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         Introduction 

 The concept that gastrointestinal surgery may be intentionally 
used to treat T2DM was formalized by a multidisciplinary 
international group of experts at the Diabetes Surgery Summit 
in Rome, 2007 [ 3 ]. In consideration of the abundant data now 
available to attest to the effi cacy and safety of bariatric sur-
gery to treat T2DM in obese patients, the International 
Diabetes Federation (IDF) more recently issued its position 
statement [ 4 ], recommending the use of bariatric surgery in 
patients with diabetes and BMI > 35 kg/m 2  and as an alterna-
tive treatment option in patients with BMI 30–35 kg/m 2  inad-
equately controlled with optimal medical regimens. 

 Experimental data from rodent studies [ 5 ,  6 ] and subse-
quent observational studies in humans [ 7 ,  8 ] have demon-
strated that less obese individuals may benefi t similarly to 
morbidly obese subjects. There are currently several small- 
to medium-sized randomized controlled trials (RCTs) inves-
tigating the effi cacy of different bariatric procedures versus 
optimal medical management to treat T2DM in mild to mod-
erately obese subjects. The outcomes of published RCTs and 
observational studies and the putative mechanisms of effects 
of bariatric surgery on diabetes are discussed in this chapter.  

   Physiological Mechanisms of Diabetes 
Remission Following Bariatric Surgery 

 Improvement in glucose homeostasis and insulin sensitivity 
is an expected outcome of weight loss in obese individuals 
due to any intervention, whether it is medical or surgical. 
Concomitant with the profound weight loss following gas-
trointestinal surgery, there is improvement in insulin sensi-
tivity with elevation in the levels of the insulin-sensitizing 
hormone adiponectin. The concentration of insulin receptors 
and markers of insulin signaling increase, and the lipid con-
tent within the muscle and liver also decreases after bariatric 
surgery [ 9 ]. 

 It is now abundantly clear, however, that the improvement 
of glycemia is not determined by weight loss alone. Studies 
have shown that glycemic control improves within days after 
Roux-en-Y gastric bypass (RYGB) or biliopancreatic diver-
sion (BPD) prior to any signifi cant weight loss. In addition, 
glycemic control after equivalent weight loss is superior 
after RYGB as compared to that after laparoscopic adjust-
able gastric banding (LAGB) or caloric restriction [ 2 ,  7 ,  8 ]. 
Experimental evidence in favor of weight-independent 
mechanisms is derived from animal investigations using the 
duodenojejunal bypass (DJB) model developed by Rubino in 
rodents to study the effects of gastric bypass on glucose 
homeostasis [ 5 ]. In lean diabetic Goto-Kakizaki (GK) rats, 
Rubino and colleagues found that DJB (a bypass of the prox-
imal intestine by the same amount as RYGB but without gas-
tric restriction) rapidly and durably improved fasting glucose 
and postprandial hyperglycemia. These effects were not 
observed in sham-operated animals that had undergone 
equivalent weight loss by caloric restriction. Other 
 investigators have subsequently made similar observations in 
nonobese diabetic GK rats and obese diabetic Zucker rats. 

 The gut is the largest endocrine organ secreting numerous 
hormones and factors involved not only in digestion but also 
regulation of body weight and glucose homeostasis. It is now 
recognized that surgical manipulation of the gut results in a 
change in the levels of various gut hormones including 
glucagon- like peptide-1 (GLP-1), peptide-YY (PYY), and 
ghrelin, which can signifi cantly impact glycemic control and 
body weight. 

 GLP-1 is an incretin hormone that increases glucose toler-
ance by enhancing glucose-dependent insulin secretion, sup-
pressing glucagon secretion, inhibiting gastric emptying, 
increasing β-cell mass, and possibly improving insulin insensi-
tivity [ 10 ]. GLP-1 is produced primarily in the ileum and colon 
by nutrient-stimulated L cells. The postprandial GLP-1 
response is consistently observed to be augmented during an 
oral glucose tolerance test or mixed meal test after the RYGB 
or BPD in obese nondiabetic and diabetic patients [ 9 ,  11 ]. The 
rise in GLP-1 level occurs as early as 2 days after  surgery and 
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has been shown to persist at 6 months and 1 year postopera-
tively [ 12 ]. Restrictive procedures, such as vertical banded gas-
troplasty (VBG) and LAGB, have not shown to be associated 
with any changes in the levels of GLP-1 postoperatively [ 13 ]. 

