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Report on workshop held 15-16 June 2006  

Ottawa, Ontario, Canada, and subsequent work 
 

In the “Needs, gaps, and opportunities analysis for enhancing the functionality of the 

Human Genome Epidemiology Network,” the most pressing need identified was for 

improvement in the reporting of studies of genetic associations and related interactions. 

We now report on a multidisciplinary workshop organised in response to this need in 

Ottawa in June 2006 and subsequent work.  

 
 
1. Rationale for strengthening the reporting of genetic associations 
 
The rapidly evolving evidence on genetic associations is crucial to integrating human 

genomics into the practice of medicine and public health (1, 2). Genetic factors are likely 

to have an impact on the occurrence of numerous common diseases, and therefore 

identifying and characterizing the associated risk, or protection, will be important in 

improving understanding of etiology and potentially for developing interventions that 

might be based on genetic information.  

 

The number of publications on gene-disease associations has increased tremendously, 

with the number each year having more than doubled between 2001 and 2007, with more 

than 30,000 published articles during that time (3, 4). Articles on genetic associations 

have been published in about 1500 journals, in several languages.  
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Although there are a number of similarities between genetic association studies and 

“classical” observational epidemiologic studies of lifestyle and environmental factors, the 

former present several specific challenges including an unprecedented volume of new 

data (5, 6) and the likelihood of very small individual effects. Genes may operate in 

complex pathways with gene-environment and gene-gene interactions (7). Moreover, the 

current evidence base on gene-disease associations is fraught with methodological 

problems (8-10). These include inadequate statistical power; flawed study design; 

suboptimal study conduct and biased analyses; lack of standardization among studies; 

selective reporting of “positive” results; and poor or incomplete reporting of results even 

from well-conducted studies (11).   

 

The adequate reporting of studies of the association between diseases and putative risk 

factors is of importance in  

• assembling empirical evidence regarding methodological biases which might 

affect this type of study, and thereby help improve study design and conduct in 

the longer term;  

• minimising the potential problems of selective reporting and publication bias; and  

• facilitating the synthesis of knowledge.  

Although several commentaries on the conduct and/or appraisal of genetic association 

studies have been published that cover issues in reporting (12-39), their recommendations 

differ. For example, some papers suggest that replication of findings should be part of 

any publication (12, 13, 16, 17, 23, 26, 34-36) while others consider this suggestion 

unnecessary or even unreasonable, such as when a novel hypothesis is tested in a large 
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well-conducted study (21, 40-44). In many, the guidance has focused on conduct of 

genetic studies rather than reporting (13-15, 17, 19, 20, 22, 23, 25, 30-32, 35, 36) or has 

focused on association studies for specific diseases (14, 15, 17, 19, 22, 23, 25, 26, 31-38).  

 

Despite increasing recognition of these problems, the quality of reporting genetic 

association studies is not optimal (45-49).  For example, an assessment of a random 

sample of 315 genetic association studies published from 2001 to 2003 found that most 

studies provided some qualitative descriptions of the study participants (e.g. origin and 

enrolment criteria), but reporting of quantitative descriptors such as age and gender was 

variable, as was reporting of methods that allow readers to assess potential biases (e.g., 

number of exclusions or number of samples that could not be genotyped) (49). Only a 

minority of studies described methods to validate genotyping or mentioned whether 

research staff involved in this were blinded to outcome. The same problems persisted in a 

smaller sample of studies published in 2006 (49). 

 

Lack of transparency and incomplete reporting have raised concerns in a range of health 

research fields (11, 50-53) and poor reporting has been associated with biased estimates 

of effects (54). To help remedy this problem some groups have developed evidence-

based reporting guidelines. For example, the Consolidated Standards of Reporting Trials 

(CONSORT) Statement (55-57), which provides a 22-item checklist and flow diagram, 

has been found to improve the reporting of randomized clinical trials (RCTs) (57). Using 

a similar template, the epidemiology community has recently developed a reporting 
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guidance for cross-sectional, case-control, and cohort studies, the STrengthening the 

Reporting of OBservational studies in Epidemiology (STROBE) Statement (58-64).  

 

We therefore organised a workshop on strengthening the reporting of genetic association 

studies that would build on the experience of the Human Genome Epidemiology Network 

(HuGENet), and on the work done by the STROBE Working Group. HuGENet is a 

global initiative committed to the development and integration of the knowledge base on 

human genetic variants and health (http://www.cdc.gov/genomics/hugenet); however, 

while benefiting from the experience of this network, we sought to develop guidance that 

would have the broadest applicability possible. The STROBE reporting guidance is a 

strong basis because it is evidence-based and involved extensive consultations in the 

epidemiological research community (58, 59, 61, 62, 64-69). The unique contribution of 

the proposed workshop was the focus on gene-disease association studies. 

 

The workshop and subsequent work was intended to promote clear reporting of genetic 

association studies. Clear reporting will help journal editors and researchers identify 

methodological biases in such studies and facilitate synthesis of knowledge about the role 

of genetic variation in population health. Identification of methodological biases will be 

crucial in design and interpretation of future genetic association studies. Therefore the 

workshop, funded by the Public Health Agency of Canada, the CIHR Institutes of 

Genetics (IG) and Nutrition, Metabolism and Diabetes (INMD), Genome Canada, 

Affymetrix, DNA Genotek and TrialStat, and with in-kind support from GeneSens, aimed 
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to bring together an international multidisciplinary group of researchers and journal 

editors to initiate and implement the development of guidance. 

 

Objectives 

The objectives of the workshop and subsequent work were: 

• To provide guidance for reporting the results of studies of gene-disease associations 

that (1) is evidence based, (2) represents a consensus of epidemiologists, geneticists 

and statisticians, and (3) is built on the STROBE statement.  

• To identify gaps and areas of controversy in the evidence regarding potential biases 

in genetic association studies. This will guide research that will inform future 

revisions to the guidance. 

We report on the workshop and subsequent work in relation to these objectives.  
 
