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Effective glycaemic control reduces
microvascular risk in Type 2 diabetes
(Kumamoto Study)
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Conventional insulin injection therapy (CIT) Group
——— Multiple insulin injection therapy (MIT) Group

Shichiri M. Diabetes Care® 2000 Apr;23 Suppl 2:B21. Copyright © 2000 American Diabetes
Association. Reprinted with permission from The American Diabetes Association




2 XETIKOG KivOUVOG £CEAIENG TWV ETTITTAOKWYV
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Excess risk of fatal coronary heart
disease associated with diabetes in men
and women: meta-analysis of 37
prospective cohort studies

Huxley R et al., BMJ 2006



2UCXETION KIVOUVOU KOPOIOYYEIOKOU
Bavartou pe AlaBATn

> MEta-avaAuon 37 TTPOOTITIKWYV MHEAETWYV
a1ro 10 1996-2005

> MeA€treg atmro: USA, Europe, Asia,
Australia and New Zealand

> N=447.064 aTtoua pe ZA TUTTOU 2,
[uvaikeg: 45%

> AldpKela TTapakoAoudnong 4-36 xpovia

Huxley et al, BM] 2006:7



Overall summary estimates of relative risks and 95% confidence
intervals for fatal coronary heart disease in men and women with
and without diabetes in 22 studies that reported both age and

multiple adjusted coefficients.

Relative risk
Age adjusted (95% Cl)
Women — — 3.69 (2.64 t0 5.15)
Men - 2.16 (1.77 t0 2.64)

Multiple adjusted
Women — — 3.12 (2.34t04.17)
Men . 5 1.99 (1.69 to 2.39)

1 152 3 4 8
Relative risk (95% Cl)

Huxley R et al. BMJ 2006;332:73-78

P value for
heterogeneity

0.007

0.008

BM]
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Adapted from Alexander CM, Antonello S Pract Diabet 2002;21:21-28.



O 2A2 ka1 n AATl' CUVUTTAPXOUV UE:

> YWnAN aptnplakn Trieon

> KevTpikou TUTTOU TTaXuoapKia

> YWnAQ €TTiTTEOA TPIYAUKEPIOIWV

> XaunAa emritreda HDL

> AlIATAPAXEC TTAPAYOVTWY TNG TTNCEWC



MRFEIT

Type 2 Diabetes Is a CV Risk Factor

Additive Effects of Hypertension,
Hypercholesterolemia, and Smoking

140
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Stamler J, et al. Diabetes, other risk factors, and 12-year cardiovascular mortality for men
screened in the Multiple Risk Factor Intervention Trial. Diabetes Care 1993;16:434-44.



ETidpacon TnG UTTEPYAUKAIMIOG
oTnVvV aOnpwudaTwon

Evepyotroinon tng PKC AGEs

O&e1dWTIKO
OTPEG

006¢ TG e€olapivng 006¢ TwvV TTOAUOAWYV

EvooBnAiakn duoAsiToupyia



2.\ T2, OUVAUIKN Kal ECEAICOOUEVN VOOOC:
TPWINN TTAPEUBACH KPITIKNG ONUACIAC

Ve = -k ™} V-
VIGCKPOOLYYELOKEG ETILITAOKEG

IVITRPOOYYELOKEG ETILITAOKEG:

et 10) NMpoAnyn 0

Aywyn 10+ Xpovia

PERKG PN GIOIABHTHG TUTTOU 2
DeFronzo RA. Med Clin N Am 2004;88:787-835.



Etritreda YAukolng kai KA Kivdouvog

Bedford Study, Tecumseh
International Collaborative Study
Rancho Bernardo
Whitehall Study
Paris Prospective Study
Helsinki Policemen Study
Nurse’s Health Study

V V.V V V V V



EtriTreda YAukolnG kKai KA Kivouvog

MetavaAuon 20 peAetwy 95.783 pyn diaBnTika dtopa, 12.4 xpovia

FAUKOTN VNOTEiaC MeTayeuparTikn YAUKOQN

2,5 1 2,5 1

1,5 A 1,5 1

4 5 6 7 8 9 4 6 8 10 12

Tiun avagopdacg yAukolng vnoTteiag: 75mg/di
» ['Aukolng vnoTeiag 110mg/dl=RR=1.33
> Metayeupuartikn 140mg/dl=RR=1.58



