chewed two pieces of gum (6.18 g) at a pace of 60 times/min, sympathetic nervous 
system activity, heart rate, and plasma catecholamine levels increased, and peripheral blood vessels contracted14). The au-
thors attributed this to a different regulatory mechanism from what is seen during full-body exercise. Taken together, these 
results suggest that gum chewing while walking increases sympathetic nervous system activity, and may further increase fat 
oxidation and energy expenditure.

Gum chewing in our study significantly increased walking speed and step count, but no effect on stride length was found. 
A possible explanation could be the phenomenon of cardiac-locomotor synchronization (CLS), or cardiac-locomotor cou-
pling, which is when locomotor activity rhythms synchronize with heart rhythm22). The increased heart rate caused by gum 
chewing could have produced CLS, which then impacted physical function to result in increased walking distance, walking 
speed, and step count. It has further been reported that the tempo of background music affects the tempo of exercise23, 24). 
While the number of times gum was chewed during a defined amount of time was not measured in our study, mastication is 
a kind of motor rhythm. Therefore, the tempo of gum chewing could have affected the walking tempo in our study, thereby 
increasing walking speed. While we previously established that gum chewing increased walking speed in middle-aged and 
elderly males20), the present study demonstrated this increase also in younger males and females. Our previous study did 
not observe an increase in the heart rate in young participants20); therefore, failure of CLS to occur in the young group could 
be an explanation why walking speed was not increased. In a study of males and females in their 20s (22.6 ± 1.9 years), 
the gum chewing speed at rest was 87.1 ± 1.0 times/min. Considering 95.4% of all measurements (mean ± 2SD), the range 
was 65–109 times/min12). Previous research has shown less masticatory muscle activity in females as compared with males, 
and, while the results in males were not affected by age, middle-aged and elderly females exhibited less masticatory muscle 
activity than young females25). These studies found an increase in the heart rate among middle-aged and elderly females 
when gum chewing while walking, but not in walking speed. This could have been partially the result of a lower chewing 
frequency due to reduced masseter muscle activity. The above findings suggest that age, gender, and individual differences 
in how gum chewing affects walking speed and heart rate during walking could have impacted the results of our study. This 
requires further investigation.

This was the first study to use a wearable metabolic system to measure the effects of gum chewing on fat oxidation and 
energy expenditure while also analyzing different walking parameters. The small number of participants with only five 
females and the wide age range are considered limitations of our study that made it impossible to conduct age- or gender-
specific analyses.

It would be interesting to measure masticatory capacity at rest and while walking, and investigate the effects of gum chew-
ing on physical and physiological functions in larger study populations with different age groups and equal representation of 
both genders.

In conclusion, the present study found that gum chewing while walking impacted fat oxidation and energy expenditure. 
These effects appear to result from increased sympathetic nervous system activity and higher intensity of exercise. Thus, gum 
chewing while walking may help maintain weight and play a role in preventing the gradual age-related weight gain leading 
to obesity in the population.
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