2. Development of guidance for reporting the results of genetic 
association studies 
 
2.1 Workshop preparation 
 
The planning of the workshop was taken forward by a co-coordinating group of seven 

people (Julian Little, Julian Higgins, John Ioannidis, David Moher, France Gagnon, Eric 

von Elm, Muin Khoury). Prior to the workshop, an electronic search was performed to 

identify existing guidance on the reporting of genetic association studies. Workshop 

participants were asked to identify any additional guidance. Several workshop 

participants prepared brief presentations on existing reporting guidance, empirical 

evidence on reporting of genetic association studies, the development of the STROBE 

Statement, and on several key areas for discussion identified on the basis of consultations 

prior to the workshop. These included the selection and participation of study subjects, 
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rationale for choice of genes and variants investigated, genotyping errors, methods for 

inferring haplotypes, population stratification, assessment of Hardy-Weinberg 

equilibrium, multiple testing, reporting of quantitative (continuous) outcomes, selectively 

reporting study results, joint effects and inference of causation in single studies. 

Additional resources to inform workshop participants were the HuGENet handbook (70, 

71), examples of data extraction forms from systematic reviews/meta-analyses, papers on 

guideline development (55, 56) and the checklists developed for STROBE. 

 

2.2 Selection of workshop participants 

Seventy-four people were invited to participate in the workshop including 

epidemiologists, geneticists, statisticians, journal editors and graduate students, including 

contributors to and coordinators of the STROBE Initiative. Thirty three people 

participated (list in Appendix A). 

 

In broad terms, epidemiologists, geneticists and statisticians were invited to the workshop 

based on their involvement in one or more of  

• development of STROBE statement  

• development of genetic association databases or  

• publications on methodological issues related to genetic association studies.  

We refer to broad principles as it would not have been feasible to invite all investigators 

who would qualify for at least one criterion.  In this group, 18 participated, 15 responded 

that they would have liked to participate but were unable to do so, and 3 did not respond. 

STREGA Report January 31, 2008 
 
 

Page 9 



Four graduate students in epidemiology from the University of Ottawa participated in the 

workshop, acted as rapporteurs, and contributed to the development of a manuscript. 

 

Again in broad terms, the journal editors were selected on the basis of  (a) general 

influence of journal; (b) ranking in terms of number of genetic association articles 

published; (c) previous publication of guidance; (d) connection with STROBE; (e) 

connection with HuGENet.  Nine journal editors took part in the workshop – the journals 

represented were: 

• American Journal of Human Genetics  

• Epidemiology  

• European Journal of Epidemiology  

• Genetics in Medicine  

• International Journal of Epidemiology 

• Lancet 

• Nature Genetics 

• Paediatric and Perinatal Epidemiology 

• PLoS (Public Library of Science). 

 

A further seven responded that they would have liked to participate but were unable to do 

so. These editors were from 

• American Journal of Epidemiology  

• Arthritis & Rheumatism 

• Cancer Epidemiology Biomarkers & Prevention 
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• Genetic Epidemiology 

• Human Genetics 

• Journal of Clinical Epidemiology 

• Nature Reviews Genetics 

• PLoS Med. 

 

No response was received from the editors of 13 journals (American Journal of Medical 

Genetics; American Journal of Respiratory and Critical Care Medicine; Birth Defects 

Research Part A (Clinical and Molecular Teratology); Diabetes; European Journal of 

Human Genetics; Human Molecular Genetics; International Journal of Cancer; Journal 

of the American Medical Association; Metabolism; New England Journal of Medicine; 

PLoS Genetics; Schizophrenia Research; Science). 

 

In the course of teaching a session in the WHO/PAHO Evidence-based Medicine and 

Health Technology Assessment Training Course for health policy decision-makers from 

the People's Republic of China in Ottawa in March 2006, Julian Little met a 

representative of the Ministry of Health from that country. As there are a large number of 

publications on genetic association studies in Chinese journals (see Appendix B), 

following that meeting, a formal letter translated into Mandarin was sent to this 

representative inviting a representative of one of these journals to participate in the 

workshop. Unfortunately, no response was received. 
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2.3 STROBE 

The STROBE initiative was established in 2004, starting with a workshop and a 

dedicated website (www.strobe-statement.org). Following a systematic search for 

publications on reporting of observational studies, a central archive of published 

recommendations, guidelines and checklists relating to the reporting of epidemiological 

studies, quality assessment tools, empirical studies of reporting and other methodological 

research articles was established. The STROBE group decided at an early stage to focus 

on the three study designs that are most widely used in analytical observational 

epidemiology: cohort studies, case-control studies, and cross-sectional studies. Twenty-

three epidemiologists, methodologists, statisticians, researchers conducting observational 

studies, and editors of general medicine journals and specialist epidemiology and public 

health journals participated in a two-day workshop in October 2004. During the 

workshop, three working groups identified items deemed important to include in 

checklists for each of the three study designs, based on a provisional list of items 

extracted from the literature. Wherever possible, items were revised in order to make 

them applicable to all three study designs. After the workshop, the participants, as well as 

additional scientists and editors were invited to comment on the draft checklist. The 

checklist subsequently underwent further revisions, which were made available on the 

website with a summary of received comments and a renewed invitation to comment. The 

STROBE Statement was published in October-November 2007 in seven journals 

(Ann.Intern.Med.; BMJ, Bull.World Health Organ.; Epidemiology; Lancet; PLoS Med.; 

Prev.Med.) (58-64), and an explanation and elaboration in three (Ann.Intern.Med.; 

Epidemiology; PLoS Med.) (72-74). 
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Of note is the emphasis on strengthening reporting as distinct from developing reporting 

standards (67, 68), and as distinct from focusing on how research should be done as this 

might stifle methodological innovation (75). Since the publication of the STROBE 

Statement, it has been suggested that future versions of the STROBE guidance should 

include the consideration of incubation periods for risk factors and diseases, biological 

plausibility, and clear definition and presentation of results on host factors (76). In 

commentaries about STROBE, it is interesting that one of the authors emphasized that 

these reporting guidelines do not constitute an instrument to evaluate the quality of 

research (68) and it has been suggested that the authors of STROBE should expressly 

discourage the use of the guideline for the evaluation of studies or study results, and that 

“the blindly applied rule” should not “trump the creative exception” (67).  

 

To harmonize our guidance for genetic association studies with more general guidelines 

for observational epidemiologic studies, we communicated with the STROBE group 

during the development process and sought their comments on STREGA. We also 

provided comments on the developing STROBE statement and its associated explanation 

and elaboration document (the contributions of individuals in the STREGA initiative is 

acknowledged in the STROBE papers).  

 

2.4 Content of workshop and subsequent work 

The two-day workshop was a mixture of plenary group sessions and breakout sessions. 

