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Partiamo da lontanoPartiamo da lontano………………



Danaei G. Lancet 2011, published online  June 25

“Glycaemia and diabetes are rising globally, driven 
 both by population growth and ageing and by 

 increasing age‐specific prevalences. 

Effective preventive interventions are needed, and 
 health systems should prepare to detect and manage 

 diabetes and its sequelae.”



Number of Persons of the Population with Diagnosed Diabetes in 
the United States, 1980–2010.

Polonsky KS: NEJM  2012;367:1332.





Diabete noto ~ 250.000

Diabete ignoto ~ 125.000

TOTALE ~ 725.000

Diabete e pre-diabete in Liguria
sono molto comuni

IFG e/o IGT ~ 350.000

Diabete noto in Liguria:  85000

In ogni famiglia della Liguria 
 c’è

 
o ci sarà

 
nei prossimi anni

una persona con il diabete
o un soggetto pre‐diabetico



Prima causa
di cecità

Causa maggiore 
di insufficienza
renale & dialisi

Prima causa 
di amputazione
non traumatica

Concausa
nel 40-50% di
infarti e ictus

Diabete

Diabete: complicanze gravissime e disabilitanti





Diagnostic CriteriaDiagnostic Criteria
Fasting Glucose 

mg/dL

2‐h OGTT 

mg/dL

Random Glucose

mg/dL

A1c

Normal <100 <140 <200 <5.7%

Prediabetes 100‐125

(IFG)

140‐199

(IGT)

5.7‐6.4%

Diabetes ≥
 

126 ≥
 

200 ≥
 

200 ≥
 

6.5%

ADA. I. Classification and Diagnosis. Diabetes Care 2012;35(suppl 1):S12. 

Note: In the absence of unequivocal hyperglycemia, result(s) should be confirmed by 
repeat testing.



Prevention, Prevention, Prevention!Prevention, Prevention, Prevention!
• Refer patients with IGT, IFG, or A1C 5.7–6.4% to ongoing 

 support program
– Target weight loss = 7% of total body weight
– Minimum of 150 min/week of moderate physical activity

• Medications shown to delay progression of IGT/IFG to T2DM

– Metformin (US DPP, NEJM 2002)

– Acarbose (STOP‐NIDDM, Lancet 2002)

– Pioglitazone (ACT NOW, presentation 2008)

• Consider metformin for prevention of type 2 diabetes if IGT, 
 IFG, or A1C 5.7–6.4% 

– Especially for those with BMI >35 kg/m2, age <60 years, 
 and women with prior GDM 

ADA. IV. Prevention/Delay of Type 2 Diabetes. Diabetes Care 2012;35(suppl 1):S16



Vari tipi di diabeteVari tipi di diabete

• Alta prevaleza (90%)
• Insulino resistenza + insulino 

carenza
• Genetica
• Esordio graduale
• Di solito in età più tardiva
• Associato a obesità / sindrome 

metabolica
• Preceduto talvolta da IFG
• Non soggetto a chetosi
• Da non trattare necessariamente 

con insulina
• Complicanze micro e macro 

vascolari

• Bassa prevalenza (5-10%)
• Insulino carenza assoluta

(insulite distruttiva)
• Genetica meno rilevante
• Esordio spesso acuto
• A qualunque età ma di solito nel 

giovane
• Spesso associato a dimagramento
• Soggetto a chetosi
• Da  trattare necessariamente con 

insulina ab initio
• Complicanze micro e macro 

vascolari

DM tipo 2DM tipo 2 DM tipo1DM tipo1







A cosa serve lA cosa serve l’’insulinainsulina



sintesi del glicogeno glicogenolisi
sintesi dei trigliceridi chetogenesi

gluconeogenesi

captazione del glucosio
sintesi proteica catabolismo proteico
glicogeno  sintesi glicogenolisi

captazione del glucosio
deposito di trigliceridi lipolisi

Stimola      Stimola      InibisceInibisce


 
Fegato


 

Muscolo Scheletrico


 

Tessuto Adiposo

Promuove i processi Promuove i processi 
anabolicianabolici

Inibisce i processi Inibisce i processi 
catabolici.catabolici.

