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Abstract Gastroesophageal reflux disease (GERD) is
highly prevalent in morbidly obese patients, and a high
body mass index (BMI) is a risk factor for the development
of GERD. However, the mechanism by which the BMI
affects esophageal acid exposure is not completely under-
stood. Although many advances have been made in the
understanding of the pathophysiology of GERD, many
aspects of the pathophysiology of this disease in morbidly
obese patients remain unclear. The following review
describes the current evidence linking esophageal reflux to
obesity, covering the pathophysiology of the disease and
the implications for treatment of GERD in the obese
patient.

Introduction

The prevalence of obesity has reached epidemic propor-
tions. In the United States, 32% of the adult population is
obese [1]. Similarly, the prevalence of gastroesophageal
reflux disease (GERD) has increased up to 20% in the
Western world [2]. In addition, some studies have shown
that GERD is highly prevalent in morbidly obese patients
and that a high body mass index (BMI) is a risk factor for
the development of GERD [2—4]. The mechanism by which
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BMI affects esophageal acid exposure is not completely
understood. It has been suggested that increased intragas-
tric pressure [5], increased transdiaphragmatic gastro-
esophageal pressure gradient [6], incompetence of the
lower esophageal sphincter (LES) [7], and increased fre-
quency of transient LES relaxations [8] may all play a role
in the pathophysiology of the disease in morbidly obese
patients. To support the hypothesis that obesity increases
esophageal acid exposure is the documented relation
between increased BMI and the prevalence of GERD and
its complications [9-11].

Although many advances have been made in our
understanding of the pathophysiology of GERD, many
aspects of the pathophysiology of this disease in morbidly
obese patients remain unclear. It has been suggested that
the pathophysiology of GERD in morbidly obese patients
might differ from that of nonobese patients [12]. The
therapeutic implication is that correction of reflux in
morbidly obese patients might need a different approach.

Prevalence of obesity and GERD

The prevalence of obesity has reached epidemic propor-
tions in the United States. The analysis of height and
weight measurements from 3958 children and adolescents
aged 2 to 19 years and 4431 adults aged 20 years or older
obtained during 2003-2004 as part of the National Health
and Nutrition Examination Survey (NHANES) showed that
17% of children and adolescents were overweight, and
32% of adults were obese [1]. This study also showed a
worrisome increased trend among children, adolescents,
and men. The prevalence of overweight female children
and adolescents increased from 14% in 1999-2000 to 16%
in 2003-2004; the prevalence of overweight in male
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children and adolescents increased from 14% to 18%.
Among men, the prevalence of obesity increased from 27%
in 1999-2000 to 31% in 2003-2004. Among women, no
significant increase in obesity was observed between 1999—
2000 (33%) and 2003-2004 (33%) [1].

Similarly, the prevalence of GERD has paralleled the
increasing prevalence of obesity. A systematic review of 15
epidemiologic studies showed that the prevalence of
GERD in the Western world is 20% [2]. In addition, this
and other studies found that obesity was a potential risk
factor for the development of GERD [3, 4]. For example,
increasing prevalence of GERD was associated with higher
BMI in two large population cross-sectional studies: the
Olmsted County study in the United States and the Bristol
Helicobacter Project in Europe [3, 4].

The Olmsted County study was a cross-sectional study
conducted in an age- and sex-stratified random sample of the
population of Olmsted County, Minnesota. Residents aged
25 to 74 years were mailed a questionnaire that measured
reflux symptoms and assessed potential risk factors. Logistic
regression analysis showed that a BMI > 30 kg/m” was
associated with frequent (at least weekly) reflux symptoms
[odds ratio (OR) 2.8; confidence interval (CI) 1.7-4.5] [3].

The Bristol Helicobacter Project was a randomized
controlled trial of eradication of Helicobacter pylori
infection in southwest England [13]. From this study, a
cross-sectional population-based study was designed to
examine the relation between BMI and GERD in a large
sample representative of the population of England (10,537
subjects, aged 20-59 years). The study concluded that
obesity (BMI >30 kg/m?) significantly increased the like-
lihood of suffering from GERD and that obese people were
almost three times as likely to suffer from GERD as those
with normal weight (BMI < 30 kg/mz) [4].

