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Why epidemiology?

• We are engaged in healthcare and health 
research

• To effectively practice medicine and public 
health, we need evidence/knowledge on 3 
fundamental types of professional knowing 
“gnosis”:

Dia-gnosis Etio-gnosis Pro-gnosis For individual
(Clinical Medicine)

Dia-gnosis Etio-gnosis Pro-gnosis For community
(Public and 
community
health)

Miettinen OS
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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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Causality: outline
• What is a cause?
• What is a causal effect? (“counterfactuals”)
• A general model of causation (“causal pie 

model”)
• Philosophy of scientific inference

– Inductivism
– Refutationism
– Conjecture and refutation

• Causal inference in epidemiology
– Causal criteria (Hill’s)
– Testing competing theories (“Strong Inference”)



5

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]

• “The primary ‘knowledge object’ of epidemiology as a 
scientific discipline are causes of health-related events in 
populations.” [Porta, IEA Dictionary, 2008]
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Importance of Causality: Matrix

• “You see, there is only one 
constant, one universal, it is the 
only real truth: causality. Action. 
Reaction. Cause and effect.

• Causality. There is no escape 
from it, we are forever slaves to 
it. Our only hope, our only 
peace is to understand it, to 
understand the `why.' ` Why' is 
what separates us from them, 
you from me. `Why' is the only 
real social power, without it you 
are powerless.”
-The Merovingian
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Emerson’s view on causality

“Shallow men believe 
in luck. Strong men 
believe in cause 
and effect.”

Ralph Waldo Emerson

1803 –1882



Cause and effect?
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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
• negative = the absence of exposure (e.g. vaccination)

• Should 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



11

Direction of causality: does overeating 
cause obesity?

Taubes G
New Scientist
2008
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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…



18
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
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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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N-of-1 Trial

Eligible patient Drug Placebo Placebo Drug Drug 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
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Hierarchy of evidence

http://www.cebm.net/index.aspwww.davesackett.com 
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Hierarchy of evidence

Users' Guides to the Medical Literature: A Manual for Evidence-Based Clinical Practice
AMA Press, 2002 [Editors Guyatt & Rennie]
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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
– Latency 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
– not usually a single factor, often several (each factor (slice) is a component 

cause)
– Component causes “interact” to produce disease
– 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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Example: Pneumonia

One of many possible sufficient causes:

Elderly 
person

Rothman, 2002

Smoking

D

BA

Exposure to 
pneumococcus

C
Lives in a 
nursing 
home
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Sufficient and component causes

Rothman, 2002



31

Example: Coronary artery disease

Model 1:

Elderly 
person

Rothman, 2002

Smoking

D

BA

High cholesterol
C

Obesity
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Example: Coronary artery disease

Model 2:

female sex

Rothman, 2002

menopause

D

BA

Genetic 
predisposition

C
Hormone 

replacement 
therapy
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Example: Coronary artery disease

Model 3:

Unknown 
factor

Rothman, 2002

Maternal 
under-

nutrition

D

BA

Hypertension
C

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

•HIV is a necessary cause of AIDS
Rothman, 2002



35

Does HIV really cause AIDS?

• “A solid understanding of the scientific method may not 
eliminate science denial, but it may act as a buffer against the 
further spread of such denialist beliefs.”
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Sufficient and component causes
• 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

• latency period is not the same as induction period; latency period refers to 
time delay between disease occurrence and its detection (i.e. diagnosis)

• Component causes can act far apart in time 
• e.g. induction time for adenocarcinoma of vagina in those exposed to DES
• e.g. fetal origins of adult disease hypothesis

• Blocking the action of any component cause prevents the completion of 
the sufficient cause and therefore prevents the disease by that pathway 
[but other pathways remain possible]

• A strong cause is a component cause that plays a causal role in a large 
proportion of the cases, whereas a weak cause would be a causal 
component in a small proportion of cases

• E.g. smoking and lung cancer vs radon gas and lung cancer
• Strength of a cause necessarily depends on the prevalence of other causal 

factors that produce the disease

Rothman, 2002
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Economist, 2003
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A must read paper!
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Causality: Philosophy of scientific 
inference

• Philosophy of scientific inference
– Inductivism

• scientific research proceeds from observations to theories

– Refutationism or falsificationism
• science proceeds in the opposite direction, beginning with scientific theories 

or “conjectures”, and then conducting experiments and eliminating those 
theories that are falsified by results

Sir Karl Popper (1902 – 1994)David Hume (1711 – 1776)
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Causality: Philosophy of scientific 
inference

