
Introduction

Globally, the increased incidence and prevalence of
obesity is a major public health challenge. Obesity is

associated with significant morbidity and mortality of
chronic diseases, such as diabetes, hypertension, ischemic
heart disease, and depression.1 Notably, gastroesophageal
reflux disease (GERD) is highly prevalent in the obese pop-
ulation and has been recognized as obesity-related co-
morbidity. Several pathophysiological mechanisms link
obesity to GERD, including increased intra-abdominal
pressure, reduced esophageal clearance, increased transient
relaxation of the lower esophageal sphincter (LES), and
formation of hiatus hernia.2,3 Bariatric surgery is considered
the most efficient option for the treatment of obesity and
resolution of comorbidities.4 Laparoscopic sleeve gastrec-
tomy (LSG) is growing at a fast rate and has gained wide
acceptance as a stand-alone bariatric surgery for morbid

obesity.5 LSG is favored by some surgeons over Roux-en-Y
gastric bypass (RYGB) because of its ease of use, fewer
anatomical changes, and lower risk of nutritional complica-
tions in the long term.6,7 Although many studies have dem-
onstrated a positive impact of LSG on weight loss and
improvement of metabolic syndrome, data on its effect on
GERD are conflicting. Some studies suggest that LSG in-
duces de novo GERD or worsens preexisting GERD, while
others indicate that LSG improves GERD. Because LSG
might lead to new-onset GERD or worsen an already existing
GERD, some surgeons have suggested GERD as a contra-
indication for LSG.8–10 Indeed, a systemic review and meta-
analysis on the effect of LSG on GERD, which examined 33
studies that included GERD as either a primary or secondary
outcome measure after LSG, found a slight trend toward an
increased prevalence of GERD after LSG, but no definite
conclusion was made due to the variety between these
studies.11 Moreover, another adverse outcome of bariatric
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surgery is dumping syndrome, which was first recognized as
a symptom complex following ingestion of food after gastric
ulcer surgery. Dumping syndrome is believed to be divided
into two phases: an early phase related to ingestion of hy-
perosmolar content leading to osmotic shift and a late phase
due to reactive hypoglycemia,12,13 and it is frequently ob-
served after RYGB due to alteration of the upper gastroin-
testinal anatomy.14 In this study, we aimed to determine the
incidence of GERD and dumping syndrome in a cohort of
patients who underwent LSG.

Materials and Methods

Selection and description of participants

This prospective study included all consecutive patients
who underwent LSG at a single-surgeon private practice in
Kuwait between January 2017 and June 2019. All patients
who met the criteria for bariatric surgery (body mass index
[BMI] >35 with obesity-related comorbidities or BMI >40)
were invited to complete an online questionnaire. The pro-
tocol was approved by the Standing Committee for Co-
ordination of Health and Medical Research at the Ministry of
Health in the State of Kuwait (MOH-1642/2021).

Questionnaires

The GERD Health-Related Quality of Life (HRQL)
Questionnaire was used to assess the presence of heartburn
and/or regurgitation symptoms postoperatively. The GERD-
HRQL consists of 15 questions, and each question is graded
from 0 to 5 (0 = no symptoms; 5 = incapacitating daily ac-
tivities). The responses to the GERD-HRQL were clustered
into questions inquiring about heartburn (six questions),
dysphagia (two questions), regurgitation (six questions), and
satisfaction with current treatment (one question).15–17 A
GERD-HRQL score of >25 has been demonstrated to be
correlated well with endoscopic findings of GERD.11,18

Therefore, in this study, GERD was considered to be present
when the GERD-HRQL score was >25 or proton pump in-
hibitor (PPI) was used for >6 months after surgery. The di-
agnosis of dumping syndrome was performed based on the
Sigstad scoring system, which consists of a total of 16
questions. Postoperative patients were asked to respond to
questions related to the presence of specific symptoms after
eating or drinking. A threshold of 7 or more was used to
identify dumping syndrome among patients.19,20 In our study,
a questionnaire was used without provocation tests; this al-
lows for greater suitability for self-reporting, as demonstrated
in other studies.21,22

Statistical analysis

Quantitative data are shown as means and standard devi-
ations, and categorical data are expressed as percentages. We
measured how study variables influenced the presence of
GERD and dumping syndrome using the chi-square test.
Univariate and multivariate logistic regression analyses were
performed after adjustment for age, BMI difference, time
since surgery, and PPI use to measure the effect of these study
variables on the presence of GERD and dumping syndrome.
Statistical analysis was performed using the SPSS ver. 26.
Statistical significance was set at p < 0.05.

