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A family of biases



3Adapted from: Maclure, M, Schneeweis S. Epidemiology 2001;12:114-122.

Causal Effect

Random Error

Confounding

Information bias (misclassification)

Selection bias

Bias in analysis & inference

Reporting & publication bias

Bias in knowledge use

The long road to causal inference 
(the “big picture”)

RRcausal
“truth”
[counterfactual]

RRassociation
the long road to causal inference…

BIAS
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Error

Systematic errorRandom error

Information 
bias

Selection bias

Errors in epidemiological inference

Confounding

BIAS

“Bias is any process at any stage of inference which tends to produce results or 
conclusions that differ systematically from the truth” – Sackett (1979)

“Bias is systematic deviation of results or inferences from truth.” [Porta, 2008]

PRECISION:
defined as relative 

lack of random 
error

VALIDITY: defined as 
relative absence of bias 

or systematic error
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Quantitative definition of bias

 Effect estimate in the source population (parameter 
of interest – “the truth”) = 

 Effect estimate in the actual study sample (effect 
estimate from study) = ^

^ is a biased estimate of  if ^ - 

Kleinbaum, ActivEpi
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Direction of bias
 Positive bias – observed effect is higher than the 

true value (causal effect)
 Negative bias – observed effect is lower than the true 

value (causal effect)

A better approach would be:
 Bias towards the null – observed value is closer to 

1.0 than is the true value (causal effect)*

 Bias away from the null – observed value is farther 
from 1.0 than is the true value (causal effect)*

*Note: 1 is the null value for ratio measures (e.g. OR, RR), but not for risk difference
Measures (where null value is 0)
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Observed association 
between exposure and 

outcome

Not due to chanceDue to chance

Not due to biasDue to bias

Due to 
confounding

Not due to 
confounding

A Skeptic's Algorithm for Associations

Valid 
association

Causal Non causal

Rule out 
random error

Rule out bias 
and 

confounding

Often using criteria (e.g. 
Hill’s) & totality of evidence



The key biases we look for when we read a 
paper, depends on the study design

 Sources of bias in 
RCTs:
 Improper randomization
 Lack of blinding
 Attrition

 Sources of bias in 
case-control studies
 How were cases and 

controls selected?
 Was information collected 

using same methods in both 
cases and controls?

 Was confounding 
addressed?
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We have critical appraisal worksheets 
for each study design

10https://www.teachepi.org/teaching-resources/worksheets/



Case studies of bias
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Real life case studies of how things went wrong and what we can learn from them!

Available at: https://www.teachepi.org/teaching-resources/bias-case-studies/



Every single epidemiological study 
will have bias: we can try and reduce 
the amount & adjust for it in our 
analyses
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Try and prevent + handle it in analysis

 Prevent
 Pick a stronger study 

design
 Randomization, blinding, 

etc
 Random sampling to reduce 

bias during selection
 Collect information with 

accurate tools
 Matching to reduce 

confounding

 Handle during 
analysis
 Adjust for confounding
 Adjust for selection 

probabilities
 Adjust for imperfect tools
 Adjust for misclassification, 

etc
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