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KEY POINTS

� Bariatric surgery is currently the most effective and enduring weight loss therapy available
and is extremtly safe with morbidity and mortality rates on par with hernia repairs and
appendectomies.

� The types of bariatric surgery procedures have evolved over the past 20 years with lapa-
roscopic sleeve gastrectomy accouting for 60% of all procedures in the United States
while the gastric band is now rarely offered at all.

� Gastric bypass surgery, the gold standard in terms of long-term efficacy, reduces
diabetes-related mortality by 92% over 7 years.

� The long-lasting remission of type 2 diabetes after bariatric surgery has been demon-
strated in observational studies covering greater than 10,000 patients as well as in multiple
randomized control trials.

� The new 2022 ASMBS/IFSO guidelines emphasize the benefit of bariatric surgery on dia-
betes and recommends bariatric surgery in all patients with T2DMwith a BMI greater than
30 kg/m2.
INTRODUCTION

Bariatric surgery has been demonstrated to be the single most effective weight loss
therapy available.1 These therapies are now very well standardized, and the evidence
demonstrating their efficacy is overwhelming. The overall effect on mortality alone has
been studied in multiple large landmark trials: The Swedish Obese Subjects Study is a
prospective controlled trial including 2000 surgical and 2000 matched, “conventional
obesity treatment,” control patients. The follow-up period is now upward of 24 years.
The initial study in 2007, though incorporating older procedures, demonstrated an
overall reduction in mortality after bariatric surgery with an adjusted odds ratio of
0.71 compared to the control group. After an additional 13 years of follow-up, a
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second analyzation of the same matched cohorts (bariatric surgery vs “conventional
obesity treatment”) showed persistence of this mortality benefit, including a lower
risk of death from cardiovascular disease and cancer.2 The average weight change
in the control group was less than� 2% over the study period. In contrast, the average
total weight loss 10 years after gastric bypass was 25%.3 At the 20 year follow-up
mark, there was an average reduction in body mass index (BMI) by 7 points demon-
strating a long-lasting weight loss affect.2

Another long-term study published in the New England Journal of Medicine studied
mortality among 7925 gastric bypass patients and 7925 carefully matched patients
with severe obesity. Over the 7 year follow-up, mortality decreased 40% in the surgical
group, and diabetes-related deaths were reduced by 92%.4 A smaller study of 1000
surgical patients and 5700 controls demonstrated similar benefits over 5 years with
a reduction in the risk of death of 89%.5 A more recent study analyzed the effect of
surgery on 6100 patients with type 2 diabetes undergoing gastric bypass surgery
and 6100 matched controls. Over 3.5 years, the overall mortality risk decreased by
58%, and the risk of myocardial infarction was cut in half.6 These findings were also
confirmed among the US veteran’s population in 2500 patients (74%men) who under-
went bariatric surgery were matched to 7462 control patients. Over the 14 year follow-
up, overall mortality decreased after 1 to 5 years (hazard ratio [HR], 0.45) and 5 to
14 years (HR, 0.47).7

Additionally, advancements in minimally invasive surgery and overall surgical expe-
rience have led to a significant decrease in perioperative mortality and the benefits of
bariatric surgery on life expectancy are therefore likely to be even more positive today.
The most recent data demonstrated a 30 day mortality of 0.07% in accredited centers,
representing less than 1 in 1400 surgeries.8 Lastly, bariatric surgery has been shown to
have comparable morbidity and mortality risks to other commonly performed proced-
ures like cholecystectomy, hernia repairs, appendectomy, and hip arthroplasty.9
CURRENT SURGICAL BARIATRIC PROCEDURES