 Ghrelin is an orexigenic hormone produced primarily 
bVBy the stomach, and administration of ghrelin and its ana-
logs stimulates food intake. Ghrelin levels have an inverse 
relationship with body weight, and consequently obese indi-
viduals have lower ghrelin levels. Weight loss induced by 
caloric restriction results in an increase in the levels of ghre-
lin, which subsequently may contribute to the resistance to 
lifestyle interventions for obesity. Ghrelin may play a role in 
glucose homeostasis and has been shown to inhibit insulin 
secretion and suppress the insulin-sensitizing hormone adi-
ponectin [ 14 ]. Ghrelin deletion in diabetic obese mice mod-
els has shown to reduce fasting glucose and insulin and thus 
improve glucose tolerance [ 15 ]. Several groups have reported 
a decrease in the levels of ghrelin after RYGB, which may 
partly account for the improved glycemia [ 12 ,  16 ]. This has 
not been consistently reported with other studies showing 
either unchanged or increased ghrelin levels [ 9 ,  17 ]. As 
expected, ghrelin levels are markedly suppressed following 
resection of the ghrelin-rich gastric fundus as with a sleeve 
gastrectomy. However, ghrelin levels show the normal physi-
ological rise with weight loss after LAGB and VBG. 

 PYY is an anorexigenic hormone co-secreted with GLP-1 
from intestinal L cells in response to food intake. PYY has 
been shown to decrease food intake in humans when injected. 
Experimental studies in rodents suggest that PYY may 
directly ameliorate insulin resistance [ 18 ]. Several studies 
have reported elevated PYY levels after RYGB. In a prospec-
tive, nonrandomized controlled study comparing the effects 
of medical and surgical treatment on PYY levels after similar 
weight loss, it was observed that PYY’s area under the curve 
increased following RYGB and sleeve gastrectomy, but 
remained unchanged in the medical arm [ 19 ]. 

 Korner et al. [ 7 ] conducted a prospective study of gut hor-
mone and metabolic changes after LAGB and RYGB and 
suggested that the changes in hormone secretion may con-
tribute to the effi cacy of the particular procedure in improv-
ing obesity-related comorbidities. It is established that PYY 
and GLP-1 are secreted shortly after food intake from L cells 
in the distal small bowel and colon. Both decrease appetite, 
increase satiety, slow gut motility, and improve insulin sensi-
tivity. GLP-1 also functions as an incretin to potentiate 
glucose- stimulated insulin release. In contrast, ghrelin stim-
ulates appetite, profoundly promotes food intake and gut 
motility, and decreases insulin sensitivity [ 20 ]. Korner et al. 
[ 7 ] found that in LAGB patients, the postprandial rise of 
GLP-1 measured at 30 min did not change after surgery, 
whereas in contrast, postprandial GLP-1 levels after RYGB 
were signifi cantly greater compared with 30-min values 
before surgery and threefold higher compared with the same 
time points after LAGB. Fasting glucose, insulin, and 
homeostasis model assessment of insulin resistance 

(HOMA-IR) were also shown to decrease to a greater extent 
after RYGB. The degree of suppression of ghrelin levels 
post-meal did not differ signifi cantly presurgery to week 
52 in either the LAGB or RYGB and did not differ between 
groups. Laferrère et al. [ 8 ] suggested that the markedly 
increased incretin levels and effect observed after the RYGB 
may well be one of the mediators of the antidiabetic effects 
of the surgery, and they set out to determine whether the 
magnitude of change of the incretin levels is greater after the 
RYGB compared to a hypocaloric diet at an equivalent 
weight loss. Their results showed a markedly increased 
GLP-1 response to oral glucose after the RYGB, but GLP-1 
levels tended to decrease after diet intervention, although 
this decrease was not signifi cant. The incretin effect mark-
edly increased after an RYGB, but not with diet, and sug-
gests that this effect was not likely to be weight loss related. 
Therefore, this could play a key role in the remission and 
resolution of T2DM after an RYGB. Data from various stud-
ies has shown that benefi cial changes of incretin levels occur 
rapidly after the RYGB, which is secondary to the bypass 
procedure, thus resulting in an improved insulin secretion 
profi le and decreased postprandial glucose [ 21 ]. 

