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Remission of the disease

(correction of disease mechanisms)

= Insulin sensitivity
and

- b-Cell Function



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 (HBERYA

Oral Testgstandard 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)

Hyperinsulinaemieuglycaemic clamp (HEC) with or without isotaegleelled
glucose



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

Change in HOMA-IR
(% decrease from before surgery)

Changes in HOMIR versus baseline (before surgery) are significant at all time points, P <0.0
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Meta-analysis of change in HOMR after bariatric surgery

Time Surgery Mumber Pooled SE Pre-op e change SE 959 LL as9: L P ovalue
of groups HO A HOPAA
difference MWMeiaghted
mean)

==2 weaaks Adl 14 —2.4394 0.421 7.2854 —33.48 5.78 —4.4.81 —2216a =0.0001
RYGB (5] —2.2882 0.6107 5.8129 —39.36 10.51 —59.96 —18.77 00218
LSG LS —3.5724 1. 8469 10,3398 —34.55 17.86 —59.56 0.4 0.0531
BFPD 2 —3.4207 0.8631 6 .6584 —51.37 12.96 —Fe.ya8 —25 97 =0.0001

1 month Adl 17 —3.3804 0.5089 7.2811 —46.43 5.99 —60.13 —3273 =0.0001
RYGB 5 —2.5339 0.4484 5.4481 —46.51 8.23 —62 .64 —30.38 =0.0001
BFPD 7 —3.3096 0.6641 6.6584 —49.71 9.97 —69.25 —3016 =0.0001
LSG 3 —6.4879 2.38608 11.3276 —57.28 20.84 —9a812 —16.43 0.006
Adl 14 —2.0202 0.5019 5.2075 —38.79 9 .64 —57 .69 —19.90 =0.0001
RYGB 5 —2.6958 0.8151 5.2818 —51.04 15.43 —81 .29 —20.79 0.0009

& —0.5004 0.3417 4.1210 —12.14 8.29 —28.39 4.11

LS 2 —3.4844 1.389 7 .6354 —45.63 18.19 —81 .29 —9.98 00721

& months Adl 18 —3.2177 0.405 5.4895 —58.62 7 .38 —73.08 —44 16 =0.0001
RYGEB 53 —3.0232 0.5281 4.6285 —65.32 11.41 —a7.ea8 —42.95 =0.0001
LAGEB a8 —2.2644 0.3281 5.2655 —43.00 5.23 —55.22 —30.79 =0.0001
LSG a —5.8552 o.68arva 7.9500 —73.66 a8.65 —90.62 —56.71 =0.0001

12 months Al 11 —2.5856 0. 4599 5.7508 —4.4.91 7.o8 —50.56 —29.26 =0.0001
RYGEB a —3.6451 1.4105 5.6327 —54.96 21.27 —96.54 —13.28 0.0098
LAGE 7 —2.0728 0.382a 5.3832 —38.51 7.1 —52.44 —24 57 =0.0001

=12 Months Al a —4. 7825 0.7893 73BT —67.04 10.78 —aa.1a8 —45.90 =0.0001
LAGE £t —3.6358 0.9981 7.3219 —A49.67 13.63 —76.239 —2295 =0.0001
EBFD < —e, 407 1.4342 5.5238 —7oa.7a 25.96 —130.67 —28.89 0.0021

df, degrees of freedom; LL, lower limit; SE, standard error; SM, simple mean; UL, upper limit. Rao DS ObeS|ty ReV 20’
y ;



HOMAIR LAGB vs RYGB (3 months)

LAGB Preop Postop A HOMA IR
HOMA IR HOMA IR

N 56 56 56

Median 4.1+ 26 + " 1.4

Minimum 1.4 0.8 -26.4

Maximum 39.2 29.6 34.4

LRYGBP Preop Postop HOMA IR

Insulin HOMA IR

N 61 61 61

Median 5.0# 2.2# * 2.6

Minimum 0.6 0.7 -1.4

Maximum 56.5 12.2 53.9

Ballantyne GS, Obes Surg 200¢



LSG vs RYGB on Insulin Resistance
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Effect of RYGB on peripheral insulin sensitivity
(OGIS)
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Effect of RYGB on tissue insulin sensitivity (HEC)
(early and long term)
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Hepatic and Peripheral Insulin Sensitivity 1 month after R

