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Classic paper:
Austin Bradford Hill. The Environment and Disease: Association or
Causation? Proceedings of the Royal Society of Medicine 58:295-
300, 1965.

Frequency of citation:
Very high (440 citations between 1996-2001 in Web of Science
citation databases, plus frequently invoked without citation).

Frequency of actually reading:
Apparently fairly low.

Reason it is one of the most cited papers in health research:

Source of what has become known as the "Bradford-Hill criteria’
for inferring causation from epidemiologic associations.
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What Hill called his list of nine considerations:
"...viewpoints from...which we should study association before we
cry causation."

What Hill did not call his list of nine considerations:
Criteria; hard and fast rules.

Our guess about how Hill would feel about his "criteria” remaining
popular in the 21 century:

Appalled.

What this classic paper should be remembered for:
One of the most succinct lessons in the literature, presented in a
few paragraphs of concluding remarks, that effectively
summarizes how we should think about scientific uncertainty,
Interpretation of study results, tradeoffs, and policy decisions.

Opportunity to completely reinterpret the lessons of a classic paper:
Priceless.

Phillips and Goodman poster, SER2001, downloaded from epiphi.com




The Wrong Lesson Learned.:
T he " Bradford-Hill Criteria'

The"criteria' have been effectively criticized as being of limited valuein
causal inference.!

No set of criteria can identify a cause-effect relation with certainty.
Empirical analysis has shown that reviewers of epidemiologic evidence
interpret and apply lists of causal criteriain inconsistent ways.”

Serious attention is being devoted to the notion of causality in

epidemiology, offering approaches that supplant appeals to highly imperfect
rules of thumb.*®

The Right Lessons Missed

Amidst the misguided attention to Hill'slist of considerationsis alack of
attention to the last page and a half of the article and its insufficiently heeded
lessons:
e Warning against the over-emphasis on statistical significance
testing and claims of statistical precision in the face of systematic
uncertainty.

Guiding principles for formulating policy decisions on the basis of
epidemiologic observations.
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Over-emphasis on statistical significance testing

"the glitter of thet table diverts attention from the inadequacies of the fare"
(Hill, p. 299)

Hill lamented that the justifiable criticisms of drawing conclusions from
Inadequate study samples had led to a problematic backlash:

Overemphasis on tests of statistical significance as a basis for causal
Inference,

Sources of systematic error (bias) were frequently overlooked in
drawing causal conclusions.

Thiswarning is at least as relevant today asit wasin 1965.

 The outpouring of thousands of "significant” but often contradictory
results confuses the public and decision makers.
Despite the education of several new generations of researchers, and the
advances in thinking listed below, there has been little improvement in
practice.

Phillips and Goodman poster, SER2001, downloaded from epiphi.com




Modern advances in thinking about statistical inference

Improved representation of random sampling error

An emphasis on the p-value alone, has been soundly denounced, though the
practice has hardly been eliminated.

Current textbooks recommend against statistical hypothesis testing that
dichotomizes the p-value into significant or not.

Modern textbooks and practice recognize that the confidence interval offersthe
advantage of distinguishing imprecise estimates (poor statistical power) from
apparent null associations, and associations with large magnitudes from those
that are small but statistically significant by virtue of alarge sample.

Quantification of systematic error

No statistical test based solely on random sampling error informs us about
uncertainty due to sources of bias.

Hill hints at this when he notes that one of his own studies had great potential
for a particular systematic error. In effect, he asks "why would | bother to do an
exaggeratedly precise statistical test when | know that the other sources of
error arelikely so large?"

Hill points out the folly of mistaking statistical precision for validity; recent
work improves upon this, by introducing methods to quantify systematic
errors.”
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Formulating Policy Decisions from Epidemiologic
Observations

"Our object is usually to take action” (Hill, p. 300)
Largely overlooked is Hill's analysis of what should flow from causal inferences.

Epidemiology has its roots in specific policy questions (e.g., "can we do
something about cholera outbreaks?").

But modern epidemiol ogists have ambivalent attitudes towards the policy
decisions associated with their research. Researchers often justify costly
research based on its practical benefits, but deny the need to assess the policy
contributions, defending the value of the science for its own sake.

