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Introduction



Something with drugs

… on a population-level

Pharmacoepidemiology



”While the individual man is an insoluble 

puzzle, in the aggregate he becomes a 

mathematical certainty. You can, for example, 

never foretell what any one man will do, but 

you can say with precision what an average 

number will be up to.” 
    

AC Doyle in “Sherlock Holmes: The Sign of  four”

Pharmacoepidemiology



”Pharmacoepidemiology is the study of  

use and effects of  medications on a 

population basis.”

Strom, Kimmel, and Hennessy

Textbook of  Pharmacoepidemiology 3rd ed

Pharmacoepidemiology





Measures of  frequency 

and association

Study design

Bias



Frequency and associations

Incidence / incidence rate

Prevalence / Prevalence proportion

Cumulative incidence proportion (risk)

Odds

Measures of  assocation based on the above
(IRR, RR and OR)



Study designs

Cohort design

Case-control design

Drug utilization studies

Self-controlled designs



Bias

Bias

Confounding



Measures of  frequency 

and association

Study design

Bias



Incidence

Number of  NEW cases

E.g.: There are 10 incident cases 

of  AMI in Denmark each day



Incidence per persontime

E.g.: The incidence rate (IR) of  UGB is 

50 per 100,000 person-years

Incidence rate

Incidence rate =
Number of  new cases

The amount of  person-time giving 

rise to these cases



A person followed for a year

Two persons each followed 6 months

Three persons each followed for 4 months

100 persons each followed 3.65 days

10 persons each followed for 1 month 

and 60 persons followed for one day

…

1 person-year?



Incidence rate

Time 

(years)

Follow-up 

(person-years)

8

6

2

5

3

IR

= 1 case /

24 personyears

= 0,0417 py-1

= 42 / 1000 py



Number of  cases

Prevalence

E.g.: 1100 Danes live with 

Myasthenia Gravis



The proportion of  a population that 

at a given time have a given disease

Prevalence proportion

Prevalence proportion =
Number with disease

Total size of  population

E.g.: The prevalence proportion of  Myasthenia Gravis among Danes 

is 1.8 per 10,000 (as 1100 / 6 mill = 0,00018)

E.g.: Prevalence proportion of  use of  beta-blockers is 50% among 

individuals with a previous MI



Prevalence proportion

Time (years)

AMI

AMI

AMI

AMI

AMI

Beta blocker use 

No beta blocker use



The proportion that within a given period 

of  time experience a (new) outcome

Risk!

E.g.: The 30-day mortality among 

persons admitted with MI is 10%

Cumulative incidence proportion (CIP)

CIPt =
Number of  new outcomes until time t

Number of  persons at risk at time zero



Time 

(years)

CIP8y = 1 / 7

Cumulative incidence proportion (CIP)



E.g.: Odds for dying within 30 days after 

admission due to MI is 0.11 (10%/90%)

Odds

Odds =
Likelihood of  outcome

Likelihood of  NO outcome



Odds = 1 / 6

= 0.16

Odds

Time 

(years)



Associations
Relative measure for frequency of  outcome, 

e.g. comparing drug users to non-users

Incidence rate -> incidence rate ratio

CIP -> relative risk

Odds -> odds ratio

The larger RR/IRR/OR, the stronger the (relative) 

association, that is, the association between using e.g. a 

drug and the  risk of  the outcome



1.3 (0.8-2.2)





Measures of  frequency 

and association

Study design

Bias



Cohort study

A group of  users of  a drug and a group 

of  non-users are followed over time and 

compared regarding a given outcome

Case-control studies

A group with a given outcome is 

compared to a group without that 

outcome in terms of  (previous) drug 

exposure



Cohort design

27



107.7 person-years

3 events

IR =    0.028/py

      = 28/1000py 



IR(exposed) = 28/1000py

IR(unexposed) = 20/1000py 

IRR = 28/20 = 1.4



Cohort design

30



Case-control design



Cohort study

10,000 girls aged 20-25 years using ‘the pill’ 

are followed for three years. 

Among these girls, 200 incident cases 

of  deep vein thrombosis are recorded.

