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Abstract

Diabetes is a chronic disease with high morbi-mortality and has been considered in the entire world a public health
problem. Type 2 diabetes mellitus (T2DM) that accounts up to 95% of all type of diabetes presents hyperglycemia due to
deficient secretion or action of insulin and may lead to microvascular complications, specifically retinopathy,
nephropathy and neuropathy. Bariatric surgery (BS) has been proven to be a viable option for the treatment of severe
obesity in comparison to conservative methods, with long-lasting weight loss and the resolution of obesity-related
comorbidities like T2DM. BS results on diabetes remission were pondered. More researches on the mechanisms by which
BS achieves its results are needed. The indications of this kind of intervention for mild obese patients must also be

further elucidated.
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Type 2 Diabetes Mellitus

Type 2 diabetes mellitus (T2DM) is a chronic disease cheap, effective and with high impact due to their

with one of the major morbidity and mortality in the
world [1]. It covers about 90-95% of all type of diabetes
and it's due to a progressive insulin secretory defect
secondary to an insulin resistance state. Therefore, T2DM
is an endocrine-metabolic disease of complex etiology,
characterized by hyperglycemia due to deficient secretion
or action of insulin [2].

About 90% of type 2 diabetic patients are obese or
overweight [3]. Food intolerance and socioeconomic
differences are considered factors in weight gain [4].
Measures as modifications in food consumption,
increased physical activity and weight reduction are
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benefits, which can be implemented in health care [5].

Analysing morbidly obese patients, the most observed
comorbidities were hypertension (19%), T2DM (6.6%)
and dyslipidemia (7.5%) [6]. It has also been shown that
the body mass index (BMI) of patients with T2DM have a
direct bearing on their blood pressure and hypertension.
According to a Taiwan study there was a bigger
attenuation of hypertension prevalence especially in
diabetic women with lower BMI [7]. Patients with
diabetes mellitus and dyslipidemia have higher body
mass index (BMI) values [8].
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Hypertension has a widely known association with
T2DM, they are the two most common chronic diseases
associated with death by congestive heart failure [9]. Low
adhesion to clinical treatment may lead to poor results
[10].

Bariatric surgery (BS), aimed at weight reduction, has
been proven to be a viable option for the treatment of
severe obesity in comparison to conservative methods,
resulting in long-lasting weight loss, improved quality-of-
life, and the resolution of obesity-related comorbidities
like T2DM (as well as preventing it) in morbidly obese
patients [11].

Articles, among systematic reviews and prospective
studies, published in the last ten years at Lilacs, Pubmed
and Science Direct databases were researched to support
this narrative review using the medical subject headings
terms: “diabetes”, “bariatric surgery”, “metabolic surgery”
and “gastric bypass”. Bibliographies of the systematic
reviews were also searched and relevant papers were
included. BS results on diabetes remission were analyzed.
The risk of T2DM is higher in older patients or with:
family history of the disease, obesity, hypertension, lack of
physical activity, metabolic syndrome and prior
Gestational Diabetes Mellitus (GDM). T2DM is often
associated with a strong genetic predisposition, more so
than type 1 diabetes. However, the genetics of T2DM is
poorly understood. Although genetic risk factors increase
susceptibility to diabetes and are not modifiable,
environmental factors, like changes in lifestyle, play an
important role in the emergence and development of the
disease and are susceptible to prevention and control
[2,5].

There are several causes of type 2 T2DM. Although the
specific etiologies are not known, autoimmune
destruction of B-cells does not occur, and patients do not
have any of the other known causes of diabetes. Obesity
or increased percentage of body fat distributed
predominantly in the abdominal region causes some
degree of insulin resistance. Therefore, testing to detect
T2DM in asymptomatic people should be considered in
adults of any age who are overweight or obese (BMI 225
kg/m?) and who have one or more additional risk factors
for diabetes. For all patients, particularly those who are
overweight or obese, testing should begin at age 45 years

[2].

UK Prospective Diabetes Study (UKPDS) concluded that
the complications of T2DM, previously often regarded as
inevitable, could be reduced by improving blood glucose
and/or blood pressure control. Reducing glucose
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exposure (HbAlc 7.0 % versus 7.9 % over median 10.0
years), with sulphonylurea or insulin therapy, reduced
the risk of “any diabetes-related endpoint” by 12% and
microvascular disease by 25%. Although neither of these
therapies impaired quality of life, both increased risk of
hypoglycemia and weight gain [12].

