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ABSTRACT 
 

Our Study Aimed: To investigate the effect of laparoscopic sleeve gastrectomy (LSG) on obese 
T2DM patients, its effect in remission of diabetes and role of gastrointestinal Glucagon like peptide 
1(GLP1) and Peptide tyrosine tyrosine (PYY) hormones. Metabolic surgery should be 
recommended as an option in type 2 diabetic patients (T2DM) with body mass index (BMI) ≥40 
Kg/m2, in patients who have BMI ≥35 Kg/m2 and in selected patients with BMI < 35 Kg/m2, if not 
achieving diabetes control with maximum tolerated anti-hyperglycemic treatment.  
Methods: 30 T2DM patients with BMI ≥ 40 kg/m2 underwent laparoscopic sleeve gastrectomy after 
full clinical evaluation, routine blood tests, glucagon like peptide 1, Peptide tyrosine tyrosine 
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(fasting, 0.5-hour post-mixed meal test (MMT) serum levels) and upper GIT endoscopy. Follow-up 
visits were at 3, 6 and 9 months postoperatively to evaluate body weight, BMI and glycated 
hemoglobin (HbA1C) and at 18th month for confirmation of diabetes remission. Gut hormones were 
measured at 15 days and 9 months postoperatively. 
Results: (53.3%) of patients had partial remission of T2DM according to HbA1C remission criteria. 
There was significant increase in fasting and post-MMT levels of peptide tyrosine tyrosine, 
glucagon like peptide 1 postoperatively. The only independent predictors for remission of T2DM 
were the baseline serum low density lipoprotein cholesterol (LDL-Ch), duration of diabetes, 
preoperative post MMT Peptide tyrosine tyrosine plasma level, serum thyroid stimulating hormone 
(TSH) and age.  
Conclusions: laparoscopic sleeve gastrectomy can induce partial remission of diabetes in 
younger patients who had shorter duration of diabetes, higher level of preoperative post-MMT 
peptide tyrosine tyrosine, lower levels of preoperative serum LDL-Ch and thyroid stimulating 
hormone.  
 

 
Keywords:  Laparoscopic sleeve gastrectomy; glucagon like peptide 1; peptide tyrosine tyrosine; 

Mixed Meal Test (MMT). 
 

1. INTRODUCTION 
 
Diabetes mellitus is a worldwide rapidly growing 
problem affecting more about 425 million 
individuals with expected 50% increase in the 
number by the year 2045 [1]. IDF ATLAS 8

th
 

edition) Most of patients have type 2 DM (T2DM), 
which is a result of insulin resistance and/or 
insulin deficiency [2]. The rapid increase in the 
epidemic of T2DM is due to the global increased 
epidemic of obesity as it is estimated that the 
number of overweight or obese individuals is 1.9 
billion, out of them, 600 million are obese 
according to WHO estimates in 2016 [3]. 
 
Lifestyle modification, including diet and 
exercise, is the initial treatment of both, T2DM 
and obesity, with initiation of metformin therapy 
in T2DM. The treatment of individuals with 
T2DM, not achieving HbA1C target while on 
lifestyle and maximally tolerated dose of 
metformin, is upgraded with add one of other oral 
or injectable drugs based on patients specific 
criteria [4]. 
 

Cardiometabolic surgery has to be considered in 
T2DM individuals with BMI≥40 kg/m2, also, in 
patients with BMI≥35 Kg/m

2
 and some selected 

patients with BMI<35 Kg/m
2 

who are not well 
controlled T2DM on maximally tolerated 
treatment [5]. 
 

Previous reports have different remission rates of 
T2DM after bariatric surgery, according to our 
knowledge none of them was conducted in the 
MENA region which is heavily populated with 
T2DM patients and great number of obese 
individuals. This study was conducted to 

evaluate the effect of laparoscopic sleeve 
gastrectomy on remission of T2DM and possible 
role of plasma levels of gut hormones, glucagon 
like peptide 1(GLP1) and peptide tyrosine 
tyrosine(PYY), in diabetes remission.  
 

2. MATERIALS AND METHODS 
 

2.1 Study Design  
 
This is a prospective intervention cohort study 
conducted at Tanta University Hospitals, The 
Endocrinology Unit and Surgical Department, 
Egypt. 
 
