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Abstract

Background: Gastroesophageal reflux disease (GERD) is
strongly associated with excess body weight. Summary:
GERD is characterized by typical symptoms with or without
mucosal damage because of retrograde flow of gastric con-
tent into the esophagus. An ineffective esophagogastric
junction (EGJ) combined with anatomical abnormalities is
considered to be causative. The incidence of GERD is strong-
ly associated with excess body weight, reflecting the patho-
physiological relevance of the abdominothoracic pressure
gradient. Key Message: Weight loss has been demonstrated
to be an effective therapy for GERD combined with obesity.
In cases in which surgical therapy is indicated, traditional an-
tireflux surgery has led to equivocal results, advocating a
proximal Roux-en-Y gastric bypass in these patients to cor-
rect both GERD and excess body weight.
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Introduction

Based on the Montreal classification, gastroesophageal
reflux disease (GERD) is defined as a disease with symp-
toms and/or complications due to reflux of gastric con-
tent into the esophagus or beyond [1]. Cardinal symp-
toms of GERD include heartburn and regurgitation,
though atypical symptoms like dysphagia, belching, epi-
gastric pain, nausea, bloating, and extraesophageal symp-

toms (e.g., cough, hoarseness, throat clearing, and sleep
disturbances) may also occur [2]. The phenotypic presen-
tation of GERD includes erosive esophagitis (EE), non-
erosive reflux disease, and Barrett esophagus (BE) and
tends to remain stable for the rest of the patients’ life,
while the frequency or severity of symptoms does not
predict a specific phenotypic presentation of GERD [3, 4].

GERD is very common and affects up to one third of
the general population and up to 70% of patients with se-
vere obesity [5-7], highlighting its enormous medical and
socioeconomic consequences [8]. The pathophysiology
of GERD associated with or without severe obesity is
characterized by functional and anatomical changes of
the gastroesophageal junction (GEJ). Empiric treatment
with a proton pump inhibitor (PPI) is usually the first
therapy step in patients with typical symptoms. In pa-
tients with atypical symptoms, a lack of improvement fol-
lowing pharmacological treatment, or a reduced quality
of life due to GERD-associated problems, extensive diag-
nostics are warranted [2], including an upper endoscopy,
high-resolution manometry, and a catheter-based 24 h
pH test with impedance measurement.

The increasing awareness of reflux problems in pa-
tients with excess body weight has led to an intensive dis-
cussion about the best therapy. Surgery, especially Roux-
en-Y gastric bypass (RYGB) surgery, is gaining impor-
tance, in particular due to the increasing number of
studies reporting the adverse effects of PPI therapy as well
as the marked decline in the utilization of surgical fundo-
plication in patients with obesity.

The following review focuses on GERD in patients
with excess body weight, with a special focus on the par-
ticularities of pathophysiology and treatment.
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Pathophysiology of GERD Associated with Excess
Body Weight

GERD is usually triggered by one of the following 4
mechanisms:

o Transient lower esophageal sphincter relaxations

(tLESR)

o Decreased lower esophageal sphincter (LES) pressure
 Swallow-associated LES relaxation
o Straining during periods of low LES pressure.

The LES is an area of high pressure at the distal esoph-
agus. The sphincter consists of circular and longitudinal
layers of muscles. On the right side, the circular muscle
layer is incomplete and forms semicircular muscle loops,
also known as clasp fibers. On the left side, the incomplete
muscle layers there pull into the gastric muscle loops and
form an oblique, esophagogastric sphincter apparatus [9].

In patients without a hiatal hernia, tLESR are consid-
ered the most important mechanism of reflux during pe-
riods of normal LES pressure. Transient LESR occur in-
dependently of deglutition, induce inhibition of the dia-
phragmatic crural clamp, and persist for longer than
normal relaxations in the context of normal swallowing
[10]. Distention of the proximal stomach has been sug-
gested to be the most important stimulus for tLESR. The
dorsal motor nuclei of the vagal nerve lead to activation
of inhibitory neurons in the distal esophagus by stimula-
tion of vagal afferents in the distended stomach with sub-
sequent activation of the brainstem. A complex interac-
tion of inhibitory reflex responses, longitudinal muscle
contraction, crural diaphragmatic inhibition, and con-
traction of the costal diaphragm finally leads to a tLESR
reflex [10, 11].