Diabetes Complications

T2DM may lead to microvascular complications,
specifically retinopathy, nephropathy and neuropathy.
Non-proliferative retinopathy is the most common
complication for patients with T2DM, it is characterized
by microaneurysms in the retina and altered vascular
permeability which may lead to macular edema and result
in substantial visual impairment [13].

Diabetic retinopathy (DR) affects 40%-50% of patients
with diabetes and about 37% of the patients with T2DM
have some degree of retinopathy at the time of diagnosis
[14]. Important DR risk factors include age,
hyperglycemia,  hypertension, diabetes  duration,
dyslipidemia, and genetic factors [15].

Diabetic nephropathy is a persistent increase in
albuminuria to levels above 30 mg of albumin per gram of
urine creatinine. The glomerular filtration rate (GFR)
decreases as a result of renal interstitial fibrosis, thus
producing macroalbuminuria and possibly setting the
stage for the onset of end-stage renal disease (ESRD).
Diabetic  neuropathy  encompasses microvascular
degeneration and nerve fiber conduction deterioration
which decrease tactile stimuli and increase thermal
thresholds, chronic pain, and paresthesia. In 50% of the
cases the manifestations are involved with sensorimotor
alterations showing a stocking-and-glove distribution
[13].

Cholesterol levels are higher in type 2 diabetes mellitus
patients with albuminuria. Increased urinary albumin
excretion rate (UAER), is associated with atherosclerotic
risk factors (hypertension, dyslipidemia and is predictive
for progressive renal failure and increased cardiovascular
morbidity and mortality in diabetic and non-diabetic
patients [16].

Little information is available concerning the lipid
abnormalities associated with increased UAER and UAER
relation to increased risk of cardiovascular disease [17].
Central obesity was associated with increased UAER in
the early stages of kidney disease without clinical macro
albuminuria in type 2 diabetic women [18].

Copyright© Aguiar PCM, et al.



Smoking habits led to high total cholesterol in general
adult. Smoking habits and hypercholesteremia were both
definitive risk for cerebrovascular disease. Smoking
habits and hypercholesteremia were also the confirmed
risk for dementia, depression, disability and so on, all of
these increased mortality rate in the elderly above
65 year [19].

A Taiwanese study demonstrated that the
predisposition to albuminuria in patients with type 2
diabetes mellitus was dependent on the joint effects of the
risk factors and the DD genotype of the angiotensin-
converting enzyme gene. Thus, those patients with type 2
diabetes mellitus who simultaneously carry the DD
genotype and possess the individual risk factor of
hypertension, smoking, dyslipidemia or obesity are at
high risk of albuminuria [16].

Congestive Heart Failure (CHF) is the endpoint of the
process, particularly in the case of cardiovascular diseases
such as hypertensive heart disease, especially coronary or
valve pathologies [20]. CHF importance relies on the fact
that it is still the most common reason for hospitalization
of = 65 years old people in United States, including over 1
million patients admitted for this condition and more
than 300,000 deaths each year [21].

Worldwide speaking, it affects 26 million people. 30%
of the cohort of a study regarding the incidence of CHF in
middle and low income population was shown to be
diabetic, which represents a broad part of the general
population [22]. Diabetes is one of heart failure risk
factors [23]. And heart failure in type 2 diabetes is
generally associated with a high death rate [24].

It has also been shown that there’s an increased risk of
heart failure hospitalization associated with short term
use of DPP-4 (a type of ant hyperglycemic drug). On the
other hand, long term use has proven to have a protective
effect that may be related to better long term diabetes
control than to the protective effect of the drug itself on
heart failure [25].

The use of pioglitazone - hypoglycemic from
thiazolidinedione (TZD) class - may also increase signs of
heart failure in susceptible patients. However, the
occurrence of serious heart failure did not translate to
increased mortality or cardiovascular morbidity. Despite
that, most mechanisms regarding the cardiovascular
outcomes remain unclear requiring further investigation
[24]
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Bariatric Surgery

Some studies have revealed that bariatric surgery could
improve renal function in patients with T2DM [26]. But,
evidence of the effect of bariatric/metabolic surgery on
microvascular complications is already emerging in the
literature [13].