No diabetes Diabetes Mixed-effects model P

Variable PremEeraL'we Pﬂsmeerative N Pr&:ﬂEeraﬂve PasmEeraﬂve M GmuE Time GXT
Age (years) 40£9 — B 45%8 — 17 - — —
Sex 23 17

Male 3 — 2 — — — —

Female 20 — 15 — — — —
Weight (kg) 133+ 22 120+ 21 3 13728 13+ 125 17 0675 <0001 0317

)

BMI (kg/m
GP (mg-kg '+
GP (mg/min)*

1877 4171 B3 48590 43581 17 0811 <0001 0403
in")f 088+017 083+007 23 LIT£035 093025 17 0003 [<0.001 0006
116 + 26 MV+x17 2B 15746 114£3¢ 17 0004 |[<0.001 |0.002

ISt 055+032 130£08 23 040£02¢ 110087 17 0312 | <0001 {0830
M (mg-kg " *min ") | 59+ 20 55216 19 5020 4912 15 0139 | 0487 | 0636
M/1E 17465 16765 18 161x96 16164 14 0685 0.773 | 0.753

Continuousdataare mean = SD. G X T, group X time interaction. *P << 0.05 for baseline between group comparisons. fCalculated as 10’ min mL+ mg ™ ul™.
tCalculatedas mgemL+kg ™ *min~ U™

Dunn JP, Diabetes Care 2012



Insulin sensitivity
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Insulin sensitivity

Insulin sensitivity after BPD vs RYGB (HEC)
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Ferrannini E, Mingrone G, Diabetes Care 2009



Hepatic insulin sensitivity improves immediately after

RYGB in response to the energy restriction, whereas peripheral
insulin sensitivity 1s improved later in response to the

postoperative weight loss

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




Betacell function

From Restrictive to Malabsorbitive

Surgery



Methods evaluatindp-cell function

Physiological indices

IGI [102] (Insulinzg min — Insulinpggg)) f (Glucoses min — Glucosepgsal)

Beta cell glucose sensitivity [103] Model-based measure of beta cell function describing the
relationship between plasma glucose and insulin secretory rate

AlRg [104] Mean insulin secretion 0—10 min

DI [105] Insulin secretion x Insulin sensitivity

AlR g, acute insulin response to glucose; DI, disposition index;
_GI, insulinogenic index.




Plasma insulin (pmol/L) Plasma glucose (mmol/L)

ISR (pmolmin“m?)

Insulin secretion in RYGB (MMT)

ND surgical pts

before

30 60

=}

1800
1500
1200

900

600

300

P R B BT SRR |
LS
-

—r T T — T T T

90 120150180210 240270 300

Time (mMin)

T

0 20 60

LY
s“*—-#_-- i i

90 120150180 210240270 300

90 120 150 180 210 240 270 300
Time (mMin)

1800
1500
1200
9200
600

300

200

750

600

450

300

150

0

T T I T -

T2D surgical pts

o 30 €0 90 120150180210 240 270 300

Time (Min)

=
i"‘.—-——-—--..—-——ﬂ

—T LENE BEEL B R A L mme e |

— T T T

0 20 &0 90 120150180210 240270 200

Obese controls

0 30 60 90 120150 180210 240 270 300
Time {min)

Camastra et al, Diabetes 20



Insulin secretion in RYGB and LSG (MMT)
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Restoration of Acute Insulin Response Following RYC
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Restoration of Acute Insulin response 1 month after BP
In T2DM (IVGTT)

Table 2 Fasting glucose, insulin resistance and insulin secretion parametars

Type 2 diabates NFG
Pre-BPD Post-BPD BPD affect” Pre-BPD Post-BPD BPD affect®
Fasting glucose (mmol) 1081 +3.32 624+ 0.21 + 513 £ 0.05™ 4731010
Fasting msulin [pmolb 1375+ 875 GA.7+14.1 + 116521569 Mm3+118 -
AR (pmalf) Er8:295 2738471 + 644.9 + 143.1* 6325 +84.8™
Adustad-ins. index 10205 766260 + 17639 1161 175 -
HOMA-IR 87+23 24+ 06 + 38+ 06 24 +04 -

Diata are means = 5.8.m.
Adpsted-ins. indey, sdjusted insulinoganic indas: AR, acube insulin response.
“The phu= sign indicates P < 005 for the diference betwesn pre- and post-BPD. *°F < 0005 v=_ type 2 diabetes subjects; **P =< 0.1 v=. type ? disbetss subjects.

