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ABSTRACT

Introduction The present study evaluated reported methodological characteristics of GWAS,
investigating relationships between reported methodological characteristics and outcomes observed.
Methods GWAS were identified from NHGRI’s catalogue of GWAS (2005 to 2009). Multivariate meta-
regression models (random effects) were produced to identify the impact of reported study
characteristics and the strength of relationships between the variables and outcomes.

Results The summary odds ratios for replication components of GWAS in cancer was 1.34 (95% Cl 1.25,
1.43) and neuropsychiatric disorders was 1.43 (95% Cl 1.30, 1.57). Heterogeneity was accounted for by
nature of the control group, relationship between case/control groups, whether cases/controls were
drawn from the same population, if data was a primary collection or a build on pre-existing data, if
quality assurance was reported, and if the study reported power/sample size.

Conclusion Evidence supports the existence of variability in reporting, with index components
demonstrating less variability than replication components in the GWAS.
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BACKGROUND

The first complete draft of the Human Genome Project was published in 2003, a major
milestone in the history of human biology.! Human genome epidemiology, a fairly new branch of
epidemiology concerned with the use of epidemiological methods to determine the impact of genetic
variation in humans on the occurrence and progression of disease, has developed in the wake of this
milestone and advances in related technologies.” Thus, scientists have been stimulated to develop new
and innovative techniques for studying disease etiology with a long term view to prevent disease or
improve treatment, and hence improve public health.? Using these techniques, scientists worldwide

have been able to make new discoveries in the field of human genome epidemiology.

The field is fast-moving, both in terms of the volume of search and technological development
(e.g., array technologies capable of detecting thousands of single nucleotide variations simultaneously,
techniques for identifying copy number variations, and high throughput sequencing). However, the
experience of investigation of candidate genes, in which the genes and variants have been selected for
investigation based on biological and physiological information regarding the involvement of gene
products in early developmental pathways, biochemical and cellular processes of progression, and/or
clinical manifestations, has generated concern about the ability to make sense of these new discoveries.

A lack of replication of studies of the association between candidate genes and diseases or traits has

20-22, 40-45 46,47)

been recognized as a serious problem (not unique to genetic association studies
Methodological problems may account for this,”***® but assessment is limited because of inadequate

reporting.

The number of publications on the associations between genes and diseases has increased
tremendously; with more than 60,000 published journal articles, the annual number has more than

tripled between 2001 and 2011.3*° However, to date, there has been relatively limited assessment of



reporting practices. An assessment of a random sample of 315 genetic association studies published
between 2001 and 2003 found that most studies provided some qualitative descriptions of the study
participants (e.g., origin and enrolment criteria), but reporting of quantitative descriptors (e.g., age and
sex) was variable.*® Additionally, completeness of reporting of methods that allow readers to assess
potential biases (e.g., number of exclusions or number of samples that could not be genotyped) varied.*
Only some studies described methods to validate genotyping or mentioned whether research staff were

blinded to outcome.* The same problems persisted in a smaller sample of studies published in 2006.%®

Transparent reporting of human genome epidemiology studies is a necessity for genomic
information to be useful in medicine and public health, since incomplete reporting of findings makes it
difficult to assess the risk of bias. To promote transparent reporting, international collaborative efforts
such as the production of the STREGA (STrengthening the REporting of Genetic Association studies)
Statement,” have begun to make clear the processes by which all types of scientific research (including
experimental studies, observational studies, systematic reviews and meta-analyses, etc.) are produced.
A need to look at the baseline of reporting of candidate gene studies has been identified, primarily in
order to assess the impact of the STREGA Statement. Since there has been a lot of activity in general,
obtaining a picture of this activity over time is now relevant. This is done with the hope that all scientific
publications will one day include the information necessary to enable the risk of bias to be assessed, and

to improve the quality of the overall body of literature.

Scientific journals now endorse various ways to ensure that transparent reporting has taken
place, and the EQUATOR Network has been created in order to collect and make available all types of
reporting guidelines necessary for transparent reporting of research.® Some important reporting
guidelines currently being used include the CONSORT (CONSsolidated Standards Of Reporting Trials)

Statement for randomized controlled trials, the STROBE (STrenghthening the Reporting of Observational



studies in Epidemiology) Statement for observational studies, and the PRISMA (Preferred Reporting

Items for Systematic reviews and Meta-Analyses) Statement for systematic reviews.”®

Recently, epidemiologists have begun to come together and collaborate on projects designed to
enhance the efficiency and reliability of the field of human genome epidemiology. One such group has
proposed a Human Genome Epidemiology Road Map.'® The Public Population Project in Genomics (P*G),
comprising members from 25 countries, was created in order to bring together various aspects of
human genome epidemiology, including methods and tools, database information, and to promote

compatibility between the components of the infrastructure of human genome epidemiology.™

A particularly important recent development is the genome-wide association study. The
National Institutes of Health (NIH) have defined a genome-wide association study as a study of common
genetic variation across the entire human genome designed to identify genetic associations with
observable traits."? Unlike case-control studies investigating candidate gene-disease associations, which
investigate the relationship between one or more specific gene variants postulated a priori to be
associated with a disease, genome-wide association studies use very high-throughput methods to study
many thousands of gene variants at once and relate them to the health-related characteristic in
question.™ This new technique clearly offers enormous potential for human genome epidemiology,
making it possible to investigate potential relationships between gene variants related to health-related
characteristics at a much higher rate than by the hypothesis-based approach of testing only candidate
variants of candidate genes.** According to the National Human Genome Research Institute’s (NHGRI)
catalogue of published genome-wide association studies,* upwards of 4,500 single-nucleotide
polymorphisms (SNPs) related to over 500 different diseases/traits have been identified and replicated

in genome-wide association studies. Moreover, as of January 22, 2009, an open access database of

10



genome-wide association study results containing 56,411 significant SNP-phenotype associations and

accompanying information from 118 genome-wide association studies has been created.?®

Although the benefits of genome-wide association studies are clearly evident, they are not
without their drawbacks. One issue with the approach of a genome-wide association study is that the
multiplicity of statistical tests required to perform a genome-wide association study introduces the
possibility for false-positive results, necessitating the redefinition of acceptable levels of significance and
emphasizing the importance of replication of findings.” Due to the wide variety of genome-wide
association studies now being produced, and their potential, it is becoming increasingly important to

find a way to assess the risk of bias in the mosaic of evidence available by understanding its patterns.'®

A second issue regarding genome-wide association studies relates to linkage disequilibrium.
Linkage disequilibrium is defined as the departure of the recombination rate of genetic markers in a
population from chance expectation. Linkage disequilibrium can be influenced by a number of factors,
including population structure, genetic linkage, recombination and mutation rates, selection, or genetic
drift.”>* In most populations, there are established patterns of linkage disequilibrium. Genome-wide
association studies make use of linkage disequilibrium, in that the SNPs genotyped directly may also act
as markers for association with other ungenotyped genetic variants in the same region of a gene.'”*°
Several projects, notably the International HapMap Project, have classified genetic sequences of
reference individuals from diverse populations in order to identify regions of the genome where genetic
variants are identical to one another.?’” In certain situations, because of the breakdown of established
patterns of linkage disequilibrium, genome-wide association studies become vulnerable to a higher
prevalence of false positive results. In order to combat this, rather than attempting to solve this issue by

way of Bonferroni adjustment for multiple statistical comparisons, Bayesian inference or various

exploratory methods, researchers utilizing genome-wide association studies are being directed to

11



perform studies with multiple replications, in addition to replicating previously published studies, so a
systematic attempt can be made at integrating and interpreting the entire scope of epidemiological data

that genome-wide association studies have begun to produce.?*%*

The final issue with the utilization of genome-wide association studies stem from their
hypothesis-free approach. Although genome-wide association studies are highly successful for
identifying the relationship between genetic variation and disease, often the pathology of disease
cannot be explained by single genetic effects. Gene-environment interactions'® and the identification of
metabolic pathways'® responsible for more complex pathologies (e.g., inflammatory bowel disease
(IBD)) are two important characteristics in the development of disease that cannot be identified with the
use of single genome-wide association studies. These more complex pathologies arise from a chain of
events which occur over the course of a metabolic pathway, and involve the interaction of many
different genes and the environment. Despite this, the genome-wide association study can contribute as

a powerful approach for identifying single gene effects within the context of more complex diseases.

In the past, the value of research that has been performed in various fields has become difficult
to assess due to lack of transparency resulting from incomplete reporting of methods and poor

222> Although the STREGA Statement demonstrates a small amount of relevance

reporting of results.
towards genome-wide association studies, not enough information has been published about the
potential for bias in order to fully address the STREGA Statement in the context of genome-wide

association studies. Due to this, there is a definite need to evaluate the current state of knowledge by

reviewing the reporting of a sample of genome-wide association studies.

