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ABSTRACT
Background: Because trends in the epidemiology and burden of gastroesophageal reflux dis-
ease (GERD) are changing, reinvestigating the geographical differences and trend changes is
essential. Here we evaluated the latest epidemiologic patterns and trends for GERD, using data
from Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 2019.
Methods: Annual case numbers, age-standardized rates of prevalence, incidence, and years of
life lived with disability (YLDs), and their estimated annual percentage changes (EAPCs) for
GERD between 1990 and 2019 were derived from the GBD 2019 study. Association between
GERD burden and socio-demographic index (SDI) was also investigated.
Results: In 2019, there were 783.95 million cases of GERD globally. Between 1990 and 2019, the
total number of prevalent cases, incident cases, and YLDs increased by 77.53%, 74.79%, and
77.19%, respectively. The global age-standardized incidence rate (ASIR) and age-standardized
YLD rate (ASYR) increased during this period (EAPC ¼ 0.06 and 0.05, respectively). Tropical Latin
America and East Asia had the highest and lowest age-standardiZed prevalence rate (ASPR),
ASIR, and ASYR in 2019, respectively. From 1990 to 2019, prevalent cases, incident cases, YLDs,
and their corresponding age-standardized rates of GERD were higher in females than males in
all years. Higher SDI was associated with lower ASPR, ASIR, and ASYR of GERD in 2019.
Conclusions: GERD will continue to be a major public health burden due to increasing numbers
of prevalent cases, incident cases, and YLDs. In order to tackle this troublesome disease, it is cru-
cial to understand the changes in both global and regional trends in epidemiology and the bur-
den for policymakers and other stakeholders.

KEY MESSAGES

� This is the most updated estimate on GERD epidemiology globally, including 204 countries,
some of which were not assessed before.

� The overall burden of GERD continued to worsen with the prevalent cases increasing by
77.53% from 441.57 million in 1990 to 783.95 million in 2019.

� GERD is likely to remain a common reason for consultation in primary care, and our data
may allow for health service provision planning.

Abbreviations: EAPC: estimated annual percentage change; GERD: gastroesophageal reflux dis-
ease; SDI: socio-demographic index; GBD: Global Burden of Disease, Injuries, and Risk Factors
Study; YLDs: years of life lived with disability; IHME: Institute for Health Metrics and Evaluation;
GATHER: Guidelines for Accurate and Transparent Health Estimates Reporting; ASR: age-standar-
dized rate; ASIR: age-standardized incidence rate; ASPR: age-standardiZed prevalence rate; ASYR:
age-standardiZed YLD rate; UI: uncertainty interval; CI: confidence interval.
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Introduction
Gastroesophageal reflux disease (GERD) is a common
condition in which the reflux of gastric contents into the
oesophagus results in symptoms and/or complications
[1]. Typical GERD symptoms include heartburn and acid

reflux. Histological changes in the oesophageal mucosa
can be categorized into non-erosive reflux disease, reflux
esophagitis, and Barrett’s oesophagus [2]. GERD can also
cause a variety of extraesophageal manifestations includ-
ing asthma, cough, sore throat, throat clearing, and
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unexplained chest pain [3]. Due to its recurrent and
troublesome symptoms and complications (i.e. oesopha-
geal inflammation, stricture, ulceration, perforation,
metaplasia, and oesophageal adenocarcinoma) [4], GERD
seriously lowers patients’ health-related quality of life.
Besides, due to its chronic nature and high prevalence,
GERD has imposed a significant economic burden on
patients and their families, health services, and society
[5]. The clinical management of GERD influences the
lives of many individuals and is responsible for the sub-
stantial consumption of health care and societal resour-
ces [2].

Previous systematic reviews have presented the
prevalence and incidence of GERD in the past decade
[4, 6]. Based on the Global Burden of Disease (GBD)
2017 Study, GBD 2017 Gastro-oesophageal Reflux
Disease Collaborators comprehensively described the
global burden of GERD [7]. However, the burden of
GERD varies over time and between or within coun-
tries and territories. Clinical trial suggests similar remis-
sion rates with surgery or medication [8]. However,
two-thirds to 100% of patients will relapse when PPIs
are stopped [9]. The global prevalence of GERD is
increasing [3]. And the incidence of GERD has been
increasing yearly due to improvements in living stand-
ards and changes in lifestyle and dietary habits
recently [10]. These significant changes highlight the
need for a comparable, consistent and systematic ana-
lysis of disease burden and trends concerning GERD in
different regions and countries, which is critical to cre-
ating strategies for global intervention.