Results

Between January 2017 and June 2019, a total of 318
patients underwent LSG at the single surgeon’s clinic, and
of them, 155 patients participated in the questionnaire
survey (44% response rate). Among the 155 patients, 7
(4.96%) met the criteria for GERD, and 24 (17.0%) met the
criteria for dumping syndrome. Table 1 summarizes the
demographics, GERD-HRQL score, and Sigstad score;
Table 2 summarizes the incidence of GERD and dumping
syndrome in the postoperative years; and Table 3 presents
the factors associated with dumping syndrome. GERD was
reported in six patients (5.13%) without dumping syn-
drome (n = 117) and in one patient (4.17%) with dumping
syndrome (n = 24), and dumping patients had higher GERD
scores. Table 4 presents factors associated with GERD. At
the time of the survey, 31 patients took PPI, and 17 of them
used it as a routine postoperative regimen for the first 6
months. Fourteen patients took PPI occasionally 6 months
after LSG, but they scored less in the GERD-HRQL
questionnaire.

Predictive factors for the incidence of dumping syndrome
post-LSG based on multivariable analysis are presented in
Table 5. The use of PPI, the difference in BMI between pre-
and postoperation, and fasting during Ramadan affected the
incidence of dumping syndrome.

Predictive factors for the incidence of GERD after LSG
based on multivariate analysis are presented in Table 6. The
only predictive factor was time from surgery, and those who
had LSG for more than 2 years were more likely to score
positively on the GERD-HRQL (odds ratio = 25.58 [3.24–
601.42], p = 0.009].

Table 1. Demographics of Patients (n = 141)

Variables Mean (standard deviation)

Age 32.6 (8.82)
Preoperative BMI 42.0 (6.34)
Postoperative BMI 29.0 (5.88)
BMI difference 13.0 (5.01)

Duration
<2 years 99 (70.2%)
From 2 to 5 years 42 (29.8%)

PPI
No 104 (73.8%)
Yes 37 (26.2%)
GERD score 7.33 (8.94)

GERD
No 134 (95.0%)
Yes 7 (4.96%)

Dumping
No 117 (83.0%)
Yes 24 (17.0%)
Sigstad score 3.62 (5.06)

Ramadan
No 125 (88.7%)
Yes 16 (11.3%)

BMI, body mass index; GERD, gastroesophageal reflux disease;
PPI, proton pump inhibitor.
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Discussion

In this study, we investigated dumping syndrome and
GERD post-LSG in a single-surgeon private practice cohort.
We found an incidence of 4.96% for GERD and 17% for
dumping syndrome, and the use of PPI, BMI difference, and
fasting during Ramadan were associated with dumping syn-
drome; in addition, the time from LSG was strongly and
positively correlated with GERD, and patients who reported
dumping had a higher GERD HRQL score.

Several anatomical variations after sleeve gastrectomy are
thought to increase the risk of GERD, including a decrease in
the LES resting tone, resection of the gastric sling fibers,
weakening of the phrenoesophageal and related ligaments, and
dissection of the crus.23,24 The resection of the gastric fundus
causing a reduction in stomach compliance and an increase in
intraluminal gastric pressure is thought to be another factor

associated with increased GERD postsleeve gastrectomy.25

For example, Del Genio et al. performed high-resolution im-
pedance manometry and analyzed combined 24-h pH and
multichannel intraluminal impedance in 25 patients before and
after sleeve gastrectomy; they found that the actual cause of
reflux postsleeve gastrectomy was the increased intraluminal
pressure, which led to stasis and bouncing back of food and
acid to the esophagus, and the LES pressure remained un-
changed.26 Quero et al. used magnetic resonance imaging,
high-resolution manometry (HRM), and ambulatory pH-
impedance measurements to assess the structure and function
of the esophagogastric junction and stomach before and after
sleeve gastrectomy in 35 patients; they found an increase in
gastroesophageal reflux postsleeve gastrectomy, and the in-
creased sleeve gastrectomy led to increased esophagogastric
insertion angle (more obtuse) in 78% of patients, which cor-
related with a decrease in the resting pressure of LES as

Table 2. Comparisons of Gastroesophageal Reflux Disease, Proton Pump Inhibitor,

Dumping, and Ramadan Between Different Years After Surgery

<1 year 1 year 2 years 3 years
pn = 58 n = 41 n = 30 n = 12

PPI 0.403
No 41 (70.7%) 34 (82.9%) 20 (66.7%) 9 (75.0%)
Yes 17 (29.3%) 7 (17.1%) 10 (33.3%) 3 (25.0%)

