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Clinical course of gastroesophageal reflux disease and
impact of treatment in symptomatic young patients
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In symptomatic young patients with gastroesophageal reflux symptoms, early identification of progressive gas-
troesophageal reflux disease (GERD) is critical to prevent long-term complications associated with hiatal hernia,
increased esophageal acid and nonacid exposure, release of proinflammatory cytokines, and development of intesti-
nal metaplasia, endoscopically visible Barrett’s esophagus, and dysplasia leading to esophageal adenocarcinoma.
Progression of GERD may occur in asymptomatic patients and in those under continuous acid-suppressive medi-
cation. The long-term side effects of proton-pump inhibitors, chemopreventive agents, and radiofrequency ablation
are contentious. In patients with early-stage disease, when the lower esophageal sphincter function is still preserved
andbefore endoscopically visible Barrett’s esophagus develops, novel laparoscopic procedures, such asmagnetic and
electric sphincter augmentation, may have a greater role than conventional surgical therapy. A multidisciplinary
approach to GERD by a dedicated team of gastroenterologists and surgeons might impact the patients’ lifestyle,
the therapeutic choices, and the course of the disease. Biological markers are needed to precisely assess the risk of
disease progression and to tailor surveillance, ablation, and management.
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Heartburn and regurgitation, the typical symp-
toms of gastroesophageal reflux disease (GERD),
are widespread and affect up to 30% of the gen-
eral population.1 Despite optimal proton-pump
inhibitor (PPI) therapy, these symptoms persist in
up to 40% of patients treated in primary care.2 Con-
versely, laparoscopic fundoplication has proven safe
and effective even in elderly patients with impaired
peristalsis and large paraesophageal hernias,3–5 but
has been largely underused in patients with early-
stage GERD.6 More recent concerns with adverse
effects from long-term use of PPI and increased

awareness of the preneoplastic potential of GERD
and Barrett’s esophagus (BE) have shifted the focus
of research toward factors that might enable the
prediction of the clinical course of the disease
and impact treatment. Only 0.1% of patients less
than 20 years old referred for upper gastrointestinal
endoscopy have histologic evidence of BE.7 Given
the increasing incidence of GERD worldwide by
30% every 10 years8 and the high cumulative risk
of developingmolecular abnormalities andmucosal
intestinalization over time, it is critical to iden-
tify the disease at an early and reversible stage of
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development, that is, in the young patients, before
the appearance of irreversible esophageal epithelial
changes, such as endoscopically visible BE, dyspla-
sia, and esophageal adenocarcinoma (EAC).9

Current definition of GERD

There is currently no consensus onwhether nonero-
sive reflux disease (NERD), erosive reflux disease
(ERD), and BE are three distinct phenotypic expres-
sions of GERD or are part of a continuous dis-
ease spectrum, and this is mainly due to the lack
of robust longitudinal studies. However, GERD
is increasingly being regarded as a chronic pro-
gressive disease rather than a categorical pheno-
type. In fact, some patients are erroneously cate-
gorized as having NERD because of previous or
current treatment with PPI that may have healed
mucosal lesions, and other patients are erroneously
included in the spectrum of GERD in the absence
of accurate pathophysiological data.10 When GERD
is defined by the presence of symptoms only,11 pro-
gression is thought to affect only about one third
of patients in whom PPI medications are inef-
fective. Patients whose symptoms are well con-
trolled with medical therapy are usually consid-
ered risk-free unless the dosage of PPI needs to
be increased over time. Generally, only patients
with refractory symptoms of reflux, regurgitation,
and/or dysphagia are referred for upper gastroin-
testinal endoscopy. Unfortunately, this may be too
late to intervene to prevent the progression of the
disease. Therefore, a broader definition of GERD
has been introduced that takes into account the
presence of endoscopic and histologic modifica-
tions of the esophageal mucosa, ranging from no
visible changes to progressive erosive esophagitis
and, eventually, to BE. It has been shown that non-
Helicobacter pylori (H. pylori)–associated intesti-
nal metaplasia (IM) could be present in the biopsy
of the squamocolumnar junction even in patients
with only slight macroscopic irregularities of the
Z-line.12

