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There is growing concern among epidemiologists that most discovered associations are either inflated or
false. The reasons for this concern have focused on methodological issues in the conduct and publication
of epidemiologic research. This commentary suggests that another reason for discrepant findings may be
that animal research is producing implausible hypotheses. Many animal studies are methodologically
weak, and the animal literature is not systematically reviewed and synthesized. Moreover, most bodies of
animal literature may be so heterogeneous that they can be used selectively to support the plausibility of
almost any epidemiology study result. Epidemiologists themselves also do not consistently conduct system-
atic reviews of bodies of biological evidence which might point to sources of bias in an evidence base.
Animal research will likely continue to provide the biological basis for epidemiological investigation,
but substantial improvement is needed in how it is conducted and synthesized to improve the predictability
of animal studies for the human condition.
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‘‘Experiments should be carried out on the human
body.the quality of the medicine might mean that
it would affect the human body differently from the
animal body’’

Ibn Sina 1012 CE, 402 AH

Why epidemiology has so much difficulty documenting
valid and replicable associations has been widely discussed
for several years (1–5). Recent observations from large
randomized controlled trials (RCTs) have impressively
refuted some of epidemiology’s most long-standing conclu-
sions, often made from very large and highly publicized
observational studies, and the question persists as to why
so much observational epidemiology is not replicated by
randomized evidence (6–10).

In a recent commentary and discussion (11–14), Ioanni-
dis suggested several reasons why most discovered true asso-
ciations are inflated, including the use of thresholds of
statistical significance, especially in underpowered studies;
the many data manipulations used in variable construction
and statistical analysis; and biases in the publication process
(11). Elsewhere, Ioannidis (15) has used similar argument to
suggest that most published research findings are false. These
observations are important and provocative and challenge

many of the assumptions underlying the validity of the
epidemiologic literature. In a thoughtful response, Willett
(14) suggests that ‘‘those who practice epidemiology under-
stand that the primary research mode is still the develop-
ment of testable hypotheses based on sound biological
reasoning’’ (p. 655). This raises the question: How sound
is the biological evidence from which hypotheses tested in
epidemiology are derived? Are the vulnerabilities observed
in epidemiologic investigations also found in the biology
research base? If epidemiologists are testing implausible
hypotheses derived from a poorly validated body of animal
research, which is further amplified by publication bias,
this may be another reason why discovered associations
will be inflated or false.

DO ANIMAL STUDIES PREDICT EPIDEMIOLOG-
ICAL ASSOCIATIONS?

The concept that animal research, particularly that relating
to diet, pharmaceuticals, and environmental agents, may be
a poor predictor of human experience is not new. A thou-
sand years ago, Ibn Sina commented on the need to study
humans rather than animals (16) and Alexander Pope’s
dictum ‘‘The proper study of mankind is man’’ is well known
and widely cited (17). Pharmacologists in particular have
long recognized the difficulties inherent in extrapolating
drug data from animals to man (18, 19). Given the large
number of animal studies conducted, it would be expected
that some animal experiments do predict some human reac-
tions; for example, penicillin was observed to protect both
mice and humans from Staphylococcus infections (20), and
Accutane (isotretinoin) causes birth defects in rabbits,
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monkeys, and humans (but not in mice and rats) (21).
However, corticosteroids are widely teratogenic in animals
but not in humans (22), whereas thalidomide is not
a teratogen in many animal species but it is in humans
(23). Recent experience in a phase 1 study of the mono-
clonal antibody TGN 1412 resulted in life-threatening
morbidity in all six healthy volunteers, reflecting inadequate
prediction, even in non-human primates, of the human
response (24).

