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Diabete: un mosaico di malattie diverse
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Altri monogenici
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Diabete: un mosaico di geni coinvolti

Geni della disfunzione beta cellulare

• KCNJ11

• TCF7L2

• IGF2BP2

• WSF1

• SLC30A8

• CDC123

• TSPAN8

• KCNQ1

• MTNR1B

• HHEX

• CDKAL1

• CDKN2A/B

• HNF1B

• JAZF1

• GCKR

• ecc.

Geni dell’ insulino-resistenza

• ENPP1 (PC-1)

• PPARG

• ADAMTS9
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Haplotype analysis of TCF7L2 polymorphisms and glucose 

stimulated insulin secretion in newly-diagnosed T2DM

rs7901695 rs7903146 rs11196205 rs12255372 Haplotype

freqency

haplo.4 C T C G 0,0383

haplo.36 C T C T 0,3479

haplo.9 T C C G 0,0864

haplo.45 T C G G 0,4559

PROPORTIONAL CONTROL
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(Bonetti et al – JCE&M, 96: E389, 2011)
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Sensibilità insulinica (M-clamp) nei soggetti diabetici del 

VNDS in funzione della presenza o meno dell’allele di 

rischio di PPARG2 e dell’allele di rischio di ADAMTS9

(Bonetti et al – submitted)

ADAMTS9

PPARG2
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Hyperglycemia

Liver
Increased 

endogenous glucose 

production

Skeletal muscle
Impaired glucose utilization 

(transport, storage, oxidation)

Endocrine pancreas
Impaired insulin secretion

Exaggerated glucagon secretion

Diabete: un mosaico di organi, tessuti, cellule coinvolti

nella patogenesi dell’iperglicemia

Gut
Impaired incretin effect 

Kidney
Increased glucose reabsorption

Brain
Abnormal metabolic control

Adipose tissue
Release of

diabetogenic molecules 

(FFA, adipocytokines)
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Relationship Between Fasting Glucose Levels 

and Endogenous Glucose Output
(DeFronzo RA - Diabetes 1988; 37:66787)

Fasting Glucose (mmol/l)

Fasting Glucose (mg/dl)

r=0.847

p<0.001E
n
d
o
g
e
n
o
u
s 

G
lu

c
o
se

 O
u
tp

u
t

(m
g
/
k
g
.m

in
)

0 100 200 300

10 155

1.5

2.0

2.5

3.0

3.5

4.0

Normals (n=73)

DMT2(n=77)

Normal range

Diapositiva preparata da Enzo Bonora e ceduta alla Società Ita
liana di Diabetologia. 

 
Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



T2DM
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(De Fronzo et al; J Clin Invest 1979 and 1985)

Whole Body and Muscle Insulin Resistance

in T2DM
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Loss of First-Phase Insulin Secretion after

i.v. Glucose in T2DM
(Ward WK et al; Diabetes Care 7:491, 1984)

Type 2 diabetes
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(Weyer C et al; J Clin Invest 104:787, 1999)

Changes in Insulin Secretion and Sensitivity are

Associated to the Development of T2DM

NGT
NGT

IGT

DM

NGT - Non converters to 

T2DM

NGT - Converters to T2DM
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(Deng et al; Diabetes 53: 624, 2004)

52% -cells

48% β-cells

P <0.01

T2DM

Beta-Cells are Reduced and Alpha-Cells are 

Increased in Human Pancreatic Islets from T2DM

35% -cells

65% β-cells

Nondiabetic
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Plasma glucagon levels and endogenous 

glucose production during an OGTT in T2DM
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GLUT2 AMG Uptake

NGT T2DM NGT T2DM

AMG=methyl--D-[U14C]-glucopyranoside; CPM=counts per minute.

SGLT2

NGT T2DM
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Upper Hypothalamus Is Completely Unresponsive to an Oral 

Glucose Load in Type 2 Diabetes. A functional MRI Study.

