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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 (it is not too
late!)



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

. For individual
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Are these legitimate concerns for
clinical medicine?

* Do anti-depressants reduce the risk of suicides
In people with depression?

« Will daily low dose aspirin reduce the risk of
acute myocardial infarction”?

 |s ultrasonography accurate in detecting acute
appendicitis?



Are these legitimate concerns for
public health”?

Will screening with CT scans reduce risk of lung
cancer deaths among smokers?

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?



If yes, how do we answer such
questions?

* Q: What is the strategy for answering salient
qguestions for medical and public health
practice?

* A: Epidemiologic research

« Without epidemiology, we would be hopelessly lost
« Even with epidemiology, we seem hopelessly lost!!



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 and often
picked up by the media



Causal claims are often
Inconsistent
and contradictory!
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Combo HRT linked to lower-risk breast

cancers

Tumors tend have better prognosis than after estrogen-only therapy

REUTERS 3
Updated: 8:42 p.m. ET June 5, 2007

The types of breast tumors that occur
after combination hormone replacement
therapy in women going through
menopause and in post-menopausal
women tend to have a better prognosis
than those that occur after estrogen-only
replacement therapy, Swedish researchers
report.

A team at Malmo University Hospital
conducted a study involving 12,583 peri-
or post-menopausal women whose
medical records were linked to national
cancer registries. Of the group, 513 had a
history of breast cancer prior to

Q & A library

Click on a topic to learn more:
Breast cancer Ovarian cancer
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Related Stories

Is it safe to get pregnant after breast
cancer?

Older women shouldn't take hormones

Group therapy doesn't extend life in
cancer

Early Ovarian Surgery Linked to Dementia
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Medscape

Medical News

Statins Lower Cancer Risk

Information from Industry
June &, 2003 (Chicago) — Cholesterol- Assess clinically focused product information
lowering statin drugs are associated with a on Medscape.
statistically significant 20% reduction in
cancer risk, a case-contral shows. But
researchers at the presentation here at the
39th annual meeting of the American Society
of Clinical Oncology were quick to add that
it's too soon to recommend that patients take the agents for cancer prevention

<& Click Here for Product Infosites --
Information from Industry

"Given the high number of people already on statins, the impact on public health could be quite
considerable.” said chief investigator Matthijs Graaf. PharmD, from the University of Amsterdam
"But since this is a case-control study, we need confirmation in a prospective randomized trial
before we can suggest people take these agents to lower cancer risk.”

William Gradishar, MD, from Morthwestern University Feinberg School of Medicine in Chicago
lllingis, and moderator of a press conference at which the findings were discussed. agreed

"“This is provocative data,” he said. "But the problem with interpreting it is that it's a population-
based study. To make a blanket statement that statins should be used for cancer prevention would
be premature.”



13



Gene for Depression
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Gene Is Linked to Susceptibility to Depression

By MARY DUENWALD

Scientists have identified a gene that may help explain why some
people become depressed in response to the stresses of life and others
skate by relatively unscathed.

The gene, which comes in two forms, or alleles, can either protect
people from depression or make them more vulnerable, researchers
report today in the journal Science.

In the study, people who experienced job loss, death in the family,
abuse or other traumas were much more likely to develop depression
if they possessed two copies of the short allele. Those with two copies
of the long allele (pronounced uh-LEEL) were able to withstand such
events without becoming depressed.
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Kill or cure?

Helptomal ofthe | yinanimate object into those

B[] EEREE

If any of these results seems incorrect, please report it using the link next to the article.

air pollution causes cancer #

- Pollution peril 'worse at home' 1n

alcohol both causes and prevents cancer #

Help to make sense of the Daily Mail’s ongoing
effort to classify every inanimate object into those
that cause cancer and those that prevent it.

Women would cut drinking to reduce cancer risk 11 1

Drink a day increases breast cancer risk
Who's at risk of breast cancer? [

Binge drinking 'increases breast cancer risk’ finc

A drink a day increases risk of breast cancer [1n:

Cancer alert: Don't eat, drink or tan too much [in

Bowel cancer danger of just one glass of wine per day

Shocking ignorance over cancer risks [inc
- The cancer generation: how Britons' hedonistic lifestyles are taking a terrible toll [1n
Mouth cancer warning for binge drinkers J
+ Is anything safe to eat? Cancer report adds bacon. ham and drink to danger list (1
Cancer: foods to avoid? [1 7
Modern living to blame for cancer epidemic [ir
+ 80,000 cancer cases caused by diet 1

10 ways to prevent breast cancer [Inc.