The GBD 2019 Study, an extensive worldwide
observational epidemiological study to date, assesses
the incidence, prevalence, and disability of 369 dis-
eases by age, sex, location, and year [11], which
presents an opportunity to better understand the epi-
demiology of GERD. In this article, we aimed to
describe the burden of GERD, by age, sex, and social-
development index (SDI), in 204 countries and territo-
ries from 1990 to 2019. The availability of estimates of
disease burden for GERD would provide a better
understanding of the impact of GERD on population
health and the need for appropriate preventive strat-
egies and health resource allocations.

Methods

The detailed description of original data and general
methodology of GBD 2019 study has been described
in previous publications [11–14]. The study protocol
and statistical codes of the estimated GERD can be
obtained from the website: http://ghdx.healthdata.org/

gbd-2019/code/cod-4. In brief, incidence and preva-
lence of disease were estimated using a wide range of
data from representative population. These data were
derived from literature reviews and identified through
research collaborations, which included published sci-
entific reports of registries and cohorts, data from
cohort and registry studies, administrative health data
and reports, and population surveys [12]. DisMod-MR
2.1, an epidemiologic state-transition disease model-
ling software, together with MR-BRT, a Bayesian meta-
regression software, were used to produce consistent
disease estimates [12]. Uncertainty intervals (UIs) were
produced for every metric using the 25th and 975th
ordered 1000 draw values of the posterior distribu-
tion [12].

Crude and age-standardized estimates of various
measures of the burden of GERD in 204 countries and
territories from 1990 to 2019 and the respective 95%
UIs were extracted from the GBD database via http://
ghdx.healthdata.org/gbd-results-tool and no specific
permissions were required to access data. For the GBD
2019 assessment, GERD was claimed by the following
codes according to the 10th revision of the
International Classification of Diseases (ICD-10): K21-
K21.9, K22.7, and R12 (Supplementary Table 1). The
variables obtained from the database included inci-
dent cases, prevalent cases, YLDs numbers, and their
corresponding age-standardized rates (ASRs) at the
global, regional, and national levels. These data were
stratified by age (5–9, every 5-year age group up to
95 years, and 95 years and older), calendar year
(1990–2019), region, and country (or territory).
Geographically, the world was divided into 21 GBD
regions. Moreover, the 204 countries and territories
were categorized into five groups in terms of their
socio-demographic index (SDI): high, high-middle,
middle, low-middle, and low SDI quintile [12].

Estimated average percentage change (EAPC) was
computed to depict the secular trend in ASRs of GERD
burden based on a regression model by fitting the
natural logarithm of ASR with the calendar year,
namely, y¼ aþbxþE, where y ¼ ln (rate), x ¼ calen-
dar year, and e ¼ error term. In this formula, b repre-
sents the positive or negative ASR trends. EAPC and
its 95% confidence interval (CI) were calculated from
the formula of 100 � (exp (b) �1) [15]. The age-stand-
ardized indicator was recognized to be in an increas-
ing trend if the value of EAPC and the lower boundary
of 95% CI were both greater than 0, to be a decreas-
ing trend if EAPC value and the upper boundary of
95% CI were both less than 0, and to be a constant
trend when 95% CI of EAPC included 0. All statistical
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analyses and visualizations were conducted using R
statistical software program (version 4.1.0). P-value
<.05 was considered statistically significant.

Because the study was based on publicly available
dataset, this study was exempted by the ethics com-
mittee of the Third Xiangya Hospital of Central South
University. Each step used to analyse the GBD data-
base in the current study followed the guideline of
cross-sectional study described in the Guidelines for
Accurate and Transparent Health Estimates Reporting
(GATHER) [16].