YmrepyAukaipia Kal KA Kivdouvog oto 2A

» UKPDS

> Wisconsin Epidemiologic Study of Diabetic
Retinopathy

> San Antonio Heart Study
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H petaysupatiknl YAUKOCN TTAACHOTOG OXETICETAI
KaAuTepa pe TN HbA1c atrd tn YAukoln TTAGCHATOG

VNOTEING

2TOXEUOVTAG OTN METAYEUMATIKE YAUKOCN HTTOPEl VA augnBei n milavornta
emriTeung BEATIoTnG HDA,

M'Auké{n aipartog vnoTeiag

PG (mg/dl)
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400 _|
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200 |
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PG(mg/dl)

100

1 | I | I | I | I | I

8 9 10 11 12
HbA; (%)

N=66 aoBeveig pe cakyxapwdn diafATn TUTTOU 2
Aedopéva armrd Avignon A et al. Diab Care 1997;20:1822-1826

MeTayeupaTiKil YAUKOZN aipaTog

:
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>XETIKI) OUMMETOXN OTNV
nuepnola unepyAukaiyia (%)

H

METAYEUMOTIKN YAUKOCN CUMBAAEI
ONMAVTIKA OTNV UTTEPYAUKAIUIO

MeTayeupaTikn

30% YAukodn (PPG)

70% 50% 45% 40%

FAukoln nAaoparog
NnoTteiag(FPG)

<7.3 7.3-8.4 8.5-9.2 9.3-10.2 >10.2
HbA, . nepnTNUOPIa

Monnier L et al. Diabetes Care 2003, 26(3):881-5



MeTayeupaTIKN UTTEPYAUKQIMIGO O€ 443
aoOeveic pe 2A2

Tiun YAUKOING 2 wpeC META TO YeUMQ:

Groun 1 Groun 2 Groun 3

(<162 mg/dl) (163 —180 mg/dl) (>180 mg/dl)
n (%) n (%) n (%)
97 (22) 31 (7) 315 (71)

Akbar D. Saudi Med J 2003;24(10):1109. Reproduced
with special permission of Saudi Medical Journal



MeTOyEUMATIKN UTTEPYAUKOIMIA O€ 218
aocOeveic pe 2A2

2-hour post glucose challenge testing

N
- >
(% of Mean <140 mg/dl 140-200 mg/dl 2200 mg/dlI
total)
294.7
* 0) 0) 0)

Total 218 (14.6) 16.1% 10.4% 73.5%

HbA,.<7 104 (48%) (11804'17) 36.8% 24.2% 39.0%

7-7.9 41 (19%) (3121551) 0.01% 0% 99.9%

>8 73 (33%) ?10225‘; 0.7% 0% 93.3%

Erlinger T. Diabetes Care® 2001;24(10):1734. Copyright
© 2001 American Diabetes Association. Reprinted with
permission from The American Diabetes Association



MeTOYEUMOATIKN UTTEPYAUKOIUIA
o€ 46 aoOeveic pe ZA1

> 2€ (6.9%, 2 WPEC META TO YEUUO
> Meon iyn 172.2 mg/dl

Maia FF et all. Diabetes Res Clin Practice, 2007



Postprandial Hyperglycaemia

Relation Between Postprandial Blood

Why Care About PPHG? Glucose Levels and CV Mortality

P DECODE ]
" Honoluly 1999¢ Pacificand ™\
/" Heart Programme Indian Ocean
19877 19992

/

Rancho-Bernardo Diabetes Study
, Study 1998° 19993
stress disease \

b
Oxidative Microvascular |

f
k The Funagata

o Diabetes Whitehall, Paris,
o A Intervention Study and p
Increased ™~ 1986° Helsinki Study ~
inflammatory

19080 _—
\ markers .

—DEGODE Study Group. Lancet. 1080,354:817-821.
Shaw JE, et al. Digbetologia. 1999;42:1050-1054.
Tomlinaga M, et al. Debetes Care. 1999,22:020-924.

Balkau B, et al. Dfabetes Care, 1098;21:380-36T.

