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INTRODUCTION

A common physiological situation involves a 
variable volume of air swallowed during drinking and 
eating(2). Eructation is a physiologic event which allows 
gastric venting of this swallowed air and most of the 
time is not perceived as a symptom(11, 14).

Some individuals have problems with excessive air 
swallowing, called aerophagia, which causes repetitive 
gastric and/or supragastric belching(18) that may cause 
discomfort, life limitations, problems in daily life 
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ABSTRACT - Background - Eructation is a physiologic event which allows gastric venting of swallowed air and most of the time is not 
perceived as a symptom. This is called gastric belching. Supragastric belching occurs when swallowed air does not reach the stomach 
and returns by mouth a short time after swallowing. This situation may cause discomfort, life limitations and problems in daily life. 
Objective - Our objective in this investigation was to evaluate if  gum chewing increases the frequency of gastric and/or supragastric 
belches. Methods - Esophageal transit of liquid and gas was evaluated by impedance measurement in 16 patients with complaint of 
troublesome belching and in 15 controls. The Rome III criteria were used in the diagnosis of troublesome belching. The esophageal 
transit of liquid and gas was measured at 5 cm, 10 cm, 15 cm and 20 cm from the lower esophageal sphincter. The subjects were eval-
uated for 1 hour which was divided into three 20-minute periods: (1) while sitting for a 20-minute base period; (2) after the ingestion 
of yogurt (200 mL, 190 kcal), in which the subjects were evaluated while chewing or not chewing gum; (3) final 20-minute period in 
which the subjects then inverted the task of chewing or not chewing gum. In gastric belch, the air flowed from the stomach through 
the esophagus in oral direction and in supragastric belch the air entered the esophagus rapidly from proximal and was expulsed 
almost immediately in oral direction. Air swallows were characterized by an increase of at least 50% of basal impedance and saliva 
swallow by a decrease of at least 50% of basal impedance, that progress from proximal to distal esophagus. Results - In base period, 
air swallowing was more frequent in patients than in controls and saliva swallowing was more frequent in controls than in patients. 
There was no difference between the medians of controls and patients in the number of gastric belches and supragastric belches. In 
six patients, supragastric belches were seen at least once during the 20-minute base period. None of the controls had supragastric 
belches. In the control group, the ingestion of yogurt caused no significant alteration in the number of air swallows, saliva swallows, 
gastric belches and supragastric belches. In the patient group, there was an increase in the number of air swallows. If  the subjects were 
chewing gum during this 20-minute period, there was an increase in the number of saliva swallows in both groups, without alterations 
of the number of air swallow, gastric belches and supragastric belches. There was no alteration in the number of the saliva swallows, 
air swallows, gastric belches and supragastric belches in both groups for subjects who did not chew gum in the 20-40 minute period 
after yogurt ingestion. When the subjects were chewing the gum, there was an increase in saliva swallows in the control and patients 
groups and in air swallows in the patients group. Conclusion - Gum chewing causes an increase in saliva swallowing in both patients 
with excessive belching and in controls, and an increase in air swallowing in patients with excessive belching 20 minutes after yogurt 
ingestion. Gum chewing did not increase or decrease the frequency of gastric or supragastric belches.

HEADINGS - Eructation. Aerophagy. Deglutition. Esophagus. Saliva. 

Declared conflict of interest of all authors: none
Disclosure of funding: no funding received
Departamento de Medicina, Faculdade de Medicina de Ribeirão Preto, Universidade de São Paulo, Ribeirão Preto, SP, Brasil.
Correspondence: Roberto Oliveira Dantas. Departamento de Clinica Médica. Faculdade de Medicina de Ribeirão Preto. Universidade de São Paulo. Av. Bandeirantes, 
3900 - CEP: 14049-900 - Ribeirão Preto, SP, Brasil. E-mail: rodantas@fmrp.usp.br

and impair the quality of life(14). Excessive belching 
is a symptom often seen in patients with functional 
dyspepsia and gastroesophageal reflux disease, but 
isolated excessive belching may be seen in a small 
number of patients(1).

