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J. S. Mill (1843) 

    Induction is mainly a process for finding the 
causes of effects: and … in the more perfect of 
the sciences, we ascend, by generalization from 
particulars, to the tendencies of causes 
considered singly, and then reason downward 
from those separate tendencies, to the effect of 
the same causes when combined. 

    …as a general rule, the effects of causes are far 
more accessible to our study than the causes of 
effects... 
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Specific\Individual Causation 

•  "What caused the bladder cancer in a 
patient aged 70?”  
– Was it his smoking as a teenager?  
– Was the cause environmental?  
– Was it perhaps genetic? 
– Something else? 

•  How is this patient different from all 
other patients? 
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A Lawsuit over Mediator? 

•  Mediator, known generically as 
benfluorex, is part of a family of drugs 
previously linked to disease. 

•  “Patients who took a controversial 
French weight-loss drug that caused the 
deaths of hundreds of people have filed a 
criminal lawsuit against the 
pharmaceutical giant Servier, ….” 

The Guardian, Wednesday 24 November 2010 
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The Data 

Benfluorex 
Use 

Cases Controls Totals 

Yes 19 3 22 

No 8 51 59 

Totals 27 54 81 

Odds Ratio = (19×51)/(3×8) = 40.4 
 

Adjusted Odds Ratio = 17.1  [3.5, 83] 
 (from logistic regression) 
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The Magic Odds Ratio 

•  Crucial Property of Odds Ratio: It is 
unchanged by rescaling of rows and 
columns: 
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α =
p11 p22
p12 p21

p11 p12 p1+
p21 p22 p2+
p+1 p+2 1
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Properties of Odds Ratio 
•  For positive cell 

probabilities, pij > 0. 
•  α = 1 ó p11 / p21 = p12 / p22  

(independence) 
•  α > 1 corresponds to 

positive association and  α < 
1 to negative association. 

•  Unaffected by rescaling of 
rows and/or columns: α =

(kp11 )([1− k]p)22
(kp12 )([1− k]p)21

α = 1  
Segre variety 

α = 4  



The Magic Odds Ratio 

•  Crucial Property of Odds Ratio: It is 
unchanged by rescaling of rows and 
columns. 

•  Valid using logistic regression with data 
from retrospective study as if they were 
prospective (Farewell, 1979; Prentice & Pyke, 
1979). 
– True only if key response and explanatory 

variables are binary. 
– Then we are looking at adjusted odds-ratios! 11 



Hypothetical Toxic Tort Case 

•  Woman with unexplained valvular heart 
disease sues manufacturer of Mediator, 
claiming that it caused her illness. 

•  Epidemiologist testifies for plaintiff, based 
on Dr. Frachon’s and 2nd study. 
– Claim: Mediator causes valvular heart disease. 

•  Defendant’s expert testifies that clinical 
trials they ran didn’t suggest this side effect. 

•  How should the judge rule? 
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Causes of Effects versus  
Effects of Causes 

•  The judge wants to know the cause of the 
woman’s heart disease−the cause of the effect. 

•  Epidemiologist mistakenly addressed scientific 
question:  “Does benfluorex can be show to cause 
heart disease?” as if she had carried out a 
prospective clinical trial, i.e., the effects of a 
cause. 

•  But she did a retrospective case-control study.  
•  What would have happened had the woman not 

taken benfluorex? 
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Statistical Question 

•  Is a question about  “The Causes of 
Effects”  essentially the same as one 
about “The Effects of Causes”? 

•  If not how do they differ? 
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Comparing Causal Questions 

•  Effects of Causes (EoC):  I have a headache.  
Will taking aspirin help? 

•  Causes of Effects (CoE): Was it the aspirin I 
took 30 minutes ago that caused my headache 
to disappear? 

•  Is a question about CoE essentially the same 
as one about EoC? 