Therefore, the purpose of this research is to perform a large-scale analysis of the reporting of
genome-wide association studies in order to produce evidence useful in guiding their reporting and

synthesis. The current investigator is confident that a review of this kind has not been performed.

12



Given that the outcomes of many of the genome-wide association studies included in this
research will be different, it is important to consider that the “true” estimates of effect will differ across
the group of studies. In order to account for this issue, one must understand that the presence of a
“true” association between gene variant and disease varies between different gene variants and
different diseases. Determining whether or not the differences in effect estimates are due to
methodological characteristics or due to real differences with different outcomes becomes a concern.
To date, however, only a very small proportion of gene-disease association studies investigated have

d.”®** The question that then remains is this: Do the “true” associations account for the

been replicate
differences in effect estimates across studies, or is it more likely that the differences in methodology
contribute to the differences in outcome? To investigate this point statistically, different disease groups

will be separated and analyzed individually in order to determine if the methodological rigor differs

between groups of investigators working with different types of diseases.

This research will begin with an analysis of time trends identified from information collected in
two previous independent analyses of case-control studies investigating gene-disease associations in
order to examine if the reporting observed in these case-control studies has changed over time, to help
determine whether any differences in reporting practices between candidate gene and genome-wide
association studies might be due to general trends in reporting practices or are specific to study design.
Following this, a large-scale analysis of genome-wide association studies will be performed in order to

analyze their methodological characteristics.

Publication of research results has always been subject to reporting bias, a phenomenon which

tends to alter the frequency in which all scientific results are presented to the scientific community at

221

large. In his Novum Organon,” Francis Bacon wrote:
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“It is the peculiar and perpetual error of the human understanding to be more moved and

excited by affirmatives than by negatives.”

Various issues connected with selective reporting and publication bias have been documented, including

204 205-207

under-reporting of insignificant or negative results,”" over-reporting of significant positive results,

212,213

the nature and direction of the research,’® speed of publication,’®*"* language of publication, and

. . . . . . 214-21
influence on the citations of research in future journal articles.”****

Although it has been argued that
genome-wide association studies might be less susceptible to selective reporting and publication bias,
on the basis that they could be used to collect and interpret information on large collections of genetic
variants simultaneously while concurrently making the information transparent and available in an

online public database, >

empirical evidence on the reporting of genome-wide association studies is
lacking. Therefore, the purpose of this research is to examine the reporting of such studies. This

research should help to guide those reporting future studies, and thereby assist in clarifying the risk for

bias in genome-wide association studies.

In order to achieve this, the current investigator chose to utilize information from a few
published sources for the purposes of creating a data extraction form suited for extracting relevant
information from genome-wide association studies. These sources include the STREGA Statement,’
journal articles published by McCarthy et al**' and Manolio et al,** and the data extraction form created
by Aljasir.*® In particular, the STREGA Statement identified characteristics unique to genetic association
studies that, when included, contribute to the overall transparency of reporting. These include, but are
not limited to, population stratification, Hardy-Weinberg equilibrium, replication, selection of
participants, statistical methods (e.g., power, sample size, heterogeneity), relatedness, and reporting of
descriptive and outcome data. These sources formed a solid basis upon which a unique data extraction

form could be created.
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AIMS AND OBJECTIVES

Aim: To evaluate the reported methodological characteristics of genome-wide association studies,
assess these in the broader context of reporting of genetic association studies, and investigate
the possible relationship between reported methodological characteristics and the associations

observed.

Objectives: a) To compare information collected from three independent samples of case-control
studies investigating gene-disease associations (years of publication: 2001-2003,
2006 and 2007) to identify if any changes in the results of the extracted information

have occurred over time.

b) To identify a sample of genome-wide association studies and to extract various
methodological characteristics and related information from the sample of genome-
wide association studies, in order to assess if methodological characteristics are
transparently reported, for the purposes of creating a possible adjunct to the STREGA
(STrenghtening the REporting of Genetic Association studies) Statement regarding

the reporting of genome-wide association studies.

c¢) To conduct meta-regression, by methodological characteristic, and multivariate
analyses, to study the association between methodological characteristics and effect
estimates, for both the primary genome-wide association study and, if applicable, the
replication components embedded within the primary genome-wide association

study.
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METHODS

Comparison of Reported Methodological Characteristics Over Time

Selection of Studies

The two studies involved were investigations of the methodological characteristics within
separate random samples of case-control studies investigating gene-disease associations. The first

study, published in 2008 by Yesupriya et al*®

(including John P. A. loannidis (involved in the completion
of this research)), analyzed the reporting characteristics of the study design, genotyping method,
population stratification, analytic methodology and study inferences, analysis of multiple genetic
variants, and analysis of interacting environmental factors from 315 randomly sampled studies
published between 2001 and 2003 and contained within the Human Genome Epidemiology Network
(HUGENet). In addition to this, 28 randomly sampled studies published in 2006 and contained within the

Human Genome Epidemiology Network (HUGENet) were analyzed for their methodological

characteristics and compared to the original set of studies.

The second study, performed in 2008 by Allasir® (along with help from the current investigator),
analyzed the effect of design and other basic study characteristics, population and methodological
characteristics, outcome measure characteristics, and the reporting of Hardy-Weinberg equilibrium and
statistical adjustment of covariates from 511 randomly sampled studies published in 2007 and contained

within the Human Genome Epidemiology Network (HUGENet).

Statistical Analysis

Methodological characteristics that were identical and found to be extracted from the three

random samples (genetic association studies published between 2001 and 2003 (Yesupriya et al*®) vs.
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2007 (Aljasir®®), and genetic association studies published in 2006 (Yesupriya et al*®) vs. 2007 (Aljasir®®))
in both studies were identified and compared to one another. Counts and percents were compared to
one another by using the Chi-square test. All statistical analyses were performed using SAS 9.1 statistical
software. An attempt was made to learn about the extraction methods used by both groups in order to
identify whether or not these methods could be held responsible for the differences found between the

results in the three samples of studies.

Genome-Wide Association Study Analysis

Selection of Studies

The sampling frame for genome-wide association studies included in this research was the
National Human Genome Research Institute’s (NHGRI) catalogue of published genome-wide association
studies* (commenced on November 25, 2008), published in their respective scientific journals between
2005 and 2009 (420 potentially eligible journal articles for review). All genome-wide association studies
presented included only those attempting to assay at least 100,000 single nucleotide polymorphisms
(SNPs). Genome-wide association studies collected by the National Human Genome Research Institute’s
(NHGRI) catalog of published genome-wide association studies were identified through weekly PubMed
literature searches, daily National Institutes of Health (NIH)-distributed compilations of news and media
reports, and comparisons with an existing database of genome-wide association study literature (HUGE

Navigator).?%?*!

It is important to understand that in analyzing this sample of genome-wide association studies,
using the reported measure of uncertainty (p-value) as the outcome measure (see Outcome Measure,
below) can be difficult when it comes to analyzing different studies with different diseases. The number

of single nucleotide polymorphisms (SNPs) likely to have an effect on a genetic disease (e.g.,
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Huntington’s disease (one) vs. cancer (more than one)) makes it difficult to compare their relative
measures of uncertainty (p-value). Therefore, in order to correct for this, this study used two samples of
genome-wide association studies of two different categories of diseases (as defined by Manolio et al*!)

in order to prevent this from potentially manifesting itself in the results.

Manolio et al** identified seven different categories of diseases that are most prominent in the
wealth of genome-wide association study literature (eye diseases, diabetes, cancer, gastrointestinal
disorders, cardiovascular conditions and lipid metabolism, neuropsychiatric conditions, and autoimmune
and infectious diseases). Based on the information contained within the study by Manolio et al,*! in
order to fulfill the objectives of this study, the current investigator chose genome-wide association
studies in cancer (53 studies with relatively large sample sizes and relatively low odds ratios) and
genome-wide association studies in neuropsychiatric conditions (74 studies with relatively small sample
sizes and relatively high odds ratios). By choosing these two samples of studies (127 total studies®®**?),
the current investigator was able to analyze each group separately, and then to compare their results, in
order to determine if a group of studies that demonstrate large sample sizes and low odds ratios show

differences in methodological characteristics with a group of studies that demonstrate small sample

sizes and high odds ratios.

Outcome Measure

Genome-wide association studies test the genome for single-nucleotide polymorphisms (SNPs)
that may demonstrate evidence regarding susceptibility to a disease. These types of studies assume,
prior to analysis, that certain regions of the genome may contain these single-nucleotide polymorphisms
(SNPs). Since the objective of a genome-wide association study is to identify evidence for significant
gene-disease associations, the primary outcome measure was the reported measure of uncertainty (p-

value) for the genetic model considered in the primary analysis. In addition to this, since the objective of
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the replication components embedded within a genome-wide association study is to identify if the
association identified in the index components can be replicated (followed by an estimation of the
magnitude of association given one exists), the secondary outcome measure was the reported odds
ratio of the replication component. The primary and secondary outcome measures to be extracted, for
both the index and replication components, were the most extreme reported measure of uncertainty (p-
value) and odds ratio contained within the abstract of the study, respectively. If the study did not report
a measure of uncertainty (p-value) or odds ratio within the abstract for either or both the index or
replication components, then the entire study was reviewed to identify the most extreme reported

measure of uncertainty (p-value) and odds ratio.

