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Why is confounding so important in 
epidemiology?

 BMJ Editorial: “The scandal of poor epidemiological 
research” [16 October 2004]
 “Confounding, the situation in which an apparent 

effect of an exposure on risk is explained by its 
association with other factors, is probably the 
most important cause of spurious associations in 
observational epidemiology.”

BMJ 2004;329:868-869 (16 October) 
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Adapted from: Maclure, M, Schneeweis S. Epidemiology 2001;12:114-122.

Causal Effect

Random Error

Confounding

Information bias (misclassification)

Selection bias

Bias in inference

Reporting & publication bias

Bias in knowledge use

Confounding is one of the key biases in identifying 
causal effects

RRcausal
“truth”

RRassociation
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Confounding: mixing of effects

 “Confounding is confusion, or mixing, of 
effects; the effect of the exposure is mixed 
together with the effect of another variable, 
leading to bias” - Rothman, 2002

Rothman KJ. Epidemiology. An introduction. Oxford: Oxford University Press, 2002 

Latin: “confundere” is to mix together
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Example
Association between birth order and Down syndrome 

Source: Rothman 2002 Data from Stark and Mantel (1966) 



7

Source: Rothman 2002 

Association between maternal age and Down syndrome 

Data from Stark and Mantel (1966) 
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Source: Rothman 2002 

Association between maternal age and Down syndrome, 
stratified by birth order 

Data from Stark and Mantel (1966) 
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Mixing of Effects: the water pipes analogy

Adapted from Jewell NP. Statistics for Epidemiology. Chapman & Hall, 2003

Exposure Outcome

Confounder

Mixing of effects – cannot separate the effect of exposure from that of confounder

Exposure and disease
share a common cause (‘parent’)
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Mixing of Effects: “control” of the confounder

Adapted from: Jewell NP. Statistics for Epidemiology. Chapman & Hall, 2003

Exposure Outcome

Confounder

Successful “control” of confounding (adjustment)

If the common cause (‘parent’)
is blocked, then the exposure –
disease association becomes 

clearer (“identifiable”)
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Exposure                         Disease (outcome)

Confounder

So, a confounder is a parent of 
exposure & outcome

E D

C

Szklo M, Nieto JF. Epidemiology: Beyond the basics. Aspen Publishers, Inc., 2000.
Gordis L. Epidemiology. Philadelphia: WB Saunders, 4th Edition. 
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Birth Order                        Down Syndrome

Confounding factor:
Maternal Age

Confounding Schematic

E D

C
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HRT use                          Heart disease

Confounding factor:
SES

Are confounding criteria met?
Association between HRT and heart disease
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BRCA1 gene                          Breast cancer

Confounding factor:
Age

Are confounding criteria met?

x

Should we adjust for age, when evaluating the association 
between a genetic factor and risk of breast cancer?

No!
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Counterfactual model explains 
how confounding occurs

 Ideal “causal contrast” between exposed and 
unexposed groups:
 “A causal contrast compares disease frequency 

under two exposure distributions, but in one target 
population during one etiologic time period”

 If the ideal causal contrast is met, the observed 
effect is the “causal effect”

Maldonado & Greenland, Int J Epi 2002;31:422-29
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Iexp

Iunexp
Counterfactual, unexposed cohort

Exposed cohort

Ideal counterfactual comparison to determine causal effects

RRcausal = Iexp / Iunexp
“A causal contrast compares disease frequency under two exposure distributions, but in one
target population during one etiologic time period”

Maldonado & Greenland, Int J Epi 2002;31:422-29

“Initial conditions” are identical in 
the exposed and unexposed groups 
– because they are the same 
population!



17

Iexp

Iunexp

Counterfactual, unexposed cohort

Exposed cohort

Substitute, unexposed cohort

Isubstitute

What happens actually?

counterfactual state 
is not observed

A substitute will usually be a population other than the target population 
during the etiologic time period  - INITIAL CONDITIONS MAY BE 
DIFFERENT
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Counterfactual, unexposed cohort

Exposed cohort

Substitute, unexposed cohort

“Confounding is present if 
the substitute population 
imperfectly represents what 
the target would have been 
like under the counterfactual 
condition”

“An association 
measure is confounded
(or biased due to 
confounding) for a 
causal contrast if it 
does not equal that 
causal contrast 
because of such an 
imperfect substitution”

Maldonado & Greenland, Int J Epi 2002;31:422-29

Counterfactual definition of confounding

RRcausal  =/= RRassoc
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Simulating the counter-factual comparison:
Experimental Studies: RCT

Randomization helps to make the groups “comparable” (i.e. similar 
initial conditions) with respect to known and unknown confounders

Therefore confounding is unlikely at randomization - time t0

Eligible patients

Treatment

Randomization

Placebo

Outcomes

Outcomes
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Simulating the counter-factual comparison:
Experimental Studies: Cross-over trials

Although cross-over trials come close to the ideal of counterfactual 
comparison, they do not achieve it because a person can be in only 
one study group at a time; variability in other exposures across time 
periods can still introduce confounding (Rothman, 2002)

Eligible patients

Treatment

Randomization

Placebo

Treatment

Placebo
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Simulating the counter-factual comparison:
Observational Studies

Disease present

Disease absent

Disease present

Disease absent

Exposed

Not exposed

compare rates

PRESENT FUTURE

In observational studies, because exposures are not assigned randomly, 
attainment of exchangeability is impossible – “initial conditions” are likely 
to be different and the groups may not be comparable

Confounding is ALWAYS a concern with observational designs!



Control of confounding:
 Control at the design stage
 Randomization
 Restriction
 Matching

 Control at the analysis stage
 Conventional approaches

 Stratified analyses
 Multivariate analyses
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Example: Does male circumcision reduce risk of 
HIV?

Observational studies had major limitations, especially confounding
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Confounders considered in the Cochrane 
review

Siegfried N et al. Lancet Infect Dis 2005
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In 2005, first RCT gets published

First RCT showed 
a big effect – 60% 

protection!
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Randomization resulted in highly comparable 
distribution of potential confounders; so 
confounding is not an issue (at baseline)

First RCT: comparability of the randomized groups
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In 2007, two other RCT 
confirm the first RCT findings
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UNAIDS endorsed 
this intervention in 

2007

Meta-analysis of 3 RCTs in 2008
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Statistical adjustment

• Crude (“naïve”) effect: does not take into 
account the effect of the confounding variable

• Adjusted effect: accounts for the confounding 
variable(s) 
– Typically generated using multivariate analyses (e.g. 

logistic regression
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Hormone replacement therapy and 
cardiovascular disease

BMJ 2004;329:868-869 (16 October) 
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After controlling for multiple confounding factors (age, sex, race or 
ethnicity, body-mass index, underlying cardiovascular disease and its risk 
factors, diabetes, underlying lung disease, smoking, immunosuppressed 
condition, and baseline disease severity), when compared with mortality 
in the control group (9ꞏ3%), hydroxychloroquine (18ꞏ0%; hazard ratio 
1ꞏ335, 95% CI 1ꞏ223–1ꞏ457), hydroxychloroquine with a macrolide 
(23ꞏ8%; 1ꞏ447, 1ꞏ368–1ꞏ531), chloroquine (16ꞏ4%; 1ꞏ365, 1ꞏ218–1ꞏ531), 
and chloroquine with a macrolide (22ꞏ2%; 1ꞏ368, 1ꞏ273–1ꞏ469) were each 
independently associated with an increased risk of in-hospital mortality.
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