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Question ?



T2DM is a progressive disease: Do microvasular and 

macrovascular complications begin at different times?



Risk of complications decreases    

as HbA1c decreases in Type 2 Diabetes

Stratton IM, et al. BMJ 2000; 321:405–412.

Macrovascular 

complications
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Intensive Therapy Reduced Predefined Cardiovascular 

Events : DCCT/EDIC(12-year follow-up)

Conventional Therapy

Intensive Therapy
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42% relative
risk reduction

(P=0.02)

DCCT=Diabetes Control and Complications Trial; EDIC=Epidemiology of Diabetes Interventions and Complications.

1. Nathan DM et al. N Engl J Med. 2005;353(25):2643–2653.



The Benefits of Starting Early with Intensive Treatment  : 

Legacy Effects UKPDS (10-year follow-up)

� After median 8.8 years post-trial follow-up

Holman RR et l. New England Journal of Medicine 2008; 359:1577-1589

Aggregate Endpoint 

(Relative Risk Reduction) 1997 2007

Any diabetes related endpoint 12% (p=0.029) 9% (p=0.040)

Microvascular disease 25% (p=0.009) 24% (p=0.001)

Myocardial infarction 16% (p=0.052) 15% (p=0.014)

All-cause mortality 6% (p=0.44) 13% (p=0.007)
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Characteristic ACCORD ADVANCE VADT

N 10,251 11,140 1,791

Mean Age 62 66 60.4

Duration of T2DM 10 yr 8 yr 11.5 yr

History of CVD 35% 32% 40%

BMI 32 28 31

Baseline A1C 8.3% 7.5% 9.4%

A1C Achieved 6.4% vs. 7.5% 6.5% vs. 7.3% 6.9% vs. 8.4%

RRR CVD Events 0.90 (0.78 – 1.04) 0.94 (0.84 – 1.06) 0.88 (0.74 – 1.05)

RRR Mortality 1.22 (1.01 – 1.46)* 0.93 (0.83 – 1.06) 1.07 (0.80 – 1.42)

Comparison of Recent Glycemia Trials
ACCORD, ADVANCE and VADT

ACCORD Study Group. N Engl J Med 2008;358:2545-59.

ADVANCE Collaborative Group. N Engl J Med 2008;358:2560-72.

Duckworth W et al. N Engl J Med 2009;360:129-39.



Impact of Intensive Therapy for Diabetes: Summary 

of Major Clinical Trials

Study Microvascular Macrovascular Mortality

UKPDS 

(Type 2)
↓ ↓ ↔ ↓ ↔ ↓

DCCT/EDIC

(Type 1)
↓ ↓ ↔ ↓ ↔ ↔

ACCORD

(Type 2)
↓ ↔ ↑

ADVANCE

(Type 2)
↓ ↔ ↔

VADT

(Type 2)
↓ ↔ ↔

Long-term Follow-up 

Initial Trial 

UK Prospective Diabetes Study (UKPDS) Group. Lancet 1998;352:854-65. Holman RR. N Engl
J Med 2008;9;359(15):1577-89. DCCT Research Group. N Engl J Med 1993;329;977-86. 
Nathan DM et al. N Engl J Med 2005;353:2643-53. Gerstein HC et al. N Engl J Med
2008;358:2545-59. Patel A et al. N Engl J Med  2008;358:2560-72. Duckworth W et al. N
Engl J Med 2009;360:129-39.



STENO-2

Gaede P et al. NEJM 2003



Multifactorial Intervention and Cardiovascular 

Disease in T2DM

Gaede P et al. NEJM 2003



Results

Gaede P et al. NEJM 2003



Effect of a Multifactorial Intervention

on Mortality in Type 2 Diabetes

Gaede P et al. NEJM 2008



Initial Meta-Analysis

Nissen SE. N Engl J Med 2007;356(24):2457-71. 



FDA Cardiovascular Guidance

: Evaluating CV risk in new therapies to treat T2DM

• July 2008 FDA Advisory Committee

- In the absence of data concerning CV safety signal…should there 
be a requirement to conduct a long-term CV trial or to provide 
equivalent evidence to rule out an unacceptable CV risk?