The study was conducted in a period between 
April 2016 and October 2017. 
 

2.2 Subjects 
 
The study included 30 obese T2DM patients. 
They were recruited from The Endocrinology Unit 
Outpatient Clinic, Tanta University Hospital, 
Egypt, according to inclusion and exclusion 
criteria.  
 
Inclusion criteria: T2DM patients with BMI ≥ 35 
kg/m2. Diabetes was not well controlled on 
maximally tolerated medical treatment. Patients 
who were on oral drugs refused to have insulin 
injection due to financial, social and psychic 
aspects towards insulin injection in rural areas 
and were motivated to have operation for loss of 
weight. 
 

Exclusion criteria: Secondary causes of 
diabetes mellitus and obesity, advanced liver and 
kidney diseases, pregnancy, patients with active 
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malignancy on clinical bases, advanced cardiac 
and pulmonary disease and patients with 
psychotic or eating disorders. 
 

2.3 Methods 
 
Full history taking, clinical examination, routine 
laboratory tests and upper gastrointestinal 
endoscopy to ruleoutintra gastric pathology and 
to evaluate the presence of gastroesophageal 
reflux disease (GERD), were done for all 
patients. Endocrine evaluation was done to rule 
outpossible endocrine causes of diabetes or 
obesity. 
 
The plasma level of PYY and GLP 1 were 
measured in the fasting state (after 10 hours over 
night fasting) and half an hour after mixed meal 
challenge test [semiliquid meal (70 gm dried milk 
in 100 ml water) consisting of 26% protein, 
26.7% fat, and 38.2% carbohydrate; 347 kcal              
in total), at base-line and at the 15

th 
day, 9 

months postoperatively. For PPY measurement, 
Human PYY ELISA Kit (MY-BioSource, USA) 
was used, and for measurement of GLP1, 
Human GLP1 (7-36) ELISA Kit (Abcam, USA) 
was used.  
 
Ten-year ASCVD risk score was determined, 
according to the 2013 American College of 
Cardiology/American Heart Association risk 
calculator. 

 
American Diabetes Association (ADA) criteria of 
diabetes remission was adopted to define 
remission in this work, depending on HBA1C [6]. 
Partial remission was defined as: at least 1 year 
of HbA1c level 5.7–6.4% and complete remission 
was defined as: at least 1 year of normoglycemia 
(HbA1c level <5.7%), both in the absence of drug 
therapy. 

 
A decision to offer surgery followed a 
comprehensive interdisciplinary assessment. The 
core team included endocrinologist, anesthetist, 
surgeon, psychiatrist, dietitian and a nurse, all 
are experienced in bariatric surgery. 

 
Operative Intervention: Laparoscopic sleeve 
gastrectomy was performed for all candidates 
with 4 cm division point from the pyloric ring, over 
36 French calibrating tube with staple line 
enforcement to obtain 80 to 100 ml gastric 
tubule.  
 
Postoperatively: Follow-up visits were 
scheduled at 3, 6, 9, 12 and 18 months 

postoperatively. During each visit, evaluation of 
weight, BMI and presence of late complications 
or not, change in metabolic parameters and 
blood pressure, nutritional deficiencies such as 
iron, vitamin B12, vitamin D and calcium, 
improvement of HbA1C by standardized 
techniques(Data of  HbA1Cwere collected at 12 
and 18 months to confirm for remission of 
diabetes). We measured plasma levels of GLP1, 
PYY hormones as previously mentioned. 
 

2.4 Statistical Analysis of the Data 

 
Data were fed to the computer and analyzed 
using IBM SPSS software package version 20.0. 
(Armonk, NY: IBM Corp) Qualitative data were 
described using number and percent. The 
Kolmogorov-Smirnov test was used to verify the 
normality of distribution Quantitative data were 
described using range (minimum and maximum), 
mean, standard deviation and median. 
Significance of the obtained results was judged 
at the 5% level. We used Chi-square test for 
categorical variables, to compare between 
different groups, Monte Carlo correction test 
used for chi-square when more than 20% of the 
cells have expected count less than 5. We used 
Student t-test for normally distributed quantitative 
variables, to compare between two studied 
groups, ANOVA with repeated measures for 
normally distributed quantitative variables, to 
compare between more than two periods or 
stages. Mann Whitney test for abnormally 
distributed quantitative variables, to compare 
between two studied groups periods, Friedman 
test for abnormally distributed quantitative 
variables, to compare between more than two 
periods. Multivariate regression analysis to 
detect the most independent affecting factor for 
remitter. 
 