- Forty per cent jump in female drinking fuels rise in breast cancer [inc
Our lifestyles are killing us: Poor diets, drinking and lack of exercise blamed for 78.000 cancer cases a year [1
Binge drinking causes mouth cancer surge [incorrect?]

More than a third of cancer could be prevented by healthy lifestyle, say experts [1n

mobile phones both cause and prevent cancer #

.

Using mobile phones for more than 10 years 'doubles risk of brain cancer' [in

What a top cancer researcher told his staff: Limit your mobile phone use to aveid tumours [In.
Why your mobile should carry a health warning like cigarette packets because of brain cancer risk [inco
Mobile phones 'cancer link'": Mouth tumours 50% more likely after heavy use [in
Mobile phone cancer risks probed [1n. 7]
We can't ignore the links between mobile phones and cancer like we did with tobaceo, top scientists tell U.S. Congress [in
Plans for 'cancer shields' in mobile phones 1
Mobiles linked to eye cancer [1
Mobile phones 'could cause brain tumours in long-term users' i«
Old-style mobiles linked to brain cancer 11 1
Row over 'cover up' of mobile phone masts cancer finding [1 1
+ Orange to remove mobile mast from 'tower of doom', where cancer rate has soared (1
Fear over first mobile phone link to cancer | 1

Skin cancer cases increase by 46 per cent in just seven years [Incorr

Only ten minutes on a mobile could trigger cancer, scientists believe [1 1
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NEJM 1 September 2010
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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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Two books worth reading!

Bad Science is recommended reading for this course!



Some of this is quackery, but some is just poor science and limitations of epidemiology

A 1995 report in Science flayed epidemiology and this led to a lot of soul searching

26
Taubes G. Science 1995



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?”

27



Why Most Published Research Findings

Are False

John P A, loannidis

Summary

There is increasing concern that most
current published research findings are
false.The probability that a research claim
is true may depend on study power and
bias, the number of other studies on the
same question, and, importantly, the ratic
of true to no relationships among the
relationships probed in each scientific
field. In this framework, a research finding
is less likely to be true when the studies
conducted in a field are smaller; when
effect sizes are smaller;when there is a
greater number and lesser preselection
of tested relationships; where there is

greater flexibility in designs, definitions,
outcomes, and analytical modes; when
there is greater financial and other
interest and prejudice; and when mare
teams are involved in a scientific field

in chase of statistical significance.
Simulations show that for most study
designs and settings, it is more likely for
a research daim to be false than true.
Moreover, for many current scientific
fields, daimed research findings may
often be simply accurate measures of the
prevailing bias. In this essay, | discuss the
implications of these problems for the
conduct and interpretation of research.

factors that influence this problem and
some corollaries thereof,

Modeling the Framework for False
Positive Findings

Several methodologists have

pointed out [2-11] that the high

rate of nonreplication (lack of
confirmation) of research discoveries
is a consequence of the convenient,
yvet ill-founded sirategy of claiming
conchusive research findings solely on
the basis of a single study assessed by
fornal statistical significance, typically
for a pvalue less than 0.05. Research
is not most appropriately represented
and sunmarized by paalues, bu,
unfortinately, there is a widespread
nodon that medical research articles

It can be proven that
most claimed research
findings are false.

should be interpreted based only on
pvalues. Research findings are defined
here as any relatdonship reaching
formal stavistical significance, e.g.,
effective intervenuons, informative

predictors, risk factors, or associations.
“hlammiive” ragsarch s alen varr neafil

is characteristic of the field and can
vary a lot depending on whether the
field targets highly likely reladonships
or searches for only one or a few

true reladonships among thousands
and millions of hypotheses that may

be postulated. Let us also consider,

for computational simplicity,
circumscribed fields where either there
is only one tue reladonship (among
many that can be hypothesized) or

the power is similar to find any of the
several existing tue relatdonships. The
pre=study probability of a reladonship
being tme is B/ R+ 1). The probabilicy
of a study Anding a e relatonship
reflects the power 1 — B (one minus
the Type II error rate). The probability
of claiming a relationship when none
truly exists reflects the Tyvpe I error
rate, if. Assuming that ¢ relationships
are being probed in the field, the
expected values of the 2 = 2 able are
given in Table 1. After a research
finding has been claimed based on
achieving formal seatistical significance,
the poststudy probabiliey that it 1s true
is the positive predictive value, PPV,
The PPV is also the complementary
probability of what Wacholder et al.
have called the false positve report
probability [101. According to the 2

PLoS Med 2005
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If exposure and disease
are not associated

False positive study

Hot topic Bias Publication Bias T H E FALS E

100 studies will be designed P OS IT IVE

=005 RESEARCH

CYCLE

positive results (Choi, 1998)

