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Abstract
Introduction: Laparoscopic sleeve gastrectomy (LSG) has shown good results in terms of weight loss and
improvement of obesity-comorbidities, even though its effect on inducing new-onset gastroesophageal
reflux disease (GERD) is still a matter of debate. This study aims to estimate the incidence of GERD and
hiatal hernia post LSG and to identify associated risk factors of GERD development.

Methods: This is a retrospective cohort study of all patients who underwent LSG surgery at the National
Guard medical hospitals (Riyadh and Al-Ahsa) between January 2016 and February 2019. Patients who had
undergone LSG, who had a history of GERD or hiatal hernia preoperatively, or who had intraoperative hiatal
hernia repair were excluded. Mean, standard deviation, and independent t-test was used for numerical
variables, while frequencies, percentages, and chi-square test were used for categorical variables.

Results: There were 142 patients included in this study, with the mean age being 39,38 ± 12.68
years, and 64.8% of patients were female. Patients were followed up for 24 months. The incidence of GERD
post-operation was 33.% (n=47) and hiatal hernia was 3.5% (n=5). Significantly associated risk factor for
post-operative GERD were as follows: age (p=0.026), gender (p=0.038), and hypertension (p=0.014).

Conclusion: Incidence of GERD was shown to be relatively high, while hiatal hernia was low; besides age,
gender and hypertension, none of the other variables was associated with the development of GERD.
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Keywords: laparoscopic sleeve gastrectomy, saudi arabia, incidence, hiatal hernia, gerd

Introduction
Obesity has become a pandemic issue all over the world with a high prevalence reaching 650 million of the
world’s adult population [1]. According to a survey conducted in the Saudi population, it showed that 27.8%
were obese with females having a high prevalence more than males of 33.5 vs. 24.1%, respectively [2].
Obesity has been associated with the development of many comorbidities including hypertension,
dyslipidemia, type 2 diabetes mellitus, stroke, and coronary heart disease (CHD) [3]. Obesity also is known to
be an independent risk factor for the development of gastroesophageal reflux disease (GERD) and hiatal
hernia [4]. Besides diet, lifestyle modifications, and pharmacotherapy, surgical management of obesity is
highly effective and comes with good results in losing weight. Bariatric surgeries have been increasing in the
last decade. In 2013, 0.01% of the world's population underwent bariatric surgery [5]. A variety of surgical
options are available to deal with obesity; laparoscopic sleeve gastrectomy (LSG) has become more popular
among other procedures. It accounts for 47.0% of all bariatric surgeries [6]. In Saudi Arabia, the most
preferred bariatric surgery is LSG; in 2013, 13,194 surgeries were performed, 10,502 of them were LSG [6]. It
is considered one of the most valuable options for treating obesity. When compared with nonsurgical
intervention, it showed effectiveness in losing weight and great improvement of obesity comorbidities [7]. A
systematic review that studied the relationship between bariatric surgery and GERD showed that it helped in
the improvement of GERD symptoms with laparoscopic roux-en-Y gastric bypass (LYRGB) having a more
favorable effect in the improvement of GERD symptoms than LSG [8]. LSG has shown heterogeneity in terms
of GERD outcomes.

A retrospective single-center study conducted by Chopra et al. showed an improvement of GERD symptoms
post LSG of 45.92% [9], the same result has also been found in the study by Rawlins et al. where it results in
53% resolution and improvement of symptoms [10]. In contrast, prospective studies conducted by
Burgerhart et al. and Pallati et al. have shown worsening of GERD symptoms post-LSG of 43% and 4.6%,
respectively [11,12]. In addition, LSG itself might also increase the incidence of new-onset GERD post-LSG.
One study demonstrated a 27.5% incidence of GERD after LSG [13]; another study that was conducted on 109
patients who underwent LSG showed that 27 out of 73 patients had developed de novo GERD symptoms
after LSG which accounted for 36.9% [14]. Other studies also reported the same findings [15-17]. It is
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sensible to conclude that the results on the effect of LSG on GERD are conflicting and it is effect on inducing
a new-onset GERD is still a matter of debate. There are multiple proposed mechanisms for increased GERD
prevalence post-LSG. Angle of His is known to play a protective role against GERD development [18], and its
disruption during LSG could contribute to a rise in GERD symptoms [19]. The decrease of lower esophageal
sphincter pressure following LSG has also been proposed as a cause of the appearance of GERD symptoms
[20]. Himpens et al. have described a formation of an anatomic change in LSG patients called “neofundus”
leading to mid-stomach stenosis and it causes stasis of food and increased acid production and that in turn
leads to reflux symptoms [21]. However, the relationship between developing GERD and hiatal hernia after
LSG remains unclear. In this study, we aim to investigate the incidence of new-onset GERD and hiatal hernia
after LSG and to identify any associated risk factors for the development of GERD.

