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Background/Aims

Belching disorder (BD) is clinically distinct from gastroesophageal reflux disease (GERD) with belching. Supragastric belching (SGB)
is closely associated with reflux episodes. This study investigates belch characteristics in association with reflux, compared between
patients with BD and those who had GERD with belching.

Methods

Impedance pH monitoring data from 10 patients with BD and 10 patients with GERD who exhibited belching were retrospectively
analyzed. Belches were considered “isolated” or “reflux-related” and acidic/non-acidic. Belch characteristics were compared between
patients with BD and those with GERD.

Results

Symptomatic belches were more frequent in patients with BD than in patients with GERD (median, 160.5 vs 56.0, P < 0.05). SGB was
the most common type in both groups; common subtypes comprised “isolated* in patients with BD and “isolated during the reflux
period” in patients with GERD. Reflux-related SGB was more common in patients with GERD than in BD (78.3% vs 45.2%, P < 0.005).
Both “preceding belching” including the reflux period and acidic SGB were more common in patients with GERD than in BD (31.8%
vs 8.6% and 38.1% vs 8.9%, both P < 0.05). Supragastric belch number positively correlated with all reflux episodes in patients with
GERD (adjusted R* = 0.572, P = 0.007).

Conclusions

BD is characterized by more belching, compared to GERD. SGB is more frequently associated with reflux in GERD than in BD; acidity
may be related to GERD. In BD, SGB is typically non-acidic and unrelated to reflux. Distinct SGB characteristics may reflect different
pathogenic mechanisms of reflux and associated symptoms.
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Introduction

In the clinical setting, belching disorder (BD) is easily dis-
tinguished from gastroesophageal reflux disease (GERD) with
belching because the sole complaint in patients with BD is typically
bothersome excessive belching, sufficient to impact daily activities
and impair social functioning (eg, social isolation and onset of anxi-
ety disorder)." Belches in patients with BD are usually supragastric,
caused by intake of air from the pharynx to the esophagus, followed
by rapid expulsion of the air. In contrast, physiologic gastric belch-
ing (GB) is induced by a vagal reflex (ie, transient lower esophageal
sphincter relaxation [TLESR]).” Supragastric belching (SGB) is
often excessive and impacts affected patients’ social lives; however,
it is regarded as a behavioral disorder. For example, SGB spells
may be frequent when affected patients consult their physicians.
Notably, belching is also a frequently reported symptom in patients
with GERD.” In this group, GB is typical; however, SGB may also
occur and is reported by half of patients with reflux symptoms.*’

In a previous study, approximately half of the SGB episodes
occurred in close association with reflux episodes in patients who
exhibited reflux symptoms and SGB. Thirty percent of all SGB
episodes occurred immediately before the onset of a reflux episode;
18% occurred during the reflux episode.” This finding suggests
that SGB underlies gastroesophageal reflux (GER) in some pa-
tients with GERD. In contrast, patients with BD typically do not
complain of reflux symptoms, although they may experience more
frequent SGB than patients with GERD. This indicates differences
in SGB between patients with GERD and those with BD; however,
the characteristics of belching, including the relationships of SGB
with the 2 disorders, have not yet been determined.

This study investigates and compares the characteristics of
belching (ie, SGB and GB) in association with GER in patients
with BD and patients who had GERD with belching.

Materials and Methods

Patients

Ten patients with BD and 10 patients with typical GERD
symptoms as the main concern and belching, were randomly select-
ed and their clinical data were retrospectively evaluated. All patients
had undergone 24-hour multichannel intraluminal impedance and
pH (MII-pH) monitoring, as well as high-resolution manometry,
at Soonchunhyang University Hospital (Seoul, Republic of Korea)

during the past 5 years. All patients with BD met the Rome IV cri-
teria (B2a: excessive SGB) and all patients with GERD had typical
symptoms (eg, heartburn and/or regurgitation) as the main symp-
tom." Exclusion criteria were incomplete medical records, MII-pH
monitoring performed on proton pump inhibitor therapy, previous
gastrointestinal tract surgery, and < 5 belching events on diary dur-
ing impedance pH monitoring. The study protocol was approved
by the Institutional Review Board of Soonchunhyang University
Seoul Hospital (2020-01-016).