Among 20,000 girls NOT using ‘the pill’ (but 

same age and follow-up), 100 incident cases of  

deep vein thrombosis are recorded.

What is the incidence rate ratio?



Case-control study

300 girls aged 20-25 with incident deep vein 

thrombosis are identified. Among these girls, 

80% had used ‘the pill’

Another 300 girls of  the same age that have no 

record of  deep vein thrombosis are identified. 

Among these girls, 50% have used ‘the pill’.



Odds ratio

DVT 

Y

DVT

N

The pill Y 240 150

The pill N 60 150

𝑂𝑅 =
ൗ240
60

ൗ150
150

= 4



”If  properly conducted and 

analysed, case-control studies can 

yield all the information that 

cohort studies can provide.”

-Ken Rothmann    



Self-controlled designs

Case-crossover



Self-controlled designs

Case-crossover



Self-controlled designs

Case-crossover



Self-controlled designs

Symmetry design





• Incidence rates

• Prevalence proportions

Drug utilization
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• Incidence rates

• Prevalence proportions

• Use of  single substances

• Persistence (‘drug survival’)

• Co-medication

• Daily dose (≈)

• Prescriber profile

• Regional differences

• Skewness

Drug utilization



Measures of  frequency 

and association

Study design

Bias



Random variation

Systematic error (Bias)

Selection bias

Information bias

Confounding

Statistician’s expertise
Epidemiologist’s expertise



Lack of  comparability…

Mixing effects…

Error (bias) caused by lack of  

comparability between users and 

non-users of  a drug

Confounding



1. Associated to outcome

2. Associated to exposre

3. Not caused by the exposure 

(”not part of  the causal chain”)



Exercise: Guess the confounder?!

Users of  bras have higher risk of  

breast cancer compared to non-users

Persons with a high alcohol consumption 

have an increased risk of  lung cancer

Users of  weight loss products have a higher risk of  

hip fractures compared to non-users of  the same age

Users of  low-dose aspirin (ASA) have a higher risk 

of  MIs compared to non-users of  the same age



Types of  bias

Confounding

Selection bias

Information bias
(misclassification bias)

Protopathic bias 
(reverse causation bias)

Immortal-time bias



Selection bias

Bias comming from OUTSIDE the 

material, due to the selective inclusion of  

individuals with particular characteristics 

(related to either exposure or outcome)



Information bias

Bias from WITHIN the material 

due to incorrect information
 

Differentiated

Non-differentiated



The cohort
study design



A cohort
(not the same as a cohort study!)

A population followed over time for the 

occurence of  a given outcome

Closed cohort

A group of  individuals are followed form a given 

point in time, with no later addition of  later individuals. 

All individuals are followed until the event of  interest 

occur or the study period ends.

Open cohort

A population that is changing over time. Individuals can freely 

enter and exit the cohort during the observation period.



Closed

Open

(/dynamic)

time

time



Cohort design

4



107.7 person-years

3 events

IR =    0.028/py

= 28/1000py 



IR(exposed) = 28/1000py

IR(unexposed) = 20/1000py 

IRR = 28/20 = 1.4



1970 19901975 1980 1985 1995

Age

30

35

40

45

50

55

Y

X

Non-X

Year



 Exp. to X Unexp. to X 

Age Person years Disease Y Person years Disease Y 

30-34 y 0 0 5 0 

35-39 y 5 0 5 0 

40-44 y 10 0 0 0 

45-49 y 8 1 0 0 

50-54 y 0 0 5 0 

 