Materials And Methods
Study design and subjects
This retrospective cohort study was conducted at the National Guard medical hospitals: King Abdulaziz
Medical City (KAMC) in Riyadh and King Abdulaziz Hospital (KAH) in Al-Ahsa from January 2016 to
February 2019. We designed this study to investigate the incidence rate of GERD and hiatal hernia after LSG
and to identify any possible risk factors for the development of GERD postoperatively. This study was
performed with the approval of the Institutional Review Board of King Abdullah International Medical
Research Center (KAIMRC) at the Ministry of National Guard Health Affairs (NGHA) in accordance with
international research ethics standards (IRBC/1167/19). Inclusion criteria consisted of all patients who
underwent LSG in KAMC (Riyadh) or KAH (Al-Ahsa) from January 2016 to February 2019. The exclusion
criteria consisted of any patient who had the following: previous bariatric surgery, a history of GERD
symptoms or diagnosed with GERD before surgery, diagnosed with hiatal hernia preoperatively, or had
intraoperative hiatal hernia repair.

Data collection
We followed patients for a period of 24 months; we used BestCare electronic medical records (EHRs) system
to access patients’ medical records to extract the patient’s data in terms of age, gender, obesity-
related comorbidities such as hypertension, diabetes mellitus, dyslipidemia, and obstructive sleep apnea,
smoking status, height, pre- and post-operative BMI and excess BMI loss percentage (EBMIL%). For a
diagnosis of GERD or hiatal hernia postoperatively, GERD symptoms grade are classified clinically as follows:
none; grade 1: mild symptoms and no proton pump inhibitor (PPI) use; grade 2: moderate symptoms and
periodic PPI use; grade 3: severe symptoms and frequent PPI use, upper endoscopy, esophageal manometry
and 24-hours PH mentoring, barium contrast study, and the period from surgery at which GERD had been
diagnosed.

Statistical analysis
Data were collected in Microsoft Excel (Microsoft Corp, Redmond, WA) and converted to SPSS, version 25.0
(SPSS Inc, Chicago, IL). Numerical variables were described as mean and standard deviation, while the
categorical variables were described as frequencies and percentages. Independent t-test was used for
comparisons between the GERD and non-GERD groups with respect to all numerical variables, while chi-
square test was used with respect to all categorical variables. A p-value of <0.05 was considered significant.

Results
From January 2016 to February 2019, a total of 500 patients underwent laparoscopic sleeve gastrectomy at
NGHA institutions, 142 met the inclusion criteria and were included in the study. The mean age was 39.38 ±
12.68 years, males accounted for 35.2% (n=50) while females were 64.8% (n=92). The percentage and
frequency of comorbidities were as follows: hypertension 33.09% (n=47), diabetes mellitus 32.4% (n=46),
dyslipidemia 24.6% (n=35), obstructive sleep apnea 16.2% (n=23); smokers accounted for 14.1% (n=20)
Baseline characteristics of the patients are presented in Table 1. Preoperative BMI mean was 45.29 ± 7.22,
post-operative BMI mean at six months was 34.40 ± 6.30 with a mean change in BMI of 11.91 kg/m2, height,
and EBMI% also shown in Table 1. Of the 142 patients who were followed up for 24 months, post-operative
new-onset GERD was observed in 47 (33.1%) patients, of those 29 (61.7%) reports mild symptoms with no
PPI use, 13 (27.65%) reported moderate symptoms with periodic PPI use, and five (10.63%) reported severe
symptoms with frequent PPI use. Fifteen patients were diagnosed using upper endoscopy, while 32 were
diagnosed by symptoms reporting and PPI use. Post-operative hiatal hernia was observed in five (3.5%)
patients only (Table 2). It was significantly associated with GERD (p=0.007). The average time for the
development of GERD was six months, and most cases presented three months after the procedure. Out of
the 47 patients who developed GERD, 36 were females, and 11 were males; gender was significantly
associated with GERD development (p=0.038), the mean age was 42.74 ± 11.72 years and it was
also significantly associated with GERD development (p=0.026). Out of the comorbidities (hypertension,
diabetes mellitus, dyslipidemia, obstructive sleep apnea) and smoking, hypertension was the only
statistically significant associated risk factor (n=22, p=0.014) (Table 3). Preoperative and postoperative BMI
were not statistically significant (p=0.440, p=0.549), nor the EBMI% (p=0.419) (Table 3).
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Variable  N (%) / MEAN ± SD

