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M=million; AFR=Africa; NA=North Amenca; EUR=Europe; SACA=South and Central America;
EMME=Eastern Mediterranean and Middle East, SEA=South-East Asia; WP=Westemn Pacific

Diabetes Atlas Committee. Diabetes Atlas. 2nd ed. IDF. 2003

More than 171 million people
Worldwide have diabetes

Adults With Diabetes Worldwide Prevalence of Diabetes in Adults
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Number of people with diabetes expected to double by 2030
Wild et al. Diabetes Care. 2004
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Blood Glucose Concentration and Insulin Secretion Rate
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Approximate insulin secretion at different plasma glucose levels

® Rise in blood glucose increases insulin secretion
® Insulin in turn increases transport of glucose into liver, muscle, and other cells
® Reducing blood glucose concentration back toward the normal value

Human insulin molecule
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Schematic of the insulin receptor
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Insulin binds to the a-subunit of its receptor, which causes autophosphorylation of the
b-subunit receptor, which in turn induces tyrosine kinase activity. The receptor
tyrosine kinase activity begins a cascade of cell phosphorylation that increases or
decreases the activity of enzymes, including insulin receptor substrates, that mediate
the effects of insuline on glucose, fat, and protein metabolism.

Mechanisms of Insulin Secretion
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Control of Insulin Secretion

1 Plasma Sympathetic
amino acids activity
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epinephrine
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| Pancreatic islet beta cells

Insulin

At the normal fasting level of blood glucose of 80 to 90 mg/100 ml, the rate of
insulin secretion is minimal— on the order of 25 ng/min/kg of body weight, a
level that has only slight physiologic activity.

Responses of target-cell to an increase or a decrease in the
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plasma concentration of insulin
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Glucose release due to
net glycogen catabolism
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Glucagon Action on Cells:
Dominates in Fasting State Metabolism
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Pancreatic Hormones, Insulin & Glucagon
Regulate Metabolism

(a) Fed state: insulin dominates (b) Fasted state: glucagon dominates

4 Glucose oxidation ‘g Pr——

4 Glycogen synthesis 4 e,

4 Fat synthesis 4 Gluconeogenes's
‘ : 4 Ketogenesis

4 Protein synthesis
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IDDM (type 1) 10%

INDDM (type 2) 90%
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Etiologic classification of diabetes mellitus
Diagnosis and Classification of Diabetes Mellitus. DIABETES CARE, volume 33, january
I. Type 1 diabetes 2010

Il. Type 2 diabetes

lll. Other specific types

A. Genetic defects of -cell function; MODY (maturity onset diabetes of the young; six genetic loci
on different chromosomes)

B. Genetic defects in insulin action (Type A insulin resistance, Lipoatrophic diabetes,others)

C. Diseases of the exocrine pancreas (Pancreatitis,Trauma/pancreatectomy, Neoplasia, Cystic
fibrosis, Hemochromatosis)

D. Endocrinopathies (Acromegaly, Cushing’s syndrome, Glucagonoma, Pheochromocytoma,
Hyperthyroidism, Somatostatinoma, Others)

E. Drug or chemical induced (Glucocorticoids,Thyroid hormone, adrenergic agonists, Thiazides,
Interferon)

F. Infections (Congenital rubella, Cytomegalovirus, Others)

G. Uncommon forms of immune-mediated diabetes (Stiff-man” syndrome, Anti-insulin receptor
antibodies, Others)

H. Other genetic syndromes sometimes associated with diabetes (Down syndrome, Klinefelter
syndrome, Turner syndrome, Friedreich ataxia, Huntington chorea,, Myotonic dystrophy,
Porphyria, Prader- Willi syndrome,Others)

IV. Gestational diabetes mellitus.
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Diabetes Mellitus: Type II a Group of Diseases
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Natural History of Type 1 Diabetes

Facteurs environnementaux

Prédisposition
génétique

Début processus auto-immun

Perte de la premiére phase de
sécrétion d’insuline

Masse cellules B
pancréatique

lésions
cellules g
pancréatiques

Hyperglycémie

Pré diabéte

Adapté de Harrison LC et al. Journal of autoimmunity, 2008

o Selective destruction of B cells of LO in genetically predisposed individuals
chrom. 6 - HLA (DR3-DQ2 a DR4-DQ8), chrom. 11 - inzulin gene
o Initiation by infection (viruses)

o Autoimmunity mediated by T-lymphocytes (antibodies against p cells (ICA, GAD)

e Manifestation typically in childhood
e Absolute dependence on exogenous supplementation by insulin