The type of bariatric procedures performed in the United States has evolved over the
past 5 years (Table 1).10 The laparoscopic gastric banding (LGB) was a very popular
procedure, but during the last decade, it is now in steep decline nearly becoming
obsolete and one of the 2 manufacturers for the US market has halted production
of the device. The sleeve gastrectomy (SG) now constitutes more than half of all pro-
cedures performed. Even if it is no longer the most common procedure performed, the
Roux-en-Y gastric bypass (RYGB) remains the gold standard of bariatric procedures
with proven long-term efficacy.
The guidelines for bariatric surgery have been recently updated for the first time

since the 1991 National Institutes of Health guidelines. The American Society for Meta-
bolic and Bariatric Surgery and International Federation for the Study of Obesity
recommend surgery for patients with a BMI of 35 kg/m2 or greater regardless of pres-
ence, absence, or severity of comorbidities or a BMI of 30 kg/m2 or greater with a high-
risk comorbid conditions such as life-threatening cardiopulmonary problems severe
diabetes mellitus; or obesity-induced physical problems interfering with lifestyle.11

Additionally, in Asian patient populations, given the higher risk of cardiovascular dis-
ease at a lower BMI compared to non-Asian patients, the recommendation is to
consider bariatric surgery at a BMI of�25 kg/m2.11 Patients must have failed attempts
at diet and exercise, be motivated and well informed, and free of significant psycho-
logical disease. In addition, the expected benefits of operation must outweigh the
risks.12,13 The LGB is also Food and Drug Administration (FDA)-approved for patients
Descargado para Daniela Zúñiga Agüero (danyzuag@gmail.com) en National Library of Health and Social 
Security de ClinicalKey.es por Elsevier en marzo 13, 2025. Para uso personal exclusivamente. No se 
permiten otros usos sin autorización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



Table 1
Estimate of bariatric surgery procedures in the United States

2018 2019 2020 2021 2022

n % n % n % n % n %

Sleeve 154,976 61.4 152,413 59.5 122,056 61.4 152,866 58.1 160,609 57.4

RYGB 42,945 17.0 45,744 17.9 41,280 20.8 56,527 21.5 62,097 22.2

Band 2660 1.1 2375 0.9 2393 1.2 1121 0.4 2500 0.9

BPD-DS 2123 0.8 2272 0.9 3555 1.8 5525 2.1 6096 2.2

Revision 38,971 15.4 42,881 16.8 22,022 11.1 31,021 11.8 30,894 11.0

SADI — — — — 488 0.2 1025 0.4 1567 0.6

OAGB — — — — 1338 0.7 1149 0.4 1057 0.4

Other 5847 2.3 6060 2.4 1221 0.6 7339 2.8 6189 2.2

ESG — — — — 1500 0.8 2200 0.8 4600 1.6

Balloons 5042 2.0 4655 1.8 2800 1.4 4100 1.6 4358 1.6

Total 252,564 256,000 198,651 262,893 279,967

Courtesy of ASMBS – American Society for Metabolic and Bariatric Surgery.
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with a BMI of 30 to 40 with one or more obesity-related medical conditions, such as
high blood pressure, heart disease, diabetes, or sleep apnea.

Minimally Invasive Roux-en-Y Gastric Bypass

RYGB was first described by EE Mason in the mid-1960s14 and is now performed lap-
aroscopically and robotically. A small proximal gastric pouch is created (approxi-
mately 15–20 cc). The small bowel is then divided approximately 40 to 60 cm from
the ligament of Treitz. The distal portion is then brought up and anastomosed to the
neo-stomach (Roux limb). The proximal portion is then reconnected to the distal
Roux limb, approximately 150 cm from the stomach, creating a functional nonabsorp-
tive bypass as the bile is not in contact with ingested food in this proximal portion
(Fig. 1). The one anastomosis gastric bypass is a newer technique aiming to reduce
the complexity of the operation with a single anastomosis; however, its adoption is
low and we do not have good data on the short-term and long-term outcomes
regarding weight loss, comorbidity remission, and safety.

