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ABSTRACT 
In the last decades we have witnessed a significant increase in the incidence of type 2 diabetes mellitus, and obes-
ity in parallel. So 90% of patients with Diabetes Mellitus type 2 (DM2) are obese. Changes in lifestyle (diet and 
exercise), behavioral therapies or the use of certain anti-obesity drugs have shown a limited effect and are not 
maintained over time. Currently, bariatric surgery is the most effective anti-obesity treatment, which is durable 
and resolves associated comorbidities. The surgical treatment of obesity for the modification of the anatomy of 
the digestive system is to produce gastric capacity constraints alone or associate with varying degrees of intestin-
al malabsorption and reduce body weight, improve and maintain the comorbidities associated weight loss by re-
duced food intake alone or in combination with malabsorption of this. The development of these surgical tech-
niques has occurred in stages. With these techniques, setting to bariatric surgery is an effective, safe and proven 
procedure for the treatment of obesity and its complications especially DM2, as their post surgery referral me-
chanisms provide us with information for potential therapeutic treatment aimed at optimizing the control DM2 
patients metabolic obese. In this review, we expose the evidence in treatment of DM2 with bariatric surgery and 
the actual hypothesis trying to explain how it is possible. 
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1. Introduction 
In recent decades we have witnessed a significant in- 
crease in the incidence of type 2 diabetes mellitus (DM2), 
and obesity in parallel. Thus it is estimated that from 
1986-2000 the prevalence of BMI > 30 kg/m2 has dou- 
bled, from morbid obesity, BMI > 40 Kg/m2 has qua- 
drupled and extreme obesity, BMI > 50 Kg/m2 has mul- 
tiplied by 5 [1]. 

In parallel what has exponentially increased the pre-
valence of DM2 is considered as obesity, the major risk 
factor for its developing. So 90% of patients with DM2 
have overweight or obesity [2]. The mechanism of inter-
relationship is the accumulation of abdominal fat, which 
causes an inflammatory state, insulin resistance and a 
lipotoxic effect in the β cell [3,4]. Weight loss reduces 

the inflammatory state associated with abdominal obesity 
by decreasing the concentration of inflammatory markers 
such as reactive Protein C [5]. Changes in lifestyle (diet 
and exercise), behavioral therapies or the use of certain 
anti-obesity drugs have shown limited effect and are not 
maintained over time. Bariatric surgery is currently the 
most effective anti-obesity treatment, which is durable 
and meets the associated comorbidities. 

2. Background 
Surgical treatment of obesity is considered as the mod- 
ification of the anatomy of the digestive system to pro- 
duce gastric reduction alone or associated with varying 
degrees of intestinal malabsorption reducing body weight 
and improvement associated comorbidities [6-9]. 
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The development of these surgical techniques has oc- 
curred in stages. In the 50’s Kremer noted that patients 
undergoing abdominal surgery for various reasons expe- 
rienced considerable weight loss. Although these tech- 
niques produced significant weight loss, were accompa- 
nied by complications such as acute liver failure, cirrho- 
sis, renal failure, autoimmune disorders and electrolyte 
abnormalities severas [10]. In view of the side effects 
was not considered justified these procedures. Later in 
the 60’s, Mason developed 2 techniques as effective for 
weight loss as above but with better security: gastric 
banding and gastric bypass [10]. During the 70’s, Hess 
and Scopinaro spread these techniques and making some 
variants. The first used the biliopancreatic bypass [11] 
while the second set point the duodenal [12] exclusion 
technique. Another important step came in 1994 when 
Clark and Wittgrove demonstrated the posibility to per- 
form by laparoscopic, improving the safety of the proce- 
dure [13]. In recent years the number of laparoscopic 
bariatric surgery procedures has increased exponentially 
following a few indications. In 1991 The National Insti- 
tute of Health (NIH), developed a consensus document 
which indicated the patients eligible for bariatric surgery: 
BMI greater than or equal to 40 kg/m2 who have had 
failure of medical treatment and lifestyle measures, or 
BMI greater than or equal 35 kg/m2 with complications: 
DM2, HT or cardiovascular disease. 