5 studies show false

Positive results bias

5 studies will
be published

Likely to be meta-analyzed

\ 4

Editor’s bias 29
Courtesy: Bernard Choi, PHAC



Contradicted and Initially Stronger Effects
in Highly Cited Clinical Research

John P. A. Toannidis, MD

LIMNICAL RESEARCH ON IMPOR-

tant questions about the effi-

cacy of medical interventions

is sometimes followed by
subsequent studies that either reach op-
posite conclusions or suggest that the
original claims were too strong. Such dis-
agreements may upset clinical practice
and acquire publicity in both scientific
circles and in the lay press. Several em-
pirical investigations have tried to ad-
dress whether specific types of studies are
meore likely to be contradicted and to ex-
plain observed controversies. For ex-
ample, evidence exists that small stud-
ies may sometimes be refuted by larger
ones.'*

Similarly, there is some evidence on
disagreements between epidemiologi-
cal studies and randomized trials.**
Prior investigations have focused on a
variety of studies without any particu-
lar attention to their relative impor-
tance and scientific impact. Yet, most
research publications have little im-
pact while a small minority receives

Context Controversy and uncertainty ensue when the results of clinical research on
the effectiveness of interventions are subsequently contradicted. Controversies are most
prominent when high-impact research is involved.

Objectives To understand how frequently highly cited studies are contradicted or
find effects that are stronger than in other similar studies and to discern whether spe-
cific characteristics are associated with such refutation over time,

Design All original clinical research studies published in 3 major general clinical jour-
nals or high-impact-factor specialty journals in 1990-2003 and cited maore than 1000
times in the literature were examined,

Main Outcome Measure The results of highly cited articles were compared against
subsequent studies of comparable or larger sample size and similar or better con-
trolled designs. The same analysis was also performed comparatively for matched stud-
ies that were not so highly cited.

Results Of 49 highly cited original clinical research studies, 45 claimed that the inter-
vention was effective. Of these, 7 (16%) were contradicted by subsequent studies, 7 oth-
ers (16%) had found effects that were stronger than those of subsequent studies, 20
(44%) were replicated, and 11 (24%) remained largely unchallenged. Five of & highly-
cited nonrandomized studies had been contradicted or had found stronger effects vs 9
of 39 randomized controlled trials (P=.008). Among randomized trials, studies with con-
tradicted or stronger effects were smaller (P=.009) than replicated or unchallenged stud-
ies although there was no statistically significant difference in their early or overall cita-
tionimpact. Matched contrel studies did not have a significantly different share of refuted
results than highly cited studies, but they included more studies with “negative” results.

Conclusions Contradiction and initially stronger effects are not unusual in highly
cited research of clinical interventions and their outcomes. The extent to which high
citations may provoke contradictions and vice versa needs more study. Controversies
are most commaon with highly cited nonrandomized studies, but even the most highly
cited randomized trials may be challenged and refuted over time, especially small ones.

JAMA, 2005:294:278-228 WWWfM.Com
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The HEW EMOGLAND JOUERNAL of MEDICINE

SPECIAL ARTICLE

Selective Publication of Antidepressant
Trials and Its Influence on Apparent Efficacy

Erick H. Turner, M.D., Annette M. Matthews, M.D,, Eftihia Linardatos, B.5.,
Robert &, Tell, L2.5.W,, and Robert Rosenthal, Ph.D.

ABSTRACT

BACKGROUND

Evidence-based medicine is vahuable to the axtent that the evidence base s compl ete
" and unbiasad. Selective publication of clmical trials — and the cutcomes within
| those tials — can lead to unrealistic sstimates of drug sffectiveness and alter the
- apparent fsk-banefit ratio

METHO DS

We obtained reviaws from the Food and Dmg Admimistration (FDA) for studies of
12 ant:depressant agents involving 12,564 patients. We conductad a systematic 1
evature search to identity matching publications. For trials that weve reported in the
licarafure, we compared the published outcomes with the FOA outcomeas. We also
comparad the sffsct size derived from the published reports with the effect sze de-
rived from the entive FLA data sat

RESULTS

Among 74 FUA-registered studies, 215, acoounting for 2449 study participants, wers
not published. Whether and how the smdies were published were associated with
the study outoome. A total of 37 studies viewed by the FDA as having positive resulis
were publizhed; 1 study viewed as positivewas not published. Smdies viewed by the
FCA as having negative or questionable results weare, with » exceptions, sither not
published (22 studies) or published in away that, in our opinicn, convarad a posi-
tive outcome (11 smudies). According to the publishad literamure, it appeared that
O of the trials conducted wers positive. By contrast, the FOA analysis showed that
E1% ware positive. Separate meta-analyses of the FDA and journal data sets showed
that the mcrease in affect size ranged from 11 to 6% for individial drugs and was
22% owvara!!