Bariatric surgeries, considered more effective than
medical therapy in treatment of T2DM in patients with
severe obesity, include a variety of gastrointestinal
surgical procedures and achieve substantial and sustained
weight loss and glucose-lowering effects. It can also bring
early and relevant resolution rates of hypertension [10].
Rates of short and long-term diabetes remission are
around 60 to 95%, with low frequency of perioperative
and postoperative complications [27]. However, surgery
is often not advocated for patients with T2DM who are
overweight or have mild obesity [28].

Roux-en-Y gastric bypass (RYGB) is considered one of
the most effective treatments for maintaining long-term
weight loss. However, it is also associated to failures
manifested by the inability to maintain weight loss,
weight gain or poor glycemic control [4].

Despite indications for sleeve gastrectomy (SG) or
vertical gastrectomy have increased for treatment of
morbid obesity, results at medium and long term remain
in constant research, as well as several aspects related to
surgical technique [6,29].

These surgical interventions, including ileal
interposition, are an important component of metabolic
and neuroendocrine managing which favors
resolution of T2DM, even in patients with mild or
excessive obesity [30].

In previous treatments for weight loss, 92% of patients
in preoperative of bariatric surgery have already done
hypo caloric diet and 83% have used anorectic drug, with
high success of these treatments. However, 75% of them
regained weight in less than 1 year [8].

Recently, gastrointestinal metabolic surgery has been
proposed as a new treatment modality for T2DM in
patients with BMI < 35 kg/m? as it had been proven that it
results in better glycemic control compared with medical
treatment in these patients [11].
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Surgical Techniques

The number of bariatric techniques is increasing
quickly. New surgeries or modifications of frequently
performed surgeries are being proposed to improve
efficiency or decrease complications [27]. BS is totally
different from gastrointestinal metabolic surgery or
diabetes surgery (DS) in the patient characters, goals of
surgery, and management although similar in surgical
procedure [11].
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Laparoscopic techniques are now largely used as they
reduced the surgical stress and mortality as compared to
the open surgeries. The most frequent surgeries are
RYGB, SG, adjustable gastric band (AGB), bilio-pancreatic
diversion (BPD) and BPD with a duodenal switch (BPD-
DS) [31].

4 Most Common Weight Loss Surgery
Procedures in the United States
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Figure 1: Most Common Weight Loss Procedures.
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Reprinted from Bariatric Surgery Source. 2016.
Retrieved from: http://www.bariatric-surgery-
source.com/types-of-bariatric-surgery.html

SG, or vertical gastrectomy, have been considered a
durable BS comparable to gastric bypass procedures,
besides avoids gastric cancer risk in the excluded stomach
and reduces the incidence of micronutrient deficiency. At
the same time, excluding the duodenum in the bypass
procedure had been proven to be more effective in
glycemic control than a procedure without duodenum
exclusion, such as SG and AGB [11].
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Diabetes Resolution Mechanisms through
Surgery

Some theories have been created to explain the
mechanisms behind diabetes remission after BS [32].
However they are still not completely understood;
encompass improved insulin action, better 3-cell function,
higher adiponectin, lower inflammation and complex
changes of hormones of the entero-insular axis, GLP-1 and
glucose dependent insulinotropic polypeptide (GIP) [27].
One of the theories considers that the glycemic control
improves shortly after surgery simply because the
patients are not permitted to eat much
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postoperative period, and by the time they start eating
regularly again, the insulin-sensitizing effects of dynamic
weight loss are acting. This hypothesis fails to explain the
superiority of glycemic control achieved after RYGB
compared to equivalent weight loss from dieting or
restrictive bariatric operations [32].

The hindgut hypothesis proposes that diabetes control
is the result of the delivery of chyme nutrients directly
into the distal intestine. The L cells of the distal intestine,
in response to the presence of nutrients, secret Glucagon-
like peptide 1 (GLP-1) which is the major mediator in this
process. GLP-1 stimulates the secretion of insulin and
shows proliferative and ant apoptotic effects on B-cells,
thus amplifying a physiologic signal that enhances glucose
metabolism. This theory is based on experiments such as
ileal interposition (transposition of a segment of distal
ileum to the jejunum with no gastric or intestinal
resection) [32].

