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THIS TALK

•Immortal time bias

•Immeasurable time bias

•Importance ?

Immortal time bias:
Inhaled corticosteroids in 

COPD
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HR=0.71              
29% reduction in 

all-cause mortality

Ontario Study
• Cohort study of 22,620 patients hospitalised for 

COPD (Ontario databases, 1992-97)

• One year follow-up

• 25% readmitted for COPD, 11% died

• 51% received an ICS within 90 days after 
discharge

• Data analysis by “intent-to-treat” approach using 
Cox’s proportional hazards model, adjusting for 
many covariates



4

= death

0 365Days of follow-up

Ontario Study: Design

90

= death

= Inhaled corticosteroid Rx

0 365Days of follow-up90

Ontario Study: Design

0

0

Time zero:
Discharge

ICS Rx filled

ICS users
~ 11,000

ICS non-users
~ 11,000

Need proper time-dependent analysis

IMMORTAL 
TIME BIAS

Death

Death

Immortal time                                          Immortal          and unexposed



5

Immortal time bias: 
Replication of Ontario COPD study

Suissa, AJRCCM 2003;168:49-53
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Calverley et al NEJM 2007

Time zero:

Numerical example: 

Metformin and cancer
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Alternative “new user” 
cohort design
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Replication of the study

Suissa, ERJ 2004;23:391-5

Suissa, ERJ 2004;23:391-5

IMMORTAL 
TIME BIAS

Replication of the study
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Time-based and event-based cohort designs

Exposure-based cohort design
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THIS TALK

•Immortal time bias

•Immeasurable time bias

•Importance ?

Immeasurable 
time bias: 
STATINS 
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RR=0.17           
83% reduction 
in mortality !

Total number 
of deaths

Rate
Ratio 95% CI

Rate
Reduction

Meta-analyses of RCTs

Lancet (2005) 8,186 0.88 0.84-0.91 12%

JACC (2008) Not reported 0.93 0.87-0.99 7%

BMJ (2009) 3,650 0.88 0.81-0.96 12%

Case-control study (2005)

-Statins alone 2,266 0.53 0.33-0.86 47%

-Statins, aspirin 2,266 0.39 0.29-0.52 61%

-Statins, aspirin, β-blockers 2,266 0.17 0.12-0.23 83%

‐Statins,	aspirin,	β‐blockers,	ACE 2,266 0.25 0.18‐0.35 75%

RCTs vs case-control study

Total number 
of deaths

Rate
Ratio 95% CI

Rate
Reduction
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Total number 
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Case (death)

Hospitalized (immeasurable time)

30 days

Prescription filled

Control

30 days

Case-control design

ILLUSTRATION
• Cohort of 2,049 patients hospitalised for COPD in 

Saskatchewan (1990-2003)

• 1313 died during follow-up (cases) matched to 
1313 risk-set controls 

• Exposure: Inhaled corticosteroid prescription in 
30-day period prior to index date

• Data analysis done 2 ways: 
- Irrespective of immeasurable time 
- Accounting for immeasurable time 

Cases (deaths) Controls

N LOS N LOS

All subjects 1313 11.0 1313 2.3

ICS prescription (30 days) 217 6.6 341 2.2

No ICS prescription 1,096 11.9 972 2.3

In subjects not hospitalised

ICS prescription 73 0 247 0

No ICS prescription 290 0 719 0

In subjects hospitalised

ICS prescription 144 9.9 94 8.2

No ICS prescription 806 16.2 253 8.8
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Cases (deaths) Controls

N LOS N LOS

All subjects 1313 11.0 1313 2.3

ICS prescription (30 days) 217 6.6 341 2.2

No ICS prescription 1,096 11.9 972 2.3

In subjects not hospitalised

ICS prescription 73 0 247 0

No ICS prescription 290 0 719 0

In subjects hospitalised

ICS prescription 144 9.9 94 8.2

No ICS prescription 806 16.2 253 8.8

immeasurable time

Cases Controls Crude 
RR

Adjusted RR
(95 % CI)

ICS Rx (last 30 days)

No                  1,096 972 1.00 1.00 Ref

Yes 217 341 0.56 0.60 0.50-0.73

Immeasurable time bias

Cases Controls Crude 
RR

Adjusted RR
(95 % CI)

ICS Rx (last 30 days)

No                  1,096 972 1.00 1.00 Ref

Yes 217 341 0.56 0.60 0.50-0.73

Time-adjusted        
30-day ICS use

0.26 0.28 0.93 0.98 0.83-1.17

Immeasurable time bias
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Immeasurable time bias

Death

Hospitalized (immeasurable time)

Prescriptions filled

Cohort entry

Cohort entry

Cohort design
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