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Objective of the introductory 
lectures

• To completely put you off epidemiology
• To encourage you to seriously consider 

switching to another program
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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



7

Are these legitimate concerns for 
clinical medicine?

• Is ultrasonography accurate in detecting 
acute appendicitis?

• Do anti-depressants reduce the risk of 
suicides in people with depression?

• Will daily low dose aspirin reduce the risk 
of acute myocardial infarction?
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Are these legitimate concerns for 
public health?

• Is mammography a good screening test 
for breast cancer?

• Does passive smoking increase the risk of 
spontaneous abortions?

• Are probiotics effective in preventing colon 
cancer?
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If yes, how do we answer such 
questions?

• Q: What is the strategy for answering salient 
questions for medical and public health 
practice?

• A: Epidemiologic research

• Without epidemiology, we would be hopelessly lost
• Even with epidemiology, we seem hopelessly lost!!
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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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Causal claims and associations are 
frequent in the literature and often 

picked up by the media
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Causal claims are often 
inconsistent
and contradictory!
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2003 2009

Gene for Depression
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Forty-five female volunteers, aged between 40 to 60, were told to use the 
cream twice daily for 28 days. Some were given the snake venom cream, 
others another anti-aging cream, and some a placebo. The product 
seemed to work well—using a highly sensitive camera, the scientists 
measured a 73 per cent improvement of forehead wrinkles. But then 
again, the placebo had almost the same success rate (71 per cent) as did 
the other anti-aging cream (73 per cent). Even in a lab report, it seems, 
beauty can be in the eye of the beholder.

Costing $525, it works out to $17.50 per millilitre. But that doesn’t seem to 
have deterred the excitement over the cream. Described on fashion blogs 
and in the media as “Botox in a bottle,” a “miracle drug” or “better than 
Botox,” the cream produces serious results, says Daniella Durov, a sales 
representative at the Toronto upscale retailer Andrews, which carries the 
cream. “Our clients all come back and they love it. They can’t be without 
it, not even for a week.”

http://www2.macleans.ca/2010/04/15/right-out-of-the-mouths-of-snakes/#more-119200
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Taubes G. Science 1995

A 1995 report in Science flayed epidemiology and this led to a lot of soul searching
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Taubes returned in 2007, to take another swing at epidemiology!

“Much of what we’re told about diet, lifestyle and disease is based on 
epidemiologic studies.

What if it is just bad science?”



24

PLoS Med 2005
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If exposure and disease
are not associated

False positive study

100 studies will be designed

If ∝ = 0.05

5 studies show false
positive results

5 studies will
be published

Publication Bias

Positive results bias

Editor’s bias

THE FALSE 
POSITIVE 
RESEARCH 
CYCLE
(Choi, 1998)

Courtesy: Bernard Choi, PHAC

Likely to be meta-analyzed

Hot topic Bias
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While almost all trials with “positive” results 
on antidepressants had been published, trials 
with “negative” results submitted to the US 
Food and Drug Administration, with few 
exceptions, remained either unpublished or 
were published with the results presented so 
that they would appear “positive” 



Non-replicated studies and publication 
bias



“Optimism bias—unwarranted belief in the efficacy of new 
therapies. It has been shown that optimism bias is more 
likely to be promoted by research sponsored by industry 
than it is by publicly-funded research. This difference 
reflects either biased under-reporting of less favourable 
studies, or inappropriately selected comparators. More 
recently, it has been suggested that optimism bias is likely 
to be encouraged not only by selective reporting of 
complete studies, but also by selective reporting of 
outcomes within studies, and by early stopping of studies.”

Chalmers I et al. Lancet 2006;Vol 367 February 11, 2006

Is epidemiology inherently prone to 
“optimism bias”?



32

State-of-the-art: 
epidemiology is a mess!

• 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
• Most studies biased or inconclusive or false
• Most discovered true associations are inflated
• Fear and panic inducing rather than helpful; media-

induced hype
• Cannot detect small effects; big effects are not to be 

found anymore
• Lack of consistency in concepts and terminology
• No consensus on the “theory of epidemiology”
• Accused of being too “fuzzy” and not rigorous
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Given this mess, here are some 
key questions:

• Where is the guarantee that causal claims 
are true?

• Can epidemiological studies be wrong?
• Can they make misleading conclusions?
• How can we know when a study result is 

incorrect?
• Is common sense adequate to judge and 

interpret epidemiologic literature?



34

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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Are senior surgeons incompetent?
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Does anti-snake venom help or kill? 
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Does pet ownership reduce risk of cardiovascular disease?
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Does HRT lower CHD risk?

• HRT was shown to reduce coronary heart disease (CHD) in women in several 
observational studies

• Subsequently, RCTs showed that HRT might actually increase the risk of 
heart disease in women

• What can possibly explain the discrepancy between observational and 
interventional studies?
– Women on HRT in observational studies were more health conscious, 

thinner, and more physically active, and they had a higher socioeconomic 
status and better access to health care than women who are not on HRT

– Self-selection of women into the HRT user group could have generated 
uncontrollable confounding and lead to "healthy-user bias" in 
observational studies. 

– Also, individuals who adhere to medication have been found to be 
healthier than those who do not, which could produce a "compliance bias”

– Furthermore, there is the issue of “prescriber effect” and “eager patient 
effect”

• Full story in Gary Taubes’ NYT article!
• Also see a B-File on the HRT story
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BMJ 2007
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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…



43

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)
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"there is nothing sinful about going out and getting 
evidence, like asking people how much do you 
drink and checking breast cancer records. There's 
nothing sinful about seeing if that evidence 
correlates. There's nothing sinful about checking 
for confounding variables. The sin comes in 
believing a causal hypothesis is true because your 
study came up with a positive result, or believing 
the opposite be- cause your study was negative." 

Taubes G. Science 1995
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Readings for next class
• Article:

– Taubes G. Epidemiology faces its 
limits. Science 1995

– Taubes G. Unhealthy Science. NY 
Times Magazine, 2007

• Rothman text:
– Chapter 1: Intro to epidemiologic 

thinking
• Gordis text:

– Chapter 1: Introduction
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