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Abstract
Background While laparoscopic sleeve gastrectomy (LSG) continues to be the most commonly performed bariatric operation, several variables influence surgeons’ practice patterns and patients’ decision-making in the type of bariatric procedure
to perform. The aim of this study was to evaluate patient factors that influence the decision between laparoscopic Roux-en-Y
gastric bypass (LRYGB) versus LSG.
Methods The Metabolic and Bariatric Surgery Accreditation and Quality Improvement Program (MBSAQIP) database was
queried for patients undergoing LSG and LRYGB between 2015 and 2017. Univariate analysis and multivariate logistic
regression were used to evaluate factors associated with performing LRYGB compared to LSG.
Results A total of 252,117 (72.3%) LSG and 96,677 (27.7%) LRYGB cases were identified. Patients undergoing LSG were
younger (44.3 ± 12.0 vs 45.2 ± 11.8 years; p < 0.01) and had a lower body mass index (BMI; 45.1 ± 7.8 vs 46.2 ± 8.1 kg/m2;
p < 0.01). Most of the patients were females (79.4%), white (73.0%), with an American Society of Anesthesiology (ASA)
class ≤ 3 (96.4%). The factors associated with undergoing LRYGB compared to LSG were diabetes mellitus, gastroesophageal
reflux disease, BMI ≥ 50 kg/m2, ASA class > 3, obstructive sleep apnea, hypertension, and hyperlipidemia. However, patients
with kidney disease, black race, chronic steroid use, age ≥ 60 years, recent smoking history, chronic obstructive pulmonary
disease, and coronary artery disease were more likely to undergo LSG.
Conclusions The decision to perform LRYGB is primarily driven by obesity-associated comorbidities and higher BMI,
whereas LSG is more likely to be performed in higher risk patients.
Keyword Bariatric surgery · Roux-en-Y gastric bypass · Sleeve gastrectomy · Procedure choice · Comorbidities · Body
mass index
In 2013, laparoscopic sleeve gastrectomy (LSG) surpassed
laparoscopic Roux-en-Y gastric bypass (LRYGB) as the
most commonly performed bariatric procedure [1]. The
proportion of LSGs performed continued to increase and
constituted 61.4% of all primary metabolic and bariatric
procedures performed in 2018 in the United States [1]. The
continued increase in LSG may be primarily related to its
superior safety profile compared to LRYGB [2, 3], as well as
comparable long-term weight loss and comorbidity remission [4–6].
Despite the adoption of LSG by most surgeons and
centers, there continues to be significant variability in the
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practice patterns of individual surgeons and a lack of standardized guidelines for procedure selection [7]. Kallies et al.
emphasized the importance of providing risks and benefits
of each procedure and the role of patient preference in the
decision-making [8]. Moreover, Opozda et al. surveyed 236
patients and demonstrated that patients had a clear procedure
preference based on their research, knowledge, and experience [9]. On the other hand, in their statewide analysis
evaluating 142 surgeons, Udelsman et al. described that
surgeon practice patterns had the strongest correlation with
procedure selection compared to patient or hospital-related
factors [7]. This may be due to the surgeon’s crucial role in
presenting and interpreting data for patients [7, 9].
Although the decision in procedure choice may be multifactorial, there continues to be a paucity of data on metabolic
factors and comorbidities that play a role in procedure choice.
As a result, though one procedure may be better suited for
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certain comorbidities and patient characteristics, this does
not always reflect the procedure which is ultimately selected.
The objective of this study was to evaluate patients’ factors
that influence the decision to perform LRYGB versus LSG
using the Metabolic and Bariatric Surgery Accreditation and
Quality Improvement Program (MBSAQIP) database.

Materials and methods
This retrospective study identified patients in the MBSAQIP database who underwent elective nonrevisional LSG
and LRYGB from January 1, 2015 to December 31, 2017 to
evaluate the factors influencing the choice between these two
procedures. The Institutional Review Board at our institution
deemed this study exempt from review. Written consent was
not obtained due to the de-identified nature of the data and
lack of patient interaction.

Data source
Data were obtained from the MBSAQIP Participant Use
File, the largest bariatric-specific database with 832 participating centers in the United States and Canada, and over
200,000 cases captured each year [10]. Specific preoperative
demographic variables, preoperative comorbidities, procedure information, and 30-day outcomes are collected by certified clinical reviewers with specific training in metabolic
bariatric surgery. Data accuracy and integrity are ensured
through regular audits.

Study population
We identified adult patients (≥ 18 years) using Current Procedural Terminology codes 43,775 for LSG and 43,644 and
43,645 for LRYGB. Only cases completed with the conventional laparoscopic approach were included, and cases
completed with the open or robotic-assisted approach were
excluded. Cases labeled as emergent or conversion/revision
were excluded.

Variables analyzed
Demographic variables including age, sex, race, body mass
index (BMI), and American Society of Anesthesiologists
(ASA) class were collected. Age was reported as a categorical variable. ASA class was represented as a binary variable
(≤ 3 and > 3). BMI was also represented as a binary variable
(< 50 kg/m2 and ≥ 50 kg/m2). Preoperative comorbidities and
laboratory values included diabetes mellitus, hypertension,
hyperlipidemia, coronary artery disease, gastroesophageal
reflux diseases (GERD), chronic kidney disease or end-stage
renal disease, deep vein thrombosis or pulmonary embolism,
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anticoagulation, chronic steroid use, smoking within 1 year,
chronic obstructive pulmonary disease, obstructive sleep
apnea (OSA), previous foregut surgery, and hematocrit.
Coronary artery disease was defined as the occurrence of
at least one of the following variables: previous percutaneous coronary intervention, history of myocardial infarction,
or previous cardiac surgery. Hematocrit was reported as a
binary variable (< 30% and ≥ 30%). The year the procedure
was performed was also reported as a separate variable.

