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Why epidemiology?

• 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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All are reflected in the Covid-19 
pandemic

• How do we diagnose Covid-19? How good are 
the tests? How can we detect infection vs 
disease?

• What is the etiology of Covid-19? Who is likely 
to die of Covid-19?

• What is the effective treatment for Covid-19? 
Can we prevent Covid-19 with a vaccine?
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Beyond Covid-19

• Does air pollution increase the risk of mortality 
among people with tuberculosis?

• Does passive smoking increase the risk of 
spontaneous abortions?

• Are probiotics effective in reducing risk of 
antibiotic-related diarrhea?

• Does mobile phone use increase the risk of 
brain cancer?

• Etc, etc.
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How do we answer such 
questions?

• A: Epidemiologic research

• Not perfect, but it is all we have!
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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]

• “Application of the scientific method to health 
research” [adapted from Rothman KJ, 2002]
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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
?



Causal claims and associations are frequent in the 
literature & picked up by the media
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Poor quality research + bad 
reporting = chaos

• Too many causal claims; optimism bias is 
pervasive

• Inconsistency in study findings and too many 
apparent contradictions

• Causal inferences made on the basis of isolated 
studies

• Many studies biased or inconclusive
• Fear and panic inducing rather than helpful; 

media-induced hype
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Causality: is it intuitive?

• Most of us intuitively understand causality, even 
if we have never formally studied it!

• Even as children, we grow up making 
associations and causal connections

• However, is epidemiology merely applying 
common sense?
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Does anti-snake venom save or kill people? 
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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 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…
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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

Often using 
criteria (e.g. Hill’s)



Data concerns during this 
pandemic

• Deliberate suppression of 
information

• Huge variability in testing rates
• Quality of tests is variable
• Each country has its own 

timeline and dynamic
• Cause of death data are sketchy
• More models & estimates than 

actual data
• Deliberate misinformation 

campaigns



Research concerns during this 
pandemic

• All research is ‘Covidised’ – 23,000 papers+ papers on COVID!
• Deluge of pre-prints, fast-tracked, preliminary, no fact-checking
• Most are not peer reviewed
• Many by researchers with no background/expertise
• Lowering of normal scientific standards
• Tons of correlations based on cross-country comparisons
• Uncontrolled drug studies
• Not enough studies on any given topic
• Single and/or small studies get too much importance
• Policy makers jumping the gun before research is settled





Media reporting: infodemic!
• Media is also ‘Covidised’
• In some areas, media is muzzled
• Sensationalized, hyped coverage (to increase clicks)
• Social media can amplify misinformation easily
• Everyone wants to report ‘breakthroughs’ (want ‘new content’)
• Correlations are presented as causation
• Preliminary findings presented as ‘facts’ (not enough fact 

checking)
• Uncritical, for most part (lack of epi training)
• Want certainty, when everything is uncertain
• Assumptions underlying models are rarely challenged
• Not able to interview the right experts
• ‘News is bad at communicating risk’
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https://www.teachepi.org/courses/epidemiology-for-health-journalists/

https://www.teachepi.org/courses/epidemiology-for-health-journalists/


Hence, this course!
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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]
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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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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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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



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
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A hierarchy of evidence from various study 
designs

https://guides.lib.uci.edu/ebm/pyramid
https://guides.lib.uci.edu/ebm/pyramid
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RCTs come close to simulating the 
counter-factual comparison

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

Eligible patients

Treatment

Randomization

Placebo

Outcomes

Outcomes
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During this pandemic, the normal hierarchy 
of evidence seems inverted!



Single studies are never enough 
to make a causal inference!
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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
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