The plenary sessions included presentations on the key areas for discussion that had been 

STREGA Report January 31, 2008 
 
 

Page 13 



identified before the meeting, including the processes by which the CONSORT, 

STROBE and related reporting guides were developed, and previously proposed 

guidelines on the reporting of genetic association studies (a copy of the Agenda is 

included as Appendix C). Three breakout groups were tasked with considering the extent 

to which the draft STROBE guideline could be applied to genetic association studies of  

• case-control  

• cohort and  

• cross-sectional designs.  

Rapporteurs recorded the discussion. The meeting concluded with a moderated 

discussion to draw together the conclusions of the groups regarding what guidance could 

be offered now and the remaining gaps.  

 

Further development of the STREGA guidance was achieved by several iterations of 

electronic correspondence among participants following the workshop over a period of 

18 months (June 2006-January 2008), together with telephone discussions by members of 

the coordinating group. 

 

One participant has declined to be included in the authorship, or to be acknowledged, on 

the grounds of (1) having become “more skeptical of the value of these “superstar” 

articles.” In particular, this participant was an author in the paper by the NCI-NHGRI 

Working Group on Replication in Association Studies (39), but now “question(s) its 

claims or even whether it faced the issues head-on”; (2) the field being in flux about 

major issues such as population stratification and the importance of Hardy Weinberg 
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equilibrium when good quality control measures are in place. Another participant 

withdrew, but on the grounds of feeling he ought to distance himself as a journal editor, 

and he was happy to be included in the acknowledgements. Two participants were 

present as observers and hence have not been included in the authorship. 

 

2.5 The STREGA extension to the STROBE checklist 

The STREGA extension to the STROBE checklist includes ten new items (one relating to 

reporting of variables, one to data sources/measurement, one to bias, four to statistical 

methods, one to main results, and two to other analyses) and modifies six others  

(Table 1). 

 

2.6 Rationale for new and modified items in STREGA extension to STROBE 

The rationale for the new and modified items is summarized in Table 2. We now 

comment on the main areas identified as of special interest in genetic association studies: 

genotyping error, population stratification, modelling haplotype variation, Hardy-

Weinberg equilibrium and replication. 

 

Genotyping errors 

Genotyping errors can occur as a result of effects of the DNA sequence flanking the 

marker of interest, poor quality or quantity of the DNA extracted from biological 

samples, biochemical artifacts, poor equipment precision or equipment failure, or human 

error in sample handling, the conduct of the array or handling the data obtained from the 

array (77). In a commentary published in 2005 on the possible causes and consequences 
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of genotyping errors, it was observed that an increasing number of researchers were 

aware of the problem, but the effects of such errors had largely been neglected (77). The 

extent of genotyping errors has been reported to vary between about 1% and 30% (77-

80), but is thought to be lower. In high-throughput centres where an error rate of 0.5% 

per genotype, for blind duplicates run on the same gel, has been observed (80). This 

lower error rate reflects an explicit choice of markers for which genotyping rates have 

been found to be highly repeatable and whose individual polymerase chain reactions 

(PCR) have been optimized. Hence we suggest specifying whether the genotyping was 

done in a high-throughput centre. Non-differential genotyping errors, i.e. those which do 

not differ systematically according to outcome status, will usually bias associations 

towards the null (81, 82), just as for other non-differential errors. The most marked bias 

occurs when genotyping sensitivity is poor and genotype prevalence is high (>85%) or, as 

the corollary, when genotyping specificity is poor and genotype prevalence is low 

(<15%) (81). When measurement of the environmental exposure has substantial error, 

genotyping errors of the order of 3% can lead to substantial under-estimation of the 

magnitude of an interaction effect (83). When there are systematic differences in 

genotyping according to outcome status (differential error), bias in any direction may 

occur. Unblinded assessment may lead to differential misclassification. For genome-wide 

association studies of single nucleotide polymorphisms (SNPs), differential 

misclassification between cases and controls can occur because of differences in DNA 

storage, collection or processing protocols, even when the genotyping itself meets the 

highest possible standards. (84). In this situation, using samples blinded to case-control 

status to determine the parameters for allele calling could still lead to differential 
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misclassification. To minimize such differential misclassification, it would be necessary 

to calibrate the software separately for each group. Hence, for case-control studies, we 

recommend that investigators report on whether or not genotyping was done blind to 

case-control status, and the reason for this decision. 

 

Population stratification 

Population stratification is the presence within a population of subgroups among which 

allele (or genotype; or haplotype) frequencies and disease risks differ.  When the groups 

compared in the study differ in their proportions of the population subgroups, an 

association between the genotype and the disease being investigated may reflect the 

genotype being an indicator identifying population subgroup rather than a causal variant.  

In this situation, population subgroup is a confounder as it is associated with both 

genotype frequency and disease risk. There has been debate about the potential 

implications of population stratification for the validity of genetic association studies (85-

99). Modelling the possible effect of population stratification (when no effort has been 

made to address it) suggests that the effect is likely to be small in most situations (91, 92, 

94-96). Meta-analyses of 43 gene-disease associations comprising 697 individual studies 

show consistent associations across groups of different ethnic origin (96), and so provide 

evidence against a large effect of population stratification, hidden or otherwise. However, 

as studies of association and interaction typically address moderate or small effects and 

hence require large sample sizes, a small bias arising from population stratification, may 

be important (97).  Study design (case-family control studies) and statistical methods 

(100) have been proposed to address population stratification, but so far few studies have 
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used these (49). Most of the early genome-wide association studies used either family-

based designs or methods such as genomic control and principal components analysis 

(101, 102) to control for stratification. These approaches are of more concern for 

excluding bias when the identified genetic effects are very small (odds ratio <1.20). We 

recommend reporting of the methods used to address this potential problem, or stating 

that none was used, in order to enable empirical evidence to accrue. 

 

Modelling haplotype variation 

There has been increasing interest in modelling haplotype variation within candidate 

genes. Typically, the number of haplotypes observed within a gene is much smaller than 

the theoretical number of all possible haplotypes (103, 104). Motivation for utilizing 

haplotypes comes, in large part, from the fact that multiple SNPs may “tag” an untyped 

variant more effectively than a single typed variant.  The subset of SNPs used in such an 

approach is referred to as “haplotype tagging” SNPs.  Implicitly, an aim of haplotype 

tagging is to reduce the number of SNPs that have to be genotyped, while maintaining 

statistical power to detect an association with the phenotype.  

