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“There is something fascinating about science. One gets such wholesale returns
of conjecture out of such a trifling investment of fact.”
Mark Twain, Life on the Mississippi (1874).

Executive Summary
Part 2 of 3
Scientific evidence may be derived from any of several sources and each needs to be examined for reliability and fit.
Epidemiological studies are generally considered the most reliable source, but it is necessary to distinguish the association of two events from a causal link between them. In addition, the results must be statistically significant and free
from bias, that is, a systematic error that makes the two groups being compared different in more ways than just the
variable being studied. The Bradford Hill criteria can be used to measure the validity of the result of an epidemiological
study, but their application is not mechanical and must itself be scrutinized for validity.
Meta-analyses rarely provide useful information, because they normally are not conducted pursuant to proper
scientific methodology. They have frequently reported causal relationships that do not survive scientific scrutiny.
By pooling data from different studies, meta-analyses can paper over biases and other weaknesses in the underlying
studies, disregard inconsistent findings, and improperly combine divergent population groups.
Animal research is another source of scientific testimony, but the application of the result of any such studies to
humans requires express justification. Animal toxicology studies are not designed to establish whether a substance is safe
in humans but rather to allow scientists to study the types of effects a substance can produce under specified conditions
and therefore animal studies are often conducted with the goal of inducing the greatest number of adverse effects.

Introduction
The first article in this series discussed the legal standards for admissibility of medical causation expert testimony following the Michigan’s
Supreme Court’s adoption in Gilbert v.
DaimlerChrysler Corp.2 of the federal
Daubert requirements of reliance and
relevance. In this second article in our
three-part series, we offer detailed
guidance on how defense counsel can
assist courts in properly interpreting
the Daubert requirements in relation to
specific categories of scientific evidence routinely cited by plaintiffs’
experts in support of general causation
opinions, i.e., epidemiology, animal
studies, chemical analogies, case
reports, regulatory findings and other
6

secondary sources. In the final installment, to be published in the next issue
of the Quarterly, we will discuss how
Daubert can be used to respond to causation opinions premised on clinical
reasoning.

Evaluating General Causation
Evidence Under the Scientific
Method
General causation opinions in toxic
tort litigation may be based on a wide
variety of evidence of differing scientific value, including, inter alia, epidemiology, animal studies, chemical
analogies, and regulatory findings and
other secondary sources. Some legal
observers have argued that a medical
expert’s evaluation of this evidence

involves a “complex inferential
process” and that the expert accordingly should be allowed to simply
lump this evidence together and reach
“a subjective judgment about the
strength of the evidence.”3 However,
Daubert clearly requires more. Under
Daubert, a trial court must consider
each of these categories of evidence in
light of the scientific method, and the
expert’s testimony may only be admitted if the expert can establish through
scientific evidence that her causal
hypothesis has been reliably tested
and validated.
Further, a causation expert cannot
satisfy her Daubert burden by arguing
that the scientific research necessary to
test her hypothesis has not been or
Michigan Defense Quarterly
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cannot be performed. Daubert requires
trial judges to evaluate expert testimony based on the science that exists at
the time, not the possibility of new scientific discoveries in the future or
guesswork as to what those discoveries might show.4 As Judge Posner of
the United States Court of Appeals for
the Seventh Circuit explained, “the
courtroom is not the place for scientific guesswork, even of the inspired sort.
Law lags science, it does not lead it.”5

General causation opinions in
toxic tort litigation may be
based on a wide variety of evidence of differing scientific
value, including, inter alia, epidemiology, animal studies,
chemical analogies, and regulatory findings and other secondary sources.

Epidemiological Studies
Controlled epidemiological studies
are generally considered the most
reliable evidence for testing a hypothesis that a particular substance causes
a particular injury in humans.6
Epidemiological studies can be especially important in cases where the
drug or substance at issue is widely
used or where there is a measurable
background rate of the alleged injury
regardless of exposure. In these situations, epidemiology may be the only
way to test the hypothesis that
observed injuries in exposed individuals are reflective of an increased risk
and a causal connection rather than
pure statistical chance.7 While the
absence of epidemiology may not be
fatal to a plaintiff’s case, numerous
courts have held that a plaintiff seeking to establish causation without
such evidence will face a high evidentiary hurdle.8
When a causation expert relies on
epidemiological studies to support her
opinions, a trial court must analyze
those studies to determine whether they
provide a proper foundation for the
expert’s testimony under the scientific