Effetti dellEffetti dell’’Insulina:Insulina:



Insulin Action: muscleInsulin Action: muscle
1.  Insulin 
Binds
to insulin 
receptor

3. Glucose transporters move to cell 

 surface (e.g. GLUT4)

2. Binding signals
glucose transporters
to move to cell
surface
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Insulin Action: LiverInsulin Action: Liver
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Insulin Action: FatInsulin Action: Fat
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A cosa serve lA cosa serve l’’insulinainsulina





Qualcosa può Qualcosa può 
andare stortoandare storto……....



Vari tipi di diabeteVari tipi di diabete

• Alta prevaleza (90%)
• Insulino resistenza + insulino 

carenza
• Genetica
• Esordio graduale
• Di solito in età più tardiva
• Associato a obesità / sindrome 

metabolica
• Preceduto talvolta da IFG
• Non soggetto a chetosi
• Da non trattare necessariamente 

con insulina
• Complicanze micro e macro 

vascolari

• Bassa prevalenza (5-10%)
• Insulino carenza assoluta

(insulite distruttiva)
• Genetica meno rilevante
• Esordio spesso acuto
• A qualunque età ma di solito nel 

giovane
• Spesso associato a dimagramento
• Soggetto a chetosi
• Da  trattare necessariamente con 

insulina ab initio
• Complicanze micro e macro 

vascolari

DM tipo 2DM tipo 2 DM tipo1DM tipo1





Effects of Insulin Therapy.
These photographs from 1922, in a case described by Geyelin, show a young girl with 

 insulin‐deficient diabetes before treatment with insulin (Panel A) and after treatment 
 (Panel

 
B)



++
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glucose 
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glucose 
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insulin
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pancreatic 
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Main Pathophysiological Defects in T2DM

gut
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absorption 

incretin
effect 

HYPERGLYCEMIAHYPERGLYCEMIA

?

Adapted from: Inzucchi SE, Sherwin RS in: Cecil Medicine 2011 



Diabete tipo 2Diabete tipo 2





Natural History of Type 2 DiabetesNatural History of Type 2 Diabetes

Genetic

 susceptibility 
Environmental

 factors

Atherosclerosis

 Hyperglycemia

 Hypertension

Retinopathy

 Nephropathy

 Neuropathy

Blindness

 Renal failure

 CHD

 Amputation

Onset of

 diabetes

Complications

Disability

DeathOngoing hyperglycemia
P

 R

 E
Obesity     Insulin resistance

Risk for
Disease

Metabolic
Syndrome



Beta cell exhaustionBeta cell exhaustion

TIME IN YEARS ‐‐‐>

Glucose

Insulin

Diabetes Therapy
must be intensified 
over time as insulin
production fails

Esaurimento Esaurimento 
pancreaspancreas









OralOral
•Biguanides
•Sulfonylureas
•Meglitinides
•Thiazolidinediones
•Alpha Glucosidase inhibitors
•Incretin Enhancers (DPP‐IV 

 inhibitors)
•Resin binder
•SLGT2 Inhibitors

Parenteral
• Amylin analogs
• Incretin mimetics



gliptine

glinidi

glitazoni

amilina

GLP-1RA

colesevelam

acarbosio
biguanidibiguanidi

sulfoniluree
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2

4

6

8

10
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Classi di farmaci disponibili (USA)

N°



Dove agiscono?Dove agiscono?



Davidson JA. Mayo Clin Proc. 2010; 85:S27

Incretine & Co.Incretine & Co.





Pharmacology Pharmacology ––  Incretin EnhancersIncretin Enhancers
Class DPP-4 inhibitors (incretin enhancers)

Compound • Sitagliptin (Januvia  100 mg) ( Janumet 50/1000, 50/850)
• Vildagliptin (Galvus 50 mg) (Eucreas 50/1000,50/850)
• Saxagliptin (Ongliza 5 mg) 
• Linagliptin (Tradjenta®)

Mechanism Inhibits DPP-4 activity, prolongs survival of endogenously released incretin hormones

Action(s) • Active GLP-1 concentration 
• Insulin secretion 
• Glucagon secretion 

Advantages • No hypoglycemia
• Weight “neutrality”

Disadvantages • Occasional reports of urticaria/angioedema
• Cases of pancreatitis observed
• Long-term safety unknown (cancer ?)

