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Since the 2007 Diabetes Surgery Summit in Rome, Italy, and the subsequent
publishing of the world’s first guidelines for the surgical treatment of type 2 di-
abetes (T2D), much new evidence regarding the efficacy and safety of metabolic
surgery has emerged. Additional observational cohort studies support the supe-
rior effects of surgery over medical treatment with respect to glycemic control,
weight loss, and even reduction in mortality and microvascular complications
associated with T2D. Furthermore, new safety data suggest that the perioperative
morbidity and mortality of metabolic surgery (5% and 0.3%, respectively) are now
similar to that of common low-risk procedures, such as cholecystectomy and
hysterectomy. The largest advance, however, has been the completion of 11
randomized controlled trials from around the globe that compare surgery with
medical treatment of T2D. These studies with follow-up duration of 1–5 years
involve nearly 800 patients without surgical mortality and with major compli-
cation rates of less than 5% and a reoperation rate of 8%. All but 1 of the 11
randomized controlled trials have shown the superiority of surgery over medical
management at achieving remission or glycemic improvement. Surgery was also
superior to medical treatment with respect to improving cardiovascular risk fac-
tors, such as weight loss and dyslipidemia, while reducingmedication burden. This
new efficacy and safety evidence should help guide physicians across the globe to
the appropriate use of surgery as an effective treatment for patients suffering
from T2D and obesity.

SURGICAL PROCEDURES FOR SEVERE OBESITY AND METABOLIC DISEASE
AND INDICATIONS

Gastrointestinal procedures intended to yield long-termweight loss in patients with
severe obesity, otherwise known as bariatric surgery, have evolved since the 1950s
and have become the most effective treatment for attaining significant and durable
weight loss. Because metabolic and weight-related comorbidities, especially type 2
diabetes (T2D), are often improved or put into remission through weight loss or
neuroendocrine mechanisms, the term metabolic surgery is rapidly replacing bar-
iatric surgery. Other contributing mechanisms of diabetes control after surgery are
also addressed in the articles from Batterham and Cummings (1) and Holst et al. (2),
which appear in this issue of Diabetes Care. In general, metabolic operations have
been historically thought to alter the gastrointestinal tract by 1) reducing stomach
capacity, 2) rerouting nutrient flow, or 3) combining both concepts. Although these
alterations may affect appetite, satiety, calorie absorption, and neuroendocrine
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pathways leading to weight loss, a
complete understanding of weight-loss
mechanisms after surgery is yet to be
determined. Between 150,000–200,000
metabolic/bariatric procedures are per-
formed annually in the U.S., and approx-
imately 250,000 surgeries are performed
outside the U.S. (3). The procedures
along with frequency of use include
sleeve gastrectomy (SG) (49%), Roux-en-Y
gastric bypass (RYGB) (43%), laparoscopic
adjustable gastric banding (LAGB) (6%),
and biliopancreatic diversion with duode-
nal switch (BPD+DS) (2%) (4) (Fig. 1). SG
has only recently replaced RYGB as the
most common procedure worldwide,
while LAGB has steadily declined in usage
over the past 5–8 years (4). The develop-
ment of laparoscopic approaches to all
these metabolic procedures in the mid-
1990s was a major advance, resulting
in a significant reduction in perioperative
morbidity and mortality. The original in-
dications for bariatric surgery were based
on BMI and were derived from the sem-
inal National Institutes of Health (NIH)
Consensus Conference in 1991, which
considered surgery an option in patients
with BMI $40 kg/m2 or with BMI $35
kg/m2 with significant obesity-related co-
morbidities (5). The relatively new 2013
American College ofCardiology/American
Heart Association Task Force on Practice
Guidelines and The Obesity Society
guidelines are similar and recommend
that adults with BMI $35 kg/m2 and
an obesity-related comorbidity, such
as diabetes, who are motivated to lose

weight be considered for referral to a
bariatric surgeon (6). Such guidelines
have focused primarily on surgery as a
treatment for severe obesity; hence,
the need for guidelines specific to T2D
and related metabolic disorders.