Weight loss results
RYGB not only procedues the best weight loss results among the most common pro-
cedures but also demonstrates maintenance over time.15 Average percent of excess
body weight lost (EWL) at 1 year is approximately 68%,16 average EWL after 5 year
follow-up ranges from 57% to 79.5%.17 In a review of 10 year outcomes after gastric
bypass, weighted mean excess weight loss at greater than or equal to 10 years was
61.4% � 13.518; total body weight loss (TWL) ranges from 20% to 31.5%.19,20 On
average, RYGB patients lost over 15 BMI points at 1 year.21

Resolution of comorbidities
Improvement in hypertension after gastric bypass has been reported in approximately
87% of patients with complete remission in 61% to 81%.16,22 A systematic review with
follow up greater than 2 years showed a remission rate of 38%,23 and in a recent study
of over 1000 patients, remission was maintained at 6 years in 42% of patients.24 Simi-
larly improvement in hyperlipidemia was seen in 94% of patients, with resolution in
63% to 91%, 60% at greater than 2 years and maintained remission of 71% at
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Fig. 1. Bariatric surgical procedures. (A) Adjustable gastric banding (AGB) uses a band to
create a gastric pouch. (B) Sleeve gastrectomy involves creating a sleeve-shaped stomach by
removingabout 75%of the stomach. (C) Biliopancreatic diversion (BPD)withduodenal switch
procedure creates an anastomosis between the stomach and intestine. (D) Roux-en-Y gastric
bypass procedure involves constructing a gastric pouch whose outlet is a Y-shaped limb of
the small intestine. (Mariann M. Harding, Lewis’s Adult Health Nursing I & II with Integrated
Pathophysiology and Geriatric Nursing, Fifth South Asia Edition, 2025. Elsevier Inc.).
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6 years.16,22–24 Obstructive sleep apnea (OSA) improved in 95% of patients after
RYGB and resolved in 80%.16

Morbidity and mortality
Short-term mortality rates after bariatric surgery have been constantly decreasing. For
RYGB, the short-term mortality rate has been reduced by one-third between 2007 and
2012, according to a large French study of over 133,000 patients.25 Current 30 day
mortality is reported to be between 0.07% and 0.38%,8,21,22,26,27 with reports from
US-accredited centers ranging between 0.07% and 0.14%.8,21 Chang and col-
leagues22 reported an overall complication rate between 12% and 21% and reopera-
tions rates of 2.56% to 5.34%.

Minimally Invasive Sleeve Gastrectomy

The SG was originally described as the first step preceding biliopancreatic diversion
with duodenal switch (BPD-DS) in patients with severe obesity (BMI >50 kg/m2). It
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is now the most commonly performed procedure in the United States and worldwide
(see Table 1). The BPD-DS was scheduled approximately 1 year later, but the signif-
icant weight loss observed during the interval led to the adoption of this procedure as a
stand-alone one.28 A gastric conduit of approximately 100 cc is created along the
lesser curve of the stomach utilizing laparoscopic and robotic techniques. The
remnant stomach, including the fundus, is thereafter resected.

Weight loss results
Average weight loss 1 year after SG has been reported to be comparable and some-
times superior to that of RYGB, with a EWL of 69% at 1 year in a blinded randomized
control trial.29 However, long-term maintenance of weight loss has not yet been
demonstrated to be as good as for RYGB. A recent study showed a 76.8%, 69.7%,
and 56.1% EWL at 1 year, 3 year, and 5 year follow-ups, respectively.30 Other studies
with 5 year follow-up found EWL after SG to be between 49% and 70.3%.19 TWL in
one study with 13 year follow-up after SG was 33.4%, 29.7%, 28.3%, and 26.6% at
1, 2, 5, and 10 years.31

Resolution of comorbidities
Remission of hypertension after SG was greater than 82% in a recent systematic re-
view with reported ranges 68% to 92%.22 Another systematic review with follow-up
greater than 2 years showed a remission rate of 38%.23 Yet other studies evaluating
remission 5 years postoperatively, remission rates were described as 27.8% to
100%.19 Hypertriglyceridemia completely resolved at 1 year in 72% of patients,30

and overall dyslipidemia resolution rate was 82% in a recent review.22 At 5 years,
the Swiss Multicenter Bypass or Sleeve Study (SM-BOSS) showed complete remis-
sion of dyslipidemia after SG in 42.6% of patients.32 OSA resolution was 90% in
that same review and another study demonstrated a maintained resolution rate of
73% 5 years after SG.33