3. RESULTS 
 
3.1 Baseline Characteristics of Patients 
 
According to ADA remission criteria, diabetes 
partial remission was seen in 16 of our 30 
patients (53.3%) at 1year post-surgery. There 
was significant difference between remitters and 
non-remitters in all baseline characteristics 
except gender, serum levels of HDL, total 
cholesterol, TG and waist circumference which is 
shown in (Table 1). Regarding to preoperative 
plasma levels of fasting and 0.5 hr post MMT 
GLP1 and PYY, they were significantly higher in 
remitter group than in non-remitter group as 
shown in (Table 2). 
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Table 1. Comparison between remitters and Non remitters according to baseline 
characteristics [32, 33] 

 

Baseline characteristics Remitter (n= 16) Non remitter (n= 14) Test of 
Sig. 

P 
No. % No. % 

Gender Male 8 50.0 3 21.4 2=2.625 0.105 
Female 8 50.0 11 78.6 

Age (years) Mean ± SD. 36.75 ± 3.75 54.64 ± 3.32 t=13.746* <0.001* 
D.M duration Mean ± SD. 4.63 ± 1.59 15.07 ± 4.57 U=1.0* <0.001* 
Anti D.M Drugs Oral 

hypoglycemic 
16 100.0 2 14.3 2=22.857* <0.001* 

Insulin 0 0.0 12 85.7 
Anti HTN drugs No 15 93.8 2 14.3 2=19.591* MCp 

<0.001* Diuretic 1 6.3 7 50.0 
B.blockers 0 0.0 5 35.7 

SBP (mmHg) Mean ± SD. 120.0 ± 8.94 155.0 ± 15.7 t= 7.673* <0.001* 
DBP (mmHg) Mean ± SD. 80.62 ± 2.50 92.14 ± 6.99 t= 5.845* <0.001* 
LDL-Ch (mg/dl) Mean ± SD. 97.50 ± 10.27 106.86 ± 10.67 t=2.445* 0.021* 
HDL-Ch(mg/dl) Mean ± SD. 36.81 ± 6.51 37.36 ± 6.82 t=0.223 0.825 
Cholesterol (mg/dl) Mean ± SD. 232.19 ± 23.90 237.07 ± 25.36 t= 0.543 0.592 
TG (mg/dl) Mean ± SD. 178.19 ± 47.93 180.64 ± 33.21 U=84.50 0.257 
TSH (U/Ml) Mean ± SD. 1.63 ± 0.61 3.69 ± 0.51 U=4.0* <0.001* 
Weight(Kg) Mean ± SD. 127.75 ± 7.71 137.50 ± 9.60 t= 3.085* 0.005* 
WC (Cm) Mean ± SD. 128.69 ± 4.05 127.50 ± 12.03 t=0.352 0.729 
BMI ( kg/m2) Mean ± SD. 44.64 ± 3.05 48.59 ± 3.21 t=3.454* 0.002* 
HB A1 C (%) Mean ± SD. 8.08 ± 0.37 8.59 ± 0.29 t=4.166* <0.001* 
FPG (mg/dl) Mean ± SD. 189.62 ± 14.84 218.0 ± 14.32 t=5.311* <0.001* 
2 hrpppg (mg/dl) Mean ± SD. 263.12 ± 28.69 309.57 ± 22.10 t=4.912* <0.001* 
Antiplatelet drugs No 16 100.0 3 21.4 2=19.850* <0.001* 

Yes 0 0.0 11 78.6 
Serum creatinine Mean ± SD 0.80 ± 0.07 0.83 ± 0.13 t=0.743 0.466 
ASCVD score Mean ± SD. 3.63±1.26 15.94±9.12 U=12.0* <0.001* 