 

In most current large-scale genetic association studies, data are collected as unphased 

multilocus genotypes (i.e. it is unknown which alleles are aligned together on particular 

segments of chromosome).  It is common in such studies to use statistical methods to 

estimate haplotypes, but their accuracy and efficiency is debated (105-109). Some 

methods attempt to make use of a concept referred to as haplotype “blocks,” but the 

results of these methods are sensitive to the specific definitions of the “blocks” (110, 
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111).  Reporting of the methods used to infer haplotypes and the associated uncertainty 

should enhance our understanding of the possible effects of different methods of 

modelling haplotype variation on study results as well as enabling comparison and 

syntheses of results from different studies. 

 

Information on common patterns of genetic variation revealed by the International 

Haplotype Map (HapMap) project (104) can be applied in the analysis of genome-wide 

association studies to infer genotypic variation at markers not typed directly in these 

studies (112-114).  Essentially, these methods perform haplotype-based tests but make 

use of information on variation in a set of reference samples (e.g. HapMap) to guide the 

specific tests of association, collapsing a potentially large number of haplotypes into two 

classes (the allelic variation) at each marker.  It is expected that these techniques will 

increase power in individual studies, and will aid in combining data across studies, and 

even across differing genotyping platforms.  We recommend that it is made clear when 

such methods are used, and that they are clearly specified. 

 

Hardy-Weinberg equilibrium 

Hardy-Weinberg equilibrium (HWE) has become widely accepted as an underlying 

model in population genetics after Hardy (115) proposed the concept that allele 

frequencies at a genetic locus are stable within one generation of random mating; the 

assumption of HWE is equivalent to the independence of two alleles at a locus. Views 

differ as to whether testing for departure from HWE is a useful method of detecting 

errors or peculiarities in the data. In particular, it has been suggested that deviation from 
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HWE may be a sign of genotyping error (116-118). However, the statistical power to 

detect such errors by testing for departure from HWE is low and, in hypothetical data, the 

presence of HWE was not generally altered by the introduction of genotyping error (119). 

Furthermore, the assumptions underlying HWE, including random mating, lack of 

selection according to genotype, and absence of mutation or gene flow, are rarely met in 

human populations (120, 121). In five out of 42 gene-disease associations assessed in 

meta-analyses of almost 600 studies, the results of studies in which HWE was violated 

gave significantly different results from HWE-conforming studies (122). Moreover, the 

study suggested that exclusion of HWE-violating studies may result in loss of the 

statistical significance of some postulated gene-disease associations and that adjustment 

for the magnitude of deviation from HWE may also have the same consequence for some 

other gene-disease associations. We recommend that authors state whether HWE was 

considered, describing statistical tests or measures used, or any procedure used to allow 

for deviation from HWE (119). 

 

Replication 

Publications that present and synthesize data from several studies in a single report are 

becoming more common. In particular, many genome-wide association analyses describe 

several different study populations, sometimes with different study designs and 

genotyping platforms, and in various stages of discovery and replication (101, 123-144).  

In this setting, each of the constituent studies and the composite results should be fully 

described according to the STREGA reporting guideline. Although describing the 
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methods and results in sufficient detail would require substantial space, online options for 

depositing additional information on the study make this possible.   

 

2.7 Issues considered already adequately covered by STROBE 

Issues that were discussed during the workshop that were considered to be already 

adequately covered by STROBE are summarized in Table 3. 

 

3. Gaps and areas of controversy in the evidence regarding potential 
biases in genetic association studies 
 
In general, empirical evidence regarding the effects of study design, process and analysis 

on the results of genetic association studies is insufficient; transparency of reporting is 

thus essential for developing a better evidence base (Table 2). Transparent reporting will 

help address gaps in empirical evidence (45), such as the effects of incomplete 

participation and genotyping error. It will also help assess the impact of currently 

controversial issues such as population stratification, methods of inferring haplotypes, 

departure from Hardy-Weinberg equilibrium and multiple testing on effect estimates 

under different study conditions.  

 

We made an explicit decision to focus attention on cross-sectional, case-control, and 

cohort studies, as had been done in STROBE. There is a need and opportunity to cover 

more specialized designs such as case-parent trio studies, other studies of cases and their 

relatives, and the case-only design. Subsequent to the workshop, there was a substantial 

amount of discussion about genome-wide association studies. Most of the issues related 

to conduct, which was not within the remit of the workshop, rather than reporting. 
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However, as more empirical evidence from these studies accrues, reporting of these 

studies would also merit further consideration. 

 

4. Dissemination and evaluation

A manuscript reporting the process and outcome of the workshop and subsequent work 

has been prepared. Following the STROBE model, and also the (classical) model of the 

CONSORT Statement, we believe that it would be helpful to publish the STREGA 

Reporting Guidance in a number of journals simultaneously. Therefore we are sending 

the manuscript to the journal editors who participated in, or expressed an interest in 

participating in, the workshop, to seek their advice as to the most appropriate publication 

strategy. We believe that the range of investigators involved in genetic association 

research is so broad that it would be unlikely that a single journal publication would 

penetrate the community adequately.   

 

In the manuscript, we invite journals to endorse STREGA, for example by updating their 

Instructions to Authors to include STREGA (and its URL), advising peer reviewers to use 

the checklist as a guide, and sending the checklist to authors with the reviewers’ 

comments when a revision is requested. Thus, we consider that the STREGA guidance is 

a tool that can be used by authors, peer reviewers and editors to improve reporting. 
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After peer review, the STREGA guidance will also be posted on www.strega-

statement.org with links to the HuGENet, STROBE and P³G websites. Comments will be 

used to refine future versions of the guidance.  

 

We plan to evaluate the impact of the guidance by carrying out an empirical study 

comparing quality of reporting before and after its dissemination, as has recently been 

done for CONSORT (57). We note that an uncontrolled before-after comparison is a 

weak design, but it is the only quasi-experimental study that could be done easily. We 

will consider the possibilities of conducting an interrupted time series study or identifying 

case controlled before-after situations. We hope that the guidance will stimulate 

transparent and improved reporting of genetic association studies. In turn, better reporting 

of original studies would enable the further development of the empirical studies that are 

needed to support reporting guidelines such as STREGA.  
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Table 1. STREGA guidance, extended from STROBE Statement (58-64) 
 

 Item 
number 

 

 

 

Extension for genetic 
association studies 

(a) Indicate the study’s design with a commonly used term in the title or 
the abstract. 

