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ObjectivesObjectivesObjectivesObjectives
• After attending this session, participants • After attending this session, participants 

will be able to:
• Appreciate clinical trial evidence of 

will be able to:
• Appreciate clinical trial evidence of 

thiazolidinediones (TZDs) and cardiovascular 
events
thiazolidinediones (TZDs) and cardiovascular 
events

• Summarize data on TZDs and cardiovascular 
risk in ‘real-world’ diabetes patients

• Summarize data on TZDs and cardiovascular 
risk in ‘real-world’ diabetes patients
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DiabetesDiabetesDiabetesDiabetes
• Inadequate insulin• Inadequate insulin
• Accumulation of glucose in blood
• Leads to long-term complications
• Accumulation of glucose in blood
• Leads to long-term complicationsLeads to long term complications

• Microvascular
• Macrovascular

Leads to long term complications
• Microvascular
• Macrovascular• Macrovascular

• >90% type 2
I li i t t

• Macrovascular
• >90% type 2

I li i t t• Insulin resistant
• High risk of cardiovascular disease
• Insulin resistant
• High risk of cardiovascular disease
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Risk of AMI by gender and diabetes Risk of AMI by gender and diabetes 
statusstatus
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Goals of Type 2 Diabetes TreatmentGoals of Type 2 Diabetes TreatmentGoals of Type 2 Diabetes TreatmentGoals of Type 2 Diabetes Treatment

• Short term treatment of hyperglycemia• Short term treatment of hyperglycemia• Short-term treatment of hyperglycemia
• Long-term prevention of microvascular and 

macrovascular complications

• Short-term treatment of hyperglycemia
• Long-term prevention of microvascular and 

macrovascular complicationsmacrovascular complications
• Cardiovascular disease most important source of 

bidit d t lit f t 2 DM

macrovascular complications
• Cardiovascular disease most important source of 

bidit d t lit f t 2 DMmorbidity and mortality for type 2 DM
• Reduction of cardiovascular events primary 

l

morbidity and mortality for type 2 DM
• Reduction of cardiovascular events primary 

ltreatment goaltreatment goal
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Type 2 Diabetes TherapiesType 2 Diabetes TherapiesType 2 Diabetes TherapiesType 2 Diabetes Therapies

• Diabetes drugs approved based on• Diabetes drugs approved based onDiabetes drugs approved based on 
efficacy for glycemic control

• Larger studies longer follow up needed to

Diabetes drugs approved based on 
efficacy for glycemic control

• Larger studies longer follow up needed to• Larger studies, longer follow-up needed to 
demonstrate reduction in complications
Gl i t l id d t

• Larger studies, longer follow-up needed to 
demonstrate reduction in complications
Gl i t l id d t• Glycemic control considered a surrogate 
marker for long-term benefit

• Glycemic control considered a surrogate 
marker for long-term benefit
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Does Glycemic Control Improve CV 
O ?

Does Glycemic Control Improve CV 
O ?Outcomes?Outcomes?

• Evidence linking glycemic control to CV• Evidence linking glycemic control to CVEvidence linking glycemic control to CV 
benefit limited

• UKPDS benefit primarily on

Evidence linking glycemic control to CV 
benefit limited

• UKPDS benefit primarily on• UKPDS – benefit primarily on 
microvascular disease
M i t i l i t l

• UKPDS – benefit primarily on 
microvascular disease
M i t i l i t l• More intensive glycemic control 
• Advance - only microvascular risk reduction 

• More intensive glycemic control 
• Advance - only microvascular risk reduction 
• Accord - may be increase CV mortality• Accord - may be increase CV mortality
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Method of Lowering Glucose May be Method of Lowering Glucose May be 
ImportantImportant

• Metformin• MetforminMetformin
• MI and CV mortality reduction in UKPDS
• First-line

Metformin
• MI and CV mortality reduction in UKPDS
• First-lineFirst line
• Often need additional drugs with disease progression

• Sulfonylureas and Insulin

First line
• Often need additional drugs with disease progression

• Sulfonylureas and Insuliny
• No convincing data on benefit or harm

• TZDs?

y
• No convincing data on benefit or harm

• TZDs?
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Thiazolidinediones (TZDs)Thiazolidinediones (TZDs)Thiazolidinediones (TZDs)Thiazolidinediones (TZDs)

• Rosiglitazone (Avandia) pioglitazone• Rosiglitazone (Avandia) pioglitazoneRosiglitazone (Avandia), pioglitazone
(Actos)

