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Abstract: Obesity is a global epidemic that
affects billions of adults, impacting on the
development of various diseases such as Type
2 Diabetes Mellitus (DM2), hypertension,
dyslipidemia, cancer and kidney disease.
It is postulated that alterations in lipid and
glucose metabolism, linked to overweight
and obesity, can trigger insulin resistance,
cell dysfunction and DM2. Considering
the large number of overweight and obese
individuals with DM2, the Federal Council
of Medicine recognizes the importance of
bariatric surgery for the treatment of patients
with DM2. Bariatric surgery is recommended
as an anti-obesity treatment for patients aged
between 18 and 65 with a body mass index
(BMI) of over 40 or over 35 kg/m? associated
with severe comorbidities and refractory to
non-pharmacological and pharmacological
treatment. This literature review study aims to
evaluate the effect of bariatric surgery, using
the gastric bypass method, on fasting blood
glucose and plasma glycated hemoglobin
(HbAlc) concentration in patients with a
previous diagnosis of diabetes. A total of 1053
individuals were analyzed, with ages ranging
from 40.00 to 53.00 years and postoperative
periods of 0.5, 1, 2, 3, 4 and 5 years. The
mean glycemia (187.05 + 30.90 mg/dL) and
HbAIlc (8.58 = 0.92 %) values found in the
pre-surgery stage, which were compatible
with diabetes, decreased to the pre-diabetes
range, respectively, to mean values of 109.33
mg/dL and 6.25% one year after surgery.
Over the years, the reduction in glycemic
parameters was smaller. In this context,
it can be considered that the reduction of
obesity through the by-pass bariatric surgery
technique led to partial remission of DM2.
Keywords: bariatric surgery, diabetes mellitus,
glycemia, HbAlc.
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INTRODUCTION

Obesity is considered a global epidemic and
it is estimated that in 2035 approximately 4.0
billion adults will be overweight, an increase
of 10% compared to 2020 (WOF, 2023), which
increases the risk factors for the development
of several important diseases such as Type
2 Diabetes Mellitus (DM2), hypertension,
dyslipidemia, cancer and kidney disease.
Furthermore, the greater the excess weight,
the greater the severity of these diseases.
According to the body mass index (BMI), an
individual is considered overweight or obese
with a BMI of 25 to 29.9 kg/m? obese with
a BMI of 30 to 34.9 kg/m?; obese with a BMI
of 35 to 39.9 kg/m? and severely obese with a
BMI of grade IIT° 40.0 kg/m? (ABESO, 2016).

First and foremost, treatment for obesity
advocates lifestyle changes associated with
adequate calorie intake. When obesity
is refractory to non-pharmacological
treatment, i.e. with a BMI > 30 or BMI > 25
Kg/m? associated with hypertension, DM2,
hyperlipidemia, sleep apnea, osteoarthritis,
gout, among other risk factors, the use of
anti-obesity drugs is recommended (ABESO,
2016). For those patients aged between 18 and
65, BMI > 40 or > 35 kg/m?, respectively, with
one or more serious comorbidities, bariatric
surgery is recommended (ABESO, 2016).

BARIATRIC SURGERY AND OBESITY

Bariatric surgery is considered a highly
cost-effective alternative with repercussions on
weight loss and fewer systemic consequences
(FRUHBECK G, 2015; NEOVIUS M et al.,
2012).

Depending on the patient and their
particularities, the surgeon can choose
between different bariatric surgery techniques
such as gastric bypass, vertical gastrectomy,
duodenal switch and adjustable gastric
banding. In this study, the technique chosen
for analysis was gastric bypass, also known
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as Roux-en-Y gastroplasty with intestinal
detour. This procedure can be performed
robotically, laparoscopically or open, and
consists of forming a gastric pouch, creating
a biliopancreatic branch, performing a
jejunojejunostomy and a gastrojejunostomy
(MITCHELL BG, GUPTA N, 2024).

Initially, the functionality of bariatric
surgery to minimize obesity was thought to
be due to its mechanisms of restriction and
reduced absorption. However, the mechanism
of gastric bypass is quite complex (MITCHELL
BG, GUPTA N, 2024), generating increased
energy expenditure and changes in the
hormonal network, intestinal microbiota and
metabolic efficiency. One of the mechanisms
of weight loss is the reduction in the synthesis
of ghrelin, the hormone responsible for hunger
and produced in the cells located in the gastric
fundus, which is predominantly excluded in
gastric bypass. In addition, evidence suggests
that concomitant vagotomy in these patients
may inhibit the effect of this hormone on
appetite stimulation. Other hormones can
be attributed to the reduction in the size of
patients’ postoperative meals, such as the
anorexigenic hormones CCK, GLP-1,PYY and
amylin (LUTZ TA, BUETER M, 2014). It has
also been observed that the GLP-1 hormone,
released by L cells in the terminal ileum
and colon, has a considerable postprandial
increase in the first few weeks after surgery.
This hormone causes satiety and a reduction
in food intake, as well as stimulating the
secretion and increasing sensitivity to insulin,
which is why it is believed to be a key player
in the resolution of DM2 after gastric bypass.
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OBESITY AND TYPE 2 DIABETES
MELLITUS