• Advisory committee vote:  14-2 in favor

• However, this approach ‘should not cause undue delay in approval

• Key components of guidance

- Glycemic control remains cornerstone of approval

- Must demonstrate that any new treatment does not unacceptably 
increase the already high baseline CV risk in diabetes

- Standardized reporting and statistical analysis



Inzucchi SE et al. Diabetes care. 2012



Key Points

� Glycemic targets and glucose-lowering therapies must be individualized.

� Diet, exercise, and education remain the foundation of any type 2 

diabetes treatment program.

� Unless there are prevalent contraindications, metformin is the optimal 

first-line drug.

� After metformin, there are limited data to guide us. Combination therapy 

with an additional 1–2 oral or injectable agents is reasonable, aiming to 

minimize side effects where possible.

� Ultimately, many patients will require insulin therapy alone or in 

combination with other agents to maintain glucose control.

� All treatment decisions, where possible, should be made in conjunction 

with the patient, focusing on his/her preferences, needs, and values.

� Comprehensive cardiovascular risk reduction must be a major focus of 

therapy.
Inzucchi SE et al. Diabetes care. 2012
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Risk & Benefit & Individualization

Balancing efficacy 
and side effects when managing 

type 2 diabetes

Prevention of 

diabetes 

complications

Adapted from Hollander PA et al. Postgrad Med 2010;122(3):71–80

Hypoglycemia

Weight gain

GI side effects

Cardiovascular risks

Injections

Glycemic control

Treatment complications 
and challengesTreatment goals



Use of Pioglitazone 

• To date, over 10 years and >4 million patient years exposure             

in Europe and >20 million patient years globally

• Results from 2011 GPRD drug utilisation study showed use               

in line with licensed indications

• Pioglitazone is often used later in the disease process after                       

other oral antidiabetics

– Between 60% and 80% in combination with metformin

– Use with insulin is under 10%



Pioglitazone vs Gliclazide as Add-on to Metformin: 

HbA1c Results
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Durability of Glycemic Control TZDs vs. Other OADs

RA DeFronzo. Diabetes 2009;58:773-795.

DPP-4 inhibitor
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Insulin resistance and cardiovascular risk

Pyörälä et al, ATVB 2000; 20:538
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RISK FACTORS FOR CORONARY HEART DISEASE & STROKE

Helsinki Policemen Study, 22-year follow-up, 970 healthy men, CHD (n=164), Stroke (n=70), 

factor analysis, multivariate Cox models

Pyörala et al. ATVB 20:538-544, 2000

CHD

STROKE

+ 47 %

+ 18 %

+ 28 %

+ 64 %

CHD

STROKE

CHD

STROKE

2.20.2 0.6 1.0 1.4 1.8

LIFESTYLE FACTOR                               
(Physical Activity, Smoking)

INSULIN RESISTANCE FACTOR (BMI, 

Subscapular Skinfold, AUCInsulin, AUCGlucose, 

VO2max, BP, Triglycerides

LIPID FACTOR
(Cholesterol, Triglycerides)

CHD: Coronary Heart Disease



Insulin resistance is an independent predictor                             

of CVD in type 2 diabetes
The Verona Diabetes Complications Study

Bonora E, et al. Diabetes Care 2002; 25:1135.
*P < 0.001; n = 627 Error bars = 95% CI
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Benefits of Pioglitazone: Lipid Metabolism

• Pioglitazone improves diabetic dyslipidaemia

– Decreases triglyceride levels

– Increases high-density lipoprotein (HDL) cholesterol levels 

Dormandy JA et al., Lancet 2005;366:1279- Mazzone T et al., JAMA 2006; 296: 2572     Nicholls et al., J Am Coll Cardiol  2008; 52:255-62.
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CHICAGOCHICAGO
A Study Evaluating Carotid Intima-Media 