Language Restrictions

Only studies published in English were included in this research. Previous studies have shown
that when a language restriction is included in medical research, the outcome measure is not altered by

the introduction of any type of bias.?**

Additionally, some data have been interpreted as indicative of
language biases and selective reporting in human genome epidemiology.** In view of these
observations, and also due to time and language constraints, it was in the current investigator’s best

interest that the current research be performed with English studies only, to form a basis for future

research in other languages.

Power Calculation

The calculation of power can be based on investigating previous studies designed to identify the
effects of study characteristics in gene-disease association studies on the magnitude and direction of the

36
I

effect estimate (e.g., odds ratio). Moher et al® have previously found that the reported median effect

size was 0.5 (log odds ratio of -0.7 with a standard deviation of 1.13). In later investigative work,>’ they
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considered a difference of 25% in the overall pooled log odds ratio as an indication of effect
modification by study characteristic, assuming a random effects, two-sided t-test with a 95% confidence
limit. Assuming these properties and a total genome-wide association study collection of 127
prospective journal articles for review, the current research had a power of 80.2% to detect a difference

of 25% in the overall pooled log odds ratio as an indication of effect modification by study characteristic.

Pilot Study

Prior to the data extraction process a two-stage pilot study was performed in order to adapt the
data extraction form, originally designed to extract data from case-control studies investigating gene-
disease associations, into an instrument suitable for genome-wide association studies. The original data
extraction form (Table 1) was developed by Allasir®® along with the help of the current investigator. In
adapting this data extraction form for genome-wide association studies, it was necessary to take into
account the fact that the number of genome-wide association studies is much less than the number of
candidate gene studies, and also that there appears to be more scope for differences between genome-
wide association studies in design, conduct and reporting. This pilot study also provided the two
reviewers the opportunity to become familiar with the data extraction form, the data extraction process

and to maximize inter-rater agreement.
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Table 1: Data Extraction Form Developed for Candidate Gene Association Studies®®

Study design and characteristics:

Design of case-control study (classic or nested)

Whether the case-control study is matched or not. (individually matched, frequency matched (one or
several factors), not matched)

Country of origin of research study. (Multi-centre was used if more than one country was involved).
Journal (free text)

Journal impact factor based on 2006

Whether the association is claimed in the paper to be the first reported or a replication (first reported,
replication, or it was mix or it was not reported)

What was the number of genes included in the analysis?

What was the number of genetic markers tested?

Was the study investigating an association of a gene with cancer (Oncology) or a pre-cancer lesion? (Yes/
No)

What was the disease category? (Allergy, andrology, breast, cardiology, dentistry, dermatology, ear, nose
and throat (ENT), endocrinology, gastroenterology, gynecology and obstetric, hematology, hepatology,
infectious diseases, metabolic disorder, nephrology, neurology, ophthalmology, orthopedic, prostate,
psychiatric, respiratory, rheumatology, thyroid, urology and vascular).

Population and methodological characteristics:

What was the final reported number of participants in the cases and control groups?

What was the maximum number of potentially eligible participants that were invited to participate for
cases and controls?

Whether the control group is population-based from identified sampling frame, population-based without
detail on the sampling frame, hospital and other specific group, control group was a mix of population and
other specific group or cannot tell)

What was the source of the data that was used in the study? (Primary collection and analysis of the data,
building on a pre-existing data by collecting more information or blood sample, secondary analysis of a
preexisting data or it wasn’t clear).

Was the process of handling the sample and genotyping described? (Yes for cases & controls, for cases
only, for controls only, neither, can’t tell)

Was any method of quality assurance reported “e.g. blinding”? (Yes, No).

Did the study report any result of calculating study power or sample size? (Yes, No).

Did the study report the relationship between the control and cases groups (blood relation or relatives)
for the specific reported outcome? (Yes, No, Unclear).

Outcomes analysis processes and Hardy Weinberg equilibrium (HWE):

What was the measure of association reported in the abstract of the study (e.g. Odds ratio, 2X2 table, 2X3
table)?

What was the specific reported number of participants in the cases and control groups associated with
the extracted outcome?

If an odds ratio was reported what was:

The value reported in the abstract?

The reported measure of uncertainty? Report the numeric measure of uncertainty that was used as well.
(confidence limit, p-value, standard error and variance)

If a 2X2 table was used, report:

The numbers of cases with and without genetic exposure and the numbers of controls with and without
genetic exposure?

For a 2X3 table report the cases and control with “AA”, “Aa” and “aa”.

Were the statistical methods for adjustment for the covariates specified? (Yes, No or it was not
applicable).

Did the study report any testing for the deviation from Hardy Weinberg equilibrium (HWE)? (Yes, No)

If HWE was reported was the result? (All included genotypes were in equilibrium, some of the included
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genotypes were in equilibrium (including the extracted outcome), some of the included genotypes were in
equilibrium (not including the extracted outcome) and genotypes were not in equilibrium or it was not
clear).

Did the data allow for the calculation of HWE for the control, like presence of 2X3 table, p-value or
inbreeding coefficient for the extracted outcome? (Yes, No)

Variables that were generated from the aforementioned extracted variables:

Ratio of genetic markers per gene tested: This is equal to number of genetic markers tested per gene.
Case / control ratio: This is the ratio of the final included number of cases to final number of included
controls.

Ratio of the excluded / included cases: This is equal to the difference between the maximum number of
eligible cases and the final number of cases to the final included number of cases.

Ratio of the excluded / included controls: This is equal to the difference between the maximum number
of eligible controls and the final number of controls to the final included number of controls.

Ratio of excluded / included sample size: This is equal to the difference between the maximum number of
eligible sample size and the final number of sample size to the final included sample size.
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Using the first draft of the data extraction form adapted to suit genome-wide association

133 randomly selected from the

studies, the two reviewers applied the form to five journal articles
National Human Genome Research Institute’s (NHGRI) catalogue of published genome-wide association

studies® and published between 2005 and 2009 (420 potentially eligible journal articles for review). The

experience of using the form led to changes, resulting in the second draft.

Using the second draft of the data extraction form, the form was applied to ten journal

>8> 3gain randomly selected from the NHGRI catalogue of published genome-wide association

articles,
studies® and published between 2005 and 2009 (420 potentially eligible journal articles for review). In
order to create the final data extraction form, a discussion regarding the results of the pilot study took
place between the current investigator and the advisory committee, who have expertise in the fields of
human genome epidemiology, and systematic reviews and meta-analyses. The results of both stages of

the pilot study were carefully reviewed in order to identify how to optimize the final data extraction

form, and the resulting modifications were agreed upon by all parties involved.

The final data extraction form (Table 2) consisted of seven sections: (1) General Characteristics,
(2) Design of Index Component, (3) HWE Design/Usage of Index Component, (4) Study Results of Index
Component, (5) Interpretation of Results of Index Component, (6) Replication Component (which
includes sub-sections similar to sections (2) to (5)), and (7) Supplementary Material. From the
production of the first draft of the data extraction form to the final data extraction form, no changes
were made to sections (1), (3) and (5). Sections (2), (4), (6) and (7) were altered throughout the pilot
study process, and the additions (presented in green) and deletions (presented in red) that were made

are shown in Table 3.
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Table 2: Final Data Extraction Form

GENERAL CHARACTERISTICS
1. Country of origin of study
Journal
Journal impact factor
Did the study investigate a gene with an association with cancer?
What disease was the study investigating?

vk wn

DESIGN OF INDEX COMPONENT
6. Number of participants in case/control groups recruited
7. Was the control group:
o Population-based with identified sampling frame,
o Population-based with unidentified sampling frame,
o Hospital or other specific group,
o Mix of population-based and specific group,
o Other/can’t tell?
8. Was the data source:
o Primary collection and analysis,
o Building on pre-existing data through further collection,
o Secondary analysis of pre-existing data?
9. Was the sample handling/genotyping process described?
o If so, did the journal article reference methods from another journal article?
10. Was quality assurance reported?
11. Did the study report power/sample size calculations?
12. Were case/control groups related?
o If so, were related cases/controls chosen directly or was cryptic relatedness identified?
13. Were cases/controls drawn from the same population?
14. Were extraction methods different for cases/controls?
15. How many SNPs were originally tested?

HWE DESIGN/USAGE OF INDEX COMPONENT
16. Was deviation from HWE tested?
17. If so, what was the result:
o Equilibrium,
o Non-equilibrium,
o Can’ttell?