Statistical analysis
Descriptive statistics were used to report baseline demographics, comorbidities, and laboratory values. Univariate
analysis used Pearson X2 for categorical variables and Student’s t-test for continuous variables. To determine the association between procedure performed and baseline characteristics, multivariate logistic regression modeling was used.
Variables were selected using a stepwise forward selection
with p < 0.05 used as an entry criterion. The adjusted odds
ratio (AOR) with 95% confidence intervals (95% CI) was
reported for each variable. Statistical significance was set
to p < 0.05. All analyses were conducted using IBM SPSS
version 25 (IBM Corp, Armonk, NY, USA).

Results
A total of 348,794 cases were included in the analysis:
252,117 (72.3%) LSG and 96,677 (27.7%) LRYGB. Baseline
demographics, preoperative comorbidities, and laboratory
values are shown in Table 1. Patients undergoing LSG were
younger (44.3 ± 12.0 vs 45.2 ± 11.8 years; p < 0.01) with a
lower proportion of patients ≥ 60 years old (11.2% vs 12.1%;
p < 0.01). Most of the patients were white (73.0%), females
(79.4%), with an ASA class of ≤ 3 (96.4%). The LSG group
had a lower BMI (45.1 ± 7.8 vs 46.2 ± 8.1 kg/m2; p < 0.01)
with a lower proportion of patients having a BMI ≥ 50 kg/m2
(21.5% vs 26.8%; p < 0.01). The most common comorbidities
recorded were hypertension (48.7%), OSA (38.2%), GERD
(30.6%), diabetes mellitus (26.4%), and hyperlipidemia
(24.1%). Hypertension, hyperlipidemia, coronary artery disease, GERD, deep vein thrombosis or pulmonary embolism,
preoperative anticoagulation, chronic obstructive pulmonary
disease, OSA, and previous foregut surgery were higher with
LRYGB. On the other hand, chronic steroid use, smoking
within the last year, and hematocrit ≤ 30% were higher in the
LSG group. There was an incremental increase in the percentage of LSG performed through the years reported (69.7%
in 2015; 72.7% in 2016; 74.0% in 2017).
Table 2 and Fig. 1 represent the results of the multivariate logistic regression analysis. The AOR represents
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Table 1  Baseline patient characteristics for laparoscopic sleeve gastrectomy and laparoscopic Roux-en-Y gastric bypass
LSG (n = 252,117)
Age, years
18–29
30–39
40–49
50–59
≥ 60
Sex
Female
Male
Race
White
Black
Other/Not reported
American Society of Anesthesiologists class
≤3
>3
Body mass index ≥ 50 kg/m2
Diabetes mellitus
Insulin dependent
Noninsulin dependent
Hypertension
Hyperlipidemia
Coronary artery disease
Gastroesophageal reflux disease
Chronic kidney disease or end-stage renal
disease
Deep vein thrombosis or pulmonary embolism
Anticoagulation
Chronic steroid use
Smoker within 1 year
Chronic obstructive pulmonary disease
Obstructive sleep apnea
Previous foregut surgery
Hematocrit ≤ 30%
Year of operation
2015
2016
2017

LRYGB (n = 96,677)

p-value
< 0.01

30,566 (12.1%)
65,446 (26.0%)
73,097 (29.0%)
54,663 (21.7%)
28,345 (11.2%)

10,145 (10.5%)
23,548 (24.4%)
28,231 (29.2%)
23,048 (23.8%)
11,705 (12.1%)

199,443 (79.1%)
52,674 (20.9%)

77,510 (80.2%)
19,167 (19.8%)

182,318 (72.3%)
47,720 (19.0%)
22,079 (8.8%)

72,387 (74.9%)
13,718 (14.2%)
10,572 (10.9%)

< 0.01

244,090 (96.8%)
8027 (3.2%)
54,067 (21.5%)

92,150 (95.3%)
4527 (4.7%)
25,930 (26.8%)

< 0.01

16,524 (6.6%)
41,555 (16.5%)
118,550 (47.0%)
56,193 (22.3%)
7679 (3.1%)
70,293 (27.9%)
2014 (0.8%)

13,310 (13.8%)
20,572 (21.3%)
51,152 (52.9%)
27,880 (28.8%)
3498 (3.6%)
36,434 (37.7%)
733 (0.8%)

< 0.01

5512 (2.2%)
6400 (2.5%)
4540 (1.8%)
22,523 (8.9%)
4134 (1.6%)
91,330 (36.2%)
4009 (1.6%)
1186 (0.5%)

2612 (2.7%)
2592 (2.7%)
1485 (1.5%)
8201 (8.5%)
1915 (2.0%)
41,874 (43.3%)
1632 (1.7%)
405 (0.4%)

< 0.01
0.02
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
0.04

73,985 (29.4%)
84,495 (33.5%)
93,637 (37.1%)

32,116 (33.2%)
31,705 (32.8%)
32,856 (34.0%)