When policy implications are presented, they are seldom carefully analyzed.
(One mgor journal forbids policy recommendations tacked on to origina
research reports, suggesting that policy analysis istoo complex and seriousto be
an afterthought by researchers whose expertise lies elsewhere.)
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Judging from Hill's comments, he might call for more careful policy analysis
attached to epidemiology research, rather than none at all (though it is not clear
he would have any solution to the challenge of fitting such analyses into the
standard 3000-word, single-finding health research paper).
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Lessons in tradeoffs

We need "differential standards before we convict" (Hill, p. 300)

Hill argues (as any policy analyst or economists would) that we ought to pay
attention to the costs and benefits associated with an exposure.

The level of certainty regarding the cause-effect relation that is sufficient for
policy action should depend on the cost-benefit tradeoff associated with the
action, rather than merely the degree of certainty that there would be some
benefit.

(Those who might dismiss this as socio-political concerns interfering with proper
science should note that Hill clearly states that the science per se, including the
data analysis, should not be influenced by what is at stake. Rather, public health
researchers should recognize that the stakes matter, rather than ignoring such
concerns and leaving them to arather unreliable post-science political process.)
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Hill’s examples of tradeoff-based decisions

“on relatively dight evidence we might decide to restrict the use of a drug
for early-morning sickness in pregnant women. If wearewrong in
deducing causation from association no great harmwill be done. The good
lady and the pharmaceutical industry will doubtless survive.” (Hill, p. 300)

(Bonus lesson: A bad choice of example can make a good point look bad.)

Setting aside the impolitic claim and the unsupported assertion that there is no
great harm at stake (as well astheirony of therise, fall, and current possible
reemergence of the morning sickness drug, Bendectin) the underlying point isa
good one.

The subseguent examples are better:
“On fair evidence we might take action on what appears to be an occupational
hazard, e.g. we might change from a probably carcinogenic oil to a
noncarcinogenic oil in a limited environment and without too much injustice if
we are wrong. But we should need very strong evidence before we made people
burn a fuel in their homes that they do not like or stop smoking the cigarettes
and eating the fats and sugar that they do like.” (Hill, p. 300)
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The Most Important Lesson:
Improving Epidemiology-Based Decision Making

" All scientific work isincomplete -- whether it be observational or
experimental. All scientific work is liable to be upset or modified by
advancing knowledge. That does not confer upon us a freedomto ignore
the knowledge we already have, or to postpone the action that it appearsto
demand at a given time." (Hill, p. 300)

Making a good decision does not depend on having studies with confidence
Intervals that exclude the null.

A best decision can be made based on whatever information we have now.*?
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Pursuit of the low p-value,
leaves our society postponing apparently useful policy choices while we do
more research to try to show what we already believe to be true,
creates the incentive to use dubious methods to squeeze out significant
results,
creates an opportunity for those who would prefer to find no association to
make real causal relationships disappear below the 95% horizon.

If epidemiologists helped empower policy makers to, for example, ban an easily-
replaced chemical with about a 50-50 chance it is a health hazard (based on an

honest assessment of all uncertainty), then the payoff for fiddling with the data to
show the certainty is abit higher or abit lower would be eliminated.
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We can escape from the trap of letting ignorance trump knowledge

“1n asking for very strong evidence | would, however, repeat emphatically
that this does not imply crossing every ‘t’, and swords with every critic,
before we act.” (Hill, p. 300)

Regulators often fail to act because we have not yet statistically "proven" an
association between an exposure and a disease, even when there is enough
evidence to strongly suspect it.

There is a growing movement to make a similar mistake by adopting
precautionary principles, calling for regulation until we have "proven" alack of
causal association.

But if we can escape from the false "proven vs. not proven" dichotomy that
statistical tests create, and from the notion that causality can be definitively
Inferred from alist of criteria, we can make decisions based on what we do know
rather than what we don't.
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Conclusions

Appealing to the untested "criteria’ of agreat luminary from days past
are reminiscent of the "scientific" methods of the Dark Ages.

Judging from his own caveats, we believe Hill would likely agree.

He deserves credit for roughing out some rules of thumb for a very
young science that surely needed them at the time.

But long after that list ought to have become no more than an historical
note, it generates uncritical adherence while his recommendations about
statistical tests and policy context remain key unlearned lessons.
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