Hanafald M, ¢t al. Disbatelogla. 1896;38:1577-15832.
Barreti-Connor E, et al. Dinbetes Care. .1888;21:1236-1239.
Abbott RD, el al. JAMA. 1987;257:949.852.




2XE0T TNG METOAYEUMATIKNG UTTEPYAUKAIMIOG
ME TNV AUZNON TOU TTAXOUG £0W-MECOU
XITWVA TWV KAPpWTIOWV oTO 2A2

0.90 - * [] <94 mg/dl
0.85 - ] 94-107 mg/dl
E
107-126 mg/dI
£ 0.80 - L J
=
O 126-148 mg/dl
0.75 - .
(] 148—-200 mg/dl
0.70 - .

2-hour postchallenge
glucose quintile

*Significantly different to 1st, 2"d, 34 and 4" quintile
CIMT = carotid intima-media thickness

Reprinted from Hanefeld M. Atherosclerosis 1999;144:229.
Copyright 1999, with permission from Elsevier



Meiwon TnG AINATWONG TOU HUOKAPOIOoU KATA
TN METOYEUMOATIKN TTEPIOOO O¢& aTopa peE 2A2

. Control patients

Diabetic patients

*P<0.01, postprandial values (3, myocardial blood volume and
myocardial blood flow) between controls and diabetic patients:
°P<0.01, postprandial and fasting values in control subjects;
#P<0.01, postprandial and fasting values in diabetic patients
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Scognamiglio R. Circulation 2005;112(2):179



H peTayeupatikn vtrepyAukaipia (PPG) givai
TTapayovTag Kivouvou vnroTtntag (DECODE)
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DECODE Study Group. Lancet 1999,354:617-621



H peTayeuHaTIKR Kal OX1 N YAUKOQIMIO VNOTEIOG
oXeTideTal YPOAMMIKA ME TRV KA vOoO

Log relative risk

1.2

1.0

0.8

0.6

0.4

0.2

-0.2

-0.4

-0.6

-0.8

50

75

OO © Fasting level
o) ® postchallenge level
O
© o
O
100 125 150 175 200

Blood glucose level, mg/dl

Levitan E. Arch Intern Med 2004;164(19):2147. Copyright ©
2004, American Medical Association. All rights reserved



2XEO0N TNG METAYEUMOATIKNG UTTEPYAUKAIMIOG ME TNV
gCEAIEN TNG ap@IBANCTPOELIdOTTAOEIOG OTO 2ZA2

70
60

50

40

30
2-hour postmeal
20

glucose concentration
4 . mg/dl
10 >273.6

210.6-273.6
108-210 .51, SEiEe

% of patients with progression
of diabetic retinopathy

<108

2-hour postmeal insulin concentration
pmol/l

Shiraiwa T. Diabetes Care® 2005;28:2806. Copyright © 2005
American Diabetes Association. Reprinted with permission
from The American Diabetes Association



MeTAYEUMATIKA UTTEPYAUKAIMIO KOl QUENMEVOG
KivOuvog yia Kakonoegieg

Women

Fasting
glucose

Postload
glucose

Men
Fasting
glucose

Postload
glucose

Relative risk of overall cancer according to World Health Organization categories of fasting and postprandial
glucose plasma levels (mmol/l) in women and men in the Vasterbotten Intervention Project, northern Sweden

NGT = normal glucose tolerance; IFG = impaired fasting glucose; Cl = confidence interval

NGT

IFG

Diabetes

NGT
Impaired

Diabetes

NGT
IFG

Diabetes

NGT
Impaired

Diabetes

Categories mmol/l
(mg/dl)

<6.1 (<109.8)

6.1-6.9 (109.8-124.2)
>6.9 (>124.2)

<8.9 (<160.2)
8.9-12.1 (160.2-217.8)

>12.1 (>217.8)

<6.1 (<109.8)
6.1-6.9 (109.8-124.2)

>6.9 (>124.2)

<8.9 (<160.2)
8.9-12.1 (160.2-217.8)

>12.1 (>217.8)