Thickness in Atherosclerosis Using 

Pioglitazone

Mazzone T et al. JAMA. 2006



Effect of TZD on CIMT in Patients with T2DM

Study Population Treatment CIMT ∆

Koshiyama et al
JCEM 2001

N=106
Japan

PIO vs. PLB 
6 months

PIO: –0.084 mm
PLB: +0.022 mm
p<0.001

Langenfeld et al 
Circulation 2005

N=173
Germany
SBP: 148 mmHg
>90% Caucasian

LDL-C 136 mg/dL

PIO vs. GLM
6 months

PIO: –0.054 mm
GLM: –0.011 mm
p<0.0001

Hodis et al
Diabetes Care
2006

N=299 
66% women 
90% Hispanic

TROG vs. PLB
2 years

TRO: +0.003 mm/yr
PLB: +0.007 mm/yr
p=0.17



Study Objective and Design

Objective

• To compare the effect of treatment with PIO vs Glimepiride (GLM) on 

absolute change in CIMT from baseline to final visit in subjects with T2DM

Study Design

• A 72-week, multicenter, randomized, double-blind, 2-arm study 

• 15-45 mg PIO vs. 1-4 mg GLM (titrated to HbA1c target)

• 462 subjects

• Sulfonylurea treatment was discontinued at randomization, if applicable

• CIMT measured at Weeks 0, 24, 48, and 72 or Final Visit (LOCF)

Mazzone T et al. JAMA. 2006



Randomized

N=462

Included in CIMT N=186 (81%) Included in CIMT N=175 (75%)

Subject Disposition

Glimepiride

N=230
Pioglitazone

N=232

Mazzone T et al. JAMA. 2006
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Treatment group difference, Final Visit

-0.013 (95% CI: -0.024,-0.002)
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LS Mean (SE)

GLM (N=186)

0.779 (0.0085) mm

PIO (N=175)
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Mean Change in CIMT 

Mazzone T et al. JAMA. 2006
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*P=0.017*P=0.017

Baseline CIMT (mm)

LS mean (SE)

Baseline CIMT (mm)

LS mean (SE)

GLM (N=186)

0.779 (0.008)

GLM (N=186)

0.779 (0.008)

PIO (N=175)

0.771 (0.008)

PIO (N=175)

0.771 (0.008)

GlimepirideGlimepiride Pioglitazone HClPioglitazone HCl

Treatment group difference, Final Visit

-0.013 (95% CI: -0.024,-0.002)

Treatment group difference, Final Visit

-0.013 (95% CI: -0.024,-0.002)

Mean Change in Average CIMT

Mazzone T et al. JAMA. 2006



Change from Baseline in Far Wall CIMT Max 
Value at Week 72 (LOCF)

0.026

0.002

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

Glimepiride Pioglitazone 

Difference from Glimepiride -0.024 (-0.042, -0.006)

* P-Value = 0.008 for comparing to Glimepiride

* 

0.026

0.002*

Mazzone T et al. JAMA. 2006
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Baseline CIMT (mm)

LS Mean (SE)

Baseline CIMT (mm)

LS Mean (SE)
GLM (N=186)

1.042 (0.010)

GLM (N=186)

1.042 (0.010)
PIO (N=175)

1.038 (0.010)

PIO (N=175)

1.038 (0.010)

GlimepirideGlimepiride Pioglitazone HClPioglitazone HCl

Treatment group difference at Final Visit

-0.024 (95% CI: -0.042, -0.006)

Treatment group difference at Final Visit

-0.024 (95% CI: -0.042, -0.006)

*P<0.01*P<0.01

Mean Change in Maximal CIMT

Mazzone T et al. JAMA. 2006
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Mazzone T et al. JAMA. 2006
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Conclusion

• Diabetes is increasing in prevalence and is a major risk 

factor for CV disease; whereas lipid and blood pressure 

management have powerful benefits on such risk, new 

approaches are needed for patients with T2DM.

• Although additional data are needed, our results 

demonstrating the beneficial effect of pioglitazone 

compared to glimepiride on CIMT, a validated surrogate 

marker for CV risk, suggest a novel approach to 

managing such risk. 