AST (U/L) Mean ± SD 64.87±7.73 70.07 ± 3.50 t= 2.421* 0.024* 

ALT (U/L) Mean ± SD. 70.69 ± 11.25 75.86 ± 4.93 t= 1.589 0.123 
t: Student t-test , U: Mann Whitney test , p: p value for comparing between remitter and Non remitter , *: Statistically 

significant at p ≤ 0.05. 
Anti HTN drugs (antihypertensive drugs), SBP (systolic blood pressure), DBP (diastolic blood pressure), LDL-Ch (low 
density lipoprotein), HDL-Ch (High density lipoprotein), TG (triglycerides), WC (Waist circumference), BMI (body mass 

index), HB A1 C (hemoglobin A1 c), FPG (fasting plasma glucose), 2hr pppg (2hr postprandial plasma glucose), 
ASCVD risk score (atherosclerotic cardiovascular disease score), AST (aspartate aminotransferase), ALT (alanine 

aminotransferase) 
 

3.2 Effect of LSG on Anthropometric 
Measures, Cardiometabolic 
Parameters and Liver Enzymes 

 

All patients, regardless diabetes remission, had 
improvement in anthropometric measures, 
cardiometabolic parameters and liver enzymes. 
This improvement was statistically significant at 
all periods of follow up except for ASCVD score 
and DBP, at 3 months, but these parameters 
showed significant improvement later as shown 
in (Table 3). 
 

However, when compared between remitters and 
non-remitters in improvement of baseline 
characteristics, the remitters had better reduction 
in body weight and BMI, 10 years calculated 
ASCVD score and liver enzymes while there was 

non-significant reduction in other parameters 
between two groups (Table 4). 
 

Effect of LSG on plasma levels of GLP1 and 
PYY: At 15 days and 9 months postoperatively, 
fasting and 0.5 hr post MMT levels of GLP1, PYY 
increased in comparison with preoperative levels 
and were significantly higher in remitters than 
non-remitters (Tables 5, 6). 
 

Multivariate regression analysis: Multivariate 
regression analysis was done using the only 
significant different variants at baseline. We 
found that age (younger patients (36.7 ± 3.7), 
less duration of diabetes (4.63± 1.59), lower 
baseline serum TSH (1.63± 0.61), lower baseline 
levels of serum LDL-Ch (97.50 ± 10.27), and 
higher post MMT challenge PYY plasma level 
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were the only independent predictors for             
T2DM remission after LSG. Although, none of 
remitters was on insulin therapy, type of therapy 
wasn’t an independent predictor of diabetes 
remission.Type of therapy is good indicator of β 
cell reserve, so patients on insulin therapy with 
less functioning β cells had less probability to 
regain function and have remission of T2DM. But 
in our study, small number of patients prevents 
type of therapy to be statistically independent 
predictor among baseline characteristics. 
 

4. DISCUSSION 
 

Our study aimed to investigate diabetes 
remission ofT2DM morbid obese who had sleeve 
gastrectomy and effect of GLP1 and PYY on this 
remission by testing these gut hormones 
response to MMT preoperative and comparing it 
with postoperative levels. We found that 53.3% 
of studied patients went into partial remission of 
diabetes according to ADA criteria of partial 
remission published in 2009, None of the studied 
patients had complete remission for T2DM. 
Insulinunits requirements per day were           
reduced. None of our patients had postoperative 
complications. There was increase in 
postoperative serum levels of fasting and 0.5 hr 
post MMT GLP1 and PYY at both periods 15 
days and 9 months compared with preoperative 
levels. This increment was more in remitters than 
non-remitters.In our study, we found that age 
(younger patients (36.7 + 3.7)), less duration of 
diabetes (4.63+1.59), lower baseline serum TSH 
(1.63+ 0.61) and higher post MMT challenge 
PYY serum level were the only independent 
predictors for T2DM remission after LSG. 
 

By studying baseline characteristics, we found 
that partial remission of T2DM patients occurred 
in patients with younger age, less T2DM 
duration, lower BMI, lower body weight, lower 
TSH, HbA1C, fasting and postprandial glucose. 
Our study included also serum TSH, its level, 
within normal reference range, could beinvolved 
in the metabolic syndrome, either in general or 
could be associated with independent 
component of the syndrome [7]. This parameter 
in our opinion might beanother explanation, even 
partially, to the remission of diabetes in our 
patients and the improved cardiometabolic 
profile.  
 