Predictors of disease progression in
patients with early-stage GERD

Progressive GERD is defined by increasing symp-
tom burden over time despite maximum PPI ther-
apy, the development or exacerbation of esophagitis,
or the development of columnar metaplasia lead-
ing to IM with goblet cells and eventually to dys-

plasia and EAC. Historically, patients with GERD
were diagnosedwith eitherNERDor ERD. Later on,
progression to esophagitis was shown in a subset of
patients with GERD followed over 10 years13 and
GERD became a spectrum disorder, with NERD
at one end of the spectrum and BE and EAC at
the other end.14,15 Factors that have been associated
with progression of GERD include gender, fam-
ily, and patient history, esophageal pathophysiology
assessed by esophageal manometry and pH mon-
itoring, and histology obtained from endoscopic
biopsy at the Z-line.10–16
Symptoms of GERD are reported more often

in women compared with men even after adjust-
ing for body mass index (BMI), smoking, alcohol
and coffee intake, and physical exercise. Also, the
NERD phenotype is more commonly reported in
women.17 Women have less distal esophageal acid
exposure on ambulatory pH/impedance monitor-
ing, and the prevalence of esophagitis, BE, and inci-
dence of EACare all lower inwomen comparedwith
men.18,19 Postmenopausal women aremore likely to
have severe reflux esophagitis and to present with
BE than younger women.20,21 Furthermore, there
is a 17-year delay in age-specific incidence of EAC
reported in women compared with men.22 Animal
studies show that estrogens might have an anti-
inflammatory effect and decrease both parietal cell
mass and basal gastric acid secretion, which may
explain these findings.23,24 Comorbid conditions,
such as depression and anxiety, which are more
common in women, may contribute to increased
GERD symptom burden, although more data are
needed to elucidate if peripheral/central sensitiza-
tion can occur because of these conditions.19 Famil-
ial aggregation of BE results from environmen-
tal exposure, inheritance, or both25,26 and supports
proper screening and surveillance in young adults at
risk. In the ProGERD study, in which 2,721 patients
were followed for 5 years while on maintenance
PPI therapy, Malfertheiner et al.27 found by multi-
variate analysis that a family history of GERD and
persistent symptoms and/or persistent esophagi-
tis after PPI therapy were significantly associated
with progression to more severe esophagitis (OR
1.44 and 1.53, respectively). Overall rates of GERD
progression in any form were 25%, and regular
rather than episodic PPI use was associated with
a lower risk of progression (OR 0.57). In addition,
the rates of progression to BE were 5.9% for NERD,

118 Ann. N.Y. Acad. Sci. 1481 (2020) 117–126 © 2020 New York Academy of Sciences.



Bonavina et al. Early-stage GERD

12.1% for mild (Los Angeles grade A/B) esophagi-
tis, and 19.7% for severe (grade C/D) esophagitis.
Furthermore, the presence of esophagitis at base-
line strongly correlated with progression to BE. Ten
percent of patients in the ProGERD study pro-
gressed to biopsy-confirmed BE during the 5-year
follow-up period. A longitudinal study from Swe-
den, including 40 patients with GERD confirmed by
24-h pH monitoring and followed up to 21 years,
found that the progression of the disease occur-
ring under PPI therapy was associated with deteri-
oration of the lower esophageal sphincter (LES).28
In another study, patients with “difficult to heal”
esophagitis had more abnormal hiatal anatomy, a
more defective LES, and greater esophageal acid
exposure compared with patients with “healable”
esophagitis. Moreover, patients with BE differed
from the “difficult to heal” esophagitis group only by
the degree of esophageal acid and bile exposure.29