Mazzone T et al. JAMA. 2006



PERISCOPEPERISCOPE
Pioglitazone Effect on Regression of Intravascular Sonographic 

Coronary Obstruction Prospective Evaluation Study

Nissen SE et al. JAMA. 2008





Change in Percent Atheroma Volume (%)Change in Percent Atheroma Volume (%)

P < 0.001P < 0.001

P = 0.44P = 0.44

P = 0.002P = 0.002

Glimepiride Pioglitazone

Primary Efficacy ParameterPrimary Efficacy Parameter

Nissen SE et al. JAMA. 2008



Intravascular Ultrasound: Secondary EndpointsIntravascular Ultrasound: Secondary Endpoints

P =0.006P =0.006 P =0.06P =0.06

Atheroma Thickness (mm)Atheroma Thickness (mm) Atheroma Volume (mm3)Atheroma Volume (mm3)

-5.5-5.5

-1.5-1.5
0.0110.011

-0.011-0.011

P = 0.93P = 0.93

-2.1-2.1 -2.0-2.0

Most Diseased 10mm (mm3)Most Diseased 10mm (mm3)

Glimepiride Pioglitazone
Nissen SE et al. JAMA. 2008



Glycohemoglobin Levels during the Trial Glycohemoglobin Levels during the Trial 

HbA1c

(%)

HbA1c

(%)

Weeks after RandomizationWeeks after Randomization
Nissen SE et al. JAMA. 2008



Mean Changes in Blood Pressure (n = 360)Mean Changes in Blood Pressure (n = 360)

P = 0.03P = 0.03

P = 0.003P = 0.003

Systolic Diastolic

Nissen SE et al. JAMA. 2008



Percentage Changes: Biochemical ParametersPercentage Changes: Biochemical Parameters

P <0.001

P = 0.69

HDL-cholesterolHDL-cholesterol LDL-cholesterolLDL-cholesterol

4.1%4.1%

16.0%16.0%

-15.3%-15.3%

0.6%

TriglyceridesTriglycerides

6.9%6.9% 6.6%6.6%

hs C-reactive Proteinhs C-reactive Protein

-18.0%-18.0%

-44.9%

P <0.001

P <0.001

Nissen SE et al. JAMA. 2008



Other Biomarkers: Insulin Levels and BNPOther Biomarkers: Insulin Levels and BNP

P<0.001P<0.001

P<0.001P<0.001

Change in Fasting Insulin LevelsChange in Fasting Insulin Levels Final Brain Natiuretic PeptideFinal Brain Natiuretic Peptide

32.4

22.6

8.5%

-28.3%

Glimepiride Pioglitazone
Nissen SE et al. JAMA. 2008



ConclusionsConclusions

• Pioglitazone, on a background of optimal medical therapy, prevented 

progression of coronary atherosclerosis, P = 0.002 compared with 

glimepiride.

• Compared with glimepiride, pioglitazone produced similar, although 

more durable, glucose-lowering. 

• Pioglitazone favorably affected BP, raised HDL-C (16.0% vs. 4.1%), 

lowered triglycerides (-15.3% vs. +0.6%) and reduced hsCRP (-44.9% 

vs. -18.0%).

• Hypoglycemia and angina were more common with glimepiride

treatment; edema, fractures and weight gain more frequent with 

pioglitazone treatment.   

• Pioglitazone, on a background of optimal medical therapy, prevented 

progression of coronary atherosclerosis, P = 0.002 compared with 

glimepiride.

• Compared with glimepiride, pioglitazone produced similar, although 

more durable, glucose-lowering. 

• Pioglitazone favorably affected BP, raised HDL-C (16.0% vs. 4.1%), 

lowered triglycerides (-15.3% vs. +0.6%) and reduced hsCRP (-44.9% 

vs. -18.0%).

• Hypoglycemia and angina were more common with glimepiride

treatment; edema, fractures and weight gain more frequent with 

pioglitazone treatment.   

Nissen SE et al. JAMA. 2008



PROACTIVEPROACTIVE
PROspective pioglitAzone Clinical Trial In 

macroVascular Events

Dormandy JA et al. Lancet. 2005





Baseline characteristics

Dormandy JA et al. Lancet. 2005



Macrovascular morbidity at study entry and 

associated medications

Dormandy JA et al. Lancet. 2005



Kaplan-Meier curve of time to primary endpoint

Death from any cause, non-fatal myocardial infarction (including silent myocardial infarction), stroke, acute coronary 

syndrome, leg amputation, coronary revascularisation, or revascularisation of the leg Dormandy JA et al. Lancet. 2005