Gastric belching is the result of  the release of 
accumulated intragastric air associated with lower 
esophageal sphincter relaxation. Supragastric belch-
ing occurs when swallowed air does not reach the 
stomach and returns by mouth a short time after 
swallowing(2, 12, 13, 18).
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Chewing gum is used to a varying degree to protect 
teeth(5, 6, 8) and improve the return of  bowel function after 
abdominal surgery(7, 23), but may cause side effects as chronic 
headache in adolescents(25), increase gastric secretion(9) and 
suppression in initial gastric emptying(16).

Gum chewing increases the flow of saliva(6, 17), which helps 
to neutralize and wash away the acids that are produced when 
food is broken down by the bacteria in plaque on the teeth(24). 
The increase in saliva flow could increase the frequency of 
saliva swallowing, but also could increase the frequency of air 
swallowing, worsening the discomfort caused by gastric and/
or supragastric belching. Our objective in this investigation 
was to evaluate the effect of gum chewing on the frequency 
of air swallows, saliva swallows, gastric belches and supra-
gastric belches in patients with the complaint of troublesome 
belching and controls. Our hypothesis is that gum chewing 
may increase aerophagia and belching frequency.

METHODS

Esophageal transit of liquid and gas was evaluated, in an 
experimental investigation, by impedance in 16 patients with 
troublesome belching and in 15 controls. These individuals 
had previous investigation of esophageal motility, when no 
difference in esophageal contractions was found in patients 
with troublesome belching compared to controls(20). The 
project was approved by the Human Research Committee 
of  the University Hospital of  Ribeirão Preto, Brazil. All 
volunteers and patients gave written informed consent to 
participate in the investigation.

The patients with troublesome belching were six men and 
10 women (age: 25-57 years; mean 46.2±8.2 years). They com-
plained of excessive belching at least three times during the 
day, more than three times a week, for more than 6 months, 
causing problems at work and impairment of their family 
and social life. Eleven patients also had heartburn and gastric 
pain, three had heartburn and depression and two did not have 
other symptoms. Before inclusion in the study, patients were 
asked about frequency, importance of the belches and previous 
treatment. The diagnosis takes into consideration the Roma III 
criteria(21, 22). Patients did not have relief from symptoms with 
proton pump inhibitors, prokinetics or antidepressants, used 
for more than 6 months. The control group had six men and 
nine women (age: 25-58 years; mean 46.2±7.8 years). They did 
not have troublesome belches, heartburn or any complaints in 
the digestive and respiratory tracts. Subjects of both groups 
did not have dysphagia, neurologic or endocrinal diseases. 
Controls and patients were recruited by advertisement from 
within our institution.

The esophageal transit of gas and liquid were measured 
by impedance with a catheter of the Sandhill Scientific Ma-
nometry System (Highlands Ranch, CO, USA) that incorpo-
rates five pressure and four impedance-measuring segments. 
In this investigation we used only the impedance sensors. The 
impedance-measuring segments of the catheter consisted of 
pairs of metal rings placed 2 cm apart. The signal from the 
catheter was transferred to an amplifying and digitalizing 

interface (Sensor PAC-Z, Sandhill Scientific Inc), recorded 
and stored using the dedicated software Insight Acquisition 
(Sandhill Scientific Inc) and Bio-View Analysis (Sandhill Sci-
entific Inc). The impedance alteration during the examination 
was analyzed as previously described(2, 12, 13). In gastric belch, 
the air flowed from the stomach through the esophagus in 
oral direction, and in supragastric belch, the air entered the 
esophagus rapidly from proximal and was expulsed almost 
immediately in oral direction. Air swallows were character-
ized by an increase of at least 50% of the impedance, and 
saliva swallow by a decrease of at least 50% of the impedance, 
which progress from proximal to distal esophagus.

