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1. CONSIDERACOES INICIAIS



Considerac¢ées Iniciais

Obesidade, um estado de resisténcia a insulina por exceléncia,é um
dos principais fatores de risco para diabetes mellitus tipo 2 (DMT?2) e dislipidemia,

aumentando assim a mortalidade por doencas cardiovasculares ),

O acumulo de gordura visceral leva ao aumento de adipocitocinas
inflamatorias e elevacdo de acidos graxos livres na circulacdo, masculo e figado

que, por sua vez, sio responsaveis pela resisténcia a insulina .

Sabe-se que perdas de 5 a 10% do peso corporal promovem melhoras
significativas dos parametros metabélicos ©. Entretanto, mudancas do estilo de
vida e terapias medicamentosas sdo pouco eficazes nos pacientes obesos graves para

promover reducao e manutencao do peso.

A cirurgia bariatrica € o tratamento mais efetivo para perda e
manutencdo de peso em longo prazo, apresentando resultados favoraveis nos fatores
de risco cardiovascular com melhora dos perfis glicémico e lipidico e da resisténcia

a insulina em pacientes obesos.

Melhora ou mesmo remissdo do DMT2 tem sido observada nas
diversas modalidades cirurgicas atuais realizadas em individuos com indice de

massa corporal (IMC) igual ou superior a 35 kg/m?.

No estudo Greenville ®, 608 pacientes foram acompanhados por até
14 anos apos a cirurgia do bypass gastrico. Desses pacientes, 146 eram diabéticos,
sendo que 83% permaneceram com controle glicémico satisfatério no periodo de
seguimento do estudo. Apenas 22% dos dabéticos ndo apresentaram remissdo da
doenca, sendo que a maioria tinha idade mais avancada e apresentava longo

historico de evolucédo da doenca.

Outro estudo classico, o Swedish Obesity Subjects (SOS) ©, recrutou

4.047 obesos submetidos & cirurgia bariatrica e utilizou técnicas restritivas, mistas e
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disabsortivas ou permaneceram no tratamento clinico para obesidade, tendo sido
este considerado como grupo controle. Os resultados demonstraram que a
prevaléncia de DMT?2 era de 8% no grupo controle versus 1% no grupo cirurgia
apos 2 anos de seguimento. No acompanhamento de 10 anos, 24% do grupo

controle apresentava diabetes, contra 7% no grupo cirurgico.

As vérias modalidades cirtrgicas apresentam diferentes impactos na
perda de peso e controle do DMT2. Nas cirurgias restritivas, ocorre perda de
aproximadamente 10 a 20% do peso inicial, sendo que a melhora do controle
glicémico e da resisténcia a insulina se correlacionaram com a perda de peso
adquirida ap6s o procedimento (). Nas cirurgias que envolvem o desvio do transito
alimentar, como a derivacdo ou “bypass” gastrojejunal em Y de Roux (BGYR) e
derivacdo biliopancreatica (DBP), ocorre restricdo caldrica e diferentes graus de
disabsorcdo. Na cirurgia do BGYR, a técnica empregada € mais restritiva e menos
disabsortiva (mista) e no DBP prevalece a disabsorcdo. Nessas duas tecnicas, a
melhora da sensibilidade a insulina ocorre precocemente, poucos dias apos 0 ato

operatorio .

Buchwald (9), em uma meta-analise realizada em 2004, demonstrou
uma perda média do excesso de peso de 46,2%, 59,5% e 63,3% para banda géastrica
ajustavel, BGYR e DBP e, em termos de remissdo do diabetes, 56,7%, 80,3% e
95,1% para as mesmas técnicas respectivamente. O estudo reforca a superioridade
das cirurgias que envolvem o desvio do trato gastrointestinal no controle glicémico

nos pacientes obesos com DMT?2.