Age (years), mean ± SD  39.38 ± 12.68  

Gender, n (%)
Male  50 (35.2%)

Female  92 (64.8%)

Hypertension, n (%)  
Yes  47 (33.09%)  

No  95 (66.9%)

Diabetes mellitus, n (%)  
Yes  46 (32.4%)  

No  96(67.6%)

Dyslipidemia, n (%)  
Yes  35 (24.6%)  

No  107 (75.4%)

Obstructive sleep apnea, n (%)  
Yes  23 (16.2%)  

No  119 (83.8%)

Smoking, n (%)  
Yes  20 (14.1%)  

No 122 (85.9%)

Height (cm), mean ± SD  161.60 ± 8.94

Pre-operative measurement (kg/m2), mean ± SD  Pre-BMI 45.29 ± 7.22

Post-operative measurement (kg/m2), mean ± SD
Post-BMI at 6 Months 34.40 ± 6.30  

excess body mass index loss (EBMIL %) 0.25 ± 0.06

TABLE 1: Baseline characteristics of the patients.
SD: standard deviation; N: number

Variable                                                   N (%)

GERD  
Yes  47 (33.1)  

No 95 (66.9)

GERD symptoms category  

Grade 1 (mild symptoms, no PPI use)  29 (61.7)  

Grade 2 (moderate symptoms, periodic PPI use)  13 (27.65)  

Grade 3 (severe symptoms, frequent PPI use) 5 (10.63)

Hiatal hernia  
Yes  5 (3.5)  

No 137 (96.5)

TABLE 2: Incidence of GERD and hiatal hernia.
GERD: gastroesophageal reflux disease; PPI: proton pump inhibitor; N: number
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Variable GERD N (%) \ MEAN ± SD  P value

 Yes No  

Age 42.74 ± 11.72 37.72 ± 12.86 0.026

Gender   

0.038Male 11 (22.0%) 39 (78.0%)  

Female 36 (39.1%) 56 (60.9%)

Hypertension

  0.014Yes 22 (46.8%) 25 (55.3%)  

No 25 (26.31%) 70 (73.68%)

Diabetes mellitus

  0.150Yes 19 (41.3%) 27 (58.7%)  

No 28 (29.2%) 68 (70.8%)

Dyslipidemia

0.863  Yes 12 (34.3%) 23 (65.7%)  

No 35 (32.7%) 72 (67.3%)  

Obstructive sleep apnea

0.441Yes 8 (20.0%) 15 (14.71%)  

No 32 (80.0%) 87 (85.29%)

Smoking   

0.406Yes 5 (25.0%) 15 (75.0%)

No 42 (34.4) 80 (65.6%)

Pre-operative measurement
    0.440

Pre-BMI (kg/m2) 45.96 ±7.92 44.96 ± 6.87

Post-operative measurement

Post-BMI (kg/m2) 34.81 ± 6.57  34.07 ± 6.11  0.549  

excess body mass index loss (EBMIL %) 0.24 ± 0.06 0.25 ± 0.06 0.419

TABLE 3: Association between GERD and possible risk factors.
SD: standard deviation; N: number

Discussion
Bariatric surgeries have gained popularity worldwide, with LSG being the preferred method of losing weight,
as LSG alone accounts for 47.0% of all bariatric surgeries [6]. Although LSG showed effectiveness in weight
loss and resolution of obesity-related comorbidities, there has been considerable debate
and controversy over the effect of LSG on increasing the incidence of de novo GERD postoperatively. In this
study, we aim to investigate the incidence of new-onset GERD and hiatal hernia after LSG.