There were different remission rates of diabetes 
in different studies as PR Schauer, et al. [8], at 5-
year time point was 25%,Ejarque, et al. 151 
found that rate of complete diabetes remission at 
1 year was 53.8%, Marco Milone, et al.,157 

proved that at 3 months post-LSG, diabetes 
remission was 53.3%, 66.7% at 12 months 
postoperative. Others reported, in their 
systematic review, that partial and complete 
remission at post-LSG follow up period of 13 
months, was 66% and 27% respectively. But, at 
two years postoperative in a metabolic sub-study 
of the STAMPEDE trial, Kashyap et al. [9], 
reported only negligible improvement after SG 
with similar weight loss with patients who had 
RYGB. The difference of remission rates 
between our study and other research works can 
be explained on bases of difference in number of 
treated patients, duration of diabetes, duration of 
follow up, baseline BMI and body weight and 
preoperative antidiabetic drugs, preoperative 
levels of GLP1 and PYY hormones and their 
levels postoperatively. Also, differences in the 
postoperative compliance, adherence of patients 
to proper nutrition, care, social, environmental, 
educational and cultural aspects play a role. 

 
Similar to our results, Guo-Feng Wang, et al., 
carried-out a met-analysis of 15 studies involving 
1,753 bariatric surgeries, two studies used LSG 
(Levi et al.,2013, in Spain [6] and Biro et al., 
2013, in USA) [10]. They proved that there was 
an insignificant association between gender and 
T2DM remission [11] and also, Golomb I, Matan 
Ben David, et al. [12] but the last study found on 
contrary with our study, there was no correlation 
with age and this difference may be due to higher 
mean age in their study (42.9 years) compared to 
our mean age for remitters which was 36.5 
years. In agreement with our results, other 
studies proved that expected duration of T2DM 
>8 years [13] insulin use, and poorer glycemic 
control are consistently associated with lower 
rates of remission of T2DM and/or an increased 
risk of relapse [14,15]. Also, Capoccia, et al. 
Revealed same results.In contrary with our 
results, Guo-Wang, et al., proved that in Asian 
patients, higher baseline BMI showed more 
remission rate. But BMI, in their study, had 
different range (26.5-51 Kg/M2) from our present 
study [11]. Against both of us, Danila Capoccia, 
Federica Coccia, et al., showed that the baseline 
BMI did not correlate with long-term remission or 
relapse of T2DM [16]. In database concluded 
from the Swedish Obese Subjects (SOS) study 
and two randomized controlled studies, in total 
Seven hundred twenty-seven patients (415 
surgical and 312 medical patients). They found 
that age and preoperative BMI did not influence 
the rate of remission, but mean duration of 
diabetes and previous insulin treatment was 
greater in the non-remission group [17]. 
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Table 2. Comparison between remitters and Non remitters according to preoperative levels of GLP1 and PYY (fasting and 0.5hr post MMT) 
 

GLP1 
pmol/L 

Fasting 0.5 hr post MMT 
Remitter (n= 16) Non remitter (n= 14) Remitter (n= 16) Non remitter (n= 14) 

Mean ± SD. 39.49 ± 12.75 19.86 ± 6.40 44.55 ± 14.84 22.69 ± 6.80 
U(p) 2.0*(<0.001*) 0.0*(<0.001*) 
PYY pg/ml  
Mean ± SD. 63.41 ± 8.72 45.04 ± 4.79 66.57 ± 8.45 49.10 ± 4.77 
t(p) 7.004*(<0.001*) 6.834*(<0.001*) 
U: Mann Whitney test, p: p value for comparing between remitter and Non remitter, *: Statistically significant at p ≤ 0.05. GLP1: glucagon like peptide 1, PYY: Peptide tyrosine tyrosine, 

MMT: mixed meal test 
 

Table 3. Comparison between the different studied periods in all patients regarding changes in baseline characteristics 
 