It is has been known for some time that many animal
experiments are poorly designed, conducted, and analyzed
and that this may be one reason why they often do not trans-
late into replication in human therapeutic trials (25–27) or
into cancer chemoprevention. Some human carcinogens
were predicted in animal studies (aflatoxins, benzene, dieth-
ylstilbestrol, vinyl chloride), but other agents were positive
in animal studies but not in human studies (acrylamide, alar,
cyclamate, red dye #2, saccharin) (28–30). It has only
recently been observed that most of the animal literature
is also inadequately reviewed and summarized and this too
may contribute to failure to replicate animal research in hu-
mans. In one survey, only 1 in 10,000 MEDLINE records of
animal studies were tagged as being meta-analyses versus 1
in 1,000 for human research (31). However, this research
often provides the rationale for hypotheses studied by epide-
miologists. In recent reports, the poor quality of research
synthesis was documented by a comprehensive search of
MEDLINE, which found only 25 systematic reviews of
animal research despite there being several million indi-
vidual studies in citation databases (32). Other recent
studies similarly found only 30 (33) and 57 (34) systematic
reviews of any type of animal research. One recent study of
the health effects associated with low-dose Bisphenol A in
human urine (35) conflicts with the systematic review of
the rodent studies that found little evidence for any health
associations (36).

Systematic review of animal studies is well advanced in
the field of stroke research (37), an area where almost no
new human therapies have been developed despite decades
of experimental and human study. In one systematic review
of FK506 used for experimental stroke, in which 29 separate
studies were found in the literature, only one study blinded
investigators to the intervention and two blinded them for
the outcome assessment; none met all 10 quality criteria es-
tablished by the reviewers (one study met no criteria and the
highest score was 7). Meta-analysis of the animal FK506
studies demonstrated a strong trend for the methodologi-
cally weakest studies to show the strongest protective effects
and the methodologically strongest studies to show no (or
weak) protective effects (38).

The limited number of systematic reviews of the animal
literature that have been done point to the poor quality of
animal research and the difficulty of extrapolating from it

to humans (39), a concern increasingly being made in other
fields of drug discovery (40, 41). Some key problems are
summarized from Pound et al. (32):

� Disparate animal species and strains, with a variety of
metabolic pathways and drug metabolites, leading to varia-
tion in efficacy and toxicity
� Different models for inducing illness or injury with
varying similarity to the human condition
� Variations in drug dosing schedules and regimen of uncer-
tain relevance to the human condition
� Variability in animals for study, methods of randomiza-
tion, choice of comparison therapy (none, placebo, vehicle)
� Small experimental groups with inadequate power, simple
statistical analysis that does not account for confounding,
and failure to follow intention to treat principles
� Nuances in laboratory technique that may influence
results (e.g., methods for blinding investigators) may be
neither recognized nor reported
� Selection of outcome measures, may be disease surrogates
or precursors, of uncertain relevance to the human clinical
condition
� Length of follow up varies and may not correspond to
disease latency in humans

The quality of in-vitro research and review, much of
which is closely tied to animal experimentation, has been
even less formally studied. In one rare study of how in-vitro
research is reviewed, a total of only 45 systematic reviews of
any type of bench study was found (33).

The poor quality of much animal and in-vitro research
poses substantial difficulty for epidemiologists who use ‘‘bio-
logic plausibility’’ as one of their guidelines for inferring
causality (42). A discussion of biological mechanisms,
usually relying on animal research, is quite common in
reports of epidemiological association. However, it seems
that animal research on almost any topic of epidemiologic
interest is so heterogeneous and inadequately synthesized
that it is possible to selectively assemble a body of evidence
from the animal and in-vitro studies that support almost any
epidemiologic result.

PUBLICATION BIAS

In contrast to large epidemiological projects, the smaller
scale of animal experiments, often from individual laborato-
ries, would suggest greater opportunity for publication bias.
Publication bias has been well documented in the random-
ized trial literature and has been attributed to a range of
biases: authors being more likely to write up positive results
and to send their manuscripts reporting positive results to
higher profile journals, to journal editors being more likely
to accept positive results and to publish them early (43,
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44). There has been little formal study of publication bias in
observational epidemiology, or in animal and in-vitro
research (45, 46) and the few studies that have been done
have not found evidence of publication bias (47, 48). None-
theless, its documentation in the more transparent circum-
stances of RCTs suggests that publication bias must be
a common phenomenon in observational epidemiology,
animal, and in-vitro studies. Failure to systematically review
these bodies of evidence together with publication bias in
the literature base provide the opportunity for substantial
bias and misleading results in the animal literature used to
create hypotheses for testing in epidemiological studies.