Cost High

ADA. V. Diabetes Care. Diabetes Care 2012;35(suppl 1):S22.
Adapted with permission from Silvio Inzucchi, Yale University.





Pharmacology Pharmacology ––  Incretin MimeticsIncretin Mimetics
Class GLP-1 receptor agonists (incretin mimetics)

Compound •• Exenatide (ByettaExenatide (Byetta®®))
•• Liraglutide (VictozaLiraglutide (Victoza®®))

Mechanism Activates GLP-1 receptors (β-cells/endocrine pancreas; brain/autonomous 
nervous system

Action(s) • Insulin secretion 

 

(glucose-dependent)
• Glucagon secretion 

 

(glucose-dependent)
• Slows gastric emptying
• Satiety 

Advantages • Weight reduction
• Potential for improved β-cell mass/function

Disadvantages • Gastrointestinal side effects (nausea, vomiting, diarrhea)
• Cases of acute pancreatitis observed
• C-cell hyperplasia/medullary thyroid tumors in animals (liraglutide)
• Injectable
• Long-term safety unknown

Cost High

ADA. V. Diabetes Care. Diabetes Care 2012;35(suppl 1):S22.
Adapted with permission from Silvio Inzucchi, Yale University.



Reversal of hyperglycemia Reversal of “glucotoxicity”



SGLT2 Inhibitors in 
 Phase 3 Development

• Empagliflozin

•• CanagliflozinCanagliflozin

•• DapagliflozinDapagliflozin

• Ipragliflozin



Summary of Key Benefits and Risks of MedicationsSummary of Key Benefits and Risks of Medications
Metformin DPP‐4 

 
Inhibitor

GLP‐1 

 
Agonist

Sulfonylurea Glinide TZD Colesevelam AGI Insulin Pramlintide

Benefits

PPG ‐

 

lowering Mild  Moderate Moderate 

 

to Marked 
Moderate Moderate Mild Mild Moderate Moderate 

 

to Marked
Moderate to 

 

Marked

FPG ‐

 

lowering Moderate  Mild Mild Moderate Mild Moderate Mild Neutral Moderate 

 

to Marked
Mild

Nonalcoholic fatty 

 

liver disease (NAFLD)
Mild Neutral Mild Neutral Neutral Moderate Neutral Neutral Neutral Neutral

Risks

Hypoglycemia Neutral Neutral Neutral Moderate Mild Neutral Neutral Neutral Moderate 

 

to Severe
Neutral

GI Symptoms Moderate Neutral Moderate Neutral Neutral Neutral Moderate Moderate Neutral Moderate

Risk of use with 

 
renal 

 
insufficiency

Severe Reduce 

 

Dosage
Moderate Moderate Neutral Mild Neutral Neutral Moderate Neutral

Contraindicated if 

 

liver failure or 

 

predisposition to 

 

lactic acidosis

Severe Neutral Neutral Moderate Moderate Moderate Neutral Neutral Neutral Neutral

Heart 

 
failure/Edema

Contra‐

 
indicted 

 
in CHF

Neutral Neutral Neutral Neutral Mild/ 

 
Moderate

Neutral Neutral Neutral
Unless 

 

with TZD

Neutral

Contra‐

 

indicted in 

 

class 1, 4 

 

CHF

Weight Gain Benefit Neutral Benefit Mild Mild Moderate Neutral Neutral Mild to 

 

Moderate
Benefit

Fractures Neutral Neutral Neutral Neutral Neutral Moderate Neutral Neutral Neutral Neutral

Drug‐Drug 

 
Interactions

Neutral Neutral Neutral Moderate Moderate Neutral Neutral Neutral Neutral Neutral



Drug PearlsDrug Pearls
Medication PRO CON

Metformin Low cost, A1c lowering, + CV 
effects, weight loss, PCOS

Renal or hepatic impairment

Sulfonylurea Low cost, A1c lowering Hypoglycemia, treatment 
failure

Meglitinides Erratic meals, renal 
insufficiency

Hypoglycemia, treatment 
failure

Pioglitazone Insulin resistance, decrease in 
adipose tissue, TG reduction

Edema, wt gain, CI with HF 
class III and IV

α-glucosidase inhibitors Patients with constipation Long duration of T2DM, 
patients with GI problems