Obesity is a chronic disease evidenced by
the accumulation of localized or generalized
adipose tissue, resulting from an imbalance
between the gain and expenditure of glyceride
lipids associated with endocrinometabolic
and nutritional disorders, the environment,
lifestyle and emotional factors (ABESO, 2016).
Triglyceride lipids are stored in adipose tissue
and, when necessary, are hydrolyzed and
the resulting fatty acids are used to maintain
cellular energy homeostasis. The nutritional
supply of glucose, which can be converted
into triglycerides, and the decrease in energy
expenditure lead to the accumulation of lipids
in adipocytes, also enabling an increase in
visceral and ectopic fat, as well as an increase
in free fatty acids (MA Y et al., 2020) and pre-
inflammatory cytokines in plasma.

The accumulation of free fatty acids in
hypertrophied adipocytes results in hypoxia
which contributes to the generation of
reactive oxygen species, inflammation and
fibrosis (BAYS HE, 2023). The oxidation of
fatty acids produces apoptotic derivatives
such as diacylglycerol and ceramides, which
promote the development of inflammatory
processes. The action of apoptotic derivatives
and the consequent inflammatory process
lead to resistance to the action of insulin
and cellular glucose absorption mediated
by the GLUT4 translocator, reducing the
effectiveness of the insulin receptor in the
membrane and the signaling cascade for
glucose absorption. Therefore, the increase
in free fatty acids, possibly resulting from
changes in lipid and glucose metabolism, can
trigger insulin resistance, cell dysfunction and
DM2 (CALDAS JP et al., 2016; MA Y et al,,
2020; BAYS HE, 2023).

A large proportion, around 89% of adult
individuals in the United States with DM2, are
overweight or obese (NATIONAL DIABETES
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STATISTICS REPORT, 2020); however,
among overweight and obese individuals,
only 13.8% have DM2 (OGDEN CL et al,
2015). This data raises the question of cause
and effect between DM2 and obesity.

Previous studies have analyzed patients
with grade II and grade III obesity and high
fasting blood glucose values who underwent
bariatric bypass surgery. After the procedure,
the individuals achieved normal glycemic
values (CALDAS JP et al.,, 2016). In 2017,
the Federal Council of Medicine published
resolution 2.172, which recognizes the
importance of bariatric surgery for the
treatment of patients with DM2 who have a
BMI between 30 and 34.9 Kg/m?, refractory
to clinical drug therapy (CFM, 2017). In this
context, it is hoped to find a regression of
DM?2 due to a reduction in the inflammatory
effects of adipose tissue. Thus, in addition to
the importance of weight loss through the
reduction of adipose tissue, gastric bypass
emerges as a valuable alternative for the
treatment of obese patients with DM2.

In view of this, this literature review study
aims to evaluate the effect of bariatric surgery,
using the gastric bypass method, on fasting
glycemia and the plasma concentration of
glycated hemoglobin (HbAlc) in patients
with a previous diagnosis of diabetes.

METHODOLOGY

BIBLIOGRAPHIC SURVEY

A bibliographic survey of the PubMed
and Scielo databases, using the keywords
“Bariatric surgery and Diabetes”, found 272
articles published between 2012 and January
27,2023.

SELECTION CRITERIA

We included studies that met the following
criteria: (1) complete publications, (2)
randomized controlled studies, (3) studies
conducted exclusively with human patients,
(4) patients who had undergone bariatric
bypass surgery and were diagnosed with
DM2, (5) studies that presented glycated
hemoglobin (HbA1lc) and/or fasting glucose
values before and after bariatric surgery.

DATA ANALYSIS

Statistics were carried out using the
R software (R CORE TEAM, 2022) for
descriptive analysis and summary measures.
Articles that did not present the mean age of
the patients were assigned the term NA (Not
Assigned) for the analysis.

RESULTS

Of the total of 272 articles found in
the databases, only 25 full articles met the
selection criteria and could be used to obtain
HbAlc and fasting blood glucose values in the
pre- and post-operative periods of patients
with DM2 undergoing bariatric surgery using
the bypass technique. Only one article did not
present a mean age, which was assigned the
value “NA” (Not Assigned). The 25 articles
evaluated postoperative periods of 0.5 years
(n=4), 1 year (n=18), 2 years (n =9), 3 years
(n=6),4 years (n = 1) and 5 years (n = 4).

