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Diabete: un mosaico di malattie diverse

Gestazionale

MODY

Altri monogenici

Secondario




Diabete: un mosaico di geni coinvodii
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Haplotype analysis of TCF7L2 polymorphisms and glucese
stimulated insulin secretion in newly-diagnosed _f2DM
(Bonetti et al - JCE&M, 96: E389, 2011)
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Sensibilita insulinica (M-clamp) nei soggetti diabetici del
VNDS in funzione della presenza o meno dell’all¢ie di
rischio di PPARG2 e dell’allele di rischio di ADAMTS9

(Bonetti et al — submitted)
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Diabete: un mosaico di organi, tessuti, cellule coinvgiti
nella patogenesi dell’iperglicemia

Skeletal muscle
Impaired glucosge utiiization
(transport, storage, oxidation)

Liver Endocrine pancreas
Increased Impaired insulin secretion
endogenous glucose Exaggerated glucagon secretion
production

!

’}_\"\- '1 : 6 st
Adipose tisst
Releas® of
diabetogeric molecules
(FFA, adipocytokines)

Brain
Abnormal metabolic control

Gut Kidney

Impaired incretin effect  Increased glucose reabsorption



Relationship Between Fasting Glucose Levels

and Endogenous Glucose Output
(DeFronzo RA - Diabetes 1988; 37.667-84)
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Whole Body and Muscle Insulin Resistance
iIn T2DM

(De Fronzo et al; J Clin Invest 1979 and 1985)
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Frequency Distribution of M-clamp In Subjecis
with Newly-diagnosed T2DM

Threshold of insulin resistance = upper limit of bottom quintile of M-clamp in 515 non-obese healthy subjects
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Loss of First-Phase Insulin Secretion after
1.vV. Glucose in T2DM

(Ward WK et al; Diabetes Care 7:491, 1984)
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Changes in Insulin Secretion and Sensitivity are

Associated to the Development of T2DM
(Weyer C et al; J Clin Invest 104:787, 1999)
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Frequency Distribution of B-Index in Subjects
with Newly-Diagnosed T2DM

Threshold of B-cell defect = upper limit of bottom quintile of B-index in 125 non-shtese healthy subjects
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A Proof-of-Concept from Mother Natuy
A Girl with Leprechaunism
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Beta-Cells are Reduced and Alpha-Cells are

Increased In Human Pancreatic Islets froma'2DM
(Deng et al; Diabetes 53: 624, 2004)

Nondiabetic T2DM
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35% a-cells 52% ao-cells
55% B-cells 48% B-cells

| |
P <0.01




Plasma Glucagon

(fmol/L)

Plasma glucagon levels and endogenous
glucose production during an OGTT In<F2DM

(Mitrakou A et al.; Diabetes 1990)
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Increased Glucose Transporter Proteins
and Activity in Type 2 Diabetes

(Rahmoune et al, Diabetes 2005; 54:3427-3434)
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Upper Hypothalamus Is Completely Unresponsive to an©Oral
Glucose Load in Type 2 Diabetes. A functional MRLStudy.

(Vidarsdottir S et al - Diabetes 56: 2547-2550, 2907)
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Diabete: un mosaico di danni d’organg

Apparato
Cute osteoarticolare

\1/

Tubo Sistema

digerente C€™Vello immune




Prevalence of macrovascular complications:™

e
at time of diagnosis of T2DM G
(Verona Newly Diagnosed Diabetes Study; unpubllsgébl)
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Prevalence of microvascular complications

at time of diagnhosis of T2DM
(Verona Newly Diagnosed Diabetes Study; unpiiished)
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Prevalence of micro- and/or macrovasculg\gcg\@‘

complications t time of diagnosis of T.
(Verona Newly Diagnosed Diabetes Study; unpubl(i\sgébl)
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Diabete: un mosaico di alterazioni ancillari cxne
contribuiscono alle complicanze e all’outcome

stress R S
lizoiossicita
)

dislipidemia ossidativo
aterogena =

glucotossicita

inflamimazione!
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endoteliale epatica