Cases

1218

158
52

1160
137

31

1030
153
58

1048
81

21

Odds ratio

1.00

1.31
151

1.00
1.17

171

1.00
1.00
111

1.00
1.07

1.08

95% ClI

1.10-1.54
1.13-1.97

0.98-1.40
1.17-2.39

0.84-1.18
0.84-1.43

0.85-1.34
0.68-1.63

L3

*

Stattin P. Diabetes Care® 2007;30(3):561. Copyright © 2007
American Diabetes Association. Reprinted with permission

from The American Diabetes Association



AOKANPWHEVOCS
YAUKOIMIKOG }

“.. €ENgyXog

/
e

<




450

350

250

150

100

50

333

125

208

/7 11

pm

I"Aukaipia (mg/dl)

432

295

137

am

(SD=62mg/dl)

374
316 322
v 332
173V
196
/7 11 3 7 11
pm am

Principle of MAGE assessment
(from Molnar et Service)

42



MAGE

Alakupavoeig YAukolng pe trapopola GHBALcC
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MAGE & EININMAOKEZ AIABHTH

Glycemic variability (self

Activation of Oxidative Stress by Acute monitored) & complications

Glucose Fluctuations in Type 2 Diabetes Development
5 o Baseline 1990-01 p
E% GHbA1lc 7,9+1,4 7,6+1,1 | 0,302
SO *oe TOTAL 3,8+1,0 | 4,5+0,8 | 0,028
o > ° ..s NEPHRO 3,8+0,8 4,4+1,6 | 0,022
iy o« C85 SDBG
aj -+
£d . HNNEURO 3,7+0,9 | 4,0+0,8 | 0,034
20 40 60 80 100 120 140 160 SDBG
MAGE, mg/dL
Bragd J et al,
Karolinska Institutet
Monier L et al, Diabetes Metab 34:612-6, 2008
Lapeyronie Hospital, Montpellier Plasma glucose variability
JAMA 295(14):1681-7, 2006 . : .
risk factor of retinopathy in Type 2
diabetes

Gimeno-Orna JA, et al
J Diabetes Complications. 17(2):78-81, 2003
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Vascular disease and diabetes:
IS hypoglycemia an
aggravating factor?

Rohana J. Wright
Diabetes Metab Res Rev 2008



AINOOUVAMIKEG METARBOAEC OTNV
UTTOYAUKOIHIO

MeTaBoAn Mnxaviouoi
Kapdlakog Aucnon 3,-a0PEVEPYIKOG
puBuOg

2. UOTOAIKN Aucnon a Kai B3,-
QPTNPIAKN TTIECN aOPEVEPYIKOI
Kapdiakn Aucnon 3,-a0PEVEPYIKOG
TTapOoxN

HKI AvaoTpopn T B-adpevEPYIKOI,

Kataotraon ST
MapaTtaon QT

YTrokaAlaiia




Haemodynamic T Endothelin T Flasma T Factor V111 TvWF Flatelet Meutrophil T CRP
viscosity activation activation
h 4 hJ
Vasoconstriction L Blood flow T Coagulation Endothelial
damage
Capillary closure Thrombosis Atherogenesis
__.'-""--- "'\-\.___\_H_-
.,-'-"-FF -\-\-"'--\_\__
- VASCULAR ) :
- COMPLICATIONS -




Meiwon HbAic (ACCORD)

Aywyéc Trou
Xpnoipomoienxkayv
Standard therapy oT0 oxt)\oz ™me
EVTATIKAC
YAURGIPIKAS

pUBMONG

IvoouAivn 77%
TZD 92%
SU 78%

R
£
B
o
Bb
o
£
@
I
-
3
1]
O
=
V)

Intensive therapy

| |
5 3
Met@opuivn 95%

Years

No. at Risk
Standard 5109 3186 1744 455

therapy
Intensive 5119 3165 1706 476

therapy




0 O KO 2 O 0 SOUATC
ORD
INLENSIVES St d el
INK0) INH0) HRA(O56:Cl)H R

Primary 352 (6.86) | 371 (7.23) | 0.90(0.78-1.04) | 0.16
Secondary

Mortality 257 (5.01) | 203 (3.96) | 1.22(1.01-1.46) | 0.04

Nonfatal Ml 186 (3.63) | 235 (4.59) | 0.76 (0.62-0.92) | 0.004

g'tc;g‘;(a;a' 67 (1.31) | 61 (1.19) |1.06(0.75-1.50) | 0.74

CVD Death 135 (2.63) | 94 (1.83) |1.35(1.04-1.76) | 0.02

CHF 152 (2.96) | 124 (2.42) | 1.18(0.93-1.49) | 0.17




2o0Bapn YTroyAukaipia
otnv ACCORD,Tnv UKPDS ka1 Tnv ADVANCE

Opddeg Evratinng yivxopxng o00uong
7 4,6

N
|

Events per 100 patient/ year

=
|

ACCORD ADVANCE

ACCORD Study Group. N Engl J Med. 2008
UKPDS Group. N Engl J Med. 2008
ADVANCE collaborative group. NEJM, 2008