The volunteers and patients were studied while sitting after 
12 hours of fasting. The catheter was introduced through the 
nose until the distal pressure sensor of the catheter, used as 
reference of position, registered the lower esophageal sphincter 
(LES) pressure. The impedance was registered at 5, 10, 15, 
and 20 cm from the LES. After 5 minutes of stabilization, 
the impedance monitoring for the presence of gastric belches, 
supragastric belches, saliva and air swallows was recorded for 
1 hour, divided into three 20-minute periods. The first twenty 
minutes was the base period. After the base period, the individ-
uals ingested by straw 200 mL of yogurt (Laticinios Carolina 
Ltda, Ribeirão Claro PR, Brazil), strawberry flavor with 190 
kcal. Following yogurt ingestion, each volunteer and patient 
was randomized to chew or not to chew for a 20-minute period 
chewing gum (Cadbury Adams Bauru SP, Brazil) peppermint 
flavor with 5 kcal, in which upon completion of the period, 
the task of chewing or not chewing gum was inverted for an 
additional 20-minute period. The number of air swallows, 
saliva swallows, gastric belches and supragastric belches were 
measured during the base period, after the meal during the 
first 20-minute period (task: with or without gum chewing), 
and during the second 20-minute period (task inverted). The 
results are expressed as the number of episodes during the base 
period and the increase or decrease in the number of episodes 
related to the base period after the yogurt ingestion.

Statistical analysis was done by the Center of Quantita-
tive Analysis of the Medical School of Ribeirão Preto USP 
(CEMEQ) using a linear model with mixed effects(19). The 
model was adjusted using the Proc Mixed feature of the SAS 
software package version 9 (15). The results are reported as 
median and limits, unless otherwise stated. The differences 
were considered significant when P<0.05 in a two-tailed 
statistical analysis.

RESULTS

During the 20-minute base period, air swallowing was 
observed to be more frequent in patients than in controls 
(P<0.01) and that saliva swallowing was more frequent in 
controls than in patients (P=0.01, Table 1). There were no 
differences between the medians of  controls and patients 
in the number of  gastric belches and supragastric belches 
(P>0.05). In six patients, supragastric belches were seen at 
least once during the 20-minute base period. None of  the 
controls had supragastric belches.
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The ingestion of yogurt caused no significant alteration 
in the number of  saliva swallows (Figure 1), air swallows 
(Figure 2), gastric belches and supragastric belches (Table 2) 
in the control group. In the patient group, there was an in-
crease in the number of air swallows (Figure 2, P=0.03). If  
the subjects were gum chewing during this 20-minute peri-
od, there was an increase in the number of saliva swallows 
(P=0.01) in both groups (Figure 1), without alterations of 
the number of air swallows (Figure 2), gastric belches and 
supragastric belches (Table 2).

In the period from twenty minutes to forty minutes af-

ter yogurt ingestion, when the subjects did not chew gum, 
there was no alteration in the number of the saliva swallows 
(Figure 1), air swallows (Figure 2), gastric belches and supra-
gastric belches (Table 2) in either group. When the subjects 
were gum chewing, there was an increase in saliva swallows 
in the control and patient groups (Figure 1, P<0.01) and in 
air swallows in the patient group (Figure 2, P<0.01).

DISCUSSION

With the introduction of the impedance recording tech-
nique in the evaluation of  esophageal physiology, it was 
possible to register the passage of air through the esophagus, 
either in aboral or oral direction, with a differentiation between 
gastric and supragastric belching(12, 13). Gastric belching is a 
physiologic phenomenon which helps to eliminate gas accu-
mulated inside the upper digestive tract. Part of the swallowed 
air goes to the bowel and part is eliminated from the stomach 
by eructation(13). In a supragastric belch, the swallowed air 
only goes inside the esophagus and is immediately eliminated.