Results

Global burden and temporal trend in GERD

Globally, the number of prevalent cases of GERD
increased by 77.53% from 441.57 million (95% UI
383.48– 496.84) in 1990 to 783.95 million
(689.55–876.53) in 2019 (Supplementary Table 2 and
Figure 1(a)). Besides, the age-standardized prevalence
rate (ASPR) of GERD was 9344.52 (8213.69–10456.84)
per 100,000 population in 1990 and 9574.45
(8416.42–10,698.38) per 100,000 population in 2019,
with the EAPC being 0.04 (95% CI 0.00–0.08) (Table 1,
Figure 1(b)). Meanwhile, the global incident cases of
GERD were 309.38 million (272.53–349.51) in 2019,
increasing from 177.00 million (154.83–201.15) in
1990, with an increasing EAPC in age-standardized
incidence rate (ASIR) of 0.06 (0.02–0.10) from 3687.27
(3256.92–4165.86) in 1990–3792.79 (3341.66–4280.02)
in 2019 per 100,000 population (Table 1 and
Supplementary Table 2). Globally, there were 6.03 mil-
lion (3.10–10.82) YLDs caused by GERD in 2019, which
increased by 77.19% from 3.40 million (1.76–6.09) in
1990. The age-standardized YLD rate (ASYR) increased
from 71.68 (36.95–128.64) in 1990 to 73.63
(38.03–132.08) in 2019 per 100,000 population with
the EAPC being 0.05 (0.01–0.09) (Table 1 and
Supplementary Table 2). Meanwhile, from 2015 to
2019, ASPR, ASIR, and ASYR all increased globally with
the EAPC being 0.56 (0.30–0.82), 0.54 (0.30–0.79), and
0.56 (0.30–0.82), respectively (Supplementary Table 3).

Variation in GERD burden at regional level

Regarding GBD regions, South Asia, East Asia, and North
Africa and Middle East were among the top three
regions for the largest numbers of prevalent cases, inci-
dent cases, and YLDs in 2019 (Supplementary Table 2).
On the contrary, the lowest numbers of prevalent cases,
incident cases, and YLDs in 2019 were observed in
Oceania, Australasia, and Caribbean. Tropical Latin

America was the region with the highest ASPR
[16,207.50 (95% UI 14,319.22–17,944.65)], ASIR [6144.66
(5455.45–6787.85)], and ASYR [124.78 (64.60–222.07)] in
2019 (Table 1 and Figure 2). East Asia had the lowest
ASPR [4523.40 (3912.03–5149.59)], ASIR [1847.31
(1612.24–2139.60)], and ASYR [35.05 (17.78–63.23)]
among regions in 2019. Moreover, ASPR and ASIR
remained stable over 30 years in almost half of all the
regions. However, total prevalent cases, incident cases,
and YLDs increased across all GBD regions during the
observation period (Supplementary Figures 1–3). The
EAPCs in ASPR, ASIR, and ASYR were highest in High-
income Asia Pacific (EAPC ¼ 0.25, 0.20, and 0.25,
respectively) and lowest in High-income North America
(EAPC¼�0.82, �0.66, and �0.83, respectively) from
1990 to 2019 (Figure 3). However, from 2015 to 2019,
the EAPCs in ASPR, ASIR, and ASYR were highest in
Eastern Europe (EAPC ¼ 1.74, 1.41, and 1.73, respect-
ively), and the EAPC in ASPR was lowest in North Africa
and Middle East (EAPC¼�0.07), the EAPCs in ASIR and
ASYR were lowest in Western Europe (EAPC¼�0.08
and �0.13, respectively) (Supplementary Table 3).