 TITLE and 
ABSTRACT 

  

1 

 
(b) Provide in the abstract an informative and balanced summary of what 
was done and what was found. 

  

INTRODUCTION 
 

Background 
rationale 

2 Explain the scientific background and rationale for the investigation being 
reported. 

 

Objectives  3 State specific objectives, including any pre-specified hypotheses. State if the study is the first 
report of a genetic 
association, a replication 
effort, or both.  

METHODS 
 

Study design 4 Present key elements of study design early in the paper.  
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 Item 
number 

 

 

 

Extension for genetic 
association studies 

Setting 5 Describe the setting, locations and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection. 

 

(a) Cohort study – Give the eligibility criteria, and the sources and 
methods of selection of participants.  Describe methods of follow-
up. 

Case-control study – Give the eligibility criteria, and the sources and 
methods of case ascertainment and control selection. Give the rationale 
for the choice of cases and controls. 

Cross-sectional study – Give the eligibility criteria, and the sources and 
methods of selection of participants. 

Give information on the 
criteria and methods for  
selection of subsets of 
participants from a larger 
study, when relevant.  

Participants 6 

(b) Cohort study – For matched studies, give matching criteria and 
number of exposed and unexposed. 

Case-control study – For matched studies, give matching criteria and 
the number of controls per case. 

 

Variables 7 (a) Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if applicable. 

 (b) Clearly define genetic 
exposures (genetic variants) 
using a widely-used 
nomenclature system. 
Identify variables likely to be 
associated with population 
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 Item 
number 

 

 

 

Extension for genetic 
association studies 

stratification (confounding 
by ethnic origin). 

Data sources 
measurement 

  

8* 

 

(a) For each variable of interest, give sources of data and details of 
methods of assessment (measurement). Describe comparability of 
assessment methods if there is more than one group. 

 (b) Describe specific 
laboratory methods, 
including source and 
storage of DNA, genotyping 
methods and platforms, 
error rates and call rates. 
State the laboratory/centre 
where genotyping was done. 
Describe comparability of 
assessment methods if there 
is more than one group. 

Bias 9 (a) Describe any efforts to address potential sources of bias.   (b) For quantitative outcome 
variables, specify if any 
investigation of potential 
bias resulting from 
pharmacotherapy was  
undertaken. If relevant, 
describe the nature and 
magnitude of the potential 
bias, and explain what 
approach was used to deal 
with this. 



 Item 
number 

 

 

 

Extension for genetic 
association studies 

Study size 10 Explain how the study size was arrived at.   

Quantitative 
variables    

11 (a) Explain how quantitative variables were handled in the analyses. If 
applicable, describe which groupings were chosen, and why. 

 

(a) Describe all statistical methods, including those used to control for 
confounding. 

State software version used 
and options (or settings) 
chosen. 

(b) Describe any methods used to examine subgroups and interactions.  

(c) Explain how missing data were addressed.   

(c) Cohort study – If applicable, explain how loss to follow-up was 
addressed. 

Case-control study – If applicable, explain how matching of cases and 
controls was addressed. 

Cross-sectional study – If applicable, describe analytical methods taking 
account of sampling strategy. 

 

Statistical 
methods 

  

12 

 

 

(e) Describe any sensitivity analyses.  
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 Item 
number 

 

 

 

Extension for genetic 
association studies 

   (f) State whether Hardy-
Weinberg equilibrium was 
considered and, if so, how.  

   (g) Describe any methods 
used for inferring genotypes 
or haplotypes.  

   (h) Describe any methods 
used to assess or address 
population stratification.  

   (i) Describe any methods 
used to address multiple 
tests or to control risk of 
false positive findings.  

RESULTS 
 

Participants 

   

13* (a) Report the numbers of individuals at each stage of the study – 
e.g., numbers potentially eligible, examined for eligibility, 
confirmed eligible, included in the study, completing follow-up, and 
analysed. 

Include numbers in whom 
genotyping was attempted 
and numbers in whom 
genotyping was successful. 
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 Item 
number 

 

 

 

Extension for genetic 
association studies 

(b) Give reasons for non-participation at each stage.  

(c) Consider use of a flow diagram.  

(a) Give characteristics of study participants (e.g., demographic, clinical, 
social) and information on exposures and potential confounders. 

 

Consider giving information 
by genotype.  

(b) Indicate number of participants with missing data for each variable of 
interest. 

 

Descriptive data 

 

  

14* 

 

(b) Cohort study – Summarize follow-up time, e.g. average and total 
amount. 

 

Outcome data 15 * Cohort study-Report numbers of outcome events or summary measures 
over time. 

Case-control study – Report numbers in each exposure category, or 
summary measures of exposure. 

Cross-sectional study – Report numbers of outcome events or summary 

in cohort studies, report  
outcomes (phenotypes) for 
each genotype category 
over time; 

in case-control studies, report 
numbers in each genotype 
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 Item 
number 

 

 

 

Extension for genetic 
association studies 

measures. 

 

. 

 

 

category; 

in cross-sectional studies, 
report outcomes 
(phenotypes) for each 
genotype category.  

(a) Give unadjusted estimates and, if applicable, confounder-adjusted 
estimates and their precision (e.g., 95% confidence intervals). Make clear 
which confounders were adjusted for and why they were included. 

 

(b) Report category boundaries when continuous variables were 
categorized. 

 

Main results 16 

(c) If relevant, consider translating estimates of relative risk into absolute 
risk for a meaningful time period. 

 

   (d) Report results of any 
adjustments for multiple 
tests.  
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 Item 
number 

 

 

 

Extension for genetic 
association studies 

Other analyses 17 (a) Report other analyses done – e.g., analyses of subgroups and 
interactions, and sensitivity analyses. 

 

   (b) If numerous genetic 
exposures (genetic variants) 
were examined, summarize 
results from all analyses 
undertaken. 

(c) If detailed results are 
available elsewhere, state 
how they can be accessed.  

DISCUSSION  

Key results 18 Summarize key results with reference to study objectives.  

Limitations 19 Discuss limitations of the study, taking into account sources of potential 
bias or imprecision. Discuss both direction and magnitude of any potential 
bias. 