Relation between GERD and obesity

The simultaneous and parallel increase in the prevalence of
obesity and GERD over the past decades has led to the
hypothesis that obesity may contribute to GERD. To support
this hypothesis is the documentation of a dose-response
relation between increasing BMI and prevalence of GERD
and its complications, such as esophagitis and Barrett’s
esophagus [4, 9-11]. For example, a BMI > 25 kg/m” was
found to be associated with a 2.5-fold increased risk of
Barrett’s esophagus in a retrospective cross-sectional study
in male veterans [10]. However, these observations were not
adjusted for other confounding factors, such as the type of
diet consumed. It can be argued that consumption of a diet
rich in fat, rather than being overweight encourages the
development of GERD. However, a cross-sectional study
performed on a random sample of Veterans Administration

(VA) employees showed that the observed, strong, dose
relation between BMI and GERD (twofold increase in the
association between obesity and GERD and two- to four-
fold increase in the association between obesity and erosive
esophagitis) remained unchanged after adjusting for the type
of dietary intake [9].

Two recent studies confirmed that obesity is also a risk
factor for esophageal adenocarcinoma. One study investi-
gated the association between BMI and prevalence of
esophageal cancer in about 500,000 people in the United
States and found that a BMI > 35 kg/m2 was associated
with an increased risk of esophageal cancer [hazard ratio
(HR) 2.27, 95% CI 1.44-3.59] and that increased adiposity
was associated with higher risk of esophageal cancer even
within the normal weight range [14]. Another study from
Europe investigated the prevalence of central adiposity,
metabolic syndrome, and a proinflammatory state in
patients with Barrett’s esophagus and found that the pro-
inflammatory impact of adipocytokines associated with the
metabolic syndrome of central adiposity may play an
important role in the pathogenesis of esophageal cancer
[15]. The authors found that 46% of Barretts’ patients had
metabolic syndrome and 78% were centrally obese. In
addition, 60% of patients with long-segment Barrett’s
esophagus had metabolic syndrome, and 92% were cen-
trally obese compared with 24% and 62% of patients,
respectively, with short-segment Barrett’s esophagus.
Moreover, patients with long-segment Barrett’s esophagus
had increased levels of interleukin-6 compared with
patients with short-segment Barrett’s esophagus.

The implications of the results of these studies are
important as these findings emphasize the importance of the
preoperative endoscopic evaluation in patients with GERD
and postoperative surveillance in patients with Barrett’s
esophagus. Melstrom et al., in their retrospective review,
identified three patients (of 2875, or 0.1%) who developed
esophageal cancer: two after Roux-en-Y gastric bypass and
one after vertical banded gastroplasty [16]. All three
patients had complaints of reflux, and two were treated with
esophagectomy. The third patient presented with invasive
carcinoma and died 2 years after diagnosis. Similarly, Allen
et al. [17] observed that three patients developed esophageal
cancer: two patients after Roux-en-Y gastric bypass and one
after vertical banded gastroplasty. The intervals between the
weight-loss operations and cancer diagnoses were 21, 16,
and 14 years, respectively. All three patients had had
symptoms of reflux for many years before dysphagia
developed and cancer was diagnosed.

Obesity is therefore an independent risk factor for
GERD and its complications. It seems that the risk of
developing GERD and its complications increases with
increasing weight. However, the mechanism by which
obesity increases the risk of GERD is unknown.
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How does obesity increase the risk of GERD?

Many aspects of the pathophysiology of GERD in morbidly
obese patients remain unclear. In particular, the mechanism
by which the increase in BMI increases the risk of GERD is
not completely understood. Increased intraabdominal
pressure may play a role in the pathogenesis of GERD, as
may other co-morbidities. The effects of increased intra-
abdominal pressure in obesity are well known: increased
pleural pressure, cardiac filling pressures, femoral venous
pressure, renal venous pressure, systemic blood pressure,
vascular resistance, renin and aldosterone levels, and
intracranial pressure. Therefore, the co-morbidities caused
by increased intraabdominal pressure in obese patients
include congestive heart failure, hypoventilation, venous
stasis ulcers, urinary stress incontinence, incisional hernia,
pseudotumor cerebri, proteinuria, systemic hypertension,
and GERD [18]. Specifically, it has been shown that the
increase in BMI increases esophageal acid exposure [19].
To explain this finding, it has been suggested that obese
patients may experience increased intraabdominal pressure
that results in extrinsic gastric compression by visceral fat
with a subsequent increase in intragastric pressure [5],
increased gastroesophageal pressure gradient [6], and
increased risk for developing a hiatal hernia [6], a known
risk factor for GERD [20]. Altogether, these factors would
promote retrograde flow of gastric contents into the
esophagus. Other factors that play a role in the pathophys-
iology of GERD in nonobese patients, such as incompe-
tence of the LES [7] and increased frequency of transient
LES relaxations [8], are also thought to play a role in the
pathophysiology of the disease in morbidly obese patients.