Multichannel Intraluminal Impedance and pH
Monitoring and High-resolution Manometry
Measurement

All patients fasted from midnight until the time of measure-
ment. A combined pH-impedance catheter (Sandhill Scientific,
Inc, Highlands Ranch, CO, USA) was placed transnasally such
that the esophageal pH electrode was situated 5 cm above the upper
margin of the manometrically defined lower esophageal sphincter
(LES). The catheter’s 8 electrode rings enabled impedance record-
ing at 6 segments (3, 5, 7, 9, 15, and 17 cm) above the LES. All
patients had discontinued proton pump inhibitor use for at least 7
days previously; they had also discontinued other medications that
may affect gastrointestinal motility or acidity for at least 72 hours
previously. Otherwise, patients were encouraged to maintain their
normal daily activities and usual diet. Event markers on the data
logger were used to record the start and end times of symptoms (only
start time for belching), meal times, and position changes. The
recorded data were analyzed using a dedicated software program
(BioView Analysis; Sandhill Scientific, Inc), in conjunction with
visual analysis using an appropriate time window and zooming.”

High-resolution manometry was performed immediately prior
to MII-pH monitoring. A high-resolution manometry catheter
(Sierra Scientific Instruments Inc, Los Angeles, CA, USA) was
inserted transnasally with the patient in a sitting position. The high-
resolution manometry protocol included 30 seconds without swal-
lows to assess basal esophagogastric junction pressure and morphol-

ogy, followed by 10 swallows of 5§ mL of 0.3% saline solution.”

Data Analysis

Twenty-four hour MII-pH monitoring data were retrospec-
tively analyzed by 2 gastroenterology physicians employed at Soon-
chunhyang University Hospital. SGB was defined as a rapid rise in
impedance (= 1000 ) moving in an aboral direction, followed by
a return to baseline moving in the oral direction.” GB was defined

as an elevation of intraluminal impedance (= 1000 QQ), including
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pure gas and mixed liquid gas reflux episodes moving in the oral
direction and reaching the most proximal impedance recording seg-
ment (Fig. 1).*

SGB related to GER was classified as preceding, during, or
following belching. Preceding belching (PB) was defined as a belch
that occurred immediately prior (< 1 second) to the onset of the

reflux episode, evidenced as a > 50% reduction in the impedance

Supragastric belching

Supragastric Belching in Belching Disorder and GERD

level. During belching was defined as a belch that occurred during
the reflux episode’; following belching (FB) was defined as a belch
that occurred immediately after the reflux episode (< 1 second).
Belches not related to reflux were regarded as isolated belching (IB).
If PB occurred during the reflux period (re-reflux), it was classi-
fied as during-preceding belching (DPB); during-isolated belch-
ing (DIB) was defined as belching that occurred without re-reflux

Gastric belching
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Figure 1. Supragastric belching (SGB) and gastric belching (GB). (A) SGB was defined as a rapid rise in impedance (= 1000 Q) moving in an
aboral direction, followed by a return to baseline moving in the oral direction. (B) GB was defined as an elevation of intraluminal impedance

(= 1000 Q), including pure gas and mixed liquid gas reflux episodes, moving in the oral direction and reaching the most proximal impedance

recording segment. Modified from Bredenoord et al.”
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Figure 2. Supragastric belching (SGB) related to reflux. (A) SGB was regarded as “isolated belching” when the belch was unrelated to a reflux
event. (B) “Preceding belching” was defined as a belch that occurred immediately prior (< 1 second) to the onset of the reflux episode, which ap-

peared as a > 50% reduction in impedance level. (C) “During-isolated belching” was defined as a belch that occurred during the reflux episode

but did not induce re-reflux. (D) “During-preceding belching” was defined as a supragastric belch that preceded the during the reflux period (re-
reflux). (E) “Following belching” was defined as a belch that occurred immediately after the reflux episode (< 1 second). Modified from Hem-

mink et al.*
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during reflux periods (Fig. 2). All reflux episodes were classified as
acidic (pH < 4) and non-acidic (pH > 4) reflux, according to the
pH.’