Publications in genetic epidemiology, where up to
a million single nucleotide polymorphism associations are
examined (49), have provided an opportunity to observe
how publication bias operates in this area of observational
epidemiology. Ioannides et al (50) have documented the
early publication of extreme genetic associations (those sug-
gesting both higher risk and protective genes), whereas later
studies, often of higher quality and on larger samples, report
smaller effects or do not show any association with the same
genotype. In another comparative study, 20 candidate genes
previously significantly associated with atorvastatin could
not be replicated in a genome-wide association study.
Only one was found to be statistically significantly associ-
ated and eight showed opposite directions of effect (51).
Not only do candidate genes represent a very small fraction
of the genome, they are often based on animal models
which, while they may represent genes conserved in hu-
mans, have different RNA, proteins, gene interactions,
and other epigenetic characteristics (52). Moreover, the
animal phenotype is not always analogous to the human
phenotype (53), all of which may make animal genetic
studies uncertain predictors of human genetic associations.
Systematic review of the murine models for amyotrophic
lateral sclerosis and other neurodegenerative diseases have
recently identified major design flaws (54), including
genetic heterogeneity even in inbred littermates so that
the designed phenotype may be lost (55).

OUTCOME REPORTING BIAS

Bias in reporting the primary outcome is a recently docu-
mented phenomenon in randomized trials. Chan et al.
(56) showed major discrepancies between declared primary
outcomes in randomized trial protocols from what was pub-
lished as the primary outcome in the same study. Overall,
62% of trials were discrepant between the protocol and
the published primary outcome, with trials changing the
proposed primary to secondary, completely ignoring (and
not mentioning) the proposed primary outcome in the
publication, introducing a primary outcome that was

a protocol secondary outcome, or reporting a primary
outcome not mentioned in the protocol. Outcome reporting
has not been systematically studied in observational epide-
miology or in animal and in-vitro experimentation, but,
given the absence of specificity often found in observational
epidemiology or animal protocols and the lack of registra-
tion of protocols (compared to what is now expected of
randomized trial protocols (57)), it seems highly likely
that outcome bias is a problem in these areas of research.
The influence of choice of referent group (or ‘‘comparator’’)
has also been studied most formally in the RCT literature
(58, 59), raising concern that similar sources of bias occur
in observational epidemiology and in animal research.

CONCLUSIONS

Animal research will likely continue to be an important
component of the biological underpinnings of hypothesis
development in epidemiology; therefore epidemiologists
have a vested interest in ensuring that the research they
rely on is as valid as possible and that it has been systemat-
ically reviewed. Given the likelihood that some epidemi-
ology studies may be testing implausible hypotheses, what
measures can be taken to improve this aspect of our science?

� More rigorous animal experiments and their systematic
review should lead to more valid hypotheses for epidemio-
logical investigation. While one would hope that bench
scientists would learn to do systematic reviews themselves,
they are likely to need the help of epidemiologists trained
in systematic reviewing. Epidemiologists who depend on
animal research may themselves need to conduct systematic
reviews of the animal research they rely on both for hypoth-
esis development and when using animal research to under-
stand the biological plausibility of their research findings.
All too often, animal research may be selectively reported
to support epidemiological observations rather than by
reference to a systematic review of the totality of animal
evidence.
� Ensure that systematic reviewing methodology is part of
the education of epidemiologists and that it is routinely
practiced. This will lead to more valid and unbiased summa-
ries of the state of biological and epidemiological
knowledge.
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