STUDY RESULTS OF INDEX COMPONENT
18. What was the most extreme reported measure of uncertainty (e. g. p-value (include odds ratio))?
19. Was population stratification assessed?
20. Number of participants in case/control groups included in analysis
21. How many SNPs were included in the analysis?
22. What was the genome-wide threshold p-value?
23. How many SNPs crossed the genome-wide threshold p-value?
24. How many SNPs were included in the replication component?

INTERPRETATION OF RESULTS OF INDEX COMPONENT
25. Did the study detect/duplicate previously-known results?
26. Was evidence provided for a functional role of the polymorphism?

REPLICATION COMPONENT
27. Was a replication component performed?
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28. Were the results replicated in an independent sample?
29. Were replication samples comparable to the original samples?
STUDY DESIGN

30.
31.

32.

33.

34.
35.
36.

37.
38.

# of participants in case/control groups
Was the control group:
o Population-based with identified sampling frame,
o Population-based with unidentified sampling frame,
o Hospital or other specific group,
o Mix of population-based and specific group,
o Other/can’t tell?
Was the data source:
o  Primary collection and analysis,
o Building of pre-existing data through further collection,
o Secondary analysis of pre-existing data?
Was the sample handling/genotyping process described?
o If so, did the journal article reference methods from another journal article?
Was quality assurance reported?
Did the study report power/sample size calculations?
Were case/control groups related?
o If so, were related cases/controls chosen directly or was cryptic relatedness identified?
Were cases/controls drawn from the same population?
Were extraction methods different for cases/controls?

HWE DESIGN/USAGE

39.
40.

Was deviation from HWE tested?
If so, what was the result:

o Equilibrium,

o Non-equilibrium,

o Can’ttell?

STUDY RESULTS

41.
42.

What was the most extreme reported odds ratio?
Did the replication component confirm the results of the original study?

SUPPLEMENTARY MATERIAL
43. Did supplementary material accompany the journal article?

o If so, how long was the reference material?
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Table 3: List of Additions and Deletions Made During Development of the Data Extraction Form

Variable

Reason for Addition/Deletion

SECTION 2

How many SNPs were originally tested?

To make a comparison between the SNPs included in
the identification phase and the analysis phase of the
index component, it is important to understand the
number of SNPs originally identified for inclusion.

SECTION 4

How were the results presented:
o Allele/genotype frequencies,
o Different genetic models,
o Odds ratio,
o Attributable risk,
o p-value?

The process undertaken to identify the most suitable
outcome measure rendered this question unnecessary.

What was the most extreme reported measure of
uncertainty (e.g. p-value (include odds ratio))?

It was determined throughout the pilot study process
that the most suitable outcome measure to extract
from the index component was the most extreme
reported measure of uncertainty (p-value).

Was a correction applied in defining the p-value?

The Bonferroni correction was used in each study to
identify the genome-wide level of significance,
rendering this question redundant.

Number of participants in case/control groups included
in analysis.

To make a comparison between the participants
originally recruited and those included in the analysis
phase, it was important to understand the number of
participants in case/controls groups included in the
analysis.

How many SNPs were included in the analysis?

To make a comparison between the SNPs included in
the identification phase and the analysis phase of the
index component, it is important to understand the
number of SNPs included in the analysis.

How many SNPs were included in the replication
component?

To put the extracted information from both the index
component and the replication component into
context, it is important to understand the number of
SNPs identified for replication.

SECTION 6

What were the results? e.g. power, sample size,
heterogeneity

Elaboration of the extraction process in the replication
component rendered this question unnecessary.

SECTION 7

Did supplementary material accompany the journal
article?
o If so, how long was the reference material?

Assessment of the reporting characteristics of each
journal article required an in-depth look at how and
where the information was being presented.

26




Data Extraction

Two reviewers partially independently extracted all information from the included studies using
a data extraction form. The form to be used was adapted from a form previously developed by Aljasir®®
and his group of advisors performing an analysis involving case-control studies investigating gene-
disease associations. As the data extraction form was originally designed to suit case-control studies
investigating gene-disease associations, a more suitable data extraction form fit for genome-wide
association studies was produced by adapting the original data extraction form in consultation with the

same group of advisors.

The methodological features, identified as important in the interpretation of a genome-wide
association study,*” that were extracted from the genome-wide association studies included those
related to study design, selection of study participants, genotyping and quality control, and analysis and
presentation of results. Given that this research was mainly concerned with reporting quality in
genome-wide association studies, extraction of information was done at the level of each journal article.
Supplemental information was only accessed for data extraction purposes when the pre-determined
method for identifying the outcome measures could not be achieved. An appropriate pilot study was
performed with the extraction form prior to the actual data extraction process (see Pilot Study, above).
Discrepancies in extracted information following the extraction process were partially resolved through

consensus between the two reviewers.

Data Management

The extraction form was reproduced electronically and all included studies were collected for
data extraction by using the form accordingly. Following data extraction and partial resolution of

discrepancies in extracted information upon completion of the extraction process, the data were
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transferred to SAS 9.1 statistical software and Biostat Comprehensive Meta-Analysis via Microsoft Excel

2007 in order to perform the statistical analysis.

Statistical Analysis

Descriptive statistics and graphical presentations of the data were produced in order to
summarize the associations between the different variables and the outcome measure (reported
measure of uncertainty (p-value) for the index components analysis and odds ratio for the replication
components analysis). The two different disease groups were separated and analyzed individually in
order to determine if the reporting practices differed between groups of investigators working on
different types of diseases. Sensitivity analyses were performed in order to determine if the addition or
removal of a group of studies with similar characteristics altered the combined effect of the studies in

any way.

A meta-analysis was performed in order to identify the relative impact of the included variables
in the studies selected, and the strength of the relationship between these variables and the outcome
measure (reported measure of uncertainty (p-value) for the index components analysis and odds ratio
for the replication components analysis). For the reported measure of uncertainty (p-value), Stouffer’s
Z-score was used as the summary measure in the index components of each study, while odds ratios
were used as the summary measure in the replication components of each study. Stouffer’s Z-score was
chosen over Fisher’s method as it can be used to summarize both one- and two-sided proportions, and it
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incorporates both the weight and direction of effect of each individual study.”>” Forest plots and bubble

plots were produced, when possible, to demonstrate the results of the meta-analysis.

Funnel plots were produced in order to identify the potential for publication bias, and, if

present, were analyzed using Egger’s test*® and Classic fail-safe N. Prior to analysis, it was hypothesized
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that publication bias would more likely be an issue regarding the replication components rather than the
index components, however both components of each study were analyzed for publication bias. In order
to assess publication bias both within each group (index components vs. replication components) and
between the groups (cancer vs. neuropsychiatric disorders), the results were grouped together and
presented following the meta-analysis. The results of the test for publication bias were used to

determine if the direction of effect found within each group of studies was related to study size.

As mentioned previously, all statistical analyses were performed using SAS 9.1 statistical

software and Biostat Comprehensive Meta-Analysis via Microsoft Excel 2007.

Production of Guidelines

Following the completion of this research, it is the intent of the current investigator to consider
how to improve the transparent reporting of methodological characteristics across all genome-wide
association studies, with a view to proposing a possible adjunct to the STREGA (Strengthening the
REporting of Genetic Association studies) Statement” regarding the reporting of genome-wide

association studies.
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SIGNIFICANCE OF THESIS

The purpose of this research was to perform a large-scale analysis of genome-wide association
studies in order to produce evidence useful in guiding their reporting and synthesis. In addition to this,
this research attempted to identify any obvious links between the methodological characteristics of
case-control studies investigating gene-disease associations from two independent studies in two
different time periods. It is the hope of the current investigator that this research will help to guide
those performing future analyses of genome-wide association studies and identify the important
methodological characteristics which influence the outcome of genome-wide association studies. It is
also the hope of the current investigator that this research will help to guide those producing reporting
guidelines specifically designed to assist in carrying out complete and transparent reporting of genome-

wide association studies in the future.
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RESULTS

Section 1: Comparison of Reported Methodological Characteristics Over Time

Information on seven methodological characteristics extracted from random samples of journal
articles on genetic association studies published between 2001-2003 (Yesupriya et al*?) and published in
2007 (Aljasir®) is compared in Table 4. In the more recent sample a higher proportion of authors stated
that the journal article was the first report on the specific association (46.2% vs. 15.6%). The reported
number of study participants increased. A higher proportion reported the statistical power of the study
(74.4% vs. 12.7%). However, the proportion of studies for which clear information regarding the
population from which cases and controls were drawn decreased (14.9% vs. 62.6%), as did the
proportion that made an explicit statement about the use of unrelated study participants (1.2% vs.
17.8%). In a higher proportion of journal articles, it was reported that all genetic variants had been
examined for Hardy-Weinberg equilibrium (83.2% vs. 47.9%). In the studies in which Hardy-Weinberg
equilibrium was reported to have been examined, there was an increase in the proportion in which one

or more polymorphisms were reported not to have been in equilibrium (20.9% vs. 6.6%).
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Table 4: Comparison of the Methodological Characteristics of HUGE Journal Articles from Two Time