Physiopathology of Type 1 Diabetes

Autoimmune
disease

Environment

S

Immune
regulation

Natural History of Type 2 Diabetes

Years from -10 -5 0 5 10 15

diagnosis Dia.gnosis

“Metabolié Syndrome”

. | ol

Insulin resistance
Insulin secretion

~—

Microvascular complications

Pre-dizbetes Type 2 diabetes

Nathan DM. N Engl J Med. 2002;347:1342-1349; Ramlo-Halsted BA, Edelman SV. Prim Care. 1999;26:771-789.




Pathogenesis of Type 2 Diabetes

3
Increased HGP
71 Gluconeogenesis Decreased Glucose uptake
FFA=free fatty acids.
HGP=hepatic glucose production
Diagnostic Criteria for
Pre-diabetes and Diabetes
Fasting Plasma 2-Hour Glucose
Glucose Test (FPG) Challenge Test
Acceptable Below 100 mg/dl Below 140 mg/dI
Pre-diabetes 100-125 mg/dl (IFG) 140-199 mg/dl (IGT)
Diabetes 126 mg/dl or above 200 mg/dl or above

* Criteria should be confirmed by repeat testing.

American Diabetes Association. Diabetes Care 2010; 31;(Suppl.1):512-54.
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Diabetes—Treatment Goals

* FPG 90—130 mg/dI
= AC <7%
= Peak PPG <180 mg/dI
= Blood pressure <130/80 mmHg
= LDL-C <100 mg/dl
* Triglycerides <150 mg/dI
= HDL-C >40 mg/dI*
*for women HDL-C goal may be increased by
10 mg/dl

American Diabetes Association Standards of medical care in diabetes.
Diabetes Care 30:S4-S36, 2007
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Insulin

= Injectable /
= |Inhaled

Pramlintide

Exenatide (Byetta)

Sulfonylureas

Meglitinides [
Metformin

Thiazolidinediones

Alpha-Glucosidase Inhibitors
DPP-4 Inhibitor
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Time of Activity of Fluman Insulins®
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Novo Others

Inhaled Insulin




(Diabetic ketoacidosis)
Short-acting insulin (i.v. or i.v. infusion) with physiological
saline and potassium chloride

| Insulin deficiency |
7T .
[/ I\ s
+ Glucose uptake by celis [ 1 Lipolysis |
1 Chrcogenolysis
e -—\/l—-
4+ Plasma free
fatty acids
| 4 Ketons synthesis |
[ 1 Plasma glucose | [ 1 Plasma ketones |
- T —
+ Renal fitration of + Plasma [H*]
alucose and kestones (acidosis)
[ O=motic diuresis |

excretion

| + Plasma volume |

+ Arterial blood
ressure

=
=
| + Brain blocd flow |

~

| Brain dysfunction, coma, death
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Insulin Resistance

Hyperinsulinemia
Hyperlipidemia Hyperglycemia
/ -
LDL goal < 100 mg/dl (< 70 mg/dl) HbAIC <7%
HDL goal > 40 in men and 50 in FPG 90-130 mg/dl
3l women PPPG < 180 mg/dl
L Triglycerides < 150 mg/dl . .
Low dose Aspirin daily
Hypertension Hypercoagulable/
Inflammatory State

<130/80 mm Hg




Caffeine

_ (5-6 coffees
Insulin 124 h) \
(—)l S| TP
ATP &, CAMP &, 39 Sa_AMP
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Injectable Noninsulin Agents
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« GLP1 Analog — Exenatide — Byetta ®
= Amylin Analog — Pramlintide (Symlin)®
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(GLP-1)Glucagon like peptide 1
Ol e ailds ol e il Jau

=

GLP-1: secreted upon
the ingestion of food

Promotes satiety and
reduces appetite

Alpha cells:
{ Postprandial
glucagon secretion ~ <

- - Liver: e
4 Glucagon

reduces hepatic

glucose output

Beta cells:
Enhances glucose-dependent
insulin secretion

Stomach:
Helps regulate
gastric emptying
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Role of Incretins in Glucose Homeostasis