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

Hl“‘“qn. Hum Hered 2007;64:203-213 Receivec
HLrLdlly DOI: 10.1159/000103512 poepie

Non-Replication and Inconsistency in the
Genome-Wide Association Setting

John P.A. loannidis

Clinical and Molecular Epidemiology Unit and Evidence-Based Medicine and Clinical Trials Unit,
Department of Hygiene and Epidemiolagy, University of loannina School of Medicine,
Biomedical Research Institute-Foundation for Research and Technelogy-Hellas, loannina, Greece;
Department of Medicine, Tufts University School of Medicine, Boston, Mass.., USA






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
Many studies biased or inconclusive or false
Most discovered true associations are inflated

Fear and panic inducing rather than helpful; media-
iInduced hype

Cannot detect small effects; big effects are not to be
found anymore

Lack of consistency in concepts and terminology
Accused of being too “fuzzy” and not rigorous

36



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?

37



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”?

38



Are senior surgeons incompetent?

39



Does anti-snake venom help or kill?

Tropical Medicine and [mcrnatinnaﬁlzulth doi: 10,1111/, 1565-3156. 200501535«

VOOLUME ITT NOY T PP L1-10 JANUAEY 2006

Clinical predictors of in-hospital mortality in patients with snake
bite: a retrospective study from a rural hospital in central India

Shriprakash Kalantri"i, Amandeep Singh', Rajnish lushil'ir Samuel Malamba?‘, C hristine H01, Joseph Ezoua® and

3
Maureen Morgan

1 Department of Medicine, Mabatma Gandbi Institute of Medical Sciences, Sevagram, India
2 Divesson of Epidemiology, University of Califorrma at Berkeley, Berkeley CA, USA

Summary oRJECTIVE  To determine the association between selected admission nisk factors and in-hospital
maortality in patients admitted with venomous snake bite to a rural tertiary care hospital in central India.
METHODS  Retrospective cohort stedy of patients aged 12 years or older admitted to a rural hospital n
central India berween January 2000 and December 2003 with venomous snake bites. The primary
endpoint was in-hospital mortality, We wed Cox proportional-hazards regression analysis to evaluate
the association berween risk factors (home-to-hospital distance, bite-to-hospital time, vomiting,
neurotoxicity, urine albumin, serum creatinine concentration and whole-blood cdotting time) and
in-hospital moretalivy.

RESULTS Two hundred and seventy-seven patients [mean age 32 (5D 12) years; 188 men (68%]]
were admitted with venomous snake bite, 29 patients (11%) died. The probability of survival at day
7 owas 83%. Vomiting [hazard ratio 651 (95% CI 1.94-21.77), P = 0.002], nevrotosicity [hazard
ratio 3,15 (95% C1 1.45-6.83), P = 0.004] and admission serum creatinine concentration [hazard
ratio 135 (95% CI 1.17-1.56), P = 0.001] were associated with higher risk of death in the adjusted
analysis.

concLustons  In our rural hospital setting, the overall mortality rate was 11 per 100 cases of snake
bite. Vomiting, neurotoxicity and serum creatinine are significant predictors of mortality among inpa-
tients with snake bite. These predictors can help clinicians assess prognosis of their patiems more
accurately and parsimoniously and also serve as wseful signposts for clinical decision-making.

40



Does pet ownership reduce risk of cardiovascular disease?

41



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 42



The long road to causal inference
(the “big picture”)

Causal Effect

Random Error

Confounding

Information bias (misclassification)

Selection bias

Bias in analysis |& inference

Reporting & publication bias

Bias in knowledgeg use

RRcausaI » RR

13 7
truth the long road to causal inference...

association

Adapted from: Maclure, M, Schneeweis S. Epidemiology 2001;12:114-122.



A Skeptic's Algorithm for Associations

Observed association
between exposure and

outcome
Due to chance ¢ ' Not due to chance
Due to bias | * " | Not due to bias
Rule out I 1
random error
Due to Not due to

Rule out bias

confounding

confounding

1

Valid
association

N

Often using

criteria (e.g. Hill's) Causal Non causal




Taubes G. Science 1995

"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."

45



Readings for next class

Article:

— Taubes G. Epidemiology faces its
limits. Science 1995

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

— Freedman D. Lies, damned lies and
medical science. Atlantic, 2010.

Rothman text:

— Chapter 1: Intro to epidemiologic
thinking

Gordis text:
— Chapter 1: Introduction
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