Periods (2001-2003 vs. 2007)

Methodological Characteristic Published from Published in 2007
2001-2003
Count Percent Count Percent | P-Value
Authors stated that this was the first study on the
specific issue
Yes 49 15.6 236 a6 | 00001
No 266 84.4 275 53.9
Number of study participants
<500 239 75.9 190 37.2
501-999 47 14.9 139 27.2 <0.0001
>1000 29 9.2 182 35.6
Reported the available power of the study
Yes 40 12.7 380 74.4 <0.0001
No 275 87.3 131 25.6
Reported clear information regarding the population
from which cases and controls were drawn <0.0001
Yes 142 62.6 76 14.9
No 85 37.4 435 85.1
Explicitly stated the use of unrelated study
articipants
° Yesp 56 17.8 6 1, | <0:0001
No 259 82.2 505 98.8
Reported that all genetic variants were examined for
Hardy-Weinberg equilibrium
Yes 151 47.9 425 g3 | 00001
No 164 52.1 86 16.8
If Hardy-Weinberg equilibrium was reported, did any
polymorphism reportedly fail Hardy-Weinberg
equilibrium <0.0001
Yes 10 6.6 89 21.0
No 141 93.4 336 79.0
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Information on four methodological characteristics extracted from random samples of journal
articles on genetic association studies published in 2006 (Yesupriya et al*®) and published in 2007
(Alasir®®) is compared in Table 5. Yesupriya et al*® chose to analyze only four of the original seven
methodological characteristics in the 2006 sample because these were addressed in less than 50% of the
2001-2003 journal articles. In the more recent sample, the reported number of study participants
increased. A higher proportion reported the statistical power of the study (74.4% vs. 28.6%). However,
the proportion that made an explicit statement about the use of unrelated study participants decreased
(1.2% vs. 35.7%). In a higher proportion of journal articles, it was reported that all genetic variants had

been examined for Hardy-Weinberg equilibrium (83.2% vs. 57.1%).

Table 5: Comparison of the Methodological Characteristics of HUGE Journal Articles from Two Time
Periods (2006 vs. 2007)

Methodological Characteristic Published in 2006 Published in 2007
Count Percent Count Percent | P-Value
Number of study participants
<500 21 75.0 190 37.2
501-999 4 14.3 139 27.2 0.0003
>1000 3 10.7 182 35.6
Reported the available power of the study
Yes 8 28.6 380 74.4 <0.0001
No 20 71.4 131 25.6
Explicitly stated the use of unrelated study
participants
Yes 10 35.7 6 12 | <0000
No 18 64.3 505 98.8
Reported that all genetic variants were examined for
Hardy-Weinberg equilibrium
Yes 16 57.1 425 83.2 0.0007
No 12 42.9 89 16.8
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Section 2: Review and Analysis of Reporting of Genome-Wide Association Studies

2.1 Review and Analysis of Reporting of Index Components of Cancer

Since the objective of the index components of a genome-wide association study is to discover
gene-disease associations with a high degree of confidence that are not false-positive results, the
primary outcome measure is the reported measure of uncertainty (p-value) for the genetic model
considered in the primary analysis. If the index components did not report a measure of uncertainty (p-
value) within the abstract, then the entire study was reviewed to identify the most extreme reported

measure of uncertainty (p-value).

Description of Studies

The fifty-three genome-wide association studies of cancer that were selected for analysis®®**®

were published in 13 different journals whose median impact factor was 9.4 (range: 2.4 to 50.0).
Multiple research centres in different countries were involved in 75.5% (n=40) of the studies, while
13.2% (n=7) were performed wholly in the USA, 9.4% (n=5) in the UK and 1.9% (n=1) in Japan. In the vast
majority (86.8% (n=46)), supplementary material accompanied the journal article, with the median
length of the supplementary material package being 14 pages (range: 4 to 211 pages). The studies
reported on eighteen different types of cancer (Figure 1). The studies of acute lymphoblastic leukemia

and neuroblastoma were done in children.
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Figure 1: Types of Cancers Included in the Study Sample (n=53)
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The index components of cancer typically recruited less than 5,000 study participants (67.9%,
n=36; Table 6); the median number of study participants recruited was 3,403 (range: 60-37,553). In
58.5% (n=31) of studies, the control group was recruited from a hospital or another non-population-
based specific group setting (e.g., blood donors), and the data source was built on pre-existing data
through further collection 66.0% (n=35) of the time. Only one study failed to report the sample
handling/genotyping process or methods of quality assurance (1.9%). The minority of studies, 13 of 53,
reported on a power/sample size calculation relating to their study size (24.5%). In just under two-thirds
of the studies (60.4%, n=32), case and control groups were explicitly reported as being unrelated to each
other. In about half of the studies (52.8%, n=28) case and control groups were reported as having been
chosen from the same source population. All of the studies reported using similar DNA extraction
methods when collecting data from the case and control groups, however any specifics regarding
guantity/quality of DNA were poorly reported overall (as determined through the pilot study process, it
was difficult to identify any reasonable way to extract information regarding the specifics of the
quantity/quality of DNA used in the index components). Finally, just over half (52.8%, n=28) of the
studies investigated <500,000 SNPs, 41.5% (n=22) 500,000-999,999 SNPs and the remainder (5.7%, n=3)
>1,000,000 SNPs. The median number of SNPs originally tested was 550,000 (range: 101,152 to

2,000,000).
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Table 6: Design and Conduct of Index Components of Genome-Wide Association Studies in Cancer

Methodological Characteristic Count Percent

Number of study participants recruited:

<5000 36 67.9

5001-9999 7 13.2

210,000 10 18.9
Was the control group:

Population-based with identified sampling frame, 12 22.6

Population-based with unidentified sampling frame, 0 0.0

Hospital or other non-population-based specific group (i.e. blood donors), 31 58.5

Mix of population-based and specific group, 10 18.9

Other/can’t tell? 0 0.0
Was the data source:

Primary collection and analysis, 14 26.4

Building on pre-existing data through further collection, 35 66.0

Secondary analysis of pre-existing data? 0 0.0

N/A 4 7.6
Was the sample handling/genotyping process described?

Yes 52 98.1

No 1 1.9
Was quality assurance reported?

Yes 52 98.1

No 1 1.9
Did the study report power/sample size calculations?

Yes 13 24.5

No 40 75.5
Were case/control groups related?

Yes (cryptic relationship) 14 26.4

Yes (direct relationship) 7 13.2

No 32 60.4
Were cases/controls drawn from the same population?

Yes 25 47.2

No 28 52.8
Were DNA extraction methods different for cases/controls?

Yes 0 0.0

No 53 100.0
How many SNPs were originally tested?

<500,000 28 52.8

500,000-999,999 22 415

>1,000,000 3 5.7
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Hardy-Weinberg equilibrium was assessed in the control groups in 50 of 53 (94.3%) of the index
components of genome-wide association studies in cancer. Of these 50 studies, 8.0% found the SNPs of
the control group satisfied equilibrium (n=4), 10.0% included the SNPs of the individuals in the control
group that did not satisfy equilibrium (n=5) and 82.0% excluded the SNPs of the individuals in the

control group that did not satisfy equilibrium (n=41).

As seen in Table 7, population stratification (by any means) was assessed in 67.9% (n=36) of the
studies. As would be expected from the number of study participants recruited (Table 6), the data
analyzed in the index components typically related to less than 5,000 study participants, while the
median proportion of study participants whose data were included in analysis was 89.0% of those
recruited. On average, 14.1% of SNPs originally selected for testing were excluded from analysis. The
median number of SNPs analyzed was 462,866 (range: 60,275 to 2,000,000), compared with a median of
550,000 targeted by the arrays. Approximately half of the studies reported on the genome-wide
threshold p-value (49.1%, n=26), and slightly less than half of the studies reported on the number of
SNPs that crossed the genome-wide threshold p-value (43.4%, n=23). In the index components,
previously-known results were reported to have been investigated and detected/duplicated in only

11.3% of the studies (n=6).
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Table 7: Analysis of Index Components of Genome-Wide Association Studies in Cancer

Methodological Characteristic Count Percent

Was population stratification assessed?

Yes 36 67.9

No 17 32.1
Number of study participants analyzed:

<5000 36 67.9

5001-9999 7 13.2

210,000 10 18.9
How many SNPs were included in the analysis?

<500,000 30 56.6

500,000-999,999 20 37.7

21,000,000 3 5.7
Was the genome-wide threshold p-value reported?

Yes 26 49.1

No 27 50.9
Was the number of SNPs that crossed the genome-wide threshold p-value reported?