Excessive belching is a behavioral disorder associated with 
anxiety, stressful event, obsessive compulsive disorder and 

TABLE 1. Evaluation of controls (n=15) and patients with complain of 
excessive belching (n=16) during 20 minutes of base registration, expressed 
by median and limits of the number of episodes

Controls Patients
P

Median Limits Median Limits

Air swallowing 1 0-9 4 0-61 <0.01

Saliva swallowing 29 3-52 15 0-64 0.01

Gastric belching 2 0-6 1 0-3 >0.05

Supragastric belching 0 0-0 0 0-9 >0.05

TABLE 2. Response of the number of supragastric and gastric belching, related to the base period, in controls and patients with complaint of excessive 
belching, after 0-20 minutes and 20-40 minutes after the ingestion of yogurt

0 - 20 minutes 20 - 40 minutes

Chewing Gum Chewing Gum

No Yes No Yes

Median Limits Median Limits Median Limits Median Limits

Supragastric belching

    Controls 0 0-0 0 0-0 0 0-0 0 0-0

    Patients 0 -4-17 2 1-5 1 0-4 1 -4-47

Gastric belching

    Controls 1 -1-2 1 -3-4 0 -4-0 1 -1-3

    Patients 1 -1-2 0 0-1 0 -2-3 0 -3-1

FIGURE 1. Number of saliva swallow episodes, related to the base period, 
in patients and controls after yogurt ingestion (meal), with and without 
gum chewing. A negative number represents a decrease in the number 
of episodes and a positive number an increase in the number of episodes.
* P≤0.01 vs base period

FIGURE 2. Number of air swallow episodes, related to the base period, 
in patients and controls after yogurt ingestion (meal), with and without 
gum chewing. A negative number represents a decrease in the number 
of episodes and a positive number an increase in the number of episodes.
* P≤0.01 vs base period
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bulimia(3, 10). The treatment of  the symptomatic situation, 
most of  the time caused by supragastric belches that are 
associated with the most severe belch complaints(13), involves 
explanation, creating awareness of  belching mechanism, 
breathing and vocal exercises, and moving attention from 
belching(10, 11). Putting attention on belching behavior in-
creases the number while distraction reduces the frequency(3). 
During speaking and during sleep, the number of belches is 
small or none(4). There was the possibility that the subject, 
while gum chewing, would move attention from the situation 
of air swallow/supragastric belches, decreasing the number 
of belches and decreasing the sensation of discomfort.

The results showed that patients who complained of 
excessive belches had more air swallows but not gastric 
or supragastric belches, compared with the control group. 
Gum chewing caused an increase in air swallows in patients 
but not in controls, and in both groups an increase in saliva 
swallows and no alteration of gastric and supragastric belches 
frequency. It is possible that with the manometric/impedance 
catheter inside their upper digestive tract the subject refrained 
to swallow air and to belch. The results did not show any 
alteration in the number of belches during gum chewing.

Chewing gum causes an increase in saliva flow(6, 17), thus, as 
consequence, saliva swallowing is more frequent than without 
the gum. Increase in air swallowed was seen only in patients 
and 20 minutes after yogurt ingestion, without a correspon-
dent increase in belching. It was possible to conclude from 
the results that gum chewing should not cause improvement 
or worsen the symptoms caused by troublesome belching.

Excessive belching may cause alterations of esophageal 
transit. It was described that after the swallow of a liquid 
bolus, the bolus head has a slower advance through the su-
perior and middle esophagus and a shorter bolus presence 
time at the distal esophagus without alterations of esophageal 

contractions(20). Alterations in esophageal transit may be the 
consequence of inappropriate behavior of the patients and 
should be changed with treatment. The described transit 
alteration does not cause dysphagia(20).