Reflux parameters determined by MII-pH monitoring were
compared between patients with BD and patients who exhibited
GERD with belching. Parameters of interest were as follows:
esophageal acid exposure % time, rate of acidic bolus exposure time,
and symptom index > 50%." Esophageal acid exposure % time
was defined as the percentage of total time pH was < 4.0 units
divided by the time monitored. Bolus exposure time was defined as
the time from liquid bolus entry (50% down in baseline impedance)
to exit (returning to entry level for = 5§ seconds). High-resolution
manometry parameters, including hyper-dynamic upper esophageal
sphincter (UES) pressure, hyperdynamic UES,"" LES pressure,
and integrated relaxation pressure, were also compared between the
2 groups of patients.

Other comparisons between patients with BD and patients who
exhibited GERD with belching were total belching/SGB/GB, the
SGB/GB ratio, the PB/DPB/DIB/FB/IB ratio of SGB, and the
ratio of acidic/non-acidic SGB/GB. Correlations between GB or
SGB and the reflux parameters measured by MII-pH monitoring

Table. Characteristics of the Patients

were also determined in the 2 groups.

Statistical Methods
Statistical analyses included Student’s t-test, the Pearson chi-

squared test, Spearman’s rank test, and linear regression for cor-
relations. Differences were considered significant at P-values <
0.05. All analyses were performed using SPSS Statistics version
22.0 (IBM Corp, Armonk, NY, USA). Continuous variables are
reported as the mean and standard deviation or median and range;

categorical variables are reported as the number and proportion.

Results

Characteristics of the Patients

Patients in the BD group were not significantly different from
those in the GERD group with respect to age and sex. Median
ages were 40.5 (28-77) years in the BD group and 58.5 (36-61)
years in the GERD group.

The rate of esophageal acid exposure % time was not signifi-

cantly higher in the GERD group than in the BD group, whereas

Baseline characteristics Belching disorder (n = 10) GERD (n = 10) P-value
Age (yr) 40.5 (28-77) 58.5 (36-61) NS
Gender 5 female 6 female NS
Impedance-pH monitoring data
Esophageal acid exposure % time 2.9 (0-7.1) 5.2(3.1-11) NS
Composite score 10.1 (0.8-25.3) 15.9(10.3-39.9) NS
Acidic bolus exposure time 0.75(0.1-3.2) 2.4 (1.5-7) 0.002
Number of liquid reflux 42 (24-100) 67 (30-141) 0.028
SI > 50% for belching 2(20) 9 (90) 0.0055
SAP = 959% for belching 7 (70) 10 (100) NS
SI > 50% for heartburn or regurgitation 1(10) 4 (40) NS
SAP = 95% for heartburn or regurgitation 0(0) 1(10) NS
High-resolution manometry data
UES pressure (mmHg) 34 (9.4-96.3) 49.3 (20-72.5) NS
Hyper-dynamic UES (pressure differences, mmHg) 43.85 (4.3-94.9) 52.6(18.8-98.3) NS
LES pressure (mmHg) 13.8 (6-41.7) 17.6 (2.5-40.2) NS
Integrated relaxation pressure (mmHg) 52.6(18.8-98.3) 10.8 (1.3-13.6) NS
Chicago classification findings
Ineffective esophageal motility 5 4
Fragmented peristalsis 4 1
Absent contractility 0 2
Hypercontractile esophagus 1 0

GERD, gastroesophageal reflux disease; NS, not significant; SI, symptom index; SAP, symptom association probability; UES, upper esophageal sphincter; LES,

lower esophageal sphincter.
Data are presented as median (range) or n (%).
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the rate of acidic bolus exposure time was significantly higher in the
GERD group than in the BD group (median [range]: 2.4 [1.5-
7.0] vs 0.8 [0.1-3.2], P < 0.05). The proportion of patients with
a symptom index > 50% for belching at the impedance pH was
also significantly higher in the GERD group than in the BD group
(median: 90% vs 20%, P < 0.05). In manometric diagnosis based
on the Chicago classification, BD group represented 5 ineffective
esophageal motility, 4 fragmented peristalsis, and 1 Jackhammer
esophagus; GERD group represented 4 ineffective esophageal mo-
tility, 2 absent contractility, 1 fragmented peristalsis, and 3 normal
findings. Hiatal hernia was present in 1 from the BD group and 4
from the GERD group.