 Another mechanism proposed in recent years is the effect 
of bariatric surgery on the alteration of taste. This novel 
weight loss mechanism involves alterations in food prefer-
ences, which may be secondary to changes in taste detection 
and reward. Miras et al. [ 22 ] have shown that after RYGB, 
patients’ eating behavior changes, and they start to adopt 
healthier food preferences by avoiding high-calorie and 
high-fat foods. Patients fi nd sweet and fatty meals less pleas-
ant than preoperatively, and this may be attributed to changes 
in the sense of taste. A putative mechanism to explain this is 
that RYGB may reverse the higher activation of brain taste 
reward and addiction centers in response to high calorie and 
fat tasting. 

 Two hypotheses have been proposed to explain improved 
glycemia following gastrointestinal surgery. The “hindgut 
hypothesis” posits that the expedited delivery of ingested 
nutrients to the lower bowel, due to an intestinal bypass, 
stimulates L cells, which results in an increased secretion of 
incretin hormones and an improved glucose homeostasis [ 5 ]. 
Consistent with the hindgut hypothesis, the bariatric opera-
tions most noted for rapid T2DM remission, RYGB and 
BPD, create GI shortcuts for food to access the distal bowel. 
However, a signifi cant improvement in glycemia and remis-
sion of diabetes with elevated incretin levels is also noted to 
occur after a sleeve gastrectomy, which does not involve an 
intestinal bypass. It must be noted that GLP-1 secretion is 
stimulated not only by direct nutrient contact with distal 
intestinal L cells but also by proximal nutrient-related sig-
nals that are transmitted from the duodenum to the distal 
bowel by neural pathways and other unknown mechanisms 
[ 9 ]. The alternative hypothesis is the “foregut hypothesis,” 
which depends on the exclusion of the duodenum and proxi-
mal jejunum from the transit of nutrients, possibly preventing 
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secretion of a putative signal that promotes insulin resistance 
and T2DM [ 6 ]. Rubino et al. conducted a study to investigate 
these mechanisms by testing both hypotheses and found that 
the exclusion of the proximal small intestine from contact 
with ingested nutrients is a critical component in the mecha-
nism improving glucose tolerance after the DJB in GK rats, 
thus supporting the foregut hypothesis [ 6 ]. 

 Other hypothesized antidiabetic mechanisms after bariat-
ric surgery include changes in intestinal nutrient-sensing 
mechanisms regulating insulin sensitivity, disruption of 
vagal afferent and efferent innervations, bile acid perturba-
tions, changes in gut microbiota, and alterations in undiscov-
ered gut factors.  

   The Effects and Outcomes of Bariatric 
Surgery on Diabetes in Patients 
with a BMI > 35 kg/m 2  

 The outcomes of bariatric surgery on diabetes and the meta-
bolic profi le in patients with a BMI of >35 kg/m 2  have been 
well documented over many years. 

 Buchwald et al. [ 23 ] conducted a meta-analysis including 
22,094 patients with T2DM reported an overall 77 % remis-
sion rate of T2DM (defi ned as persistent normoglycemia 
without diabetes medication after bariatric surgery). The 
mean procedure-specifi c resolution of T2DM was 48 % for 
LAGB, 68 % for VBG, 84 % for RYGB, and 98 % for 
BPD. The drawback of this study is that the majority of these 
studies included was retrospective and had a short follow-up 
duration of 1–3 years. The multicenter Swedish Obese 
Subjects (SOS) study, a large prospective observational 
study [ 24 ], compared bariatric surgery (LAGB  n  = 156, VBG 
 n  = 451, RYGB  n  = 34) with conservative medical manage-
ment in a group of well-matched obese patients. At 2 years, 
72 % of diabetic subjects in the surgical group achieved 
remission of T2DM compared to 21 % in the medically 
treated arm. At 10 years, the relative risk of incident T2DM 
was three times lower, and the rates of recovery from T2DM 
were three times greater, for patients who underwent surgery 
than for individuals in the control group. The proportion of 
subjects in whom the remission was sustained at 10 years 
declined to 36 % in the surgical group and 13 % in the medi-
cal group. It must be noted, however, that approximately 
95 % of patients in the SOS study underwent gastric restric-
tive procedures rather than RYGB. 