A total of 1053 individuals were analyzed,
with ages ranging from 40.00 to 53.00
years. The baseline parameters of age, body
mass index (BMI), glycemia and HbAlc
are described in Table 1 and represent the
original values (mean and standard deviation)
obtained from the selected articles. The total
shown in the table corresponds to the mean
and standard deviation determined from
the mean values of each study analyzed, and
specific standard deviations were disregarded.
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Individuals Age BMI Pre Glycemia Pre HbAlc

Studies/Subgroups
(]} (Years) {Kg/m2) {mg/dL) (%&)
SalminenP et al, 2018 49  4840(9,30) 484 140,54 (11,71) 7,20 (0,19)
AlmbyKE etal., 2021 13 51,00 (10,00) 36,80 (3,30) 148,55 (34,23) 7,20 (1,10}
Khoo CM et al., 2014 30 49,50 (1,40) 43,40 (0,80) 155,60 (8,60) 7,53 (0,23)
PetryTZ etal., 2015 10 47,00 (8,00) 29,70 (1,90) 203,00 (54,00) 8,70 (1,30

Astiarraga B etal., 2020
Hofsg D et al, 2019
KashyapSR etal., 2013
Courcoulas AP et al., 2015
lkramuddin s et al., 2013
NematiR, etal, 2018
lkramuddin§ et al., 2015
WalleniusV et al., 2020
Jahansowz Cetal, 2019
Cheng A etal, 2022

53,00 (7,00) 39,30 (1,40) 160,36 (36,94) 7,30 (0,65)
4870 (B,80) 4240 210,82 (17,11) 7,90 (D,30)
42,50 (9,70} 36,10 (2,60) 211,00 (35,50 8,80 {1,35)
47,30 6,60) 35,67 (0,61) 191,50 (18,33) B,56 (0,46)
49,00 (2,50) 34,9 222,00 (19,00) 9,60 (2,50)
47,00 (1,20} 40,00 (7,00) 126,13 (39,64) &,20 (1,70)
49,00 (9,00) 34,30 (3,00) 214,41 (57,66) 9,60 (1,00)
49,10 (9,20) 39,30 (3,60) 178,38 (55,86) 7,90 (1,50)
51,00 (9,00} 36,10 (2,70) 224,00 (65,00} 9,50 (D,20)
40,00 (MA) 29,10 (1,60) 227,02 (57,65) 8,90 [1,40)

Sachdevs etal, 2016 46,90 (2,20) 36,20 (0,70) 229,00 (21,00 9,70 (0,20)

Nguyen KT et al, 2015 50,00 {1,00) 35,80 (0,50) 236,00 (14,00 9,80 (D,20)
WolnerhanssenBK etal, 2021 228 45,30 (NA) 46,40 (6,60) 128,73 (27,83) 7,00 (0,35)

ELRERERBERRED

Courcoulas AP et al,, 2014 24 46,30 (7,20) 35,50 (2,60) 190,90 (78,10) 870 (2,20)
Mingrone G et al, 2015 0 43,90 (7,57) 44,00 (4,60) 172,07 (60,36) B,56 (1,45)
Cohen RV et al,, 2020 51 52,50 (7,60) 32,50 (1,90) 167,00 (22,00 880 (1,86)
RobertM et al, 2019 117 42,60 (10,20) 43,90 (5,10) 156,76 (0,00) 7,50 (1,70)
TangQetal, 2016 38 40,40 (12,30 37,80 (5,60) 162,16 [61,26) 7,40 [1,80)
Yangletal, 2015 77 41,40(8,30) 32,30 (2,40) 187,35 (38,64) 8,90 (1,30)
Schauer PR et al,, 2014 ag NA 36,00 (3,50) 193,00 (47,00) 9,30 (1,40)
Courcoulas AP et al. 2020 20 4540 (7,50) 35,67 (0,61) 19150 [18,33) 56 (0,46)
Total 1053 46,97 (3,57) 36.96 (4,13) 187,05 (30,90 B,58 (0.92)

Table 1: Characteristics of the baseline parameters analyzed in each article.

Studies/Subgroups Pre Glycemia Post Glycemia (mg/dL)
{mg/dL) 6 months 1years 2 years 3 years 4 years 5 years
Salminen P et al., 2018 140,54(11,71) 109,91 (6,31) 106,31(6,31) 120,72 (9,01) 121,82 (10,00)
Almby KE et al., 2021 149,55 (34,23) 113,51(23,42)
Khoo CM et al., 2014 155,60(8,60) 113,30(7,30) 113,50(8,70)
Petry TZ et al., 2015 203,00 (64,00) 148,00 (45,00) 146,00 (26,00)
AstiarragaB et al., 2020 160,36 (36,94) 91,89(14,41)
Hofsg Det al., 2019 210,82 (17,11) 102,70(20,72)
Kashyap SRet al., 2013 211,00(35,50) 93,00(27,50) 87,00(15,00)
Courcoulas AP et al., 2015 191,50(18,33) 121,70(8,03) 140,90(7,50) 125,50(7,39)
lkramuddinSetal., 2013 222,00(19,00) 111,00(8,50)
Nemati R, et al., 2018 126,13 (39,64) 113,51(18,02)
lkramuddinSetal., 2015 214,41 (57,66) 113,51(63,06) 111,71 (52,25)
Wallenius V et al., 2020 178,38 (55,86) 113,51(52,25) 111,71 (52,25)
Jahansouz Cet al., 2019 224,00 (65,00) 108,00 (0,00)
Cheng A et al., 2022 227,02(57,65) 115,79(5,94) 134,63 (10,90) 128,73 (6,95) 139,85(16,64) 134,40 (23,18)
SachdevSetal., 2016 229,00(21,00) 116,00(9,00)
Nguyen KT et al., 2015 236,00(14,00) 117,00 (6,00)
Woilnerhanssen BK et al., 2021 129,73 (27,93) 95,50(18,92) 108,11(21,62) 109,91 (22,73)
Courcoulas AP et al., 2014  190,90(78,10) 79,70(30,30)
Mingrene G et al., 2015 172,07 (60,36) 102,52 (19,28)
Cohen RV et al., 2020 167,00 (22,00) 104,10 (13,90)
Robert M et al., 2019 156,76 (0,00) 109,91 (52,25)
Tang Qetal., 2016 162,16 (61,26) 122,52 (48,65)
YangJ et al., 2015 187,39(39,64) 104,50 (12,61)
SchauerPRet al, 2014 193,00 (47,00) 100,00 (27,00)
Courcoulas AP et al. 2020  191,50(18,33) 142,40 (15,96)
Total 187,05 (30,90) 121,18 (15,55) 109,33 (14,16) 113,89 (15,66) 114,59 (10,90) 139,85 (16,64) 127,13 (12,57)

