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Abundant 
terminology in the 
literature! 
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• Note: confounding is just another form of bias 

 

• Remember: 

1. Confounding 

2. Selection bias 

3. Information bias 
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Epidemiology 
Domain 

determinant outcome 

Sample 

outcome determinant 
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• Bias = systematic error in the quantity you try to 

estimate  

 

• Can not be remedied by large (infinite) sample size 

• Can not be remedied by pooling studies 

• It is not quantified by the confidence interval (which 

represents random sampling variability) 

• If bias, results are not valid (‘internal validity’) 

 

• Example: broken measuring tape 
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Information bias 
 

• Bias due to misclassification (measurement error) of 

exposure or outcome. 

• Can have huge impact, in particular when 

– Misclassification of exposure is related to 

outcome status 

– Misclassification of outcome is related to 

exposure status 
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Directed acyclic graphs (DAGs) 

The arrow indicates that X causes Y 

X Y 
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DAGs – common causes 

If X and Y share a common cause, it may appear 

that X causes Y, while in fact it does not. 

X Y 

C 

Example: Breastfeeding 
Childhood 
asthma 

Maternal atopic 
constitution 
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Confounding in a DAG 

• If X and Y share a common cause, this may bias 

the observed association between X and Y.  

 

• This is called confounding 

X Y 

C 
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Textbook definition of confounding 

A confounder is … 

… a risk factor for the outcome 

… related to exposure 

… not an intermediate to the causal chain 

X Y 

C 
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Selection is natural 
Domain 

determinant outcome 

Sample 

outcome determinant 
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Selection does not equal selection bias 
 

• Selection bias is a bias due to selection 

• Not all selections result in a bias 

 

 

• Example: RCT in which particularly severely disease 

patients are willing to participate… 

 

• Bias? 
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DAGs – colliders 

If X and Y share a common effect, the observed 

relation between X and Y is unbiased. 

X Y 

S 

Example: FMF Gout 

Colchicine 

use 
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Selection bias in a DAG 

• If X and Y share a common effect, the overall 

association between X and Y is unbiased.  

• In a DAG a common effect is called a collider. 

• Conditioning (e.g. stratification) on a collider will 

bias the relation between X and Y. 

• This is called selection bias. 

X Y 

S 

X Y 

S 
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Selection bias – example  

• In general, no association between FMF and gout. 

• Among those who use colchicine… 

• … negative association is observed. 

• This is selection bias. 

FMF Gout 

Colchicine 
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Selection bias – informal 

 Among those who use colchicine… 

 … there must be a reason why they use it 

  

 If a subject does not have gout …. 

 … it very likely (s)he has FMF, 

 and vice versa 

FMF Gout 

Colchicine 
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Selection bias – it takes two … 

• Conditioning on S will only result in a bias if both X 

and Y are related to S. 

• Hence, selection based on outcome status only 

(case-control study) or exposure status only (e.g. 

matching in cohort study) will not induce a selection 

bias.  

X Y 

S 
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Selection vs. selection bias 

• Selection bias is due to selective inclusion of 

subjects in the study population.  

• However, selective inclusion of subjects in the 

study population does not necessarily result in 

selection bias!!! 

• Example: case-control study 

– Inclusion in study population is strongly related to 

outcome status, but does not result in bias 

• Example: RCT in which half of placebo group drops 

out 

– Inclusion in analysis is strongly related to treatment 

status, but does not results in bias 
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Selection does not equal selection bias[2] 
 

• Example: RCT in which particularly severely disease 

patients are willing to participate… 

• Bias? 

 

• Probability of being ‘selected’ for the study depends on 

risk of the outcome… 

• Probability of being ‘selected’ does not depend on 

treatment status… 

• So, … no selection bias!  
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Selection bias vs. confounding 

• Is it a common cause or a common effect?  

– Hard to derive from data 

– Think about chronological order! 
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• DAGs may help you to identify variables to control 

for in your analysis (confounders) and variables that 

you should not control for (colliders). 

 

• Bias classification: 

– Information bias 

– Confounding 

– Selection bias  
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Generalizability  
 

• External validity (outdated term) 

• To whom do the results of my study apply? 

• Generalizability does not require 

representativeness 

• Use clinical knowledge! 
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Generalizability  
 

• Example: antibiotics for acute otitis media 

1. Study among 50 boys, 50 girls 

2. Study among 100 boys, no girls 

3. Study among 100 girls, no boys 

 

• Which study would you prefer in terms of generalizability 

of results? 
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Further reading: 

• Hernan et al. A structural approach to selection 

bias. Epidemiology 2004;15:615-25. 
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