• Decrease insulin resistance

Rosiglitazone (Avandia), pioglitazone
(Actos)

• Decrease insulin resistance• Decrease insulin resistance 
• Key defect in type 2 DM

Ri k f t f CV di

• Decrease insulin resistance 
• Key defect in type 2 DM

Ri k f t f CV di• Risk factor for CV disease
• Benefit on surrogate CV markers

• Risk factor for CV disease
• Benefit on surrogate CV markers
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Benefit on Clinical CV Outcomes?Benefit on Clinical CV Outcomes?Benefit on Clinical CV Outcomes?Benefit on Clinical CV Outcomes?

• Pioglitazone - ProActive trial• Pioglitazone - ProActive trialg
• Pioglitazone vs. placebo x 3 yrs
• Benefit only on secondary endpoint of death, MI, 

stroke

g
• Pioglitazone vs. placebo x 3 yrs
• Benefit only on secondary endpoint of death, MI, 

strokestroke 
• HR 0.84 (0.72-0.98, p=0.027)

stroke 
• HR 0.84 (0.72-0.98, p=0.027)

Dormandy et al., Lancet 2005;366:1279

• Pioglitazone - meta-analysis of 19 RCTs
• MI/death/stroke: 

4 4% i lit 5 7% t l

• Pioglitazone - meta-analysis of 19 RCTs
• MI/death/stroke: 

4 4% i lit 5 7% t l• 4.4% pioglitazone vs. 5.7% controls
• HR 0.82 (0.72-0.94, p=.005)
• 4.4% pioglitazone vs. 5.7% controls
• HR 0.82 (0.72-0.94, p=.005)

Lincoff et al JAMA 2007; 298:1180
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CV Risk with TZDs: CHFCV Risk with TZDs: CHFCV Risk with TZDs: CHFCV Risk with TZDs: CHF

• Evidence of increased congestive heart• Evidence of increased congestive heartEvidence of increased congestive heart 
failure from clinical trials
• Absolute risk low

Evidence of increased congestive heart 
failure from clinical trials
• Absolute risk low• Absolute risk low
• Non-fatal, reversible

• B fit l i i h i CV t

• Absolute risk low
• Non-fatal, reversible

• B fit l i i h i CV t• Benefits on glycemia, ischemic CV events 
thought to outweigh risk of CHF

• Benefits on glycemia, ischemic CV events 
thought to outweigh risk of CHF
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Risk of CHF: Meta-analysis of RCTsRisk of CHF: Meta-analysis of RCTsRisk of CHF: Meta analysis of RCTsRisk of CHF: Meta analysis of RCTs

•Rosiglitazone RR 2.18 (1.44-3.32)
•Pioglitazone RR 1 32 (1 04 1 68)

Lago et al. Lancet 2007; 370:1129

•Pioglitazone   RR 1.32 (1.04-1.68)
•NNH 107 per year



Does CV Benefit Outweigh CHF Risk?Does CV Benefit Outweigh CHF Risk?Does CV Benefit Outweigh CHF Risk?Does CV Benefit Outweigh CHF Risk?

Lincoff et al., JAMA 2007; 298:1180



CV Risk with TZDs: AMICV Risk with TZDs: AMICV Risk with TZDs: AMICV Risk with TZDs: AMI

• Risk-benefit ratio questioned• Risk-benefit ratio questionedq
• Further concern:

• Emerging evidence of higher myocardial

q
• Further concern:

• Emerging evidence of higher myocardial• Emerging evidence of higher myocardial 
infarction risk with rosiglitazone

• Challenged widely-held assumption

• Emerging evidence of higher myocardial 
infarction risk with rosiglitazone

• Challenged widely-held assumptionChallenged widely held assumption
• Control of glucose supposed to lower CV risk

Benefit on surrogate CV markers

Challenged widely held assumption
• Control of glucose supposed to lower CV risk

Benefit on surrogate CV markers• Benefit on surrogate CV markers
• Evidence of clinical benefit with pioglitazone
• Benefit on surrogate CV markers
• Evidence of clinical benefit with pioglitazone

Enhancing the effectiveness of health care
for Ontarians through research



Rosiglitazone and AMI riskRosiglitazone and AMI riskRosiglitazone and AMI riskRosiglitazone and AMI risk
• WHO report (2003)

• Possible increase in ‘cardiac events’ with
• WHO report (2003)

