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Estimated number of people with diabetes worldwide
and per region in 2015 and 2040 (20-79 years)
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Top ten countries/territories for number of
adults with diabetes
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Proportion and number of people (20-79 years)
living with diabetes who are undiagnosed, 2015

|DF region Proportion undiagnosed —— :i?ﬁ;:g:?::d N
Africa 86T 2.5 million

Europe 39.3% Z3.5 million

Middle East and Marth Afnica 40.6% 14_4 million

Morth Amenca and Caribbean 299% 133 million

South and Central America 39.0% 11.5 millian
South-East Asia 52.1% 40.8 million

Western Pacific 5.2 1% 798 million

World 4£6.5% 1928 million

IDF Diabetes Atlas - Seventh Edition 2015



Proportion (%) of people who died
from diabetes before the age of 60

IDF Diabetes Atlas - Seventh Edition 2015



Figure 4.1 Deaths due to diabetes in people under 60 (%) by GDP per capita (USD, PPP), 2013*
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* Only countries with adult populations greater than 10,000,000 were plotted.
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Diabetes is more than a health
issue and requires concerted
policy action across many sectors
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IDF 2010

IDF treatment algorithm for people with T2D

Lifestyle measures

Sulphonylurea or

Metformin a-glucosidase inhibitor

Metformin a-glucosidase inhibitor or

Sulphonylurea : A DPP-4 inhibitor or
(if not first line) thiazolidinedione

Basal insulin or a-glucosidase inhibitor or Alc <7%
DPP-4 inhibitor or GLP-1 agonist

pre-mix insulin thiazolidinedione

Basal + meal-time Basal insulin, or pre-mix B Usual approach
insulin (later basal +

insulin meal-time) [ Alternative approach

IDF Treatment Algorithm for People with Type 2 Diabetes. Available at: http://www.idf.org/treatment-
algorithm-people-type-2-diabetes. Last accessed October 2015.



http://www.idf.org/treatment-algorithm-people-type-2-diabetes

The Alc and ABCD of glycaemia management in
T2D: a physician’s personalised approach

Physician should choose dru B ing to patient’s risk of weight gain, hypoglycae C ardio-

A Ase Middle aged renal complications
L Effect on body . . Cardllo-re?nal
D Complications or Class A Risk of hypoglycaemia complications:
disease duration contraindications
>10 yrs (micro and/ Metformin Weight loss Negligible as Moderate renal
J monotherapy failure; heart failure

or macro)

’ Negligible as .
HbALc (%) <6.5 - GLP-1 analogues Weight loss monotherapy Severe renal failure

DPP-4 inhibitors Neutral rl:zﬁlcﬂ\belfax/ Severe renal failure
Insulin -
HbAlc >% . L Negligible as .
treatment Glucosidase inhibitors Neutral R a—— Severe renal failure
T . . Negligible as Renal failure; heart
HbA1c <9% QRc et iones U monotherapy failure (class lll or 1V)
Insulin analogues: . .
Rapid-acting We_lght g.am High risk
(rapid-acting> . .
analogues . Minimal risk
Long-acting analogues & J
. . Minimal to significant Moderate renal
epending on agent ailure
Sulphonylureas Weight gain (d di ) fail
Glinides Weight gain Minimal/moderate

Add-on therapy to metformin
Mild hyperglycaemia Severe hyperglycaemia

. Time frame to reach s s , ) . . o s . .
Strategy Glycaemic goal ! e e Type of interventi Type of intervention | Principles in selecting interventions Drugs excluded

insulin Age; body weight; complications; _
<6-8% metformin diabetes duration

ABCD URRNETRG] o e leed S e | Adlacess i Alc29%

ABCD: age, body weight, complications and duration of disease

Pozzilli P et al. Diabetes Metab Res Rev 2010;26:239-244.