2ND DIABETES SURGERY SUMMIT
RATIONALE AND PROGRESS IN
METABOLIC SURGERY SINCE THE
2007 DIABETES SURGERY SUMMIT

The primary goal of the 2nd Diabetes
Surgery Summit (DSS-II), held on 28–30
September 2015 in London, England,
was to review the new evidence regard-
ing the safety and efficacy of metabolic
surgery as a treatment for T2D since the
1st Diabetes Surgery Summit (DSS-I),
held on 29–31 March 2007 in Rome,
Italy, and then to modify the resultant
treatment guidelines accordingly. In
2007, the existing evidence, summa-
rized in an associated review article,
was robust in terms of observational
data supporting metabolic surgery but
light in terms of randomized controlled
trials (RCTs) (7). In fact, the only RCT at
that time compared LAGB with conven-
tional medical treatment of T2D and
showed that LAGB was superior at 2-year
follow-upwith respect to remission of T2D
(73% vs. 13%) (8). On the basis of the ev-
idence available in 2007, the DSS-I Con-
gress delegates concluded in the first
guidelines for metabolic surgery that 1)
metabolic surgery should be considered
for the treatment of T2D in acceptable
surgical candidates with BMI $35 kg/m2

who are inadequately controlled by life-
style and medical therapy, 2) metabolic
surgery may also be appropriate as a
nonprimary alternative to treat inade-
quately controlled T2D in suitable surgi-
cal candidates with mild-to-moderate
obesity (BMI 30–35 kg/m2), and 3) RCTs
are strongly encouraged to assess the
utility of gastrointestinal surgery to
treat T2D (9). The American Diabetes
Association (ADA) included metabolic
surgery in their annual guidelines for
the first time in 2009 but only for adults
with BMI $35 kg/m2 and also advo-
cated for RCTs comparing surgery with
medical treatment of T2D (10). The
2011 International Diabetes Federation
(IDF) position statement on metabolic
surgery stated that metabolic surgery
1) should be an accepted option in peo-
ple who have T2D and BMI $35 kg/m2

and 2) should also be considered as an
alternative treatment option in people
with T2D and BMI 30–35 kg/m2, or
BMI 27.5–32.5 kg/m2 in Asian people
and some other ethnicities, who have
an increased risk when diabetes cannot
be adequately controlled by optimal
medical regimen (11). More RCTs com-
paring surgery with medical treatment
were recommended by the IDF. This
review article summarizes key evidence
presented at the DSS-II, focusing on
the effects of metabolic surgery on
weight loss, glycemic control, remission
of T2D, cardiovascular disease (CVD)
risk reduction, and complications of
surgery. Much emphasis will be placed

Figure 1—Common metabolic procedures and their frequency of use. Reprinted with permission from Cleveland Clinic Foundation.
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on summarizing outcomes of new RCTs
comparing surgery with medical man-
agement. An accompanying review arti-
cle by Adams et al. (12) in this special
collection in Diabetes Care will address
the effect of metabolic surgery on hard
clinical outcomes, including long-term
mortality, cardiovascular events, and
microvascular disease (retinopathy,
nephropathy, and others).

EFFECT OF SURGERY ON WEIGHT
LOSS IN OBSERVATIONAL STUDIES

A large body of evidence (mostly obser-
vational) accumulated over three to
four decades supports the contention
that bariatric surgery is the most effec-
tive weight-loss intervention in terms of
both magnitude of weight loss and du-
rability. A major goal of metabolic pro-
cedures is the reduction of excess body
fat and comorbidity improvement or
remission. Weight loss is usually ex-
pressed as either percent weight loss
([weight loss in kg/initial weight in
kg] 3 100%) or percent excess weight
loss (EWL) ([initial weight in kg 2 final
weight in kg]/[initial weight 2 ideal
body weight in kg] 3 100%). Actual
weight loss (in percent) is approximately
half of EWL (13). A meta-analysis (136
studies) of mostly short-term (,5 years)
weight-loss outcomes after .22,000
bariatric procedures demonstrated an
overall mean EWL of 47.5% (95% CI
40.7 to 254.2) for patients who under-
went LAGB, 61.6% (56.7 to 266.5) for
RYGB, 68.2% (61.5 to274.8) for gastro-
plasty, and 70.1% (66.3 to 273.9) for
BPD (14). Weight loss for SG, the newest
metabolic procedure, generally aver-
ages 50–55% EWL, which is intermedi-
ate between LAGB and RYGB (15). One
of the largest and longest weight-loss
studies is the Swedish Obese Subjects
(SOS) study, a prospective study (99%
follow-up rate) evaluating the long-term
effects of bariatric surgery comparedwith
nonsurgical weight management of se-
verely obese (BMI .34 kg/m2) patients
(16). At 20 years, the mean percent
weight loss was 26% for gastric bypass,
18% for vertical banded gastroplasty,
and 13% for gastric banding compared
with 1% for control subjects. There is
quite a bit of variation in weight-loss re-
sponse, depending on procedure, with an
expected percentage (2%–18%) regaining
weight back to baseline; 18% for LAGB,
5% for SG, and 2% for RYGB. A rebound