Iperiensione i|—

Obesita centrale &
disregolazione adiposa (adiposite)
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Prevalence of “Non-Glycemic” Cardiovascutar

Risk Factors in Subjects with T2DM:"

(Verona Diabetes Complications Study; Bonora et al, Dlabet M;deZl 52, 2004)
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Metabolic Syndrome predicts CVD in T2DM

(Verona Diabetes Complications Study; Bonora et al, Diabetic Med.20252, 2004)

OR o S\
Age (per year) 1.05_ | 103-1.07
Smoking (yes vs no) > 163 : 1.01-2.64
HbAlc (per unit) _ o 1.18 1.03-1.36
Xlgtsa\t/’;":fof'?"*'drome 4.89 1.16-20.7

n=559; age 65 yr, duration 9 yr; follow-up 4.5 yr
CVD= cardiovascular death, nonfatal Ml or stroke, angina, TIA, asymptomatic CHD,

carotici'or peripheral atherosclerosis (echo-doppler)
Sex, duration, treatment and LDL concentration did not enter in the model



Insulin Resistance Predicts CVD in T2DM

(Verona Diabetes Complications Study; Bonora et al, Diabetes Care 25; 135, 2002)

2.5 1
0=0.01 N $<0.001
15 1  1.02-1.06 {206-1.39
p<0.001
OR
1
0.5 7
Age Smoking  T-Chol/HDLChol Ln(HOMA)

N=627, follow-u 4,5 yr. Model including also sex, duration, BMI, hypertension, HbAlc.

CVD= cardiovascular death, nonfatal Ml or stroke, angina, TIA, asymptomatic CHD,
carotid or peripheral atherosclerosis (echo-doppler)



CRP Predicts CVD in Men with T2DM:="

(Health Professional Study; Schulze et al, Diabetes Care 27: 8@.5@04)

N

3_

CRP quatrtiles

Data?gﬁﬁsted for age, life-style factors, hypertension, cholesterol, BMI
follow-up 5 years



VCAM-1 Predicts Mortality in T2DM

(Stehouwer et al; Diabetes 51:1157, 2002) | 0\6\0

05\‘ e VCAM-1 Tertiles
3
O\QQ o>
n=328;: (@h)w-up 9 years
D@@a%justed for age, sex, duration, prior CVD, UAE, BMI, SBP, cholesterol, HbAlc



Fibrinogen Predicts CVD Mortality in T2D] &
(Bruno et al; Diabetologia 48:427, 2005) 0\@‘0

2_

N

%
XOF <3.0 @ 3.0-3.49 3.5-4.1 >4.1
Fibrinogen (g/l)

I’Q%% fo%qw\bp 11 years
Adjuste( age, sex, HbAlc, LDL, HDL-C ratio, hypertension, smoking, baseline CHD



Serum Uric Acid Independently Predicts CVD
Mortality in T2DM

(Zoppini et al; Diabetes Care 32: 1716-1720, 2009)