• Possible increase in ‘cardiac events’ with• Possible increase in cardiac events  with 
rosiglitazone

• GSK meta-analysis (2006)

• Possible increase in cardiac events  with 
rosiglitazone

• GSK meta-analysis (2006)
• AMI HR 1.31 (1.01-1.70) (AR 1.99% vs. 1.51%)

• Nissen meta-analysis (NEJM 2007)
AMI OR 1 43 (1 03 1 98)

• AMI HR 1.31 (1.01-1.70) (AR 1.99% vs. 1.51%)
• Nissen meta-analysis (NEJM 2007)

AMI OR 1 43 (1 03 1 98)• AMI OR 1.43 (1.03-1.98)
• Meta-analysis of long-term studies (JAMA 2007)

4 rosiglitazone trials

• AMI OR 1.43 (1.03-1.98)
• Meta-analysis of long-term studies (JAMA 2007)

4 rosiglitazone trials• 4 rosiglitazone trials
• AMI RR 1.42 (1.06-1.91)
• 4 rosiglitazone trials
• AMI RR 1.42 (1.06-1.91)
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FDA Advisory PanelFDA Advisory PanelFDA Advisory PanelFDA Advisory Panel
• FDA conducted own meta-analysis• FDA conducted own meta-analysis

• Significant RR 1.4 of AMI with rosiglitazone 

• Panel agreed by a 20-3 margin that available 
• Significant RR 1.4 of AMI with rosiglitazone 

• Panel agreed by a 20-3 margin that available 
data support an increased MI risk

• Voted 22-1 to recommend against withdrawal of 
data support an increased MI risk

• Voted 22-1 to recommend against withdrawal of 
rosiglitazone due to insufficient data

• Recommended black box warning
rosiglitazone due to insufficient data

• Recommended black box warninggg
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November 19 2007: FDA Black Box 
Warning

November 19 2007: FDA Black Box 
WarningWarningWarning
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Restrictions on RosiglitazoneRestrictions on RosiglitazoneRestrictions on RosiglitazoneRestrictions on Rosiglitazone
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Risk Underestimated in Clinical Trials?Risk Underestimated in Clinical Trials?

• Impact in ‘real world’?• Impact in ‘real world’?Impact in real world ?
• Clinical trial patients healthier, less 

comorbidity

Impact in real world ?
• Clinical trial patients healthier, less 

comorbiditycomorbidity
• Higher risk of adverse events in real world?

• Risk in older populations?

comorbidity
• Higher risk of adverse events in real world?

• Risk in older populations?• Risk in older populations?
• Seniors under-represented in clinical trials

40% f di b t ti t i O t i 65

• Risk in older populations?
• Seniors under-represented in clinical trials

40% f di b t ti t i O t i 65• 40% of diabetes patients in Ontario 65+ yrs• 40% of diabetes patients in Ontario 65+ yrs
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JAMA, December 12, 2007; 298(22): 2634-2643
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Objectives and DesignObjectives and DesignObjectives and DesignObjectives and Design

• Objectives• Objectives• Objectives
• Compare risk of CHF, AMI, death between older 

patients on TZDs vs. other OHAs

• Objectives
• Compare risk of CHF, AMI, death between older 

patients on TZDs vs. other OHAsp

• Design
• Linkable, population-based Ontario health care

p

• Design
• Linkable, population-based Ontario health careLinkable, population based Ontario health care 

databases 
• Retrospective cohort design using nested case 

Linkable, population based Ontario health care 
databases 

• Retrospective cohort design using nested case 
control analysiscontrol analysis
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Linkable DatabasesLinkable DatabasesLinkable DatabasesLinkable Databases

• Ontario Diabetes • Ontario Diabetes CIHICIHIDatabase
• Validated diabetes 

registry

Database
• Validated diabetes 

registry

• CIHI
• Hospital discharge 

abstracts

• CIHI
• Hospital discharge 

abstracts
registry

• Ontario Drug Benefit

registry

• Ontario Drug Benefit • NACRS• NACRS
• Ontario Drug Benefit 

Database 
• Prescriptions for Ontario 

• Ontario Drug Benefit 
Database 

• Prescriptions for Ontario 

• Emergency department 
visits

• Emergency department 
visits

residents ≥ age 65residents ≥ age 65
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PopulationPopulationPopulationPopulation

• Study cohort• Study cohortStudy cohort
• Diabetes patients age 66+ yrs on at least one 