3. Surgical Techniques 
Currently, bariatric surgery techniques are divided into 3 
groups: restrictive, mixed and malabsorptive [1,4]: 
 Restrictive techniques: Their intention is to produce a 

decrease of food intake by decreasing the volume of 
the stomach, so as to produce a feeling of fullness and 
satiety with small intakes. It does not interfere with 
the absorption of food. The most common techniques 
are: 
○ Adjustable gastric banding: technique consisting 

of a horizontal restraint silicone band in subcardial 
situation that causes a narrowing and leaving a 
small gastric outlet, added to a portion adjustable. 
This regulates the size of the hole from a subcuta- 
neous reservoir. 

 Mixed: Combine the gastric reduction with some type 
of intestinal bypass. Are currently being made more 
frequently. 
○ Gastric bypass, involves creating a small gastric 

chamber which connects the distal jejunum and 
yeyunoyeyunostomía to 50,150 cm gastrojejunal 
union. 

 Malabsortives: 
○ Biliopancreatic diversion: We performed a distal 

gastrectomy with gastrointestinal anastomosis in 
Roux en Y to 50 - 75 cm iliocecal valve. 

○ Duodenal switch: Same as above with the differ-
ence that gastrectomy is performed longitudinally. 

4. Effects on Weight and Mechanism 
Inducing Weight Loss 

Weight loss after surgery occurs rapidly in the postopera- 
tive period, reaching a nadir at 18 - 24 months. It is 
common to produce a partial recovery of weight from the 
2 years after surgery [15]. The most effective treatment 
for severe obesity, resulting in significant weight loss, 
which remains long time. In some series with a follow up 
to 16 years-showed a mean weight loss of 48.2 kg [10], 
but results differ depending on the techniques used. Ex- 
pressed as a percentage of excess weight lost, average 
data have been published until 61.2% for all techniques: 
47.5% for patients undergoing gastric banding, 61.6% 
gastric bypass, 68.2% for gastroplasty and 70.1% for 
biliopancreatic diversion or cross duodenal [16]. Fur- 
thermore, the effect is maintained and in studies with 
follow-up 10 years, weight loss for patients undergoing 
gastric banding, vertical gastroplasty and gastric bypass 
are 14% ± 14%, 16% ± 11% and 25% ± 11% respective- 
ly. At 15 years, the differences remained at similar values 
of 13% ± 14%, 18% ± 11% and 27% ± 12% respectively 
[17]. Other factors that influence the response to surgery: 
age, sex, race, body composition, educational level, emo- 
tional state and level of activity. In general, best results 
are obtained with younger patients, women, Caucasians, 
who have a high percentage of muscle mass, motivated 
to follow a program of physical activity, regular medical 
supervision, which followed the recommendations of 
vitamin supplementation and are able to follow a dietary 
program [18]. 

The mechanism by which weight loss occurs is not 
fully clarified. Different theories have been postulated 
[9], mainly in patients undergoing gastric bypass. In the 
first weeks malabsorption occurs in response to the ga- 
strointestinal anatomical changes, although this phenol- 
menon is followed by a rapid intestinal adaptation. The 
restriction of gastric volume accompanied by a decreased 
intake and increased satiety is an important element in 
weight loss but would not explain the differences ob- 
served between the different techniques, because the vo- 
lume remains after the gastric bypass and gastroplasty 
stomach is similar. Other alterations studied are the phe- 
nomena of dumping in that after the intake of rapidly 
absorbed sugars, it produces its influx into the intestine 
and induce intense osmotic effect which leads to the 
passage of fluids from the bloodstream into the intestine 
and a exaggerated incretin response, producing a hypog- 
lycemic effect with a clinical response (hypoglycemia 
and tachycardia) [20]. Finally, we have the taste changes 
that refer these patients. However, none of them has been 
clearly correlated with the lost wheight [21]. So, it is 
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postulated that changes in enteroendocrine axis may play 
a role. Cummings and colleagues (2002) found that there 
was a sudden drop in ghrelin levels after bariatric surgery, 
which contrasts with the increase, as a counterregulatory, 
when patients experience loss of weight due to caloric 
restriction and exercise [22]. Also described increased 
levels of PYY and GLP-1 which induces an increased 
sense of fullness after surgery [23]. These hypotheses are 
currently under study, as well as other proposed mechan- 
isms, including increased basal energy expenditure at 
multiple levels or decrease in leptin levels [19]. 