GERD 0.003
No 58 (100%) 40 (97.6%) 25 (83.3%) 11 (91.7%)
Yes 0 (0.00%) 1 (2.44%) 5 (16.7%) 1 (8.33%)

Dumping 0.047
No 52 (89.7%) 31 (75.6%) 22 (73.3%) 12 (100%)
Yes 6 (10.3%) 10 (24.4%) 8 (26.7%) 0 (0.00%)

Ramadan 0.199
No 54 (93.1%) 37 (90.2%) 25 (83.3%) 9 (75.0%)
Yes 4 (6.90%) 4 (9.76%) 5 (16.7%) 3 (25.0%)

BMI difference 11.1 (4.82) 15.6 (5.00) 13.9 (4.03) 11.2 (4.05) <0.001
Sigstad score 2.45 (4.16) 4.78 (5.52) 5.37 (5.95) 1.00 (1.95) 0.006

Table 3. Comparison Between Dumping Levels

No Yes
OR p ratio pn = 117 n= 24

Age 33.4 (9.06) 28.9 (6.50) 0.93 [0.87;0.99] 0.026 0.007
Preoperative BMI 41.4 (5.76) 44.9 (8.18) 1.08 [1.01;1.16] 0.016 0.054
Postoperative BMI 29.0 (5.76) 28.8 (6.56) 0.99 [0.92;1.07] 0.846 0.861
BMI difference 12.4 (4.46) 16.1 (6.36) 1.15 [1.06;1.26] 0.002 0.010

Duration 0.863
<2 years 83 (70.9%) 16 (66.7%) Ref. Ref.
From 2 to 5 years 34 (29.1%) 8 (33.3%) 1.23 [0.45;3.10] 0.674

PPI 0.154
No 83 (70.9%) 21 (87.5%) Ref. Ref.
Yes 34 (29.1%) 3 (12.5%) 0.36 [0.08;1.16] 0.092
GERD score 6.91 (9.11) 9.42 (7.91) 1.03 [0.98;1.07] 0.216 0.176

GERD 1.000
No 111 (94.9%) 23 (95.8%) Ref. Ref.
Yes 6 (5.13%) 1 (4.17%) 0.89 [0.03;5.81] 0.922

Ramadan 0.150
No 106 (90.6%) 19 (79.2%) Ref. Ref.
Yes 11 (9.40%) 5 (20.8%) 2.55 [0.72;8.03] 0.141

OR, odds ratio.
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measured byHRM.They also found increased reflux in patients
with more than 80% reduction in stomach capacity compared
with those with 60–70% reduction, which was independent of
the esophagogastric junction anatomy and physiology. Con-
sistently, another study showed that the reduction in stomach
volume correlated positively with reduced distend ability and
increased luminal pressure.27 Moreover, the size of the antrum
and the function of the pylorus might play a role in reflux
postsleeve gastrectomy; accordingly, some surgeons resect the
stomach during sleeve gastrectomy 6 cm away from the pylorus
to preserve pyloric function and gastric motility. However,
opponents of this technique argue that it might lead to inade-
quate weight loss after SG.28

Himpens et al. found that reflux increased 1 year after LSG
but then decreased with time in 40 patients,25 probably due to

abnormal gastric emptying in the first year postsleeve gas-
trectomy, which resolved with time, thus leading to improved
GERD. However, in our study, we found a higher incidence
of GERD postsleeve gastrectomy, probably due to lack of
compliance with follow-up, especially in nutritionists, be-
cause dietary habits are important to avoid GERD. In addi-
tion, changes in BMI, including weight regain, were not
associated with an increased risk of reflux in our cohort, al-
though one would think that weight regains postsleeve gas-
trectomy could increase the risk of reflux with the passage of
more time postsleeve gastrectomy. The shape of the sleeve
could also contribute to the risk of reflux because patients
with a lower pouch on the upper GI series will have less
chance of reflux compared with those with a tubular shape or
an upper pouch.29

Table 4. Association of Reflux with Other Study Factors

No Yes
OR p ratio pn = 134 n = 7

Age 32.6 (8.92) 33.1 (7.20) 1.01 [0.93;1.10] 0.873 0.852
Preoperative BMI 42.2 (6.34) 37.9 (5.33) 0.85 [0.70;1.03] 0.092 0.080
Postoperative BMI 29.1 (5.97) 26.0 (2.44) 0.87 [0.71;1.06] 0.173 0.013
BMI difference 13.1 (5.08) 11.9 (3.43) 0.95 [0.81;1.12] 0.564 0.440
Duration 0.003