Diabetes treatment algorithm from the Diabetes Current Care
Guideline. Working group set up by the Finnish Medical Society
Duodecim and the Finnish Society of Internal Medicine

Chronic diabetes, Morbid obesity Elderly patient Transpo.rt Impal.red kidney
>10 yrs occupation function

Lifestyle
Recent diagnosis assessment/intervention +
metformin

3-6months | T

treatment

Insulin replacement
therapy

Lifestyle changes and continue metformin

{ Hoalc>6.5% ’ Z'liz:r:f CD
Gliptin*

1 TZD
Sulphonylurea

I 2. Drug CD I Intensified
Glinide insuli

insulin
—> Gliptin* — J treatment
TzD -
I Sulphonylurea
Injection
treatment

Meal msulm
Basal insulin

Mixed insulin
GLP1-agonist*

V

CDNot order of preference, no long-term experience
*No long-term experience

Glucose-lowering effect of differen  Available at: www.terveysportti.fi/xmedia/ccs/varhainen diabetes en.html. Last accessed October 2015.



http://www.terveysportti.fi/xmedia/ccs/varhainen_diabetes_en.html

American Association of Clinical Endocrinologists
(AACE) treatment guidelines

Entry HbA, <7.5% Entry HbA, 27.5%

Monotherapy*

Entry HbA, 29.0%

Dual therapy*

Dual therapy

Triple therapy

v Metformin Insulin

+

other agents

GLP-1RA v Triple therapy*

v' GLP-1RA

DPP4-1 v

D GLP-1RA Y

MET or Colesevelam v/

other
first- BCR-QR v/

line DPP4-| v
agent

Add or intensify insulin

MET or Colesevelam v/

other
first- BCR-QR v/

If HbA,, >6.5%

in 3 months, 9

add second drug
(dual therapy)

line DPP4-| v
agent

If not at goal in
3 months, proceed 9
to triple therapy

If not at goal in

3 months, proceed A U - "
to or intensify : se with caution

insulin therapy

>

Progression of disease
*Order of medications listed are a suggested hierarchy of usase
**Based on data from Phase 3 clinical trials. Available at: https://www.aace.com/publications/algorithm Last accessed October 2015.



https://www.aace.com/publications/algorithm

Approach to the management

of hyperglycemia
more - HbA, - less
stringent 7% stringent _

PATIENT / DISEASE FEATURES

Risks potentially associated
with hypoglycemia and low high
other drug adverse effects

Disease duration

newly diagnosed long-standing

Usually not

Life expectancy modifiable

Important comorbidities
few / mild

Established vascular
complications

Patient attitude and .—4

expected treatment efforts highly motivated, adherent, less motivated, nonadherent, Potentially
excellent self-care capacities poor self-care capacities modifiable

few / mild

Resources and support
system

readily limited __|
available

Inzucchi SE et al. Diabetes Care 2015; 38:140—-149.



Metformin
high

low risk

neutral / loss

Gl / lactic acidosis.

low

Dual

therapy’
Efficacy”
Hypo risk .

Triple
therapy

v
Combination
injectable
therapy’

If A1C target not achieved after ~3 months of monotherapy, proceed to 2-drug combination (order not meant fo denote
any specific preference—choice dependent on a variety of patient- and disease-specific facfors):

Metformin
+

Sulfonylurea

Metformin
+

Metformin
+

Metformin
+

Metformin
+

Metformin
+

DPP-4
inhibitor

SGLT2
inhibitor

Insulin (basal)

- moderate risk..-

e low .. 1

_intermediate
L low risk
—.gain e - neutral
... hypoglycemia ... { edema, HF,fxs ... 4. GU, dehydration

_high . |

If A1C target not achieved after ~3 months of dual therapy, proceed fo 3-drug combination (order not meant to denote
5 c ce—choice tonawv of patient- and diseas factors):

Metformin Metformin Metformin Metformin Metformin Metformin
+ + + + +

Sulfonylurea DPP-4 SGLT2 GLP-1 recepto
inhibitor inhibitor agonist
+ +

SUI

or | SGLT2+

or | Insulin®

on GLP-1-RA, add
g TZD or S

Qaing

Basal insulin + LEELEGENIT orI GLP-1-RA |
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EPIDIAR study:

il Ramadan aumenta il rischio
di episodi severi sia di ipoglicemia che di iperglicemia nel diabete 2

11,173 pazienti con diabete tipo 2
78.7% hanno scelto di digiunare almeno 15 giorni durante il mese Ramadan

Rischio aumentato di ipoglicemie durante il mese Rischio di iperglicemie aumentato durante il mese
REINELET ramadan
P<0.0001 P<0.0001
4 6 -
S 7.5-fold increase* 5-fold increase
£ 5 -
< 3 -
2
S 5 4
82 - 3 -
S o
RS = 2 -
> 1 - 1
c 0,4 1 -
(]
o