Enfatizando a cirurgia do BGYR, foco desta tese, varias teorias tentam
explicar a melhora precoce do diabetes nos pacientes operados por essa modalidade

cirurgica.
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A restricdo calorica a qual os pacientes sdo submetidos no poés-
operatorio seria uma possivel hipotese. A dieta hipocalorica levaria a um aumento
da neoglicogénese intestinal que promoveria uma reducdo da producao hepatica de
glicose, melhorando a resisténcia hepatica a insulina e o controle glicémico ?.
Cummings et al ® propée que o0 aumento do transito intestinal causado pelo desvio
cirargico do trato intestinal e a presenga de alimentos ndo digeridos no intestino
distal (principalmente no ileo) aumentaria a secre¢do de hormonios intestinais como
0 peptideo semelhante ao glucagon 1 (GLP-1) e o peptideo YY ( PYY), que
atuariam ao nivel do sistema nervoso central, causando efeitos anorexigenos. O
GLP-1, através de sua acdo insulinotrépica e na reducdo dos niveis de glucagon,
teria acOes benéficas no controle glicémico dos pacientes com DMT2. Outra
explicacdo para a melhora do controle glicémico, inicialmente estudada por
Rubino *?, seria a existéncia de um fator desconhecido no duodeno que causaria
resisténcia a insulina. A exclusdo duodenal do trénsito alimentar apo6s a cirurgia

poderia reverter esse efeito.

Outro efeito benéfico da cirurgia ocorre no perfil lipidico. A meta-
analise de Buchwald © revelou que a cirurgia bariatrica promove nitida melhora do

perfil lipidico em mais de 70% dos pacientes operados.

Sabemos que os individuos obesos e diabéticos apresentam
adiposidade visceral, responsavel por abundante oferta de acidos graxos livres na
circulacdo e que no figado, promove elevacdo da sintese de triglicérides, detectado

no jejum e pés alimentacdo ™ contribuindo para o processo aterosclerético.

O aumento da hipertrigliceridemia pos-prandial em diabéticos poderia

ser atribuido a reducéo da acdo da lipase lipoproteica (LPL) e aumento da producéo

hepética de triglicérides ™.
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Sabe-se que os niveis de adiponectina, adipocitocina com efeitos anti-
aterogénicos, anti-inflamatorios e sensibilizadora da insulina, estdo diminuidos em
individuos com obesidade, resisténcia a insulina e DMT2 ®®  Qijao e
colaboradores *®, em estudos experimentais em ratos, demonstraram que a
adiponectina atuaria aumentando a depuracdo de triglicérides do plasma, através da
acao sobre a LPL. Haveria assim, uma associagéo direta entre a diminuigcdo da acgéo

da LPL, baixos niveis de adiponectina e hipertrigliceridemia pos-prandial.

Em humanos as relagbes entre os niveis de adiponectina e a

hipertrigliceridemia ainda néo estao bem estabelecidas.

Embora existam varios estudos demonstrando em longo prazo os
beneficios da cirurgia bariatrica sobre o perfil lipidico e no metabolismo da glicose
sérica, analisando suas relagdes com a secrecdo de GLP-1 e insulina, sdo poucos 0s
trabalhos que avaliam as alteracBes precoces dos mecanismos metabdlicos e

hormonais.
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2. OBJETIVOS



Objetivos

Os objetivos dos nossos estudos foram analisar, atraves da realizacédo

da avaliacdo pré-operatdria e do seguimento de 7, 30 e 90 dias ap0s cirurgia:

1. As alteragdes na producdo do GLP-1, insulina, glucagon e suas

relagdes com o controle glicémico.

2. As inter-relagbes entre os niveis séricos de adiponectina e
triglicérides durante a ingestdo alimentar e suas relacbes com a

sensibilidade e secrecdo de insulina.
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Early Improvement in Glycemic Control After Bariatric
Surgery and Its Relationships with Insulin, GLP-1,
and Glucagon Secretion in Type 2 Diabetic Patients
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Bruno Geloneze - Maria Teresa Zanella
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Abstract

Background The surgical treatment of obesity ameliorates
metabolic abnormalities in patients with type 2 diabetes. The
objective of this study was to evaluate the early effects of
Roux-en-Y gastric bypass (RYGB) on metabolic and hor-
monal parameters in patients with type 2 diabetes (T2DM).
Methods Ten patients with T2DM (BMI, 39.7£1.9) were
evaluated before and 7, 30, and 90 days after RYGB. A
meal test was performed, and plasma insulin, glucose,
glucagon, and glucagon-like-peptide 1 (GLP-1) levels were
measured at fasting and postprandially.

