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▶ Epidemiology is the study and analysis of the distribution (who, when, and
where), patterns and determinants of health and disease conditions in defined
populations. (Wikipedia)

▶ Epidemiology is the study of the distribution and determinants of disease
frequency in human populations. Modern Epidemiology (4th Edition)

▶ Epidemiology is the study of how disease is distributed in populations and the
factors that influence or determine this distribution. Gordis Epidemiology (6th)

Prof. Leon Gordis (1934 - 2015)
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Association & Causation
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The Bradford Hill (viewpoints & perspectives) (1965)

▶ Temporality
▶ Strength
▶ Consistency
▶ Specificity
▶ Dose-response relationship

▶ Plausibility
▶ Coherence
▶ Experimental evidence
▶ Analogy cX. Ju--C-J3L
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Sir Austin Bradford Hill
(8 July 1897 - 18 April 1991)
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Sir Austin Bradford Hill (8 July 1897 - 18 April 1991)
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▶ Hill
▶
▶
▶ causal effect
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1970s

Donald Rubin
:
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More
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1980s

James Robins
Marginal Structural

Models (MSMs) /
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More
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, 1990s

Judea Pearl Directed
Acyclic Graphs (DAGs):
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/

▶ Brian MacMahon Thomas Pugh: an association may be classed
presumptively as causal when it is believed that, had the cause [exposure] been
altered, the effect [outcome] would have changed.

▶

▶
/
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▶ X Y
▶ , Yx X x
▶ , Y0,Y1

▶

▶ X  =  0, Y0

Y1 Y0 = Y
▶ X  =  1, Y1

Y0 Y1 = Y
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▶ Y0 Y1

▶ Y0 and Y1

▶

Subject Y0 Y1

id1 0 1
id2 0 0
id3 1 1

▶ Y0 Y1

X Y
▶ id1, Y0 ̸= Y1

▶ id2 id3, Y0 = Y1
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/

▶ id1 (X = 1), Y = Y1, Y0

▶ id2 id3 (X = 0), Y = Y0, Y1 is

Subject X Y Y0 Y1

id1 1 1 ? 1
id2 0 0 0 ?
id3 0 1 1 ?
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/

▶
consistency assumption ;

▶ X  =  x,
Y = Yx

▶ Y1 − Y0 .
▶ Y1 − Y0 0
▶

▶ E(Y1 − Y0)

▶ E(Y1 − Y0)

comparable
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/

▶ E(Y1 − Y0)?
▶ E(Y|X = 1)− E(Y|X = 0).
▶
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/
▶ RCT / pre-treatment) /

treatment)
▶ (Y0,Y1) / /

/
▶ , (Y0,Y1) ⊥ X
▶ ,

E(Y0) = E(Y0|X = 0) = E(Y0|X = 1) (1)
E(Y1) = E(Y1|X = 0) = E(Y1|X = 1) (2)

▶ consistency assumption

E(Y0) = E(Y0|X = 0) = E(Y|X = 0) (3)
E(Y1) = E(Y1|X = 1) = E(Y|X = 1) (4)
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▶
▶
▶ C

/
▶ unconfoundedness
▶ no-unmeasured-confounding assumption

exchangeability assumption ( ), an ignorable treatment assignment
assumption ( ), or an exogeneity assumption ( ).
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/

▶ Z, Yx X
▶ Z Yx X

▶ X  =  1 X  =  0 Y0

Y0 0
▶ X  =  1 X  =  0

Y1 Y1 1
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/

▶ E(Y|z) Z  =  z Y Z  =  z Y

▶
:

E(Y1 − Y0|Z) = E(Y1|Z)− E(Y0|Z) (5)
= E(Y1|X = 1,Z)− E(Y0|X = 0,Z) (6)
= E(Y|X = 1,Z)− E(Y|X = 0,Z) (7)

▶ no-unmeasured-confounding assumption
▶ consistency assumption
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▶ marginal structural
models, propensity scores, Instrumental variables

▶ (e.g. logistic regression)
▶
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