DPP-4 Well tolerated ? long term safety

GLP-1 agonists Obese patients GI side effects

Amylin analogs Poor PPG control despite 
insulin therapy

GI side effects

Insulin Flexible treatment (basal, basal 
bolus, etc)

Hypoglycemia, weight gain



Typical A1c Reductions
Monotherapy Route of Administration A1c (%) Reduction

Sulfonylurea PO 1.5-2.0

Metformin PO 1.5

Glitazones PO 1.0-1.5

Meglitinides PO 0.5-2.0

α-glucosidase inhibitors PO 0.5-1.0

DPP-4 PO 0.5-0.7

GLP-1 agonists Injectable 0.8-1.5

Amylin analogs Injectable 0.6

Insulin Injectable Open to target

Unger J et al. Postgrad Med 2010; 122: 145‐57



Secrezione fisiologica dell'insulinaSecrezione fisiologica dell'insulina



INSULINA : INSULINA : 

QUALE , COME  E PERCHEQUALE , COME  E PERCHE’’





Caratteristiche delle principali insuline presenti in commercio

Antonio Pérez Pérez et al. Tratamiento de la hiperglucemia en el hospital - Hospital management of hyperglycemia. Conferencia de Consenso. 
Med Clin (Barc). 132:465–475; 2009

Tipi di insulinaTipi di insulina Inizio dellInizio dell’’azioneazione Picco (ore)Picco (ore) Durata dellDurata dell’’azione (ore)azione (ore)
Insuline umane

Regolare (ActrapidRegolare (Actrapid®®)) 0,5-1 ora 2-4 10-20

NPHNPH
Humulin NPHHumulin NPH®®))

1-3 ore 4-12 10-20

Analoghi

Glulisina (ApidraGlulisina (Apidra®®)) 10-15 min 1 4-5

Lispro (Humalog penLispro (Humalog pen®®)) 10-15 min 1 4-5

Aspart (NovorapidAspart (Novorapid®®)) 10-15 min 1 4-5

NPL (Humalog NPLNPL (Humalog NPL®®)) 1-3 ore 4-12 10-20

Glargine (LantusGlargine (Lantus®®)) 1-2 ore Nessuno ≤24

Detemir (LevemirDetemir (Levemir®®)) 1-2 ore Nessuno 12-18
Premiscelate

75% NPL/ 25% Lispro75% NPL/ 25% Lispro
(Humalog Mix25(Humalog Mix25®®))

5-15 Duplice 10-16

70% NPH/ 30% Aspart70% NPH/ 30% Aspart
(Novomix30(Novomix30®®))

5-15 Duplice 10-16

I tempi d’azione di ciascuna insulina possono variare nei diversi individui e, nella stessa persona, in funzione 
del momento della somministrazione e della dose somministrata. Pertanto, le indicazioni riportate in questa 
tabella vanno considerate solo come racomandazioni di carattere generale.





 
Problemi con le insuline umane rapideProblemi con le insuline umane rapide

–– Da somministrarsi 30Da somministrarsi 30‐‐45 min prima del pasto45 min prima del pasto
–– Assorbimento variabile da diverse sedi di iniezioneAssorbimento variabile da diverse sedi di iniezione
–– Rischio di ipoglicemie tra i pastiRischio di ipoglicemie tra i pasti
–– Aumento di peso corporeoAumento di peso corporeo



 
Problemi con le insuline umane intermedie / lente / ultralenteProblemi con le insuline umane intermedie / lente / ultralente

–– Assorbimento erraticoAssorbimento erratico
–– Insufficiente insulinizzazione Insufficiente insulinizzazione ““basalebasale””

 
(soprattutto all(soprattutto all’’alba)alba)

–– Rischio di ipoglicemie notturneRischio di ipoglicemie notturne
–– Aumento di peso corporeoAumento di peso corporeo