 

Interpretation   20 Give a cautious overall interpretation of results considering objectives, 
limitations, multiplicity of analyses, results from similar studies, and other 
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 Item 
number 

 

 

 

Extension for genetic 
association studies 

relevant evidence. 

Generalizability  21 Discuss the generalizability (external validity) of the study results.  

OTHER INFORMATION 
 

Funding 22 Give the source of funding and the role of the funders for the present 
study and, if applicable, for the original study on which the present article 
is based. 

 

* Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in 
cohort and cross-sectional studies. 
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Table 2. New and modified items in STREGA (compared with STROBE), organized by topic 
 
Specific 
issue in 
genetic 
association 
studies 

Rationale for inclusion in 
STREGA 

Item(s) in STREGA Comment 

Selection of 
participants 
 

Selection bias may occur if  
(i) genetic associations are 
investigated in one or more 
subsets of participants (sub-
samples) from a particular 
study; or  
(ii) there is differential non-
participation in groups being 
compared; or, 
(iii) there are differential 
genotyping success on call 
rates in groups being 
compared.  
 

6(a): [Give the eligibility 
criteria, and the sources and 
methods of selection of 
participants] Give information 
on the criteria and methods for 
selection of subsets of 
participants from a larger 
study, when relevant. 
 
13(a): Include numbers in 
whom genotyping was 
attempted and numbers in 
whom genotyping was 
successful. 

Inclusion and exclusion criteria, sources and methods of 
selection of sub-samples should be specified, stating whether 
these were based on a priori or post hoc considerations. 
 

Rationale for 
choice of 
genes and 
variants 
investigated 

Without an explicit rationale, 
it is difficult to judge the 
potential for selective 
reporting of study results. 
There is strong empirical 
evidence from randomised 
controlled trials that 
reporting of trial outcomes is 
frequently incomplete and 

3: State if the study is the first 
report of a genetic association, 
a replicated effort, or both. 
 
7(b): Clearly define genetic 
exposures (genetic variants) 
using a widely-used 
nomenclature system. Identify 
variables likely to be 

The scientific background and rationale for investigating the 
genes and variants should be reported. 
 
For genome-wide association studies, it is important to 
specify what initial testing platforms were used and how 
gene variants are selected for further testing in subsequent 
stages 
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biased in favour of 
statistically significant 
findings (145-147). Some 
evidence is also available in 
pharmacogenetics (148).   

associated with population 
stratification (confounding by 
ethnic origin). 

Population 
stratification 
(confounding 
by ethnic 
origin) 

When sub-populations are 
present in the study that 
differ both in allele (or 
genotype) frequencies and 
disease risks, then 
confounding will occur if 
these sub-populations are 
unevenly distributed across 
exposure groups (or between 
cases and controls). See also 
main text.  
 

12(h): Describe any methods 
used to assess or address 
population stratification. 

In view of the debate about the potential implications of 
population stratification for the validity of genetic 
association studies, transparent reporting of the methods 
used, or stating that none was used,  to address this potential 
problem is important for allowing the empirical evidence to 
accrue.  
 
Ethnicity information should be presented (see for example 
Winker (149), as should genetic markers or other variables 
likely to be associated with population stratification. Details 
of case-family control designs should be provided if they are 
used. 
 
As several methods of adjusting for population stratification 
have been proposed (100), explicit documentation of the 
methods is needed. 

Genotyping 
errors 
(misclassifica
tion of 
exposure) 

Non-differential genotyping 
errors will usually bias 
associations towards the null 
(81, 82). When there are 
systematic differences in 
genotyping according to 
outcome status (differential 
error), bias in any direction 
may occur. See also main 
text. 

8(b): Describe specific 
laboratory methods, including 
source and storage of DNA, 
genotyping methods and 
platforms, error rates and call 
rates. State where genotyping 
was done. 
 
13(a): Include numbers in 
whom genotyping was 

Factors affecting the potential extent of misclassification 
(information bias) of genotype include the types and quality 
of samples, timing of collection, and the method used for 
genotyping (18, 77,150).  
 
For case-control studies, whether or not genotyping was 
done blind to case-control status should be reported, along 
with the reason for this decision (see text).  
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attempted and numbers in 
whom genotyping was 
successful. 

Haplotype 
inference 

In designs considered in this 
paper, haplotypes have to be 
inferred because of lack of 
available family information. 
There are diverse methods 
for inferring haplotypes.  See 
also main text. 

12(g): Describe any methods 
used for inferring genotypes or 
haplotypes. 

When discrete “windows” are used to summarize haplotypes, 
variation in the definition of these may complicate 
comparisons across studies, as results may be sensitive to 
choice of windows.  Related “imputation” strategies are also 
in use (101, 127, 151).  
 
It is important to give details on haplotype inference and, 
when possible, uncertainty. Additional considerations for 
reporting include: the strategy for dealing with rare 
haplotypes, window size and construction (if used); choice of 
software.   

Hardy-
Weinberg 
equilibrium 
(HWE) 
 
 

Departure from HWE may 
indicate errors or 
peculiarities in the data 
(118). Empirical assessments 
have found that 20-69% of 
genetic associations were 
reported with some 
indication about conformity 
with HWE, and that among 
some of these, there were 
limitations or errors in the 
assessment of HWE (118).  
See also main text. 

12(f): State whether Hardy-
Weinberg equilibrium was 
considered and, if so, how. 

Any statistical tests or measures should be described, as 
should any procedure to allow for deviations from HWE in 
evaluating genetic associations (119). 

Volume of 
data 

The key problem is of 
possible false-positive 
findings and selective 
reporting of these. Type I 

12(i): Describe any methods 
used to address multiple tests 
or to control risk of false 
positive findings. 

GWA studies collect information on a very large number of 
genetic variants concomitantly. Initiatives to make the entire 
database transparent and available online may supply a 
definitive solution to the problem of selective reporting (7).   
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errors are particularly 
relevant to the conduct of 
GWA studies.  A large 
search among hundreds of 
thousands of genetic variants 
can be expected by chance 
alone to find thousands of 
false positive signals (risk 
ratios significantly different 
from 1.0). 

 
16(d): Report results of any 
adjustments for multiple tests.  
 
17(b): If numerous genetic 
exposures (genetic variants) 
were examined, summarize 
results from all analyses 
undertaken 
 
17(c): If detailed results are 
available elsewhere, state how 
they can be accessed. 