In patients with a hiatal hernia, GERD is associated
with a low LES pressure, swallow-associated relaxation of
the LES, and possible straining during periods of low LES
pressure, highlighting the pathophysiological relevance
of an increased abdominothoracic pressure gradient for
GERD development. Strain-induced reflux occurs via an
acute or chronic increase in intra-abdominal pressure
(IAP), leading to opening of a hypotensive LES. A pres-
sure >10 mm Hg in the LES is supposed to safely prevent
a retrograde reflux of gastric content to the esophagus.
Values <5 mm Hg during the end expiratory phase are
considered abnormal [12]. Thus, the integrity of the
esophagogastric junction (EGJ) as an important antire-
flux barrier depends on the intactness of both the intrinsic
LES and the diaphragmatic hiatus.

In patients with excess body weight, the integrity of the
EG] is threatened in particular due to the anatomical de-
rangement of the EGJ by the presence of a hiatal hernia
with a subsequent reduction of LES pressure. The preva-
lence of a hiatus hernia is much higher in subjects with
excess body weight than in those with a normal body
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weight. Suter et al. [13] investigated 345 patients sched-
uled for bariatric surgery (BS) and found a hiatal hernia
in more than 50% of patients endoscopically. These data
were recently confirmed by a group from Taiwan, which
reported a hiatal hernia in 33% of patients with morbid
obesity, using high-resolution impedance manometry,
while the hiatal hernia prevalence was 0% in a normal-
weight control group. Of note, all patients with hiatal her-
nia also showed an EE during endoscopy. As BMI and
waist circumference were correlated to the vertical sepa-
ration of the high-pressure zone of the LES and the crural
diaphragm, the authors hypothesized a crucial role of
pressure stress due to an increased intragastric volume
[14].

Besides being associated with a higher prevalence of
hiatal hernias and subsequent functional impairment of
the EGJ, obesity has also been shown to be associated with
a higher IAP combined with an increased abdominotho-
racic pressure gradient. In fact, measurements revealed
IAP levels of up to 12 cm H,0 or 9 mm Hg in patients
with morbid obesity [15, 16], possibly leading to reflux of
gastric content into the esophagus especially if a hiatal
hernia with a concomitant reduced LES pressure is pres-
ent.

The waist-hip-ratio represents an anthropometric pa-
rameter for the extent of visceral adipose tissue. Higher
levels are associated with the presence of several meta-
bolic comorbidities associated with morbid obesity, such
as type 2 diabetes mellitus or cardiovascular disease [17].
Unsurprisingly, higher waist-hip-ratios are also associ-
ated with an increased IAP and subsequently with in-
creased esophageal acid exposure and impaired esopha-
geal acid clearance [18]. This observation is in accordance
with reports demonstrating that women with obesity who
are known to have less visceral adipose tissue, secrete less
gastric acid, and tend to have less esophageal reflux than
male subjects with obesity [19]. Moreover, visceral fat has
been found to secrete adipocytokines like interleukin-6
and tumor necrosis factor-a which, among others, are
thought to be involved in GERD pathogenesis and subse-
quent carcinogenesis.

Taken together, all of the above-mentioned factors
and mechanisms clearly indicate that excess body weight
is not only associated with GERD but may even be the
main cause of its development in subjects with morbid
obesity.

Treatment of GERD in Patients with Excess Body
Weight

Conservative Treatment Options
Though not specific to individuals with obesity, means
such as elevation of the head of the bed and specific deep-
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breathing exercises with a change from thoracic to ab-
dominal breathing are generally recommended in pa-
tients with GERD [20]. In patients with excess body
weight, lifestyle management with a special focus on
weight loss can also lead to reduction of GERD symp-
toms, while dietary advice should emphasize the reduc-
tion of dietary high saturated fat, cholesterol, and fat serv-
ings [21, 22].

Besides lifestyle modifications, a variety of medica-
tions can be used in the treatment of GERD. Antacids, H,
receptor antagonists, and PPI are the cornerstones of
pharmacological GERD treatment. However, data on the
efficacy of PPI in patients with obesity and GERD are
equivocal, especially regarding the dosage of PPI [23].
Several studies have reported that doubling the dosage of
PPI in obese or overweight patients may provide better
GERD-specific symptom control compared to the stan-
dard dosage [23, 24].