I Pre-Ramadan I During Ramadan

TEvents requiring hospitalization in overall population with T2DM; $compared with previous months
* There was a 7.5 fold difference of hypoglycaemia in overall population fasting during Ramadan. For patients who fasted for > 15 days difference was, 6.7 fold

EPIDIAR = EPIdemiology of DIAbetes and Ramadan; T2DM = type 2 diabetes mellitus 1Salti |, et al. Diabetes Care 2004;27:2306-11;
2Al-Arouj M, et al. Diabetes Care 2010;33:1895-902



Ramadan Fasting: A

Study of Changes in Grande variabilita

Glucose Profiles . : . . -

Among Patients With inter e intra individuale

Diabetes Using

Continvous Glucose

Monitoring correlata al momento della

giornata, al tipo di alimenti

We have explored changes in glucose |ntr0d0tt|, a”e m0d|f|Che d|

profles of patients with type 2 diabetes .

in a prospective observational study using tera p Ia

continuous glucose monitoring (CGM;
Medtronic MiniMed CGMS Gold). This
was performed for at least 3 consecutive START OF FAST
days during Ramadan (2). Nonfasting et Y
CGM for the same length of time was ob- <l
tained on each patient either before or

after Ramadan. A mean CGM curve for all
patients was obtained during and outside

the Ramadan fasting period (3).

1
MADER LESSAN, MRCP, MD BREAK OF FAST
2
Havpar Hasan, mp
1
Mana T. BARAKAT, MRCP

DuaseTEs CARE, vOLUME 353, May 2012



CGMS in RAMADAN
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Mean Interstitial Glucose (mmol/I)
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Diabetes and Ramadan:
Practical Guidelines
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with the Diabetes and Ramadan (DAR) International Alliance

April 2016
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Diabetes and Ramadan Practical
Guidelines

Epidemiology of diabetes and Ramadan fasting

Physiology of Ramadan

Stratification of individuals with Diabetes before Ramadan
Diabetes and Ramadan: a medico-religious perspective
Pre-Ramadan education

Ramadan Nutrition Plan (RNP) for patients with diabetes
Management of diabetes during Ramadan

ldentifying and overcoming barriers to Guideline
implementation

Summary of the response of Egypt’s Mofty to diabetes and
Ramadan risk categories religious ruling (Arabic and
English)
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T2D treatment based upon
pathophysiology

Decrease insulin resistance (liver, skeletal muscle,
adipose tissue)

Re-establish an appropriate insulin secretion
profile
— Sufficient basal secretion

— Appropriate post-prandial secretion (especially in the
early
phase after meal)

Counteract lipotoxicity
Decrease glucotoxicity



The pathophysiology of diabetes

Decreased
Incretin Effect

Decreased
Insulin
Secretion

Increased
- Lipolysis

Increased Increased
Glucagon Hyperglycemia Glucose
Secretion Reabsorption

Increased
HGP

\ Decreased
Glucose Uptake

Neurotransmitter
Dysfunction

De Fronzo RA. Diabetes 2009;58:773-795



Ipertensione & diabete:
classi di farmaci negli USA nel corso degli ultimi 50 anni

Inibitori : g
della renina Dopamino agonisti
Bloecanti del recettore
dell'angiotensina I
SGLT2-

10 inibitori
9 Sequestranti degli
Bloccanti dei canali ACE inhibitori acidi biliari

— del Ca+

@ 8 S DPP-4- inhibitori
c a-1 bloccanti Amilinomimetici

= o Agonisti del recettore
K] 7 periferici GLP-1

© .

9, 6 - bloccanti Glinidi

c 0-2 agonisti

2 5 centrali Tiazolidinedioni

©

e Bloccanti L L .

g 4 del neurone Diuretici Inibitori-dell’a-glucosidase

S adrenergico Biguanidi , o

zZ 3 6000000000000 0000® B|guan|d|

[ ]
X .
see® Sulfaniluree
Ol o

insulina Vasodilatori

1950 1960 1970 1980 1990 2000 2010



Options for antidiabetic treatment

Inhibition of glucose

Insulin resistance Insulin secretion .
reabsorption

: Glucose
Metformin _ Glucose
I independent dependent
Pioglitazone s .
g Sulphonylurea DPP-4 inhibitors o.-Glucosidase
. . Sitagliptin, Vildagliptin, inhibitors
Glinides TR L
Saxagliptin, Linagliptin, Alogliptin Acarbose, Miglitol,
Exogenous Voglibose
insulin GLP-1 mimetics
Exenatide, Liraglutide,

Inhibition of renal Lixisenatide

glucose reabsorption
SGLT2-Inhibitors

Dapagliflozin, Canagliflozin,
Empagliflozin




The ideal drug

Efficacy

Safety

Other Clinical Advantages
No/Few Adverse Effects

Reasonable Cost/Value



Ramadan



Reviews/Commentaries/ADA Statements

Recommendations for Management of

Diabetes During Ramadan

Update 2010

Monira Ar-Arouj, Mp!

