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Causality assessment



Learning objectives

• Understand the concept of counterfactuals

• Know how to apply the Bradford Hill criteria in drug safety

• To be able to use two different causality model for the 
assessment of adverse drug reactions. 

- Causality scheme of Naranjo

- knowing the difference between extrinsic and intrinsic causality



Outline

• Counterfactual theory

• Bradford Hill Criteria

• Causality algorithms



Counterfactual 
theory





Question..

It is important to annotate the strength of the causal relationship 
between drug and adverse drug reaction

1) Agree

2) Do not agree



Drug X ADR B



Counterfactual theory

• When B occurs after X and B does not occur without X, 
than X is considered to be the cause of B

- Someone entered his house (B) because the door was 
open (X) 

- Because he uses this drug (X), he go and ADR (B)

• X causes B because the counterfactual “when X is not usd, 
that B does not occur” is true.



Drug X ADR B



Counterfactual theory

• Theory, answering the question “how do I know if 
something is a cause of an certain event”?

• Is a theoretical approach but provides no practical solution 
for causality issue

• As a proxy for counterfactuals we use control groups in 
epidemiology



The epidemiological approach..

• Exchangeability of groups

- Patients (using X) occurrence of B, given use of X

- Patients (no X)     occurrence of B, given no use of X

• When both groups are “exchangeable”, and B differs 
between both groups, we stat the B has a causal 
relationship with X

• Size of both groups can be very large



Conclusive epidemiological evidence?

• Conclusive proof of cause-effect relationship is often not 
possible

• Statements about chances are often desired

• Guidelines on how the likelihood of causality can be 
determined are needed



Bradford Hill 
criteria



Hill AB. The environment and disease: Association or causation? 1965



Bradford Hill Criteria

1. Strength of the evidence 

2. Order in time

3. Consistency

4. Plausibility

5. Specificity

6. Biological gradient

7. Coherence

8. Experiment

9. Analogy





Bradford Hill Criteria

1. Strength of the evidence

2. order in time

3. consistency

4. plausibility

5. specificity

6. Biological gradient

7. coherence

8. Experiment

9. analogy



Van Holle et al. PEDS 2012;21:603-10

Time to onset analysis



Bradford Hill Criteria

1. Strength of the evidence

2. Order in time

3. Consistency

4. Plausibility

5. Specificity

6. Biological gradient

7. Coherence

8. Experiment

9. Analogy



W.G. McBride, The Lancet 1961 dec 16: 1358



NEJM 2011:364;12 



Bradford Hill Criteria

1. Strength of the evidence

2. Order in time

3. Consistency

4. Plausibility

5. Specificity

6. Biological gradient

7. Coherence

8. Experiment

9. Analogy



Risk management plan



Bradford Hill Criteria

1. Strength of the evidence

2. Order in time

3. Consistency

4. Plausibility

5. Specificity

6. Biological gradient

7. Coherence

8. Experiment

9. Analogy



Maculopathie door chloroquine



Nicolau syndrome



Specificiteit van het verband

Aronson & Hauben. BMJ 2006;333:1267-69



Bradford Hill Criteria

1. Strength of the evidence

2. Order in time

3. Consistency

4. Plausibility

5. Specificity

6. Biological gradient

7. Coherence

8. Experiment

9. Analogy



Dose-response 

curve for allergic 

reaction in 

susceptible patients



Bradford Hill Criteria

1. Strength of the evidence

2. Order in time

3. Consistency

4. Plausibility

5. Specificity

6. Biological gradient

7. Coherence

8. Experiment

9. Analogy



Coherence



Bradford Hill Criteria

1. Strength of the evidence

2. Order in time

3. Consistency

4. Plausibility

5. Specificity

6. Biological gradient

7. Coherence

8. Experiment

9. Analogy



website LUMC



Bradford Hill Criteria

1. Strength of the evidence

2. order in time

3. consistency

4. plausibility

5. specificity

6. Biological gradient

7. coherence

8. Experiment

9. analogy









“None of these nine viewpoints can bring indisputable 
evidence for or against a cause and effect hypothesis …. 
What they can do, with greater or less strength, is to help 
answer the fundamental question—is there any other way of 
explaining the set of facts before us, is there any other 
answer equally, or more, likely than cause and effect?” 