 Pre-operative 3 months 6 months 9 months Ch (pre - 9) Test of sig. p0 
AST 
Mean ± SD. 67.30± 6.58 62.90± 9.09 56.27±10.37 49.70±12.26 17.60±9.57 F=91.709* <0.001* 
pPre  0.004* <0.001* <0.001*    
ALT 
Mean ± SD. 73.10± 9.12 66.70± 9.38 59.07± 9.85 52.57±10.80 20.53± 7.86 F=173.182* <0.001* 
pPre  <0.001* <0.001* <0.001*    
Systolic B.P 
Mean ± SD. 136.33± 21.6 129.2±19.05 125.6±18.27 119.5±18.85 16.80± 6.29 F=134.656* <0.001* 
pPre  <0.001* <0.001* <0.001*    
Diastolic B.P 
Mean ± SD. 86.0± 7.70 82.93± 8.67 78.20± 6.97 74.80± 7.59 11.20± 5.62 F= 61.951* <0.001* 
pPre  0.053 <0.001* <0.001*    
Cholesterol 
Mean ± SD. 234.47± 24.3 222.1± 20.83 207.0± 18.26 191.17± 20.0 43.30± 23.13 F= 87.074* <0.001* 
pPre  <0.001* <0.001* <0.001*    
TG 
Mean ± SD. 179.3± 41.04 167.0± 33.96 154.4± 28.76 142.8± 17.84 36.50±27.98 F= 47.811* <0.001* 
pPre  <0.001* <0.001* <0.001*    
LDL 
Mean ± SD. 101.87± 11.3 91.20± 10.55 82.03± 9.47 75.0± 8.75 26.87± 10.89 F=134.452* <0.001* 
pPre  <0.001* <0.001* <0.001*    
HDL 
Mean ± SD. 37.07± 6.55 41.93±5.72 46.40± 5.28 51.83± 4.52 -14.77± 4.83 F=185.581* <0.001* 
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 Pre-operative 3 months 6 months 9 months Ch (pre - 9) Test of sig. p0 
pPre  <0.001* <0.001* <0.001*    
Weight 
Mean ± SD. 132.30± 9.82 123.0± 11.26 114.87± 12.1 106.73± 13.2 25.57± 6.62 F=301.965* <0.001* 
pPre  <0.001* <0.001* <0.001*    
BMI 
Mean ± SD. 46.48± 3.67 43.22± 4.08 40.36± 4.35 37.52± 4.83 8.96± 2.24 F=322.232* <0.001* 
pPre  <0.001* <0.001* <0.001*    
WC ratio 
Mean ± SD. 128.13±8.59 119.37±9.31 110.1±10.24 98.93±9.74 29.20± 5.12 F=480.001* <0.001* 
pPre  <0.001* <0.001* <0.001*    
ASCVD score 
Mean ± SD. 9.37 ±8.78 6.16 ± 5.80 4.68 ± 4.74 4.67 ±5.45 4.70 ± 8.48 Fr=47.970* <0.001* 
pPre  0.516 <0.001* <0.001*    

F: F test (ANOVA) with repeated measures, Sig. bet. periods were done using Post Hoc Test (Bonferroni) 
Fr: Friedman test, Sig. bet. Periods were done using Post Hoc Test (Dunn's) 

p0: p value for comparing between the different periods, pPre: p value for comparing between preoperative and each other periods *: Statistically significant at p ≤ 0.05 
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Table 4. Comparison between Remitters and Non-remitters according to Δ changesin baseline 
characteristics (baseline- 9 months): 

 
Ch (baseline - 9) Remitter (n= 16)  Non remitter (n= 14) U  P 
AST (U/L) Mean ± SD. 25.25 ± 5.51 8.86 ± 3.86 4.0* <0.001* 
ALT (U/L) Mean ± SD. 26.25 ± 5.92 14.0 ± 3.35 4.0* <0.001* 
S.B.P (mmHg) Mean ± SD. 14.87 ± 6.53 19.0 ± 5.42 71.50 0.093 
D.B.P(mmHg) Mean ± SD. 11.0 ± 3.10 11.43 ± 7.70 107.50 0.854 
Cholesterol (mg/dl) Mean ± SD. 50.19 ± 26.75 35.43 ± 15.57 68.0 0.070 
TG (mg/dl) Mean ± SD. 40.19 ± 35.34 32.29 ± 16.41 105.50 0.790 
LDL (mg/dl) Mean ± SD. 27.38 ± 10.51 26.29 ± 11.69 105.0 0.790 
HDL(mg/dl) Mean ± SD. -14.94 ± 4.74 -14.57 ± 5.09 111.0 0.984 
Weight (kg) Mean ± SD. 30.12 ± 5.68 20.36 ± 2.41 20.0* <0.001* 
BMI (kg/m2) Mean ± SD. 10.49 ± 1.89 7.22 ± 0.98 16.0* <0.001* 
WC (Cm) Mean ± SD. 31.06 ± 4.95 27.07 ± 4.60 65.0 0.052 
ASCVD score Mean ± SD. 2.43 ± 1.36 7.29 ± 12.03 54.0* 0.015* 
U: Mann Whitney test; p: p value for comparing between remitter and Non remitter *: Statistically significant at p ≤ 0.05 