 
The volume of data analyzed should also be considered in 
the interpretation of findings. 
 
Examples of methods of summarizing results include giving 
distribution of frequentist p values, distribution of effect 
sizes and specifying false discovery rates. 

Reporting of 
data 

The synthesis of findings 
across studies depends on the 
availability of sufficiently 
detailed data. 

14(a): [Give characteristics of 
study participants] Consider 
giving information by 
genotype. 
 
15: [For outcomes] Provide 
outcomes (phenotypes) for 
each genotype category [over 
time], or Provide numbers in 
each genotype category. 

 

Data analysis Analysis methods should be 
transparent and replicable, 
and genetic association 
studies are often performed 
using specialized software. 

12(a): [Describe all statistical 
methods…] State software 
version and options (or 
settings) selected. 
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Table 3. Issues considered for potential inclusion in STREGA, but considered to be covered by 
STROBE 
 
Issue Where this is covered in 

STROBE 
Comment 

Quantitative outcomes 
Lack of information on the nature and circumstances 
of measurements may compromise comparison 
between studies, and meta-analysis. 

Item 8 Although many genetic studies examine quantitative 
traits, it was concluded that this issue applies to 
observational studies in general 

Exaggerated cases or controls (spectrum of 
disease bias) 
In some studies of continuous traits, cases have been 
over-selected from multiplex families with strong 
heritability and compared with controls from 
families without family history of the trait, or only 
very severely affected cases have been eligible and 
compared with controls selected from the opposite 
end of the distribution of the trait.  If disease severity 
or heritability correlates with the strength of the 
association, then these studies may obtain different 
estimates of effects compared with studies that 
include a broader group unselected for disease 
severity or heritability.  
 

Item 6 Measures of genetic effects tend to be higher in 
multiplex families than in the general population (152), 
but we lack empirical evidence on the extent of 
spectrum of disease bias in the genetic epidemiology of 
complex diseases. 
 

Relatedness of study subjects 
Selection bias may occur when case-control genetic 
association studies include members of families 
previously ascertained, e.g., for genome linkage 
scans (153, 154). For example, a number of families 
initially collected for genome linkage scan studies 

Items 6, 9, 12 Although more likely to be encountered in genetic 
context, it was concluded that this issue applies to 
observational studies in general and did not need 
additional coverage in STREGA.  
 
Cryptic relatedness of cases overlaps conceptually with 
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are now being used as platforms for GWA studies 
(155). 
 
Relatedness of study participants may be 
problematic in samples ascertained from isolated 
populations. 

population stratification (100) with (unobserved) 
family being the potential confounder. 

Joint effects (including gene-gene and gene-
environment interaction) 
Possible selective reporting of results, risk of false 
negative and false positive tests of interaction. 

Items 12(b), 17(a) It was concluded that this issue applies to observational 
studies in general and did not need additional coverage 
in STREGA. The key issue is transparency of reporting 
a priori hypotheses, and then how many other tests for 
potential interactions were made. 

Inference of causation in single studies 
Possible over-interpretation of results. 

Item 20 It was concluded that this issue applies to observational 
studies in general and did not need additional coverage 
in STREGA. The general recommendation is to give a 
balanced overall interpretation considering objectives, 
limitations, multiplicity of analyses, results from 
similar studies, and other relevant evidence. Claims for 
association should be tempered allowing for the extent 
of replication and protection from bias (39, 156). 
 
There has been considerable concern about non-
replication of gene-disease association studies (12, 13, 
157-163). However, this is a problem for observational 
studies in general (164, 165). 
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Appendix B: Chinese journals that have published genetic 
association studies, indexed in PubMed: Rank and number of 
genetic association studies published, October 2000-December 
2005 
 
Journal Rank 

(appproximate§ 
 among 1609) 
 

Number of  
publications

Zhonghua Yi Xue Yi Chuan Xue Za Zhi 5 223
Zhonghua Yi Xue Za Zhi 33 96
Zhonghua Liu Xing Bing Xue Za Zhi 82 55
Zhonghua Nei Ke Za Zhi 148 33
Di Yi Jun Yi Da Xue Xue Bao 170 28
Zhonghua Fu Chan Ke Za Zhi 175 26
Zhonghua Yu Fang Yi Xue Za Zhi 186 24
Yi Chuan Xue Bao 187 24
Zhongguo Yi Xue Ke Xue Yuan Xue Bao 195 22
Zhonghua Xue Ye Xue Za Zhi 220 19
Zhonghua Jie He He Hu Xi Za Zhi 221 19
Zhongguo Shi Yan Xue Ye Xue Za Zhi 234 18
Wei Sheng Yan Jiu 235 18
Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi 242 17
Zhonghua Zhong Liu Za Zhi 252 16
Zhonghua Xin Xue Guan Bing Za Zhi 264 15
Zhonghua Er Ke Za Zhi 278 14
J Huazhong Univ Sci Technolog Med Sci 285 14
Ai Zheng 293 14
Zhonghua Gan Zang Bing Za Zhi 314 12
Yonsei Med J 315 12
Zhonghua Wai Ke Za Zhi 469 7
Zhonghua Kou Qiang Yi Xue Za Zhi 470 7
Zhonghua Er Bi Yan Hou Ke Za Zhi 509 6
Zhonghua Nan Ke Xue 558 5
Zhongguo Wei Zhong Bing Ji Jiu Yi Xue 559 5
Sheng Wu Hua Xue Yu Sheng Wu Wu Li Xue Bao 
(Shanghai) 

564 5

Fa Yi Xue Za Zhi 604 5
Zhonghua Zheng Xing Wai Ke Za Zhi 626 4
Zhong Nan Da Xue Xue Bao Yi Xue Ban 627 4
Yao Xue Xue Bao 628 4
Shanghai Kou Qiang Yi Xue 637 4
J Tongji Med Univ 673 4
Zhonghua Shi Yan He Lin Chuang Bing Du Xue Za Zhi 729 3
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Zhongguo Zhong Xi Yi Jie He Za Zhi 730 3
Zhejiang Da Xue Xue Bao Yi Xue Ban 731 3
Hua Xi Kou Qiang Yi Xue Za Zhi 814 3
Zhonghua Yan Ke Za Zhi 873 2
Zhonghua Bing Li Xue Za Zhi 874 2
Yan Ke Xue Bao 876 2
Xi Bao Yu Fen Zi Mian Yi Xue Za Zhi 877 2
Zhongguo Ying Yong Sheng Li Xue Za Zhi 1091 1
Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi 1092 1
Zhongguo Ji Sheng Chong Xue Yu Ji Sheng Chong Bing 
Za Zhi 

1093 1

Zhong Xi Yi Jie He Xue Bao 1094 1
 
§ Approximate as when there is a tie, the journals are listed in reverse alphabetical order.  
 