weight gain phenomenon occurs be-
tween short-term (meta-analysis)
and long-term weight loss (SOS data)
(17,18). By contrast, long-term medical
(nonsurgical) weight loss rarely exceeds
5% (19).

EFFECT OF SURGERY ON
GLYCEMIC CONTROL, REMISSION,
AND CVD RISK FACTORS IN
OBSERVATIONAL STUDIES

In addition to significant weight loss, in-
vestigators began reporting substantial
improvement and in some cases remis-
sion of T2D in the late 1980s. Since then,
multiple observational studies demon-
strate significant, sustained improve-
ments in T2D among patients with
severe obesity (BMI $35 kg/m2) after
weight-loss procedures. A meta-analysis,
involving 19 studies (mostly observa-
tional) and 4,070 patients, reported
an overall T2D resolution rate of 78%
after bariatric surgery (20). Resolution
was typically defined as becoming “non-
diabetic” with normal HbA1c, without
medications. Most of these studies,
however, were retrospective, with follow-
up of only 1–3 years on average, and
varied by type of procedure. HbA1c

typically improved from baseline by a
minimum of 1%, up to 3%, following
surgery, an effect rarely equaled by
medical treatment alone. In the SOS
study, the remission rate for T2D was
72% at 2 years and 36% at 10 years com-
pared with 21% and 13%, respectively,
for the nonsurgical control patients (P ,
0.001) (21). Bariatric surgery was also
markedlymore effective than nonsurgical
treatment in the prevention of T2D
with a relative risk reduction of 78%.
A recent systematic review of long-
term cardiovascular risk factor reduc-
tion after bariatric surgery involved 73
studies and 19,543 patients (22). At a
mean follow-up of 57.8 months, the
average EWL for all procedures was
54% and remission/improvement was
63% for hypertension, 73% for T2D, and
65% for hyperlipidemia.

The evidence that these improve-
ments in metabolic markers of disease,
such as body weight, HbA1c, blood pres-
sure, and lipids, after surgery actually
translate to reduced macrovascular
and microvascular events is mounting.
Adams et al. (12) addresses this subject
in more detail in their article. In brief, 12
cohort-matched, nonrandomized studies

comparing bariatric surgery with nonsur-
gical control subjects have been recently
reviewed, and they broadly support a
cardiovascular event and all-cause mor-
tality benefit conferred by bariatric sur-
gery (23). All but two of these studies
support a lower CVD event rate and all-
cause mortality rate among patients
who had undergone bariatric surgery.
The two negative studies were of rela-
tive short follow-up (6 years), perhaps
an insufficient time to demonstrate a
mortality benefit (24,25). The study by
Maciejewski et al. (25) involved mostly
higher-risk, male veterans, who were
later determined after longer follow-
up to demonstrate a 42% reduction in
mortality at 10 years with bariatric sur-
gery as compared with medical therapy
(26). The SOS study has the longest out-
come follow-up (median of 14.7 years).
CVD mortality in the surgical group was
lower than in control subjects (adjusted
hazard ratio 0.47 [95% CI 0.29–0.76];
P = 0.002), despite a greater prevalence
of smoking and higher baseline weights
and blood pressures in the surgical co-
hort (16). Few, mostly retrospective,
studies have evaluated the effect of
metabolic surgery on the progression
of microvascular disease, such as reti-
nopathy, nephropathy, and neuropa-
thy, in T2D. The potential of reversal
or reduced development of nephropa-
thy after bariatric surgery has been re-
ported (27,28). In the SOS study, for
patients with T2D, surgery was associ-
ated with a 50% reduction in microvas-
cular complications (29). After 15 years
of follow-up, the cumulative incidence
of microvascular complications was
41.8 per 1,000 person-years (95% CI
35.3–49.5) for control subjects and
20.6 per 1,000 person-years (95% CI
17.0–24.9) in the surgery group (hazard
ratio 0.44 [95% CI 0.34–0.56]; P ,
0.001). These observational studies col-
lectively suggest that bariatric surgery
may significantly improve glycemic con-
trol and cardiovascular risk factors and
reduce long-termmorbidity andmortal-
ity of T2D compared with medical man-
agement alone, yet they have not been
validated by RCTs.