PROBLEMI CON LE INSULINE UMANEPROBLEMI CON LE INSULINE UMANE





 
Analoghi rapidi (lispro, aspart, glulisina)Analoghi rapidi (lispro, aspart, glulisina)
–– Somministrabili prima, durante, dopo i pasti (flessibilitSomministrabili prima, durante, dopo i pasti (flessibilitàà))
–– Picco dPicco d’’azione fisiologico, dose e sede indipendente (migliore glicemia azione fisiologico, dose e sede indipendente (migliore glicemia dopo dopo 

 pasto)pasto)
–– Durata dDurata d’’azione relativa al pasto (minor rischio di ipoglicemie tra i pasazione relativa al pasto (minor rischio di ipoglicemie tra i pasti)ti)



 
Analoghi basali (glargine, detemir, degludec)Analoghi basali (glargine, detemir, degludec)
–– Assorbimento piAssorbimento piùù

 
riproducibile (minore variabilitriproducibile (minore variabilitàà

 
glicemica, minor rischio glicemica, minor rischio 

 di ipoglicemia)di ipoglicemia)
–– Sufficiente durata dSufficiente durata d’’azione (minore ricorso a piazione (minore ricorso a piùù

 
somministrazioni somministrazioni 

 giornaliere)giornaliere)
–– Assenza di picco dAssenza di picco d’’azione (minor rischio di ipoglicemia)azione (minor rischio di ipoglicemia)

CARATTERISTICHE DEGLI ANALOGHICARATTERISTICHE DEGLI ANALOGHI



ANALOGHI RAPIDIANALOGHI RAPIDI
Insulina LysproInsulina Lyspro
Insulina AspartInsulina Aspart
Insulina GlulisinaInsulina Glulisina

ANALOGHI AD AZIONE RITARDATAANALOGHI AD AZIONE RITARDATA
Insulina GlargineInsulina Glargine
Insulina DetemirInsulina Detemir
Insulina DegludecInsulina Degludec





Diabetes Care. 2012;35(6):1364-1379



Mimare la risposta fisiologica: 
insulina basale e prandiale

Colazione Pranzo Cena

4:00 8:00 12:00 16:00 20:00 24:00 4:00 8:00

In
su

lin
a p

las
m

at
ica

 

Tempo

Adapted from White JR Jr, et al. Postgrad Med. 2003;113:30-36



Regimi di trattamento insulinicoRegimi di trattamento insulinico

• Terapia Insulinica Intensiva
– Frequenti controlli glicemici
– 3 o più

 
iniezioni al giorno

– Individualizzata

4          8         12         4          8        12         4
 

8        12

am
 

pm                           am

4          8         12         4          8        12         4
 

8        12

am
 

pm                           am
RegolareRegolare

lentalenta

4          8         12         4          8        12         4
 

8        12

am
 

pm                           amultrarapide
glargine

4          8         12         4          8        12         4
 

8        12

am
 

pm                           am



breakfast

4          8         12         4          8        12         4
 

8        12

am
 

pm                           am

breakfast

lunch
snack

dinner

Regimi di trattamento insulinicoRegimi di trattamento insulinico
• Terapia Insulinica Convenzionale

– 1 o 2 iniezioni sottocutanee al giorno
– Miscela di rapida o ultrarapida e intermedia (es. 

30) o 2 più
 

intermedie

regular

lente

totaltotal



Terapia CombinataTerapia Combinata

colazionecolazione cenacenapranzopranzo bedtimebedtime

La terapia mista rispetto alla sola terapia insulinica determina
 la riduzione di circa il 25 – 30% del fabbisogno insulinico



PerchPerchéé??