Predictors of disease progression from
uncomplicated GERD to BE

Inmost studies, BE is twice as prevalent inmen than
women. It is also more prevalent in older individ-
uals, and rare in the young (less than 20 years of
age),7 indicating a delay of some years before BE
development. Nevertheless, chronic GERD remains
the main risk factor for BE, and the length of
columnar metaplasia is associated with the amount
and duration of reflux exposure in the distal
esophagus.30 Also, patientswithBEhave greater loss
of esophageal body and LES function and a greater
incidence of hiatal hernia compared to patients with
erosive and nonerosive phenotypes.31 In addition,
the combined exposure of esophageal mucosa to
bile acids and low pH contributes to the cranial
propagation of BE and results in DNA damage and
oxidative stress.32,33 In population studies, a higher
frequency of GERD symptoms is associated with
an increased risk of BE.34,35 Interestingly, patients
with BE report that long-lasting GERD symptoms
improve over time, suggesting decreased esophageal
sensitivity during BE development.
Although patients with a BMI ≥ 30 kg/m2 have

a threefold higher risk of developing EAC, the
association between BMI and the risk of BE has
been shown to be less consistent.36 Central visceral
adiposity identified by increased waist circumfer-
ence or waist-to-hip ratio has been associated with
columnar metaplasia and BE.37 A possible expla-

nation is that central adiposity may increase gas-
troesophageal reflux by increasing intra-abdominal
or intragastric pressure, partial hiatus herniation,
and the transdiaphragmatic pressure gradient.38
In addition, proinflammatory cytokines (leptin,
adiponectin, tumor necrosis factor-α, interleukin-6,
and insulin-like growth factor) expression is altered
in individuals with central obesity.39

Regarding smoking and alcohol consumption,
most population studies have shown a twofold
increased risk of BE in patients with any smoking
history, whereas data supporting an increased risk
due to alcohol consumption remain inconclusive.40
There is a phenotypic variance for GERD from
inheritable single-nucleotide polymorphisms, and
there is a 77% and 88% genetic correlation between
GERD and BE, and between GERD and EAC,
respectively, suggesting a polygenic overlap for
GERD with both BE and EAC.41

Factors associated with reduced risk of BE

H. pylori infection has been shown to reduce the
risk of EAC,42 although a causal association has not
been established. On the other hand, the effect of
H. pylori on the risk of BE has been less consis-
tent, based on a meta-analysis of 12 case–control
studies.43 A Cochrane review pooling data from
two randomized clinical trials demonstrated only an
effect on symptom relief, but not any major protec-
tive effect of PPI therapy on BE progression.44 There
is some evidence that antireflux surgery by fundo-
plication promotes BE regression and prevents dys-
plasia formation,45–47 but two reviews comparing
medical and surgical therapy have failed to show the
protective effect of antireflux surgery.48,49 A recent
meta-analysis found a significant reduction in the
pooled incidence rate ratios of patients surgically
treated after the year 2000. However, as the risk of
EAC persists, ongoing endoscopic surveillance is
still needed after antireflux surgery.50
The potential for cyclooxygenase enzymes

(COX-2) inhibition through nonsteroidal anti-
inflammatory drugs, including aspirin, to prevent
BE progression is supported by cohort and case–
control studies,51,52 but additional outcome data are
needed and the risk/benefit ratio is unclear. The use
of statins has been shown to be significantly associ-
ated with a reduced risk of BE compared with con-
trols. Therefore, future well-designed studies might
prove the role of nonsteroidal anti-inflammatory

119Ann. N.Y. Acad. Sci. 1481 (2020) 117–126 © 2020 New York Academy of Sciences.



Early-stage GERD Bonavina et al.

drugs and statins as chemopreventive agents in
patients with BE.53 High intake of vegetables, fruits,
and red meat may be inversely associated with
the risk of developing BE.54 A population-based
study also suggested that high dietary intake of
magnesium significantly reduces the risk of reflux
esophagitis and BE.55 Finally, a study, including 999
EAC patients, 2,061 BE patients, and 2,168 controls,
found an inverse association with the risk of BE and
EAC for every 10-cm increase in body height.56