The foregut hypothesis suggests that food diverted
from the duodenum and proximal jejunum possibly
prevents the secretion of a specific signal that promotes
insulin resistance and T2DM [3,32].

It was observed that the surgical procedures have a
potential role in albuminuria remission. However, it is not
clear if weight loss alone supports decreases in
proteinuria. The renoprotection offered by incretins like
GLP-1 was described in preclinical animal models [15].

Bariatic Surgery Results

A retrospective review of groups of patients who
received BS versus DS, found that patients with diabetes
lost less weight than those without diabetes. After five
years, although weight loss was inferior in the DS group,
the remission of diabetes remained high in the DS group,
which shows the importance of the weight loss in
diabetes treatment. 73.3% of the DS’s were gastric bypass
procedures, while it made up only 47.1% of BS’s [11].

BS, which is a 2-hour procedure requiring a 2-day
hospital stay, is a relatively well-tolerated option in
patients with T2DM and mild obesity (25< BMI <35
kg/m?2). Being that RYGB and SG had comparable early
postoperative morbidity [28].

A study comparing obese patients who underwent
gastric surgery with conventional treatment analyzed that
after two years the weight had increased by 0.1% in the
control group and had decreased by 23.4% in the surgery
group. After 10 years, these results changed to 1.6% and
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16.1% respectively. The incidence of T2DM in patients
undergoing conservative treatment was 28%, compared
to 7% in operated patients. Furthermore, gastric surgery
had better recovery from diabetes, hypertriglyceridemia,
low levels of high-density lipoprotein cholesterol,
hypertension, and hyperuricemia, higher level of physical
activity and lower caloric intake [33].

One year after RYGB in obese, grades 2 and 3, a
reduction in the number of patients with diabetes and
Metabolic Syndrome was observed (48% and 85%,
respectively). The subjects submitted to gastric bypass
also had statistic significant higher reductions in BMI,
waist circumference, fasting plasma glucose and serum
LDL-cholesterol [34].

Metabolic surgery performed on patients
BMI<30kg/m? has been shown to be a safe and effective
method to treat diabetes. There is still controversy about

the factors that could be associated with durable

remission of the disease [32].

Patients with T2DM and mild obesity who underwent
RYGB had the average BMI decreased to 24.7 Kg/m? and
93.6% met criteria for remission of T2DM at 3 years
follow up; noting that all patients had improvement in
glycemic control [31].

In 74.6% of severe obese patients submitted to
metabolic surgery, remission lasted over two years and
BPD was the most effective intervention used, followed by
RYGB and SG [35].

Glycated hemoglobin of 6% or less was achieved by 5%
of the patients that were treated with drugs, versus 38%
of those that associated bypass with medical treatment
and 24% of who underwent SG and used medical therapy
[36].

Patients with elevated initial maximum BMI (2
50kg/m?) displayed higher T2DM remission and weight
loss failure rates after at least two years from RYGB [4].

Remission of diabetes and dyslipidemia occurred in all
120 obese patients submitted to SG in a study in Brazil
and there was improvement or remission in 86% of them
after 2 years [6].

A cohort study observed that 12.2% of the patients
that underwent RYGB had only diabetes resolution, 7.8%
had only hypertension resolution, 77.8% resolved both
disorders, and 2.2%, none [10].
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On the 30th postoperative day of RYGB in patients with
BMI >35 kg/m2, a weight loss of approximately 10% was
noted in relation to preoperative weights [4].

Reversal or Amelioration of Complications
of Diabetes

Analyzing patients post bariatric surgery, it was
observed that they remain at risk for developing sight-
threatening diabetic retinopathy (STDR), even those who
did not have evidence of DR before procedure. However,
surgery was associated with a lower progression to STDR
or maculopathy compared with routine care (5.7% versus
12.1%) [15].

There is low-quality evidence suggesting that BS might
improve albuminuria and urine albumin-to-creatinine
ratio (UACR) in patients with T2DM. The effect is probably
a result of improvement of hyperglycemia-induced
metabolic disorders and obesity-induced hyperfiltration
[26].