SAMIR AssAAD-KHALIL, MD, PHD>
JouN BUSE, MD, PHD

IsriraL Faupir, mp, pup*
MoHAMED FAHMY, MD, PHD®
Suerir HAFEZ, MD, FACP®
MoHAMED HASSANEIN, FRCP®

MauMOUD ASHRAF IBRAHIM,
Davip Kenparr, MD
Sunai Kisuawi, mp'®
ABpULRAZZAQ AL-MADANI, M
ApuLLAH Ben Naku1, Mp'
Kuarep Taves, mp'2
Asranam THomas, mp!>

Table 3—Recommended changes to treatment regimen in patients with type 2 diabetes who
fast during Ramadan

Before Ramadan

During Ramadan

Patients on diet and exercise
control

Patients on oral hypoglycemic
agents

Biguanide, metformin 500 mg,
three times daily

TZDs, AGIs, or incretin-based
therapies

Sulfonylureas once a day

Sulfonylureas twice a day

Patients on insulin

Premixed or intermediate-acting

insulin twice daily

Consider modifying the time and intensity of physical
activity; ensure adequate fluid intake
Ensure adequate fluid intake

Metformin, 1,000 mg at the sunset meal, 500 mg at
the predawn meal
No change needed

Daose should be given before the sunset meal; adjust
the dose based on the glycemic control and the risk
of hypoglycemia

Use half the usual morning dose at the predawn meal
and the usual dose at sunset meal

Ensure adequate fluid intake

Consider changing to long-acting or intermediate
insulin in the evening and short or rapid-acting
insulin with meals; take usual dose at sunset meal
and halfl usual dose at predawn meal




Episodi ipoglicemici in pazienti diabetici in Ramadan trattati con
vildagliptin vs glicazide in add on a metformina

UK observational study in patients with T2DM fasting during Ramadan (baseline HbAlc >8.5%)

treated with metformin in addition to the DPP4 inhibitor, vildagliptin or gliclazide

o 61,5
~ 60 -
=
O
c
QL =
o = 40 -
%5
5 20
IS 7,7

0

Vildagliptin (n=26) SU* (n=26)

Between groups difference -53.8% (95% Cl: —74.9 to —26.3); P<0.001

*Total number of HEs was 24 with gliclazide and 2 with vildagliptin, one severe HE with gliclazide & none with vildagliptin
*SU = Sulfonylurea (gliclazide)

HE = hypoglycaemic event; T2DM = type 2 diabetes mellitus; Cl = confidence interval; SU = sulphonylurea; DPP4 = dipeptidyl peptidase 4
Hypoglycaemic events defined as plasma glucose measurement <3.5 mmol/L with or without symptoms .*Hypoglycaemia was the only adverse event monitored

Devendra D et al. Int J Clin Pract 2009;63:1446-50



VECTOR study:
variazioni HbAlc in pazienti diabetici in Ramadan
trattati con vildagliptin vs glicazide in add on a metformina

HbA1lc reduction for vildagliptin vs. gliclazide pre- to post Ramadan; between-

group difference -0.5% (P=0.0262)

©
N
]

0.1 (NS)

o
o
»

—0.4 (NS)

Mean change in HbAlc
pre- to post-Ramadan
|
o
"V

064 —~0.5; P=0.0262

Vildagliptin Su# Between-group
(n=20) (n=32) difference

* Mean number of missed doses was lower with vildagliptin (mean between-group difference -7.4; P=0.0204)

* Body weight remained unchanged in both groups

Prospective observational study of up to 16 weeks duration in 72 fasting Muslim patients with T2DM observed in UK clinical practice, receiving vildagliptin or SU as an add-
on treatment to metformin; per protocol set with pre- and post Ramadan HbAlc assessments, HbAlc; safety set, AEs and SAEs.