•  If not how do they differ? 
16 



Assessing the Effects of Causes 

•  Rubin/Holland Model: Average Causal 
Effect 

•  Counterfactuals:  We are interested in 
effect of treatment you actually receive 
and what would of happened had you 
received alternative. 
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Effects of Causes 

POTENTIAL RESPONSE FORMULATION 
• Yx = “value of  Y if X = x” 

•  (X, Y0, Y1 ) are jointly random 
• Y0 is “counterfactual” when X = 1 

• INDIVIDUAL CAUSAL EFFECT: 
•  ICE := Y1 – Y0  (unobservable) 

• AVERAGE CAUSAL EFFECT: 
• ACE := E(ICE) = E(Y1) – E(Y0) (estimable??) 
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Average Causal Effect 

•  ACE = E[Y1- Y0 | X=1]   
            = E[Y1| X=1] − E[Y0| X=1] 
•  But counterfactuals are not observable so 

we look at prima faciae ACE: 
– FACE = E[Y1| X=1] – E[Y0| X=0]  
– We estimate FACE using samples of treated 

and untreated. 
– FACE = ACE + bias 

•  Under randomization,  E(bias) = 0!! 
19 



Odds Ratio 

•  For binary response, more appropriate to 
replace ACE by “causal odds ratio”: 

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

•  Assuming “no confounding,” can estimate 
from retrospective (case/control) data 

•  General principles unaffected 
–  but cannot use ICE, ACE 
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Thimerisol & Autism 

•  Clinical signs of  methyl mercury toxicity 
are similar to manifestations of autism. 

•  Thimerisol,  preservative used in the 
MMR vaccine, contains ethyl mercury. 

•  1998 Lancet study: association between 
vaccination and autism. 

•  2010 CDC epidemiological study (case-
control, logistic regression). 

  21 
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Ileal-lymphoid-nodular hyperplasia, non-specific colitis, and
pervasive developmental disorder in children
A J Wakefield, S H Murch, A Anthony, J Linnell, D M Casson, M Malik, M Berelowitz, A P Dhillon, M A Thomson, 
P Harvey, A Valentine, S E Davies, J A Walker-Smith
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Early report

EARLY REPORT

Summary

Background We investigated a consecutive series of
children with chronic enterocolitis and regressive
developmental disorder.

Methods 12 children (mean age 6 years [range 3–10], 11
boys) were referred to a paediatric gastroenterology unit
with a history of normal development followed by loss of
acquired skills, including language, together with diarrhoea
and abdominal pain. Children underwent
gastroenterological, neurological, and developmental
assessment and review of developmental records.
Ileocolonoscopy and biopsy sampling, magnetic-resonance
imaging (MRI), electroencephalography (EEG), and lumbar
puncture were done under sedation. Barium follow-through
radiography was done where possible. Biochemical,
haematological, and immunological profiles were
examined.

Findings Onset of behavioural symptoms was associated,
by the parents, with measles, mumps, and rubella
vaccination in eight of the 12 children, with measles
infection in one child, and otitis media in another. All 12
children had intestinal abnormalities, ranging from
lymphoid nodular hyperplasia to aphthoid ulceration.
Histology showed patchy chronic inflammation in the colon
in 11 children and reactive ileal lymphoid hyperplasia in
seven, but no granulomas. Behavioural disorders included
autism (nine), disintegrative psychosis (one), and possible
postviral or vaccinal encephalitis (two). There were no
focal neurological abnormalities and MRI and EEG tests
were normal. Abnormal laboratory results were significantly
raised urinary methylmalonic acid compared with age-
matched controls (p=0·003), low haemoglobin in four
children, and a low serum IgA in four children.

Interpretation We identified associated gastrointestinal
disease and developmental regression in a group of
previously normal children, which was generally associated
in time with possible environmental triggers.

Lancet 1998; 351: 637–41
See Commentary page
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Introduction
We saw several children who, after a period of apparent
normality, lost acquired skills, including communication.
They all had gastrointestinal symptoms, including
abdominal pain, diarrhoea, and bloating and, in some
cases, food intolerance. We describe the clinical findings,
and gastrointestinal features of these children.

Patients and methods
12 children, consecutively referred to the department of
paediatric gastroenterology with a history of a pervasive
developmental disorder with loss of acquired skills and intestinal
symptoms (diarrhoea, abdominal pain, bloating and food
intolerance), were investigated. All children were admitted to the
ward for 1 week, accompanied by their parents.

