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Causality

The primary goal of the epidemiologist
is to identify those factors that have a causal
impact on disease development, thereby
providing a target for prevention and
intervention. At first glance, causality may
appear to be a relatively simple concept to
define. However, adequately distinguishing
causal agents from non-causal agents is not an
easy task, from an epidemiological perspective.
Unfortunately, there is no elementary parameter
that can be measured to provide a definitive
answer when determining causality.  Rather,
there is a series of criteria that have been
developed and refined over the years that now
serve as the guideline for causal inference. The
most important point to remember is that
causality is not determined by any one factor;
rather it is a conclusion built on the
preponderance of the evidence.

Hill (1965) is credited with identifying
the nine factors that constitute the current
standard for determining causality. In his
article, Hill expanded upon criteria that had
previously been set forth in the report Smoking
and Health (1964) by the United States Surgeon
General.  Below is a discussion of the nine
criteria defined by Hill to be utilized in the
determination of causality.

Criteria for determining causality

Strength of Association:

Strength of association between the
exposure of interest and the outcome is most
commonly measured via relative risks and odds
ratios.  Hill believed that causal relationships
were more likely to demonstrate strong
associations than were non-causal agents. The
relationship between smoking and lung cancer is
a perfect example where the odds ratios and
relative risks are in the 20 to 40 range when
comparing smokers to non-smokers. However,
OR's and RR’s that suggest weak associations
should not be taken as an indication of non-
causality.  This is particularly true when the
outcome of interest is

common. An example of a common outcome
that exhibits a weak association with smoking is
cardiovascular disease (CV). Yet even with a
weak association, evidence supports the casual
nature between smoking and the development of
CV disease. Furthermore, one should not
assume that a strong association aone is
indicative of causality, as the presence of strong
confounding may erroneously lead to a strong
causal association.

Consistency of Data:

This tenant refers to the reproducibility
of results in various populations and situations.
Consistency is generally used to rule out other
explanations for the development of a given
outcome. It should also be noted that a lack of
consistency does not negate a causal association
as some causal agents act only in the presence of
other co-factors. In general, the greater the
consistency among the data, the more likely a
causal association.

Specificity:

For causality, specificity can be
thought of as a single exposure or agent before
responsible for a single outcome.  However,
this criterion has been proven to be invalid in a
number of instances, with smoking being the
primary  example. Evidence clearly
demonstrates that smoking does not lead solely
to lung carcinogenesis, but to a myriad of other
clinical disorders ranging from emphysema to
heart disease. Additionally, there are more than
one causes of lung cancer.  There are certain
situations where this 1 to 1 relationship exists,
such as with certain bacterium and the disease
they cause which is strongly suggestive of a
causal influence. Tuberculosis is a good
example. However, the lack of specificity
should not be taken as evidence against
causality.
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Temporality:

This criterion has been identified as being the
most likely to be the sine qua non for causality.  For
an agent to be causal, its presence must precede the
development of the outcome. Lack of temporality rules
out causality. Anexamplefoundintheliteratureis
the relationship between atria fibrillation (AF) and
pulmonary embolism.  Current wisdomsupports that
pulmonary embolism causes atrial fibrillation, however
more recent evidence and plausible biological
hypothesis suggest that the reverse could be true.
Determining the proper course of care may hinge upon
discovering if pulmonary emboli can indeed precede
and thus perhaps cause the development of atria
fibrillation.

Dose-Response:

The presence of the dose-response relationship
between and exposure and outcome provides good
evidence for a causal relationship, however, its absence
should not be taken as evidence against such a
relationship. Some diseases do not display a dose
response relationship with a causal exposure. They may
demonstrate a threshold association where a given level
of exposure is required for disease initiation, and any
additional exposure does not effect the outcome.

Biological Plausibility:

Support for this criterion is generally garnered
in the basic science laboratory. It is not unusual for
epidemiological conclusions to be reached in the
absence of evidence from the laboratory, particularly in
situations where the epidemiological results are the first
evidence of a relationship between an exposure and an
outcome. However, one can further support a causal
relationship with the addition a reasonable biological
mode of action, even though hard data may not yet be
available.

Coherence:

This term represents the idea that for a causal
association to be supported, any new data should not be
in opposition to the current evidence, that is providing
evidence against causality. However, one should be
cautious in making definite conclusions regarding
causation, since it is possible that conflicting
information isincorrect or highly biased.

Experimental evidence:

Today's understanding of Hill's criteria of
experimental evidence results from many areas: the
laboratory, epidemiological studies, preventive and
clinical trials. Ideally, epidemiologists would like
experimental evidence obtained from a well-controlled
study, specifically randomized trials.  These types of
studies can support causality by demonstrating that
"altering the @use alters the effect”. It should be
noted, however, that randomized clinical trials aren’'t
feasible in many instances, given the length of follow
up time and the numbers of participants needed to
adequately answer the question of interest.

Analogy:

Thisis perhaps one of the weaker of the criteria
in that analogy is speculative in nature and is dependent
upon the subjective opinion of the researcher. For
example, we understand that smoking causes lung
cancer, therefore we may hypothesize that other types of
inhaled smoke would also cause lung cancer. However,
as mentioned, this would speculative and would need to
be tested to demonstrate further support for a causal
effect. It is aso important to remember that the
absence of analogies should not be taken as evidence
against causation.

Self evaluation

QL Out of all the mentioned criteria, the one
factor, although not in itself sufficient, that
isnecessary to demonstrate causality is:

a Doseresponse

b. Temporality

C. Strength of association
d. Specificity

Q2: True or False:

Just as a strong association between an
exposure and outcome is indicative of a causal
relationship, a weak association between the two
suggests a non-causal relationship.
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Answersto Self Evaluation:

QL B: Temporality. Causality requires that the
causal agent precede the outcome. Thus one
must demonstrate that the exposure is present
before the outcome occurs. Prospective cohort
studies, unlike case-control studies, are one of
the best designs for demonstrating temporality.

Q2 False. In general, a strong association is
indicative of a causal relationship, as is seen
between cigarette smoking and lung cancer.
However a weak association should not be
taken as a non-causal relationship.  Weak
causal associations may been seen where the
outcome of interest is common (such as heart
disease) and there are numerous causal
pathways suggested.
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