Results Seven days after RYGB, a significant reduction
was observed in HOMA-IR index from 7.84£5.5 to 2.641.7;
p<0.05 was associated with a nonsignificant reduction in
body weight. The insulin and GLP-1 curves began to show
a peak at 30 min after food ingestion, while there was a
progressive decrease in glucagon and blood glucose levels
throughout the meal test. Thirty and 90 days after RYGB,
along with progressive weight loss, blood glucose and
hormonal changes remained in the same direction and
became more expressive with the post-meal insulin curve

L. M. Umeda (E9) - E. A, Silva- G, Cameiro - M. T. Zanella
Department of Medicine, Division of Tindocrinology,
Universidade Federal de Sao Paulo,

Rua Leandro Dupret 365,

CEP 04025011, Vila Clementino, Sdo Paulo, Brazil

e-mail: ln.nmeda@terra.com br

C. H. Arasaki

Department of Surgery, Division of Gastroenterology,
Universidade Federal Sao Paulo,

Vila Clementino, Sao Paulo, Brazil

B. Geloneze

Department of Medicine, Division of Endocrinology,
Universidade de Campinas,

Campinas, Sao Paulo, Brazil

Published online: 11 May 2011

suggesting recovery of the first phase of insulin secretion and
with the increase in insulinogenic index, denoting improve-
ment in (3-cell function. Furthermore, a positive correlation
was found between changes in GLP-1 and insulin levels
measured at 30 min after meal (#=0.6; p=0.000).
Conclusion Our data suggest that the RYGB surgery,
beyond weight loss, induces early beneficial hormonal
changes which favor glycemic control in type 2 diabetes.

Keywords RY gastric bypass - Type 2 diabetes - GLP-1 -
Insulin - Glucagon

Introduction

Obesity is a chronic, progressive, and multifactorial disease
that has reached cpidemic proportions globally in adults
and children. Lifestyle changes that are associated with the
pharmacological treatment of obesity may not always be
effective in patients with severe obesity. These changes
promote weight loss between 5% and 10% of the initial
weight, and approximately 100% of the patients regain in
5 years. Surgical treatment is the most effective treatment
for weight loss and maintenance, and it reduces obesity-
related complications, particularly type 2 diabetes [1].
Surgeries involving intestinal bypass have beneficial
effccts for diabetics. Approximately 84% of diabetic
patients who undergo Roux-en-Y gastric bypass (RYGB)
experience complete remission of the disease [2]. Important
decreases in glucose levels appear earlier, and these effects
seem to be independent of weight loss, which is a
secondary effect. Many studies have demonstrated that
RYGB surgery promotes changes in intestinal hormones,
such as increasing glucagon-like peptide 1 (GLP-1) levels
in response to food intake, increasing insulin secretion,
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reducing glucagon secretion, improving glycemic control,
and reducing appetite [3-7].

There are a tew prospective studies that have evaluated
the early effects of bariatric surgery by analyzing glycemic
control a few days after surgery and before a massive
weight loss occurs. The objective of this study was to
evaluate the early hormonal influence after bariatric surgery
on metabolic profile in patients with type 2 diabetes and
obesity at levels IT and ITL

Patients and Methods

The following criteria were required for patients to be
recruited in this study from Obesity and Hypertension
Outpatient Clinic at the IHospital do Rim e Hipertensio,
Universidade Federal de Sdo Paulo: diagnosed with type 2
diabetes, 25 to 65 years of age, obesity at levels Il and 111,
and the use of oral anti-diabetic medication. The diabetes
diagnosis was confirmed according to American Diabetes
Association criteria. Patients were excluded from the study
for the following reasons: using a dipeptidyl peptidase-4
inhibitor or a GLP-1 agonist therapy; with a severe
psychiatric discase; cancer, renal, cardiac or hepatic failures;
alcohol or drug abuse or severe pulmonary discase. Patients
taking insulin therapy and with uncontrolled blood pressure
(systolic BP >160 mmHg) were also excluded.

