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Abstract: The proliferation in genetic association studies, and the recurring failure of initially promising findings to 
robustly replicate, demonstrates the need for stringent standards to ensure the identification of credible 
associations. The Human Genome Epidemiology Network has recently published intermin guideliness on 
evidential criteria for genetic association studies. These are reviewed, and their value and importance discussed, 
as well as the impact these guidelines will have on the conduct of genetic association studies. 
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Growth in genetic association studies 
 
There has been astonishing growth in the use 
of molecular genetic technologies to investi-
gate potential associations between genetic 
variants and a range of complex disease and 
trait phenotypes. All too often, unfortunately, 
initially promising findings have proved unreli-
able, and have subsequently failed to repli-
cate. This has led to suggestions that the 
search for common genetic variants that are 
meaningfully associated with complex phenol-
types is futile, and efforts should be re-
directed towards novel approaches [1]. 
Certainly, the pattern of initial excitement 
followed by subsequent disappointment, which 
appears to be endemic to the field, 
irrespective of the specific gene or phenotype, 
has led to both academic and public 
disillusionment. Much of this is due to 
grandiose claims following an initial report, 
over-optimistic interpretation of ambiguous 
results, and a loose definition of replication 
[2], often exacer-bated by small sample size, 
correspondingly low statistical power, and 
potential hetero-geneity between studies. It is 
therefore critical that stringent standards are 
adopted to ensure that credible associations 
are identified, and (perhaps more importantly) 
excessive claims are avoided. 
 
Assessing strength of evidence 
 

One method that has become popular for 
assessing the strength of evidence of genetic 
associations is meta-analysis [3]. This has 
been in part due to the proliferation of a large 
number of relatively small studies performed 
by disparate research groups, and the incre-
asing requirement for replication in indepen-
dent data sets. It is a potentially powerful tool 
for assessing effects of candidate genes on 
complex phenotypes and may provide 
evidence for previously unexpected diversity, 
for example by revealing heterogeneity in 
studies of apparently similar populations [4, 
5].  However, the results are only as good as 
the data that go into the analysis in the first 
place, and the availability of and reporting of 
these data may constrain the extent to which a 
meta-analysis may be informative, or even be 
performed in the first place. Nevertheless, 
there has been considerable growth in the use 
of meta-analysis in genetic association 
studies, with methods having also been 
developed to apply these techniques to 
linkage and genome-wide association data [6]. 
As it has become increasingly apparent that 
individual genetic effects are likely to be very 
small, there has also been growing consensus 
that the vast majority of individual studies 
simply lack sufficient statistical power to 
detect these effects. While a single laboratory 
may not be able to obtain the requisite 
numbers, the combined world literature may. 
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Despite this growth in interest, and the 
poten-tial benefits offered through its 
application, meta-analysis is not a panacea 
for the problems of genetic association 
studies – differences in analytical methods, 
study selec-tion and other aspects of 
individual meta-analyses may lead to 
differing conclusions for the same gene-
disease association [7]. This may be 
particularly dangerous, given the auth-
oritative status that meta-analyses typically 
enjoy. The Human Genome Epidemiology 
Network (HuGENet) has developed “HuGE 
reviews” (typically systematic reviews, but 
including meta-analysis where possible) as 
an online resource containing the 
cumulative and changing information on 
epidemiologic as-pects of human gene-
phenotype associations [8]. This has led to 
the development of guide-lines for the 
conduct of systematic reviews and meta-

analyses of genetic association studies [9]. An 
extension of this initiative has been the 
establishment of a HuGENet Working Group on 
the Assessment of Cumulative Evidence, which 
sought to establish criteria for assessing the 
strength and credibility of evidence for puta-
tive gene-phenotype associations [10]. 
 
Criteria for strength of evidence 
 
What criteria should be considered? The 
HuGENet Working Group proposes three: 
amount of evidence, replication, and protect-
tion from bias, where each includes three 
levels of confidence (roughly, weak, moderate 
and strong). There are therefore 27 possible 
combinations across these three criteria, 
which are then simplified further into three 
levels of evidence (again, weak, moderate and 
strong). Only one cell in the resulting 3 × 3 × 3 
matrix constitutes strong evidence (i.e., strong 

Figure 1. HuGENet Evidential Criteria for Genetic Association Studies. The HuGENet Working Group [10]  
proposes three criteria to be used in the assessment of the credibility of putative genetic associations: 
amount of evidence, degree of replication, and protection from bias, with three levels of confidence for each. 
This matrix is used to gauge the overall level of evidence for a particular genetic association. At least one well-
conducted meta-analysis is necessary before the evidence for a particular association can be regarded as 
strong. 
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confidence for each of the three criteria), while 
seven constitute moderate evidence (mixed 
strong and moderate confidence, with no weak 
confidence, for each of the three criteria). The 
remaining cells (i.e., weak confidence in any of 
the three criteria) represent weak evidence. 
 
The most important consideration is strong 
statistical evidence, amounting to a p-value of 
10-7 or less to avoid an excessive false positive 
rate. Given this requirement for statistical 
stringency, and the likely small effect of indivi-
dual genes, very large samples will be 
required. Extensive replication is also nece-
ssary, including at least one well-conducted 
meta-analysis with minimal heterogeneity (i.e., 
inconsistency) across studies. Finally, bias (for 
example due to potential confounding in indivi-
dual studies, or selective reporting of indivi-
dual studies in meta-analyses) should be 
minimal. 
 
An appropriate, well-conducted meta-analysis 
is therefore regarded as critical for establi-
shing strong evidence for a genetic associa-
tion. In this context, “well-conducted” essen-
tially means comprehensive and free from 
bias. Recently, major online initiatives have 
been developed to achieve this for two widely-
studied phenotypes: Alzheimer disease 
(AlzGene: http://www.alzgene.org) and schizo-
phrenia (SZGene: http://www.szgene.org). 
These constitute regularly updated online 
databases of all published genetic association 
studies for these phenotypes. For all 
polymorphisms having genotype data available 
in at least four independent case-control 
samples, random-effects meta-analyses using 
allelic contrasts are available [11]. A particular 
strength of these initiatives is the compre-
hensive and standardized nature of the meta-
analysis – all associations are analyzed in the 
same way, using all available data, and 
between-study heterogeneity is assessed. 
AlzGene has now incorporated the interim 
guidelines of the HuGENet Working Group in 
their assessment of which candidate genes 
show the most promising evidence for 
association. 
 
Optimism for the future 
 
Unfortunately, initiatives like AlzGene and 
SZGene require considerable resources to 
establish and maintain, and there is an 
endless array of phenotypes for which such 

databases would be valuable. The situation 
will improve, but slowly and with uneven 
coverage. This means that individual meta-
analyses will continue to be an important 
source of evidence in genetic epidemiology. 
Given their central place in determining the 
credibility of evidence for association, these 
should follow HuGENet guidelines for the 
conduct of systematic reviews and meta-
analyses, and ideally include an appraisal of 
the strength of evidence for the genetic 
association tested in their conclusions, based 
on the HuGENet criteria. Of course, as well as 
establishing that a genetic association 
appears to be robust, it will be necessary to 
evaluate whether this association is likely to 
have any clinical relevance. Many effects may 
be so small that the practical implications are 
negligible, but this assessment should only be 
made after the evidence for an association 
becomes convincing. The interim guidelines of 
the HuGENet Working Group are to be 
welcomed as a first step towards establishing 
the standards for such efforts. 
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