< 0.01

< 0.01

< 0.01

< 0.01
< 0.01
< 0.01
< 0.01
0.22

Bold values indicate statistical significant (p < 0.05)

the odds of undergoing LRYGB for each variable using
LSG as a reference. A positive association with performing LSG compared to LRYGB was noted with older age
(≥ 60 years: AOR 0.83; 95% CI 0.80–0.86; p < 0.01),
male sex (AOR 0.79; 95% CI 0.77–0.80; p < 0.01), and
black race (AOR 0.71; 95% CI 0.69–0.72; p < 0.01). Variables associated with performing LRYGB were diabetes
mellitus, particularly insulin-requiring diabetes mellitus
(AOR 2.41; 95% CI 2.35–2.48; p < 0.01), GERD (AOR
1.47; 95% CI 1.45–4.50; p < 0.01), and BMI ≥ 50 kg/

m 2 (AOR 1.35; 95% CI 1.32–1.37; p < 0.01). Other
obesity-related comorbidities associated with performing LRYGB included OSA, hypertension, and hyperlipidemia. An ASA class > 3 was associated with performing
LRYGB compared to LSG (AOR 1.22; 95% CI 1.17–1.27;
p < 0.01). On the other hand, comorbidities more likely
to be associated with performing LSG included kidney disease (AOR 0.67; 95% CI 0.61–0.73; p < 0.01),
chronic steroid use (AOR 0.77; 95% CI 0.72–0.81;
p < 0.01), preoperative anticoagulation (AOR 0.85; 95%
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Table 2  Multivariate logistic regression model showing adjusted odds ratio for significant variables associated with undergoing laparoscopic
Roux-en-Y gastric bypass compared to laparoscopic sleeve gastrectomy

Age, years
18–29
30–39
40–49
50–59
≥ 60
Sex
Female
Male
Race
White
Black
Other/Not reported
American Society of Anesthesiologists class
≤3
>3
Body mass index ≥ 50 kg/m2
Diabetes mellitus
Insulin dependent
Noninsulin dependent
Hypertension
Hyperlipidemia
Coronary artery disease
Gastroesophageal reflux disease
Chronic kidney disease or end-stage renal disease
Deep vein thrombosis or pulmonary embolism
Anticoagulation
Chronic steroid use
Smoker within 1 year
Chronic obstructive pulmonary disease
Obstructive sleep apnea
Hematocrit ≤ 30%
Year of operation
2015
2016
2017

AOR (95% CI)┼

p-value reference

1.00
1.00 (0.98 – 1.03)
0.98 (0.95 – 1.00)
0.95 (0.92 – 0.97)
0.83 (0.80 – 0.86)

0.88
0.08
< 0.01
< 0.01

1.00
0.79 (0.77 – 0.80)

Reference
< 0.01

1.00
0.71 (0.69 – 0.72)
1.27 (1.24 – 1.30)

Reference
< 0.01
< 0.01

1.00
1.22 (1.17 – 1.27)
1.35 (1.32 – 1.37)

Reference
< 0.01
< 0.01

2.41 (2.35 – 2.48)
1.46 (1.43 – 1.49)
1.04 (1.02 – 1.06)
1.09 (1.07 – 1.11)
0.94 (0.90 – 0.98)
1.47 (1.45 – 1.50)
0.67 (0.61 – 0.73)
1.15 (1.09 – 1.21)
0.85 (0.80 – 0.89)
0.77 (0.72 – 0.81)
0.92 (0.90 – 0.95)
0.93 (0.88 – 0.98)
1.22 (1.20 – 1.24)
0.87 (0.78 – 0.98)

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
0.01
< 0.01
0.02

1.00
0.87 (0.85 – 0.88)
0.81 (0.80 – 0.83)

Reference
< 0.01
< 0.01

Bold values indicate statistical significant (p < 0.05)
AOR adjusted odds ratio, CI confidence interval
┼

AOR for laparoscopic Roux-en-Y gastric bypass compared to laparoscopic sleeve gastrectomy as reference

CI 0.80–0.89; p < 0.01), hematocrit ≤ 30% (AOR 0.87;
95% CI 0.78–0.98; p = 0.02), smoking within 1 year
(AOR 0.92; 95% CI 0.90–0.95; p < 0.01), chronic obstructive pulmonary disease (AOR 0.93; 95% CI 0.88–0.98;
p = 0.01), and coronary artery disease (AOR 0.94; 95% CI
0.90–0.98; p < 0.01). With the progression of the year of
operation, there was an incremental decrease in the AOR
of performing LRYGB compared to LSG.
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Discussion
Our analysis of this multi-institutional database suggests
that patient characteristics and comorbidities influence the
type of bariatric procedure performed. After multivariable
adjustment, obesity-related comorbidities such as diabetes
mellitus, GERD, OSA, and hyperlipidemia increase the odds
of undergoing LRYGB. The greatest association was noted
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Fig. 1  Adjusted odds ratio for significant variables associated with undergoing laparoscopic Roux-en-Y gastric bypass compared to laparoscopic
sleeve gastrectomy (reference)

with insulin-requiring diabetes mellitus. Moreover, patients
with BMI ≥ 50 kg/m2 were more likely to undergo LRYGB.
On the other hand, comorbidities that are associated with
a higher operative risk such as older age, coronary artery
disease, kidney disease, smoking on initial evaluation, and
chronic obstructive pulmonary disease were associated
with undergoing LSG. Interestingly, male sex and African
American race were more likely to undergo LSG compared
to LRYGB.
The decision underlying the selection of a particular surgical procedure is multifactorial and includes a combined
weighting of patient comorbidities, access to health care,
financial factors, health care insurance, patterns of physician referral, patient and surgeon preferences [11–13]. With
regards to the latter, outcomes after bariatric surgery are