Causality schemes







Approaches causality assessment

• WHO model

• Naranjo



WHO causality definitions

CERTAIN 
A clinical event, including laboratory test abnormality, occurring in a plausible time 
relationship to drug administration, and which cannot be explained by concurrent disease
or other drugs or chemicals. The response to withdrawal of the drug (dechallenge) should
be clinically plausible. The event must be definitive pharmacologically or 
phenomenologically, using a satisfactory rechallenge procedure if necessary. 

PROBABLE/LIKELY 
A clinical event, including laboratory test abnormality, with a reasonable time sequence to
administration of the drug, unlikely to be attributed to concurrent disease or other drugs 
or chemicals, and which follows a clinically reasonable response on withdrawal 
(dechallenge). Rechallenge information is not required to fulfil this definition. 

POSSIBLE 
A clinical event, including laboratory test abnormality, with a reasonable time sequence to
administration of the drug, but which could also be explained by concurrent disease or 
other drugs or chemicals. Information on drug withdrawal may be lacking or unclear. 

UNLIKELY 
A clinical event, including laboratory test abnormality, with a temporal relationship to drug 
administration which makes a causal relationship improbable, and in which other drugs, 
chemicals or underlying disease provide plausible explanations. 



Question

Naranjo's algorithm is widely used in determining the causal 
link between drug and clinical event. How has this model 
been validated?

1) At less than 100 cases with various adverse reactions 
from the literature

2) In about 250 cases with adverse effects on the 
cardiovascular system (reports)

3) In 1985, at about 1000 cases from the Spanish PV 
system

4) For 16 different classes of side effects with a minimum of 
250 cases



Naranjo-algoritm

Systematic causality assessment

• 10 questions

• Sumscore

• 63 cases from the literature

• only 3 authors!

Naranjo et al. A method for estimating the probability of adverse drug reactions. Clin Pharmacol Ther
1981;239-245



Naranjo score

> 9 certain

5-8 probable

1-4 possible

< 0 unlikely



Yes No ?

1 Are there previous conclusive reports on this reaction? 1 0 0

2 Did the event appear after the suspected drug was 

administered?

2 -1 0

3 Did the adverse reaction improve when the drug was 

discontinued or a specific antagonist was administered?

1 0 0

4 Did the adverse reaction reappear when the drug was 

readministered?

2 -1 0

5 Are there alternative causes (other than the drug) that 

could on their own have caused the reaction?

-1 2 0

6 Did the reaction reappear when a placebo was given? -1 1 0

7 Was the drug detected in the blood (or other fluids) in 

concentrations known to be toxic?

1 0 0

8 Was the reaction more severe when the dose was 

increased, or less severe when the dose was decreased?

1 0 0

9 Did the patient have a similar reaction to the same or 

similar drugs in any previous exposure?

1 0 0

10 Was the adverse event confirmed by any objective 

evidence?

1 0 0



WHO classification

time relationship attribution to other 

factors

certain dechallenge and 

rechallenge

absent 

probable dechallenge possible 

possible not improbable possible

unlikely improbable plausible



Extrinsic factors

• Literature and product information
- MEB / EMA
- Medline

• background Incidence
- Literature

• Prescription data

• Databases
- Lareb
- EMA 



Intrinsic factors

• pharmacological plausibility

- kinetic, dynamic, chemical structure

- latency, dechallenge

- co-medication

• patient-related

- indication, comorbidity

- Drug metabolism



Summary

• Causation is difficult in practice to prove

• There are various models of causality in use

• Validation leaves much to be desired, situations in which 
they are applied are often too specific

• Create your own judgment on the basis of individual 
criteria



Learning objectives

• Understand the concept of counterfactuals

• Know how to apply the Bradford Hill criteria in drug safety

• To be able to use two different causality model for the 
assessment of adverse drug reactions. 

- Causality scheme of Naranjo

- knowing the difference between extrinsic and intrinsic causality



Thank you for your attention!