A meta-analysis with 522 patients reported a reduction
of 1.1 mg in albumin excretion for every 1 kg of
bodyweight lost after different weight loss methods of
bariatric/metabolic surgery. But, the impact of surgery on
renal function and on evidence of renal inflammation
suggests these effects on the kidney are multifactorial and
not exclusively related to weight loss [13].

The analysis of patients that underwent RYGB showed
that the percentage of patients with neuropathy (31.3%)
was lower than the number of cases at baseline (52.9%).
However, the small number of subjects did not made
possible a statistically significant data. But, none of the
patients developed neuropathy after the treatment [3].

Complications of Bariatric Surgery

Perioperative complications were more frequent after
RYGB than AGB, even if the mortality of both techniques
were lower than 0.3%. Complications like bleeding,
stomal stenosis, leak, vomiting, reflux and nutritional or
electrolyte abnormalities were higher for gastric bypasses
than AGB, while reoperations were more frequent for
AGB. The nutritional deficiencies are very frequent after
bypasses, in particular after BPD, requiring a lifelong
vitamins and trace elements supplementation. Therefore,
although there are low rates of complications, the risk-
benefit of BS should be considered [27].

There were only two complications (bronchial
pneumonia and dehydration), with good response to
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clinical treatment after the analysis of SG in a study
involving 120 morbid obese patients [6]. Comparing
complication rates of DS and BS, similar numbers were
noted. But, DS had a significantly higher mortality rate
than BS [11]. Smoking can be considered as a modifiable
risk factor for early complications after BS in patients
with T2DM and lower BMI [23].

Diabetes Recurrence or Failure in Reversal

Rates of diabetes recurrence are not well known, but
the free-of-disease time should soften
complications and mortality [27]. After 1 year of RYGB in
17 obese patients with BMI > 35 kg/m?, one of them
remained diabetic, with no remission [3]. In a follow-up
study of patients undergoing gastric bypass, 5 years from
the initial remission, up to 1/3 of them may suffer from a
diabetes recurrence, usually associated with the severity
and duration of preoperative disease [37].

From 120 morbidly obese patients submitted to SG,
9.1% had regained more than 5 kg of body weight [6]. The
recovery rates from hypercholesterolemia did not differ
between obese patients who underwent gastric surgery
and the conventionally treated even ten years after [33].

Discussion

Metabolic deregulation is the defining characteristic of
T2DM [13]. The gut hormones play an important role in
insulin secretion and glucose homeostasis in patients with
T2DM. Bariatric surgical interventions change the
digestive hormone profile, stimulating the secretion of the
incretin hormones such as anorexic GLP-1 and PYY,
suppressing orexigenic hormones like ghrelin [30].

The postoperative control of diabetes is a direct
consequence of the rearrangement in gastrointestinal
anatomy, and not merely the reduction in caloric intake
and weight. BMI alone is not an ideal parameter for
defining the indication of surgery for diabetic patients.
There isn’t no scientific evidence of a BMI cutoff point for
selecting the group that will benefit from the surgical
procedure [32].

The sleeve gastrectomy is a surgical technique that has
proven to be safe and effective in the surgical treatment of
obesity and control of comorbidities [6]. Metabolic
surgery needs more studies and discussions to determine
its true position as treatment for non-obese diabetic
people [32]. RYGB was a safe and effective therapeutic
tool to achieve hypertension resolution in patients who
also had diabetes mellitus [10].
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Positive Findings

Efficient obesity treatment
Therapeutic tool
Reversion of comorbidities and its complications
(e.g., diabetes, albuminuria, hypertension, lower
progression of retinopathy)

Negative Findings

Poorly understood
Relapse occurs or Failure to reverse
Indication for non-obese diabetic population needs
more studies

Complications

Smoking related to early complications
Nutritional Deficiencies;
Bleeding, stomal stenosis, leak, vomiting, reflux and
nutritional or electrolyte abnormalities;
Diabetes surgery has a higher mortality rate.

its comorbidities such as diabetes.

Table 1: Summary of findings and outcomes.

In conclusion, BS has been shown to be an efficient
procedure on the obesity treatment and the reversion of
However, more
researches on the mechanisms by which BS achieves

these results are needed. The indications of this kind of

intervention for mild obese patients must also be further

elucidated.
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