5. Effects of Alterations Hydrocarbon in 
Diabetes Mellitus Type 2 and Its 
Regulation 

From the 70’s, have been published data resolution for 
DM2 after bariatric surgery without being able to specify 
which was the mechanism of remission. Pories (1995), 
published data of resolution of DM2 in bariatric surgery 
patients over 10 years. In these cases showed that the 
effect on blood glucose levels observed in the first days 
after surgery and before the commencement weight [23] 
loss. On the other hand, different studies have shown that 
the homeostasis of glucose control varies with different 
surgical techniques including pre-term equality of DM2, 
BMI and weight loss after surgery [24]. In the literature, 
provides data resolution and better control of DM2 rises 
to 85.4% of patients, although there are notable differ- 
ences in the different técnicas16. In the meta-analysis by 
Buchwald et al (2004), the resolution of DM2 amounted 
to 76.8% of patients. In addition, decreases were more 
marked in the number of fasting glucose levels and gly- 
cosylated hemoglobin in patients with intolerance to 
carbohydrates and diabetics than in the total population 
of the study [16]. The malabsorptive techniques, such as 
biliopancreatic diversion or duodenal switch, had the 
highest resolution, 98.9% versus 83.7% of patients un- 
dergoing gastric bypass, 71.6% for gastroplasty or 47.9% 
for purely restrictive techniques such as gastric banding. 
This work was criticized because the average age of pa- 
tients was very young with DM2 of early diagnosis [26]. 
Schauer et al. published a series of 240 patients with 
obesity and DM2 that over 80% patients normalized both 
fasting plasma glucose and glycated hemoglobin after 
bariatric surgery. Patients with shorter duration of DM2 
(less than 5 years) and greater weight loss getting better 
results [27]. 

In other studies also show a sustained effect over time. 
Thus the SOS study, with follow up at 10 years, provides 
data for recurrence of diabetes. This rate was lower in 
surgery group than the control group (search rates) [8]. 

In this sense, the techniques are not compared. For the 
equal weight loss, gastric bypass, vertical gastrectomy 

and gastric banding banded, have shown different rate of 
DM2 resolution [25-27]. These data make us think of an 
independent mechanisms of weight loss may be contri- 
buting to an improvement of the metabolism of carbohy- 
drates. The above data have led to controversy over whe- 
ther improved glycemic control is due to increased insu-
lin sensitivity or a change in the secretion of gastrointes- 
tinal hormones. Is known to increase up to 4 or 5 times 
insulin sensitivity after gastric bypass due in part to in- 
creased concentrations of adiponectin, with decreasing 
adipose tissue after surgery. This increase in insulin sen- 
sitivity has been studied primarily in liver and muscle 
tissue. In parallel, the liver is reduced fatty acid content, 
thus reducing insulin resistance associated with hepatic 
steatosis. To explain these phenomena and why they oc-
cur have been postulated several hipótesis [25,28,29]. 
 Theory of acute weight loss: After bariatric surgery, 

patients substantially reduced their intake during the 
first postoperative weeks. Following this premise, the 
acute effect on glycemic control is due to the drastic 
reduction in intake of these patients. Thus different 
authors as Isbell et al. [30] explain that drastically re- 
ducing intake without changes in body weight, which 
occurs in the early weeks is the most important factor 
in the increased insulin sensitivity. Now the action 
protocol is similar to all surgical techniques, so that 
remains important to clarify the differences observed 
between the different thecniques [16]. Moreover, an 
acute ruduced intake is frequently observed in other 
abdominal surgeries, however, there is a worsening 
diabetes control due to inflammation or contraregula-
tory hormones [25]. 

 Ghrelin assumption: 90% of which is secreted ghrelin 
is produced in the stomach and duodenum, two of the 
organs affected by bariatric surgery. As we discussed 
above, there have been studies that ghrelin levels de-
crease dramatically after surgery, although these data 
are currently not clarificated [22]. Ghrelin has effects 
on carbohydrate metabolism mainly at 3 levels: it in-
hibits the action and secretion of adiponectin and its 
insulinsensibilized effect and inhibits itd effect in liv-
er [25]. Therefore, decreases in ghrelin levels may in- 
duce an increase in insulin secretion and increased 
insulin sensitivity. 

