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Correzione della sensibilità della b-cellula 
Ŝ ŘŜƭƭΩinsulino-resitenza dopo chirurgia bariatrica 



¬ insulin sensitivity 

and 

¬ b-Cell Function 

Remission of the disease  

(correction of disease mechanisms) 



Bradley D, Gastroenterol, 2012 

Bariatric/Metabolic Surgery 
 



Insulin sensitivity 

From Restrictive to Malabsorbitive 

Surgery 



Methods evaluating Insulin Sensititvity 

Basal plasma insulin and glucose concentration  
Homeostasis Model Assessment of Insulin resistance (HOMA-IR) 
 
Oral Tests (standard 75 g OGTT or MMT) 
OGIS/ Matsuda Index    
 
Intravenous  Test (glucose and/or insulin or somatostatin) 
Frequently sampled intravenous glucose tolerance (FSIGT)  
Insulin Tolerance test (ITT)  
Hyperinsulinaemic-euglycaemic clamp (HEC) with or without isotope-labelled 
glucose 
 



Changes in insulin sensitivity (HOMA-IR) at various time points 
after bariatric surgery (LAGB,RYGB, BPD and LSG).  

Changes in HOMA-IR versus baseline (before surgery) are significant at all time points, P <0.0001.  

Adapted by Rao DS, Obesity Rev 2012 



Meta-analysis of change in HOMA-IR after bariatric surgery 

Rao DS, Obesity Rev 2012 



HOMA-IR LAGB vs RYGB (3 months) 

Ballantyne GS, Obes Surg 2006 



LSG vs RYGB on Insulin Resistance 

Benaiges D, Int J Surg 2013 

RYGB -   LSG 
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(OGIS) 

Nannipieri et al, JCEM 2011 

*  

*  



Jorgensen NB, Diabetes 2013 

GLP-1 response is important for improved b-cell function 



Effect of RYGB on tissue insulin sensitivity (HEC)  

(early and long term)  

Camastra et al Diabetologia 2011  

Non Diabetic 

Diabetic 



Hepatic and Peripheral Insulin Sensitivity 1 month after RYGB 

Dunn JP, Diabetes Care 2012 
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Insulin sensitivity after BPD 

(early and long term) 

Mari et al. Diabetologia 2006 



Ferrannini E, Mingrone G, Diabetes Care 2009  

Insulin sensitivity after BPD vs RYGB (HEC) 



Hepatic and peripheral insulin sensitivity improve immediately 
after BPD independently of weight loss 

Hepatic and peripheral insulin sensitivity improve immediately 
after BPD independently of weight loss 



Beta-cell function 

From Restrictive to Malabsorbitive 

Surgery 



Methods evaluating b-cell function 



Camastra et al, Diabetes 2013 

Insulin secretion in RYGB (MMT) 



Insulin secretion in RYGB and LSG (MMT) 

Nannipieri et al, JCEM 2013 



Restoration of Acute Insulin Response Following RYGB 

Poluzogopoulou EV, Diabetes 2003 

T2DM before T2DM 3 m T2DM 6 m  

T2DM 1 y  Control 



Briatore L, Obesity 2008 

Restoration of Acute Insulin response 1 month after BPD 
 in T2DM (IVGTT) 



Astiarraga B, et al, JCEM 2013 

Insulin secretion in BPD (MMT) 



Nannipieri et al, JCEM 2011 

Effect of RYGB on b-cell glucose sensitivity 

(OGTT) 



b-cell Function in BPD, RYGB and SLG  

Nannipieri M. JCEM 2013 

Astiarraga B. JCEM 2013 

Sleeve gastrectomy  Roux -en-Y gastric bypass  
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Diabetes Relapse (OGTT)  
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The shape of the insulin response curve is different after 
RYGB and LSG than after BPD.  

The shape of the insulin response curve is different after 
RYGB and LSG than after BPD.  

RYGB and LSG increase the rate of delivery of ingested 
glucose into the systemic circulation causing a spike in 

plasma glucose concentrations which influences the rapidity 
and magnitude of insulin secretion to glucose. 

RYGB and LSG increase the rate of delivery of ingested 
glucose into the systemic circulation causing a spike in 

plasma glucose concentrations which influences the rapidity 
and magnitude of insulin secretion to glucose. 



Dirknsen C, Diabetologia 2012 

The Effect of RYGB on Insulin Resistance and Insulin Secretion 



Dirknsen C, Diabetologia 2012 

The Effect of RYGB on Insulin Resistance and Insulin Secretion 



The Effect of Gastrointestinal Surgery on Insulin 
Resistance and Insulin Secretion 

Castagneto M, Curr Atheroscler Rep 2012 



Mechanisms of decreased insulin resistance  
after bariatric surgery 

Rao DS, Obesity Rev 2012 



Very low calorie diet mimics the early beneficial effects  
of RYGB 

Jackness C, Diabetes 2013  



Intestinal 
Gluconeogenesis 
Hepato-portal  

sensing 

Intestinal 
Gluconeogenesis 
Hepato-portal  

sensing 

 
Fat metabolism 

Adipokines 
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Gut microbiota 
modulation 

 

Gut microbiota 
modulation 

 
Metabolite shift 
(systemic/local) 

 
Metabolite shift 
(systemic/local) 

 
Nerve-mediated 

effects 

 
Nerve-mediated 

effects 

Starvation,  
caloric restriction, 

Weight loss 

Starvation,  
caloric restriction, 

Weight loss 

Mechanisms Facilitating IR and b-cell function Improvement 

Metabolic effects 
-Pancreas (enteroinsular 

axis) 
-Liver (hepatic glucose 

production) 
-Adipose tissue (Lipolysis) 

-Muscle (insulin resistance) 

Metabolic effects 
-Pancreas (enteroinsular 

axis) 
-Liver (hepatic glucose 

production) 
-Adipose tissue (Lipolysis) 

-Muscle (insulin resistance) 

Gut Hormones Gut Hormones 

Ghrelin Ghrelin 



 
Adipokines 

 
Adipokines 



Hyokjoon K, Frontiers in Endocrinol 2013 

Inflammatory adipokines and insulin resistance 





Bile 
 metabolism 

Bile 
 metabolism 



Pontiroli A, Obes Surg 2010 

Early effect of LAGB and BPD on insulin sensitivity  
(OGIS) 



Prawitt J, Curr Diab Rep 2011 

Metabolic Regulation by Bile Acid 



B= Serum Bile Acids:  
Potential contribution to improve glucose metabolism 

Patti ME. et al Obesity 2009 



Gut Hormones Gut Hormones 



Starvation,  
Caloric restriction, 

 

Starvation,  
Caloric restriction, 

 



 

Gut microbiota 
modulation 

 

Gut microbiota 
modulation 



Diamant M Ob Rev 2011 (modified) 

Do nutrientςgutςmicrobiota interactions play a role in human obesity, insulin 
resistance and type 2 diabetes? 

Short-Chain FA Short-Chain FA 

Bariatric Surgery Bariatric Surgery 



Zarrinpar A, 





Effect of Weight Loss by Gastric Bypass Surgery Versus Hypocaloric Diet (10 days) 
on Glucose and Incretin Levels in Patients with Type 2 Diabetes 

Laferrere B, JCEM 2008 

OGTT 50 g 

Isbell JM. et al Diabetes Care 2010 



Laferrere B, JCEM 2008 

Effect of Weight Loss by Gastric Bypass Surgery Versus Hypocaloric Diet on 
Glucose and Incretin Levels in Patients with Type 2 Diabetes 

Evans S, Surg Endosc 2012 