We report an incidence of new-onset GERD post-LSG of 33.1% during a follow-up period of 24 months. This
incidence rate is similar to previous studies that determined the incidence of new-onset GERD to be 34.9%
and 36% respectively [15,22]; the overall reported incidence in previous studies ranged from 2.1% to
47.06% [16,17]. In a meta-analysis comprising 46 studies, the authors conclude the incidence of de novo
reflux was 23% [23]. We believe this discrepancy in the incidence rates is due to the lack of standard
evaluation methods to diagnose GERD. In our study, they used a combination of objective and subjective
methods, as half of the patients were diagnosed using upper endoscopy while the others by symptoms and
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PPI trial. In contrast, other studies rely only on questionnaires or symptoms reporting as their way of
diagnosing GERD [9,16,17], though symptoms by themselves are an unreliable way of diagnosing GERD [24],
and it might overestimate its real incidence. Due to this reason, the need for more reliable tests such as
upper endoscopy, or esophageal function tests such as esophageal manometry and 24-hours PH mentoring
(even though the latter has no utility in routine clinical settings) offer a more precise estimate of the
incidence.

These high incidences might exclude LSG as a preferred method for losing weight and demand the need for
effective procedures. A systematic review has concluded that LRYGB had a lower incidence compared to LSG
in the development of new-onset GERD [8]. Another study also found that LRYGB carries a low incidence of
GERD development compared to LSG with an incidence rate of 16% to 67%, respectively [25], although LSG
might have a better chance as concluded by a study that demonstrated that it carries less incidence when it
is performed under careful attention to the surgical technique [26]. 

Multiple mechanisms have been described that might influence the development of de novo GERD after
LSG, including disruption of the angle of His [19], neofundus [21], and decreased lower esophageal sphincter
pressure [20]. Of note, the formation of a de novo hiatal hernia has also been described as a proposed
mechanism [27,28]. In our cohort, the incidence of de novo hiatal hernia was 3.5% and it was significantly
associated with GERD (p=0.007); one study reported a similar incidence of 5.7% [29], although another study
reported a rate up to 72.5%; they attributed their high incidence to the surgical exploration method they
used for diagnosing hiatal hernia [30], In our findings and the finding reported by Braghetto et al., [29], the
diagnosis was based on upper endoscopy. It is difficult to identify the mechanism involved in the
development of de novo hiatal hernia; multifactorial mechanisms might be responsible mainly during the
creation of the gastric tube with the dissection of the angle of His and the left pillar and the dissection of
phrenogastric and pharyngoesophageal ligaments. Other mechanisms that might also have a role are rapid
weight loss and weight regain, negative chest pressure, the tube-shaped gastric sleeve and the difficulty of
fixing it to the surrounding structures [30].

We set out to determine the associated risk factors for the development of GERD after LSG. As shown in one
study, higher age was found to be associated with a higher incidence of GERD [25]. Likewise, we did find a
significant association between age and GERD with a higher mean age in patients who developed GERD.
Other authors did not find any association between age and GERD development after LSG [17,29]. Gender
was a statistically associated risk factor for GERD; in our study, interestingly, females showed a higher
association than males, although that might be explained in part due to the large number of females in our
study. Gender was not found to be significantly associated with GERD in the study by Althuwaini et al. [17].
Hypertension was also identified to be significantly associated with GERD development, though it can be
interpreted as the result of chance, as there is no physiological explanation for such an association.
However, further research is needed to explore this finding. Pre-operative BMI was found to be significantly
associated in the study by Althuwaini et al. [17]. As for our study, we did not find an association between
preoperative BMI and GERD. Postoperative BMI was also not a significant risk factor for GERD. 

There were some limitations in the present study. First, this is a retrospective study with data retrieved by
medical record review, therefore, we did not have full control of the diagnosing methods. The second
limitation was that our study was supposed to be conducted at three centers, unfortunately, we were not able
to access the database of the third center, and this limited the number of patients on our study. However,
most of the studies we reviewed had a similar number of patients to ours. 

Conclusions
In this study, up to one-third of the patients followed during 24 months after LSG developed GERD; most of
the patients reported their symptoms within the first six months. This research also observed that
the incidence of hiatal hernia after bariatric surgery is low. Female gender was a significant risk factor. In
addition, patients affected by GERD were seen to have a significantly higher mean age. Hypertension was
also a risk factor for the development of GERD. In contrast, our study revealed that other comorbidities
(diabetes mellitus, dyslipidemia, obstructive sleep apnea), smoking, pre- and post-operative BMI, and excess
BMI loss, were not significant risk factors for GERD. We recommend offering consultation for patients with
identified risk factors about the risk of having GERD and the need for alternative methods to lose weight,
such as LRYGB. Future randomized and multi-center trials are needed so that we can understand the
anatomic and pathophysiological mechanisms to put an end to this debate and to delineate the risk factor
associated with GERD development after LSG.

Additional Information
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