differentially prioritized between patients and providers
highlighting the importance of shared decision-making to
achieve not only tangible post-bariatric surgery outcomes
such as weight loss but also to address patients’ concerns
and expectations [14, 15]. Rozier et al. identified three subgroups of patients based on responses in an internet-based
survey in Michigan: patients most focused on costs (costsensitive), patients most concerned with excess weight loss
and medical comorbidity remission (benefit-focused), and
patients most concerned with how the treatment works
including recovery and reversibility (procedure-focused)
[16]. Kallies et al. evaluated how patient preferences impact
the decision for LRYGB vs LSG using an electronic questionnaire and found that respondents selected LRYGB
when evidence-based risks and benefits of the procedure
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were presented. In contrast, preference was equivalent
when procedural images were shown [8]. With the strong
patient preferences noted towards LRYGB rather than LSG
in the questionnaire, the authors suggested that there are
likely other drivers for the increasing LSG trend seen in the
United States [8]. In another survey of Australian bariatric
surgery patients, Opozda et al. found that patients who had
undergone LRYGB supported their decision based on evidence and success rate [9]. In contrast, patients who had
undergone LSG quoted the most common reason being the
recommendation of the medical practitioner [9]. Bariatric
surgeons may be more inclined to offer a patient one type of
procedure over another depending on a clinical phenotype
and physiological mechanisms of the operations [7, 17].
Moreover, compared to patients, surgeons are more likely
to select procedures based on lower complication risks and
are less sensitive to out-of-pocket costs [16]. Udelsman
et al. found in their analysis that surgeon factors were more
strongly associated with the selection of procedure rather
than patient and hospital factors [7].
The efficacy of both LRYGB and LSG in weight loss and
remission of obesity-related comorbidities has been well
established [6, 18–25]. In a systematic review including
5264 patients from 14 studies with midterm (3–5 years) and
long-term follow-up (≥ 5 years), Shoar et al. showed better weight loss with LRYGB only in the long-term with no
significant difference between LSG and LRYGB for remission of diabetes mellitus, hypertension, and hyperlipidemia
[6]. On the other hand, in a meta-analysis of 62 studies
published by Li et al. LRYGB was superior to LSG with
regards to percentage excess weight loss as well as remission of hypertension and hyperlipidemia but not diabetes
mellitus or OSA [26]; this difference may be related to the
inclusion of studies with short-term follow-up in the latter
study. In an observational nonrandomized cohort study of
544 patients undergoing LSG and LRYGB, Jimenez et al.
found comparable effectiveness of both procedures on percentage total weight loss and excess weight loss at 10 years
of follow-up [27]. Moreover, there is a lack of consensus
on the efficacy of LSG compared to LRYGB in super-obese
patients (BMI ≥ 50 kg/m2). In a matched analysis of 57 LSG
and 57 LRYGB super-obese patients with a 7-year followup, Ahmed et al. showed a significantly lower weight loss
with the LSG cohort throughout the follow-up period [28].
On the other hand, Hong et al. compared 607 super-obese
patients undergoing LSG or LRYGB and showed no difference in percent excess weight loss up to 3 years of follow-up
[29]. Celio et al. found a higher proportion of resolution of
diabetes mellitus, hypertension, GERD, hyperlipidemia, and
obstructive sleep apnea at 1-year in LRYGB. Additionally,
while no differences in overall 30-day morbidity were found,
the LRYGB group had higher readmission and reoperation rates [30]. Despite the lack of clear benefit of LRYGB
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compared to LSG with regards to weight loss in super-obese
patients and remission of obesity-related comorbidities in
long-term studies, these comorbidities especially diabetes
mellitus as well as a BMI ≥ 50 kg/m2 seem to be associated
with a higher AOR of LRYGB based on our analysis. This
suggests that the notion that LRYGB is more effective with
regards to weight loss and comorbidity remission may persist among bariatric surgeons.
Although the role of LSG in the management of obesity
has been well established, there are concerns about its association with postoperative GERD [31]. The high incidence
of GERD after LSG may be due to increased intragastric
pressure and a hypotensive lower esophageal sphincter
resulting in increased esophageal acid exposure [32, 33].
On the other hand, LRYGB is considered an ideal anti-reflux
procedure for patients with morbid obesity and GERD [34].
In the Swiss Multicenter Bypass or Sleeve Study (SMBOSS), LSG significantly worsened the incidence of preexisting GERD (20% vs 2%) and increased the development
of de novo GERD (18% vs 2%) compared to LRYGB [25].
Mandeville et al. reported a 47.8% chance of developing de
novo GERD after LSG with a mean follow-up of 8.48 years
[35]. Moreover, a study of 110 patients undergoing LSG,
revealed an alarming rate of 9.1% of class D esophagitis and
17.2% of nondysplastic Barrett’s esophagus at 58 months
postoperatively [36]. Although some studies show different
results reporting that LSG may improve GERD symptoms
[37], in light of the emerging literature raising the prior concerns, LRYGB is considered the ideal bariatric operation
for patients with GERD [38]. This seems consistent with
our finding as patients with preoperative GERD had 1.47
adjusted odds of undergoing LRYGB compared to LSG.
Our analysis notes a tendency to performing LSG in older
patients, particularly ≥ 60 years of age. Although this may be
related to the surgeons’ inclination to offer the safer operation
in the higher risk surgical candidates [39], it is unclear based
on our analysis if there is another reason that can explain
this trend. Moreover, the MBSAQIP does not capture patient
characteristics beyond clinical parameters; other factors such
as insurance and socioeconomic status play an essential role
in the eligibility for bariatric surgery [40]. In one study, the
most common reason patients eligible for bariatric surgery
failed to undergo the procedure was insurance denial and
unattainable coverage prerequisites [40]. Additional factors
adversely impacting access to bariatric surgery include nonwhite race, uninsured or underinsured status, lower-income,
and male sex [41–44]. Discrepancies among these factors
may underlie the sex and racial disparities observed in this
study. Higher socioeconomic and insurance status may potentially improve patients’ chances of undergoing the procedure
they prefer rather than what is offered.
During bariatric surgical consultation with prospective patients the authors of this manuscript utilize the free
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Michigan Bariatric Surgical Collaborative “Weigh the
Odds” application on their smartphone to assist with procedure selection [45]. This application provides estimates of
weight loss, comorbidity remission, and 30-day complications for primary bariatric operations including comparison
of outcomes for different procedures which facilitates and
enhances joint decision-making by the patient and surgeon.
Furthermore, our practice incorporates the following management guidelines for procedure selection which are consistent with the findings of this paper. At our program, LSG
is considered a contraindication in patients with Barrett’s
esophagitis and a relative contraindication for severe erosive esophagitis or large hiatal hernia. On the other hand,
LRYGB is considered a contraindication or relative contraindication in patients with these characteristics: chronic steroid
use, long-term smoking history, iron deficiency anemia, and
high-risk status. Based on the results from this application
any complications, severe complications, and mortality are
typically twice as high with LRYGB as compared to LSG.
There is a distinction between an elevated risk from a
surgical standpoint and a patient comorbidity standpoint.
For instance, steroids have been associated with increased
complications after LRYGB including anastomotic stricture
and marginal ulcers [46], thereby increasing the likelihood
of selecting LSG in this patient population. Smoking cessation is required before bariatric surgery as it results in significant postoperative morbidity such as marginal ulceration
in patients undergoing LRYGB [47]. Thus, these patients
are more likely to undergo LSG. This may be driven by a
surgeon’s fear that patients with a preoperative smoking history may be at higher risk of smoking relapse. This relapse
rate is 9.6% at 1-year and 14.0% at 7-years after LRYGB
[48]. The high incidence of iron deficiency after LRYGB
may influence surgeons towards performing LSG in patients
with hematocrit ≤ 30% to avoid exacerbating their anemia
[49]. As mentioned previously, in contrast to these primarily surgical procedure-related factors, patient comorbidities
may also impact decision-making. Coronary artery disease
and chronic obstructive pulmonary disease are well-known
comorbidities for elevating the risk of surgery and anesthesia. Patients with chronic kidney disease and end-stage
renal disease may be better candidates for LSG given their
potential candidacy for renal transplantation in the future
due to the need for steroid therapy and a reduction in the
malabsorption of immunosuppressive medications as compared to LRYGB. Lastly, our analysis reveals an association
between a higher ASA class and undergoing LRYGB. This
is most likely driven by the higher likelihood of patients
with obesity-related comorbidities undergoing LRYGB as
data suggests better remission as compared to LSG [26,
30]. Furthermore, it is worth mentioning that ASA class
is often subjective and inconsistent. It is also influenced
by the severity of the comorbidities which is absent in the