¥SU = Sulfonylurea (gliclazide); VECTOR= Vildagliptin Experience Compared To gliclazide Observed during Ramadan; AE = adverse event; SAE = severe adverse event; NS =
non-significant difference pre- to post Ramadan

Hassanein M et al. Curr Med Res Opin 2011;27:1367-74



VECTOR Study:
Aderenza alla terapia nei due gruppi

4 D

* The mean number of missed doses was
markedly lower with Vildagliptin than
with gliclazide (0.2 vs 7.6; between-
group difference -7.4 doses; p = 0.0204)

Number of missed treatment doses during the VECTOR study

= On average, patients had 7 fold more
missed doses with gliclazide than
Vildagliptin

= Only 1 patient in the Vildagliptin group
missed at least one dose, compared with
10 patients in the SU group

» There were a total of 4 missed doses in
the Vildagliptin arm versus 266 in the SU
arm

Hassanein M et al. Curr Med Res Opin 2011;27(7):1367-74



VIRTUE:
i risultati migliori sulle ipoglicemie
per vildagliptin sono indipendenti dalle sulfoniluree impiegate

Patients (%) with 21 hypoglycaemic event

35

31.8
30

25 -

20

Patients with 21
hypoglycaemic event (%)

n/N= 36/669 63/351 38/198
Vildagliptin  Glimepiride  Gliclazide Glibenclamide Glipizide

Post hoc descriptive analysis.
Safety set. SU = sulphonylurea

Al-Arouj M. et al, International Journal of Clinical Practice 2013
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B Cell Dysfunction Versus Insulin Resistance in the
Pathogenesis of Type 2 Diabetes in East Asians

Insulin response to oral glucose

tolerance Insulinogenic Index and HOMA- IR

(LU/mL) _ . .
100 Caucasian 100 Japanese 1.6 Caucasian 5.0 aucasian
— Japanese — Japanese

1.2
— NGT

— IGT

A P
Lo

0 30 60 90 120 0 30 s 90 120 0 NGT IGT DM 0 NGT IGT DM

(min) (min)

Yabe D et al. Curr Diab Rep (2015) 15: 36



A comparison of insulin secretion and insulin sensitivity
between East Asians and Northern Europeans

O Northern Europeans

Pl
La
1

(O East Asians NGT

Pl
=
1

IGTY,

LA
1
-,
I
hd
o

Insulinogenic index (UL (mmaol/L)
= o
-
Il
=

-

0 2 4 8] 8 10
Matsuda index (1/{(pU/mL)*(mg/dL))

Young Min Cho J Diabetes Invest 2015; 6: 495-507



Allele frequency of genetic variants associated
with incretin biology in Europe and East Asia

Gene Reported effects in Representative genetic Risk allele frequency Risk allele frequency
incretin biclogy variants in Europeans in East Asians
GIPR Incretin effect, postprandial rs10423928 018% 0.18%
glucose and BMI
GLP-IR pcell response to GLP-1 56523761 0361 002t
TCFA2 GIPR and GLP-1R expression rs7903146 027 003%
in B-cells, treatment response
to linagliptin
KCNQ1 Glucose-stimulated GIP and rs2283228* 059” 0927
GLP-1 secretion - -
WFRT GLP-1 induced insulin secretion rs6446482* 056" 095"
CTRBI/2 Response to GLP-1 and DPP-4 rs7202877 089* 0.78t
inhibitors

*These particular variants have not been identified to be assodated with the reported function of the gene. TAllele frequendies reported in the
Intemational HapMap Project site (http//haprmap.nchinlmnihgoy.

Young Min Cho J Diabetes Invest 2015; 6: 495-507



Comparisons of postprandial circulating glucagon-like peptide-1 and glucose-
dependent insulinotropic polypeptide concentrations according to glucose
tolerance statuses in East Asians