Predictors of disease progression from BE
to dysplasia and adenocarcinoma

The epidemiology of EAC has become a major area
of investigation over the past three decades due to
the high lethality of the disease and the exponen-
tial increase in incidence rates. Less precise and con-
sistent data are available for the epidemiology of its
precursor, BE. In fact, the power of population stud-
ies is limited because BE is often minimally symp-
tomatic and largely underdiagnosed, and themajor-
ity of patients have not undergone upper gastroin-
testinal endoscopy before EAC is discovered. This
may be due to reduced access to endoscopy dictated
by lack of public healthcare resources or excessive
reliance in the symptomatic control of GERD.57,58
A screening study of 1,000 unselected residents in
northern Sweden showed that 10.3% of individu-
als had endoscopic findings suggestive of BE, but
IM was histologically confirmed in 1.6% of cases,59
giving a standard prevalence rate of 1–2%. A large
cohort study from the Netherlands found a lin-
ear increase in the incidence of detected BE from
14.3 to 23.1/100,000 person years, and this finding
was independent from the number of upper gas-
trointestinal endoscopies performed. Importantly,
the incidence of EAC increased in the same period
of time.60 Amore recentmeta-analysis of 51 studies,
including patients fromAsia, showed that the histo-
logically proven pooled prevalence of BE was 1.3%,
thus comparable to Western estimates and indicat-
ing a similar potential to develop into EAC.61
The risk of developing EAC increases with age

and is significantly greater in men, with a male-to-
female ratio of 6:1; also, menwith BE are two to four
times more likely to develop EAC compared with
females.62–64 The timeline to diagnosis of BE is also
a risk factor for malignant progression, as patients
with a≥10-year history have a twofold risk of devel-
oping high-grade dysplasia (HGD) and EAC.65 It

has been suggested that an increased waist-to-hip
ratio and waist circumference is a risk factor for
BE progression to EAC.66 No consistent association
has been found with alcohol use, but tobacco use
increases the risk of progression to HGD and EAC
in patients with BE (HR 2.03), and current smokers
have the highest risk.67,68
Long-standing, frequent, and severe GERD

symptoms in patients with BE are associated with
an increased risk of EAC.69 The length of BE is
an additional risk factor for EAC. Annual cancer
progression rates of patients with long- (≥3 cm),
short- (≥1 to < 3 cm), and ultrashort (<1 cm) seg-
ments were 0.22%, 0.03%, and 0.01%, respectively.70
Dysplastic BE has a higher risk of progression to
EAC. The risk estimates vary considerably because
of substantial interobserver and even intraobserver
variations in histologic interpretation, especially
for low-grade dysplasia (LGD).71 The incidence of
HGD or EAC is as high as 13% per patient/year in
patients in whom LGD is diagnosed through the
consensus of expert pathologists in tertiary referral
centers,72 and these data have supported the use
of ablation therapy in patients with “true” LGD.73
Substantially higher progression rates are reported
in patients with HGD, where endoscopic eradica-
tion is warranted.74 Biological markers to identify
patients with BE at increased risk of progression
are neither readily available nor validated in clin-
ical practice. A number of studies and guidelines
suggest the addition of p53 immunohistochemistry
to improve the diagnosis of dysplasia and patient
stratification, since the overexpression or loss of
p53 protein expression could be a predictor of BE
progression.75,76

Is there a point of no return in the natural
history of GERD?

The development of mucosal changes typical of
BE is a stepwise process. The first step is thought
to be initiated by an inflammatory response to
acid exposure of the squamous epithelium cover-
ing the effaced portion of the LES and by progres-
sive replacement with metaplastic cardiac mucosa
that fills the squamo-oxyntic gap.12,77 The next step
consists of development of IM with goblet cells
within the metaplastic cardiac mucosa. Esophageal
exposure to a pH in the range of 3–5 result-
ing from mixing of gastric and duodenal juices,
and saliva at the esophagogastric junction (EGJ)
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mucosal interface appears to initiate the process
of intestinalization. There may be a time lag of
5–7 years after the onset of reflux symptoms for
intestinalized cardiac mucosa to appear in adults.78
IM limited to the cardiac mucosa may still reverse
after antireflux surgery. However, once visible seg-
ments of BE appear, IM is no longer reversible.
At this stage, progressive deterioration of the LES
and esophageal body function causes worsening
of esophageal exposure to gastroduodenal contents
and leads to defective esophageal contractility.79