database. Thus, this association may also be the result of
residual confounding.
This study is limited by its retrospective, nonrandomized
study design with the potential for misclassification and
selection bias. While the study’s retrospective and descriptive nature allow evaluating associations between clinical
variables and the procedure, it does not allow inferences
regarding causation. The available data do not provide
insight into the exact reason why a procedure was selected
over another, given a set of patient characteristics. Furthermore, there are lack of data on the severity of comorbidities
which factors into the procedure choice as well. There are
likely other factors that drive decision-making for selecting
a bariatric procedure that is not reflected in the variables
reported by the database used and is thus a source of residual
confounding. Moreover, there is no information on individual hospital systems or surgeons and their experiences and
preferences for selecting one procedure over the other. These
factors also influence the procedure choice and could not be
included in our analysis. Nonetheless, this large multi-institutional national database study offers insight into potential
factors that may influence and drive clinical decision-making
for selection of LSG vs LRYGB.
In conclusion, preoperative patient characteristics are differentially associated with undergoing LRYGB compared to
LSG. Patients with obesity-related comorbidities are more
likely to undergo LRYGB, whereas higher risk patients are
more likely to undergo LSG. Moreover, the presence of
GERD was associated with having LRYGB. Our analysis
also indicates the presence of gender and racial disparities
in the performance of these two operations.

Compliance with ethical standards
Disclosures Dr. Arthur M. Carlin receives an honorarium from Blue
Cross Blue Shield of Michigan as Executive Committee Chair of the
Michigan Bariatric Surgery Collaborative. Dr. Hassan Nasser and Dr.
Tommy Ivanics have no conflicts of interest or financial ties to disclose.