Ingestion of
food

Pancreas?3

; Glucose-dependent

4 A Insulin from beta cells
Release of gut

hormones — (GLP-1 and GIP)

uptake by
. Incretins™2 / muscles?*

4+ Glucose

) — B X Blood
} A j glucose
ctive =
" GLP-1&GIP ¥ Glucose /
production
ppP-4 | Glucose dependent by liver

. enzyme | Y Glucagon from
J alpha cells
I (GLP-1)

Inactive Inactive
GLP-1 GIP

DPP-4 = dipeptidyl-peptidase 4
1. Kieffer TJ, Habener JF. Endocr Rev. 1999;20:876-913. 2. Ahrén B. Curr Diab Rep. 2003;2:365-372.
3. Drucker DJ. Diabetes Care. 2003;26:2929-2940. 4. Holst JJ. Diabetes Metab Res Rev. 2002;18:430-441.

Exenatide (Byetta)®
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Exenatide (Byetta)
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sulfonylureas,
metformin,
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Exenatide Lowers Glucose Through GLP-1 Associated
Mechanisms of Action

GLP-11 Exenatide?

T Glucose-dependent insulin secretion v v

Restores first-phase insulin response

{ Inappropriately elevated glucagon secretion

Regulates gastric emptying

4 Food intake
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Amylin
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Reduces hepatic glucose
output by inhibiting
glucagon release

Alpha cell:

Inhibits glucagon secretion

Liver:

CNS:

Multiple Sites of Action of Pramlintide

Promotes satiety and

None

reduction of appetite

Beta cell:

Stomach:

Slows gastric

emptying

Summary of Available Non-oral Agents
Glucose-lowering Effect Mimic Normal
||]] Agent Administration . . . ”
Fasting |Postprandial| Physiology?
Insulins
NPH Once or twice v 2
daily
Detemir Once or twice Yes
daily
Glargine Once daily v Yes
Premixed Twice daily v v No?
Regular With meals v ?
Aspart,
gl | glulisine, With meals v Yes
[ | lispro
Injectable Noninsulin Agents
Exenatide Twice daily v Yes
Pramlintide Once daily v Yes
Ul NPH = neutral protamine hagedorn
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AVAILABLE ORAL HYPOGLYCEMIC AGENTS

InsulinSecretagogues Non-Insulin Secretagogues

o -glucosidase inhibitors

Sulfonylureas eg. Acarbose, Miglitol
® First generation

Glitazones - PPARYy agonists

eg. Tolbutamide

®Second generation eg. Rosiglitazone
eg. Glyburide L
®Third generation Pioglitazone
eg. Glimiperide Biguanides
Meglitinides -
eg. Repaglinide, eg. Metformin
Nateglinide

DPP-IV Inhibitors Sitagliptin




Incretin Therapies Major Sites of Action

Primary Glucose Lowering
Agent Site of Action Effect
GLP-1 Pancreas 1| Postprandial
recep_tor - Increases insulin secretion | | Some effect on fasting
agonists - Suppresses glucagon
secretion
Gl tract
- Slows gastric emptying
CNS
DPP-4 Pancreas 1] Fasting
inhibitors | _ Increases insulin secretion | | Some effect on
- Suppresses glucagon postprandial
secretion
Gl tract - None
CNS - None

cker DJ. Diabetes Care. 2003;26:2929-2940; Ahrén B et al. J Clin Endocrinal Metab. 2004,89:2078—
4.

GLP-1 Secretion and Metabolism
DPP-1IV Inhibitors

Mixed meal

Intestinal
GLP-1
release

Rapid inactivation ‘
(>80% of pool)

Plasma

1
\
v
v
Y
Al

GLP-1 actions \ Renal

clearance




DPP-4 - ciladia
dipeptidyl-peptidase 4 ) a5l
incretin ) cliga 2 &3
(Glucagon-like peptide 1) GLP-1 !
(glucose-dependent insulinotropic polypeptide) GIP -
Grags Ban) g3 e (shas
thiazolidinedione ! g« 5l metformin J g ciagi
A0S gualy Cpubaal) dis okl Jasiay
dasnd) (B (5 98 Jlga) ¢l pd) Jaiudal) @S ) Ay g8 pal) il il o
(5 slad) puadil
ol A&