(Vidarsdottir S et al - Diabetes 56: 2547-2550, 2007)

water

glucose

water

glucose
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Diabete

Sistema

immune

Tubo

digerente

Apparato 

osteoarticolareCute
Gonadi

Cervello

Diabete: un mosaico di danni d’organo
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Prevalence of macrovascular complications

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

at time of diagnosis of T2DM

Retinopathy Nephropathy Autonomic

Neuropathy
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Prevalence of micro- and/or macrovascular 

complications t time of diagnosis of T2DM
(Verona Newly Diagnosed Diabetes Study; unpublished)
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Diabete: un mosaico di alterazioni ancillari che 
contribuiscono alle complicanze e all’outcome 

Obesità centrale &

disregolazione adiposa (adiposite)

disfunzione

endoteliale
ipertensione

dislipidemia

aterogena
infiammazione

steatosi

epatica

stress

ossidativo

iperuricemia

glucotossicità

lipotossicità

trombofilia
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Prevalence of “Non-Glycemic” Cardiovascular
Risk Factors in Subjects with T2DM

(Verona Diabetes Complications Study; Bonora et al, Diabet Med 21: 52, 2004)
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Metabolic Syndrome predicts CVD in T2DM
(Verona Diabetes Complications Study; Bonora et al, Diabetic Med 21: 52, 2004)

1.16-20.74.89
Metabolic Syndrome
(yes vs no)

1.03-1.361.18HbA1c (per unit)

1.01-2.641.63Smoking (yes vs no)

1.03-1.071.05Age (per year)

C.I.OR

n= 559; age 65 yr; duration 9 yr; follow-up 4.5 yr

CVD= cardiovascular death, nonfatal MI or stroke, angina, TIA, asymptomatic CHD, 

carotid or peripheral  atherosclerosis (echo-doppler)

Sex, duration, treatment and LDL concentration did not enter in the model
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Insulin Resistance Predicts CVD in T2DM
(Verona Diabetes Complications Study; Bonora et al, Diabetes Care 25: 1135, 2002)

N=627, follow-up 4,5 yr. Model including also sex, duration, BMI, hypertension, HbA1c.

00

0.50.5

11

1.51.5

22

2.5

OR

CVD= cardiovascular death, nonfatal MI or stroke, angina, TIA, asymptomatic CHD, 

carotid or peripheral  atherosclerosis (echo-doppler)

Age

1.02-1.06

p<0.001

Smoking

1.00-2.35

p=0.01

T-Chol/HDLChol

1.06-1.39

p<0.001

1.14-2.12

p<0.001

Ln(HOMA)
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CRP Predicts CVD in Men with T2DM
(Health Professional Study;  Schulze et al, Diabetes Care 27: 889, 2004)

Data adjusted for age, life-style factors, hypertension, cholesterol, BMI

N= 746; follow-up 5 years
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VCAM-1 Predicts Mortality in T2DM
(Stehouwer et al; Diabetes  51:1157, 2002)

n=328; follow-up 9 years
Data adjusted for age, sex, duration, prior CVD, UAE, BMI, SBP, cholesterol, HbA1c
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Fibrinogen Predicts CVD Mortality in T2DM
(Bruno et al; Diabetologia  48:427, 2005)

n=1565; follow-up 11 years
Adjusted for age, sex, HbA1c, LDL, HDL-C ratio, hypertension, smoking, baseline CHD

R
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n= 2726; mean follow-up: 4.7 years

Serum Uric Acid Independently Predicts CVD 
Mortality in T2DM

(Zoppini et al; Diabetes Care 32: 1716-1720, 2009)
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Ultrasonography-Diagnosed NAFLD is an 

Independent Predictor of CVD in T2DM
Targher G et al – Diabetes 2005; 12: 3541-3546 

Variable Model 1 Model 2 Model 3

Age

(per 10 yr)

1.13

(1.07-1.14)

1.13

(1.07-1.14)

1.12

(1.06-1.14)

Sex

(M vs F)

1.48

(1.1-2.0)

1.46

(1.2-1.9)

1.46

(1.2-1.9)

Smoking

(yes vs. no)

1.42

(1.1-2.0)

1.40

(1.1-1.9)

1.40

(1.1-1.9)

NAFLD

(yes vs. no)

1.90

(1.4-2.2)