Impact of Intensive Therapy for Diabetes:  
 Summary of Major Clinical Trials

Study Microvasc CVD Mortality

UKPDS      

DCCT / EDIC*       

ACCORD   
ADVANCE   

VADT   

Long Term Follow‐up 

Initial Trial 

* in T1DM

Kendall DM, Bergenstal RM.  Kendall DM, Bergenstal RM.  ©© International Diabetes Center 2009International Diabetes Center 2009

UK Prospective Diabetes Study (UKPDS) Group. Lancet 1998;352:854. 
Holman RR et al. N Engl J Med. 2008;359:1577.  DCCT Research Group. N Engl J Med 1993;329;977.
Nathan DM et al. N Engl J Med. 2005;353:2643.  Gerstein HC et al. N Engl J Med. 2008;358:2545.
Patel A et al. N Engl J Med 2008;358:2560.  Duckworth W et al.  N Engl J Med 2009;360:129. (erratum: 
Moritz T. N Engl J Med 2009;361:1024)





Meta‐analysis of change in body weight (kg) in included trials after at least 20 weeks of 

 treatment, using random effects model

Vilsboll T : BMJ 2012;344:d7771



Come?Come?
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ADA-EASD Position Statement: Management of 
Hyperglycemia in T2DM

4. OTHER CONSIDERATIONS

• Comorbidities 

‐‐
 

Coronary DiseaseCoronary Disease
‐

 
Heart Failure

‐

 
Renal disease

‐

 
Liver dysfunction

‐

 
Hypoglycemia



 

Metformin: CVD benefit (UKPDS)


 

Avoid hypoglycemia


 

? SUs & ischemic preconditioning



 

? Pioglitazone & 

 
CVD events



 

? Effects of incretin‐based therapies

Diabetes Care 2012;35:1364–1379
Diabetologia 2012;55:1577–1596



ADA-EASD Position Statement: Management of 
Hyperglycemia in T2DM

4. OTHER CONSIDERATIONS

• Comorbidities 
‐

 
Coronary Disease

‐‐
 

Heart FailureHeart Failure
‐

 
Renal disease

‐

 
Liver dysfunction

‐

 
Hypoglycemia

Diabetes Care 2012;35:1364–1379
Diabetologia 2012;55:1577–1596



 

Metformin: May use unless 

 condition is unstable or severe


 

Avoid TZDs


 

? Effects of incretin‐based therapies



ADA-EASD Position Statement: Management of 
Hyperglycemia in T2DM

4. OTHER CONSIDERATIONS

• Comorbidities 
‐

 
Coronary Disease

‐

 
Heart Failure

‐‐
 

Renal diseaseRenal disease
‐

 
Liver dysfunction

‐

 
Hypoglycemia

Diabetes Care 2012;35:1364–1379
Diabetologia 2012;55:1577–1596



 

Increased risk of hypoglycemia


 

Metformin & lactic acidosis 


 

US: stop @SCr ≥
 

1.5 (1.4 women)


 

UK: half‐dose @GFR < 45 &
stop @GFR < 30



 

Caution with SUs (esp. glyburide)


 

DPP‐4‐i’s – dose adjust for most


 

Avoid exenatide if GFR < 30







ADA-EASD Position Statement: Management of 
Hyperglycemia in T2DM

4. OTHER CONSIDERATIONS

• Comorbidities 
‐

 
Coronary Disease

‐

 
Heart Failure

‐

 
Renal disease

‐‐
 

Liver dysfunctionLiver dysfunction
‐

 
Hypoglycemia

Diabetes Care 2012;35:1364–1379
Diabetologia 2012;55:1577–1596



 

Most drugs not tested in advanced liver 

 disease


 

Pioglitazone may help steatosis


 

Insulin best option if disease severe
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4. OTHER CONSIDERATIONS

• Comorbidities 
‐

 
Coronary Disease

‐

 
Heart Failure

‐

 
Renal disease

‐

 
Liver dysfunction

‐‐
 

HypoglycemiaHypoglycemia

Diabetes Care 2012;35:1364–1379
Diabetologia 2012;55:1577–1596



 

Emerging concerns regarding 

 association 

 
with increased

 morbidity / mortality


 

Proper drug selection is key in 

 the hypoglycemia prone



< 55 mg/dl< 55 mg/dl





Ma non dimentichiamo una Ma non dimentichiamo una 
visione visione ““internisticainternistica””

del problemadel problema

La “recluta” Il “veterano” Il “reduce  ferito “

HbA1C : 6.5HbA1C : 6.5 HbA1C : 7HbA1C : 7--7.57.5 HbA1C : 8HbA1C : 8

ADA. V. Diabetes Care. Diabetes Care 2012;35(suppl 1):S18-19.
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