 Recently, Schauer et al. [ 25 ] published results from their 
randomized, non-blinded, single-center trial and compared 
intensive medical therapy alone versus medical therapy plus 
RYGB or sleeve gastrectomy (SG) in 150 obese patients 
(BMI 27–43 kg/m 2 ) with uncontrolled T2DM. The primary 
end point was the proportion of patients with a glycated 
hemoglobin (HbA1c) level of 6.0 % or less 12 months after 
treatment. The proportion of patients who reached the  primary 

end point was 12 % for the medical group, 42 % in the RYGB 
group, and 37 % in the SG group. Glycemic control was dem-
onstrated to improve in all three groups with a mean HbA1c 
level of 7.5 ± 1.8 % in the medical therapy group, 6.4 ± 0.9 % 
in the gastric bypass group, and 6.6 ± 1.0 % in the sleeve gas-
trectomy group. It was demonstrated that many patients in the 
surgical groups, particularly in the RYGB group, achieved 
glycemic control without the use of diabetes medications 
after 1-year follow-up. Secondary end points, including BMI, 
body weight, waist circumference, and the HOMA-IR, 
improved more signifi cantly in the surgical groups than the 
medical therapy group. It was also shown that the reduction in 
the use of glycemic pharmacotherapy occurred before 
achievement of maximal weight loss, thus supporting the 
weight-independent mechanisms of surgery. This trial also 
supported the notion that bariatric surgery represents a useful 
management strategy for uncontrolled T2DM. 

 Mingrone et al. [ 26 ] published results from an RCT con-
ducted including 60 patients (BMI ≥ 35 kg/m 2 ) with a history 
of at least 5 years of T2DM, and an HbAlc level of 7.0 % or 
more. They compared conventional medical therapy to the 
RYGB or BPD. The primary end point was the rate of diabe-
tes remission at 2 years (defi ned as a fasting glucose level of 
<100 mg/dL and an HbA1c level of <6.5 % in the absence of 
pharmacological therapy). At 2 years follow-up, diabetes 
remission had occurred in no patients in the medical therapy 
group versus 75 % in the RYGB group, and 95 % in the BPD 
group. All patients in the surgical groups had discontinued 
their pharmacotherapy (oral hypoglycemic agents and insu-
lin) within 15 days after the operation. At 2 years, the aver-
age baseline HbA1c level (8.65 ± 1.45 %) had decreased in 
all groups, but patients in the two surgical groups had the 
greatest degree of improvement (average HbA1c levels, 
7.69 ± 0.57 % in the medical therapy group, 6.35 ± 1.42 % in 
the RYGB group, and 4.95 ± 0.49 % in the BPD group). The 
fi ndings support the conclusion that bariatric surgery may be 
more effective than conventional medical therapy in control-
ling hyperglycemia in severely obese patients with T2DM.  

   The Effects and Outcomes of Bariatric 
Surgery on Diabetes in Patients 
with a BMI > 35 kg/m 2  

 The effects of bariatric surgery in the morbidly obese popu-
lation (>35 kg/m 2 ) are well documented. The fi eld of meta-
bolic surgery has become increasingly researched in recent 
years, investigating the effects and benefi ts of operating on 
those patients with a BMI of less than 35 kg/m 2 . The aims of 
metabolic surgery differ slightly from bariatric surgery; in 
that, there is a shift in goals of surgery from weight reduction 
to the control of metabolic disease, with the aim of “curing” 
T2DM or putting this prevalent condition into remission. 
Recently, prospective RCTs have been conducted in lower 
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BMI patients (<35 kg/m 2 ) in order to compare various gas-
trointestinal surgical procedures versus intensive medical 
management, to identify the differences between conven-
tional treatment and metabolic surgery. 