1.84

(1.4-2.1)

1.53

(1.1-1.7)

N=744, follow-up 5 yrs 

Model 1: age and sex

Model 2: + smoking history, diabetes duration,  HbA1C, LDL cholesterol, GGT levels, and use 

of medications (i.e., hypoglycemic, antihypertensive, lipid-lowering, or antiplatelet drugs) 

Model 3: + metabolic syndrome
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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 Dyslipidemia

Dysglycemia

Insulin Resistance
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Diabete: le tessere del mosaico dei parametri di 

laboratorio, esami strumentali e visite di consulenza

HbA1c

Glicemia

Profilo

lipidico

Uricemia

Chetonuria

C-peptide

Ab-GAD
Creatinina Microalbuminuria

ECG

Ecodoppler 

TSA

Ecodoppler  

AAII

Ecografia 
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Test 

autonomici

Visita

oculistica
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Diabete: un mosaico di parametri

glicemici da correggere

Elevata glicemia media 

giornaliera

Iperglicemia

a digiuno

Elevata HbA1c 

Esagerato picco glicemico

post-prandiale

Iperglicemia

post-prandiale
Eccessiva 

Variabilità

glicemica

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

Mean Pre-prandial: good=<110; fair=110-160; poor >160 mg/dl

Mean Post-prandial: satisfactory=<40; exaggerated 40 mg/dl
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HRs PPG T3 vs. T1-2

men       2.13

women  8.39

After adjusting for HbA1c

and other confounders

Post-Prandial Glucose and CVD in T2DM
(Cavalot et al; JCEM 91: 813, 2006)

Independent 
predictors

Fasting glucose no

HbA1c no

Post-prandial glucose yes

HRs PPG T3 vs. T1-2

men       2.19

women  5.69

After adjusting for FBG

and other confouders
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Type 2 Diabetes Stratified According to 
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(Verona Diabetes Study; Muggeo et al, Circulation 1997)
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VADT - Predictors of CVD Death

Variable
Hazard

Ratio

P

Value

Prior CVD event 3.116 0.0001

Age (per 10 yr) 2.090 <.0001

HDL (per 10 mg) 0.699 0.0079

Baseline HbA1c (per 1%) 1.213 0.0150

Severe Hypoglycemia 4.042 0.0076

(Duckworth et al – NEJM 2009; 360: 129-139)
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Diabete: un mosaico di fenotipi clinici

fra cui districarsi

Media durata

Scompensato

Complicanze presenti

Media durata

Scompensato

Senza

Complicanze

Nuova diagnosi

Senza complicanze

Media durata

Compensato

Complicanze presenti

Nuova diagnosi

Complicanze presenti
Lunga durata

Compensato

Minime

Complicanze

Lunga durata

Scompensato

Complicanze

Severe
Diapositiva preparata da Enzo Bonora e ceduta alla Società Ita

liana di Diabetologia. 

 
Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



A New Paradigm in Diabetes Care:
Customized HbA1c Targets

 “Recruit” patient (newly diagnosed T2DM, middle age,

no prior CVD, any HbA1c)

HbA1c Target  = <6.5%; “no mercy”

 “Veteran” patient (long standing T2DM, older age, 

no prior CVD, previously fairly controlled diabetes)

HbA1c target = 6.5-7.5%; “smooth decline”

 “Injured Veteran” patient (long standing T2DM, prior CVD,

severely uncontrolled diabetes; “hyperglycemia addicts”

who need progressive adaptation to lower glucose levels?)

HbA1c target = 7.5-8.5%; “handle with care” 
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Diabete: un mosaico di farmaci

Anti-diabetici
Metformina

Sulfoniluree

Glinidi

Acarbosio

Glitazoni

Agonisti GLP-1R

Inibitori DPP-4

Insulina

Ipolipidemizzanti
Statine

Fibrati

Ezetimibe

Acido nicotinico

Anti-ipertensivi
ACE-inibitori

Sartani

Diuretici

Calcio-antagonisti

Beta-Bloccanti

Alfa-litici

Anti-aldosteronici

Altri
ASA

Ticlopidina

Clopidogrel

Allopurinolo

Gabapentin

Pregabalin

ecc. ecc. ecc. 