RCTs OF METABOLIC SURGERY

The most significant advance in meta-
bolic surgery since the DSS-I has been
the completion and publication of 11
RCTs comparing metabolic surgery
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with medical treatment of T2D (Table 1)
(8,30–43). All of these RCTs included pa-
tients with T2D and obesity totaling 794
randomized subjects (n = 38 for smallest
study, n = 150 for largest study) with
follow-up from 6 months to 5 years
(6 studies with $2 years, 3 studies
with $3 years) with approximately
10% dropout overall. Few crossovers
(2) from the medical treatment group
to surgery have been reported thus far
(33) and they were left out of the 5-year
analysis. The surgical procedures evalu-
ated included RYGB (7 studies), LAGB (4
studies), BPD (1 study), and SG (1 study).
Eight studies compared one procedure
(two arms) with medical treatment of
T2D, and 3 compared two procedures
(three arms). The control groups varied
significantly in that some followed con-
ventional treatment guidelines as per
the ADA (8,33), others involved inten-
sive lifestyle interventions as per Look
AHEAD (Action for Health in Diabetes)
(38), and still others involved intensive
pharmacotherapy (30). The remaining
studies were a hybrid of all three strat-
egies. The severity of T2D among the
studies also varied significantly from
mild (mean HbA1c 7.7%, ,2 years from
onset, no insulin) (8) to advanced (mean
HbA1c 9.3%, 8.3 years of duration, 48%
on insulin) (30). The BMI ranged from 25
to 53 kg/m2 with 9 of 11 studies includ-
ing patients with BMI #35 kg/m2 (45%
of total). Demographics in terms of age,
sex, and ethnic background were simi-
lar, although 2 studies (34,36) included a
significant number of Asian patients. For
most of the studies, the primary or sec-
ondary end point was the success rate of
reaching remission, defined as reaching
an HbA1c target (#6.0%–6.5%) without
requiring diabetes medications. Schauer
et al. (30) had a primary end point of
HbA1c of #6% with or without medica-
tions, and the others had various end
points (e.g.,Wentworth et al. [40]: fasting
blood glucose,7.0 mmol/L). Ikramuddin
et al. (34) uniquely used a composite
primary end point based on the ADA
2009 guidelines defined as the success
rate of reaching an HbA1c,7.0%, LDL
cholesterol ,100 mg/dL, and systolic
blood pressure ,130 mmHg.
Despite the variability in study design

and patient characteristics of the 11 RCTs,
there was a remarkable degree of consis-
tency in terms of major outcomes favor-
ing surgery.With the exception of 1 study
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(42), all others (10 of 11) showed that
surgery was superior to medical treat-
ment with respect to reaching the pri-
mary end point (P, 0.05 for all) (Fig. 2).
In the study by Ding et al. (42), diabetes
remission for LAGB and medical treat-
ment was 33% and 23%, respectively
(P = 0.46). This negative result might
be explained by considering that LAGB
is less effective than the other meta-
bolic procedures and that this study
involved patients with advanced T2D
(HbA1c 8.2% 6 1.2%, 40% on insulin)
who might have a reduced response to
treatment due to reduced b-cell func-
tion. Typically, surgery resulted in a de-
crease in HbA1c by 2%–3.5%, whereas
medical weight loss resulted in 1%–

1.5% decrease in HbA1c (Figs. 3 and 4).
Most of these studies showed superior-
ity of surgery over medical treatment in
achieving secondary end points such as
weight loss, change in HbA1c from base-
line, remission of metabolic syndrome,
reduction in diabetes and cardiovascu-
lar medications, and improvement in
triglycerides, HDL, and quality of life
(Fig. 5). Results were mixed in terms of
improvements in systolic and diastolic
blood pressure (34,39) and LDL choles-
terol (33) after surgery compared with
medical treatment, but many studies
did show a corresponding reduction
in medication usage. Furthermore, in
many of the studies, blood pressure and
LDL cholesterol were in good control at
study entry, perhaps because patients
were receiving effective medical treat-
ment. Mingrone et al. (33) had the

longest follow-up (5 years) and showed
superior and durable weight loss and gly-
cemic control (remission) with both
RYGB and BPD compared with medical
therapy (Fig. 6). Among the RCTs, the
most common predictors of diabetes re-
mission included duration of diabetes,
weight loss, requirement for insulin, and
disease status (HbA1c) (31,33,35).