Variation in GERD burden at national and
territorial level

At the national and territorial level in 2019, India and
China had the highest number of prevalent cases
[181.55 million (158.49–204.38), 81.64 million
(70.73–93.51), respectively], the highest number of
incident cases [71.84 million (95% UI 63.58–81.35),
32.71 million (28.44–38.21), respectively], and the high-
est number of YLD cases [1.39 million (0.72–2.49),
0.63 million (0.32–1.15), respectively] (Supplementary
Table 4, Figure 1, and Supplementary Figures 4 and 5).
In 2019, the highest ASIR of GERD was observed in
Brazil [6146.60 (5457.64–6790.57) per 100,000 popula-
tion], and the highest ASPR and ASYR were found in
Paraguay [16,310.51 (14,395.46–18,167.8) per 100,000
population, 125.91 (65.11–223.26) per 100,000 popula-
tion, respectively] (Supplementary Table 5 and
Supplementary Figures 6 and 7). In contrast, the low-
est ASPR, ASIR, and ASYR were found in China
[4509.32 (3899.11–5133.17) per 100,000 population,
1841.66 (1607.09–2133.51) per 100,000 population,
and 34.94 (17.73–63.02) per 100,000 population,
respectively]. Between 1990 and 2019, ASPR and ASIR
remained stable in more than 60% countries or territo-
ries. Republic of Korea, Turkey, and Taiwan (Province
of China) ranked in the top three countries or territo-
ries experienced a significant increase in ASPR (EAPC
¼ 0.48, 0.30, and 0.19, respectively), ASIR (EAPC ¼
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0.35, 0.17, and 0.14, respectively), and ASYR (EAPC ¼
0.49, 0.29, and 0.19, respectively), while United States
of America, Russian Federation, and Argentina ranked

in the top three countries or territories experienced a
significant decrease in ASPR (EAPC¼�0.89, �0.31,
and �0.22, respectively), ASIR (EAPC¼�0.71, �0.25,

Figure 1. The global prevalence burden of GERD in 204 countries and territories. (a) The absolute number of GERD prevalent
cases in 2019. (b) The ASPR (per 100,000 population) of GERD in 2019. (c) The EAPC of ASPR for GERD between 1990 and 2019.
ASPR: age-standardized prevalence rate; EAPC: estimated annual percentage change; GERD: gastroesophageal reflux disease.
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and �0.14, respectively), and ASYR (EAPC¼�0.90,
�0.30, and �0.23, respectively) (Figure 1(c) and
Supplementary Figures 8 and 9). Nevertheless, from
2015 to 2019, Russian Federation, Bangladesh, and
Kuwait ranked in the top three countries or territories
experienced a significant increase in ASPR (EAPC ¼
2.62, 1.32, and 0.10, respectively), ASIR (EAPC ¼ 2.11,
0.88, and 0.09, respectively), and ASYR (EAPC ¼ 2.61,
1.33, and 0.07, respectively) (Supplementary Table 6).

Variation in GERD burden in two sexes and five-
year age groups

Overall, the global number of prevalent cases, incident
cases, and YLDs was higher in females than males in
2019. The ASPR, ASIR, and ASYR were also higher in
females than males (Supplementary Table 2). In 2019,
the number of prevalent cases, incident cases, and
YLDs peaked in the 30–34 years age group in both
sexes (Figure 4). The highest peak of GERD ASPR and
ASIR occurred at age 75–79 years in males and
70–74 years in females in 2019. And the highest ASYR
was observed at age 70–74 years for both sexes. From
1990 to 2019, the number of prevalent cases, incident
cases, and YLDs continued to increase in both sexes
and was higher in females than males in all years. The
ASIR and ASYR both increased in males [EAPC ¼ 0.08
(95% CI 0.04–0.11), EAPC ¼ 0.07 (0.04–0.10), respect-
ively] and in females [EAPC ¼ 0.05 (0.01–0.08), EAPC
¼ 0.07 (0.04–0.10), respectively] (Table 1). However,
the ASPR increased in males [EAPC ¼ 0.06 (0.02–0.09)]
and remained stable in females [EAPC ¼ 0.02 (�0.03 –
0.06)]. Meanwhile, from 2015 to 2019, the EAPCs in
ASPR, ASIR, and ASYR all increased in both males and
females (Supplementary Table 3).