Sitagliptin
Ay ) ENLaxiuN)
s1a 2 glitazone sl metformin g A4S Laally g Ban g dallaaS Jariey o
Gags 8aal g 50 ila 100 Jldhes 2 Jaad 5 Sl
L
GLP-1 iy sisa Jiayy DPP-IV by o
s 8 ca u3 o
placebo ge 48 dzalakal) A gl 3ay 558 glal) il g JSdy el ®
glucagon 3! JI_3 (e gally o
il il
(€ Qo8 uadil) Qo e MY o
% 1— 0.5 HbA1C | =
Ggaall il all) S dhiga Gigas b o
8 cciadd lsa) Glal daany Jaadll aa o




VILDAGLIPTIN

Gags Gisn 9l Basl g 8 e jla 50 iy ory

45 Aadlaas 2 haad (5 Sl lall A Jantiay
%(1.1-0.6) HbA1c |

dralaal) Ao gl) aay 5 oS5l |

Cigaad) ol aal) Sawdagd jhdg b )

DY dggle Ll (5 glae (f)a Ay ge sall el i) aad

=

adl) S ABAY Ay gl LBy s el

ecreased digestion of
complex sugars
Alpha-glucosidase
inhibitors Sulfonylureas
and CBAs

] w3 Blood G!cose hw

Biguanides
Thiazolidinediones Increased insulin
secretion

f Decrease in hepatic Thiazolidinediones
glucose production Biguanides

Increase in glucose uptake
==
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Sulfanylureas

1 generation:

*Chlorpropamide and Tolbutamide

2 generation:

*Glibenclamide (Maninil®: tab. 5 mg)
*Gliclazide (Diaprel®: tabl. 80 mg)
Glipizide

*Gliquidone
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Sulfonylureas

b SE (e Gl g 318 (e 3

ouba S Gl g ppad Baly) Joad
sl G S olad) Z UG palll) ) oo w
il i B < agibal o daa ¢l eopm Sl Ao Lgllantid ok =
4 40 <am g Sl slal) aanic gl (pdl) G Sadd) =

pll psad il e

Ol & m
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1 Joasl il S aagll mhsi o

Sulfonylureas - 436 sall j& <) LA

dg gad &) il m
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G398 »
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Sulfanylureas-i! dalgll 43 gal) eIl

Lacdlal) clis g s ol Y é\}a Cra dal e
-salicylates and sulphonamides

Al M (B JA) il
- inducers: rifampicin, phenytoin
-inhibitors: cimetidine

s $S1 71 kY Laliile
- allopurinol, salicylates
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Sulfonylureas

Uljad) = s glsall =
alll S5 (B a g paly | o all Swlg o
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Gl dad ) o (e Gl g B30 day gl gadi o
s A Ty gab Tyl e LS i (S daadl

i el (g gadll Sl Ladla

Meglitinides

Repaglinide, nateglinide
(Prandin, Starlix)

el dal B sl cpd geuiD 35 ha
5SS Ll 5 ] Lalabal) cilin gl g ple (85 55
Aol 2y
4883 15 5 clagl g My
aladal) 353 ya OIS of Aaladal) Aon o) Cida a3 13) 3255 Y
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Meglitinides
A el ,e o i
Qs

sulfanylureas ¢» (s gy JBi L 56 =

S 2l paly Crabeaall il pal) die Lellaxia) Koy =

B ¢ g Cmleaall ol el die Lgllaxin ey
281l (sl yaly Cpmuciall g ¢ ppinal)

Meglitinides

LJ“;\A.“ u &Jw‘ ]
Biby sl ggn e Cinal o b 5 8 o
B il dpalak n g JS ga 3835 0
Al SsSsl) o sl o 4 g0 AN o
dgalakal) 43 gl ol A0 o

5o Sl Jogagd Gilaa) JBi o
sulfonylureas




3l = Shorter-acting

Ol 318 i e

Sulfonylureas:
= Glyburide, gliclazide
= (DiaBeta, Diamicron)
= Long-acting, powerful

pdl) S A Uagd diaald o
Carbamoyl Benzoic Acids:
o Repaglinide (GlucoNorm)
o Nateglinide (Starlix)

pancreas

common bile duct

-
-
duodenum/

stomach

pancreatic duct

al) S Jagagd Glaa) B o
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Ol 1A iy 5o

rgsadl) Sl Jagad Bab ) (e AN@

addial) gl amal) adll S 553 el @

okl 488) yal) i L0 Saae adl) Sl LAY 4y 9aY) @
: Jgiiall ¢ )3ad)
Chlorpropamide (Diabinase) o
Gliclazide SR (Diamicron MR) o