Morbidity and mortality
Similarly to RYGB, the mortality rate of SG has been improving since its inception, with
a similar 3 fold decrease between 2007 and 2012 in a large French study (0.36%–
0.11%).25 SM-BOSS demonstrated an early (less than 30 days postoperatively)
complication rate of 0.9%, a late complication rate of 14.9%, and no deaths.32

Laparoscopic Adjustable Gastric Banding

Laparoscopic adjustable gastric banding (LAGB) is an inert inflatable band placed
around the proximal portion of the stomach. It is inflated using a subcutaneous port
offering the opportunity of adjusting of the degree of restriction. LAGB gained fast
and wide popularity in Europe and Australia in the mid and late 1990s and in the United
States a decade later after its FDA approval in 2001. It has demonstrated very low peri-
operative mortality and morbidity, but the advent of the SG has made the LAGB much
less attractive with less than 1% of procedures currently in the United States versus
more than one-third only 10 years ago (see Table 1). Additionally, the device is being
produced at a much lower rate due to various companies no longer continuing
production.

Weight loss results
One of the reasons for the decreasing number of LAGB procedures performed is the
significant variability in weight-loss results. Variability in weight loss is significantly
greater than the other bariatric procedures and requires close follow-up for iterative
adjustments. At 1 year, EWL loss ranges from 29% to 49% with an average of
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42%.16 In the American College of Surgeons Bariatric Surgery Center Network report
(>12,000 LAGB patients), the average BMI lost at 1 year was 7 kg/m2.21 Over time EWL
has been reported to be between 44% and 59% in follow-up greater than 5 years and
42% at 121 years.34–36

Resolution of comorbidities
One year after LAGB, hyperlipidemia improved in 59% of patients, hypercholesterole-
mia in 78% and hypertriglyceridemia in 77%. Hypertension resolved in 43% and
improved in 71%. Obstructive apnea syndrome improved in 95% and resolved in
68% of LAGB patients.16 At 2 years or more, remission of hypertension was 17.4%
and 22.7% for hyperlipidemia.23 OSA remission ranged between 71% (observational
studies) and 94% (randomized control trials).22

Morbidity and mortality
The perioperative morbidity and mortality rates of the LAGB have been consistently
very low with a 30 day mortality at or below 0.05%, including no deaths in over
1200 cases in the Longitudinal Assessment of Bariatric Surgery (LABS) Consortium
study.21,37 Short-term (30 day) reoperation rates are also low (0.92%).21 The Achilles
heel of this procedure (and a significant cause for its decreasing use) has emerged
over time: The removal (reoperation) rate is significant and ranges from 25% to greater
than 50% in long-term studies.34,35 Grounds for removal include inadequate weight
loss, gastro-esophageal reflux, and dysphagia with or without slippage and erosion.

Biliopancreatic Diversion with Duodenal Switch and Single Anastomosis
Duodeno-ileal Bypass

The biliopancreatic diversion (BPD) procedure was created in the 1970s in Italy by Dr
Scopinaro, which included a partial gastrectomy with duodenal stump, 250 cm gastro-
ileal Roux limb, and a 50 cm common channel.38 This was fine-tuned over multiple it-
erations by DeMeester39 and Hess and others40 in the 1980s to a vertical SG with a
suprapapillary duodenojejunostomy (or duodenal switch) and a longer common chan-
nel with the hopes of minimizing risk of marginal ulceration and improve the side ef-
fects of malabsorption with a longer common channel. After the advent of
laparoscopy, given the difficulty of the new skill, the BPD-DS became a 2 staged pro-
cedure.41 The first step involved creating the gastric sleeve, typically over a 48 Fr
dilator, followed by a second step where a 150 cm duodeno-ileal roux limb was
created followed by an ileoileostomy with a common channel measuring 100 cm.41