Controlled epidemiological
studies are generally considered the most reliable evidence
for testing a hypothesis that a
particular substance causes a
particular injury in humans.
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method. The finding in an epidemiological study of an association between a
substance and an injury is not equivalent of causation.9 There are three reasons
that a positive association may be
observed in an epidemiological study:
(1) chance, (2) bias, and (3) real effect.10
As the Supreme Court recognized in
Joiner, epidemiological research cannot
provide a scientifically reliable basis for
an affirmative causation opinion if it is
statistically insignificant or inadequately controlled for bias.11

i. Confidence Intervals
Epidemiologists
attempt
to
account for the possibility of chance
by calculating “confidence intervals”
around point estimates of potential
increased risk derived from epidemiological studies. An epidemiological
study is considered to show a statistically significant association with an
increased risk if the confidence interval of upper and lower bound estimates of risk does not include the possibility of no increased risk in the
exposed population. The possibility of
no increased risk is referred to as the
“null” hypothesis, which is generally
indicated by a relative risk or odds
ratio of 1.0.12 The generally accepted
confidence interval in epidemiological
studies is 95%, meaning that a study is
not statistically significant unless the
“null” hypothesis of no increased (or
decreased) risk can be excluded with
95% confidence.13 If an epidemiological

study is not statistically significant, it
cannot provide scientifically reliable
evidence of an association, let alone
causation.14 Further, numerous courts
have held that epidemiological evidence can only support a conclusion
that a substance is more likely than not
the cause of disease if it establishes a
doubling of the risk of the disease.15
The reasoning behind this requirement
is that if exposure does not at least
double the risk of injury, then more
than half of the population suffering
from injuries allegedly caused by the
substance would have been injured
anyway through pure chance (based
on the background risk of injury)
thereby disproving “more likely than
not” legal causation. Courts have also
cautioned against reliance on statistically significant subgroup analyses,
given the likelihood that numerous
subgroup analyses will result in spurious statistical associations in some
endpoints through chance alone.16

Numerous courts have held
that epidemiological evidence
can only support a conclusion
that a substance is more likely
than not the cause of disease if
it establishes a doubling of the
risk of the disease.

ii. Bias
Bias in epidemiology is any systematic error that makes the two
groups being compared different in
more ways than just the variable
being studied.17 Common sources of
bias include confounding factors
(other factors associated with the
studied factor that might account for
a perceived increased risk), selection
bias (uncontrolled differences between
the studied populations), and inforContinued on page 8
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mation bias (systematic error in
measuring data that results in differential accuracy of information).18 A
court must consider each of these
sources of bias in interpreting an epidemiological study because bias can
produce an erroneous association.19
Thus, for example, courts have
excluded expert causation testimony
based on purported statistically significant epidemiologic evidence
where the study failed to account for
other confounding exposures that
could have accounted for the apparent association.20 Courts have rejected
expert opinions that relied upon epidemiological studies where the subjects were not blinded to the study
hypothesis.21 Courts have rejected
expert testimony based on epidemiological studies that failed to adequately address the possibility that injured
subjects would be more likely to recall
a preceding exposure than healthy
controls (“recall bias”).22 Courts have
also rejected expert testimony that
relied upon epidemiological studies
that failed to articulate selection criteria for participants in the study and
thus could not account for selection
biases “that could lead to erroneous
inferences regarding causation.”23

iii. Bradford Hill Criteria
The existence of a well-controlled
epidemiological study that reports a
statistically significant increased
association with a specific injury does
not, by itself, provide scientifically

Causation experts sometimes
attempt to bolster individually
weak epidemiological studies by
relying on “meta-analyses” in
which otherwise insignificant
or inconsistent findings are
pooled to generate a single
purportedly significant
finding.
8