Clinical investigations
We took histories, including details of immunisations and
exposure to infectious diseases, and assessed the children. In 11
cases the history was obtained by the senior clinician (JW-S).
Neurological and psychiatric assessments were done by
consultant staff (PH, MB) with HMS-4 criteria.1 Developmental
histories included a review of prospective developmental records
from parents, health visitors, and general practitioners. Four
children did not undergo psychiatric assessment in hospital; all
had been assessed professionally elsewhere, so these assessments
were used as the basis for their behavioural diagnosis.

After bowel preparation, ileocolonoscopy was performed by
SHM or MAT under sedation with midazolam and pethidine.
Paired frozen and formalin-fixed mucosal biopsy samples were
taken from the terminal ileum; ascending, transverse,
descending, and sigmoid colons, and from the rectum. The
procedure was recorded by video or still images, and were
compared with images of the previous seven consecutive
paediatric colonoscopies (four normal colonoscopies and three
on children with ulcerative colitis), in which the physician
reported normal appearances in the terminal ileum. Barium
follow-through radiography was possible in some cases. 

Also under sedation, cerebral magnetic-resonance imaging
(MRI), electroencephalography (EEG) including visual, brain
stem auditory, and sensory evoked potentials (where compliance
made these possible), and lumbar puncture were done.

Laboratory investigations
Thyroid function, serum long-chain fatty acids, and
cerebrospinal-fluid lactate were measured to exclude known
causes of childhood neurodegenerative disease. Urinary
methylmalonic acid was measured in random urine samples from
eight of the 12 children and 14 age-matched and sex-matched
normal controls, by a modification of a technique described
previously.2 Chromatograms were scanned digitally on
computer, to analyse the methylmalonic-acid zones from cases
and controls. Urinary methylmalonic-acid concentrations in
patients and controls were compared by a two-sample t test.
Urinary creatinine was estimated by routine spectrophotometric
assay.

Children were screened for antiendomyseal antibodies and
boys were screened for fragile-X if this had not been done

Prenatal and Infant Exposure to Thimerosal From
Vaccines and Immunoglobulins and Risk of Autism

WHAT’S KNOWN ON THIS SUBJECT: Most previous research has
not revealed an increased risk of autism associated with receipt
of thimerosal-containing vaccines. Evidence is limited, however,
on the timing of vaccination, especially prenatal exposure, and
associations with different subtypes of autism.

WHAT THIS STUDY ADDS: This study revealed no increased risk
of ASD associated with receipt of thimerosal-containing vaccines.
No increased risk was found for subtypes of ASD, including ASD
with regression, and prenatal exposure was not associated with
a risk of ASD.
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Autisms Lawsuits 

•  Lawsuits brought by parents of autistic 
children alleging that thimerisol in MMR 
vaccine caused their autism. 
– What would have happened had the autistic 

child not have been exposed to thimerisol? 
•  Generally, unsuccessful, but…. 
•  IoM reports: “lack of evidence supporting 

link,”  including one last week! 
23 



Assessing Effects of Causes 

•  I have a headache.  Will taking aspirin 
help? 

•  Recovery rates (in randomized trial):  
– No aspirin:  12%   
– Aspirin:   30% 

•  Odds Ratio:   
α = (30×88)/(12×70) = 3.14 

24 

Pr(R = 1 | E = 1)
Pr(R = 1 | E = 0)



Assessing Causes of Effects 

•  Was it the aspirin I took 30 minutes ago 
that caused my headache to disappear? 

•  What is importance of recovery rates (in 
randomized trial):  
– No aspirin:  12% 
– Aspirin:   30% 

    and odds ratio:   
α = (30×88)/(12×70) = 3.14???? 
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Probability of Causation 

•  Potential responses: 
R1 to aspirin;  R0 to no aspirin 

•  Probability of Causation: 
 PC = Pr (R0=0 | R1=1) 

•  Requires joint distribution of (R0, R1) 
– But we can’t estimate!  