Più sono i farmaci fra cui scegliere,

più facile è sbagliare e

più serve competenza ed esperienza

cioè….

più serve il Diabetologo!
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Anti-diabetici a confronto: benefici ancillari

MET SU REP PIO DPP-4 Acarb GLP-1

BMI      = = 

TG () = =  = = 

HDL () = =  = = 

BP () = =  = = 

U-Alb - = =  = = =

CPR  = =  = = 

PAI-1  = =  = = 

ATS = = =  = = =

CVD        (?)   (?)Diapositiva preparata da Enzo Bonora e ceduta alla Società Ita
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Anti-diabetici a confronto: aspetti clinici 

MET SU REP PIO DPP-4 Acarb GLP-1

Ipoglicemia + +

Vomito ++

Diarrea (+) +++ +

Fratture +

Edema +

Iniezioni +

N. sommin. + + ++ +++ (+)

Titolazione ++ + + +++ (+)

SMBG + +

Interazioni +++ + +
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Diabete: un mosaico di professionisti che 
condividono la cura

Infermiere esperto 

di diabete

Ortopedico

Diabetologo

Medico di Medicina

Generale
Nefrologo

Psicologo

Cardiologo

Chirurgo

Vascolare

Dietista

Neurologo

Oculista

Podologo
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Diabete: un mosaico di centri diabetologici
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Mortalità cardiovascolare

non afferenti p<0.001

afferenti

n=7,488; follow-up= 5 anni
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Sopravvivenza dei diabetici assistiti presso il centro di 

diabetologia rispetto ai non afferenti

(Verona Diabetes Study – Verlato G et al; Diabetes Care 19: 211, 1996)

Mortalità per tutte le 

cause

afferenti

p<0.001

non afferenti

Diapositiva preparata da Enzo Bonora e ceduta alla Società Ita
liana di Diabetologia. 

 
Per avere una versione originale si prega di scrivere a siditalia@siditalia.it



Diabete: un mosaico di spese per la cura

Anti-

diabetici

(6%)

Ricoveri

Ospedalieri

(57%)

Altri farmaci

(23%)

Esami di laboratorio e 

strumentali

e visite mediche e 

specialistiche

(14%)

Spesa media annua pro-capite circa € 2.750 (>75% complicanze) 
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Le tre emergenza sanitarie del mondo 
secondo l’Organizzazione Mondiale 

della Sanità 

 Tubercolosi

 Malaria

 Diabete mellito
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Risoluzione dell’ONU 

n. 61/225 del 20 Dicembre 2006 

(omissis) aumentare la consapevolezza pubblica sul 

diabete e le relative complicanze, promuovere la 

sua prevenzione e terapia, anche mediante 

l’educazione e i mass media
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Farmacisti

Comune

e altre

istituzioni

pubbliche

Università

Associazioni

dei pazienti

Azienda 

Ospedaliera

e ULSS
Aziende

farmaceutiche

Istituzioni

private

Diabete: un mosaico di collaborazioni per 

fronteggiare l’emergenza
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Misurazioni 

glicemiche in piazza

Conferenze

ai

cittadini

Sito web

Manifesti

Giornalino

quadrimestrale Opuscoli

e altro materiale 

divulgativo

Interventi

TV e radio locali
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Diabete: un mosaico di atti richiesti al 

paziente (partecipazione alla cura)

Esami di

laboratorio

Attività

fisica

Dieta

Pastiglie e/o

iniezioni

Monitoraggio

glicemico Esami

strumentali

Visite

mediche
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Lifelong Adherence Requested to

Diabetic Patients

During his/her life up to 100,000 times a person with 

diabetes has to adhere to prescriptions, recommendations, 

suggestions made by a doctor, a nurse, a dietician !!! 
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Diabete: un mosaico coi pezzi al posto 

giusto…

….e non un 

(in)cubo di Rubik

…. come un 

puzzle in cui i 

vari pezzi 

combaciano 

perfettamente

…
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Fine e grazie
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