Manometric parameters (eg, UES pressure, hyperdynamic
UES, LES pressure, and integrated relaxation pressure) did not
significantly differ between the BD and GERD groups (Table).

Distribution of Belching

In the BD and GERD groups, 3247 and 701 symptomatic
belches were manually analyzed, respectively. Of these, 68 belches
from the BD group and 4 belches from the GERD group could
not be classified because of the atypical shape of the respective
impedance line (undefined). In addition, 20 belches from the BD
group and 3 belches from the GERD group were erroneously
recorded on diary (no belches). Thus, 3159 belches from the BD
group and 694 from the GERD group were included in additional
analyses. SGB and GB were classified as IB and reflux-related
belching; reflux-related SGB was further classified as PB, DIB,
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Figure 3. Distribution of symptomatic belching types between belch-
ing disorder (BD) and gastroesophageal reflux disease (GERD). The
total number of symptomatic belches was significantly higher in the
BD group than in the GERD group (P < 0.05). The most common
type of belching in the 2 groups was supragastric belching (SGB); the
ratio of SGB to GB did not differ between the 2 groups.

Supragastric Belching in Belching Disorder and GERD

DPB, and FB, as well as acidic or non-acidic.

The total number of symptomatic belches was significantly
higher in the BD group than in the GERD group (median: 160.5
vs 56.0, P < 0.05). The most common type of belching in both
groups was SGB, which did not significantly differ in terms of
proportion between the BD and GERD groups (median [range]:
93.0% [35.6-100.0%] vs 86.8% [66.7-99.1%]). Median numbers
of supragastric belches were 147.0 (range, 21.0-1647.0) in the BD
group and 45.5 (4.0-226.0) in the GERD group. In the BD group,
GB comprised 7.2% of the belches (median [range], 10.5 [0.0-
68.0]), whereas it comprised 7.4% (4.0 [1.0-14.0]) in the GERD

group (Fig. 3).

Distribution of Supragastric Belching Subtypes

SGB subtypes differed in terms of frequency both in the BD
group (IB [61.0%], DIB [33.0%], DPB and PB [3.0% each],
and FB [0.3%]) and in the GERD group (DIB [43.2%], DPB
[24.8%], 1B [23.9%], PB [8.2%], and FB [0.0%]). The propor-
tion of GER-related supragastric belches was significantly higher in
the GERD group than in the BD group (median: 78.3% vs 45.2%,
P < 0.005). PB (PB and DPB) was more frequent in the GERD
group than in the BD group (median: 31.8% vs 8.6%, P < 0.05)

(Fig. 4).
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Figure 4. Distribution of the supragastric belching types. Most com-
mon belching was isolated belching (IB) in belching disorder (BD),
and during belching in gastroesophageal reflux disease (GERD)
group. Gastroesophageal reflux related supragastric belching (exclud-
ing IB) was significantly higher in GERD group than BD group
(P < 0.005). Total preceding belching (PB) before and during reflux
events was also significantly higher in GERD group than BD group (P
< 0.05). These finding suggest that supragastric belching may have a
role in GERD. FB, following belching; DIB, during-isolated belch-
ing; DPB, during-preceding belching. Percentage was a mean value
of each individual.
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Acidity of Supragastric and Gastric Belching
The proportion of acidic belches in SGB events was only 20.0%
in the BD group, whereas it was 44.0% in the GERD group.

