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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”

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) = θ

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

θ^ is a biased estimate of θ if θ^ - θ =/= 0

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)
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Some “catalogs” of biases

 Sackett DL. Bias in 
analytic research. J 
Chronic Dis 
1979;32:51-63.

 Delgado-Rodriguez 
et al. Bias. J 
Epidemiol Comm 
Health 2004;58:635-
41.

 Choi BCK et al. A 
catalog of biases in 
questionnaires. 
Preventing Chronic 
Disease Jan 
2005;2(1):1-13
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Bias analysis (sensitivity analysis)

Applying Quantitative Bias Analysis to Epidemiologic Data
Springer, 2009
Lash, Timothy L., Fox, Matthew P., Fink, Aliza K. 



This year, for the first time, in EPIB-601:

10

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

Many will be introduced in EPIB-601 and discussed at a higher level in EPIB-603
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Readings

 Rothman: 
 Chapter 5: Biases in Study Design

 Gordis: 
 Chapter 14: From Association to Causation
 Chapter 15: More on Causal Inferences: Bias, 

Confounding, and Interaction
 Articles:
 Delgado-Rodriguez et al. Bias. J Epi Comm 

Health 2004.
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