2Xe0100MO0G MEAETNG (VADT)

> MPOOTTITIKN- TUXOIOTTOINMEVN MEAETN
EVTATIKNG VS TUTTIKNG BepaTreiag acOevwyv
pE 2A TUTTOU 2

> 1791 appuBuioTol aocBeveic pe ZA TUTTOU 2
OVTOG OTN MEYIOTN OO0 N UTTOYAUKOIMIKWYV
PAPMAKWY per 0S Kai /R IvoouAivn

> Aldpkela TTapakoAouOnong: 7,5 €Tn




Meiwon HbA1ic (VADT)




2NMOCia TNS ooBapng
uttoyAukaipioag (VADT)

Predictor of CV death
>H R: 4.04, p<0.008

Predictor of all cause mortality
» Standard HR: 5.89, p=0.001
> Intensive HR: 1.28,

Predictor of Primary Outcome
> HR: 1.02, p=0.002



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Severe Hypoglycemia and Risks of Vascular
Events and Death

Sophia Zoungas, M.D., Ph.D., Anushka Patel, M.D., Ph.D.,
John Chalmers, M.D., Ph.D., Bastiaan E. de Galan, M.D., Ph.D.,
Qiang Li, M.Biostat., Laurent Billot, M.Sc., Mark Woodward, Ph.D.,
Toshiharu Ninomiya, M.D., Ph.D., Bruce Neal, M.D., Ph.D.,
Stephen MacMahon, D.Sc., Ph.D., Diederick E. Grobbee, M.D., Ph.D.,
Andre Pascal Kengne, M.D., Ph.D., Michel Marre, M.D., Ph.D.,
and Simon Heller, M.D., for the ADVANCE Collaborative Group

M ENGL) MED 363;15 MNEJM.ORG OCTOBER 7, 2010




Severe Hypoglycemia (%)

1.2+

1.0+

0.8+

0.6

0.4+

0.2

0.0

0-12

[] Standard treatment ] Intensive treatment

13-24 25-36
Months

3748

49-60




Episodes of severe and minor hypoglycemia

Variable

Severe hypoglycemia

No. of patients (%)
No. of episodes
One
Two
Three or more
Rate (per person per year)
Minor hypoglycemia
No. of patients (%)
No. of episodes
One
Two
Three or more

Rate (per person per year)

All Participants

(N=11,140)

231 (2.1)

184
35
12

0.006

4975 (44.7)

2610
671

1654
1.1

Intensive
Glucose
Control

(N=5571)

150 (2.7)

120

22

&
0.007

2898 (52.0)

1529
397
972
1.2

Standard
Glucose
Control

(N =5569)

81 (1.5)

64

13

4
0.004

2077 (37.3)

1081
274
/22
0.9

Hazard Ratio
(95% Cl)

1.86 (1.40-2.40)

1.58 (1.49-1.68)



No. of Adverse Qutcomes

B Macrovascular event [ Microvascular event [ Death from any cause

25+

20+

154

10+

[] Cardiovascular death [ Moncardiovascular death

ﬁhmm

13-24 25-36 37438
Months from Hypoglycemia to Event




Events

Major macrovascular events
Unadjusted model
Adjusted model

Major microvascular events
Unadjusted model
Adjusted model

Death from any cause
Unadjusted model
Adjusted model

Cardiovascular disease
Unadjusted model
Adjusted model

Noncardiovascular disease
Unadjusted model
Adjusted model

Respiratory system events
Unadjusted model
Adjusted model

Digestive system events
Unadjusted model
Adjusted model

Diseases of the skin
Unadjusted model
Adjusted model

Cancer
Unadjusted model
Adjusted model

Severe No Severe
Hypoglycemia Hypoglycemia
(N=231) (N=10,909)
no. of patients with events (36)
33 (15.9) 1114 (10.2)
24 (11.5) 1107 (10.1)
45 (19.5) 986 (9.0)
22 (9.5) 520 (4.8)
23 (10.0) 466 (4.3)
18 (8.5) 656 (6.0)
20 (9.6) 867 (7.9)
6(2.7) 146 (1.3)
5(2.2) 149 (1.4)