<2 years 98 (73.1%) 1 (14.3%) Ref. Ref.
From 2 to 5 years 36 (26.9%) 6 (85.7%) 14.4 [2.26;381] 0.003

PPI 0.001
No 103 (76.9%) 1 (14.3%) Ref. Ref.
Yes 31 (23.1%) 6 (85.7%) 17.5 [2.74;465] 0.001
Sigstad score 3.54 (5.01) 5.14 (6.18) 1.05 [0.93;1.20] 0.420 0.524
Sigstad score, median 1.00 [0.00;5.00] 5.00 [1.00;5.50] 1.05 [0.93;1.20] 0.420 0.346

Dumping 1.000
No 111 (82.8%) 6 (85.7%) Ref. Ref.
Yes 23 (17.2%) 1 (14.3%) 0.89 [0.03;5.81] 0.922

Ramadan 0.578
No 119 (88.8%) 6 (85.7%) Ref. Ref.
Yes 15 (11.2%) 1 (14.3%) 1.46 [0.05;9.78] 0.759

Table 5. Logistic Regression to Determine Effects of Study Factors on Dumping

Dependent: dumping No Yes OR (univariable) OR (multivariable)

Age
Mean (SD) 33.4 (9.1) 28.9 (6.5) 0.93 (0.87–0.99, p = 0.026) 0.92 (0.84–0.99, p = 0.037)

BMI difference
Mean (SD) 12.4 (4.5) 16.1 (6.4) 1.15 (1.06–1.27, p = 0.002) 1.13 (1.03–1.25, p = 0.009)

Duration
<2 years 83 (83.8) 16 (16.2) — —
From 2 to 5 years 34 (81.0) 8 (19.0) 1.22 (0.46–3.05, p = 0.677) 1.46 (0.46–4.48, p = 0.507)

PPI
No 83 (79.8) 21 (20.2) — —
Yes 34 (91.9) 3 (8.1) 0.35 (0.08–1.10, p = 0.105) 0.15 (0.02–0.70, p = 0.033)

GERD
No 111 (82.8) 23 (17.2) — —
Yes 6 (85.7) 1 (14.3) 0.80 (0.04–5.02, p = 0.844) 2.69 (0.10–35.44, p = 0.480)

Ramadan
No 106 (84.8) 19 (15.2) — —
Yes 11 (68.8) 5 (31.2) 2.54 (0.73–7.86, p = 0.117) 7.11 (1.57–34.43, p = 0.011)

SD, standard deviation.
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Dumping syndrome is thought to result from the sudden
presence of gastric content in the proximal small bowel,
thereby leading to a set of vasomotor and gastrointestinal
symptoms. The relationship between dumping syndrome and
gastric resections and bypasses is well established. We re-
ported a dumping incidence of 17% in our cohort. Patients
with dumping syndrome had a higher GERD score, but only
seven patients scored positive for GERD-HRQL. Moreover,
fasting during Ramadan, BMI difference, and PPI use were
associated with dumping syndrome in our cohort. Dumping
syndrome occurred more during Ramadan because patients
fasted from food and water for a long duration. Eating and
drinking after a long duration of fasting increase the inci-
dence of dumping syndrome, as shown in this cohort.

The association between GERD and dumping in our study
could be explained by dietary habits. Patients who do not
adhere to dietary modifications after sleeve gastrectomy can
be at an increased risk of dumping and reflux; for example,
not separating solids and liquids during meals, not limiting
caffeine and sugar intake, and having larger meals instead of
frequent smaller meals can increase the risk of both dumping
and reflux.22 In addition, sleeve gastrectomy affects gastric
emptying because fundectomy, resection of the greater cur-
vature, and resection along one part of the gastric body in-
fluence the gastric pacemaker area, and resection of the
antrum impacts the function of the antral pump.26

One limitation of this study was the low response rate of
44% and the short follow-up duration following surgery.
Perhaps most patients that responded were those that had
ongoing problems or perhaps only those that really felt
dedicated to our program and thus gave a more favorable
review of their symptoms. In addition, endoscopy and PH
studies were not performed in our study, although GERD can
be graded more objectively by endoscopy and PH studies.
However, few studies have examined the incidence of both
dumping and GERD in LSG patients, despite the established
link between LSG, GERD and dumping; therefore, further
studies are warranted to determine both dumping and GERD
in LSG patients to delineate the underlying mechanisms and
factors that increase GERD post-LSG.