 Dixon et al. [ 27 ] conducted an RCT comparing the LAGB 
versus conventional therapy in 60 obese patients (BMI > 30 
and <40 kg/m 2 ) with recently diagnosed (<2 years) 
T2DM. The primary outcome measure was the remission of 
T2DM (defi ned as fasting plasma glucose < 126 mg/dL and 
an HbA1c level of <6.2 % while taking no glycemic ther-
apy). After a 2-year follow-up, remission of T2DM was 
achieved in 73 % in the surgical group and 13 % in the con-
ventional therapy group, and it was found to be related to 
weight loss. Mean levels of fasting plasma glucose and 
HbA1c were signifi cantly lower in the LAGB group at 2 
years. There was also a signifi cant reduction in the use of 
pharmacotherapy for glycemic control in the LAGB group at 
2 years. Secondary outcome measures, such as insulin sensi-
tivity and levels of triglycerides and HDL, were also 
improved in the surgical group. It was concluded that this 
trial presents evidence to support the early consideration of 
surgery in the treatment of obese patients with T2DM. 

 Lee et al. designed a randomized, double-blind trial [ 28 ] 
in order to compare the RYGB versus SG on T2DM resolu-
tion (remission defi ned as fasting plasma glucose < 126 mg/
dL, HbA1c < 6.5 % without the use of oral hypoglycemics or 
insulin) in non-morbidly obese patients (BMI < 35 kg/m 2 ) 
who had T2DM that was inadequately controlled. The reso-
lution rate was 93 % in the RYGB group compared with 
47 % in the SG group. These results are consistent with the 
RYGB being more effective than restrictive-type procedures. 
The RYGB group also achieved a lower waist circumference, 
fasting plasma glucose level, HbA1c level, and blood lipid 
level. Therefore, the RYGB group had a higher remission 
rate for the metabolic syndrome than the SG group. This 
study concluded that RYGB is more effective than SG for 
surgical treatment of inadequately controlled T2DM, sug-
gesting that duodenal exclusion plays a role in the mecha-
nism behind the remission of T2DM. 

 Cohen et al. published results from a prospective study 
[ 29 ] following 66 diabetic patients (BMI 30–35 kg/m 2 ) up to 
6 years who elected to have the RYGB. The percentage of 
patients experiencing diabetes remission (defi ned as an 
HbA1c < 6.5 % without the use of hypoglycemic medication) 
was identifi ed. The mean HbA1c fell progressively through-
out the duration of the study from 9.7 ± 1.5 to 5.9 ± 0.1 %, 
and fasting plasma glucose fell from 156 ± 11 to 97 ± 5 mg/
dL. HOMA-IR also fell dramatically within the fi rst 6 
months. Remission of diabetes occurred in 88 % of patients, 
whose diabetes medications were discontinued 3–26 weeks 
after surgery. Improvement of diabetes without full remis-
sion was seen in 11 % of patients, which lead to a decrease in 
the usage of pharmacotherapy and withdrawal of insulin 
when previous used. There was found to be no correlation 
between the change in body weight and change in HbA1c at 

any postoperative time point. There was also no association 
between the amount of weight lost and magnitude of 
improvement in β-cell sensitivity to glucose. 

 Despite these prospective RCTs being conducted at vari-
ous institutions, it is clear that longer-term follow-up of these 
patients is required. Larger and perhaps multicenter trials are 
necessary to evaluate the potential benefi ts of bariatric sur-
gery for the treatment of T2DM in less obese patients. 
Studies are consistent in showing the effi cacy of surgery with 
regard to the improvement in glycemic indexes as well as 
improving other aspects of the metabolic syndrome. The 
impact of surgery on microvascular and macrovascular com-
plications of diabetes needs to be assessed with long-term 
follow-up.  