Yes 23 43.4

No 30 56.6
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Meta-Analysis

Out of the fifty-three genome-wide association studies in cancer that were chosen for analysis,

forty were included in the meta-analysis. The list of excluded studies along with each study’s reason for

exclusion is presented in Table 8. In Spinola 2007'%* and Zanke 2007,"" the most extreme reported

measure of uncertainty (p-value) was not reported. Therefore, these two studies were not included in

the meta-analysis.

Table 8: List of Excluded Studies Along with Reason for Exclusion in the Meta-Analysis of Index

Components of Genome-Wide Association Studies in Cancer

Study

|

Journal

Studies Excluded Because Direction of Effect Not Specified

Duggan 2007”

J NATL CANCER INST

Easton 2007"°

NATURE

Gold 2008”°

PROC NATL ACAD SCI USA

Kibriya 2009%°

BREAST CANCER RES TREAT

Murabito 2007** BMC MED GENET

Murabito 2007” BMC MED GENET
Skibola 2009 NAT GENET
Thomas 2008’ NAT GENET
Tomlinson 2008 NAT GENET

Tse 2009'" AM J HUM GENET
Wang 2008 NAT GENET

Studies Excluded Because Most Extreme p-value Not Reported

Spinola 2007*%

CANCER LETT

Zanke 2007

NAT GENET
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The overall pooled regression coefficient produced from the meta-regression under a random
effects model, Stouffer’s Z-score and 95% confidence limit (a summary statistic used for the meta-
analysis of proportions (e.g., p-value)), for the index components of genome-wide association studies in
cancer was 0.073 (95% CI 0.058, 0.088). There was considerable heterogeneity between studies (Q

659.35 (p < 0.001); I” statistic 94.1).

The journal accounted for 10.66% of the total heterogeneity between studies, with a Q of 70.28
(p = 1.29 x 10™%). However, the only journals in which more than one study was included were Cancer
Research (n=3) and Nature Genetics (n=31), for which the summary Stouffer’s Z-scores were 0.054 (95%
C1 0.071, 0.087) and 0.037 (95% Cl 0.041, 0.044), respectively (Table 9 and Figure 2). Country of origin of
study accounted for 4.64% of the total heterogeneity, with a Q of 30.62 (p = 1.02 x 10®). Along with
multi-centre studies, only those studies that originated in Japan (n=1) and the United States of America
(n=5) demonstrated a significant summary Stouffer’s Z-score, while those studies that originated in the

United Kingdom (n=5) demonstrated an insignificant summary Stouffer’s Z-score.

The type of disease accounted for 56.65% of total heterogeneity (Q 343.50 (p = <1.00 x 10™)).
Only the studies that were performed on acute lymphoblastic leukemia (n=2), breast cancer (n=4),
colorectal cancer (n=5), lung cancer (n=6), prostate cancer (n=7) and urinary bladder cancer (n=2)
showed significant heterogeneity. The type of disease that demonstrated the highest Stouffer’s Z-score
was nasopharyngeal cancer (n=1) (0.208 (95% Cl 0.109, 0.304), while ovarian cancer (n=1) demonstrated

the lowest Stouffer’s Z-score (-0.071 (95% Cl -0.087, -0.055).

Adjusting for the type of selection of the control group participants generated a between-study
heterogeneity Q of 0.25 (p = 0.882). Adjusting for whether or not cases and controls were related, the
between-study heterogeneity Q of 15.46 (p = 4.40 x 10™*) accounted for 2.34% of total heterogeneity.

Studies that reported a cryptic relationship between the cases and controls demonstrated a summary
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Stouffer’s Z-score that bordered on insignificance. Reporting on whether or not cases and controls were

drawn from the same population generated a between-study heterogeneity Q of 2.30 (p = 0.129).

The between-study heterogeneity when adjusting for type of data source generated a Q of 7.52
(p =0.023), accounting for 2.30% of total heterogeneity. Studies that built their data on pre-existing data
demonstrated a summary Stouffer’s Z-score lower than the overall pooled Stouffer’s Z-score, while
studies that primarily collected their data demonstrated a summary Stouffer’s Z-score higher than the
overall pooled Stouffer’s Z-score. Univariate meta-regression under a random effects model using
unrestricted maximum likelihood, adjusting for reporting a power/sample size calculation, generated a

between-study heterogeneity Q of 0.79 (p = 0.373).

Adjusting for reporting testing for deviation from Hardy-Weinberg equilibrium generated a
between-study heterogeneity Q of 0.39 (p = 0.532). Among the studies that did report on Hardy-
Weinberg equilibrium, the between-study heterogeneity generated a Q of 1.93 (p = 0.382). Reporting
whether or not population stratification was assessed generated a between-study heterogeneity Q of

<0.01 (p = 0.975).

Adjusting for whether or not studies detected/duplicated previous results generated a between-
study heterogeneity Q of 0.65 (p = 0.422). The between-study heterogeneity when adjusting for
whether or not evidence was provided for a functional role of the polymorphism generated a Q of 0.16
(p =0.691). Reporting whether or not supplementary material accompanied the journal article
generated a between-study heterogeneity Q of 30.57 (p = 3.23 x 10°®), accounting for 5.40% of the total
heterogeneity. Deviation from the overall Stouffer’s Z-score was seen for both studies that included

supplementary material and those that did not include supplementary material.
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Table 9: Results of Meta-Regression Analysis of Index Components of Genome-Wide Association Studies

in Cancer (Discrete Variables): 40 studies

Methodological Characteristic Count Stouffer’s 95% Cl
Z-score
Journal
Cancer Research 3 0.072 (0.052, 0.093)
Gastroenterology 1 0.189 (0.148, 0.229)
International Journal of Cancer 1 -0.102 (-0.170, -0.033)
Journal of Human Genetics 1 0.208 (0.109, 0.304)
Journal of the National Cancer Institute 1 0.177 (0.082, 0.269)
Nature 1 0.092 (0.062, 0.121)
Nature Genetics 31 0.067 (0.052, 0.083)
The New England Journal of Medicine 1 0.111 (0.076, 0.146)
Country of Origin of Study
Japan 1 0.189 (0.148, 0.229)
United Kingdom 5 0.072 (-0.022, 0.165)
United States of America 5 0.089 (0.061,0.117)
Multi-centre 29 0.066 (0.050, 0.081)
What disease was the study investigating?
Acute lymphoblastic leukemia 2 0.107 (0.010, 0.202)
Breast cancer 4 0.067 (0.039, 0.095)
Chronic lymphocytic leukemia 1 0.112 (0.068, 0.156)
Colorectal cancer 5 0.039 (-0.017, 0.095)
Cutaneous basal cell carcinoma 1 0.030 (0.019, 0.040)
Esophageal cancer 1 0.189 (0.148, 0.229)
Glioma 2 0.078 (0.059, 0.097)
Lung cancer 6 0.064 (0.027,0.101)
Melanoma 2 0.117 (0.094, 0.140)
Nasopharyngeal carcinoma 1 0.208 (0.109, 0.304)
Neuroblastoma 2 0.115 (0.089, 0.141)
Ovarian cancer 1 -0.071 (-0.087, -0.054)
Pancreatic cancer 1 0.076 (0.044, 0.107)
Prostate cancer 7 0.072 (0.040, 0.103)
Testicular germ cell cancer 1 0.166 (0.111, 0.221)
Thyroid cancer 1 0.037 (0.027,0.047)
Urinary bladder cancer 2 0.046 (-0.004, 0.096)
Was the control group:
Population-based with identified sampling frame 7 0.072 (0.043, 0.102)
Hospital or other non-population-based specific group 25 0.077 (0.059, 0.095)
(i.e. blood donors)
Mix of population-based and specific group 8 0.065 (0.018, 0.111)
Were case/control groups related?
Yes (cryptic relationship) 12 0.100 (0.071, 0.129)
Yes (direct relationship) 7 0.039 (0.027, 0.052)
No 21 0.071 (0.039, 0.102)
Were cases/controls drawn from the same population?
Yes 19 0.084 (0.066, 0.102)
No 21 0.063 (0.044, 0.083)
Was the data source:
Primary collection and analysis 10 0.066 (0.049, 0.082)
Building on pre-existing data through further collection 27 0.107 (0.082, 0.133)
N/A 3 0.088 (0.046, 0.131)
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Did the study report power/sample size calculations?