Change in laboratory data from baseline to final visit 

Dormandy JA et al. Lancet. 2005



Significant Reduction of the combined Clinical Outcome                          
of Death, Myocardial Infarction & Stroke

Dormandy G et al (Lancet 2005; 366: 1279-1289)

Placebo :        Events 358 / 2633 (14.4%)
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0,05

0,1

0,15

0 12 18 24 30 366

Pioglitazone : Events 301 / 2605 (12.3%) 

(256)  N at Risk: 5238 5102 4991 4877 4752 4651 786  

K
a
p
la
n
-M

e
ie
r 
E
v
e
n
t 
R
a
te

Time from Randomisation (months)

Pioglitazone
vs Placebo 
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Stroke, 2007;38:865-873

In high-risk patients with type 2 diabetes and 

previous stroke, pioglitazone significantly reduced 

the occurrence of recurrent fatal and nonfatal 

stroke.



Time to Fatal or Non-Fatal Stroke in Patients 
with Previous Stroke

N at Risk:

Time from Randomization (months)

984 952 926 903 877 849 132

Kaplan-Meier event rate

0.04
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0.10

0.00
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0 6 12 18 24 30 36

pioglitazone (27 / 486)

placebo (51 / 498)

0.02

0.0080.34, 0.850.53pioglitazone vs placebo

p value95% CIHR

Risk reduction : 47 %

Patients with previous Stroke 
n=984



eso-stroke.org



In high-risk patients with type 2 diabetes and 

previous MI, pioglitazone significantly reduced the 

occurrence of recurrent fatal and nonfatal MI and 

ACS



Time to Fatal/Non-fatal MI (Excluding Silent MI)

28%



Time from Randomisation (months)

36

406 (139)

0 6 12 16 24 30

N. at risk:2455 2351 2308 2265 22222397

0.10
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0.03

0.01
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0.02

Kaplan-Meier                                                   

Event Rate

Placebo

Pioglitazone

(54 / 1215)

(35 / 1230)

-37 %

p-Value

0.41, 0.97

95 % CIHR

Pioglitazone vs Placebo 0.63 0.035

Pioglitazone’s effect on Acute Coronary Syndrome  
in patients with previous MI

Erdmann E. et al. JACC 2007; 49: 1772-1780



Am Soc Nephrol 19: 182–187, 2008

CKD patients treated with pioglitazone were less 

likely to reach the secondary end point (all-

cause death, MI, and stroke) : 

Hazard ratio 0.66
(95% confidence interval 0.45 to 0.98),

independent of the severity of renal impairment

- 34 %



Effect of Pioglitazone Treatment on the combined Endpoint                       
of all-cause Mortality, Myocardial Infarction and Stroke in                           

Patients with and without CKD (PROactive)

Kaplan-Meier estimate of 3-year event rate Event Rate
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Placebo: Combined endpoint significantly higher (P <0.0001) in patients with    

CKD (GFR <60 ml/mIn)  vs. those without  CKD:  18.3% vs. 11.5%; HR=1.65

Pioglitazone: Significant benefiit in patients with CKD : Reduction of                  

combined Endpoint from 21.4% vs. 14.6% HR=0.66 (p<0.0001)

GFR <45 GFR 45-<60 GFR 60-<75 GFR 75-<90 GFR ≥90

98/100519/7312/61 50/25028/213 79/54170/578 90/76382/709

Schneider CA et al. JASN 2008; 19:182-187



Summary
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*Any therapy (monotherapy and combinations).
**Other drugs and combinations of any oral antidiabetes drugs excluding rosiglitazone and pioglitazone.