Patients with established BE represent GERD
on the severe end of the disease spectrum and
often present with large hiatal hernias and acquired
esophageal shortening. Even if heartburn is con-
trolled with PPI, regurgitation commonly occurs
and may require antireflux surgery for relief.
Although the reported results of antireflux surgery
appear satisfactory,80 the operation may be more
challenging and the potential for breakdown of
the repair higher compared with non-BE patients.
Importantly, despite effective symptomatic treat-
ment, the clinical course of BE cannot be altered
at this late disease stage and there is likely a point
of no return on the continuum from metaplasia to
neoplasia in which EAC is inevitable. A random-
ized study comparing medical and surgical ther-
apy did not show regression despite esophageal acid
exposure normalization on 24 h pH monitoring,
but significantly less de novo dysplasia in the surgi-
cal group was observed.81 Actually, disease progres-
sion may occur especially in patients with a failed
fundoplication.82 In a study comparing 55 patients
who developed EAC more than 5 years after antire-
flux surgery and 240matched controls, patientswith
EAC were three times more likely have recurrent
pathologic reflux after surgery.83 Therefore, it may
be logical to assume that a functioning fundoplica-
tion can reduce or at least stabilize the risk of EAC
in some BE patients.

Prevention of progressive GERD by
laparoscopic fundoplication or lower
esophageal sphincter augmentation

Clinical signs of progressive disease include bipo-
sitional reflux on 24-h esophageal pH monitoring,
an abnormal esophageal acid exposure on both
days of a 48-h BRAVOR© study, a defective LES
on esophageal manometry, and/or persistent
esophagitis despite medical therapy. More recently,

the presence of IM at the EGJ has been recognized
as a marker of progressive disease.84,85 Medical
therapy is unable to prevent the development of
BE or induce the regression of IM, the precursor
of visible BE. Also, current endoscopic therapies
cannot reduce and correct a hiatal hernia, and their
effects on histopathology, including prevention of
EAC, are unknown.
On the contrary, there is evidence, although

limited, that laparoscopic antireflux surgery can
prevent IM before endoscopically visible BE devel-
ops, reduce new BE, and reduce new and existing
dysplasia (especially LGD).45,46,81,86–89 Antireflux
surgery is effective largely because of the control of
both esophageal acid and bile exposure. However,
it is important to note that fundoplication is not
more effective than PPI on incident EAC. Despite
the evidence, less than 1% of patients with persis-
tent GERD symptoms refractory to PPI or with
objective evidence of GERD progression are offered
surgical therapy.6 This has been attributed to vari-
ability of outcomes depending on surgical expertise
or surgical technique. A randomized trial of PPI
versus laparoscopic antireflux surgery in a highly
selected group of patients with refractory heart-
burn showed that treatment success with surgery
was significantly superior to medical therapy.90 A
recent nationwide population–based cohort study
on 2,655 patients who underwent primary laparo-
scopic antireflux surgery and were followed for a
median of 5.6 years found a 17.7% incidence of
recurrent reflux requiring medical therapy or rein-
tervention. A lower recurrence rate was observed
in a subgroup of men without comorbidities and
aged 45 years or younger.91 The best outcomes are
generally obtained in high-volume centers, where
a multidisciplinary approach can be offered along
with surgical expertise. Patient selection is critical,
and patients with suspected functional heartburn
and/or extraesophageal symptoms should be care-
fully tested before considering surgical therapy.92–94
The unpleasant, yet uncommon, side effects of the
fundoplication (e.g., bloating) may account for low
satisfaction rates and delayed patient referral.95