Table 2: Baseline blood glucose and after bariatric surgery.




Studies/Subgroups Pre HbAlc

(%) 6 months

Post HbAlc (%)
1years 2 years 3 years 4 years 5 years

Salminen P et al., 2018 7,20(0,19) 6,60(0,25) 6,20(0,15) 6,40(0,20) 6,70(0,20)
Almby KE et al., 2021 7,20(1,10) 5,90 (0,50)
Khoo CM et al., 2014 7,53(0,23) 6,33 (0,20) 6,33 (0,20)
Petry TZ et al., 2015 8,70(1,30) 7,20(1,10) 7,50(1,00)
AstiarragaB et al., 2020 7,30(0,65) 5,60(0,70)
Hofsg Det al., 2019 7,90(0,30) 5,90(0,30)
Kashyap SRet al., 2013 9,80(1,35) 6,30(0,78) 6,70(1,28)
Courcoulas AP et al., 2015 8,56 (0,46) 6,68(0,11) 7,39(0,15) 7,14 (0,02)
lkramuddinSetal., 2013 9,60 (2,50) 6,30(0,20)
Nemati R, etal., 2018 8,20(1,70) 6,20(1,00)
Ikramuddin S et al., 2015 9,60(1,00) 6,40(1,60) 6,50(1,60)
Wallenius V et al., 2020 7,90(1,50) 5,80(1,30) 5,90(1,40)
Jahansouz Cet al., 2019 9,50 (0,90) 6,30(0,00)
Cheng A et al., 2022 9,90 (1,40) 6,10(0,12) 6,71 (0,20) 6,64 (0,25) 7,15(0,36)
SachdevSetal., 2016 9,70(0,20) 6,40(0,30)
Nguyen KT et al., 2015 9,80(0,20) 6,40(0,20) 6,66 (0,34)
Wolnerhanssen BK et al., 2021 7,00(0,35) 5,80(0,35) 6,10(0,30) 6,10(0,30)
Courcoulas APet al., 2014  8,70(2,20) 6,40 (0,00)
Mingrone G et al,, 2015  8,56(1,45) 6,35(1,42)
Cohen RV et al., 2020 8,80(1,86) 6,18(0,31)
Robert M et al., 2019 7,50(1,70) 6,10(0,90)
Tang Qetal., 2016 7,40(1,80) 6,40(1,60)
YangJ et al., 2015 8,90(1,30) 5,70(0,70)
Schauer PRetal., 2014  9,30(1,40) 6,70(1,30)
Courcoulas AP et al. 2020 8,56 (0,46) 7,10(0,39)
Total 8,58 (0,92) 6,51(0,47) 6,25 (0,26) 6,47 (0,41) 6,45 (0,46) 6,66 (0,34) 6,76 (0,42)

Table 3: HbAlc at baseline and after bariatric surgery

After surgery, at 6 months, 1, 2, 3, 4 and
5 years, there was a decrease of 35.22, 41.55,
39.11,38.74,25.23 and 32.03% in glycemia and
24.13, 27.16, 24.59, 24.83, 22.38 and 21.21%
in HbAlc. In the same period, BMI (Kg/
m?2) decreased from the grade II obesity seen
at baseline (36.96 + 4.13) to grade I obesity
(33.67 * 1.16) in six months and overweight
(27.52 +£2.83,27.01 +£2.00, 26.82 + 4.05, 25.69
+ 1.62 and 29.78 + 4.69) in the years following
the surgical procedure. The mean and specific
values for each study analyzed, for glycemia
and HbAc, over the period from six months
to five years, are shown in Tables 2 and 3,
respectively.