None of these 11 RCTs were powered
sufficiently to detect differences in mac-
rovascular or microvascular events, es-
pecially at relatively short follow-up,
and no such differences have been de-
tected thus far. However, improvement
in albuminuria after surgery (RYGB,
64% decrease, P = 0.04) was noted by
Schauer et al. (31) in the Surgical Therapy
And Medications Potentially Eradicate
Diabetes Efficiently (STAMPEDE) trial
at 3 years despite a reduction in renin-
angiotensin-aldosterone systemblockers,
suggesting that bariatric surgery may
have a role in the prevention of further
parenchymal damage. In addition, the
STAMPEDE trial demonstrated that bari-
atric surgery (RYGB or SG) did not appear
to worsen or improve retinopathy out-
comes at 2 years comparedwith intensive
medical management (P = 0.84), and a
majority, 86.5%, of patients within all
treatment groups had no change in reti-
nopathy scoring (44). Additionally, there
was no significant change in LogMAR
visual acuity from baseline among the
treatment arms (P . 0.05), as the mean
baseline and 2-year visual acuitywere the
same in all three groups (LogMAR 0,
Snellen equivalent 20/20).

COMPLICATIONS OF METABOLIC
SURGERY

The risks of metabolic surgery must be
assessed along with the aforementioned
benefits. A large meta-analysis of case
series of bariatric surgery reported an
overall 30-day postoperative mortality
of 0.28% (n = 84,931) and total mortality
from 30 days to 2 years was 0.35% (n =
19,928) (45). The NIH-supported Longi-
tudinal Assessment of Bariatric Surgery
(LABS) study subsequently reported a
similarly low 30-day mortality rate
(0.3%) among 4,776 patients and a
4.3% incidence of major adverse events
in the early postoperative period (46).
To address the perioperative risks in pa-
tients with T2D, a recent study from the
American College of Surgeons National
Surgical Quality Improvement Program
(NSQIP) involving more than 65,000
patients found for RYGB major peri-
operative morbidity and mortality rates
of 3.4% and 0.3%, respectively, compa-
rable to common, low-risk procedures
such as laparoscopic cholecystectomy
(3.7% and 0.7%, respectively) and ap-
pendectomy (4.5% and 0.5%, respec-
tively) (47). RYGB had a much lower
risk than the morbidity and mortality of
colectomy (12.0% and 1.7%, respectively).

A summary of early and late compli-
cations after bariatric surgery is shown
in Table 2. Cardiopulmonary complica-
tions, such as myocardial infarction and
pulmonary embolism, although rare
(,1%), are the major causes of mortality,
representing 70% of all perioperative

Figure 2—Forest plot of mean differences (MDs) of %HbA1c serum levels after bariatric/metabolic surgery compared with medical/lifestyle
treatments in published RCTs. Data are arranged in order of ascending time to follow-up. Study duration and HbA1c end point thresholds are
shown in brackets in column 1, where “off meds” indicates a threshold achieved off all diabetes medications; otherwise, end points represent HbA1c
thresholds achieved with or without such medications. NegativeMDs denote lower HbA1c levels following surgery than medical/lifestyle treatment.
MDs for each study are shown as the MD with its 95% CI.
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deaths (46). The most serious surgical
complication after RYGB is anastomotic
leakage, with an incidence ranging
from 0.1% to 5.6%, followed by bowel
obstruction (0.5%–2%) and marginal
ulcers (1%–5%) (48,49). Leakage may
potentially lead to life-threatening
peritonitis. Staple line leakage after SG
is similarly in the range of 1%–5% (15).
For BPD+DS, perioperative complica-
tions are similar to RYGB. LAGB is a safe
procedurewith 0.3%or lessmortality rate
(46). However, late complications such

as band slippage, erosion, migration,
port infection, and gastroesophageal
perforations are well documented and
occur in about 20% of patients (50). In
addition, long-term weight-loss failure
rates of over 50% have been report-
ed, and this has led to a significant in-
crease in revisions of LAGB to RYGB
or SG (51). Patients at higher risk for
complications are males, smokers,
and those with higher BMI, older age,
multiple comorbidities, or prior revisional
operations (46).