   Improvement in Cardiovascular 
Outcomes and Mortality in Type 2 
Diabetic Patients 

 It is now evident that apart from its glycemic effects, bariatric 
surgery confers non-glycemic benefi ts including improve-
ment of cardiovascular risk factors such as dyslipidemia and 
hypertension. More importantly, it has been established that 
there is a reduction in mortality. The meta-analysis by 
Buchwald et al. [ 23 ] showed a marked decrease in levels of 
total cholesterol, LDL cholesterol, and triglycerides after gas-
trointestinal surgery. An improvement in hyperlipidemia was 
shown in approximately 70 % of patients, and  hypertension 
was shown to improve or resolve in 79 % of patients. Lee 
et al. have demonstrated these benefi cial effects of gastroin-
testinal surgery in patients with a BMI < 35 kg/m 2  [ 30 ]. 
Follow-up of participants in the SOS study after an average of 
11 years found that bariatric surgery was associated with a 
29 % reduction in all-cause mortality after adjusting for age, 
sex, and risk factors in this severely obese group [ 31 ]. 

 In a recent study, Cohen et al. [ 29 ] prospectively followed 
up type 2 diabetic patients who had an RYGB, and it was 
demonstrated that the predicted 10-year risk of cardiovascu-
lar disease, calculated by the UKPDS risk engine, fell sub-
stantially after surgery. There was a decrease in the risk of 
events: 71 % decrease in coronary heart disease, 84 % 
decrease in fatal, 50 % decrease in stroke, and 57 % decrease 
in fatal stroke. 

 Romeo et al. recently published on the prospective, con-
trolled SOS study, looking at the effects of bariatric surgery 
on cardiovascular events on participants with T2DM [ 32 ]. 
The mean follow-up was 13.3 years for all cardiovascular 
events. Bariatric surgery was associated with a reduction in 
the incidence of fatal and nonfatal cardiovascular events, and 
importantly, the benefi t of surgery was present after adjust-
ing for baseline parameters. Bariatric surgery was associated 
with a lower incidence of myocardial infarction. A total of 38 
of the 345 individuals in the surgery group compared with 43 
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of the 262 individuals in the control group had myocardial 
infarction during follow-up. Interestingly, no signifi cant dif-
ferences in the incidence of myocardial infarction were 
found between the different surgical procedures (RYGB, 
LAGB, vertical gastroplasty). However, bariatric surgery 
was not found to be associated with changes in the incidence 
of cerebral stroke in these type 2 diabetic patients. 

 Adams et al. conducted a retrospective cohort study 
including 7,925 severely obese patients and 7,925 similarly 
obese matched controls [ 33 ]. After a mean follow-up of 
8.4 years, it was demonstrated that surgery reduced overall 
mortality by 40 %, cardiovascular mortality by 56 %, cancer 
mortality by 60 %, and diabetes-related mortality by 92 %.  

   Comparative Effi cacy of Different 
Bariatric Procedures to Treat Diabetes 

 Bariatric procedures differ in their ability to ameliorate 
T2DM, with intestinal bypass procedures (i.e., RYGB, BPD) 
generally associated with greater glycemic control and 
remission rates than purely restrictive procedures (i.e., 
LAGB). As indicated in the meta-analysis by Buchwald et al. 
[ 23 ], BPD appears to be the most effi cacious closely fol-
lowed by RYGB and then LAGB. A systematic review by 
Tice et al. [ 34 ] of 14 comparative studies, albeit of low qual-
ity (mostly retrospective and unmatched), testifi ed to the 
superior effi cacy of RYGB over LAGB in treating 
T2DM. There has been until now a paucity of data from 
RCTs comparing the effi cacy of various bariatric procedures 
to treat diabetes. There are currently several ongoing small- 
to medium-sized RCTs comparing the effi cacy of medical 
versus surgical treatment of type 2 diabetes including some 
that have more than one bariatric procedure as the surgical 
comparator. The results of some of these have recently been 
published. Lee et al. [ 28 ] have reported the results of their 
RCT comparing gastric bypass to sleeve gastrectomy in 
patients with BMI 25–35 kg/m 2 ; the remission rate for T2DM 
was 93 % for patients who underwent RYGB compared to 
47 % for those who underwent sleeve gastrectomy. The 
recently published RCT by Schauer et al. [ 25 ] also indicates 
superior effi cacy of RYGB over sleeve gastrectomy in the 
treatment of diabetes in obese individuals. On the other hand, 
BPD produced greater remission of diabetes in morbidly 
obese patients compared to RYGB (95 % versus 75 %) in the 
RCT reported by Mingrone et al. [ 26 ].  