Time slicer

Person ID Entry Exit Outcome PersonID Exposure Start End

3245 Jan 1 2001 Dec 31 2014 N 3245 ASA Feb 23 2003 Feb 12 2004

3245 NSAID Jul 14 2003 Sep 28 2005



Person ID Entry Exit Outcome PersonID Exposure Start End

3245 Jan 1 2001 Dec 31 2014 N 3245 ASA Feb 23 2003 Feb 12 2004

3245 NSAID Jul 14 2003 Sep 28 2005

With ASA

Person ID Entry Exit ASA_tvc Outcome

3245 Jan 1 2001 Feb 22 2003 N N

3245 Feb 23 2003 Feb 12 2004 Y N

3245 Feb 13 2004 Dec 31 2014 N N

Time slicer



Person ID Entry Exit Outcome PersonID Exposure Start End

3245 Jan 1 2001 Dec 31 2014 N 3245 ASA Feb 23 2003 Feb 12 2004

3245 NSAID Jul 14 2003 Sep 28 2005

With ASA

Person ID Entry Exit ASA_tvc Outcome

3245 Jan 1 2001 Feb 22 2003 N N

3245 Feb 23 2003 Feb 12 2004 Y N

3245 Feb 13 2004 Dec 31 2014 N N

With ASA and NSAID

Person ID Entry Exit ASA_tvc NSAID_tvc Outcome

3245 Jan 1 2001 Feb 22 2003 N N N

3245 Feb 23 2003 Jul 13 2003 Y N N

3245 Jul 14 2003 Feb 12 2004 Y Y N

3245 Feb 13 2004 Sep 28 2005 N Y N

3245 Sep 29 2005 Dec 31 2014 N N N

Time slicer







NSAID and UGB Saskatchewan

”… entered our cohort upon the first receipt

of  a prescription for diclofenac, indomethacin, 

naproxen, piroxicam or sulindac. Person-time 

contributed by this person continued until

the earliest of: 1) hospitalization due to UGB 

2) death 3) departure from Saskatchewan 

or 4) end of  study.”

No control group!

García Rodríguez et al. Epidemiology . 1992 Jul;3(4):337-42.



30 d 1367 d

Current

user
Old past user Non-user

1. Rx
Recent 

Past

user

30 d 90 d

Current use <31 d

Recent past use 31-60 d

Old past use 61-150 d

Nonuse >150 d

NSAID and UGB Saskatchewan

García Rodríguez et al. Epidemiology . 1992 Jul;3(4):337-42.



30 d 1367 d

Current 

user
Old past user Non-user

1. Rx

Recent 

Past

user

30 d 90 d

Current 

user

Current 

user

1. Rx
2. Rx 3. Rx

Current 

user
Old past user

Recent 

Past

user

23 d 30 d 30 d 30 d 83 d

 
 Current user Recent past user Old past user Nonuser  

Person 1 30 30 90 1367  
Person 2 83 30    83 1 - 

Ialt 113 60  173 1 1367 

 

 

Total

NSAID and UGB Saskatchewan

García Rodríguez et al. Epidemiology . 1992 Jul;3(4):337-42.



Incidence rate ratios of GI-hospitalisations of NSAID users  

 Current users Recent past users Old past users  
 (0-30 days) (30-60 days) (60-150 days)  

Diclofenac 3.9 2.2 1.3  
Indomethacin 4.0 1.7 1.4  
Naproxen 3.8 2.3 1.4  
Nonusers 1.0  

 

NSAID and UGB Saskatchewan

García Rodríguez et al. Epidemiology . 1992 Jul;3(4):337-42.
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The case-control

study design





“On proceeding to the spot, I found 

that nearly all the deaths had taken 

place within a short distance of  the 

[Broad Street] pump. There were only 

ten deaths in houses situated decidedly 

nearer to another street-pump.”

John Snow
(the one that actually 

knew something…)



3 of  86 male cancer patients were non-smokers

14 of  86 of  healthy men were non-smokers

Smoking and lung cancer?

Müller FH, Z. Krebsforsch (1939); 49:57



Smoking and lung cancer?

Doll & Hill. Br Med J 1950;2:739-48



Smoking and lung cancer?

Doll & Hill. Br Med J 1950;2:739-48



Cohort study

A group of  subjects using the drug under 

scrutiny and a group of  non-users are followed

over time with respect to the development of  a 

certain outcome.

Case-control study

Subjects with a certain outcome (cases) 

and subjects without this outcome (controls) 

are mapped according to use of  

the drug under scrutiny.



Cohort study

10,000 girls aged 20-25 years using
‘the pill’ are followed for three years. 

Among these girls, 200 incident cases 
of  deep vein thrombosis are recorded.