• We only know marginal probabilities. 
•  What can we say? 
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Probability of Causation 

•  PC = Pr(R0=0 | R1=1) = x/30  
•  We know 18 ≤ x ≤ 30 
•  Thus  PC ≥ 60% 

 R0
  

R1 0 1 Total 
0 88 – x x − 18 70 
1 x 30 − x 30 

Total 88 12 100 
 

27 



•  In general, this argument shows 
1 ≥ PC ≥ max{0, 1−1/RR} 

where RR  =  Pr(R1 = 1)/Pr(R1 = 0) 
is what we might call the (experimental) 
risk ratio. 

•  In particular,   RR > 2 è PC > ½ 
– “proof on the balance of probabilities” 
– But converse is false!    

Probability of Causation 
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Role of Experimental Evidence 

•  For CoE, we have in essence replaced 

    by 
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RR =
Pr(R1 = 1)
Pr(R0 = 1)

ORR = Pr(R = 1 | E = 1)
Pr(R = 1 | E = 0)



Refinement via Science 
Suppose that response is mediated by a 
certain gene, G, with following properties: 

1.  Half the population has G, remainder does 
not, ~G 

2.  With ~G, recovery has probability:  
 20%  without aspirin 
  0    with aspirin 

3.  With G, recovery has probability:  
  0    without aspirin 
 40%  with aspirin 

30 



•  Now, marginally (i.e., ignoring genetic 
information): 

Pr(R1 = 1) = 20% 
Pr (R0 = 1) = 10% 

•  Thus RR = 2, marginally,  and we deduce: 
 PC ≥ ½ 

Refinement via Science 
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•  Suppose we observe recovery with aspirin 
for individual i. 

•   We know, without even looking at gene, that 
i must have G – thus no recovery without 
aspirin, i.e., PCi = 1. 

•  More generally, from more detailed 
scientific/ statistical understanding, we can 
improve the lower bound on PC, even when 
we can’t observe inside the black box. 

Refinement via Science 
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Explanation and Mechanism 

•  EoC can proceed by black box analysis: 
– Only need “technological” investigation. 

•  CoE and explanation depend on 
internal structure of box: 
– “Real science” helps identify internal 

mechanisms and thus improve 
interpretation of data. 
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Uncertain Exposure 

•  We need to modify PC : 
 

•  Then 

34 

Pr(E = 1 | R = 1) ≥ PC* ≥max 0,1− Pr(E = 0 | R = 1)
Pr(E = 0)

⎧
⎨
⎩

⎫
⎬
⎭

PC* = PC ×Pr(E = 1 | R = 1)



Science and Policy 

CoE question may require non-scientific 
inputs: 
•  How much additional cost did tobacco 

companies impose on the health services 
by not informing the public of the 
dangers of smoking when they first had 
the evidence? 
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Science and Policy 

•  The “counterfactual cost” might well 
have been higher! 
–  if non-smokers live longer, more care costs 

•  As a matter of policy , we consider a 
hypothetical universe, with the same 
lifetimes – but with people healthier 
through not smoking. 
– How to make this specific? 
– What data are useful?  And how? 

 
36 



•  Scientists need to accumulate information 
prospectively, especially via experimentation. 
–   This is “getting the science right”! 

•  When policymakers are choosing a policy to 
implement, they look retrospectively. 
– This requires “getting the right science”! 
– Mixing EoC and CoE? We still may prefer 

experimental over observational evidence. 
•  When we are evaluating an implemented  policy, 

however, we need to assess the cause of effects. 
37 
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Government Programs 
Supporting Scientific Research 

•  Should the Canadian government invest 
more money to support Le Centre de 
recherches mathématiques? 

•  What evidence can we bring to bear on 
this question?  Past successes?   

•  How will NSERC and other gov’t 
organizations evaluate success of their 
investment in CRM? 
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“Assessing Value of Research” 

•  Three kinds of evidence: 
–  Some small scale experiments manipulating grants via 

randomization. 
–  Quasi-experiments. 
–  Stories of successes (creation of transistor) and 

failures (new drug to cure Alzheimer’s). 