Table 2—Predictors of cardiovascular mortality as assessed by multiy (‘@[ ox I!w11|!n1't|u||-:'|' rl-:;._t\{\. (els
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A ’li.......1 Multivariate %O “uhﬂnvamt\(b ultvariate
E B oo EEVES mode] 1 A\\@ P madel 3 F
£ 09 RS e ‘ , LY\ ,
7 sy 11 Serum uric acid (pmold} 1. A <0001 1@\}.‘52—1.."-&‘: 0024 1.2711.01-1.61} 0.046
5 ~m Age (ycars] T = Dum 7 BTk 5 R (X 1) BN S W0 B B X ) R N V1)
Z 0.8 Sex (male vs, fernale] - b‘ 1.38 (393-2.05) i 395 (0.57-1.58) NS
2 Current smoking e ] ICI "'-Eu—.'-l n \‘\ 1.25 (068-2 23) NS 1.18{0.56-2.53 M5
E 07 Diabetes duration (b 1.20 (L.01- 144%(‘} 0050 L17(097-142) NS 1.26 (0.98-1.61) NS
~ Bl IL':-'m (\ 096 (0.77 \CI 096 (0 Te-1.200 i AT (065-1.13) NS
0.6 AlC l_'s;.@o 1.10{@A0 :~:5 1.01 (0.82-1.25) NS 1.02 (0.78-1.35) NS
1 2 3 4 5 H kil {l‘l‘ln‘lHE‘: Q@ 49— 1 "".:I' M5 B3 (D41-160) i 64024165 NS
Follow-up years FEmic d}“sllpdr:mla 7(0.53-1.14) [ b A9 (051-1.120 i 073045119 NS
_ LOL cholesteral | nlmo'% 1 17 (0.99-1.39) [ 112 (54-1.34) i 116 (2931 46) NS
‘IQ(IH.‘ l—}\ll;\d'l x\u.lc' LUrves U' cardiova ral hvoosl \ g5 0,69 (0.36-1.35) MG 003 (0.43-1.00% BE 0&ED 0261810 mS
wlar mortality in 2,726 type 2 diab - JPOE }t% . - e . o P ' o
chir wiothality s 2,720 lype 3 thiubutop Insulin (i r@, 1.28 (0.63-2.60) NS 1.30 (0.62-3.15) NS 1.00 (0.38-2.63) NS
i f‘,‘",“,‘,'-_{‘fl‘j by o ‘{";'- 73 tertik @‘fﬁ"‘_'_’ Ani agr_nu 1.07 (0.74-1.55) NS 1.11(0.76-1.65) NS 1.46 (0.89-2.35) NS
T AR A Ky Rt Ay AP hrinol therapy 1.24(0.71-2.16) NS 1.10(0,62-1.95) NS 1.12(0.57-2.22) NS
timated by the log-rank (g ~ 0.001 for the & _ o —
Shind eottle e b o ad) “ Yy 5 Wi eioFR 056 (0440720 <0001 072 (0.53-0.96] 0.4
('l"d terhiie vs. t’ll‘ A fl@\ o tertiles) ] . . R .
Microalbuminuria 1.55(DA0-2.710 MS
Macrealbuminuria 1010155581 0.001

Crata are HEs (93% CI0. Cohort size, n = 2,726 The HRs for continuous variables were computed for 1-50 change. Atherogenic dyslipidemia was defined as
triglyeenides =1.7 mmol] and'or low HOL cholesterol «1.04 mmeld or on treatment. Hypertension was defined 2= blood pressure =140/%0 mmHg or receiving
treatrment.

n= 2726, mean follow-up: 4.7 years



Ultrasonography-Diagnosed NAFLD is an
Independent Predictor of CVD in T20M

Targher G et al — Diabetes 2005; 12: 3541-3546

Variable Model 1 Model 2 Megiel 3
Age 1.13 1.13 1.12
(per 10 yr) (1.07-1.14) (1.07-1.14) " (1.06-1.14)
Sex 1.48 | 1.46 1.46
(Mvs F) (1.1-2.@) (1,2-1.9) (1.2-1.9)
Smoking .42 | 1.40 1.40
(yes vs. no) (1.1-2.0) i (1.1-1.9) (1.1-1.9)
NAFLD 1.90 1.84 1.53
(yes vs. no) (Qv4-2.2) (1.4-2.1) (1.1-1.7)

N=744, follaw-up 5 yrs
Model d~age and sex
Maael 2: + smoring history, diabetes duration, HbA1C, LDL cholesterol, GGT levels, and use

of medicatigns (i.e., hypoglycemic, antinypertensive, lipid-lowering, or antiplatelet drugs)
Model 3:“+ metabolic syndrome