Hazard Ratio (95% Cl)

0.1

1.0

4.05 (2.86-5.74)
3.53 (2.41-5.17)

2.39 (1.60-3.59)
2.19 (1.40-3.45)

4.86 (3.60—6.57)
3.27 (2.29-4.65)

4.87 (3.17-7.49)
3.79 (2.36-6.08)

4.82 (3.16-7.35)
2.80 (1.64-4.79)

3.23 (2.02-5.17)
2.46 (1.43-4.23)

2.97 (1.90-4.63)
2.20 (1.31-3.72)

5.02 (2.20-11.40)
473 (1.96-11.40)

3.44 (1.40-8.42)
2.11 (0.65-6.82)
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MéEon TIMA YAUKOCNG TTAACHATOC KOl
avTioToIxa etriTreda HbAlc

M.II. HbAlc 3
:

:

126 6 =

2

154 7 :
183 8 s
212 9 ki
240 10 2
298 12 3

ADA 2010



Estimated average glucose
(eAG)

28.7 x A1C - 46.7=eAG (mg/dl)

ADA



Does Alc consistently reflect
mean plasma glucose ?

David Shorm, Journal of Diabetes 2010

Pearsons correlation coefficient:0.59 (p< 0.0001)



Alc (%)

<6.5 (26575 ) 27585 28595 9.5

n 101 260 176 61 25
Méon TIMR \_
YAUKOING 129 ‘ i@ 160 183 212
(mg/dl)
SD 16 23 26 35 47
Méon TiuR YAUK6dng (mg/dl)
90th percentile 153 @ 190 217 264
75th percentile 142 155 173 204 243
50th percentile

. 127 140 157 183 220
(median)
25th percentile 120 (4) 143 165 189
10th percentile 108 ¢ ES/ 129 138 145



Fasting and Postchallenge Glycemia
and Cardiovascular Disease Risk

The Framingham Offspring Study

James B. Meigs, et al., Diabetes Care 2002



Subject characteristics

n 3.370
Age (years) 54
FPG (mg/dl) 97
2h PG (mg/dl) 113
HbA1lc (%) 5,33
Untreated Previously Undiagnosed

Diabetes (%) 3,2

CVD (Events) 118




Framingham Offspring Study

NMapApETPOI CUOYXETIONG

Pearson Correlation

Coeficient
- AUKO(N vnaoTeiag Kal 0.54
HDA
" AUKO(N vnaoTeiag Kal 0.70
IETAYEUMATIKN YAUKO(N
MeTayeupaTikn YAUKOZN Kal 0.48

HbA -

0<0.0001



MpoyvwoTIKG HOVTEAQ eKTinNOoNG KA Kivdouvou

Modell Model2 Model3 Model4 Model5 Model 6
FPG (per 13 mg/dl increase)
RR 1,088 1,024
05% CI 1,02-1,16 0,76-0,998 0,92-1,14
P 0,008 ON0Y:13) 0,7
2hPG (per 38 mg/dl increase)
"R
9500 CI 1,10-1,27 1,17-1,72 1,07-1,43
P 0,0001 0,0004 0,005
HbAlc (per 0.71% inrcease)
RR 1,151 1,115
95% ClI 1,02-1,30 0,92-1,35 0,77-1,13
P 0,03 0,3 0,5
c-statistic 0,752 0,749 0,740 0,741 0,745 0,741
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Incidence rate of diagnosed diabetes

Incidence Rate of Diagnosed Diabetes

(per 1000 person-yr)
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Hazard ratios for diagnosed diabetes and coronary heart

disease, ischemic stroke and death, according to HbA,

—— Restricted-cubic-splire rmcdel with 4 knots ——— 3-Knot linear spline model (krots at 500 5.5%, and &.005)
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