GERD

SGB Non-acidic
Non-acidic 56.0%
80.0%
GB Non-acidic

Non-acidic 51.0%
76.0%

Figure 5. Acidity of supragastric and gastric belches in the belching
disorder (BD) and gastroesophageal reflux disease (GERD) groups.
In supragastric belching (SGB), the ratio of acidic belches was sig-
nificantly higher in the GERD group than in the BD group (median,
38.1% vs 8.9%, P < 0.05); the ratio of non-acidic SGB was signifi-
cantly higher in the BD group. In gastric belching (GB), the ratio of
acidic belching was also significantly higher in the GERD group than
in the BD group (median: 49.2% vs 16.9%, P < 0.05).
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Acidic belching, out of total SGBs, was significantly more common
in patients with GERD than in patients with BD (median: 38.1%
vs 8.9%, P < 0.05), whereas non-acidic belching was significantly
more common in the BD group (Fig. 5).

Regarding GB events, the proportion of acidic belching was
24.0% in the BD group, whereas it was 49.0% in the GERD
group. The proportion of acidic belches was also significantly
higher in patients with GERD than in patients with BD (median:
49.2%vs 16.9%, P < 0.05).

Correlation Between Supragastric Belching and
Reflux Parameters

The number of supragastric belches in the GERD group posi-
tively correlated with the total number of all reflux episodes (adjusted
R’ = 0.572, P = 0.007). In the BD group, the number of supra-
gastric belches was not correlated with the total number of reflux
episodes (Fig. 6).

Other reflux parameters, including esophageal acid reflux %
time, bolus acid reflux % time, and bolus all reflux % time, were not
correlated with the number of supragastric belches in either group.

The correlation between the number of gastric belches and
the number of all reflux episodes was significantly positive in both
groups (GERD group: adjusted R* = 0.436, P = 0.022; BD
group: adjusted R* = 0.356, P = 0.040). However, the esophageal
acid reflux % time, bolus acid reflux % time, and bolus all reflux %

time were not correlated with the number of gastric belches.
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Figure 6. Correlations between supragastric belching (SGB) and all reflux episodes, as determined by impedance pH monitoring. In patients with
belching disorder (BD), total reflux episodes were not correlated with the number of supragastric belches (A). However, the number of all reflux
episodes was positively correlated with the number of supragastric belches (adjusted R* = 0.572, P < 0.05) (B).
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Discussion

This is the first study to compare the characteristics of SGB
between patients with BD and patients with GERD. Belching is
a common symptom in patients with GERD, but can occur as an
isolated symptom." Belching is present in 40.0-49.0% of patients
with GERD); however, it remains poorly understood."*"” Moreover,
the characteristics of belching, including its relationship to GER in
patients with BD, have not yet been investigated.

SGB was first demonstrated in patients with excessive belching
by measurement of intraluminal impedance.® An elevated incidence
of SGB, but not GB, was observed in these patients. In contrast
to GB, the incidence of SGB did not significantly increase after
patients had eaten a meal." Previous studies reported that SGB was
common in patients with reflux symptoms and that it often pre-
ceded a liquid GER episode.” These findings suggested that SGB
could elicit these episodes in patients with GERD, either at the
onset or (more commonly) during a liquid reflux episode, as dem-
onstrated in our study. Because most studies regarding SGB have
focused on patients with GERD and there have been no studies of
patients with BD, we compared the characteristics of belching in
association with GER between patients with BD and patients who
exhibited GERD with belching.

Our study showed that belching was more frequent in the BD
group than in the GERD group, as expected; however, the SGB/
GB ratio did not differ between the 2 groups. In our patients, SGB
was more common than GB in patients with GERD who exhibited
belching. However, this finding should be interpreted with caution
because patients are more likely to regard SGB as a symptom, rath-
er than GB; we included patients with GERD who reported > §
belches per day in their MII-pH symptom diary. In our study, the
GERD group represent somewhat high number of belches (median
56.0). This phenomenon may also be due to our exclusion criteria
which exclude GERD patients who reported < § belching events
during monitoring.

