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Chapter 5

EVALUATING SUFFICIENCY OF
EVIDENCE TO INFER A CAUSAL
EFFECT

In this chapter we will review the methodology followed in
epidemiology to judge whether or not a causal effect is really
present, including the role of ancillary evidence. We enumerate
arguments frequently invoked to support and arguments used to
refute the inference of a causal effect based on research findings,
considering their rationale and value.

I. INTRODUCTION

One of the biggest challenges for epidemiologists is to use their
understanding of the research and methodologic concerns to
determine whether the likelihood that the exposure causes the health
effect is “more probable than not.” While the tools of epidemiology are
designed to determine causal effects, outside the legal setting,
epidemiologists do not generally quantify their assessment or even
assign adjectives in a standardized way. In fact, scientists in general
are often resistant to reaching any “bottom line” conclusion because
of fear that it will turn out to be wrong in hindsight, which of course
is possible with incomplete information. Within the scholarly
literature, there is rarely a comment that something is “80% likely”
or any standardized approach to quantifying what is meant by such
adjectives as “probable.” In part, this is because there is no firm,
objective, scientific basis for making such assignments—they are
inferences that make use of the evidence but require going beyond
the findings to reach a judgment. Surely if a panel of experts were
convened, there would be a range of values assigned to how
probable a causal association is, with no right answer, only a range
of opinions, even if all the experts are working from the same
evidence base and are unbiased. While making such attributions
may be the norm for addressing legal issues, it is not common in the
scientific arena.

Within that informal assessment of how likely a causal effect is,
there is a different calculus for making errors of one type than
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another. Scientists are respected and rewarded for caution in making
claims that do not pan out, i.e, not to overstate how strongly
supportive the research is. In fact, it is perfectly acceptable, even
encouraged, to remain skeptical about a causal association until it is
proven with a high level of certainty. There is no shame in
maintaining disbelief until convinced otherwise, whereas the culture
of science Iooks with some disdain on those who make assertions of
causal effects that are later discovered to have been in error, There
are some dramatic examples of this in medicine
(hydroxychloroquine to treat COVID, vaccines as a cause of autism)
as well as in physics (cold fusion). Depending on how the
information is being used, this may well be entirely appropriate,
putting the burden of proof on those making the assertion of a causal
effect and maintaining doubt until the evidence is strong enough to
overcome it. But what that means is that the conventional assessment
of causality relies on a threshold notably higher than “more probable
than not.” Instead of >50%, it may be closer to 80% or 90%. Although
the statistical methods assigning probability values and determining
statistical significance have at most an indirect relationship with
causal attribution (discussed in detail in a later chapter), they do
illustrate the level of caution in declaring results to be positive — this
is not done when the probability value is 50.1% but rather 95% or
sometimes even greater. Researchers are generally much more
willing to fail to detect an association that is truly present than to
claim an effect is present when it in fact is not.

Ifin fact we were able to determine the ultimate truth for a series
of potential exposure-disease associations, we could compare our
judgments of “more probable than not” with the truth. If we were
perfect at separating them accurately based on the criterion of >50%
likely versus 50% or less, and declared 100 statistical associations to
be indicative of a causal effect, we would only be right for around 51
of them. If we had declared too many of them as causal, say 70 or 80,
it would mean we were being too generous in making the call.
Conversely if we had declared too few to be causal, say 20 or 30, it
would mean we were being too conservative on average. Of course,
this is not possible since we do not know the ultimate truth and make
these judgments one at a time, but the concept may be useful in
helping experts who normally function as cautious scientists

applying a notably different threshold to apply the legal standard of
more probable than not.
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Applying a “more probable than not” standard also erces a
dichotomization of what undoubtedly is a continuum of evidence,
again something not typically done outside the legal aPpﬁcaﬁons of
epidemiology. Using the above example of asking whether
childhood vaccinations cause autism, it is not just slightly below the
threshold of more probable than not, but very close to zero given
numerous high-quality studies finding no association. Usmg the
conventional dichotomy of more probable than not, there is no
distinction between “essentially zero” and “some credible support but
not quite at the threshold for declaring an association to be “more
probable than not.” Likewise, whether tobacco smoking causes lung
cancer is not just barely more probable than not, it is essentially 100%
certain. Again, no distinction is made between evidence that
marginally exceeds 50% in the subjective judgment Of. the expert and
a much higher probability. Simplifying results to indicate where the
evidence falls in relation to the 50/50 mark is outside the norm for
academic and even policy evaluations, unique to the legal ‘setting.

Finally, it is worth noting that among a group of fully mforrr.led,

objective epidemiology experts, there will be different conclusions
drawn when the evidence hovers anywhere near the 50% cut-off
point rather than for issues that are closer to 0% or 100%. This is not
to say that either side is biased or ill-informed, only that the translation
of the evidence to a conclusion is a subjective process that can lead to
different judgments. To be informative in a legal or scientifi'c arena, it
needs to be more specific than just “we disagree.” Identifying th.e
points of disagreement can and should be done in a manner that is
understandable to a non-technical audience, that is attorneys, judges,
and juries. If the source of disagreement can be disﬁlled. into a
different interpretation of a specific feature of the studies, for
example, whether a confounding factor is likely to have affected the
measure of association or whether the exposure was assessed in a way
that would lead to an exaggeration of the association, the basis for
their inference can be scrutinized and challenged. This may be the
same in broad terms as the presentation of any other kind of evidence
that is examined in a legal setting— the need to be able to follow the
basis for assertions and inferences. Rather than simply claiming
wisdom as “the expert,” the underlying research and basis for
interpretation of that research needs to be articulated.
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