References
1. English WJ, DeMaria EJ, Hutter MM, Kothari SN, Mattar SG,
Brethauer SA, Morton JM (2020) American Society for Metabolic
and Bariatric Surgery 2018 estimate of metabolic and bariatric
procedures performed in the United States. Surg Obes Relat Dis
16:457–463. https://doi.org/10.1016/j.soard.2019.12.022
2. El Chaar M, Lundberg P, Stoltzfus J (2018) Thirty-day outcomes
of sleeve gastrectomy versus Roux-en-Y gastric bypass : first
report based on Metabolic and Bariatric Surgery Accreditation
and Quality Improvement Program database. Surg Obes Relat Dis
14:545–553. https://doi.org/10.1016/j.soard.2018.01.011
3. Osland E, Yunus RM, Khan S, Alodat T, Memon B, Memon MA
(2016) Postoperative early major and minor complications in

13

Surgical Endoscopy

4.

5.

6.

7.

8.

9.

10.
11.

12.

13.

14.

15.

16.

laparoscopic vertical sleeve gastrectomy (LVSG) versus laparoscopic Roux-en-Y gastric bypass (LRYGB) procedures: a metaAnalysis and systematic review. Obes Surg 26:2273–2284. https
://doi.org/10.1007/s11695-016-2101-8
Peterli R, Wolnerhanssen BK, Peters T, Vetter D, Kroll D, Borbely
Y, Schultes B, Beglinger C, Drewe J, Schiesser M, Nett P, Bueter
M (2018) Effect of Laparoscopic Sleeve Gastrectomy vs Laparoscopic Roux-en-Y Gastric Bypass on Weight Loss in Patients
With Morbid Obesity: The SM-BOSS Randomized Clinical Trial.
JAMA 319:255–265. https://doi.org/10.1001/jama.2017.20897
Salminen P, Helmiö M, Ovaska J, Juuti A, Leivonen M, PeromaaHaavisto P, Hurme S, Soinio M, Nuutila P, Victorzon M (2018)
Effect of Laparoscopic Sleeve Gastrectomy vs Laparoscopic
Roux-en-Y Gastric Bypass on Weight Loss at 5 Years Among
Patients With Morbid Obesity: The SLEEVEPASS Randomized
Clinical Trial. JAMA. https://doi.org/10.1001/jama.2017.20313
Shoar S, Saber AA (2017) Long-term and midterm outcomes of
laparoscopic sleeve gastrectomy versus Roux-en-Y gastric bypass:
a systematic review and meta-analysis of comparative studies.
Surg Obes Relat Dis 13:170–180. https://doi.org/10.1016/j.soard
.2016.08.011
Udelsman BV, Jin G, Chang DC, Hutter MM, Witkowski ER
(2019) Surgeon factors are strongly correlated with who receives
a sleeve gastrectomy versus a Roux-en-Y gastric bypass. Surg
Obes Relat Dis 15:856–863. https: //doi.org/10.1016/j.soard
.2019.03.040
Kallies KJ, Ramirez LD, Grover BT, Kothari SN (2018) Roux-enY gastric bypass versus sleeve gastrectomy: what factors influence
patient preference? Surg Obes Relat Dis 14:1843–1849. https://
doi.org/10.1016/j.soard.2018.08.015
Opozda M, Wittert G, Chur-Hansen A (2017) Patients’ reasons
for and against undergoing Roux-en-Y gastric bypass, adjustable
gastric banding, and vertical sleeve gastrectomy. Surg Obes Relat
Dis 13:1887–1898. https://doi.org/10.1016/j.soard.2017.07.013
(2018) MBSAQIP: User Guide for the 2017 Participant Use Data
File (PUF). 1–20
Westerveld D, Yang D (2016) Through Thick and Thin: Identifying Barriers to Bariatric Surgery, Weight Loss Maintenance,
and Tailoring Obesity Treatment for the Future. Surg Res Pract
2016:8616581. https://doi.org/10.1155/2016/8616581
Funk LM, Jolles S, Fischer LE, Voils CI (2015) Patient and Referring Practitioner Characteristics Associated With the Likelihood
of Undergoing Bariatric Surgery: A Systematic Review. JAMA
Surg 150:999–1005. https://doi.org/10.1001/jamasurg.2015.1250
Chawla AS, Hsiao C-W, Romney MC, Cohen R, Rubino F,
Schauer P, Cremieux P (2015) Gap Between Evidence and Patient
Access: Policy Implications for Bariatric and Metabolic Surgery
in the Treatment of Obesity and its Complications. Pharmacoeconomics 33:629–641. https://doi.org/10.1007/s40273-015-0302-y
Coulman KD, Howes N, Hopkins J, Whale K, Chalmers K,
Brookes S, Nicholson A, Savovic J, Ferguson Y, Owen-Smith A,
Blazeby J, Blazeby J, Welbourn R, Byrne J, Donovan J, Reeves
BC, Wordsworth S, Andrews R, Thompson JL, Mazza G, Rogers
CA (2016) A Comparison of Health Professionals’ and Patients’
Views of the Importance of Outcomes of Bariatric Surgery. Obes
Surg 26:2738–2746. https://doi.org/10.1007/s11695-016-2186-0
Wee CC, Jones DB, Davis RB, Bourland AC, Hamel MB (2006)
Understanding patients’ value of weight loss and expectations for bariatric surgery. Obes Surg 16:496–500. https://doi.
org/10.1381/096089206776327260
Rozier MD, Ghaferi AA, Rose A, Simon N-J, Birkmeyer N,
Prosser LA (2019) Patient Preferences for Bariatric Surgery: Findings From a Survey Using Discrete Choice Experiment Methodology. JAMA Surg 154:e184375. https://doi.org/10.1001/jamas
urg.2018.4375