OHA

Study cohort
• Diabetes patients age 66+ yrs on at least one 

OHAOHA
• Exclusion

Patients prescribed insulin before cohort entry

OHA
• Exclusion

Patients prescribed insulin before cohort entry• Patients prescribed insulin before cohort entry
• Patients started on insulin during follow-up

included

• Patients prescribed insulin before cohort entry
• Patients started on insulin during follow-up

includedincludedincluded
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Methods: Cases and ControlsMethods: Cases and ControlsMethods: Cases and ControlsMethods: Cases and Controls
Base Cohort: DM on OHAs 

N=159 0262002-2005 N 159,026 

Eli ibl C t l fEli ibl Eligible Controls for 
each case: 
No event by case date
5:1 matching:

Eligible 
Cases: event  
2002-2006

CHF 
N=12,491

AMI 
N=12,578

All-cause death 
N=30,265

g
Age, sex, 
DM duration, CV Hx

Hospital admission or 
ED visit

Enhancing the effectiveness of health care
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TZD Exposure: Ontario ContextTZD Exposure: Ontario ContextTZD Exposure: Ontario ContextTZD Exposure: Ontario Context
• TZDs only available through ODB Section 8 • TZDs only available through ODB Section 8 

2000-2006

• Eligible if:

2000-2006

• Eligible if:g
• Inadequate control on maximal doses of glyburide and 

metformin

g
• Inadequate control on maximal doses of glyburide and 

metformin
• Intolerance or contraindication to glyburide or 

metformin
• Intolerance or contraindication to glyburide or 

metformin

• 10-13% rejected• 10-13% rejected
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TZD ExposureTZD ExposureTZD ExposureTZD Exposure

• Patients receiving drug via ODB may be older, at• Patients receiving drug via ODB may be older, atPatients receiving drug via ODB may be older, at 
more advanced stage of diabetes
• More an issue if TZD due to inadequate control = 

Patients receiving drug via ODB may be older, at 
more advanced stage of diabetes
• More an issue if TZD due to inadequate control = 

combination therapy
• TZD due to contraindication/intolerance = 

monotherapy

combination therapy
• TZD due to contraindication/intolerance = 

monotherapymonotherapy

• Could not assess treatment duration

monotherapy

• Could not assess treatment duration• Could not assess treatment duration• Could not assess treatment duration
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Mutually Exclusive DM Drug Exposure 
C

Mutually Exclusive DM Drug Exposure 
CCategoriesCategories

• Primary: TZD monotherapy or combination• Primary: TZD monotherapy or combinationPrimary: TZD monotherapy or combination
• Secondary: rosiglitazone and pioglitazone
• Comparison: Other OHA combination

Primary: TZD monotherapy or combination
• Secondary: rosiglitazone and pioglitazone
• Comparison: Other OHA combinationComparison: Other OHA combination

• At least 2 non-TZD drugs
• Defined at event date

Comparison: Other OHA combination
• At least 2 non-TZD drugs

• Defined at event dateDefined at event date
• Current exposure
• Past exposure (stopped 15-365 days before)

Defined at event date
• Current exposure
• Past exposure (stopped 15-365 days before)p ( pp y )
• No exposure (no script in last yr)

p ( pp y )
• No exposure (no script in last yr)
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AnalysisAnalysisAnalysisAnalysis
• 3 NCC analyses• 3 NCC analyses

• CHF, AMI, All-cause mortality
• TZD treatment vs. other OHA combination

• CHF, AMI, All-cause mortality
• TZD treatment vs. other OHA combination
• Rate ratios adjusted for:

• Comorbidity, renal disease, income, other DM drugs, 
cardiac drugs baseline CV disease long term care

• Rate ratios adjusted for:
• Comorbidity, renal disease, income, other DM drugs, 

cardiac drugs baseline CV disease long term carecardiac drugs, baseline CV disease, long-term care 
residence

• Stratified analyses:

cardiac drugs, baseline CV disease, long-term care 
residence

• Stratified analyses:Stratified analyses:
• DM duration, baseline CV disease

Stratified analyses:
• DM duration, baseline CV disease
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ResultsResults
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Baseline DataBaseline DataBaseline DataBaseline Data

• Base cohort: 159 026 persons• Base cohort: 159 026 persons• Base cohort: 159 026 persons
• Median follow-up 3.8 years
• Base cohort: 159 026 persons
• Median follow-up 3.8 years