The Ethics Committee of the Federal University of Sao
Paulo approved this study, and all participants signed an
informed consent form.

A multidisciplinary team of nufritionists, psychologists,
and endocrinologists evaluated all patients who were
selected for the study during six visits before surgery. The
nutritional intervention was petformed to check and
encourage the patients to adhere to the proposed diet at
every visit. The psychological evaluation was important to
diagnose cases of depression and severe eating disorders,
both of which were exclusion criteria for the study. A
physical examination was performed at every visit, and
waist circumference and BMI determinations were made.
The waist circumference was measured at the midpoint
between the last rib and the iliac crest.

After withdrawal of anti-diabetic medication for 12 h,
patients were made to fast overnight for 12 h, and blood
samples were collected for glucose, insulin, and glycated
hemoglobin (HbAlc) determinations. A standard liquid
meal of 353 kecal (46.8% carbohydrates, 32.2% proteins,
and 12.5% lipids) was then given to the patients for blood
glucose, insulin, glucagon, and GLP-1 measurements at 0,
30, 60, 90, and 120 min. This procedure was performed
before and at 7, 30, and 90 days after the surgery.

Bioelectrical impedance measurements were collected
from all patients to evaluate body composition (body water
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and lean and fat masses) before and after the surgery
(Quantump BIA 101Q Akern RJL Systems, Clinton
Township, MI, EUA). The bioelectrical impedance analysis
was performed in the morning after fasting overnight and
after the first urine.

Surgical Technique

The technique used in this study was RYGB, which
combines restrictive and malabsorptive mechanisms. A
vertical gastric pouch (20-30 ml) was constructed with
surgical staples in the lesser curvature of the stomach.
Gastrojejunostomy adjustment was performed using a 32-
French tube. Reconstruction was performed by RYGB with
an alimentary limb measuring 100 cm and a biliopancreatic
limb of 50 cm from the ligament of Treitz.

Metabolic Study

The homeostasis model assessment of insulin resistance
(HOMA-IR) index was calculated from fasting glucose and
insulin levels. The insulinogenic index was calculated as
the ratio between the changes in insulin and glacose levels
30 min after the meal test to evaluate the first phase of
insulin secretion; according to the formula (AI30/AG30).

Analytical Procedure

Plasma insulin levels were determined by an automatic
immunoassay system (Auto DELFIA insulin kit, PerkinElmer
Life and Analytical Sciences, Waltham, Massachuselts,
USA). Glucose levels were determined by the glucose oxidase
method, and HbAle was determined by high-performance
liquid chromatography.

Active GLP-1, which is an indicator of GLP potential
action, was measured by enzyme-linked immunosorbent
assay immunofluorescence (Linco Research, specific for
humans). The assay cross-reactivity with GLP-1 7-36 and
GLP-1 7-37 is 100%, but it is not with GLP-1 9-36,
glucagon, and GLP-2.

Glucagon concentrations were measured by radioim-
munoassay (Linco Research), and the assay cross-reactivity is
100% with glucagon, and its cross-reactivity with oxy-
ntomodulin is less than 0.1%.

Statistical Analyses

All data were analyzed using the software Statistical
Package for the Social Sciences (SPSS), version 18.0
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(SPSS Inc, Chicago, IL). The Friedman test and post hoc
analysis were used to compare the values of all parameters
studied, which were obtained during the meal test before
and at 7, 30, and 90 days after surgery. Spearman
coetficient was used to determine the correlations between
the different variables betore and after surgery. Data are
expressed as meantstandard deviation, and p<0.05 was
considered statistically significant.

Results

Clinical and laboratory profiles of the patients before and at
7, 30, and 90 days after RYGB are shown in Table 1. High
blood glucose values were observed both at fasting and
after a standard meal test (Fig. 1). This was accompanied
by a mild increase in postprandial insulin secretion, with
values describing a flat curve. No changes in GLP-1 and
glucagon levels were observed during the meal test.