Liver steatosis IS an
Independent risk
factor of CVD

Targher G, Day C, Bonora E
New Engl J Med 2010;
363:1341-1350

Chronic inflammation
Thrombophilia
Atherogenic Dyslipideriia
Dysglycemia

Insulin Resistance

Expanded and inflamed
visceral fat mass

Chronic inflammation
1 C-reactive protein, interleukin-6, tumor necrosi
and other acute-phase proteins)
ypercoagulation and hypofibrino
yrinogen, factor VI, plasminogen activator inhibitor
and other coagulation factors)
Atherogenic dyslipidemia
reased triglycerides, decreased HDL cholesterol, increased sma

postprandial lipemia)

Dysglycemia and (hepatic) insulin resistance

—

- "-.,\/"' —

Atherothrombosis




Diabete: le tessere del mosaico dei parametri di
laboratorio, esami strumentali e visite di consuignza

HbAlc
Glicemia

Profilo
lipidico

Uricemia

Chetonuria

C-peptide:

Ab-GAD

Creatinina

Microalbuminuria

ECG

Ecodoppler
TSA

Ecodoppler
JAVAY]

Ecografia
addome

Test
autonomici

Visita
oculistica



Diabete: un mosaico di parametri
glicemici da correggere

\“'__A\\ =

Elevata HbAlc Icl)osirglvlfﬁcii:;e " Eccessiva
A Variabilita
o | < glicemica
izsageratc gicco glicemico
R post-prandiale
Ipergliceria
i o : :
4 Ceartino : : : Ipoglicemia
Elevata glicemia media
giornaliera




Glycemic Phenotypes in Treated T2DM

(Bonora et al, Diabetologia 49:846, 2006; n=3284)

40 - Mean Pre-prandial: good=<110; fair=110-160; poor >160 mg/di
Mean Post-prandial: satisfactory=<40; exaggerated >40“mg/dl
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Post-Prandial Glucose and CVD in FZ2DM

(Cavalot et al; JCEM 91: 813, 2006)

lidiependent
predictors
Fasting glucose no
HbAlc no
Post-prandial glucose yes
HRs PFG T3 vs, 11-2 HRs PPG T3 vs. T1-2
men 2.19 men 2.13
wermen 5.69 women 8.39
After adjusting for FBG After adjusting for HbAlc

and other confouders and other confounders



Survival probabillity

Cardiovascular Mortality in Elderly Patients with
Type 2 Diabetes Stratified According to

Variability of Fasting Plasma Glucose (CV-FPG)
(Verona Diabetes Study; Muggeo et al, Circulatigin 1997)

1 - ‘—H:E‘
0.95- E‘:‘ﬂz{\:__\_h
0.9 N “L\x\ <11.2%
T 11.2-18.4%
0.85-
0.8-
0.75- >18.4%
07 N\ I | I | |
0 1 2 3 4 5

follow-up (years)



VADT - Predictors of CVD Deat

(Duckworth et al —= NEJM 2009; 360: 129-139)

|
Variable REVEET A

Raté Value

Prior CVD event 3.116 0.0001
Age (per 10 yr) | 2.890 <.0001
HDL (per 10 mQ) N _ 0.699 0.0079
Baseline H'r)Alc_(per 1%) ‘ 1.213 0.0150
Se\'ere_Hypcg:yc;)mia 4.042 0.0076




Diabete: un mosaico di fenotipi clinici
fra cui districarsi

Nuova diagnosi

Nuova diagnosi

Media durata

Sanza
Cormplicanza

awa —

Mediz aurata

Complicanze presents

Lunga durata

Minime
Complicanze

Media durata

Complicanze presenti

Lunga durata

Complicanze
Severe




A New Paradigm Iin Diabetes Care:
Customized HbAlc Targets

» “Recruit” patient (newly diagnosed T2DM, midd!e age,
no prior CVD, any HbAlc)
HbA1c Target = <6.5%; “no mercy”

» “Veteran” patient (long standing T2DM, older age,
no prior CVD, previouslytairly contioiled diabetes)
HbAlc target = 6.5<7.5%; “smo6ih decline”