Variation in GERD burden by SDI

In 2019, higher SDI was associated with lower ASPR,
ASIR, and ASYR of GERD, with values that were lower
than the global rate in high, high-middle, and middle
SDI quintiles, and higher than the global rate in the
other two SDI quintiles (Table 1). High SDI quintile
had the lowest ASPR, ASIR, and ASYR in 2019.
Between 1990 and 2019, ASPR, ASIR, and ASYR
decreased in high and high-middle quintiles, and
increased in middle and low-middle SDI quintiles,
whereas in low SDI quintile, ASIR decreased
[EAPC¼�0.01 (95% CI �0.01 – �0.01)], ASPR
remained stable [EAPC ¼ 0.00 (�0.01 – 0.00)], and
ASYR increased [EAPC ¼ 0.01 (0.01–0.02)]. Between
2015 and 2019, ASPR, ASIR, and ASYR decreased inTa
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Figure 2. The ASPR (a), ASIR (b), and ASYR (c) due to GERD by sex, across 21 GBD regions, in 2019.
Error bars indicate the 95% uncertainty interval (UI) for the age-standardized rates. ASIR: age-standardized incidence rate; ASPR:
age-standardized prevalence rate; ASYR: age-standardized YLD rate; GBD: Global Burden of Disease; GERD: gastroesophageal
reflux disease.
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Figure 3. The EAPCs in ASPR (a), ASIR (b), and ASYR (c) due to GERD from 1990 to 2019, both sexes, by GBD region, and by SDI
quintile.
Error bars indicate the 95% confidence interval (CI) for the rates. ASIR: age-standardized incidence rate; ASPR: age-standardized
prevalence rate; ASYR: age-standardized YLD rate; EAPC: estimated annual percentage change; GBD: Global Burden of Disease;
GERD: gastroesophageal reflux disease; SDI: socio-demographic index.
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Figure 4. Age patterns by sex of the total number and age-specific prevalence rate (a), age-specific incidence rate (b), and age-
specific YLD rate (c) due to GERD at the global level in 2019.
Error bars indicate the 95% uncertainty interval (UI) for the number of cases. Shading indicates the 95% UI for the rates. GERD:
gastroesophageal reflux disease.
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low SDI quintile, but they all increased in the other
four SDI quintiles (Supplementary Table 3).

The observed global and regional ASPR, ASIR, and
ASYR in relation to SDI, versus the expected level for
each location on the basis of SDI, are shown in
Figure 5, which are expressed in the annual time ser-
ies from 1990 to 2019. Except for High-income North
America, the ASPR, ASIR, and ASYR in most GBD
regions presented little change with increasing SDI
values. At the global level, the ASPR, ASIR, and ASYR
climbed slightly with increasing SDI values but under
the expected levels during the past 30 years.

Discussion

In this study, we comprehensively analysed the trend
in gastroesophageal reflux disease (GERD) burden in
204 countries and territories for the past two decades,
and compared the trend between the last 20 years
and 5 years. GBD 2019 incorporated more studies, pro-
viding the most updated estimates on GERD epidemi-
ology. Besides, GBD 2019 made adjustments for case
ascertainment and updated data sources to further
improve data reliability. After these adjustments, our
study confirmed that the overall burden continued to

Figure 5. The ASPR (a), ASIR (b), and ASYR due to GERD globally and for 21 GBD regions by SDI from 1990 to 2019.
The expected age-standardized rates in 2019 based solely on SDI were represented by the black line. For each region, points from
left to right depict estimates from each year from 1990 to 2019. ASIR: age-standardized incidence rate; ASPR: age-standardized
prevalence rate; ASYR: age-standardized YLD rate; GBD: Global Burden of Disease; GERD: gastroesophageal reflux disease; SDI:
socio-demographic index.
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worsen with the prevalent cases increasing by 77.53%
from 441.57 million in 1990 to 783.95 million in 2019.
Although the age-standardized prevalence (ASPR) rate
was stabilized globally, it increased in certain countries
and territories. This changing trend could make impli-
cations for researchers and policy-makers to prepare
clinicians and health care systems to prioritize man-
agement strategies.