Emerging research suggests that long-term PPI thera-
py may be associated with adverse events or complica-
tions such as acute kidney injury, chronic kidney disease,
Clostridium difficile-induced diarrhea, infection, and os-
teoporosis. However, it must also be said that the actual
risk of drug-associated side effects is relatively moderate.
Most studies reporting side effects are population based,
and it is unclear whether any of these reports will be con-
firmed in a prospective trial [2].

Nevertheless, the US Food and Drug Administration
(FDA) has issued several safety announcements urging
health care professionals to perform reasonable risk-ben-
efit considerations when prescribing PPI [25].

Surgical Treatment Options

Fundoplication

Laparoscopic antireflux surgery is an established ther-
apy alternative to lifelong pharmacological acid suppres-
sion in patients with GERD. Varieties of fundoplication
procedures for reinforcement of a dysfunctional LES have
been described. The 2 most common procedures, i.e.,
Nissen fundoplication and Toupet fundoplication, have
been shown to be effective and safe [26, 27]. The efficacy
of these procedures in patients with obesity, however, is
a matter of debate.

Many studies focusing on the outcome of different
fundoplication techniques in patients with obesity and
GERD have shown not only satisfactory reflux control
but also similar results in patient satisfaction and the fre-
quency of adverse events compared to nonobese patients
with GERD - at least in the short term [28, 29]. However,
the safety and efficacy of laparoscopic antireflux surgery
in obese patients is controversial as other studies indicate
that obesity may represent a risk factor for GERD recur-
rence, dissatisfaction, or persistent severe symptoms after
laparoscopic antireflux surgery [30, 31].

Obesity and GERD

A recently performed systematic review and meta-
analysis compared the outcomes after laparoscopic anti-
reflux surgery in patients with and without obesity [32].
Based on the available evidence, the authors concluded
that laparoscopic antireflux surgery can be safely per-
formed in patients with obesity with similar postopera-
tive complication rates compared to patients with a nor-
mal body weight. However, there was also a higher risk of
recurrence of reflux symptoms following fundoplication
in patients with excess body weight.

This is in accordance with previous studies reporting
reflux recurrence rates of up to 30% in mid- and long-
term follow-up in patients with obesity who underwent
antireflux surgery [30, 33]. A small series including pa-
tients with morbid obesity who underwent revisional an-
tireflux surgery due to failed fundoplication showed that
failure was most often related to wrap disruption [34],
suggesting a causative role of persisting obesity with con-
comitant increased IAP by stretching of the wrap.

Roux-en-Y Gastric Bypass

Given the conflicting results of traditional antireflux
surgery in patients with excess body weight, BS has re-
ceived increased attention as a treatment option for
GERD in patients with morbid obesity. BS not only leads
to significant weight loss but also reduces the abdomino-
thoracic pressure gradient, a major pathophysiologic ele-
ment of GERD. Already 30 years ago, the RYGB had been
shown to be a highly effective surgical therapy in severely
obese GERD patients, with 97% of patients being asymp-
tomatic postoperatively [35]. These excellent results were
confirmed in several studies demonstrating relief of sub-
jective esophageal and extraesophageal symptoms in
more than 90% of obese patients after RYGB. Postopera-
tive absence of symptoms also led to a significant reduc-
tion or termination of the necessary PPI medication in
these patients [36, 37].

In addition to a subjective relief of GERD symptoms,
it has been shown that RYGB surgery also leads to an ob-
jective improvement of symptoms such as reduced patho-
logic acid levels in the esophagus. For example, Madalos-
so et al. [38] demonstrated that the total esophageal acid
exposure was reduced in patients with obesity and GERD
from 5.1 to 1.1% after RYGB. Other studies showed an
even more pronounced reduction in the pre- to postop-
erative change in acid exposure [39].

However, the sensation of acid exposure within the
esophagus varies significantly between patients. A sub-
group of GERD patients, for example, is credibly report-
ed to suffer from typical esophageal symptoms which
cannot be objectified by a pH-metry or other standard
reflux metrics. On the other hand, there are patients who
are completely unaware of symptoms related to acid ex-
posure in the esophagus, with pathological changes of
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the gastroesophageal junction remaining unnoticed. The
incidence of BE in patients with obesity ranges from 1.3
to 3.8%, which is at least twice the prevalence of BE re-
ported in the general population [40]. It is important to
realize that almost 50% of these patients do not have
symptoms. A recently published systematic review
showed that RYGB is associated with postoperative re-
gression of BE and dysplasia in 36-62% of patients with
preoperative confirmed BE [41]. The fact that gastric by-
pass is highly effective in improving both subjective and
objective problems of reflux disease demonstrates its
special role in the therapy of GERD in severely over-
weight patients.