No significant reductions in BMI and fat mass were
observed 7 days afier RYGB; however, a significant
decrease in free fat mass was observed, which is presum-
ably linked to fluid loss (Table 1). By this time, reductions
in both fasting blood glucose and insulin levels lead to
marked reduction in HOMA-IR index. Also, changes
occurred in the shape of the blood glucose, insulin, GLP-
1, and glucagon curves, delineated by the levels of these
variables determined during the meal test (Fig. 1). These

curves began to show peaks in GLP-1 and insulin levels at
30 min after food ingestion and a progressive decrease in
glucagon and blood glucose levels throughout the meal test.
A positive correlation was observed between changes in the
areas under the curves of glucagon and insulin values (r=0.8;
p=0.015). However, the alterations noted in the areas under
the curves delineated by the postprandial hormonal and
glucose values did not reach statistical significance, and no
changes in the insulinogenic index were observed after
7 days of RYGB. Also, no correlations were found between
these initial changes and the changes in BMI or fat mass.

Thirty and 90 days after RYGB, blood glucose and
hormonal parameters changes continued in the same
direction, becoming more expressive and statistically
significant. Particularly, an expressive peak of GLP-1 and
insulin was observed at 30 min after the meal test
Considering all the observations made during the post-
surgical 3-month period, a positive correlation was found
between changes in GLLP-1 and insulin levels measured at
30 min after meal ingestion (#=0.6, p=0.000; Fig. 2). As a
consequence, the insulinogenic index showed values higher
than those observed before surgery, which reflects a
recovery in the first phase of insulin, contrasting with a
pronounced suppression of the glucagon levels and reduc-
tions in blood glucose values observed (Fig. 1). This
improvement in glycemic control resulted in progressive
reductions in HbAlc while HOMA-IR remained low
(Table 1).

Table 1 Subject characteristics

before and afler RYGB Surgery
Before 7 days after 30 days after 90 days after
Weight (kg) 103.3+16.4 96.5+16.1 92.0+14.3% 86.0£12.0%
BMI (kg/m’) 39.741.9 37.042.1 35.341.5* 33.141.6%
Waist (cm) 116.1+8.6 113.9+9.7 107.4+9.3% 102.3+8.0%
Fat mass (kg) 42.7+5.1 39.4+4.6 34.3+4.5% 29.0+4.7%
Free fat mass (kg) 60.6+13.0 57+14.5% 57.7+12.39 57.0+11.0%
H20 (kg) 445495 4204104 424492 4]1.8+8.2%
Fasting glucose (mg/dl) 239.5+£101.9 15844594 123.5433.1% 119.1:45 2%
AUC glucose (mg/dl) 1,106.4:434.1 8833:404.0 608.6::179.1 511.64£229.9*
Fasting insulin (meU/ml) 16.5+16.8 6.6+3.4% 83+3.0 7.142.7
AUC insulin (mcU/ml) 114.5+61.4 86.6+41.2 159.7+769 158.0+85.0
Insulin peak (mcU/ml) 17.7+9.9 34.8+17.8 78.8+40.8% 95.4+67.2%
Fasting GLP-T (pmol/L) 8.8+10.1 6.6+4.0 50+43% 5.6+2.4
AUC GLP-1 (pmol/L) 37.3440.5 49.6421.0 4944208 62.8419.9%
GLP-1 peak (pmol/L) 0.6+14 12.0£12.0 21.4+15.0% 26.7+:14.8%
Fasting glucagon (pg/ml) 78.0420.5 97.1439.7 86.8430.0 86.7420.4
(o o AUC glucagon (pg/ml) 296.0+75.1 267.6+80.7 247.9+394 249.0+64.1
0-120 min, insulinogenic index HbA 1% 9.1£23 8111 7.0£1.0% 6.2+1.3%
=30 min insulin - fasting insulin/  FOMA-R 7.845.5 2.6£1.7¢ 26+1.2% 2.1+1.0%
30 win glucose—fasting glncose oy insgenic fdex 0.5£0.2 0.5+0.3 17£1.7* 12.2423.5%
*p<0.05xbefore surgery
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