In assessing nutritional deficiencies
after bariatric surgery, it is important
to note that there is a high prevalence
of nutritional deficiencies (35%–80%) in
patients with severe obesity seeking
bariatric surgery. In one study, preoper-
ative deficiencies were common: vitamin
A (11%), vitamin B12 (13%), vitamin D
(40%), zinc (30%), iron (16%), ferritin
(9%), selenium (58%), and folate (6%)
(52). Postoperative deficiencies are typi-
cally associated with diminished nutrient
intake or the malabsorptive effect of bar-
iatric procedures andaremore commonly
seen after BPD+DS and RYGB and are less
commonly seen after SG and LAGB. Ane-
mia (mild) is common after RYGB (15%–
20%) and iron deficiency ranges from17%
to 50%; the etiology is believed to bemul-
tifactorial in nature including reduced
iron and vitamin B12 absorption as well
as a high rate of preexisting iron defi-
ciency anemia in premenopausal patients
(53). Deficiencies in trace minerals (sele-
nium, zinc, and copper) and vitamins (B12,
B1, A, E, D, and K) can be observed after
bariatric procedures, specifically after
BPD+DS (54). With appropriate vitamin,
iron, and calcium supplementation, such
deficits can be prevented or corrected
(55). A decrease in bone mineral density
(14% in proximal femur) has been de-
termined after bariatric surgery (56).
Reduced mechanical loading, micronu-
trient deficiency, and malabsorption,
along with neurohormonal alterations,
are potential underlying mechanisms
that explain these observed postsurgical

Figure 4—Change in HbA1c after surgical vs. medical treatment of T2D in the studies by Schauer
et al. (31) (A), Mingrone et al. (32) (B), Ikramuddin et al. (34) (C ), and Courcoulas et al. (39) (D).
LWLI, lifestyle weight-loss intervention; y, years. Reprinted with permission from the four studies.

Figure 3—Change in HbA1c after LAGB, RYGB, SG, and BPD in 11 RCTs.
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changes in bone density. Very limited
data on fracture and osteoporosis inci-
dence raise questions about whether
marked postbariatric surgery bone loss
is clinically relevant or a functional ad-
aptation to skeletal unloading. Severe
calcium and vitamin D deficiencies
have been described after the extreme
malabsorptive procedures BPD+DS and
very long limbRYGB, leading to decreased
bone mineral density and osteoporosis.
Protein malnutrition can also occur after
these malabsorptive operations and life-
long monitoring for nutritional compli-
cations is mandatory following these
procedures (57).
Other late complications following

bariatric surgery that are somewhat
controversial as to their incidence and
significance but worth mentioning

include kidney stones, alcohol abuse,
and depression/suicide. The literature
suggests that kidney stone formation
may increase after bariatric surgery,
particularly bypass operations, but the
relative increase is not well documented.
One study of patients after RYGB (n =
4,690) used insurance claims data to
note a significantly higher prevalence
of kidney stones (7.5% compared with
4.6%) in obese control subjects (58).
The underlying mechanisms of kidney
stone formation following bariatric sur-
gery are complex and include hyperox-
aluria, hypocitraturia, and abnormally
acid urine (59). RYGB has been associ-
ated with the risk of developing an al-
cohol use disorder, although the degree
of risk is not clear. In a recent systematic
review, the prevalence of postoperative

alcohol use was higher among patients
with preoperative history of alcohol use
than those without. Postoperative prev-
alence of alcohol use ranged from 7.6%
to 11.8% (60). Paradoxically, although
bariatric surgery has been shown to sig-
nificantly decrease depression (61),
some studies suggest that a slight in-
crease in suicide may occur after bari-
atric surgery (62), whereas others do
not (15). A recent review concluded
that although the data are limited based
only on earlier anecdotal reports and
more recent epidemiological data, the
available data suggest an increased risk
of suicide, although uncommon, after
bariatric surgery (63).