In analyzing the scientific
reliability of epidemiological
evidence under Daubert, a
number of courts have been
guided by a set of criteria
published by the noted
epidemiologist, Sir Austin
Bradford Hill
reliable evidence establishing causation.24 “The strong consensus among
epidemiologists is that conclusions
about causation should not be drawn,
if at all, until a number of criteria
have been considered.”25 In analyzing
the scientific reliability of epidemiological evidence under Daubert, a
number of courts have been guided
by a set of criteria published by the
noted epidemiologist, Sir Austin
Bradford Hill in 1965 (“the Bradford
Hill criteria”).26 The Bradford Hill criteria can be summarized as follows:
(1) strength of association, (2) consistency and replication of findings, (3)
specificity with respect to both the
substance and injury at issue; (4) evidence of a dose-response relationship, (5) temporal relationship, (6)
biological plausibility, and (7) consideration of alternative explanations.27
In light of these criteria, courts have
rejected statistically significant epidemiological research under Daubert
where the reported relative risk is only
slightly elevated28 and have suggested
that epidemiological research reporting
a relative increased risk of less than
three times indicates only a weak association (strength of association).29
Courts have also rejected isolated, statistically significant epidemiological
findings that are not replicated in other
epidemiological research (consistency).30 Courts have rejected epidemiological studies reporting statistically significant associations with allegedly similar
substances or allegedly similar injuries
(specificity).31 And courts have rejected
alleged associations in epidemiological

studies that did not demonstrate a dose
response relationship (dose response).32
Moreover, courts have not accepted the
mere incantation of the name of
Bradford Hill as establishing the reliability of a causation hypothesis.33 These
criteria must be applied faithfully or
they can also generate unreliable conclusions,34 as demonstrated by two
review papers published in 1989–1990
that both purported to use the Bradford
Hill criteria to assess the epidemiological evidence regarding an association
between alcohol consumption and
breast cancer, but reached dramatically
different conclusions.35

By pooling data from different
studies, meta-analyses can
paper over biases and other
weaknesses in the underlying
studies, disregard inconsistent
findings, and improperly
combine divergent population
groups.
iv. Meta-Analyses
Causation experts sometimes
attempt to bolster individually weak
epidemiological studies by relying on
“meta-analyses” in which otherwise
insignificant or inconsistent findings
are pooled to generate a single purportedly significant finding. This
approach has been rejected by courts
in the Bendectin, breast implant, and
SSRI litigations among others,36 and
rightly so. Meta-analyses rarely provide useful information, because they
normally are not conducted pursuant
to proper scientific methodology.
They have frequently reported causal
relationships that do not survive scientific scrutiny.37 While government
agencies will sometimes rely on
meta-analyses to satisfy the lower
evidentiary burden used for regulatory findings, see supra, they also have
recognized the scientific limitations
Michigan Defense Quarterly
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of such analyses:
Where FDA evaluates a metaanalysis, the Agency considers
such an analysis primarily as
supporting evidence, rather
than as primary evidence, that
can confirm the validity of data
concerning a hypothesis. The
Agency must carefully scrutinize each meta-analysis to
assess the soundness of its
design and the quality of the
data from individual studies to
determine the significance of
the data. Such scrutiny requires
review of the original studies
used for the meta-analysis.38
By pooling data from different studies, meta-analyses can paper over biases and other weaknesses in the underlying studies, disregard inconsistent
findings, and improperly combine
divergent population groups. As one
commentator has explained, “[m]etaanalyses begin with scientific studies,
usually performed by academics or
government agencies, and sometimes
incomplete or disputed. The data from
these studies are then run through computer models of bewildering complexity, which produces results of implausible precision.”39 After finding that metaanalyses were frequently contradicted
by subsequent large, randomized controlled trials, another investigator cautioned: “The popularity of meta-analysis may at least partly come from the
fact that it makes life simpler and easier for reviewers as well as readers.
However, simplification may lead to
inappropriate conclusions.”40 Pursuant
to Daubert, a court must look behind
the “bewildering complexity” of metaanalysis and protect against “inappropriate conclusions” by requiring the
expert to establish the reliability and
relevance both of the different pieces of
information going into the meta-analysis and the calculations used to combine the information into a single result.

