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Of the 3 types of knowing (“gnosis”) etio-
gnosis (causality) is the central concern of 

epidemiology

• Most fundamental application of 
epidemiology: to identify etiologic (causal) 
associations between exposure(s) and 
outcome(s)

Exposure Outcome
?
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What is a cause?

• “Cause of a disease event is an event, condition or 
characteristic that preceded the disease event and 
without which the disease event either would not have 
occurred at all or would not have occurred until some 
other time.” 

» [Rothman & Greenland, 1998]



Cause and effect?
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"Our cross sectional study in 
both COVID‐19 out‐ & 
inpatients strongly suggests 
that daily smokers have a very 
much lower probability of 
developing symptomatic or 
severe SARS‐CoV‐2 infection as 
compared to the general pop."
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What is a cause?
• Cause

• Must precede the effect (absolute requirement)
• Can be either host, agent or environmental factors (e.g. 

characteristics,  conditions, infection, actions of individuals, 
events, natural, social phenomena)

• Can be either
• positive = the presence of an exposure (e.g. radiation)
• negative = the absence of exposure (e.g. vaccination)

• Should always be set up as a comparison:
– “Cause is a category of a determinant, in relation to a particular 

reference category, capable of completing a sufficient cause in some 
instances in which the reference category is incapable of such 
completion” [OS Miettinen]
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Compared to what?

• In an old movie, comedian 
Groucho Marx is asked: 
“Groucho, how’s your 
wife?”

• Groucho quips: 
“Compared to what?”

http://en.wikipedia.org
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What is a causal effect?
• To determine a causal effect, we always need to 

set up a causal contrast (against some 
reference)

• 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!
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Yes, the counter-factual state
is impossible to observe, unless…
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Movies with a ‘counter-factual’ flavor!
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Iexp

Iunexp

Counterfactual, unexposed cohort

Exposed cohort

Substitute, unexposed cohort

Isubstitute

What happens in reality?

counterfactual state 
is not observed 

(latent)

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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What happens actually?

RRassoc = Iexp / Isubstitute

RRcausal = Iexp / Iunexp IDEAL

ACTUAL

RRcausal =/= RRassoc

Chances are…
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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

The best epidemiologic study will be one that 
captures the causal effect with minimal distortion

RRcausal
“truth”

RRassociation
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Q: What is the Hubble equivalent among epi 
study designs?

A: the Randomized Controlled Trial (RCT)
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Simulating the counter-factual comparison:
Experimental Studies: RCT

Randomization helps to make the groups “comparable” (i.e. similar 
initial conditions)

Eligible patients

Treatment

Randomization

Placebo

Outcomes

Outcomes



18

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



Case-Control Studies

Cohort Studies

Randomized Controlled 
Trials

Cross-sectional & ecologic studies

Expert Opinion, case series, anecdotal observations

Meta-
Analyses 
of trials

Adapted from UCI 
Libraries 
https://guides.lib.uc
i.edu/ebm/pyramid

The Hierarchy of 
Evidence in the 
Health Sciences
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A general model of causation

• “Causal pie” model by Rothman
– Sufficient and component cause
– Strength of effects
– Interaction among causes
– Induction period

Rothman, 2002
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Key premise: disease processes tend 
to be multifactorial [“multicausality”]

• Very few exposures cause disease 
entirely by themselves

• Exposure to measles can cause measles only if 
somebody is susceptible (e.g. not vaccinated)

• Development of melanoma among those with high 
UV light exposure who also have fair skin

Schoenbach, 2000
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Sufficient and component causes
• Sufficient causes

– the whole pie
– a minimum set of conditions without any one of which the disease would not 

have occurred
– often several factors (each factor (slice) is a component cause)
– Component causes “interact” to produce disease (“biological interaction”) - once 

all component causes of a sufficient cause are present, that sufficient cause is 
complete and disease occurs

– a disease may have several sufficient causes (several pies can produce the 
same disease)

A

B
C U Sufficient cause

Component 
cause

(“risk factor”)

Rothman, 2002
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Sufficient and component causes

Rothman, 2002
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Example: Covid-19

Sufficient cause #1:

Elderly 
person

Rothman, 2002

Diabetes

D

BA

Exposure to 
coronavirus

C
Lives in a 
nursing 
home
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Example: Covid-19

Sufficient cause 2:

Healthcare 
worker

Rothman, 2002

Black 
ethnicity

D

BA

Cardiovascular 
disease

C
Male
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Example: Covid-19

Sufficient cause 3:

Asian

Rothman, 2002

Low socio-
economic 

status

D

BA

Cancer
C

Obese
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This illustration shows a disease that has 3 sufficient causal complexes, each having 5 
component causes.  

A is a necessary cause since it appears as a member of each sufficient cause.  

B, C, and F are not necessary causes since they fail to appear in all 3 sufficient causes.

Necessary cause

Necessary cause
•most important piece of the pie (without which, disease will not occur)
•must be present for disease to occur

•Coronavirus is a necessary cause of Covid-19

Rothman, 2002
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Timelines
• Completion of a sufficient cause is synonymous with occurrence (although 

not necessarily diagnosis) of disease: 
• Induction period is the period of time beginning at the action of a component 

cause and ending when the final component cause acts and the disease occurs 
(can take years, e.g. cancer)

Rothman, 2002
http://sphweb.bumc.bu.edu/otlt/MPH-Modules/PH717-QuantCore/PH717-Module1A-Populations/PH717-Module1A-Populations8.html
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Timelines
– Induction period is the period of time beginning at the action of a 

component cause and ending when the final component cause acts 
and the disease occurs (can take years, e.g. cancer)

– Incubation period is used in infectious diseases and is not the same 
as induction period; incubation period is time from exposure to onset 
of symptoms

– Latency period: Time from disease to diagnosis

Rothman, 2002
http://sphweb.bumc.bu.edu/otlt/MPH-Modules/PH717-QuantCore/PH717-Module1A-Populations/PH717-Module1A-Populations8.html



Exposure vs Infection vs Disease
• Exposure = when an individual has 

encountered a disease causing 
agent. This is necessary for infection 
or transmission to take place. 
However, exposure need not result 
in infection.

• Infection = when an individual has 
pathological changes that can be 
detected. An infected individual is 
not necessarily infectious or capable 
of transmitting the infection.

• Disease = when the body gets altered 
from normal and functional state to 
an abnormal and dysfunctional 
state, associated with different signs 
and symptoms.

https://tinyurl.com/ycqtnqpj

Deaths

Confirmed 
case

Tested for 
infection

Infected, with 
symptoms

Infected, no symptoms

Exposed

With Covid-19, PCR-confirmed cases & deaths
are the tip of the iceberg!



31

Causal inference using Hill’s ‘criteria’
Criteria for causation

1. Strength of association
2. Consistency
3. Specificity
4. Temporality
5. Dose-response relationship (gradient)
6. Plausibility
7. Coherence
8. Experimental evidence
9. Analogy

Hill AB. Proc Roy Soc Med 1965
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Epidemiology 3E. Gordis L. 2004



Single studies are never enough 
to make a causal inference!
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Correlation Causation

• Correlations between variables indicate that one variable changes with 
the other

• Causation proposes that one variable causes a change in another

COVID‐19 and BCG example:

Although there is a correlation, there are many 
concerns which prevent causal inference:

‐Variable testing rates

‐Confounding by age & other factors

‐Selection bias (who gets BCG?), etc

‐Ecological correlation may not hold at 
individual level

(Folan T, Twitter)

https://tinyurl.com/t2jmyf6

Even better example: COVID‐19 and Bubble Tea
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