Population and  Comparison Types of GLP-1 GIP DPP-4
reference group niutrients
Japanese, T2DM (n = 21), IGT Mixed meal, 480 kcal Mo difference Mo difference in Mo difference in plasma
Lee et al™ (h=7,NGT (n=12) (carbohydrateproteinfat = 281:1)  in IAUC (ntact) IAUC (intact®) concentrations
Oral glucose (75 q) Mo difference Mo difference in
in IAUC (intact) IAUC (intact™)
Japanese, T2DM (n = 18), Miced meal, 480 kcal Mo difference Mo difference in M/A
Yabe et al™® nor=T20M (n = 17) (carbohydrateproteinfat = 2.81:1) in IAUC (both iAUC (both total
total and intact) and intact)
Oral glucose (75 q) Mo difference in Mo difference in
AUC (poth total iAUC (both total
and intact) and intact)
Koreans, T2DM (n = 20), Miced meal, 556 kcal Mo difference in Mo difference in DPP-4 activity was
Han et al® nor=T20M (n = 20) (carbohydrate 87 g protein AUC (intact) IAUC (total) increased in T20M.,
15 g, and fat 18 g)
Koreans, T2DM (n = 18), Oral glucose (75 q) Mo difference in Mo difference M/A
Oh et al™ MNGT (n = 14) AUC (rotal) in IAUC (total)

The designation total or intact in parenthesis denotes total or intact hormones. *t was uncertain whether the ELISA kit used in the study measured
intact or total glucose-dependernt insulinotropic polypeptide (GIP). However, the authors assumed that the values should be intact GIP levels. DPP-
4, dipeptidyl peptidase-; GLP-1, glucagondike peptide-1; IAUC, incremental area under the curves; IGT, impaired glucose tolerance; N/A, not avail-
able; NGT, nomal glucose tolerance; T20M, type 2 diabetes mellitus.

Young Min Cho J Diabetes Invest 2015; 6: 495-507



GLP-1 effects in humans: understanding
the natural role of incretins

GLP-1 secreted upon e 5 Brain

the ingestion of food Promotes satiety and
reduces appetite*®

2. a-cell:
Suppresses postprandial
glucagon secretion® y

\
3. Liver: ]
L ] L ——— ’
——————— reduces hepatic glucose

output?

1. B-cell:
Enhances glucose-
dependent insulin secretion

in the pancreas! 4, Stomach:
slows the rate of

gastric emptying?

GLP-1=glucagon-like peptide-1
Nauck MA, et al. Diabetologia 1993;36:741-744;
2. Larsson H, et al. Acta Physiol Scand 1997;160:413-422;
3. Nauck MA, et al. Diabetologia 1996;39:1546-1553;
4. Flint A, et al. J Clin Invest 1998;101:515-520; 5. Zander et al. Lancet 2002;359:824—-830



Summary of the meta-analyses comparing the efficacy
of incretin-based therapy in Asians and non-Asians

Types of therapies and
reference/clinical end-points

Asiarn-dominant studies

MNorrAsian-dominant studies Difference and/or
statistical significance

DPP-4 inhibitors®™
HbATclowering from baseline (9o)

RR of achieving HbAlc <7.0%
GLP-1 receptor agonists™
HbATclowering from baseline (9o)

RR of achieving HbAlc <7.0%

=092 (-1.03 w —-082)
34 (26 0 4.7)
—-1.16 (148 w —085)

57 (38 0 87)

=065 069 o —060) =0.26 (-036 o =-017),
P =< 0001
1.9 (18 o 20 £ <005
—0.83 097 o =070 =032 (-064 o =001),
P =005
2824w 33) £ =0082

Mumbers in parenthesis denote 95% confidence intervals. If the proportion of Asian participants was =509 in a study, it was dassified as an Asian-
dominant study. Otherwise, it was dassified as a non-Asian-dominant study. DPP-4, dipeptidyl peptidase-4; GLP-1, glucagor-ike peptide-1; HbATc,