13

17. Bachler T, le Roux CW, Bueter M (2016) How do patients’ clinical
phenotype and the physiological mechanisms of the operations
impact the choice of bariatric procedure? Clin Exp Gastroenterol
9:181–189. https://doi.org/10.2147/CEG.S87205
18. Zhang Y, Zhao H, Cao Z, Sun X, Zhang C, Cai W, Liu R, Hu
S, Qin M (2014) A Randomized Clinical Trial of Laparoscopic
Roux-en-Y Gastric Bypass and Sleeve Gastrectomy for the Treatment of Morbid Obesity in China : a 5-Year Outcome. Obes Surg
24:1617–1624. https://doi.org/10.1007/s11695-014-1258-2
19. Jimenez A, Casamitjana R, Flores L, Viaplana J, Corcelles R,
Lacy A, Vidal J (2012) Long-Term Effects of Sleeve Gastrectomy
and Roux-en-Y Gastric Bypass Surgery on Type 2 Diabetes Mellitus in Morbidly Obese Subjects. Ann Surg 256:1023–1029. https
://doi.org/10.1097/SLA.0b013e318262ee6b
20. Abbatini F, Rizzello M, Casella G, Alessandri G, Capoccia D,
Leonetti F, Basso N (2010) Long-term effects of laparoscopic
sleeve gastrectomy, gastric bypass, and adjustable gastric banding on type 2 diabetes. Surg Endosc 24:1005–1010. https://doi.
org/10.1007/s00464-009-0715-9
21. Boza C, Gamboa C, Salinas J, Achurra P, Vega A, Pérez G (2012)
Laparoscopic Roux-en- Y gastric bypass versus laparoscopic
sleeve gastrectomy: a case-control study and 3 years of follow-up.
Surg Obes Relat Dis 8:243–249. https://doi.org/10.1016/j.soard
.2011.08.023
22. Yip S, Plank LD, Murphy R (2013) Gastric Bypass and Sleeve
Gastrectomy for Type 2 Diabetes : A Systematic Review and
Meta-analysis of Outcomes. Obes Surg 23:1994–2003. https://
doi.org/10.1007/s11695-013-1030-z
23. Salminen P, Helmiö M, Ovaska J, Juuti A, Leivonen M, PeromaaHaavisto P, Hurme S, Soinio M, Nuutila P, Victorzon M (2018)
Effect of laparoscopic sleeve gastrectomy vs laparoscopic Rouxen-Y gastric bypass on weight loss at 5 years among patients with
morbid obesity The SLEEVEPASS Randomized Clinical Trial.
JAMA - J Am Med Assoc 319:241–254. https://doi.org/10.1001/
jama.2017.20313
24. Wallenius V, Dirinck E, Fändriks L, Maleckas A, le Roux CW,
Thorell A (2018) Glycemic Control after Sleeve Gastrectomy and
Roux-En-Y Gastric Bypass in Obese Subjects with Type 2 Diabetes Mellitus. Obes Surg 28:1461–1472
25. Peterli R, Wölnerhanssen BK, Vetter D, Nett P, Gass M, Borbély Y, Peters T, Schiesser M, Schultes B, Beglinger C, Drewe J,
Bueter M (2017) Laparoscopic sleeve gastrectomy versus RouxY-Gastric bypass for morbid obesity - 3-year outcomes of the prospective randomized Swiss Multicenter Bypass Or Sleeve Study
(SM-BOSS). Ann Surg 265:466–473. https://doi.org/10.1097/
SLA.0000000000001929
26. Li J, Lai D, Wu D (2016) Laparoscopic Roux-en-Y Gastric
Bypass Versus Laparoscopic Sleeve Gastrectomy to Treat Morbid Obesity-Related Comorbidities : a Systematic Review and
Meta-analysis. Obes Surg 26:429–442. https://doi.org/10.1007/
s11695-015-1996-9
27. Jiménez A, Ibarzabal A, Moizé V, Pané A, Andreu A, Molero
J, De HA, Flores L, Ortega E, Lacy A, Vidal J (2019) Ten-year
outcomes after Roux-en-Y gastric bypass and sleeve gastrectomy :
an observational nonrandomized cohort study ✩. Surg Obes Relat
Dis 15:382–388. https://doi.org/10.1016/j.soard.2019.01.020
28. Ahmed B, King WC, Gourash W, Belle SH, Hinerman A, Pomp
A, Dakin G, Courcoulas AP (2018) Long-term weight change
and health outcomes for sleeve gastrectomy (SG) and matched
Roux-en-Y gastric bypass (RYGB) participants in the Longitudinal Assessment of Bariatric Surgery (LABS) Study. Surgery
164:774–783. https://doi.org/10.1016/j.surg.2018.06.008
29. Hong J, Park S, Lo ME, Rosenthal R (2018) Midterm outcomes
of laparoscopic sleeve gastrectomy as a stand-alone procedure in
super-obese patients. Surg Obes Relat Dis 14:297–303. https://
doi.org/10.1016/j.soard.2017.11.021