Animal Research
Animal research may be a useful
Vol. 23 No. 3 • January 2007

tool for raising suspicions that can
then be tested in humans, but there
are significant differences in humans
and laboratory animals that limit the
degree to which animal research can
validate a causation hypothesis in
humans.41 There are numerous examples of apparent positive findings in
animal studies that have subsequently
been found inapplicable to humans.
The most commonly cited example,
perhaps, is saccharine, which was
linked to bladder cancer in rats over
20 years ago but was recently
removed from the National Toxicology
Program list of potential human carcinogens after years of subsequent
research failed to find any health risk
in humans. Similarly, scientists have
determined that a common insecticide, carbaryl, causes fetal abnormalities in dogs because dogs lack a spe-

At a minimum, extrapolations
from animal studies to
humans are not considered
reliable in the absence of a
credible scientific explanation
why such extrapolation is
warranted.
cific enzyme involved in metabolizing carbaryl. Humans have the
enzyme at issue and are accordingly
not believed to be at risk.42 Because of
numerous such problems of extrapolation, courts repeatedly have held
that animal studies alone cannot
prove causation in humans.43

i. Requirements for
Extrapolation
At a minimum, extrapolations from
animal studies to humans are not considered reliable in the absence of a
credible scientific explanation why
such extrapolation is warranted.44 In
evaluating whether animal studies can
form a reliable foundation for a causation opinion, trial courts should con-

sider such factors as: (1) whether the
results followed a dose response
curve; (2) whether the animal studies
involved massive doses, (3) whether
the studies involved different routes of
administration, (4) whether the studies
are conducted in intact animals (as
opposed, e.g., to isolated animal parts),
(5) whether the results have been replicated in different animal species, and
(6) whether the animal models have
been shown to be reliable predictors of
human experience.45
Animal toxicology studies are not
designed to establish whether a substance is safe in humans but rather to
allow scientists to study the types of
effects a substance can produce under
specified conditions.46 Accordingly,
animal studies are often conducted
with the goal of inducing the greatest
number of adverse effects. This is
accomplished in a number of ways,
including the use of extremely high
doses and exposures through special
routes designed to deliver the substance directly to a particular organ
without allowing for normal absorption and metabolization.47 While these
models are useful and appropriate in
the laboratory as a means to generate
hypotheses for further testing, they
create additional problems for extrapolating study findings to humans.

ii. Dosage and Toxicity
The existence of a dose-response
relationship has been described as the
most fundamental and pervasive concept in toxicology.48 All substances,
even water, become toxic at a high
enough dose. Conversely, however, “it
has long been recognized that acute
toxicological responses are associated
with thresholds; that is, there is some
dose below which the probability of an
individual responding is zero.”49 As
stated by the oft-described father of
chemical pharmacology, Paracelsus
(1493–1541), “What is there that is not
poison? All things are poison and
Continued on page 10
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nothing [is] without poison. Solely a
dose determines that a thing is not a
poison.”50 Accordingly, even leaving to
one side the issue of inter-species variations, the fact that a high-dose study
results in adverse effects in animals
cannot be extrapolated into a scientifically reliable conclusion that the substance can cause such effects at normal
exposure levels in humans.51 To the contrary, because toxic effects in humans
are generally expected to appear in the
same range on the basis of dose per unit
of body surface as in experimental animals, a finding of adverse events in animals at only very high doses may be
more indicative of the safety of the substance in normal use.52

iii. Path of Entry and Toxicity
The route by which a substance
enters the body can also have a significant effect on its toxicity. Animal
researchers frequently administer
chemical agents through special
routes, including, inter alia, (1)
intraperitoneal, (2) subcutaneous, (3)
intramuscular, and (4) intravenous.53
These routes of administration may
bypass the normal mechanisms
through which potential toxins are
removed before reaching the general
circulation. For example, many substances are biotransformed and detoxified by the liver; while these substances may demonstrate toxic effects
when injected intravenously, intramuscularly, or subcutaneously, they
are perfectly safe if ingested orally.54
Likewise, animal researchers also use
genetically designed or physically
altered animals in which normal
protective body mechanisms are

In conducting its Daubert
inquiry, a trial court also
must determine whether the
findings in the animal studies
“fit” the opinions being
offered in the case.
10