Among 20,000 girls NOT using ‘the pill’ 
(but same age and follow-up), 100 incident 

cases of  deep vein thrombosis are recorded.



Case-control study

300 girls aged 20-25 with incident deep
vein thrombosis are identified. Among

these girls, 80% had used ‘the pill’

Another 300 girls of  the same age that
have no record of  deep vein thrombosis
are identified. Among these girls, 50% 

have used ‘the pill’.



Odds ratio

DVT

Y

DVT

N

The pill Y 240 150

The pill N 60 150

𝑂𝑅 =
ൗ240
60

ൗ150
150

= 4



Use of  appetite-suppressant drugs causes 

primary pulmonary hypertension

Relative risk ≈ 20 

Baseline IR: 2 / 1 000000 person-years

Abenhaim et al. NEJM 1996

If  ALL Danes (≈6 mill) used these drugs, how

many cases would I expect per year?

What if there was ”only” 100 000 users?

… but why!?





Pottegård et al. EBioMedicine 2016 May; 7:73-9



The difficult part…



Source population

The population from which cases 
and controls are drawn (sampled).

cohort



Cohort design



Case-control design



Case-control design



Has it always been like this?

NO!



Persons Use cases and a random 

sample of non-cases (controls)

“Traditional” or Case-Non-Case or Cumulative
Case-Control Studies



A “case-control” study…

This study aimed to investigate the association 

between X use and the risk of  Y in a case-

control study. We analysed XXX database 

from 2002 to 2013. We defined “cases” as who 

underwent Y surgery between 2010 and 2013. 

“Controls” were patients with no history of  Y 

between 2002 and 2013.



Case-control design



Case-control design





Example





Li+



Underlying

cohort?





Pros and cons?



Pros

Statistically efficient 

Less ressource demanding

Can (easily) look at multiple 

exposures at the same time



Only provides relative estimates (in principal)

Not suited for multiple (different) outcomes

Less efficient with rare exposures

Control selection might ”go wrong”

Design often misunderstood

Cons



... often misunderstood?!

Decision: rejection

Detailed comments from the meeting:

The committee felt this is a topical subject.  This study is 

not the first of  its kind, but it is a very big study and this 

is a strength.  

However the committee felt that the case-control 

methodology is intrinsically weak. 





When to consider?

When you want to use MANY 

different exposure definitions

When outcome is rare

When computer power might be a limitation

When best to avoid?

If  studying multiple outcomes

If  exposure is rare 

When absolute risks are central

When active comparators are considered



Drug utilization

Credit: Lotte Rasmussen



”Pharmacoepidemiology is the study of  use 

and effects of  medications on a population 

basis.”

Strom, Kimmel, and Hennessy

Textbook of  Pharmacoepidemiology 3rd ed

Pharmacoepidemiology



Adapted from Elseviers et al. 2016

Pharmaco-

epidemiology

Drug utilization

research

Health service

research



Adapted from Elseviers et al. 2016

Factors 

influencing 

drug utilization

Prescribing, 

dispensing and 

consumption of  

drugs

Outcomes of

drug therapy

Pharmacoepidemiology

Drug utilization research



To facilitate rational 
use of drugs!

WHO on rational use of drugs: 

“…patients receive medications 
appropriate to their clinical needs, in 
doses that meet their own individual 
requirements, for an adequate period 
of time, and at the lowest cost to them 

and their community”





Why is the medication prescribed? 

Who prescribes the medication? 

Who is the medication prescribed to? 

Are patients taking the medication correctly? 

Is the medication used in accordance with guidelines? 

Does the consumption of  the medication 

vary across regions, age, or sex? 

What is the effect of  regulatory initiatives on 

the consumption of  the medication?

Core questions



Incidence rates

Prevalence proportions



Incidence rates

Prevalence proportions

Use of  single substances



Incidence rates

Prevalence proportions

Use of  single substances

Persistence (‘drug survival’)



Incidence rates
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Incidence rates

Prevalence proportions

Use of  single substances

Persistence (‘drug survival’)

Co-medication

Daily dose (≈)

Prescriber profile

Regional differences

Skewness





Wesselhoeft et al. Acta Psychiatr Scand. 2019











So what…!?