Laparoscopic implant of either magnetic or
electrical LES augmentation has been proposed
for patients with early-stage GERD to provide a
less invasive surgical option and reduce the side
effects of conventional fundoplication.96,97 Mag-
netic sphincter augmentation (LINXR©) has proven
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safe and effective in controlling reflux symptoms,
reducing PPI use, and decreasing esophageal acid
exposure in several clinical studies.98,99 In a ran-
domized study, the therapeutic response rate for
refractory regurgitation at 1 year was 96% after the
LINX procedure and 19% with double-dose PPI
therapy.100 The LINXprocedure is less invasive than
fundoplication because it involves very little dis-
section, as the short gastric vessels are not divided
and the gastric fundus remains untouched. Stan-
dardization through precise measurement of the
esophageal circumference and implant of a prop-
erly sized device are among the advantages of LINX.
Reversion to normal anatomy and conversion to
standard fundoplication are also safe and feasi-
ble laparoscopically.101,102 The combination of the
LINX procedure with hiatal repair has been proven
to be very effective. At 1-year follow-up, recurrent
GERD symptoms and hiatal hernia were less fre-
quent after complete hiatal dissection compared
with minimal dissection without cruroplasty.103 In
another study of 259 patients,104 a formal crural
repair was also most likely to achieve normalization
of postoperative DeMeester scores, confirming that
hiatal closure clearly contributes to the manomet-
ric high-pressure zone and that competence of the
antireflux barrier is explained by the “two-sphincter
hypothesis.”105,106 In patients with uncomplicated
GERD, the LINX procedure results in equivalent
symptom control and improved quality of life with
less side effects compared with the Nissen fundo-
plication. Interestingly, reversion of IM to cardiac
mucosa has been documented in 72% of patients
with BE at a median of 1.2 years after LINX. In
patients with ultrashort-, short-, and long-segment
BE, the regression rates were 85.7%, 73.3%, and
25%, respectively, and no progression to dyspla-
sia or EAC occurred.107 In a recent study, includ-
ing 553 patients from a single center, independent
predictors of a favorable outcome after the LINX
procedure were age <45 years, male sex, GERD-
HRQL total score>15, and an abnormal DeMeester
score.108

Prevention of EAC and histologic
stabilization by endoscopic ablation with
or without antireflux surgery

Theoretically, if all metaplastic cells could be com-
pletely eradicated, the risk of progression of BE will
be a rare occurrence or maybe even nonexistent.

The eradication strategy should be a multimodal
therapeutic approach that includes endoscopic
ablation and antireflux surgery, and if successfully
implemented, it may avoid the need for continuous
surveillance that has been shown to have little effect
in preventing EAC.109,110 However, in practice, the
outcome is not as ideal as one might expect it to be,
and challenges include the quality of the endoscopic
eradication strategy.111 Although level I evidence
already exists for radiofrequency ablation (RFA) in
both LGD and HGD,112 no convincing long-term
data exist in support of RFA for nondysplastic
BE. The American College of Gastroenterology
Clinical Guidelines recommend ablative therapy
for nonnodular dysplastic BE and T1a EAC, fol-
lowed by endoscopic surveillance. According to
these guidelines, neither fundoplication nor PPI is
currently indicated after ablation therapy to prevent
new EAC.113
Remission of dysplasia without achieving com-

plete eradication of IM is associated with a signif-
icantly higher risk of recurrence.114 Thus, endo-
scopic ablation followed by fundoplication can be
an attractive option. While stricture is a potential
complication of this combined therapy, reported
rates were relatively low at approximately 10%.
However, there is very limited evidence to indicate
that the combined approach of ablation and fundo-
plication is effective. Limited evidence also indicates
that the complete remission rate for IM and dys-
plasia is higher with combined therapy.115–117 Fur-
ther larger randomized trials are needed before any
firm recommendation may be made for the com-
bined approach. At the moment, there are no data
for endoscopy ablation in combination with mag-
netic or electrical LES augmentation, but this option
may be considered if BE is short and without hiatal
hernia in a young patient.

Conclusion

Progressive GERD can lead to the severe compli-
cations of erosive esophagitis, dysplastic BE, and
EAC. Better understanding of GERD in recent
years has led to a paradigm shift from a largely
symptom-based disorder to a spectrum and pro-
gressive disorder. Management of GERD could
be improved and its complications decreased by
changing the current paradigm that does not allow
the identification of early-stage disease before IM
develops at the squamocolumnar junction. Modern

122 Ann. N.Y. Acad. Sci. 1481 (2020) 117–126 © 2020 New York Academy of Sciences.



Bonavina et al. Early-stage GERD

laparoscopic surgical therapy without or with
endoscopic ablation has the potential to modify
the clinical course of early-stage GERD in young
patients and is an appealing option to improve
the quality of life for individuals who otherwise
would likely require decades of pharmacological
therapy, with a significant burden on healthcare
resources. However, more robust randomized trials
and outcome data are needed before firm clinical
recommendations can be made.
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