Pre-BPD Post-BPD Briatore L, Obesity 2008




Insulin secretion in BPD (MMT)
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Effect of RYGB on b-cell glucose sensitivity

(OGTT)
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Plasma Glucose

Plasma Insulin

Diabetes Relapse (OGTT)
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secretion (pmol/min/mz)

800

700

600

500

400

300

200

100

Diabetes Relapse (OGTT)
b-cell Function

post Pl
pre

r r r r r r r r r

6 8 10 12 14 16 18 20 22
glucose (mM)



0GIS 120
(pmol-min-tm-2mM1)

Diabetes Relapse
Metabolic Parameters

6 8 10 12 14 16 18 20 22

mean glucose
500 / 300 -
400 Vv’
250 - |
300 Vv’
200 -

2

= A
200 z . .

% 150 - u A
100 - % L " . m

% ] | A

0 - 100~ .' 4 agm a A
: ' ' ' A A
Before RYGB 45-d post 1-y post 5-y post *‘ 7’ O‘; N a
RYGB RYGB RYGB - A
° 'AAl
B = A
XKoL nA & A A
e @ r r r r r
100 200 300 400 500 600 700

OGIS



RYGB and LSG increase the rate of delivery of ingest

glucose into the systemic circulation causing a spike ir

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

o
i
dity

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




The Effect of RYGB on Insulin Resistance and Insulin Secretic

a Acute effects (days to weeks)
- Unretarded ™
Energy restnction -
L A
+ Prolonged exposure
_ of L cells to nuinents
_Irh:reased hFF?'tE causing increased
insulin sensitivity release of L cell
products
‘l’ (GLP-1, PYY, OXM)
Decreased fasting
plasma glucose Increased
* postprandial
insulin secretion
g %
Improved Decreased
glycaemic control €« postprandial
L plasma glucose

Dirknsen C, Diabetologia 2012



The Effect of RYGB on Insulin Resistance and Insulin Secretic

b Long-term effects (months to years)
i R Unretarded
nutnent passage
vy
Increased Prolonged exposure
Increased satiety of L cells to nutrients
hepatic causing increased
msulin release of L cell
sensitivity products
Increased (GLP-1, PYY, OXM)
penpheral insulin
sensitrvity Increased
postprandial
insulin secretion
i’ ' *.
Sustained
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Dirknsen C, Diabetologia 2012



The Effect of Gastrointestinal Surgery on Insulin
Resistance and Insulin Secretion

Increased
insulin secretion
after meals

Reduced
insulin secretion

Reduced hepatic
glucose output

Castagneto M, Curr Atheroscler Rep 2012



Mechanisms of decreased insulin resistance

after bariatric surgery

n inflammation

Improvement of insulin signal

Bariatric Surgery
Changes in Gl hermmes\
Calorie restriction Ir:;::rease 't“ Decreasein 'GIP  Decrease in ghrelin
adiponectin resistance’ (esp. after LSG)
| Decrease
. Decrease in Decrease in
Decrease in Decrease in : fasting and post
hepatic insulin visceral fatand Perpheral and | gIP | pI
, : hepatic insulin mea evels -
resistance decrease in ot Decreased peripheral
peripheral insulin®S!Stance insulin resistance
resistance transduction
Decreased fat
deposition and

insulin resistance

Reduction in insulin resistance

Rao DS, Obesity Rev 2012



Very low calorie diet mimics the early beneficial effects

of RYGB
A ) * *
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Jackness C, Diabetes 2013



Mechanisms Facilitating IR armlcell function Improvement

Gut microbiota
modulation

Intestinal
Gluconeogenesis
Hepatoportal
sensing

Nervemediated
effects

Metabolite shift

(systemic/local)







Inflammatory adipokines and insulin resistance

TNF-ct, IL-B, Leptin
Free fatty acid

Cell
growth
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Hyokjoon K, Frontiers in Endocrinol 2013



and bariatric surgery.