(B il g L A8 jial) 0l ) Ao gia 439991 @
:‘aﬁ\ JSM
Glyburide o

82




=

Biguanides i el

2. Muscle and adipose tissue:

Intestlne glucose absorption Biguanides A glucose
utilization

Blood Insulin resistance

4. liver: Biguanides glucose L
| hepatic glucose outy

i -l
\ Insulin ) 3. Pancreas:
resistance insulin secretion
- 83
Biguanides
(metformin)

NIDDM- dallaa & AEN 5 Jo¥) JLAY piny

g all S il alaia) (e ally ¢

A Sl Jla Ay o

JoSeladl lad Ay

(Asmbeand) 1) Adiiena pa (ol gaad¥) Bl )) (s 1 @

Lpaadd) LAY g cdlland) 8 5 S olad) Jlariaal pa 2js o
G5l Sl LA (5 AT Ay ga) pa 43S i (Say @

Ol o) 18 e Y e

Sl ¢yl gally o

paa ol Ay dadlaall sl adl) S (B Ungad Ciaay Y o
LDL-cholesterol s triglycerides ¢« | »

Al Gl Llaal) 3 jal) die (agsall A8 g (e Cuuny ©
Sl Jaald il pladal G G gilay Gl el die g Sl lal) Eigan Cha el o
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Metformin
A 31k (e 1k 7 shage

Cpll die Jadall g2 9 Gl B e

dpadan 458 jall b 43) il

lactic acidosis ~d salea diaay La f jale
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Metformin
el (5 Sosal) w
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Thiazolidinediones-! Ll i

=

Blood

// glucose

ﬂ | Muscle and
?0 ‘ adipose tissue

d insulin resistance

. / 1 glucose uptake
H  Liver
A Vinsulin resistance
thepatic dlucose o Pancreas
production { demand for insulin secretion

1 beta-cell insulin content
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Glitazones

Pioglitazone (Actos), Rosiglitazone (Avandia)

Ol gy sl da gliall !
AoaSt) g Al LOAT) g cdlanl) g-°' Ol daly
o9 Gl paad¥) Allad (ya 3

o) u
g, 9

2l 8 Laacd diaay

J(’\»\( ) ety el i pall i ey ¥
Dt




(TZDs) Thiazolidinediones

L jal) = (s gsall =

(S ke ol m g AallaaS Jariasy o p s gl Bl gling =
s AT ag g o Jlal Ssts N Jgasll

13) adl) S B Uagad Gany ¥ o Lhiaa dady o

I ga s oaa gt Jantiai) OJs By o

(metformin) &1 iall dadall) o dady o

psdll [ i g 9 As sy by o 2 il g 481 5 o

HDLT = LDL 1 =

Triglycerides| = ol S o

Thiazolidinediones

I Ol gD Gl 3y 5 AT

4 ‘Insulin

THIAZOLIDINEDIONE Y,

ulin Receptor

Glucose
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Thiazolidinediones

ol gD ponaatl) B34 5 A

eXTERIOR Insulin

sulin Receptor

Glucose
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Thiazolidinediones
Ol gD paaath) B4 5 AL
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Trgatment

@

Thiazolidinediones
) e Julb axe dic dadg @
il gaal) o) ciladle 481 ja g (120) Qb sk @

NYHA Class ILILIV . lletivd gie; @

Sl pead) (bl Aqii 2l ey ABMe g3 a3 i @

Gl ladl) aie Al daal o (S @
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Glucosidase «Uaiia

Acarbose (Gluco Bay®) miglitol (Glyset)

4,94 alpha-glucosidase L -
Gl g S anags A1) Cllag Y) Jai o
JeS st palaial (ha Jakai o

dgalakall A gl ) adl) 38 518 (e (sl
Agalals A g JS 4y i s o

pl S lagin Jla (B (AL oS glil) sy o
40 gal) ANl B IS o

OV (BB G Y .