• Conjecture and refutation
– Popper proposed falsification as a solution to the problem of 

induction.
– Popper noticed that although a singular existential statement 

such as 'there is a white swan' cannot be used to affirm a 
universal statement, it can be used to show that one is false: 

• the singular observation of a black swan serves to show that 
the universal statement 'all swans are white' is false 

Wikipedia

http://upload.wikimedia.org/wikipedia/en/b/b6/Mute.swan.slimb.750pix.jpg�
http://upload.wikimedia.org/wikipedia/commons/4/41/Black.swans.slimb.750pix.jpg�
http://en.wikipedia.org/wiki/Wikipedia�
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Causal inference in epidemiology

• Causal inference in epidemiology
– Causal criteria

• E.g. Koch’s postulates, Hill’s ‘criteria’
– Testing competing theories
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Causal criteria: Koch’s postulates

• Koch (1884) provided a framework for identifying 
causes of infectious disease

• Koch’s postulates:
– the agent has to be present in every case of the 

disease
– the agent has to be isolated and grown in pure culture
– the agent has to cause disease when inoculated into 

a susceptible animal and the agent must then be able 
to be recovered from that animal and identified
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Causal criteria: 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
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Rothman, 2002
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Causal inference in epidemiology
• Instead of causal criteria, it may be desirable to 

put forward multiple theories and test them out 
systematically
– Example: toxic shock syndrome: chemical vs 

infectious theory
• Ken Rothman was asked in an interview, “Which 

paper has had the most effect on your work?”
– “Strong Inference” by John R Platt (Science 1964) 

portrays a systematic method of scientific thinking that 
can convert pedestrian progress into astonishing 
success in any branch of science [KJ Rothman]
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Strong inference
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So, finally, what is epidemiology?
• “Study of the occurrence and distribution of health-related states or 

events in specified populations, including the study of determinants 
influencing such states, and the application of this knowledge to 
control the health problems." [Porta, IEA Dictionary, 2008]

• “Epidemiology is the study of how disease is distributed in 
populations and the factors that influence or determine this 
distribution” [Gordis, 2008]

• “Applied, practice-oriented research intended to advance the general 
knowledge base for community and clinical medicine” [adapted from 
Miettinen OS, 2007]

• “Application of the scientific method to health research” [adapted 
from Rothman KJ, 2002]
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Going back to the questions posed 
earlier

• Where is the guarantee that causal claims in the literature are true?
– No guarantee, at all!

• Could epidemiological studies be wrong?
– Almost definitely yes!

• Can they make misleading conclusions?
– Absolutely!

• How can we know when a study result is incorrect?
– No way of knowing (since we don’t know the “truth”), but we can and 

should be very skeptic of all epidemiologic research (including our own!)
• Is common sense adequate to judge and interpret epidemiologic 

literature?
– No, to be skeptical, mere common sense is not adequate
– As Rothman says, by mastering epidemiology, it is possible to ‘educate 

and refine our common sense’



PLoS Med 2005



http://www.marginalrevolution.com/marginalrevol
ution/2005/09/why_most_publis.html



Importance of replication: Genetic basis for 
depression?

A study, published in 2003 
in Science, created a 
sensation among 
scientists and the public 
because it offered the first 
specific, plausible 
explanation of why some 
people bounce back after 
a stressful life event while 
others plunge into lasting 
despair.

18 JULY 2003 VOL 301 SCIENCE www.sciencemag.org



Genetic basis for depression?

Meta-analysis, published 
in JAMA in 2009, found 
no evidence that the 
serotonin transporter 
genotype alone or in 
interaction with stressful 
life events is associated 
with an elevated risk of 
depression in men alone, 
women alone, or in both 
sexes combined.

“it is critical that health 
practitioners and scientists in other 
disciplines recognize the 
importance of replication of such 
findings before they can serve as 
valid indicators of disease risk”



“it’s all about using information
about the world around us to
get to the heart of what’s really
happening under the surface...”

“it’s about rapid cognition, about 
the kind of thinking that happens in 
a blink of an eye..”

Two approaches to making decisions: 
which reflects epidemiology best?



Two books worth reading!
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Readings
• Article:

– Rothman & Greenland. Causation and causal inference in 
epidemiology. Am J Pub Health 2005.

• Rothman text:
– Chapters 2: What is causation?

• For ‘extra credit’:
– Harry Potter and the Prisoner of Azkaban
– Matrix Trilogy
– Freakonomics, Steven Levitt & Stephen Dubner
– Blink, Malcolm Gladwell
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