Adipokine Origin Roles in Roles in Response to Response to Response to
inflammation insulin signaling obesity insulin bariatric surgery
resistance
Visfatin Visceral adipose Inflammation Insulim-mimetic Inconclusive {Dogny Inconclusive (Dognu Elavated
tissug, stimulatas its offects via binding to ~ at al, 2007; et al., 2007; (Baotallz-Carretaro
lymphocytas, production {Kim the insulin receptor Botallz-Carmetens Alghasham and et al., 2008}
monocytas, et al., 2007) and further activating et 21, Z2008) Barakat, 20048;
nautrophils, IRSs, PIZK and Akt HRatnakaran at al.,
hepatocytes {Fukuhara et al., 2005) 2002}
Resistin Visceral adipose Proinflammatory Insulin desansitizing Elevated (Moschen  Inconclusive (Igbal Inconclusive (lgbal
fissua offects via activating  effects via activating at al., 2009) et al., 2005, Santimelli et al., 2005;
MNFKB [Magnhaut MFEE and S0C5-3 etal, 2002; Lee et al., Marantos etal,
andVan da \Voorda, [Steppan et al., 2008) 2003) 2011}
2011)
Apalin Cantral nervous Linknown Insulin sensitizing Elevated but not Elevated {Ecucher Deacraased (Soriguer
system, adipose effects via activating entirely due to et al., 2005; Soriguer et al., 2009)
tissue, heart, AMPE, PI3K and Akt obesity (Ecuchar et al., 200%; Dray
kidneys, liver, brain (Aftane at al, 2011) et al, 2005; et al, 20010;Yu et al.,
Castan-Laurell et al., 2012)
201m
Vaspin Visceral adipose Linknowr Insulin sensitizing Elevated ffoun et al., Elevated fve ot al., Dacraasad (Chang
tissug, affects (Kloting et al,  2008; Chang et al., 2009; Kempf et al., et al., 2010;
subcutaneous 2006} 20103 20010 Handisurya et al.,
adiposa tissus 200
RBP4 Adiposa tissua, Unknowr Inhibits PIZK and IRS  Mostly alevatod Elovatad (Graham Dacreasad [Janke
liver activation, and GLUTA  frac-Borengasser et al., 2006; Esteve et al., 2006; von
protein expression et al, 2007; Bajzova et al, 2009 Eynation et al., 2007;
iAvolf, 2007, Estave et al., 2008; Bajzova at al., 2008)
et al, 2009 Gomez-Ambrosi

at al., 2008)
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Metabolic Regulation by Bile Acid
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Prawitt J, Curr Diab Rep 2011




Total plasma bile acids (pmold)
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B= Serum Bile Acids:
Potential contribution to improve glucose metabolism
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Do nutrientcgut¢microbiota interactions play a role in human obesity, insulin
resistance and type 2 diabetes?
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Diamant M Ob Rev 2011 (modified



THE ROLE OF BILE ACIDS IN GLUCOSE
HOMOEOSTASIS

Hepatic ;
gluconeogenesis
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Ipogenasis
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Bile acids

a @

ik f‘ Figure 1| Potential

_ mechanism(s) of action for
the glycaemic effects of a bile
acid sequestrant. FGF,
fibroblast growth factor; FGFR,
FGF receptor; FXR, farnesoid X
receptor; GLP-1, glucagon-like
peptide-1; GR, glucocorticoid
receptor; HNF-4, hepatocyte
nuclear factor-4; JNK, c-Jun
N-terminal kinase; LRH-1, liver
receptor homolog-1; SHP,
small heterodimer partner.
Reprinted with permission
from Wright WL.=®

Zarrinpar A, Aliment Pharmacol Ther 2012



Postprandial GLP-1 release is exaggerated after RYGB
and potentiates postprandial insulin secretion. The increased
release of GLP-1, PYY and possibly other anorexigenic
hormones, such as oxyntomodulin and cholecystokinin,
may contribute to the postoperative weight loss and thereby
indirectly to improved insulin sensitivity
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Effect of Weight Loss by Gastric Bypass Surd&msus Hypocaloric Diet (10 days)
on Glucose and Incretibevels in Patients with Type 2 Diabetes
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Effect of Weight Loss by Gastric Bypass Surdémsus Hypocaloric Diet on
Glucose and Incretihevels in Patients with Type 2 Diabetes

Laferrere B, JCEM 200t

Evans S, Surg Endosc 201