Risk of All-cause Mortality for Different Comparisons of Drug 
Groups: Follow up of 91,521 Patients for 7.1 Years

(UK General Practice Research Database)

Tzoulaki I, et al. BMJ. 2009 



CARDIOVASCULAR OUTCOMES FROM PIOGLITAZONE               
META-ANALYSIS OF CLINICAL TRIALS (excludes PROactive)

Kaplan-Meier Estimate of Event 

Rate for Death, MI, Stroke
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FDA and Center for Drug Evaluation & Research; July 30,2007
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Pioglitazone
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SUMMARY OF PIOGLITAZONE CLINICAL TRIALS

Hazard Ratio

0.5 0.75

PIO Meta-analysis

- without PROactive

PIO Meta-Analysis

plus PROactive

0.83

PROactive 0.84

0.75

Center for Drug Evaluation & Research, July 30, 2007
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Characteristic ACCORD ADVANCE VADT PROactive

N 10,251 11,140 1,791 5,238

Mean Age 62 66 60.4 61.8

Duration of T2DM 10 yr 8 yr 11.5 yr 8 yr

History of CVD 35% 32% 40% 100%

BMI 32 28 31 31

Baseline A1C 8.3% 7.5% 9.4% 7.8%

A1C Achieved 6.4% vs. 7.5% 6.5% vs. 7.3% 6.9% vs. 8.4% 7.0% vs. 7.6%

RRR CVD Events 0.90 (0.78 – 1.04) 0.94 (0.84 – 1.06) 0.88 (0.74 – 1.05) 0.84 (0.72 – 0.98)

RRR Mortality 1.22 (1.01 – 1.46)* 0.93 (0.83 – 1.06) 1.07 (0.80 – 1.42) 0.96 (0.78 – 1.18)

Comparison of Recent Glycemia Trials
ACCORD, ADVANCE and VADT

ACCORD Study Group. N Engl J Med 2008;358:2545-59.

ADVANCE Collaborative Group. N Engl J Med 2008;358:2560-72.

Duckworth W et al. N Engl J Med 2009;360:129-39.

PROactive Dormandy JA, et al. Lancet. 2005; 366: 1279-1289



Multifactorial Effects of Pioglitazone

• Glycemic Control: in monotherapy and combination therapy  

reduction and maintenance of  HbA1c control (for up to 3.5 

years), with low risk of hypoglycaemia

• Lipid Metabolism: improved parameters of diabetic dyslipidaemia

• CV effects: completed CV outcomes trials and other studies 

consistently show no evidence of increased macrovascular events 



Risk of MI, IHD or a composite of major Macrovascular Events from Meta-analyses 
of Trials with Rosiglitazone or Pioglitazone versus Comparators

Schernthaner G & Chilton R . Diab.Metab.Obes 2010; 12: 1023–1035 

Rosiglitazone 
meta-analyses

Hazard or Odds or Risk Ratio

3.50.0 0.5 1.0 1.5 2.0 2.5 3.0

GSK-ICT (MI) [7,8,20,21]

Dahbreh & Econom opoulos  (MI, lowest estimate) [19]

Selvin et al. (CV morbidity) [22]

Friedrich et al. (MI)a [25]

Friedrich et al. (IHD)a [25]
Schuster et al. (MI) [17]
FDA (Serious IHD) [9,21]
Nissen & Wolski (MI) [6]
Sing et al. (MI) [10]

Bracken (MI, incl.RECORD) [18]

Psaty & Furberg (MI) [16]

Monami et al. (MI) [23]

GSK-ICT (IHD) [7,8,20,21]

Diamond et al. (MI, highest estimate) [15]

Bracken (MI, excl.RECORD) [18]

Dahbreh & Econom opoulos  (MI, lowest estimate) [19]

Diamond et al. (MI, lowest estimate) [15]

FDA (IHD) [9,21]

FDA (CV death/MI/Stroke) [7,8,20,21]
GSK-ICT (CV death/MI/Stroke) [7,8,20,21]

Manucci et al (Non-fatal coronary events) [24]
Manucci et al (Non-fatal MI) [24]

Pioglitazone              
meta-analyses

Selvin et al (CV morbidity, incl.PROactive) [22]

Manucci et al (Non-fatal coronary events) [33]

Lincoff et al (Death/MI/stroke, excl.PROactive) [28]

Selvin et al (CV morbidity, incl.PROactive) [22]

Nagajothi et al (MI) [34]
Lincoff et al (Death/MI) [28]

Lincoff et al (Death/MI/stroke, incl. PROacitve) [28]
Perez et al (Death/MI/stroke, incl.PROactive) [29]

Lincoff et al (MI) [28]

Perez et al (Death/MI/stroke, excl.PROactive) [29]