In GBD 2019, the highest ASPR was observed in
Latin America, the Caribbean, South Asia, North Africa
and the Middle East (>12,000 cases per 100,000 popu-
lation). East Asia and China had the lowest ASPR
below 5%. Estimated average percentage change
(EAPC) was used to evaluate the changing trend.
EAPCs in age-standardized rates were highest in High-
income Asia Pacific and lowest in High-income North
America between 1990 and 2019. However, from 2015
to 2019, the EAPCs were highest in Eastern Europe,
and the EAPC in ASPR was lowest in North Africa and
Middle East, the EAPCs in ASIR and ASYR were lowest
in Western Europe. The increasing disease burden in
these regions could be associated with risk factors,
including obesity, alcohol, and smoking [6].

There are previous studies on GERD burden. At the
global level, GBD 2017 also reported stabilized ASPR
and ASYR, without estimating the trend in ASIR from
1990 to 2017 [7]. Our data reported stabilized ASPR,
and increased ASYR and ASIR from 1990 to 2019.
ASPR, ASIR and ASYR all increased globally between
2015 and 2019. These data demonstrated the increas-
ing trend of GERD burden in recent years. It was likely
related to the obesity epidemic, which increased the
odds up to 3-fold [17], and the decreasing prevalence
of Helicobacter pylori-associated gastritis [4]. Eusebi
et al. [6] reported higher estimates in America and the
Middle East and lower estimates in East Asia. The esti-
mate of East Asia was substantially below 5% in our
study and several other studies. A survey showed the
prevalence in five regions in China ranged from 1.7%
to 5.1%, and Shanghai at 6.4% [18,19]. Another study
reported an increase in Korea [20]. The prevalence in
the US previously reported ranged from 10% to 30%
[21–23], which was generally higher than GBD 2019
reported. The estimates previously reported were
largely based on the population in Olmsted County or
employed polulation [21, 24,25], which was less repre-
sentative of the current US demographics, or potential
responders who have GI symptoms [22]. GBD 2019
has incorporated more studies after and is more gen-
eralized. Besides, the criteria in some previous studies
[21] were relatively generous as heartburn or regurgi-
tation for at least one day per week. The GERD

definition used in our study is from expert recommen-
dation [26] and is consistent with a previous study [6],
at least once per week for 12months, overcoming the
potential overestimation. Overall, our data were largely
in line with previous studies.

Our study showed that advancing age was associ-
ated with an increased risk of GERD, and women had
slightly higher rates of GERD, which was consistent
with a previous study [6]. Eusebi et al. reported an
effect of the geographical region on the association
between GERD and gender, and it is more likely to be
observed in women from South America, Southeast
Asia, and the Middle East. Advancing age was non-
constantly associated with GERD symptoms [4].

There are several limitations and strengths. One of
the limitations is significant heterogeneity between
studies included. There are cultural, ethnic, and geo-
graphic differences in the same region between differ-
ent studies [27]. High-quality studies well-matched in
location and population should be performed in future
rounds. Moreover, the variability in study design and
data collection methods also affects the precision of
the estimates. Prevalence could be higher when the
survey focussed on gastrointestinal symptoms, or
through a postal questionnaire [6, 22]. This is only par-
tially compensated in our analysis model. Furthermore,
diagnostic criteria have a significant impact like men-
tioned before [28]. Our study used criteria consistent
with expert consensus recommendations and a previ-
ous meta-analysis. Our data are largely consistent with
previous studies, suggesting the validation of our
study. Additionally, the association between different
risk factors and GERD should be included in the future.

To our knowledge, this is the most updated esti-
mate on GERD epidemiology globally, including 204
countries some of which were not been assessed
before. EAPC was used to describe the trend over
time. YLDs were used to quantitatively describe the
negative impact of GERD on patients’ life and poten-
tially could be an indicator of disease control. It
included more studies and compensated for the study
heterogeneity. Hence, the data reported should be
more representative of individuals.

GERD remains to have a significant impact on the
economic burden as a result of increasing prevalent
cases globally. ASPR was stabilized globally, and ASIR
and ASYR were slightly increased. Due to the negative
impact of GERD on patients’ life quality [29], the asso-
ciation between GERD and increased risk of oesopha-
geal adenocarcinoma [2, 30] and potential side effects
of PPIs usage in treatment[31], More research on
exploring certain risk factors, pathophysiology, and
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novel therapeutic strategies of GERD should be per-
formed in the future.
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