 Foregut: This theory states that the proximal intestine 
(mainly duodenum) that contacts with food producing 
an antidiabetic effect by action of some unrecognized 
factor now called anti-incretinic factor [31]. The theory 
contemplates that prevent contact of food with the 
duodenal, inhibits the production of this factor so it 
improves glycemic control in obese patients. 

 Hindgut: This effect and described in the 60’s as the 
amplification of the insulin response that occurs after 
oral ingestion of glucose in the administration of an 
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equivalent amount by way intravenosa [32]. This ef- 
fect is responsible for up to 60% of the increased se- 
cretion of insulin after ingestion. Is primarily medi- 
ated by the gastrointestinal hormones GLP-1 and GIP, 
which produce K and L cells of the intestinal tissue, 
known as incretins. GLP-1 is an incretin hormone 
family, glucose-dependent secretion and increases in- 
sulin sensitivity, reduces postprandial glucagon le- 
vels, increased pancreatic β cell number, reduces gas- 
tric emptying, and regulates appetite. Nauck et al., 
(1986) showed that the incretin effect was decreased 
in patients with DM2 because the decrease in concen- 
trations of GIP and GLP-1 mainly after food intake 
[33]. Exogenous administration of GLP-1 lowers 
blood glucose in a process glucosadependient because, 
increases insulin levels and decreases glucagón con- 
centration [33]. In obese patients with DM2 under- 
went bariatric surgery, biliopancreatic diversion espe- 
cially, has been shown an increase levels of GLP-1 
and GIP from the first week. Later this effect is 
maintained. This increase is accompanied by incretins 
stimulate insulin secretion and the consequent reduc- 
tion plasma glucose [35]. It is thought that the ana- 
tomical disorder after gastric bypass makes the bolus 
reaches the distal portions of the intestine undigested, 
thereby producing an increase in intestinal secretion 
of incretins. On the other hand other authors have 
shown increased concentrations of GLP-1 but other 
gastrointestinal peptides direct effect on carbohydrate 
metabolism (PYY), [30,36]. 

 There are also other factors under study could explain 
this rapid improvement in blood sugar levels after 
surgery: bile acids, other gastrointestinal factors or 
the role of insulin sensitivity of certain nutrientes 
[37]. 

6. Mortality and Safety of Bariatric Surgery 
The American Association of Metabolic and Bariatric 
Surgery, founded a program for certification of good 
practice. This certification is known as Center of Excel- 
lence to develop standards and quality standards for good 
practice of these surgical techniques. In 2008, the total of 
339 accredited centers published their mortality rates, 
with a hospital mortality of 0.14% and 0.35% at 90 days 
[10]. Moreover, the published data on mortality from 
surgery, considering only those patients who die after 
less than 30 days after surgery are less than 0.1% for all 
surgical techniques were distributed in 0.1% for pure 
restrictive techniques, 0.5% for gastric bypass and 1.1% 
for biliopancreatic diversion or cross duodenal [16]. 

On the other hand, in 2007, Swedish Obese Subject 
(SOS), comparing mortality data published in obese pa- 
tients divided them into 2 groups, those who underwent 
bariatric surgery and those treated with standard meas- 

ures. Monitoring carried out at 15 years. A reduction in 
overall mortality of patients undergoing surgery of 24% 
compared to the other group, and the values were inde- 
pendent of age, sex and cardiovascular risk factors. The 
most common causes of death were myocardial infarc- 
tion and cancer [17]. In addition, other groups such as 
Adams et al. have reported a decrease in the incidence of 
cancer in patients versus the control group underwent a 
follow-up to 12.5 años [38]. 

7. Conclusion 
There is no doubt that bariatric surgery is an effective, 
safe and proven procedure for the treatment of obesity 
and its complications, especially type 2 diabetes, partic- 
ularly in those young patients and a short development 
time. In-depth study of the mechanism of remission after 
surgery DM2, it will give us information to potential 
therapeutic targets in order to optimize the metabolic 
control of obese DM2 patients. 
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