Surgical Endoscopy
30. Celio AC, Wu Q, Kasten KR, Manwaring ML, Pories WJ, Spaniolas K (2017) Comparative effectiveness of Roux-en-Y gastric
bypass and sleeve gastrectomy in super obese patients. Surg
Endosc 31:317–323. https://doi.org/10.1007/s00464-016-4974-y
31. Sheppard CE, Sadowski DC, de Gara CJ, Karmali S, Birch DW
(2015) Rates of Reflux Before and After Laparoscopic Sleeve
Gastrectomy for Severe Obesity. Obes Surg 25:763–768. https://
doi.org/10.1007/s11695-014-1480-y
32. Mahawar KK, Jennings N, Balupuri S, Small PK (2013) Sleeve
gastrectomy and gastro-oesophageal reflux disease: A complex
relationship. Obes Surg 23:987–991. https://doi.org/10.1007/
s11695-013-0899-x
33. Coupaye M, Gorbatchef C, Calabrese D, Sami O, Msika S, Coffin
B, Ledoux S (2018) Gastroesophageal Reflux After Sleeve Gastrectomy: a Prospective Mechanistic Study. Obes Surg 28:838–
845. https://doi.org/10.1007/s11695-017-2942-9
34. Munie S, Nasser H, Gould JC (2019) Salvage Options for Fundoplication Failure. Curr Gastroenterol Rep 21:41
35. Mandeville Y, Van Looveren R, Vancoillie PJ, Verbeke X, Vandendriessche K, Vuylsteke P, Pattyn P, Smet B (2017) Moderating the Enthusiasm of Sleeve Gastrectomy: Up to Fifty Percent
of Reflux Symptoms After Ten Years in a Consecutive Series
of One Hundred Laparoscopic Sleeve Gastrectomies. Obes Surg
27:1797–1803. https://doi.org/10.1007/s11695-017-2567-z
36. Genco A, Soricelli E, Casella G, Maselli R, Castagneto-Gissey L,
Di Lorenzo N, Basso N (2017) Gastroesophageal reflux disease
and Barrett’s esophagus after laparoscopic sleeve gastrectomy: a
possible, underestimated long-term complication. Surg Obes Relat
Dis 13:568–574
37. Rebecchi F, Allaix ME, Giaccone C, Ugliono E, Scozzari G,
Morino M (2014) Gastroesophageal reflux disease and laparoscopic sleeve gastrectomy: A physiopathologic evaluation. Ann
Surg 260:909–915. https://doi.org/10.1097/SLA.0000000000
000967
38. Patti MG, Shlottmann F (2018) Gastroesophageal Reflux After
Sleeve Gastrectomy. JAMA Surg 153:1147–1148. https://doi.
org/10.1097/SLA
39. Koh CY, Inaba CS, Sujatha-bhaskar S, Nguyen NT (2018) Outcomes of Laparoscopic Bariatric Surgery in the Elderly Population. Am Surg 84:1600–1603
40. Sadhasivam S, Larson CJ, Lambert PJ, Mathiason MA, Kothari
SN (2007) Refusals, denials, and patient choice: reasons prospective patients do not undergo bariatric surgery. Surg Obes Relat Dis
3:531–536. https://doi.org/10.1016/j.soard.2007.07.004

41. Martin M, Beekley A, Kjorstad R, Sebesta J (2010) Socioeconomic disparities in eligibility and access to bariatric surgery: a
national population-based analysis. Surg Obes Relat Dis 6:8–15.
https://doi.org/10.1016/j.soard.2009.07.003
42. Santry HP, Lauderdale DS, Cagney KA, Rathouz PJ, Alverdy JC,
Chin MH (2007) Predictors of patient selection in bariatric surgery. Ann Surg 245:59–67. https://doi.org/10.1097/01.sla.00002
32551.55712.b3
43. Dallal RM, Bailey L, Guenther L, Curley C, Sergi F (2008) Comparative analysis of short-term outcomes after bariatric surgery
between two disparate populations. Surg Obes Relat Dis 4:110–
114. https://doi.org/10.1016/j.soard.2007.04.007
44. Flum DR, Khan TV, Dellinger EP (2007) Toward the rational and
equitable use of bariatric surgery. JAMA 298:1442–1444. https://
doi.org/10.1001/jama.298.12.1442
45. (2019) MBSC - Weight the odds (1.0.0) [Mobile application software]. https://appadvice.com/app/mbsc-weigh-the-odds/12610
31243
46. Mazzei M, Zhao H, Edwards MA (2019) Perioperative outcomes of bariatric surgery in the setting of chronic steroid use: an
MBSAQIP database analysis. Surg Obes Relat Dis 15:926–934.
https://doi.org/10.1016/j.soard.2019.02.007
47. Di Palma A, Liu B, Maeda A, Anvari M, Jackson T, Okrainec A
(2020) Marginal ulceration following Roux-en-Y gastric bypass:
risk factors for ulcer development, recurrence and need for revisional surgery. Surg Endosc. https://doi.org/10.1007/s00464-02007650-0
48. King WC, White GE, Belle SH, Yanovski SZ, Pomp A, Pories WJ,
Wolfe BM, Ahmed B, Courcoulas AP (2020) Changes in Smoking
Behavior Before and After Gastric Bypass: A 7-year Study. Ann
Surg. https://doi.org/10.1097/SLA.0000000000003828
49. Gesquiere I, Lannoo M, Augustijns P, Matthys C, Van der
Schueren B, Foulon V (2014) Iron deficiency after Roux-en-Y
gastric bypass: insufficient iron absorption from oral iron supplements. Obes Surg 24:56–61. https://doi.org/10.1007/s1169
5-013-1042-8
Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

13