Yes 9 0.058 (0.019, 0.098)
No 31 0.078 (0.062, 0.093)
Was deviation from HWE tested?
Yes 33 0.076 (0.061, 0.091)
No 7 0.031 (-0.110, 0.171)
If so, what was the result?
Equilibrium 3 0.149 (0.045, 0.250)
Non-equilibrium (controls included in further analyses) 4 0.081 (0.062, 0.099)
Non-equilibrium (controls excluded from further 26 0.076 (0.058, 0.093)
analyses)
Was population stratification assessed?
Yes 29 0.043 (0.039, 0.047)
No 11 0.045 (0.039, 0.052)
Did the study detect/duplicate previously known results?
Yes 6 0.066 (0.025, 0.107)
No 34 0.084 (0.066, 0.103)
Was evidence provided for a functional role of the
polymorphism?
Yes 14 0.085 (0.053, 0.116)
No 26 0.077 (0.060, 0.094)
Did supplementary material accompany the journal article?
Yes 37 0.076 (0.060, 0.092)
No 3 0.192 (0.154, 0.229)
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Figure 2: Forest Plots of Results of Meta-Regression Analysis of Index Components of Genome-Wide
Association Studies in Cancer (Discrete Variables)
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Univariate meta-regression under a random effects model using unrestricted maximum
likelihood, adjusting for journal impact factor, generated a between-study heterogeneity Q of 0.13 (p =

0.721) (Table 10, Figure 3).

Adjusting for the number of participants recruited for the case group, the between-study
heterogeneity Q of 6.73 (p = 0.009) accounted for 1.02% of total heterogeneity. Reported Stouffer’s Z-
scores tended to decrease as the number of participants in the case group recruited increased.
Reporting the number of participants in the case group analyzed generated a between-study
heterogeneity Q of 6.16 (p = 0.013), 0.93% of the total heterogeneity. Reported Stouffer’s Z-scores
tended to decrease as the number of participants in the control group analyzed increased. Adjusting for
the number of participants recruited for the control group, the between-study heterogeneity Q of 6.19
(p =0.013) accounted for 0.94% of total heterogeneity. Reported Stouffer’s Z-scores tended to decrease
as the number of participants in the control group recruited increased. Reporting the number of
participants in the control group analyzed generated a between-study heterogeneity Q of 6.11 (p =
0.013), 0.93% of the total heterogeneity. Reported Stouffer’s Z-scores tended to decrease as the

number of participants in the control group analyzed increased.

Adjusting for the number of SNPs originally tested, the between-study heterogeneity Q was 1.39
(p =0.239). Reporting the number of SNPs included in the analysis generated a between-study
heterogeneity Q of 0.25 (p = 0.618). Adjusting for the length of reference material included (given that

reference material was included), the between-study heterogeneity Q was 0.01 (p = 0.924).
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Table 10: Results of Meta-Regression Analysis of Index Components of Genome-Wide Association

Studies in Cancer (Continuous Variables)

Methodological Characteristic Slope 95% Cl Q-value (p-value)

Journal Impact Factor -0.00095 (-0.00159, -0.00032) 0.13(0.721)
Number of study participants in case group recruited -0.00001 (-0.00001, -0.00001) 6.73 (0.009)
Number of study participants in case group analyzed -0.00001 (-0.00001, -0.00001) 6.16 (0.013)
Number of study participants in control group <-0.00001 | (<-0.00001, <-0.00001) 6.19 (0.013)
recruited

Number of study participants in control group <-0.00001 | (<-0.00001, <-0.00001) 6.11 (0.013)
analyzed

How many SNPs were originally tested? <0.00001 (<0.00001, <0.00001) 1.39(0.239)
How many SNPs were included in the analysis? <0.00001 (<0.00001, <0.00001) 0.25 (0.618)
If reference material was included, how long was it? 0.00041 (0.00022, 0.00060) 0.01 (0.924)
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Figure 3: Scatter Plots of Results of Meta-Regression Analysis of Index Components of Genome-Wide
Association Studies in Cancer (Continuous Variables)
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2.2 Review and Analysis of Reporting of Index Components of Neuropsychiatric Disorders

Since the objective of the index components of a genome-wide association study is to discover
gene-disease associations with a high degree of confidence that are not false-positive results, the
primary outcome measure is the reported measure of uncertainty (p-value) for the genetic model
considered in the primary analysis. If the index components did not report a measure of uncertainty (p-
value) within the abstract, then the entire study was reviewed to identify the most extreme reported

measure of uncertainty (p-value).

Descriptive Statistics

The seventy-four genome-wide association studies of neuropsychiatric disorders that were

selected for analysis™***?

were published in 24 different journals whose median impact factor was 7.2
(range: 2.2 to 50.0). Multiple research centres in different countries were involved in 74.3% (n=55) of
the studies, while 20.3% (n=15) were performed wholly in the USA, 4.1% (n=3) in Japan and 1.4% (n=1)
in the UK. In the majority (67.6% (n=50)), supplementary material accompanied the journal article, with

the median length of the supplementary material package being 17 pages (range: 2 to 443 pages). The

studies reported on sixteen different neuropsychiatric disorders (Figure 5).
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Figure 4: Neuropsychiatric Disorders Included in the Study Sample (n=74)
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The index components of neuropsychiatric diseases typically recruited less than 5,000 study
participants (82.4%, n=61; Table 11); the median number of study participants recruited was 1,965.5
(range: 71-18,451). In 62.2% (n=46) of studies, the control group was recruited from a hospital or
another non-population-based specific group setting (e.g., blood donors), and the data source was built
on pre-existing data through further collection 45.9% (n=34) of the time. Only two studies failed to
report the sample handling/genotyping process or methods of quality assurance (2.7%). The minority of
studies, 12 of 74, reported on quality assurance (16.2%) and only 28 studies reported on a
power/sample size calculation relating to their study size (37.8%). In two-thirds of the studies (66.2%,
n=49), case and control groups were explicitly reported as being unrelated to each other. In just under
two-thirds of the studies (62.2%, n=46) case and control groups were reported as having been not
chosen from the same source population. All of the studies reported using similar DNA extraction
methods when collecting data from the case and control groups, however any specifics regarding
quantity/quality of DNA were poorly reported overall (as determined through the pilot study process, it
was difficult to identify any reasonable way to extract information regarding the specifics of the
quantity/quality of DNA used in the index components). Finally, 20.3% (n=15) of the studies investigated
<500,000 SNPs, 70.3% (n=52) 500,000-999,999 SNPs and the remainder (9.4%, n=7) 21,000,000 SNPs.

The median number of SNPs originally tested was 550,000 (range: 100,000 to 1,631,003).
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Table 11: Design and Conduct of Index Components of Genome-Wide Association Studies in

Neuropsychiatric Disorders

Methodological Characteristic Count Percent

Number of study participants recruited:

<5000 61 82.4

5001-9999 5 6.8

>10,000 8 10.8
Was the control group:

Population-based with identified sampling frame, 16 21.6

Population-based with unidentified sampling frame, 0 0.0

Hospital or other non-population-based specific group (i.e. blood donors), 46 62.2

Mix of population-based and specific group, 5 6.8

Other/can’t tell? 7 9.5
Was the data source:

Primary collection and analysis, 27 36.5

Building on pre-existing data through further collection, 0 45.9

Secondary analysis of pre-existing data? 34 0.00

N/A 13 17.6
Was the sample handling/genotyping process described?

Yes 72 97.3

No 2 2.7
Was quality assurance reported?

Yes 62 83.8

No 12 16.2
Did the study report power/sample size calculations?

Yes 28 37.8

No 46 62.2
Were case/control groups related?

Yes (cryptic relationship) 19 25.7

Yes (direct relationship) 6 8.1

No 49 66.2
Were cases/controls drawn from the same population?

Yes 28 37.8

No 46 62.2
Were DNA extraction methods different for cases/controls?

Yes 0 0.0

No 74 100.0
How many SNPs were originally tested?

<500,000 15 20.3

500,000-999,999 52 70.3

>1,000,000 7 9.4
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Hardy-Weinberg equilibrium was assessed in the control groups in 57 of 74 (77.0%) of the index
components of genome-wide association studies in neuropsychiatric disorders. Of these 57 studies,
7.0% found the SNPs of the control group satisfied equilibrium (n=4), 10.5% included the SNPs of the
individuals in the control group that did not satisfy equilibrium (n=6) and 82.5% excluded the SNPs of

the individuals in the control group that did not satisfy equilibrium (n=47).

As seen in Table 12, population stratification (by any means) was assessed in 67.6% (n=50) of
the studies. As would be expected from the number of subjects recruited (Table 11), the data analyzed
in the index components typically related to less than 5,000 study participants, while the median
proportion of study participants whose data were included in analysis was 95.9% of those recruited. On
average, 15.3% of SNPs originally selected for testing were excluded from analysis. The median number
of SNPs analyzed was 437,127 (range: 100,000 to 1,564,797), compared with a median of 550,000
targeted by the arrays. The majority of studies reported on both the genome-wide threshold p-value
(70.3%, n=52), and the number of SNPs that crossed the genome-wide threshold p-value (70.3%, n=52).
In the index components, previously-known results were reported to have been investigated and

detected/duplicated in only 1.4% of the studies (n=1).
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Table 12: Analysis of Index Components of Genome-Wide Association Studies in Neuropsychiatric

Disorders
Methodological Characteristic Count Percent

Was population stratification assessed?

Yes 50 67.6

No 24 32.4
Number of study participants analyzed:

<5000 63 85.1

5001-9999 4 5.41

210,000 7 9.46
How many SNPs were included in the analysis?