Although the 11 RCTs reported above
were not powered to detect differences
in treatment-related complications,

Figure 5—Other secondary end points favoring surgery over medical treatment. A: Weight loss in the study by Mingrone et al. (33). *From ANOVA
comparison. B: Change in HDL (33). †From nonparametric tests. C: Change in medications in the study by Schauer et al. (31). D: Change in quality of
life (31). *P, 0.05 for the comparison between the gastric bypass group and the medical therapy group; †P, 0.05 for the comparison between the
sleeve gastrectomy group and the medical therapy group. Reprinted with permission from the two studies.
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complication assessment may be in-
structive. The most common significant
surgical complications were anemia
(15%), reoperation (8%), and gastroin-
testinal (5–10%). There were no peri-
operative deaths or cardiovascular
events in the 794 patients. Among

the surgical procedures, BPD had the
highest rate of nutrition-related com-
plications (hypoalbuminemia 16%, os-
teopenia 16%, osteoporosis 5%, renal
calculus 11%), whereas corresponding
rates in the medically treated groups
were negligible except for osteopenia

(7%) (31,33). In the medical control
group, greater than 5% weight gain
(16%) was among the most common
adverse event (31). Investigators did
report, in general, challenges with
medication compliance and discontin-
uing medications due to side effects.
Hypoglycemia (mild) was common in
both surgical and medical patients,
but when reported, there were no dif-
ferences between treatment groups
(31,33,34).

CONCLUSIONS

Metabolic surgery can reverse or
improve T2D. There is now evidence sup-
porting decreases in short- and medium-
term CVD. Until recently, these data
were derived from observational stud-
ies only. Now there are 11 RCTs with
794 patients comparing metabolic sur-
gery withmedical treatment of T2D that
show a remarkable degree of consis-
tency in the superiority of surgery (ex-
cept LAGB) in achieving glycemic control.
Remarkably, some patients achieved
complete remission without reliance
on medications. Many surgical patients
also had improvements in cardiovascu-
lar risk factors, such as weight loss, lipids,
blood pressure, and quality of life, com-
pared with medical patients. Benefits of
surgery should be weighed against
short- and long-term complications,
which are best managed by a long-
term multidisciplinary effort. Early peri-
operativemorbidity (4–5%) andmortality
(0.3%) following metabolic surgery is
relatively low compared with other ab-
dominal procedures, such as cholecys-
tectomy. Metabolic surgery may be
particularly suitable for patients with
T2D and severe obesity (BMI $35
kg/m2), as these patients may benefit
from obesity comorbidity improvement
and significantly improved glycemic
control compared with patients treated
with medical therapy alone. Patients
with class I obesity (BMI 30–35 kg/m2)
may also benefit from bariatric sur-
gery, especially if their T2D is poorly
controlled with optimal medical ther-
apy. Taken together, these data high-
light how metabolic surgery can result
in significant glycemic improvement in
nearly all patients with T2D and result
in long-term remission in some pa-
tients. In addition, significant weight
loss, medication reduction, quality-of-
life improvement, and CVD risk factor

Figure 6—Remission at 5 years in the study by Mingrone et al. (33).

Table 2—Complications of metabolic surgery

Complications Frequency (%)

Sepsis from anastomotic leak 0.1–5.6

Hemorrhage 1–4

Cardiopulmonary events ,1

Thromboembolic disease 0.34

Death 0.1–0.3

Late complications for LAGB
Band slippage 15
Leakage 2–5
Erosion 1–2

Late complications of bypass procedures
Anastomotic strictures 1–5
Marginal ulcers 1–5
Bowel obstructions 0.5–2
Kidney stones NK
Metabolic bone disease NK
Alcohol use disorder NK

Micronutrient and macronutrient deficiencies from RYGB
2–3 years postoperative

Iron deficiency 45–52
Vitamin B12 deficiency 8–37
Calcium deficiency 10
Vitamin D deficiency 51

Fat-soluble vitamin deficiencies (A, D, E, and K) and protein
calorie malnutrition from BPD+DS procedures 1–5

NK, not known.
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improvement have been shown to con-
sistently occur after metabolic surgery.
The durability of these metabolic im-
provements, particularly from the RCT
literature, remains to be determined
and represents an important future area
of research.
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