Remember to bridge the gap 
between your DUS and 

the clinical reality. 
(Include a clinician!)

How do we get from 
the research question to 

the rational use of  medicines?







Considerations

re. exposure



Epidemiology:

The neglected half of  
pharmacoepidemiology
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Correctly classifying the subjects of  a 

study in exposed or non-exposed 

constitutes the foundation of  an 

epidemiologic study. 

Since by definition, in a 

pharmacoepidemiological study, the 

exposure is a drug, a sound knowledge of  

drug utilisation, pharmacology and 

toxicology are essential to the design and 

critical appraisal of  these studies.
Jacques LeLorier



Correctly classifying the subjects of  a 

study in exposed or non-exposed 

constitutes the foundation of  an 

epidemiologic study. 

Since by definition, in a 

pharmacoepidemiological study, the 

exposure is a drug, a sound knowledge of  

drug utilisation, pharmacology and 

toxicology are essential to the design and 

critical appraisal of  these studies.
Jacques LeLorier



Does use of  tranexamic acid during

HIP SURGERY cause… problems?

Bleeding? 

Myocardial infarction?

Ischemic stroke?



Single dose

T1/2 = 3 hours

Coding?



Does use of  tranexamic acid during

MENORRHAGIA cause… problems?

Bleeding? 

Myocardial infarction?

Ischemic stroke?

Melanoma?



Pottegård et al. JAMA 2015



Hellfritzsch et al. Clin Pharmacol Ther 2020





Pottegård & Hallas, Pharmacoepidemiology Drug Saf 2015



Pottegård & Hallas, Pharmacoepidemiology Drug Saf 2015





Lagtime

(months) Adjusted OR

0 1.51 (1.31-1.73)

6 1.02 (0.90-1.17)

12 1.00 (0.87-1.15)

18 0.97 (0.85-1.12)

24 0.92 (0.79-1.07)

30 0.92 (0.79-1.07)

36 0.94 (0.80-1.10)

42 0.97 (0.82-1.14)

48 0.95 (0.80-1.12)

54 0.96 (0.81-1.15)

60 0.97 (0.81-1.16)
Hicks et al. Pharmacoepidemiology Drug Saf 2018



March 11 March 28 April 10

Ibuprofen 400 mg

100 tablets 100 tablets

Ibuprofen 400 mg

Upper GI bleeding



January 11 April 28 July 10

Ibuprofen 400 mg

100 tablets 100 tablets

Ibuprofen 400 mg

Upper GI bleeding



Prescribing

Fill

Ingestion

9.1%



Hallas, Pottegård, and Støvring, PDS 2016



What is the height difference 

between men and women?



Hallas, Pottegård, and Støvring, PDS 2016



Incidence rate ratios of GI-hospitalisations of NSAID users  

 Current users Recent past users Old past users  
 (0-30 days) (30-60 days) (60-150 days)  

Diclofenac 3.9 2.2 1.3  
Indomethacin 4.0 1.7 1.4  
Naproxen 3.8 2.3 1.4  
Nonusers 1.0  

 



One statin tablet a day?

One alendronic acid a week?

An SSRI tablet a day?

1-2 paracetamol 3-4 times daily?



Drug Parametric WTD

NSAID 116

Warfarin 91

Bendroflumethiazide 137

Levothyroxine 118

Hallas, Pottegård, and Støvring, PDS 2016



Sex Age 100 pills 200 pills 300 pills

Male 50 62.7 90.2 125.2

Male 70 78.1 112.9 157.1

Female 50 65.4 92.2 126.5

Female 70 81.2 117.3 163.1

















Pedersen et al. J Am Acad Dermatol. 2018

BCC

SCC

First

tertile

Second

tertile

Third

tertile



Rasmussen et al. Pharmacoepidemiol Drug Saf 2018



Rasmussen et al. Pharmacoepidemiol Drug Saf 2018



Svendsen et al. Br J Dermatol 2019



Pharmacology:

The neglected half of  

pharmacoepidemiology!