DISCUSSION

The blood glucose and HbAIlc values
indicated by the Brazilian Diabetes Society
(SBD, 2023) were used as a reference: fasting
normoglycemia when plasma glucose
concentration is less than 100 mg/dL and
HbAlc is less than 5.7%; pre-diabetes or
increased risk of diabetes, with fasting glucose
>100 and < 126 mg/dL and HbA-1c > 5.7 and
< 6.5% and established diabetes with fasting
glucose > 126 mg/dL and HbA-1c > 6.5%.
The average glycemia (187.05 + 30.90 mg/dL)
and HbAlc (8.58 + 0.92 %) values found in
the pre-surgical stage were compatible with
diabetes. The greatest rate of decrease, of
41.55% for glycemia and 27.16% for HbAlc,
reaching mean values of 109.33 mg/dL and
6.25%, respectively, were observed one year
after surgery (Tables 2 and 3). Although the
blood glucose and HbAlc values did not
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reach the normoglycemia range, there was a
decrease (p<0.05) in the parameters to a range
considered pre-diabetes. It is important to
note that over the years, the decrease in blood
glucose and HbA1c indices was smaller, with
the absolute values returning to the diabetes
range four years after the surgical procedure.
BMI decreased over the years and followed
the trend of reversion to grade I obesity five
years after surgery. Figure 1A shows the
behavior of blood glucose and HbA1lc levels
over the period analyzed and Figure 1B shows
the residual percentage of blood glucose,
HbAlc and BMI in relation to baseline
values, considered to be 100%. The values
four years after the surgical procedure were
not represented in the graphs due to the low
number of individuals and the impossibility
of carrying out a statistical analysis.
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Figure 1: Variation in blood glucose, HbAlc and
BMI as a function of time after bariatric surgery.
a, b represent p< 0.05.

According to the American Diabetes
Association criteria, complete remission
of DM2 is considered to be HbAlc below
6.0% and fasting glucose below 100 mg/
dL and partial remission is considered to
be HbAlc below 6.5% and fasting glucose
between 100 and 125 mg/dL, both for at least
one year and in the absence of drug therapy
(Wolnerhanssen BK et al., 2021). In this
context, it can be considered that the reduction
of obesity through the by-pass bariatric
surgery technique led to partial remission
of DM2. However, over time, multifactorial
mechanisms resulting from DM?2, such
as hyperinsulinemia, glucose metabolism
dysfunction and/or factors inherent to the
individual and the environment, such as
increasing age, genetic predisposition and
obesogenic environments, can reverse the
hyperglycemia and increase in HbAlc, as
shown in the data presented in this study.

CONCLUSION

The results indicate that bariatric
bypass surgery is an important strategy for
the treatment of DM2 in obese patients,
reducing the plasma values of HbAlc and
fasting glycemia from “diabetes” to “pre-
diabetes”, according to the diagnostic criteria
established by the Brazilian Diabetes Society
and considering the period of up to 3 years
after surgery.

- -



REFERENCES

ABESO, 2016. Associagao Brasileira para o Estudo da Obesidade e da Sindrome Metabolica. ABESO. Diretrizes brasileiras
de obesidade 2016, 4.ed. - Sao Paulo, SP, 2016. Disponivel em https://abeso.org.br/wp-content/uploads/2019/12/Diretrizes-
Download-Diretrizes-Brasileiras-de-Obesidade-2016.pdf.

Almby KE, Katsogiannos P, Pereira MJ, Karlsson FA, Sundbom M, Wiklund U, Kamble PG, Eriksson JW. Time Course of
Metabolic, Neuroendocrine, and Adipose Effects During 2 Years of Follow-up After Gastric Bypass in Patients With Type 2
Diabetes. ] Clin Endocrinol Metab. 2021 Sep 27;106(10):e4049-e4061. doi: 10.1210/clinem/dgab398. PMID: 34086911; PMCID:
PMC8475218.

Astiarraga B, Martinez L, Ceperuelo-Mallafré V, Llauradé G, Terrén-Puig M, Rodriguez MM, Casajoana A, Pellitero S, Megia
A, Vilarrasa N, Vendrell J, Ferndndez-Veledo S. Impaired Succinate Response to a Mixed Meal in Obesity and Type 2 Diabetes
Is Normalized After Metabolic Surgery. Diabetes Care. 2020 Oct;43(10):2581-2587. doi: 10.2337/dc20-0460. Epub 2020 Jul 31.
PMID: 32737141; PMCID: PMC7510048.

Bays HE. Why does type 2 diabetes mellitus impair weight reduction in patients with obesity? A review. Obes Pillars. 2023 Jun
13;7:100076. doi: 10.1016/j.0bpill.2023.100076. PMID: 37990681; PMCID: PMC10661899.

Caldas JP, Fachieri. CG, Canesso A, Cesquini M, Bernardes CE. Acompanhamento do perfil glicémico de individuos obesos
submetidos a cirurgia baridtrica. Cuidarte Enfermagem 2016 jul.-dez.; 10(2):109-115. Disponivel em: https://webfipa.net/
facfipa/ner/sumarios/cuidarte/2016v2/109-115.pdf

Cheng A, Yeoh E, Moh A, Low S, Tan CH, Lam B, Sum CF, Subramaniam T, Lim SC. Roux-en-Y gastric bypass versus best
medical treatment for type 2 diabetes mellitus in adults with body mass index between 27 and 32 kg/m*: A 5-year randomized
controlled trial. Diabetes Res Clin Pract. 2022 Jun;188:109900. doi: 10.1016/j.diabres.2022.109900. Epub 2022 May 2. PMID:
35513159.