This investigation has some limitations. The number of 
patients involved should be higher, but the Roma III criteria 
are very strict and do not permit the inclusion of patients 
with questionable diagnosis. The evaluation of the flow of 
air or liquid through the esophagus was done for 20 minutes, 
a period that may be short but which should be enough to 
evaluate an abnormal flow of air or liquid. The reason for 
this registration duration was the discomfort caused by the 
manometric/impedance catheter. It is not possible to say 
that the impedance registration cause distraction or more 
attention by the patients. They understand that belching 
registration was being done during the examination. When 
patients with excessive belching are distracted, the incidence 
of belching is significantly reduced(3). We can say from this 
investigation is that gum chewing is not a good way to avoid 
air swallow. As previously observed(2), the incidence of gastric 
belches was similar in patients and controls but supragastric 
belches occurred exclusively in patients.

In conclusion, gum chewing causes an increase in saliva 
swallowing in patients with excessive belching and controls 
and an increase in air swallowing in patients with excessive 
belching 20 minutes after yogurt ingestion. Gum chewing 
did not increase or decrease the frequency of  gastric or 
supragastric belches.
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RESUMO - Contexto - Eructação é um evento fisiológico que permite a eliminação de gás presente no estômago, geralmente não percebida como sintoma, 

situação identificada como eructação gástrica. Eructação supragástrica ocorre quando o ar deglutido não vai ao estômago, mas retorna do esôfago 
imediatamente após ser deglutido; situação que causa desconforto e limitações ao paciente. Objetivo - O objetivo desta investigação foi avaliar se goma 
de mascar aumenta a frequência de eructação gástrica e/ou supragástrica. Métodos - O trânsito de líquido e gás foi avaliado por impedância in 16 paci-
entes com queixas de eructação excessiva e 15 controles. O diagnóstico de eructação excessiva foi feito tendo em consideração os critérios descritos no 
Roma III. O trânsito pelo esôfago foi medido por sensores de impedância localizados a 5 cm, 10 cm, 15 cm e 20 cm do esfíncter inferior do esôfago. Os 
indivíduos foram avaliados sentados em uma cadeira durante um período basal de 20 minutos, outro período de 20 minutos após a ingestão de iogurte 
(200 mL, 190 kcal), mastigando ou não goma de mascar, e em outro período por mais 20 minutos no qual invertiam o fato de mastigarem ou não goma 
de mascar. Na eructação gástrica o ar vinha do estômago em direção proximal, e na eructação supragástrica o ar entrou no esôfago e foi imediatamente 
eliminado em direção proximal. A deglutição de ar foi caracterizada pelo aumento em pelo menos 50% do valor da impedância e a deglutição de saliva 
pela diminuição em pelo menos 50% do valor da impedância, que progredia da parte proximal do esôfago para a parte distal. Resultados - No período 
basal a deglutição de ar foi mais frequente nos pacientes do que nos controles, e a deglutição de saliva mais frequente nos controles do que nos pacientes. 
Não houve diferenças na mediana entre os resultados de controles e pacientes no número de eructações gástricas e supragástricas. Em seis pacientes 
ocorreram eructações supragástricas, o que não aconteceu em nenhum controle. Entre os controles a ingestão de iogurte não alterou a frequência de 
deglutição de ar, deglutição de saliva, eructações gástricas e eructações supragástricas. No grupo de pacientes houve aumento da deglutição de ar. Mas-
tigar a goma durante este período causou aumento da deglutição de saliva, nos dois grupos, sem alterações na frequência de deglutição de ar, eructação 
gástrica e eructação supragástrica. No período entre 20 e 40 minutos após a ingestão do iogurte, se a pessoa não mascava a goma, não havia mudança na 
frequência de deglutição de saliva, deglutição de ar, eructações gástricas e eructações supragástricas. Quando a pessoa mascava a goma, houve aumento 
da deglutição de saliva nos dois grupos e de deglutição de ar no grupo de pacientes. Conclusão - Goma de mascar causa aumento da deglutição de saliva 
em pacientes com eructações excessivas e controles, e aumento da deglutição de ar em pacientes 20 minutos após a ingestão de iogurte. Goma de mascar 
não aumenta ou diminui a frequência de eructação gástrica ou eructação supragástrica.

DESCRITORES - Eructação. Aerofagia. Deglutição. Esôfago. Saliva. 
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