Considerations

re. outcomes

Credit: Maja Hellfritzsch



Outcome / event

Mortality

Suicide attempts

High INR values

Stroke

AMI

Cancer

PCI / CABG

Initiation

Discontinuation

Switching



OUTCOME PROXY

Disease Diagnosis

Surgery Procedure

Treatment initiation Presc. fill

Biochemical change NPU-code



Validity?

Will this proxy classify those with the 

outcome as having the outcome? And 

those without the outcome as not 

having the outcome?



Is the proxy valid?

Myocardial infarction

= ICD10-code I21

How to test this?



VS.





96 of  99 patient with (first) 

I21 code had an AMI.

Valid?



+ Disease ÷ Disease

+ Code True pos. False pos.

÷ Code False neg. True neg.



Positive predictive value (PPV):

Likelihood of  disease given registration

Negative predictive value (NPV):

Likelihood of  absence of  disease given no registration

Sensitivity (completeness):

Proportion of  those with disease having registration

Specificity:

Proportion of  those with no disease having no registration

96 of  99!

?

?

?

+ Disease ÷ Disease

+ Code True pos. False pos.

÷ Code False neg. True neg.

≈100%?

≈100%?

??



The perfect proxy!

Proxy always represent an outcome

(PPV = 100%)

An outcome will always trigger a proxy 

(Sensitivity = 100%)

NOTE: Validation often only adress PPV!



Cancer?

Those with outcome
Those with proxy

High PPV

High sens.



Obesity diagnosis?

Those with outcome
Those with proxy

High PPV

Low sens.



Gastroscopy as proxy for intestinal bleeding?

Those with outcome
Those with proxy

Low PPV

High sens.



PPV > Sensitivity

(Most important that the registered outcomes are in fact outcomes!)





Suboptimal validity…

Misclassification

What is the height difference 

between men and women?



Suboptimal validity…

Misclassification of  outcome status = information bias

Low PPV → 
Those without outcome classified with outcome

Low sensitivity → 
Those with outcome classified as not having outcome

As long as validity does not depend on exposure status, 
misclassification is non-differential and thus biases towards

unity (making the groups appear alike)!



How to increase validity?

Algorithms!

Validate!

Stick to codes with high PPV!

Restrict to incident outcomes, primary diagnoses, 
diagnoses from specialized departments!

Consider sensitivity analyses!



Requiring both diagnosis and prescription yielded PPV of  93%!



Algorithms

Excluding algorithms (increases PPV!)

Multiple requirements to count as outcome

e.g. DVT diagnosis AND later AC treatment

Inclusive algorithms (increases sensitivity!)

Multiple ways of  counting as outcome

e.g. diabetes diagnosis OR antidiabetic use



Involve a clinician!

(and beware of  pseudo-clinicians!)



Hallas et al. BMJ 2006

Validation?







Considerations re validity

What is most important?

To identify all outcomes (high sensitivity)?

To make sure outcomes are correct (high PPV)?



What is most important?

To identify all outcomes (high sensitivity)?

To make sure outcomes are correct (high PPV)?

Unless specific considerations:

PPV > Sensitivity

Considerations re validity



Bias



Random variation

Systematic error (Bias)

Selection bias

Information bias

Confounding

Statistician’s expertise
Epidemiologist’s expertise





Types of  bias

Selection bias

Information bias
(misclassification bias)

Protopathic bias 
(reverse causation bias)

Immortal-time bias

Confounding



Types of  bias

Selection bias

Information bias
(misclassification bias)

Protopathic bias 
(reverse causation bias)

Immortal-time bias

Confounding



Selection bias

Bias coming from OUTSIDE the material, due 

to the selective inclusion of  individuals with 

particular characteristics (related to either

exposure or outcome)

Women with vague symptoms of  DVT has higher likelihood of  getting

admitted for tests if using oral contraceptives.

Mothers of  children with malformations are more likely to participate in 

study on use of  drugs during pregnancy if they have thought about a given 

drug they have been using.