 
As regard gut hormones, Korner et al. 
[18] reported a tenfold increase in postprandial 
PYY concentrations following RYGB. In a study 
by Peterli R et al. [19], post-surgery, patients had 
markedly increased postprandial plasma GLP-1 
and PYY levels. In a randomized trial, 

Karamanakos et al. [20], found that VSG                      
and RYGB resulted in comparable increases in 
PYY levels for the first 6 months postoperative. 
But significant reduction in PYY secretion 
occured at 12 months postoperative in the LSG 
group.  

 
Table 5. Comparison between remitters and Non remitters according to postoperative levels of 

GLP1 (fasting and 0.5hr post MMT) 
 

GLP1 
pmol/L 

Fasting 0.5 hr post MMT 
Remitter (n= 16) Non remitter (n= 14) Remitter (n= 16) Non remitter (n= 14) 

After 15 d 
Mean ± SD. 82.72 ± 4.94 47.95 ± 17.91 101.70 ± 8.46 66.89 ± 17.65 
U(p) 21.0*(<0.001*) 8.50*(<0.001*) 
Delta change 43.23 ± 11.66 28.09 ± 20.91 57.15 ± 14.10 44.20 ± 20.44 
U(p) 40.0*(0.002*) 58.0*(0.025*) 
After 9 months 
Mean ± SD. 80.81 ± 13.01 54.79 ± 34.96 101.06 ± 12.20 61.99 ± 33.43 
U(p) 32.0*(0.001*) 31.0*(<0.001*) 
Delta change 41.32 ± 14.39 34.92 ± 38.31 56.51 ± 15.45 39.29 ± 36.90 
U(p) 54.0*(0.015*) 50.0*(0.009*) 
U: Mann Whitney test p: p value for comparing between remitter and Non remitter *: Statistically significant at p ≤ 0.05. 

GLP1: glucagon like peptide 1, MMT: mixed meal test 
 

Table 6. Comparison betweenremitters and Non-remitters according to postoperative levels of 
PYY (fasting and post 0.5hr post MMT) 

 

PYY 
pg/ml 

Fasting 0.5 hr post MMT 
Remitter (n= 16) Non remitter (n= 14) Remitter (n= 16) Non remitter (n= 14) 

After 15 d 
Mean ± SD. 101.20 ± 14.65 69.24 ± 6.66 137.04 ± 18.65 94.55 ± 17.75 
t(p) 7.499*(<0.001*) 6.366*(<0.001*) 
Delta change 37.79 ± 18.80 24.20 – 6.17 70.47 ± 22.79 45.45 ± 14.84 
U(p) 49.50*(0.008*) 28.0*(<0.001*) 
After 9 months 
Mean ± SD. 114.53 ± 13.24 78.83 ± 10.82 152.95 ± 33.50 93.77 ± 12.60 
t(p) 8.010*(<0.001*) 6.225*(<0.001*) 
Delta change 51.11 ± 14.61 33.79 ± 7.95 86.38 ± 36.15 44.67 ± 11.05 
U(p) 28.50*(<0.001*) 10.0(<0.001*) 

t: Student t-test, U: Mann Whitney test,p: p value for comparing between remitter and Non remitter *: Statistically 
significant at p ≤ 0.05  PYY: Peptide tyrosine tyrosine, MMT: mixed meal test 
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According Yousseif A et al., nutrient-stimulated 
PYY and active GLP-1concentrations increased 
post-LSG and RYGB. However, LRYGBP 
induced greater, more sustained hormones 
increments compared to LSG [21]. Nannipieri, et 
al., showed that serum GLP-1hormone level in 
response to the meal increased, at 1 year, and 
PYY hormone level. In remitters, fasting GLP-1 
was higher, but its meal response was flat 
compared with that of non-remitters 
postoperative, however, the GLP-1 response 
was higher [22]. Ejarque, et al. showed that 1 
year after surgery, the increase in the area under 
curve (AUC) for GLP-1 was significantly higher in 
the RYGB group than in SG. Less clear is the 
extent to which GLP-1 changes are responsible 
for T2DM remission [23].  
 