   Predictors of Remission of Type 2 
Diabetes Following Bariatric Surgery 

 As discussed above, the choice of procedure is an important 
determinant of outcome with a decreasing gradient of effi -
cacy predicted from BPD, RYGB to SG and then 

LAGB. Other factors that have been positively correlated 
with diabetes remission are percentage of excess weight loss 
(% EWL), younger age, lower preop HbA1c, and shorter 
duration of diabetes (less than 5 years) [ 35 ]. Severity of dia-
betes, as judged by preop treatment modality, has also been 
noted to be a signifi cant factor. Schauer et al. [ 36 ] have 
reported in their series of 191 obese diabetic patients (the 
majority of whom were on oral agents or insulin) a diabetes 
remission rate of 97 % in diet-controlled, 87 % in oral agent- 
treated, and 62 % in insulin-treated subjects. This was also 
confi rmed by a recent retrospective analysis of 505 morbidly 
obese diabetic patients who underwent RYGB [ 37 ]. In this 
study, a more recent diagnosis of T2DM and the absence of 
preoperative insulin therapy were signifi cant predictors of 
remission, independent of the percentage of EWL. Dixon 
et al. [ 38 ] have recently identifi ed diabetes duration < 4 years, 
BMI > 35 kg/m 2 , and fasting c-peptide concentration > 2.9 ng/
mL as three clinically useful cutoffs and independent preop-
erative predictors of remission after analyzing the outcomes 
of 154 ethnic Chinese subjects after gastric bypass. 
C-peptide > 3 ng/mL has also previously been shown to be an 
important predictor of diabetes resolution after sleeve gas-
trectomy in non-morbidly obese diabetic subjects by Lee 
et al. [ 39 ].  

   The Future of Metabolic Surgery 

 In recent years, there has been an increasing amount of 
research conducted to look at minimally invasive methods 
with the aim of mimicking the effects of gastrointestinal sur-
gery but providing a safer and reversible alternative to con-
ventional surgery. Endoluminal and transgastric procedures 
are evolving concepts that combine the skills and techniques 
of fl exible endoscopy with minimally invasive surgery. This 
is the future of bariatric and metabolic surgery in order to 
develop less morbid and less costly treatment options [ 40 ]. 

 The endoluminal sleeve (ELS) was an idea, which 
stemmed from an experimental model in rats performed by 
Rubino et al. They developed an (ELS) to prevent contact 
between nutrients and the duodenal mucosa in rats [ 2 ], there-
fore producing a functional duodenal bypass without creat-
ing a rapid delivery of nutrient to the distal bowel. Rats 
undergoing the ELS demonstrated a dramatic improvement 
of glucose tolerance compared to matched controls in which 
the ELS had been fenestrated to allow nutrients to come into 
contact with the duodenal mucosa. The antidiabetic effect of 
ELS was also shown by Aguirre et al. [ 41 ] in a diet-induced 
rat model of insulin resistance. A prospective randomized 
trial comparing ELS to sham endoscopy plus a low-fat diet 
and exercise showed a dramatic decrease in HbA1c of 2.9 % 
in the ELS group compared to the conventional therapy 
group [ 42 ]. 