Even leaving to one side the
issue of inter-species variations, the fact that a high-dose
study results in adverse
effects in animals cannot be
extrapolated into a scientifically reliable conclusion that
the substance can cause such
effects at normal exposure
levels in humans.
removed.55 These types of animal
studies can be useful in studying how
an animal’s normal body mechanisms
interact and how substances can affect
isolated physiological systems, but
they do not reflect real world risks,
even in the species being studied.
In conducting its Daubert inquiry, a
trial court also must determine
whether the findings in the animal
studies “fit” the opinions being
offered in the case. Thus, an expert
cannot rely on animal research that
relates to a different injury than the
one at issue. For example, animal carcinogenicity studies indicate that animals “react differently and in much
more diverse ways than man” and
that “compared to humans much
more variation occurs in the cancer
sites in animals.”56 However, in cases
in which a chemical has been associated with cancers in both animal
studies and epidemiological studies,
“the target organ is usually identical.”57 In Joiner, the Supreme Court
thus rejected animal research in part
because the animals had developed a
different type of cancer than the cancer at issue in the plaintiff.58

Chemical Analogies
Causation opinions derived from
chemical analogies rely on the
hypothesis that a substance’s effects
can be predicted based on the established effects of similarly structured
compounds. Trial courts should be

very wary of such “guilt-by-association” evidence,59 particularly where
there is scientific research involving
the actual substance at issue that
demonstrates differences between it
and its purported chemical cousins.
Because even small changes in molecular structure can radically change a
particular substance’s properties and
propensities, research in analogous
substances does not reliably test the
causal hypothesis at issue.60
The difficulty in relying on chemical
analogies has been demonstrated by
attempts to create computerized programs to assess the toxicity of chemical
agents based on structure-activity relationships (“SARs”). These computer-

Because even small changes
in molecular structure can
radically change a particular
substance’s properties and
propensities, research in analogous substances does not
reliably test the causal
hypothesis at issue.
ized models are far more sophisticated
than the simplistic chemical analogies
often relied on by causation experts in
toxic tort litigation, and often rely on
additional information regarding a
substance beyond its chemical structure. Even so, while these models
ultimately may prove helpful in setting research priorities or generating
hypotheses, they have failed to provide reliable predictions as to a
chemical’s toxic effect.61 As reported
in a recent survey article, two prediction toxicity exercises conducted in
recent years under the aegis of the
National Toxicology Program have
found that models that attempt to
predict carcinogenicity “based solely
on information derived from chemical
structure” have been particularly unreliable, with the first exercise reporting
that “overall accuracy in terms of
Michigan Defense Quarterly
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positive or negative predictions was
in the range 50–65%” and the ongoing
second exercise reporting even higher
error rates in preliminary results.62
Moreover, “[a] clear limitation of almost
all the prediction systems ... was their
excessive sensitivity, i.e., incorrectly predicting many non-carcinogens as positive.”63 Efforts to predict toxicity based
on structure activity relationships have
resulted in similar problems.64

hypothesis testing and validation
provides a consistent guide for determining admissibility of the different
categories of scientific evidence discussed in this article. In the final article in this series, we will address how
this requirement comes into play in
assessing what is far less scientific,
but often more viscerally compelling,
evidence of specific individuals who
experience an adverse event in close
proximity to an exposure at issue.

Secondary Source Materials
In addition to actual scientific data,
causation experts will sometimes rely
on secondary source materials that
cite to the primary evidence, such as
regulatory materials, textbooks, and
internal company documents. These
secondary materials do not add any
additional scientific knowledge and
are no more reliable than the evidence they cite.65 They do not test a
causal hypothesis; they merely report
the findings of others.
In particular, regulatory findings
do not provide relevant “peer
review” for a causation opinion,
because they are based on a risk-utility analysis that involves a much
lower standard of proof than that
which is demanded by a court of
law.66 For example, a recent article
reported that the vast majority of regulatory withdrawals of approvals for
drugs in Spain during the 1990s were
based solely on anecdotal case
reports.67 As one commentary
observed, “law, societal considerations, costs, politics, and the likelihood of litigation challenging a given
regulation all influence the level of
scientific proof required by the regulator decision-maker in setting regulatory standards and make such standards problematic as reference points
in litigation.”68

Messrs. Hollingsworth and Lasker are
partners in the Washington, D.C. law
firm Spriggs & Hollingsworth, where they
specialize in pharmaceutical and toxic tort
litigation. Their email addresses are
elasker@spriggs.com and jhollingsworth
@spriggs.com
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