Conclusion

The incidence of GERD and dumping postsleeve gas-
trectomy are variable and a relationship between the two may
exist. Further studies are needed to examine the relationship
between dumping and GERD after LSG.

Author Disclosure Statement

No competing financial interests exist.

Funding Information

No funding was received for this article.

References

1. Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep K,
Lee A, et al. Health effects of overweight and obesity in
195 countries over 25 years. N Engl J Med 2017;377:
13–27.

2. Suter M, Dorta G, Giusti V, Calmes JM. Gastroesophageal
reflux and esophageal motility disorders in morbidly obese
patients. Obes Surg 2004;14:959–966.

3. El-Serag HB, Graham DY, Satia JA, Rabeneck L. Obesity
is an independent risk factor for GERD symptoms and
erosive esophagitis. Am J Gastroenterol 2005;100:1243–
1250.

4. De Luca M, Angrisani L, Himpens J, Busetto L, Scopinaro
N, Weiner R, et al. Indications for surgery for obesity and
weight-related diseases: position statements from the in-
ternational federation for the surgery of obesity and meta-
bolic disorders (IFSO). Obes Surg 2016;26:1659–1696.

5. Gagner M, Hutchinson C, Rosenthal R. Fifth International
Consensus Conference: current status of sleeve gastrec-
tomy. Surg Obes Relat Dis 2016;12:750–756.

6. Kumar SB, Hamilton BC, Wood SG, Rogers SJ, Carter JT,
Lin MY. Is laparoscopic sleeve gastrectomy safer than
laparoscopic gastric bypass? a comparison of 30-day
complications using the MBSAQIP data registry. Surg
Obes Relat Dis 2018;14:264–269.

7. Gu L, Fu R, Chen P, Du N, Chen S, Mao D, et al. In terms
of nutrition, the most suitable method for bariatric surgery:

Table 6. Logistic Regression to Determine Effects of Study Factors on Gastroesophageal Reflux Disease

Dependent: GERD No Yes OR (univariable) OR (multivariable)

Age
Mean (SD) 32.6 (8.9) 33.1 (7.2) 1.01 (0.92–1.09, p= 0.873) 0.98 (0.85–1.12, p = 0.812)

BMI difference
Mean (SD) 13.1 (5.1) 11.9 (3.4) 0.95 (0.80–1.11, p= 0.564) 0.86 (0.63–1.09, p = 0.267)

Duration
<2 years 98 (99.0) 1 (1.0) — —
From 2 to 5 years 36 (85.7) 6 (14.3) 16.33 (2.67–314.15, p = 0.011) 25.58 (3.24–601.42, p = 0.009)

PPI
No 103 (99.0) 1 (1.0) — —
Yes 31 (83.8) 6 (16.2) 19.94 (3.24–384.17, p = 0.006) 34.27 (4.04–925.15, p = 0.006)

Dumping
No 111 (94.9) 6 (5.1) — —
Yes 23 (95.8) 1 (4.2) 0.80 (0.04–5.02, p= 0.844) 4.00 (0.13–85.73, p = 0.365)

Ramadan
No 119 (95.2) 6 (4.8) — —
Yes 15 (93.8) 1 (6.2) 1.32 (0.07–8.50, p= 0.802) 0.35 (0.01–4.43, p = 0.470)

GERD AND DUMPING POSTSLEEVE GASTRECTOMY 5



laparoscopic sleeve gastrectomy or roux-en-y gastric by-
pass? A systematic review and meta-analysis. Obes Surg
2020;30:2003–2014.

8. Hendricks L, Alvarenga E, Dhanabalsamy N, Lo Menzo E,
Szomstein S, Rosenthal R. Impact of sleeve gastrectomy on
gastroesophageal reflux disease in a morbidly obese pop-
ulation undergoing bariatric surgery. Surg Obes Relat Dis
2016;12:511–517.

9. DuPree CE, Blair K, Steele SR, Martin MJ. Laparoscopic
sleeve gastrectomy in patients with preexisting gastro-
esophageal reflux disease: a national analysis. JAMA Surg
2014;149:328–334.

10. Rebecchi F, Allaix ME, Giaccone C, Ugliono E, Scozzari
G, Morino M. Gastroesophageal reflux disease and lapa-
roscopic sleeve gastrectomy: a physiopathologic evalua-
tion. Ann Surg 2014;260:909–914.
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