•  Changing gov’t funding mechanisms is  
prospective manipulation, applied to all. 

•  Assessing change retrospectively is CoE! 
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There is a “Mediator” Lawsuit 

•    

•  Legal hurdles cleared for victims to bring to 
trial  first of two cases against Servier.  
–  Trial scheduled to being in April in Paris suburb of 

Nanterre. 40 

 
NANTERRE, France, May 14, 2012 (Reuters) - French 
drugmaker Servier and its founder went on trial on Monday 
accused of misleading patients and authorities about a diabetes 
drug often prescribed for weight loss that officials blame for at 
least 500 deaths. 
 
Several hundred civil plaintiffs who have joined the criminal case 
argue that Servier intentionally misled doctors about the drug, 
even though the dangers had been known since the 1990s. 



CoE for Benfluorex 

•  If we had randomized experiment we could 
substitute ORR as a proxy for RR. 
– Raw odds ratio from original 2×2 table doesn’t 

provide right ingredients for PC. 
•  Logisitic regression doesn’t let us estimate ORR. 
•  Statistical uncertainty and bias due to 

unmeasured confounders complicate things 
further. 

•  The judge in our hypothetical should be doubly 
wary of the epidemiological evidence.  
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Bayesians v. Frequentists 

•  Today’s discussion applies equally to 
Bayesian and frequentists: 
– It is not how one does the statistical 

analysis, but which analysis framework 
one  uses. 

•  Bayesians and frequentists benefit from 
randomization to assess effects of causes. 

•  But for causes of effects, Bayesian can put 
distribution over values of x. 
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Moral of Story 

•  The causes of effects is not necessarily the 
same as the effects of causes. 

•  Good science, and especially experimental 
evidence, helps us assess the effects of 
causes. 

•  Assessing the causes of effects, as in 
judicial decision, may require different 
tools and forms of statistical analysis, as 
well as non-scientific inputs. 43 
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Duke v. Walmart 

•  Walmart female employees  file “class 
action” lawsuit against company for sex 
discrimination in hiring, promotion, pay. 

•  Largest class action discrimination suit ever! 
Covered all women working in all Walmart 
U.S. stores and over many years. 

•  Class certified by federal district court. 
•  Decision vacated in June 2011 by Supreme 

Court. 50 



Discrimination Law 

•  To identify presence of discrimination: 
–   We observe individual’s gender and  

particular outcome (e.g., hiring) 
– Try to determine whether outcome would 

have been different had individual been of  
different gender. 

•  In other words, we must answer the truly 
unobservable counterfactual question: 
What would have happened to a woman 
had she been a man? 51 



Statistical Analyses 

•  Plaintiff’s expert ran regressions (pay) and 
logistic regressions (hiring/promotion) 
with  dummy variables for stores:  
–  “Sex coefficient” used to measure discrimination.  

Because of giant n, coefficient is “significant.” 

•  Defendant’s expert ran regressions but 
with more explanatory variables, and 
disaggregated by store and division within. 
–  Identification issues.  
–  Significance of sex largely disappears.  52 



Statistical Evidence of What? 

•  We want to know the cause of the effects: 
– Different rates of hiring, pay, promotion. 
–  Is it company policy, educational 

background, marketplace factors, etc.? 
•  Analysis models are “prospective” but 

data are observational: 
– Unobservable counterfactuals. 
– Do models capture the company processes? 
–  Is pay regression model “reversible”? 
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Battle of Discrimination Experts 

•  Experts battled over which variables 
belong in model, and granularity of 
analysis.  

•  Other experts discussed “implicit 
discrimination” and societal effects! 

•  But should they have been measuring the 
probability of causation (PC)?  How? 

54 



U.S. Supreme Court Decision 

•  Class too broad − lack of commonality. 
•  Majority found plaintiffs’ statistical 

analysis want.  
•  Minority found plaintiff adjustments 

using dummy variable for stores 
credible! 

•  None of the S.C. justices questioned the 
role of regression analyses per se! 
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