 Gut hormones and the enteric nervous system are involved 
in the regulation of satiety signals, GI motility, and insulin 
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sensitivity. Electrophysiologic devices interfere with vagal 
signals between the brain and gastrointestinal tract, through 
a variety of mechanisms including gastric stimulation or pac-
ing, neuromodulation, vagal resection, and intermittent vagal 
nerve blockage as a means of controlling satiety [ 42 ]. The 
TANTALUS system is a laparoscopically implantable sys-
tem, which is a gastric electrical stimulator. Bohdjalian et al. 
[ 43 ] conducted a multicenter open-label European feasibility 
trial involving 24 obese diabetic patients treated with insulin 
and/or oral hyperglycemic agents with a BMI between 33.3 
and 49.7 kg/m 2 . In those subjects that reached the 1-year 
visit, weight was reduced by 4.5 ± 2.7 kg ( p  < 0.05) and 
HbA1c by 0.5 ± 0.3 % ( p  < 0.05). In a subgroup of patients on 
oral medications, weight was reduced by 6.3 ± 3.4 kg 
( p  < 0.05), and HbA1c was reduced by 0.9 ± 0.4 % ( p  < 0.05). 
The group on insulin had no signifi cant changes in either 
weight or the HbA1c. The study concluded that the 
TANTALUS system and gastric electrical stimulation can 
potentially lead to improvement in glucose metabolism and 
the lipid profi le, as well as inducing weight loss and favor-
able changes in eating behavior, in obese diabetic individu-
als. Consistent results were published by Sanmiguel et al. 
[ 44 ] in a study involving 14 obese type 2 diabetic patients. 
They demonstrated that short-term therapy with the 
TANTALUS system improves glucose control, induces 
weight loss, and improves blood pressure and the lipid pro-
fi le in these subjects on oral antidiabetes therapy and found 
that the improvement in glucose control did not correlate 
with weight loss. 

 These endoluminal procedures and other novel minimally 
invasive procedures offer a lot of potential for the future of 
bariatric and metabolic surgery. However, an extensive amount 
of research is required in order to take it from the experimental 
trial settings and actually incorporate it into standard practice. 
Prospective randomized trials are necessary in order to inves-
tigate these procedures further, but it certainly offers a lot of 
scope for the future of interventional diabetology, potentially 
revolutionizing this newly emerging fi eld.  

   Conclusion 

 The incorporation of bariatric surgery into the treatment 
options for type 2 diabetes is currently being researched 
quite extensively. Type 2 diabetes is a worldwide epidemic, 
and current conventional methods of treatment have their 
limitations. Despite advancements in medical therapy, 
many patients still fail to achieve optimal glycemic control, 
and thus surgery may provide a suitable alternative for 
those who fail conventional methods. Continued research 
must be conducted in this fi eld in order to understand the 
mechanisms of surgery with regard to the remission of type 
2 diabetes and to further our understanding of the role of 
the gut. Novel procedures may also introduce minimally 
invasive surgery into metabolic surgery offering patients a 

safer and less risky  procedure to treat their diabetes. Further 
research and  prospective studies offer the potential to 
advance pharmacotherapy in order to develop and uncover 
new therapeutic targets in order to manage type 2 diabetes 
more effectively.     

  Financial Support/Confl ict of Interest   None.  

    Review Questions and Answers 

     1.     Factors that are positively correlated with the remission 
of T2DM after surgery include all except: 

    A.    Increasing age   
   B.    Lower preoperative HbA1c   
   C.    Shorter duration of diabetes   
   D.    Percentage of excess weight loss 

 Answer is  A . Patients who have a lower preoperative 
HbA1c and a shorter duration of T2DM, and those who 
have a higher percentage of excess weight loss, have a 
greater chance of remission of T2DM after surgery.    

      2.     Improvement in insulin sensitivity following bariatric sur-
gery is accompanied by all of the following mechanisms 
except: 

    A.    Decrease in the lipid content of the liver and muscle   
   B.    Reduction in the levels of adiponectin   
   C.    Increase in the concentration of insulin receptors   
   D.    Increase in the markers of insulin signaling 

 Answer is  B . There is an elevation in the levels of adipo-
nectin following bariatric surgery, as adiponectin is an 
insulin- sensitizing hormone.    

      3.     The Swedish Obese Subjects (SOS) study demonstrated 
the following effects of bariatric surgery on cardiovascu-
lar events on participants with T2DM except: 

    A.    Reduction in the incidence of fatal and nonfatal 
 cardiovascular events   

   B.    Lower incidence of myocardial infarction   
   C.    Lower incidence of cerebral stroke   
   D.    Similar incidence of myocardial infarction following 

different surgical procedures 

 Answer is  C . Bariatric surgery was not found to be asso-
ciated with changes in the incidence of cerebral stroke in 
type 2 diabetic patients in the SOS study.    
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