The source of this information was the HuGE Published Literature database (3, 4), which is built from 
references extracted from PubMed. This extraction process was started in October 2000 and involves 
review of abstracts for relevance to human genome epidemiology (specifically studies with information on 
one or more of genotype prevalence, gene- disease associations, gene-environment or gene-gene 
interactions, or evaluations of genetic tests). If relevance is unclear from the abstract, the full paper is 
checked. 



 
Appendix C: STREGA Workshop Agenda 
 

Day 1 – Thursday, June 15, 2006   
 
Time Agenda – Day 1 Thursday, June 15, 2006 Speakers 
7:00 – 7:50 am Breakfast  (Beau Rivage B Foyer) 

Registration (Frontenac Meeting Room) 
 

8:00 – 8:15 am Introduction to workshop – objectives 
procedures and anticipated outputs 

Julian Little 

8:15 – 8:30 am Roadmap for efficient and reliable human 
genome epidemiology 
This workshop is intended to precede one on grading of 
evidence from genetic association studies, and 
application of this to field synopses 

John Ioannidis 

8:30 – 9:00 am Overview of existing guidance on reporting of 
genetic association studies – discussion of 
epidemiological, genetic and journal editor 
perspectives. 
Extent to which evidence based; strengths and 
limitations; impact 

Julian Little 

9:00 – 9:30 am Empirical evidence on reporting of genetic 
association studies: preliminary results of 
analysis of 5% sample of HuGE published 
literature database 

Muin  Khoury 
John Ioannidis 

9:30 – 10:00 am The STROBE statement 
Explanation of process of development of STROBE, 
perceived strengths and gaps 

Julian Little on 
behalf of Eric von 
Elm 

10:00 – 10:30 am Nutrition Break (Frontenac Foyer)  

10:30 – 11:30 am Cross-cutting issues especially pertinent 
to genetic association studies –part 1 
 

 

10:30-10:50 am Continuous traits (including extreme vs. 
unselected cases) 

France Gagnon 

10:50-11:10 am Reporting of selection and participation of 
study subjects 
This is a general issue in observational studies. Impact 
on genetic association studies not well understood 

Julian Higgins 

11:10-11:30 am Reporting of rationale for choice of genes and 
variants investigated 

Julian Little 

11:30 – 11:40 am Comfort Break  

11:40 am -12:00  Reporting of genotyping methods: 
(i) genotyping error 

France Gagnon 

12:00-12:20 pm (ii) haplotypes Paul Scheet 
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reporting of these in way that information can be 
combined across studies may not be easy to sort out 

12:20-12:30 pm General discussion  
 

 

12:30 – 1:30 pm Lunch Break  (Beau Rivage B)  
1:30 – 2:45 pm Cross-cutting issues especially pertinent 

to genetic association studies –part 2: 
population stratification & joint effects 

 

1:30-2:00 pm Reporting potential for population 
stratification: genetic and epidemiological 
perspectives 

Matthew 
Freedman 
Sholom 
Wacholder 

2:00-2:45 pm Reporting of gene-environment and gene-
gene interaction 

Marta Gwinn on 
behalf of Muin 
Khoury 

2:45-3:00 pm Assignment for breakout groups  
3:00 – 3:15 pm Nutrition Break (Frontenac Foyer)  

3:15 – 4:30 Study design-specific breakout sessions to 
develop checklists for reporting genetic 
association studies 
Three groups: 
1.      Cohort studies (Location #1) 
2.      Case- control studies (Location #2) 
3.      Cross-sectional studies (Location #3) 
 
We propose to involve graduate students in  the 
meeting; one contribution  would be to act as 
rapporteurs to these groups 
 
Chairs of groups identified in advance of 
meeting 

 

4:30 – 4:40 pm Comfort Break  

4:40 – 5:40 pm Breakout groups continue work; prioritise 
issues for next day, and summary of issues to 
raise at plenary that opens day 2 

 

7:00 pm BBQ Dinner – Hotel (Champion Room)  
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Day 2 – Friday, June 16, 2006    
 

Time Agenda – Day 2 Friday, June 16, 2006 Speakers 
7:00 – 7:50 am Breakfast (Beau Rivage B Foyer)  

8:00 – 8:15 am Plenary session; procedures for the day; brief 
issues from breakout sessions 

 

8:15 – 9:30 am Cross-cutting issues especially pertinent 
to genetic association studies –part 3: 
HWE, statistical analysis and 
interpretation  

 

8:15-8:40 am Hardy-Weinberg equilibrium 
 

Guang Yong Zou  

8:40-9:05 am Multiple testing and pre-study odds of true 
finding; selective reporting 
especially pertinent to statistical analysis of genetic 
association studies 

Sholom 
Wacholder 

9:05-9:45 am Inference of causation in single studies 
Exaggerated claims have been made for single 
studies on the basis of limited mechanistic evidence; is 
there scope for an evidence-based plea for 
moderation?! 

John Ioannidis 

9:45 – 10:15 am Nutrition Break (Frontenac Foyer)  
10:15 – 12:15 pm Study design-specific breakout sessions to 

develop checklists for reporting genetic 
association studies; preparation of 
conclusions to take to plenary after lunch 

 

12:15 – 1:15 pm Lunch (Frontenac Foyer)  

1:15 – 2:15 pm Study design-specific breakout sessions to 
prepare conclusions to take to plenary  

 

2:15 – 3:00 pm Presentation of conclusions from break-out 
groups, and discussion 

 

3:00 – 3:30 pm Nutrition Break (Frontenac Foyer)  

3:30 pm – 5:00 pm Conclusions  
3.30-3.50 pm Gaps in the evidence  
3.50-4.10 pm Dissemination Jeremy 

Grimshaw 
4.10-4.40 pm Plans for evaluating impact of STREGA David Moher 
4.40-5.00 pm Next steps  
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