• Events
• 12 491 CHF cases (7.9%)

• Events
• 12 491 CHF cases (7.9%)12 491 CHF cases (7.9%)
• 12 578 AMI cases (7.9%)
• 30 265 deaths (19%)

12 491 CHF cases (7.9%)
• 12 578 AMI cases (7.9%)
• 30 265 deaths (19%)
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Baseline Variables: Cases vs. ControlsBaseline Variables: Cases vs. Controls

Characteristics
CHF
Controls

CHF 
Cases

AMI 
Controls

AMI 
CasesCharacteristics Controls Cases Controls Cases

Age, mean +/- SD (years) 76.9 ± 6.4 76.4 ± 6.4 76.4 ± 6.4 76.5 ± 6.4
Female 48.6% 48.6% 44.8% 44.8%
Charlson comorbidity ≥ 2 39.2% 51.3% 25.4% 22.1%
DM duration   < 2 yrs 8.2% 8.5% 8.4% 8.5%

2-5 yrs 17.1% 17.3% 16.6% 16.7%y
> 5 yrs 74.6% 74.2% 75.0% 74.8%

History of renal disease 5.5% 9.3% 4.1% 6.8%
History of CV disease (5 yrs) 34 3% 34 9% 26 4% 26 6%History of CV disease (5 yrs) 34.3% 34.9% 26.4% 26.6%

AMI 16.0% 18.2% 16.9% 17.1%
CHF 16.5% 17.3% 6.1% 8.4%

Mean drugs prior 6 m (SD) 9.3 (5.2) 11.1 (5.6) 8.9 (5.0) 9.9 (5.4)



TZDs and CHFTZDs and CHFTZDs and CHFTZDs and CHF
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Adjusted RR (95% CI)

Better Worse



CHF: Rosiglitazone vs PioglitazoneCHF: Rosiglitazone vs PioglitazoneCHF: Rosiglitazone vs. PioglitazoneCHF: Rosiglitazone vs. Pioglitazone

C C l

Adjusted 
RR 

(vs OHA
Pattern of Use

Cases 
No.

Controls 
No.

(vs. OHA 
combo) 95% CI

TZD monotherapy 78 237 1.60 1.21-2.10

Rosiglitazone 62 151 1.98 1.44-2.72

Pioglitazone 16 86 0.91 0.52-1.59

TZD combination therapy 508 2013 1.34 1.20-1.49

Rosiglitazone 364 1330 1.43 1.25-1.63

Pioglitazone 144 683 1 09 0 90-1 32Pioglitazone 144 683 1.09 0.90 1.32



TZDs and AMITZDs and AMITZDs and AMITZDs and AMI
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Adjusted RR (95% CI)

Better Worse



AMI: Rosiglitazone vs PioglitazoneAMI: Rosiglitazone vs PioglitazoneAMI: Rosiglitazone vs. PioglitazoneAMI: Rosiglitazone vs. Pioglitazone

Adj t d

Pattern of Use
Cases 

N
Controls 

N

Adjusted 
RR 

(vs. OHA 
combo)Pattern of Use No. No. combo) 95% CI

TZD monotherapy 65 228 1.40 1.05-1.86

Rosiglitazone 53 147 1.76 1.27-2.44Rosiglitazone 53 147 1.76
Pioglitazone 12 81 0.73 0.40-1.36

TZD combination therapy 404 2109 0 96 0.85-1.08TZD combination therapy 404 2109 0.96 0.85 1.08

Rosiglitazone 282 1404 1.00 0.87-1.16

Pioglitazone 122 705 0.87 0.71-1.06



TZDs and All-Cause TZDs and All-Cause 
MortalityMortality
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Adjusted RR (95% CI)

Better Worse



All-Cause Mortality: Rosiglitazone vs. All-Cause Mortality: Rosiglitazone vs. 
PioglitazonePioglitazone

Adjusted 
RR 

Pattern of Use
Cases 

No.
Controls 

No.
(vs. OHA 
combo) 95% CI

TZD monotherapy 102 392 1 29 1 02-1 62TZD monotherapy 102 392 1.29 1.02 1.62

Rosiglitazone 76 255 1.47 1.12-1.93

Pioglitazone 26 137 0.94 0.61-1.45

TZD combination therapy 497 1440 1.24 1.11-1.39

Rosiglitazone 358 1027 1.26 1.10-1.44

Pioglitazone 139 413 1 20 0 98-1 47Pioglitazone 139 413 1.20 0.98-1.47



CHF
Adjusted RR (95% CI)