In 2010, Dr Sanchez-Pernaute42 described the single anastomosis duodeno-ileal
bypass with sleeve gastrectomy as an attempt to simplify the BPD-DS to a single
anastomosis. He describes a vertical SG over a 54 French bougie followed by
duodeno-ileal anastomosis leaving a 200 cm common channel.42 Mitzman and col-
leagues43 expanded on this technique in 2016 by creating a slimmer SG over a 42
French bougie and a longer common channel measuring 300 cm to reduce the risk
of short gut syndrome (Fig. 2).
Both the BPD-DS and SADI are performed laparoscopically and robotically. They

are typically reserved for higher BMI patients given the complexity of the procedure
and risk for malnutrition. However, with over 160,000 sleeve gastrectomies being per-
formed annually, the BPD-DS and SADI are potential options for revisional surgery for
patients who failed to have adequate weight loss.

Weight loss results
Average EWL after BPD-DS in a study evaluating 10 year outcomes was 73.4%.44 A
study that followed patients after BPD-DS for up to 20 years showed a similar degree
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Fig. 2. Laparoscopic single anastomosis duodeno-ileal bypass with sleeve gastrectomy. (With
permission from ASMBS - American Society for Metabolic and Bariatric Surgery.)
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of EWL (70.9%), but also showed this weight loss was maintained over the 20 year
study period.45 TWL is reported as 33.9%.19

Patients who undergo the SADI will experience similar rates of EWL around 69% to
80%, depending on the study.46,47 One systematic review demonstrated 80.4% EWL
10 years post-SADI demonstrating excellent longer term maintenance.48 TWL was
noted to be 39.2% after 3 years and 34.4% at 10 years.48
Resolution of comorbidities
In a study comparing remission rates for diabetes, hypertension, OSA, and dyslipide-
mia between patients undergoing BPD-DS and patients undergoing SADI, there were
no statistically significant differences.47 Remission rates as high as 96% for diabetes,
92.3% for hypertension, 90.7% for OSA, and 80% for dyslipidemia have been
described.45,47 These improvements in comorbidities have been show to persist for
over 10 years in multiple studies.45
Morbidity and mortality
The 30 day mortality rate is described as 0.57% to 2% for BDP-DS and 0.44% for
SADI.49–51 Early complications, including anastomotic leak, bleeding, and bowel
obstruction, are higher in BPD-DS compared to SADI (20.9% vs 1.6%).52 Long-
term complications are similarly elevated in BPD-DS compared to SADI (32.2% vs
10.8%) with the most common complication being diarrhea (7%) and malnutrition
(5%) after BPD-DS and sleeve stricture (4%) after SADI.52 In a systematic review
evaluating the efficacy and safety of SADI, they found rates of malnutrition to be
6.3%. Other late complications after SADI included new or worsening gastroesoph-
ageal reflux disease (GERD) (3.6%), internal hernia (0.5%), chronic diarrhea (3.3%),
and a reoperation rate of 6.4%.48
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DIABETES REMISSION AFTER BARIATRIC SURGERY

The impact of a bariatric procedure on diabetes was not expected and is truly remark-
able. RYGB reduces 3 year diabetes associated mortality by 58% in type 2 diabetes
mellitus (T2DM). Similarly cardiovascular-related mortality is reduced by 59% and the
risk of myocardial infarction in half.6

Furthermore, bariatric surgery has provided patients with a potential for long-lasting
and complete remission of T2DM and has offered the medical community a novel un-
derstanding of this complex disease.53

Even if LAGB has demonstrated very positive outcomes in patients with T2DM, the
mechanisms of action and timeline for resolution are different from those of RYGB or
even SG. In the case of RYGB or SG, improvement or resolution of diabetes is wit-
nessed within days of the procedure. In LAGB patients, resolution of diabetes is
more dependent on weight loss. Remission rates of T2DM after LAGB range from
28.6% to 73% of patients, and improvement was seen in 80% of patients.16,22,23

The mechanisms behind the effect of SG on T2DM are yet to be fully understood,
and its efficacy on the disease seems to lie between LAGB and RYGB.54 Improvement
or resolution of diabetes was greater than 60%within the first 30 days.21 T2DM remis-
sion rates of 79% to 85% have been reported at 1 year22,33 and 42% (29%–56%) at
5 years.55,56