We have suggested that the pathophysiology of GERD
in morbidly obese patients might differ from that of non-
obese patients [12]. Nonobese patients with GERD have a
mechanically defective LES [21], and about 45% to 60%
have abnormal peristalsis [22, 23]. The more abnormal the
esophageal peristalsis (lower amplitude of contractions and
higher number of nonpropagating waves) the worse is the
reflux [22]. In contrast to these observations, we found that
morbidly obese patients with GERD had higher LES
pressure and higher amplitude of contractions than non-
obese patients [12]. In addition, only 10% of morbidly
obese patients had hypotensive peristalsis. However, the
DeMeester score was similar in the two groups. The finding
of a low prevalence (14-21%) of a mechanically defective
LES and abnormal peristalsis among obese patients has
also been documented by others [24-26]. The meaning of
these findings is unclear, but it might reflect a physiologic
compensatory response to other factors present in morbidly
obese patients, such as increased intragastric pressure [6].
Our linear regression model showed that the BMI, LES
pressure, LES abdominal length, and distal esophageal
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amplitude (DEA) were independently associated with the
DeMeester score. After adjustments for these variables, as
well as for age and sex, the BMI remained independently
associated with the DeMeester score. For each five-point
increase in BMI, the DeMeester score was expected to
increase by three units [12]. This model helped us explain
finding similar DeMeester scores for obese and nonobese
patients. The stronger LES and the more vigorous peri-
stalsis among the morbidly obese patients may represent a
compensatory mechanism that counteracts the effect of
weight on the gastroesophageal junction, thereby limiting
the amount of reflux.

Implications for treatment of morbidly obese patients
with GERD

The common causes of reflux in nonobese patients
(hypotensive LES and abnormal esophageal peristalsis)
occur less frequently in the morbidly obese population.
These findings should be taken into account when planning
surgical therapy for reflux in morbidly obese patients
because surgical correction of reflux in these patients might
not be best achieved with an antireflux procedure. The
effect of a fundoplication is due to its action at the level of
the gastroesophageal junction. In morbidly obese patients,
the increased weight imposes a stress on the gastroesoph-
ageal junction and promotes retrograde flow of gastric
contents into the esophagus.

Although some have reported good results of laparo-
scopic Nissen fundoplication independent from the patient’s
weight [27-30], others have shown a high recurrence rate of
reflux in the obese patients [31, 32]. For instance, Perez and
colleagues studied the recurrence rate of reflux among 224
patients who underwent either a transthoracic Belsey Mark
IV or a transabdominal Nissen fundoplication [31]. Patients
were divided into three groups based on their BMI (<25,
25.0-29.9, and >30 kg/m?). They found a significantly
higher recurrence rate among the obese patients, which was
independent of the type of operation. The authors suggested
that factors such as elevated intraabdominal pressure may
overcome the effect of the fundoplication. In addition, long-
term follow-up (11 years) obtained from 166 patients who
underwent laparoscopic Nissen fundoplication between
1992 and 1995 showed that preoperative morbid obesity
(BMI > 35 kg/mz) was associated with failure (p = 0.036)
[32]. On the other hand, a Roux-en-Y gastric bypass might
have a more pronounced and durable effect owing to the
induced weight loss, the negligible number of parietal cells
in the gastric pouch, and complete elimination of the gas-
troduodenal reflux [33-35].

Csendes studied the effect of Roux-en-Y gastric bypass
on 12 morbidly obese patients [30]. Seven patients had
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short-segment Barratt’s esophagus (BE), and five patients
had a long-segment BE. Two years after surgery, the BMI
decreased from 43.2 to 29.4 kg/m?; and 1 year after sur-
gery, symptoms of GERD disappeared in all patients.
Erosive esophagitis healed in all patients. There was
regression from intestinal metaplasia to cardiac mucosa in
four patients (57%) with short-segment BE and in one
patient (20%) with long-segment BE. There was no pro-
gression to dysplasia.

Future studies should prospectively compare the effi-

cacy of laparoscopic antireflux and bariatric procedures in
relation to the presence of GERD and morbid obesity.
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