Ay a¥1 g Vgl 5 Olad) (o Sl Caaas o
Crall) A o
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Antihyperglycemic Monotherapy
Average Therapeutic Effect on A1C*

Nateglinide
Acarbose

Sitagliptin
Metformin
Rosiglitazone

Pioglitazone
Repaglinide

Glipizide GITS
Glimepiride

0

-1.0

-1.5

Reduction in A1C (%)

Some Anti-diabetic Interventions Summary

Al1C Weight | Disadvantages | Other Advantages
1 TG 10-20% -
Metformin 11.5% i Lactic acidosis | { TC 5-10%
Not Expensive.
Weight gain .
o,
Sulfonylureas 115% | 12Kg Weight gain Not Expensive
Repaglinide 11.5% 1 Weight gain Short Duration
10.5- Expensive, .
Acarbose 0.8 % - 3 times dose No effect on the body weight
10.5- Expensive, .
9
TZD’s 1.4% 1 Weight gain Improve lipid profile
. 105- 123 ..
Exenatide 1% Kg In]ectlo‘ns,
Expensive, Weight loss
Little
Pramlintide 105~ L1- experience
0.7% | 1.5Kg
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Anti-Hyperglycemic Agents in Type 2 Diabetes

A1C Weight Dosing

Class reduction | Hypoglycemia | change (times/day)
Insulin 1.5t0 2.5 Yes Gain 1-4, injected
Sulfonylureas 1.5 Yes Gain 1
Biguanides (metformin) 1.5 No Neutral 2-3
Thiazolidinediones, “glitazones” o.5t01.4 No Gain 1
“Glinides” 1to1.5 Yes Gain 3
Alpha-glucosidase inhibitors 0.5t00.8 No Neutral 3
Amylin-mimetics (pramlintide) 0.5t01.0 No Loss 3, injected
Incretin agonists (exenatide) o.5to1.0 No Loss 2, injected
DPP-IV inhibitors 0.6t00.8 No Neutral 1

Nathan DM, et al. Diabetes Care. 2006;29(8):1963-1972. Sitaglitpin phosphate prescribing information. Merck, 2006

Metabolic Effects of Noninsulin Antihyperglycemics

Other Effects

Weight LDL-C HDL-C Triglycerides
Secretagogues 1 © © ©
Metformin loro J Lo d J
a-Glucosidase
inhibitors © « « «
TZDs ™ oort Toro oord
Exenatide J J 0 {
Pramlintide J L L g L ad
DPP-4 inhibitors RS loro toro loro
Insulin 1 © © i

ull
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New Treatment Options for Type 2 Diabetes

Stepwise treatment

v

Diet/ Oral Oral Oral .
. . . . Insulin
exercise monotherapy | combination | +/- insulin
—_ — D (@)

V'S

Early aggressive combination therapy as required
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BMI and Risk of Type 2 Diabetes

Men

Diabetes Risk (RR)

a—
_a—
I
4 I‘ W [ e
BMI

Source: American Journal of Clinical Nutrition. Sept. 2006.




BMI and Risk of Type 2 Diabetes

Women
y

7
A
/
- - v . < 4

BMI

Diabetes Risk (RR)

Source: American Journal of Clinical Nutrition. Sept. 2006.
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Waist Circumference (WC)and Risk of Type 2

Diabetes
Men y
@
x
X
0
x
g y
©
o] A
] I
V| yau yau yau 4
Waist Circumference
(inches)

Source: American Journal of Clinical Nutrition. Sept. 2006.




Waist Circumference (WC)and Risk of

Type 2 Diabetes
WomeL

10.7

a—
3.2
iz
4m‘ Vam Van 4

Waist Circumference
(inches)

Diabetes Risk (RR)

Source: American Journal of Clinical Nutrition. Sept. 2006.

Type 2 Diabetes Risk (RR)

Weight and Risk of Type 2 Diabetes

Men <55 years

A
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Weight and Risk of Type 2 Diabetes

Women <55 years

>
o
x
= y—
L2
hd
0
o
o
o]
.o
(m]
~ >
o
o
> BMI wcC
= A 30s P -
- Yeanm Yeanm 4

Note: In women less than 55, BMI was the best predictor of type 2 diabetes.
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THE ENDII