Information bias

Bias from WITHIN the material

due to incorrect information

Differentiated

Non-differentiated



If  the classification of  exposure depends

on whether the patient has an outcome

(or vice-versa)

Mothers of  children with malformations will

be better at recalling information on drug 

use during pregnancy than women with 

children without malformations.

Information bias (differentiated)



General misclassification of  exposure, 

independent of  outcome status or other

variables.

Will always infer a bias towards

the null (i.e. no difference).

Information bias 
(non-differentiated)

In a study of  the risk of  brain hemorrhage associated with use of  platelet

inhibitors, the classification of  use/non-use is not 100% correct, as the algorithm

does not capture patients stopping before having used a full package of  tablets.

One year’s worth of  prescription data is corrupt…



Protopathic bias
(reverse-causation bias)

A mixture (reversal) of  the cause and effect, 

e.g. if the drug is given for an early (not yet

recognized or recorded) disease.

In a study of  the association between use of  

valproic acid (antiepileptic) and risk of  cancer, 

you find an increased risk of  brain cancer. This 

is caused by valproic acid prescribed due to 

epilepsi as an early marker of  brain cancer.







Immortal-time bias
(the epidemiologist messed up-bias)



Starring
James Dean

Natalie Wood

Sal Mineo

All three very talented

All three died at a young age

All three nominated for an Oscar

Neither of  them got an Oscar



Christopher Plummer, born 1929, 
Won his first Oscar in 2012 

(nominated for the first time in 2010)



Time already survived

is per definition ”immortal”!
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22,260 patients are followed for a year after
discharge following a COPD exacerbation.

Divided into users and non-users of  
inhaled steroid based on whether they fill

an prescription within 90 days after
discharge.

Main finding

Mortality reduced by 29% (HR 0.71, 0.65-0.78)

Readmission reduced by 24% (HR 0.76, 0.71-0.80)









Immortal time

22

Discharge 1st ICS presc.

Wrong:

Exposed

Discharge 1st ICS presc.

Unexposed

Correct:

Exposed



Never use a crystal ball!
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Immortal-time bias

Always in cohort studies

Signal too good (strong) to be true

When the effect manifests too soon

You will have used a crystal ball

When ”groups” and not 

”status” are analysed



Confounding
(and PS!)



Random variation

Systematic error (Bias)

Selection bias

Information bias

Confounding

Statistician’s expertise
Epidemiologist’s expertise



Lack of  comparability…

Mixing effects…

Error (bias) caused by lack of  

comparability between users and 

non-users of  a drug

Confounding



1. Associated to outcome

2. Associated to exposre

3. Not caused by the exposure

(”not part of  the causal chain”)



Hypothesis

Does use of  thiazides lead to an 

increased risk of  upper 

gastrointestinal bleeding?

Potential confounders?



Confounder control

DESIGN

Randomization

Cross-over

Restriction

Matching

Self-controlled

ANALYSIS

Stratification

Multivariat analysis

Propensity score (PS)



Corrects unknown and unmeasured confoudners

Ressource demanding

Unethical (re safety issues)

Not efficient in small trials

”Gold standard” for assessing intended effects

Randomization

?



Ultimate confounder control

Corrects unknown and unmeasured confoudners

Ressource demanding

Only useful with transient effects

Cross-over

?



To restrictive = limited statistical power

To restrictive = Lack of  representativity

(Could be implemented in analysis)

Restriction

?





Confounder control

DESIGN

Randomization

Cross-over

Restriction

Matching

Self-controlled

ANALYSIS

Stratification

Multivariat analysis

Propensity score (PS)



Stratification I

All
(n=3000)

Individuals Outcomes Risk RR

Non-user 2500 410 16.4% 1.0 (ref.)

User 500 180 36.0% 2.20

Men
(n=2000)

Individuals Outcomes Risk RR

Non-user 1600 320 20.0% 1.0 (ref.)

User 400 160 40.0% 2.00

Women
(n=1000)

Individuals Outcomes Risk RR

Non-user 900 90 10.0% 1.0 (ref.)

User 100 20 20.0% 2.00



Stratification II



Multivariat analyse

Data is ”fitted” into a model (logistic

regression, Cox regression, Poisson

regression etc), to adjust for multiple 

variables at the same time

Can handle a large number of  variables

Black box

”Small number” bias?