AMIAMI

Death



Estimated Absolute Risk and NNH over 4Estimated Absolute Risk and NNH over 4Estimated Absolute Risk and NNH over 4 
Years

Estimated Absolute Risk and NNH over 4 
Years

CHF AMI Death

Baseline event rate (%) 9.54 9.67 19.3

Estimated absolute risk with TZDs (%) 12.5 13.5 24.0
Absolute risk increase (%) 3.0 3.9 4.6

N b d d t h 34 26 22Number-needed-to-harm 34 26 22
95% Confidence Interval 21 - 52 12 - 105 13 - 47



ConclusionsConclusionsConclusionsConclusions
In Ontario seniors with DM…

TZD th th OHA b
In Ontario seniors with DM…

TZD th th OHA b• TZD monotherapy vs. other OHA combo:
• 60% increase in CHF

40% increase in AMI

• TZD monotherapy vs. other OHA combo:
• 60% increase in CHF

40% increase in AMI• 40% increase in AMI
• 29% increase in all-cause death

• TZD combo vs other OHA combo:

• 40% increase in AMI
• 29% increase in all-cause death

• TZD combo vs other OHA combo:TZD combo vs. other OHA combo:
• 31% increase in CHF
• 24% increase in all-cause death

TZD combo vs. other OHA combo:
• 31% increase in CHF
• 24% increase in all-cause death24% increase in all cause death

• Estimated NNH 22-34 over 4 years
24% increase in all cause death

• Estimated NNH 22-34 over 4 years
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ConclusionsConclusionsConclusionsConclusions

• Risk appeared limited to rosiglitazone• Risk appeared limited to rosiglitazonepp g
• Not affected by baseline risk or DM duration

pp g
• Not affected by baseline risk or DM duration

• Findings generally consistent with previous 
studies 

• Findings generally consistent with previous 
studies 

• Absolute risk may exceed benefits in this 
population

• Absolute risk may exceed benefits in this 
populationpopulationpopulation
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Advantages of an Observational StudyAdvantages of an Observational StudyAdvantages of an Observational StudyAdvantages of an Observational Study

• Patterns of use in ‘real world’• Patterns of use in ‘real world’
• Large population

• More power to detect uncommon events
• Large population

• More power to detect uncommon events
• Population-based
• Seniors, patients with higher comorbidity better 

t d

• Population-based
• Seniors, patients with higher comorbidity better 

t drepresented
• Greater burden of diabetes

Absol te risk of ad erse e ents higher

represented
• Greater burden of diabetes

Absol te risk of ad erse e ents higher• Absolute risk of adverse events higher• Absolute risk of adverse events higher
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LimitationsLimitationsLimitationsLimitations
• Potential for selection bias

L i ith ti i t d t
• Potential for selection bias

L i ith ti i t d t• Less an issue with unanticipated events
• Concern with known or perceived benefits or risks
• TZD use through ODB may be different

• Less an issue with unanticipated events
• Concern with known or perceived benefits or risks
• TZD use through ODB may be different• TZD use through ODB may be different

• No data on glycemic control, drug compliance
• Possible misclassification

• TZD use through ODB may be different
• No data on glycemic control, drug compliance
• Possible misclassificationPossible misclassification
• Generalizability limited to seniors
• Small numbers on pioglitazone

Possible misclassification
• Generalizability limited to seniors
• Small numbers on pioglitazone• Small numbers on pioglitazone• Small numbers on pioglitazone
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SummarySummarySummarySummary
• Goal of type 2 DM treatment to prevent long-term 

li ti i ll CV di
• Goal of type 2 DM treatment to prevent long-term 

li ti i ll CV dicomplications especially CV disease
• Surrogate outcomes promising but not sufficient 

t b fit f t

complications especially CV disease
• Surrogate outcomes promising but not sufficient 

t b fit f tto ensure benefit or safety
• Neutral effect on clinical outcomes not enough

M ti id f th th b tt

to ensure benefit or safety
• Neutral effect on clinical outcomes not enough

M ti id f th th b tt• Mounting evidence of worse rather than better
CV outcomes with TZDs

• H b d ti t d i li i l t i l

• Mounting evidence of worse rather than better
CV outcomes with TZDs

• H b d ti t d i li i l t i l• Harms may be underestimated in clinical trials• Harms may be underestimated in clinical trials
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