The substantial effect of RYGB on T2DM was described 20 years ago. Pories and
colleagues57 published an article entitled, “Who would have thought it? An operation
proves to be the most effective therapy for adult-onset diabetes mellitus.” The study
described a series of 146 T2DM patients having undergone an RYGB with 83% of
them showing remission of their diabetes.
Since this initial publication, multiple observational studies analyzing over 10,000

patients have confirmed these findings. A retrospective cohort in the United Kingdom
identified 569 surgical patients with T2DM and matched them to 1881 patients with
diabetes. Remission was defined as absence of medication and a hemoglobin A1c
(HbA1c) level below 6.0%. In the bariatric surgery group, 94.5 diabetes mellitus remis-
sions were found per 1000 person-years compared to 4.9 in control patients. The
remission rate in the RYGB group was 43 times that of the control group.54

Two recent reviews included over 60,000 patients reported remission rates between
66.7% and 70.9% at 2 years or more. At less than 2 years, the resolution rate was
81.6%.23,58 The LABS consortium published their 3 year results (>2400 patients),
and the T2DM remission rate was 67.5%.59 Very long-term remission rates remain
high with 58% at 10 years.15

This overwhelming evidence paved the way 2 prospective randomized control trials.
The Surgical Treatment and Medications Potentially Eradicate Diabetes Efficiently
(STAMPEDE) trial published their 3 year results recently in the New England Journal
of Medicine: 150 patients with obesity and uncontrolled T2DM were randomized to
receive either intensive medical therapy alone or intensive medical therapy plus
RYGB or SG with a goal of obtaining an HbA1c of 6.0% or less. This was achieved
in 5% of the medical group patients and 38% in the RYGB group. Of note, 35% of
the patients in the RYGB group achieved the primary endpoint without any medica-
tion, and 65% of the patients in this same group achieved an HbA1c less than 7%. Pa-
tients in the medical group were taking more than 5 diabetes medications versus an
average of 1.4 in the RYGB group.60 The 5 year results of another, similar, randomized
controlled trial were published in Lancet. Sixty patients were randomized to receive
medical treatment, either RYGB or BPD. The primary endpoint was HbA1c less than
6.5% without active pharmacologic treatment for 1 year. This endpoint was achieved
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and maintained at 5 years in 50% of the 38 surgical patients (37% in the RYGB group)
and in none of the 15 medically treated patients. Five major complications of diabetes
(including one fatal myocardial infarction) occurred in the medical group compared
with one complication in the surgical group.61

A recent systematic review and meta-analysis of articles published between 2013
and 2023 describes the 5 year DM remission rates as 47% (36%–59%) after RYGB.56

The 2018 Swedish study, SM-BOSS, comparing outcomes between SG and RYGB
demonstrated complete remission of diabetes in 61.5% of patients in the sleeve
cohort and 67.9% in the RYGB cohort.32 Even higher rates of diabetes remission,
upward of 80% to 90%, are seen after BPD-DS and SADI when compared to
RYGB; but keep in mind that this surgical option is typically reserved for the very
high BMI, given the higher rates of malnutrition and side effects associated with
that.47,62

Other endocrine effects of bariatric surgery have been demonstrated including
improvement in low testosterone syndrome with a doubling of testosterone at
1 year following gastric bypass surgery.63 Finally, enhancement in female fertility
and birth events was also seen in a meta-analysis following bariatric surgery.64

CLINICS CARE POINTS
� Bariatric surgery is the most effective weight loss treatment with long-lasting results.

� The SM-BOSS study demonstrated diabetes remission rates >60% after Sleeve Gastrectomy
and RYGB.

� Bariatric surgery results in the improvement, and potentially remission, of other metabolic
co-morbidities including hypertension, dyslipidemia, and obstructive sleep apnea.

� Bariatric surgery is extraordinarily safe with similar risk profiles to common procedures such
as appendectomy, cholecystectomy, hernia repair, and hip replacement.
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