The reasons for this increase in GLP-1 post-
surgery are unclear but have been attributed to 
the greater delivery of intact nutrients to the 
ileum through anatomical changes or increased 
intestinal transit (hindgut hypothesis) [24] in 
RYGB surgery there is an alternative hypothesis, 
the foregut hypothesis, suggests that exclusion 
of the upper small intestine is responsible for the 
beneficial aspects of bariatric surgery, possibly 
through decreased secretion of an‘ anti-incretin’ 
factor [25].  

 

Regarding to predictors of diabetes remission in 
other studies, Nannipeire et al., found that the 
only predictors of diabetes remission in a logistic 
regression were presurgery β-cell glucose 
sensitivity and mealstimulated GLP-1 response 
[22] while, Jimenez et al., found that GLP-1 
response to a MMT in patients 2 years after LSG 
was similar regardless of postoperative T2DM 
remission or no remission or relapse [26]. 
According to Milone et al., total of 15 subjects 
underwent SG (48.4%), high hemoglobin A1c 
was determined to be a negative predictor of 
diabetes remission at 12 months [27]. 
 
In another multivariate regression model 
including age and BMI, β-cell glucose sensitivity 
was negatively associated with HbA1c values, 
diabetes duration and the GLP-1 response. 
Torquati et al. [28], found that preoperative 
treatment with oral antidiabetic agents (as 
opposed to insulin) and smaller preoperative 
waist circumference predicted diabetes 
remission, after adjusting for BMI, sex and 
preoperative A1C level. 
 

Two studies reported that patients with duration 
of T2DM > 10 years, preoperative insulin use, 
and poor preoperative glycemic control were less 

likely to achieve diabetes remission [29, 
30]. However, these studies did not control for 
important confounding factors that may also 
influence diabetes remission, including age, sex, 
preoperative BMI, and preoperative A1C level. 
 
Schauer et al., reported that Reduction in BMI 
and Duration of T2DM < 8years were the 
independent predictors for remission of T2DM 
after LSG [13]. Simona Panunzi, et al., reported 
in their study that shorter diabetes duration, 
lower fasting glycemia before surgery, and 
gastric diversion versus gastric only procedures 
independently predict higher rates of remission, 
whereas baseline HbA1c and waist 
circumference predict improved glycemic control 
[17]. 
 

In another study, although type of surgery was 
an important factor, especially RYGB, the 
absence of insulin treatment at baseline along 
with greater ΔGLP-1AUCb-1m (basal-1 month)were the 
strongest clinical factors associated with a better 
probability of diabetes remission [31]. 
 
The difference in independent predictors of 
diabetes remission between our study and other 
studies [32,33] could be explained on bases of 
difference in the health care systems, either 
considering early initiation of insulin or not, 
missed evaluation of beta cell function in our 
work, the type of bariatric surgery, the technique 
of surgery and the degree of gastric size 
reduction. 

 
5. LIMITATIONS OF THIS STUDY 
 
The study had some potential limitations such as; 
The limited numbers of patients, the lack of 
preoperative and postoperative evaluation                        
of beta cell function, the under power of 
evaluation of remission of hypertension and 
dyslipidemia. The short follow-up period is 
another limitation of the work beside being two 
center study. 
 
In this study, remitters had better improvement of 
BMI, body weight and levels of GLP1 and PYY 
hormones as compared to non-remitters. But, 
there was no significant improvement in relation 
to waist circumference (WC). The fact that, 
insulin resistance is more related to WC rather 
than BMI and body weight, raises the possibility 
that increase of GLP1 and PYY hormones, in 
remitters more than non-remitters, could be the 
contributing factor for T2DM remission in 
remitters. 
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6. CONCLUSION 
 
Delay in considering bariatric surgery, as a 
treatment option in uncontrolled T2DM, is                          
as wrong as delay in upgrading pharmacologic 
treatment. However, it is recommended to                     
select patients, who are going for bariatric 
surgery, to get the maximal benefit of diabetes 
remission. Patients with lower age, duration of 
T2DM, serum TSH level, LDL leveland higher 
post MMT plasma PYY level, are the patients 
expected to have the higher rate of remission of 
diabetes. 
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