» “Injurea-Veteran® patient (long standing T2DM, prior CVD,
sevarely uncontrolled diabetes; "hyperglycemia addicts” ‘
whno need progressive adaptation to lower glucose levels?)
HbAZC target = 7.5-8.5%; “handle with care”




Diabete: un mosaico di farmaci

Anti-diabetici Antizipertensivi
Metformina A Ba vl ACE-inibitori

Pill sono i farmaci fra cui scegliere,
piu facile e-sbaghare e
pilu serve competenza ed esperienza

u A\
~a
cioe....
N\ ]
1L 'serve i
I| p X "’
Statine AIIOPUIINOIV
Fibrati Gabapentin
zzetimibe Pregabalin

Acido nicotinico eCC. ecc. ecc.



Anti-diabetici a confronto: beneficl ancidiari

MET | SU | REP | PIO |DPP-4{Acarb{GLP-1
BMI f) NN e | U
TG = | = [ fe7] =z =
HDL = = oM 4% = =
BP = = 4 = =
UAIb | - | =0 = = = =
CPR J = PY = = = U
PAI-1 | ¥ = = = = U
ATS' | = = = = = =
'cvD 4 U U l M U U@ | U [ U@




Anti-diabetici a confronto: aspetti clintci

Acarb

MET SU REP PIO | DPP-4 GLP-1
Ipoglicemia + +
Vomito ) ++
Diarrea (+) +++ +
Fratture x
Edema T4
Iniezioni _ i +
N. sommin. £ &) ++ +++ (+)
Titolazigne 1 ++ 4 + +++ (+)
‘SMBé . ) + +
Interazioni +++ + +




Diabete: un mosaico di professionisti che
condividono la cura

Generale

Medico di Medicina

[Diabetologsc

Ortopedico

\\’&
2 °

- —

rJefrologo

) l

Podologo" Neurologo

Cardiologo

Chirurgo

Psicologo
9 Vascolare

[

Dietista

Infermiere esperto
di diabete







Sopravvivenza dei diabetici assistiti presso il centro-di

diabetologia rispetto al non afferenti

(Verona Diabetes Study — Verlato G et al; Diabetes Care 19:@11, 1996)

Mortalita per tutte le Martdiita cardidvascolare
cause
100 10(h.\b
S 95- S X
5 =05 afferenti
8 90- afferertti 7
>
C g5- 9 \\ = N
(c/%)' ‘\ < 5907 | 0.00
80- A&A afferenti \\ffo'(m N non afferenti
750
o 1 =2 3 4 S 55 O 1 2 3 4 5
anni

n=7:;488; follow-up=5 anni



Diabete: un mosaico di spese per la cura

Spesa media annua pro-capite circa € 2.750 (>75% complicanze)

& Alrl farmaci

Ricoverl . (23%)
Ospedzaliert
(O7%) Feami & jaboratorioe |
e visite mediche e diabetici

specialistiche (6%)

i'_\ (14%)




Le tre emergenza sanitarie del mondg
secondo I’Organizzazione Mondiiie
della Sanita

Tubercolosi
VEIEE!

Diabete mellito




Risoluzione del’ONU
n. 61/225 del 20 Dicembre 20066

(omissis) aumentare la consapevolezza pubhiica sul
diabete e le relative complicanze; promtiovere la
sua prevenzione e terapia, ariche mediante
I'educazione e | mass media




(L

Diabete: un mosaico di collaborazioni per

fronteggiare I’emergenza
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Diabete: un mosaico di atti richiesti al
paziente (partecipazione alla curé)
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Lifelong Adherence Requested to
Diabetic Patients

During his/her life up to 100,000 timesg 'd persemwith
diabetes has to adhere to prescriptiens, recogimendations,
suggestions made by a doctary'a nurse;a dietician !!!




Diabete: un mosaico coi pezzi al posto
giusto...
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