CFM, 2017. Resolu¢do CFM n°2.172/2017 disponivel em: https://sistemas.cfm.org.br/normas/arquivos/resolucoes/
BR/2017/2172_2017.pdf)

Cohen RV, Pereira TV, Aboud CM, et al. Effect of Gastric Bypass vs Best Medical Treatment on Early-Stage Chronic Kidney
Disease in Patients With Type 2 Diabetes and Obesity: A Randomized Clinical Trial. JAMA Surgery. 2020 Aug;155(8):€200420.
DOI: 10.1001/jamasurg.2020.0420. PMID: 32492126; PMCID: PMC7270872.

Courcoulas AP, Belle SH, Neiberg RH, Pierson SK, Eagleton JK, Kalarchian MA, DeLany JP, Lang W, Jakicic JM. Three-Year
Outcomes of Bariatric Surgery vs Lifestyle Intervention for Type 2 Diabetes Mellitus Treatment: A Randomized Clinical Trial.
JAMA Surg. 2015 Oct;150(10):931-40. doi: 10.1001/jamasurg.2015.1534. PMID: 26132586; PMCID: PMC4905566.

Courcoulas AP, Gallagher JW, Neiberg RH, Eagleton EB, DeLany JP, Lang W, Punchai S, Gourash W, Jakicic JM. Bariatric
Surgery vs Lifestyle Intervention for Diabetes Treatment: 5-Year Outcomes From a Randomized Trial. ] Clin Endocrinol Metab.
2020 Mar 1;105(3):866-76. doi: 10.1210/clinem/dgaa006. PMID: 31917447; PMCID: PMC7032894.

Courcoulas AP, Goodpaster BH, Eagleton JK, Belle SH, Kalarchian MA, Lang W, Toledo FG, Jakicic JM. Surgical vs medical
treatments for type 2 diabetes mellitus: a randomized clinical trial. JAMA Surg. 2014 Jul;149(7):707-15. doi: 10.1001/
jamasurg.2014.467. PMID: 24899268; PMCID: PMC4106661.

Frithbeck G. Bariatric and metabolic surgery: a shift in eligibility and success criteria. Nat Rev Endocrinol. 2015 Aug;11(8):465-
77. doi: 10.1038/nrendo.2015.84. Epub 2015 Jun 9. PMID: 26055046.

Hofse D, Fatima F, Borgeraas H, et al. Gastric bypass versus sleeve gastrectomy in patients with type 2 diabetes (Oseberg): a
single-centre, triple-blind, randomised controlled trial. The lancet. Diabetes & Endocrinology. 2019 Dec;7(12):912-924. DOL:
10.1016/s2213-8587(19)30344-4. PMID: 31678062.



https://sistemas.cfm.org.br/normas/arquivos/resolucoes/BR/2017/2172_2017.pdf
https://sistemas.cfm.org.br/normas/arquivos/resolucoes/BR/2017/2172_2017.pdf

Tkramuddin S, Billington CJ, Lee W], Bantle JP, Thomas AJ, Connett JE, Leslie DB, Inabnet WB 3rd, Jeffery RW, Chong K,
Chuang LM, Sarr MG, Jensen MD, Vella A, Ahmed L, Belani K, Schone JL, Olofson AE, Bainbridge HA, Laqua PS, Wang
Q, Korner J. Roux-en-Y gastric bypass for diabetes (the Diabetes Surgery Study): 2-year outcomes of a 5-year, randomised,
controlled trial. Lancet Diabetes Endocrinol. 2015 Jun;3(6):413-422. doi: 10.1016/52213-8587(15)00089-3. Epub 2015 May 12.
Erratum in: Lancet Diabetes Endocrinol. 2015 Jul;3(7):e5. PMID: 25979364; PMCID: PMC4477840.

Ikramuddin S, Korner J, Lee W], Connett JE, Inabnet WB, Billington CJ, Thomas AJ, Leslie DB, Chong K, Jeffery RW, Ahmed L,
Vella A, Chuang LM, Bessler M, Sarr MG, Swain JM, Laqua P, Jensen MD, Bantle JP. Roux-en-Y gastric bypass vs intensive medical
management for the control of type 2 diabetes, hypertension, and hyperlipidemia: the Diabetes Surgery Study randomized
clinical trial. JAMA. 2013 Jun 5;309(21):2240-9. doi: 10.1001/jama.2013.5835. PMID: 23736733; PMCID: PMC3954742.

Jahansouz C, Xu H, Kizy S, Thomas AJ, Josephrajan A, Hertzel AV, Foncea R, Connett JC, Billington CJ, Jensen M, Korner J,
Bernlohr DA, Tkramuddin S. Serum FABP4 concentrations decrease after Roux-en-Y gastric bypass but not after intensive
medical management. Surgery. 2019 Mar;165(3):571-578. doi: 10.1016/j.surg.2018.08.007. Epub 2018 Oct 1. PMID: 30287050;
PMCID: PMC6389424.