Our results also showed that SGB was more frequently related
to GER in patients with GERD than in patients with BDj they
also suggested that acidic belching (either GB or SGB) is related to
GERD. PB may induce GER"™ and occurred more frequently in
patients with GERD than in patients with BD; notably, PB in pa-
tients with GERD occurred most commonly during the GER pe-
riod. Another important finding of our study was that the frequency
of SGB was related to reflux episodes in patients with GERD but

not in patients with BD; this was consistent with the results of a

Supragastric Belching in Belching Disorder and GERD

recent study in which patients with pathologic acid reflux tended to
exhibit a higher number of SGB events."” Other reflux parameters
(eg, esophageal acid exposure % time, bolus acid reflux % time,
and bolus all reflux % time) were not correlated with the number of
supragastric belches and showed only a tendency in the impedance
parameters; however, this can be attributed to the small number of
patients. Therefore, supragastric belches and the acidity of SGB
or GB may contribute to the pathogenic mechanism of GERD;
furthermore, PB may induce GER and re-reflux. In contrast, SGB
in patients with BD is typically non-acidic (80.0%) and may not be
related to GER. This suggests differences in the pathophysiologic
factors that elicit GER induced by SGB in patients with GERD.

GB is a physiological mechanism that prevents the accumula-
tion of excess gas in the stomach. Previous studies showed that the
majority of TLLESRs after a meal were associated with transient
UES relaxation, which facilitated microburps, regardless of acid-
ity."”"* Because GB develops through the mechanism of TLESR,
the main mechanism of GERD it has been regarded as the main
type of belching in patients with GERD."” However, our study re-
vealed that SGB is more frequent than GB in patients with GERD,
compared to patients with BD. Nonetheless, GB in patients with
GERD is characterized by a more acidic gas, relative to patients
with BD. As expected, GB positively correlated with total reflux
number in both patients with GERD and those with BD.

SGB is provoked by 2 mechanisms,” most commonly involving
the air suction mechanism. An initial abrupt contraction of the skel-
etal diaphragm induces negative pressure in the esophageal lumen.
When the glottis is closed, UES relaxation occurs during deep
inspiration; subsequently, atmospheric air is sucked into the nega-
tively pressured esophagus. This rapid inflow of air is immediately
expelled through UES relaxation, concomitant with elevated intra-
thoracic pressure that occurs as a result of abdominal straining.™* At
the esophagogastric junction, the elevated pressure is followed by
relaxation, which is induced by abrupt esophageal distension. This
may explain why SGB leads to GER. Generally, the UES is relaxed
during TLESR," allowing the air suction type of SGB to occur
during the reflux period, as frequently observed in our patients with
GERD. The other (much less common) mechanism of SGB com-
prises air injection, in which air is pushed into the esophagus by the
elevated pharyngeal pressure that occurs after voluntary contraction
of the tongue base.”

Several studies regarding the effect of proton pump inhibi-
tor therapy on belching in patients with GERD have shown that
belching events are refractory to such drugs.” DIB in our study is
expected to respond well to the proton pump inhibitors usually pre-
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scribed for GERD; 1B, PB, and DPB seems to be less responsive.
Baclofen, a y-aminobutyric acid type B receptor agonist, causes a
slight elevation in LES pressure, thus reducing the numbers of
both TLESRs and acid reflux episodes.”* It may therefore aid
in reduction of SGB, including IB, PB, and DPB, by reducing
diaphragmatic contraction and inhibiting TLESR. Diaphragmatic
23,24

breathing
tions of all types of SGB, through inhibition of the pathophysiologic

and speech therapy” may also contribute to reduc-

mechanism underlying SGB.

Our study had several limitations. First, it used a retrospective
design, such that the BD and GERD groups were defined based
on chart and exam reviews. Second, the numbers of patients with
BD and those with GERD were low because BD is rare. Studies
that include a larger number of patients will yield more precise re-
sults.

In summary, BD is characterized by a larger number of belch-
ing events than GERD. Most belches in patients with BD and
those with GERD are SGB; however, SGB is more frequently
related to reflux in patients with GERD than in patients with BD.
Acidic belching, either GB or SGB, may be related to GERD.
SGB is typically non-acidic and unrelated to reflux in patients with
BD. These distinct characteristics of SGB may reflect the patho-
genic mechanism of reflux and explain the reflux symptoms. Ad-
ditional studies will allow the development of strategies to control
SGB in patients with GERD and those with BD.
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