Warfarin and risk of  SAH

Cases Controls Crude OR * Adjusted OR **

Never use 6,885 280,381 1.00 (ref.) 1.00 (ref.)

Ever use 393 10,728 1.53 (1.37-1.70) 1.36 (1.22-1.51)

Recency of  use:

Current use 284 6,282 1.90 (1.68-2.15) 1.70 (1.49-1.93)

Recent use 10 258 1.64 (0.87-3.09) 1.47 (0.77-2.77)

Past use 18 678 1.10 (0.69-1.76) 0.96 (0.60-1.54)

Non-use 81 3,510 0.97 (0.77-1.21) 0.85 (0.68-1.07)

* Adjusted for sex, age, and calendar time

** Further adjusted for 12 specific drugs, 8 specific diagnoses, income and education



”small number” bias



Confounding by indication

When the reason to 

prescribe a drug is a 

(strong) determinant 

for the outcome



”Study” of  anticoagulant effect

Use of  oral anticoagulants and risk

of  ‘deep vein thrombosis’ (DVT)

True relative risk (RR): <1 (perhaps 0.1?)

Adjusted for age and sex: RR = 27

+ other risk factors for DVT: RR = 4

Miettinen OS. The need for randomization in the 

study of  intended effects. Stat Med 1983; 2: 267-71.



Miettinen’s conclusion

Confounding by indication

can be very strong

Is not correctable in a 

non-randomized design

Miettinen OS. The need for randomization in the 

study of  intended effects. Stat Med 1983; 2: 267-71.



Confounding-by-indication variants 
(according to severity)

Indication associated with a risk factor for the outcome

(Statins -> fracture)

Part of  the indication is a risk factor for the outcome

(Coxibs -> peptic ulcer bleeding)

Indication is a risk factor for the outcome
(Lithium -> suicide)

The drug is prescribed with the sole 
purpose of  preventing the outcome

(Low-dose aspirin -> MI)



What about…

propensity scores?







A propensity score (likelihood score) 
is a value between 0 and 1 that

- given a specific set of  covariates -
provides the likelihood of  something

being treated with 
drug A over drug B



logit outcome exposure
covar1 covar2 covar3

logit exposure
covar1 covar2 covar3

predict ps







Brookhart et al., AJE 2006



Matching 

Regression

Stratification

Weighthing

... combinations

See Stürmer et al., JIM 2014



Literature
Introduction to PS Glynn et al., BCPT 2005

Stürmer et al., JIM 2014

Choice of  variables Brookhart et al., AJE 2006

Comparison to other methods Stürmer et al., JCE 2005

Cepeda et al., AJE 2003

Trimming Stürmer et al., AJE 2010

Kurth et al., AJE 2005

Matching Rassen et al., PDS 2012

High-dimensional PS Schneeweiss et al., Epidemiology 2009

Hallas & Pottegård, BCPT 2017

Adjusting’unmeasured confounding’ Schneeweis et al., Epidemiology 2009

Disease risk scores Glynn et al., PDS 2012 





Goodbye



Welcome

Introduction/Overview

Cohort design

Case-control design

Drug utilization

Exposure

Outcomes

Bias

Confounding

Goodbye

And future

bonus modules!



Suggested reading?





LINK

https://www.linkedin.com/pulse/30-pharmacoepidemiology-must-reads-anton-potteg%2525C3%2525A5rd%3FtrackingId=xSefXBSITe28kEPfjUZGRQ%253D%253D/?trackingId=xSefXBSITe28kEPfjUZGRQ%3D%3D


LINK

https://onlinelibrary.wiley.com/doi/epdf/10.1002/pds.5382


LINK

https://onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)1099-1557.review-series-core-concepts-pharmacoepidemiology


LINK

https://www.linkedin.com/pulse/dear-phd-student-whos-got-your-ear-supervisor-bricks-walls-potteg%C3%A5rd/


LINK

https://www.linkedin.com/pulse/just-say-young-researchers-thoughts-prioritizing-ideas-potteg%C3%A5rd/
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