Kashyap SR, Bhatt DL, Wolski K, Watanabe RM, Abdul-Ghani M, Abood B, Pothier CE, Brethauer S, Nissen S, Gupta M,
Kirwan JP, Schauer PR. Metabolic effects of bariatric surgery in patients with moderate obesity and type 2 diabetes: analysis of
a randomized control trial comparing surgery with intensive medical treatment. Diabetes Care. 2013 Aug;36(8):2175-82. doi:
10.2337/dc12-1596. Epub 2013 Feb 25. PMID: 23439632; PMCID: PMC3714483.

Khoo CM, Chen ], Pamuklar Z, Torquati A. Effects of Roux-en-Y gastric bypass or diabetes support and education on insulin
sensitivity and insulin secretion in morbidly obese patients with type 2 diabetes. Ann Surg. 2014 Mar;259(3):494-501. doi:
10.1097/SLA.0b013e318294d19¢c. PMID: 23732262; PMCID: PMC3883916.

Lutz TA, Bueter M. The physiology underlying Roux-en-Y gastric bypass: a status report. Am J Physiol Regul Integr Comp
Physiol. 2014 Dec 1;307(11):R1275-91. doi: 10.1152/ajpregu.00185.2014. Epub 2014 Sep 24. PMID: 25253084; PMCID:
PMC4315446.

MaY, Xiong J, Zhang X, Qiu T, Pang H, Li X, Zhu J, Wang J, Pan C, Yang X, Chu X, Yang B, Wang C, Zhang J. Potential biomarker
in serum for predicting susceptibility to type 2 diabetes mellitus: Free fatty acid 22:6. ] Diabetes Investig. 2021 Jun;12(6):950-
962. doi: 10.1111/jdi.13443. Epub 2020 Dec 4. PMID: 33068491; PMCID: PMC8169352.

Mingrone G, Panunzi S, De Gaetano A, Guidone C, Taconelli A, Nanni G, Castagneto M, Bornstein S, Rubino F. Bariatric-
metabolic surgery versus conventional medical treatment in obese patients with type 2 diabetes: 5 year follow-up of an open-
label, single-centre, randomised controlled trial. Lancet. 2015 Sep 5;386(9997):964-73. doi: 10.1016/S0140-6736(15)00075-6.
PMID: 26369473.

Mitchell BG, Gupta N. Roux-en-Y Gastric Bypass. [Updated 2023 Jul 25]. In: StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2024 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK553157/

National Diabetes Statistics Report, Estimates of Diabetes and Its Burden in the United States. 2020. Disponivel em: https://
diabetesresearch.org/wp-content/uploads/2022/05/national-diabetes-statistics-report-2020.pdf

Nemati R, Lu ], Dokpuang D, Booth M, Plank LD, Murphy R. Increased Bile Acids and FGF19 After Sleeve Gastrectomy
and Roux-en-Y Gastric Bypass Correlate with Improvement in Type 2 Diabetes in a Randomized Trial. Obes Surg. 2018
Sep;28(9):2672-2686. doi: 10.1007/s11695-018-3216-x. PMID: 29987678.

Neovius M, Narbro K, Keating C, Peltonen M, Sjoholm K, Agren G, Sjostrom L, Carlsson L. Health care use during 20 years
following bariatric surgery. JAMA. 2012 Sep 19;308(11):1132-41. doi: 10.1001/2012.jama.11792. PMID: 22990272.

Nguyen KT, Billington CJ, Vella A, Wang Q, Ahmed L, Bantle JP, Bessler M, Connett JE, Inabnet WB, Thomas A, Tkramuddin
S, Korner J. Preserved Insulin Secretory Capacity and Weight Loss Are the Predominant Predictors of Glycemic Control in
Patients With Type 2 Diabetes Randomized to Roux-en-Y Gastric Bypass. Diabetes. 2015 Sep;64(9):3104-10. doi: 10.2337/db14-
1870. Epub 2015 Apr 21. PMID: 25901097; PMCID: PMC4542441.




Ogden CL, Carroll MD, Fryar CD, Flegal KM. Prevalence of Obesity Among Adults and Youth: United States, 2011-2014. NCHS
Data Brief. 2015 Nov;(219):1-8. PMID: 26633046.