glycated hemoglobin; RR, relative risk

Young Min Cho J Diabetes Invest 2015; 6: 495-507



Changes in dietary pattern in East Asian
countries and United States of America

Japan Year of survey 1950 1960 1970 1980 1990 2000 2005 2010
Total energy intake (keal) 2098 209 2210 2219 2026 1948 1904 1849
Protein (%) 130 133 140 142 155 16.0 16.2 14.6
Fat (%) 77 104 189 226 253 265 25.1 26.1
Carbohydrate (%) 797 761 666 557 567 546 56.1 557
China Year of survey 1952 1962 1970 1982 1992 2000 2004 2009
Total energy intake (keal) 2056 1697 1978 2518 2328 M2146/F1941 M2064/F1807 MI943/F1969
Protein (%) 9.3 9.7 9.6 10,6 11.7 M24.0F237 M24.6/F244  M25.5/F24.4
Fat (%) 7.6 55 74 17.5 225 M26.3F264 M26.9/F264  M27.8/F29.2
Carbohydrate (%) B30 B4R8 B29 718 658 MS5R9F587 M57.8/F58.3 M56.2/F54.9
Korea Year of survey 1969 1979 1989 2000 2005 2010
Total energy intake (kcal) 2105 2098 1871 1863 1826 1691
Protemn (%) 125 133 161 16.4 16.6 14.7
Fat (%) 72 12 134 197 21.3 200
Carbohydrate (%) 804 753 691 639 62.1 65.1
United States of America  Year of survey 1950 1960 1970 1980 1990 2000 2005 2010
Total energy intake (kcal) 3200 3100 3300 3500 3800 4200 4100 4000
Protein (%) Ing 1% 19 127 124 118 12.0 12.0
Fat (%) 391 401 401 417 396 409 42.6 428
Carbohydrate (%) 520 501 486 466 493 481 47.6 474




Acarbosio riduce l'iperglicemia post-prandiale
ritardando I'assorbimento intestinale del glucosio

Glicemia (mg/dL)

Colazione Pranzo Cena
150+
140" —— — Acarbosio
—— + Acarbosio
1204
1004 o
804
1 1 1 1 ::I 1 1 1 1F 1 1 1 1
8 9 10 1112 13 14 15 17 18 19 20
Periodo della giornata

Bischoff, H. Clin Invest Med 1995;18:303-11.



Effetto del tempo di somministrazione di
acarbosio sulla glicemia postprandiale

Glicemia (mg/dl)

252

216

180

144

108

72

*
* p<0.001 per acarbose @® Placebo 15 min prima
= con il primo boccone Acarbose 30 min prima
, Vs placebo e vs 30 min prima @ Acarbose con il primo boccone
;/ @ Acarbose 15 min dopo
| I I | I I I
0 30 60 90 120 150 180

Tempo (minuti)

Profili glicemici in relazione ai
diversi tempi di assunzione di
acarbose o placebo rispetto ad
un pasto standard. La
significativita statistica si
riferisce alla AUC (area sotto la
curva).

'assunzione di acarbosio deve
avvenire all’inizio del pasto.
'assunzione 30" prima del
pasto comporta una riduzione
dell’efficacia del 50%.

Rosak C et al Diabetic Medicine 12: 979-984, 1995



Thiazolidinediones (TZD)

v’ Class of drugs for type 2 diabetes mellitus treatment

v' They act primarily by increasing insulin sensitivity (insulin-
sensitizing drugs )

v' Synthetic small molecule activators of peroxisome

proliferator-actived receptor Y (PPAR-Y) that contain a
thiazole-2,4-dione (thiazolidinedione, TZD) functional group
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Terapeutic mechanisms of TZD in diabetes type 2

4 PPAR-Y-dependent mechanism )
TZD binds and activates the canonical target PPAR-Y

A

Effects on transcriptional regulation of genes
involved in lipid and glucose metabolism

. /

/ PPAR-Y-independent mechanism \

TZD interacts with non-PPAR-Y targets:

* Family of mitochondrial iron-sulfur proteins, the NEET family (CISD1-2)

AN

Effects on mitochondrial function/energetic metabolism

K e Complex of mitochondrial Pyruvate Carrier (Mpc1-2) /

(Wright et al., Mol endocrinol 2014)



Theapeutic effects of TDZ-induced
activation of PPAR-Y

TZD —induced activation of PPAR-Y in type 2 diabetic patients results in:

v’ decrease in the levels of circulating free fatty acids and increase in lipid
storage in adipocytes

v’ increase in insulin sensitivity of adipocytes, muscle and liver
v’ decrease in insulin resistance

v enhacement in insulin signaling cascade

Soccio et al., Cell Metab. 2014



Insults to the Beta-Cell

Glucotoxicity

Islet Amyloid Polypeptide

Inflammation

Insulin Resistance

Lipotoxicity

Oxidant stress

E. Bonora, NMCD 2008; 18: 74-83



Protecting the Beta-Cell from Insults

Islet Amyloid Polypeptide

Glucotoxicity | Glitazones | Lipotoxicity
Lifestyle Lifestyle
Acarbose Metformin
Metformin Orlistat
SU & Glinides | Glitazones |
|TSIitazones| <

;