RYGB is beneficial for patients with excess body weight
and GERD due to a variety of mechanisms. First, RYGB
leads to significant weight loss which results in a de-
creased IAP and a lower thoracic-abdominal pressure
gradient. Second, the creation of a small gastric pouch
diverts the majority of the acidic gastric content distally
and thereby decreases the esophageal acid exposure. Gas-
tric emptying in the pouch is accelerated compared to an
intact stomach, further contributing to the decrease in
esophageal acid exposure. Finally, bile reflux is prevented
by the post-RYGB gastrointestinal anatomy [42].

If a hiatal hernia is also present, it should be treated by
means of a hiatoplasty during gastric bypass surgery. In a
recent study, the simultaneous treatment of a hiatal her-
nia was not associated with an increased complication
rate following gastric bypass surgery [43]. Furthermore,
reconstruction of the EGJ might be important for a suf-
ficient pouch anatomy.

Against this background, it is not surprising that the
Society of American Gastrointestinal and Endoscopic
Surgeons (SAGES) recommends RYGB as the gold-stan-
dard surgical treatment in a population with GERD and
excess body weight (BMI > 35) [42]. The German guide-
lines from 2014 did not yet consider RYGB for surgical
treatment of this patient population [44]. However, this
may be corrected in the updated revision, which is ex-
pected to be published soon.

In this context, it must be emphasized again that all
patients after gastric bypass surgery, be it due to primary
obesity or due to GERD associated with excess body
weight, need close, lifelong, and interdisciplinary follow-
up care in order to deal with any problems after bypass

surgery.

Sleeve Gastrectomy

Whereas the majority of data on reflux outcomes fol-
lowing RYGB is promising and positive, the data regard-
ing GERD in patients following laparoscopic sleeve gas-
trectomy (LSG) tend to be unfavorable. LSG has gained
popularity in the treatment of obesity due to its efficacy
and safety profile without strongly affecting the anatomy
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and function of the foregut. With more than 55% of all
primary bariatric surgical procedures worldwide, LSG
continues to enjoy great popularity [45]. With regard to
GERD following LSG, published data suggest no im-
provement in symptoms or even development of de novo
GERD postoperatively [46]. The mechanisms supporting
the hypothesis of LSG inducing gastroesophageal reflux
include an increase in intragastric pressure due to elimi-
nation of the distensible fundus and alterations in the an-
gle of His with disruption of the gastric sling fibers lead-
ing to a decrease in the basal pressure of the LES [47, 48].
Remarkably, objective physiologic studies have demon-
strated a postoperative worsening of GERD following
LSG with an increase in both acid exposure to the distal
esophagus and number of non-acid reflux episodes post-
prandial [49]. A recently published systematic review and
meta-analysis appraising the prevalence of GERD, esoph-
agitis, and BE after LSG demonstrated de novo reflux in
23%, esophagitis in 30%, and BE in 8% of patients post-
operatively [50]. Considering all of these data, LSG is not
recommended for the treatment of GERD in patients
with excess body weight and obviously seems to be an in-
ferior option in this population [42].

Conclusion

The pathophysiology of GERD is different in lean and
obese individuals. Excess body weight with a concomitant
high incidence of hiatal hernia leads to derangement of
the EGJ by weakening of both the diaphragmatic hiatus
and the LES. The obesity-related increase in IAP with de-
terioration of the thoracic-abdominal pressure gradient
further aggravates the reflux of gastric content into the
esophagus with increased exposure of acid.

Weight loss is the most important therapeutic ap-
proach for the treatment of reflux disease in patients with
excess body weight. Since conservative therapeutic ap-
proaches for the treatment of excess body weight often do
not lead to a persistent reduction in weight, BS is of par-
ticular importance in obesity-associated GERD. This is
even more true because traditional antireflux surgery has
produced equivocal results in patients with obesity. The
RYGB is considered the gold standard in the surgical
treatment of GERD in obese patients, especially since
sleeve gastrectomy, often worsens a preexisting GERD or
leads to de novo GERD in a significant number of pa-
tients.
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