Petry TZ, Fabbrini E, Otoch JP, Carmona MA, Caravatto PP, Salles JE et al. Effect of duodenal-jejunal bypass surgery on glycemic
control in type 2 diabetes: A randomized controlled trial. Obesity. 2015 Oct 1;23(10):1973-1979. doi: 10.1002/0by.21190

R Core Team (2022) R: A Language and Environment for Statistical Computing. R Foundation for Statistical Computing, Vienna.
https://www.R-project.org

Robert M, Espalieu P, Pelascini E, Caiazzo R, Sterkers A, Khamphommala L, Poghosyan T, Chevallier JM, Malherbe V, Chouillard
E, Reche F, Torcivia A, Maucort-Boulch D, Bin-Dorel S, Langlois-Jacques C, Delaunay D, Pattou F, Disse E. Efficacy and safety
of one anastomosis gastric bypass versus Roux-en-Y gastric bypass for obesity (YOMEGA): a multicentre, randomised, open-
label, non-inferiority trial. Lancet. 2019 Mar 30;393(10178):1299-1309. doi: 10.1016/S0140-6736(19)30475-1. Epub 2019 Mar 6.
Erratum in: Lancet. 2019 Mar 30;393(10178):1298. PMID: 30851879.

Sachdev S, Wang Q, Billington C, Connett J, Ahmed L, Inabnet W et al. FGF 19 and Bile Acids Increase Following Roux-en-Y
Gastric Bypass but Not After Medical Management in Patients with Type 2 Diabetes. Obesity Surgery. 2016 May 1;26(5):957-
965. doi: 10.1007/s11695-015-1834-0

Salminen P, Helmio M, Ovaska J, Juuti A, Leivonen M, Peromaa-Haavisto P, Hurme S, Soinio M, Nuutila P, Victorzon M.
Effect of Laparoscopic Sleeve Gastrectomy vs Laparoscopic Roux-en-Y Gastric Bypass on Weight Loss at 5 Years Among
Patients With Morbid Obesity: The SLEEVEPASS Randomized Clinical Trial. JAMA. 2018 Jan 16;319(3):241-254. doi: 10.1001/
jama.2017.20313. PMID: 29340676; PMCID: PMC5833550.

SBD. Diretrizes da Sociedade Brasileira de Diabetes (2019-2020). Disponivel em https://www.saude.ba.gov.br/wp-content/
uploads/2020/02/Diretrizes-Sociedade-Brasileira-de-Diabetes-2019-2020.pdf. Acesso em julho de 2023.

Schauer PR, Bhatt DL, Kirwan JP, Wolski K, Brethauer SA, Navaneethan SD, Aminian A, Pothier CE, Kim ES, Nissen SE, Kashyap
SR; STAMPEDE Investigators. Bariatric surgery versus intensive medical therapy for diabetes--3-year outcomes. N Engl ] Med.
2014 May 22;370(21):2002-13. doi: 10.1056/NEJMoal1401329. Epub 2014 Mar 31. PMID: 24679060; PMCID: PMC5451259.

Tang Q, Sun Z, Zhang N, Xu G, Song P, Xu L, Tang W. Cost-Effectiveness of Bariatric Surgery for Type 2 Diabetes Mellitus: A
Randomized Controlled Trial in China. Medicine (Baltimore). 2016 May;95(20):e3522. doi: 10.1097/MD.0000000000003522.
PMID: 27196454; PMCID: PMC4902396.

Wallenius V, Alaraj A, Bjornfot N, Orrenius B, Kyleback A, Bjorklund P, Werling M, Thorell A, Fandriks L, Maleckas A. Sleeve
gastrectomy and Roux-en-Y gastric bypass in the treatment of type 2 diabetes. Two-year results from a Swedish multicenter
randomized controlled trial. Surg Obes Relat Dis. 2020 Aug;16(8):1035-1044. doi: 10.1016/j.s0ard.2020.04.033. Epub 2020 May
5. PMID: 32540150.

WOF, 2023 World Obesity Federation, World Obesity Atlas 2023.Disponivel em https://data.worldobesity.org/publications/
WOF-Obesity-Atlas-V5.pdf.

Wolnerhanssen BK, Peterli R, Hurme S, Bueter M, Helmi6é M, Juuti A, Meyer-Gerspach AC, Slawik M, Peromaa-Haavisto
P, Nuutila P, Salminen P. Laparoscopic Roux-en-Y gastric bypass versus laparoscopic sleeve gastrectomy: 5-year outcomes
of merged data from two randomized clinical trials (SLEEVEPASS and SM-BOSS). Br J Surg. 2021 Jan 27;108(1):49-57. doi:
10.1093/bjs/znaa011. PMID: 33640917.

Yang J, Wang C, Cao G, Yang W, Yu S, Zhai H, Pan Y. Long-term effects of laparoscopic sleeve gastrectomy versus roux-en-Y
gastric bypass for the treatment of Chinese type 2 diabetes mellitus patients with body mass index 28-35 kg/m(2). BMC Surg.
2015 Jul 22;15:88. doi: 10.1186/512893-015-0074-5. PMID: 26198306; PMCID: PMC4509558.



https://www.saude.ba.gov.br/wp-content/uploads/2020/02/Diretrizes-Sociedade-Brasileira-de-Diabetes-2019-2020.pdf
https://www.saude.ba.gov.br/wp-content/uploads/2020/02/Diretrizes-Sociedade-Brasileira-de-Diabetes-2019-2020.pdf
https://data.worldobesity.org/publications/WOF-Obesity-Atlas-V5.pdf
https://data.worldobesity.org/publications/WOF-Obesity-Atlas-V5.pdf