Incretin system drugs
Insulin

e ™~

Inflammation

Lifestyle Lifestyle
Metformin Insulin Resistance Metformin

| Glitazones | Lifestyle | Glitazones |
RAS inhibitors Metformin RAS inhibitors
Statins | Glitazones | Statins

Oxidant stress

E. Bonora, NMCD 2008; 18: 74-83



Effect of Pioglitazone Versus Metformin on
Cardiovascular Risk Markers in Type 2 Diabetes

Table 2 Laboratory ethcacy and safety variables with pioglitazone versus metformin

Parameter Pioglitazone Pioglitazone Metformin Metformin Pvalue
Baseline Week 16 Baseline Week 16

Number of patients 24 24 26 26 -

Markers of inflammatory response

[CRP (mg/1) 1.8(1.1-47) 14(05-25)*  2.0(L1-29) 1.8 (0.8-3.7) 0.04]
P-selectin (pg/mL) 56.9 (26.7-140) 522 (29.3-126.8) 41.3(31.2-68.1) 7.5(29.2_74.1)  0.73
|E-selectin (ug/mL) 70.2(52.6-815)  57.8(53.7-838)" 65.1(59.1-79.9) 685 (629-78.3) 0.01|
ICAM-1 (ug/ml) 292(233-322) 269 (241-312) 251 (230-296)  252(215-309)  0.87
CD40L (pg/mL) 1.6 (0.5-2.9) 2.0 (0.4-3.6) 1.3 (0.8-2.5) 1.4 (0.8-2.4) 0.98

Markers of platelet activation and thrombogenesis
TXB2 (pg/mg creatinine) 146 (82-221) 121 (87-198) 123 (85-304) 159 (106-191) 0.61

TF (pg/mL) 113(102-131)  139(113-172) 141 (100-189)  145(111-223) 023

PAI-1 (ng/mL) 55.1 (21.0-824) 35.8(23.8-66.1) 327(243-817) 395(317-462) 0.69
Markers of oxidative stress

Nitrotyrosine (nM) 6715 6.6+1.6 6.5t1.4 6.3+1.0 0.82

Genovese S et al. Adv Ther 2013; 30 (2) 190-202



(Glucose parameters

| FPG (mg/dL) 153+40 126425 144447 135+48* 0.01 |
HbA, (%) 6.9+0.9 6.5+0.8" 6.7+0.7 65407 0.36
Insulin (mU/L) 83(67-147)  63(47-92)**  100(53-12.8)  8.1(56-106)  0.014
HOMA index 32 (2.1-54) 2.0(13-29)  32(2.0-41) 2.3(2.1-33) 0.015

Lipid parameters
Total cholesterol (mg/dL) 212424 222435 215435 212435 0.05
HDL-C (mg/dL} 41410 45+11° 4049 4249 0.19
LDL-C (mg/dL) 141426 148434 147429 142427 0.07
VLDL-C (mg/dL) 22.8(182-33.5) 23.8(160-322) 24.3(17.4-364) 264(17.8-372) 094
FFA (mmol/L) 0.4 (0.3-0.5) 0.4 (0.2-0.5) 0.4(0.3-0.5) 0.4 (0.3-0.6) 0.07
Trighycerides (mg/dL)  114(91-168)  119(80-161)  122(87-182)  132(89-186) 094

Safety parameters
Hemoglobin (g/dL) 14.4+1.1 14.1+1.0 14.6+1.0 14.4+1.1 0.58
WBCs (10°/L) 62415 5.9+1.4% 6.5+1.9 6317 0.60
Neutrophils (%) 514+8.0 50.2+7.2 53.57.8 53.74+9.3 0.72
ALT (U/L) 26.5(205-33.0) 19.0 (17.0-235)" 28.0 (23.0-480) 27.5 (23.0-46.0) <0.0001
AST (U/L) 200 (18.0-23.0) 185 (15.0-22.0)* 20.0(17.0-240) 21.0(160-26.0) 0.003
vGT (U/L) 28.0(21.0-36.5)  19.5 (14.0-26.5)*" 35.5 (24.0-40.0)  32.0 (23.0-40.0)  <0.0001

Genovese S et al. Adv Ther 2013; 30 (2) 190-202




Long-term efficacy (104 wks) of pioglitazone +
metformin versus gliclazide + metformin

Weeks |
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The ideal/personalized drug

Efficacy

Safety

Other Clinical Advantages
No/Few Adverse Effects

Reasonable Cost/Value