<500,000 46 62.2

500,000-999,999 22 29.7

>1,000,000 6 8.1
Was the genome-wide threshold p-value reported?

Yes 52 70.3

No 22 29.7
Was the number of SNPs that crossed the genome-wide threshold p-value reported?

Yes 52 70.3

No 22 29.7
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Meta-Analysis

Out of the seventy-four genome-wide association studies in neuropsychiatric disorders that
were chosen for analysis, thirty-six were included in the meta-analysis. The list of excluded studies along
with each study’s reason for exclusion is presented in Table 13. In Dunckley 2007**° and Zhang 2007,
the most extreme reported measure of uncertainty (p-value) was not reported. Therefore, these two

studies were not included in the meta-analysis.
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Table 13: List of Excluded Studies Along with Reason for Exclusion in the Meta-Analysis of Index
Components of Genome-wide Association Studies in Neuropsychiatric Disorders

Study

Journal

Studies Excluded Because Direction of Effect Not Specified

Abraham 2008 BMC MED GENOM
Anney 2008™° AM J MED GENET B
Baum 2008 MOL PSYCHIATR

Beecham 2009™ AM J HUM GENET

Bertram 2008 AM J HUM GENET
Blauw 2008™* LANCET NEUROL

Chio 2009 HUM MOL GENET

Coon 2007 J CLIN PSYCHIAT
Cronin 2008 HUM MOL GENET
Ferreira 2008™! NAT GENET
Feulner 2009'* MOL PSYCHIATR

Hattori 2009

AM J MED GENET B

Heinzen 2009™’

J ALZHEIMERS DIS

Huentelmann 2007

HUM MOL GENET

Kirov 2009'%

MOL PSYCHIATR

Landers 2009™

PROC NATL ACAD SCI USA

Lasky-Su 2008'*

AM J MED GENET B

Lasky-Su 2008

AM J MED GENET B

Latourelle 2009'%

BMC MED GENET

Lesch 2008™7 JNEURAL TRANSM
Li 2008™® ARCH NEUROL
Ma 2009 ANN HUM GENET
Mead 2008™! LANCET NEUROL
Mick 2008 AM J MED GENET B
Muglia 2008 MOL PSYCHIATR
Need 2009™7 PLOS GENET
Otowa 2009™ J HUM GENET
Poduslo 2009 AM J MED GENET B
Potkin 2009 PLOS ONE
Shi 2009 NATURE
Shifman 2008'"° MOL PSYCHIATR
Shyn 2009'"* MOL PSYCHIATR

Sonuga-Barke 2008'"°

AM J MED GENET B

Sonuga-Barke 2008""

AM J MED GENET B

van den Oord 2008

ARCH GEN PSYCHIAT

Winkelmann 2007

NAT GENET

Studies Excluded Because Most Extreme p-value Not Reported

Dunckley 2007"°

NEW ENGL J MED

Zhang 2009'”

MOL PSYCHIATR
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The overall pooled regression coefficient produced from the meta-regression under a random
effects model, Stouffer’s Z-score and 95% confidence limit (a summary statistic used for the meta-
analysis of proportions (e.g., p-value)), for the index components of genome-wide association studies in
neuropsychiatric disorders was 0.072 (95% Cl 0.046, 0.099). There was considerable heterogeneity

between studies (Q 983.05 (p < 0.001); I” statistic 96.4).

The journal accounted for 6.69% of the total heterogeneity between studies, with a Q of 65.80
(p = 4.72 x 10”°). However, the only journals in which more than three studies were included were
Molecular Psychiatry (n=5), Nature (n=5), and Nature Genetics (n=12), for which the summary Stouffer’s
Z-scores were 0.015 (95% ClI -0.003, 0.033), 0.101 (95% CI 0.093, 0.108) and 0.171 (95% Cl 0.120, 0.221)

respectively. Country of origin of study demonstrated a Q of 6.70 (p = 0.082).

The type of disease accounted for 16.61% of total heterogeneity (Q 163.25 (p = <1.00 x 10™)).
Only the studies that were performed on Alzheimer’s disease (n=4), amyotrophic lateral sclerosis (n=6),
autism (n=2), bipolar disorder (n=4), Parkinson’s disease (n=5) and schizophrenia (n=7) showed
significant heterogeneity. The type of disease that demonstrated the highest Stouffer’s Z-score was
narcolepsy (n=2) (0.165 (95% Cl 0.126, 0.203)), while attention deficit/hyperactivity disorder (n=6)

demonstrated the lowest Stouffer’s Z-score (-0.086 (95% Cl -0.123, -0.048)).

Adjusting for the type of selection of the control group participants generated a between-study
heterogeneity Q of 3.51 (p = 0.320). Adjusting for whether or not cases and controls were related, the
between-study heterogeneity Q was 0.16 (p = 0.925). Reporting on whether or not cases and controls

were drawn from the same population generated a between-study heterogeneity Q of 0.67 (p = 0.413).

The between-study heterogeneity when adjusting for type of data source generated a Q of 1.23

(p =0.539). Univariate meta-regression under a random effects model using unrestricted maximum
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likelihood, adjusting for reporting a power/sample size calculation, generated a between-study
heterogeneity Q of 5.16 (p = 0.023), and showed that between-study heterogeneity accounted for 0.53%
of total heterogeneity. Studies that reported a power/sample size calculation demonstrated a summary

Stouffer’s Z-score that was dissimilar from the overall pooled Stouffer’s Z-score.

Adjusting for reporting testing for deviation from Hardy-Weinberg equilibrium generated a
between-study heterogeneity Q of 0.03 (p = 0.960). Among the studies that did report on Hardy-
Weinberg equilibrium, the between-study heterogeneity generated a Q of 2.75 (p = 0.097). Reporting
whether or not population stratification was assessed generated a between-study heterogeneity Q of

<0.01 (p = 0.984).

Adjusting for whether or not studies detected/duplicated previous results generated a between-
study heterogeneity Q of 0.44 (p = 0.509). The between-study heterogeneity when adjusting for
whether or not evidence was provided for a functional role of the polymorphism generated a Q of 2.76
(p = 0.096). Reporting whether or not supplementary material accompanied the journal article

generated a between-study heterogeneity Q of 2.52 (p = 0.113).
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Table 14: Results of Meta-Regression Analysis of Index Components of Genome-wide Association

Studies in Neuropsychiatric Disorders (Discrete Variables): 36 studies

Methodological Characteristic Count Stouffer’s 95% Cl
Z-score
Journal
American Journal of Medical Genetics Part B 2 0.031 (-0.198, 0.257)
(Neuropsychiatric Genetics)
BMC Medical Genetics 1 0.210 (0.129, 0.289)
European Journal of Human Genetics 1 0.108 (0.063, 0.152)
Human Genetics 1 0.112 (0.065, 0.158)
Molecular Psychiatry 5 0.042 (-0.061, 0.145)
Nature 5 0.003 (-0.050, 0.057)
Nature Genetics 12 0.104 (0.059, 0.149)
Neuron 1 0.171 (0.120, 0.221)
PLoS Genetics 1 0.071 (0.038, 0.105)
Proceedings of the National Academy of Sciences of the 1 0.039 (0.025, 0.054)
United States of America
Science 1 0.139 (0.058, 0.218)
The American Journal of Human Genetics 1 0.110 (0.055, 0.165)
The Lancet Neurology 3 0.041 (-0.189, 0.267)
The New England Journal of Medicine 1 0.047 (0.032, 0.063)
Country of origin of study
Japan 1 0.121 (0.088, 0.154)
United Kingdom 1 0.078 (0.050, 0.106)
United States of America 8 0.055 (0.042, 0.068)
Multi-centre 26 0.059 (0.053, 0.064)
What disease was the study investigating?
Alzheimer’s disease 4 0.143 (0.035, 0.248)
Amyotrophic lateral sclerosis 6 0.120 (0.073, 0.167)
Attention deficit/hyperactivity disorder 1 -0.086 (-0.123,-0.048)
Autism 2 -0.014 (-0.145, 0.118)
Bipolar disorder 4 0.070 (0.042, 0.097)
Essential tremor 1 0.042 (0.026, 0.058)
Major depressive disorder 1 -0.084 (-0.117,-0.051)
Narcolepsy 2 0.165 (0.126, 0.203)
Parkinson’s disease 5 0.059 (-0.014, 0.131)
Progressive supranuclear palsy 1 0.110 (0.055, 0.165)
Restless legs syndrome 2 0.053 (0.032, 0.074)
Schizophrenia 7 0.048 (-0.013, 0.108)
Was the control group:
Population-based with identified sampling frame 7 0.020 (-0.061, 0.101)
Hospital or other non-population-based specific group 22 0.077 (0.050, 0.103)
(i.e. blood donors) 0.092 (0.009, 0.173)
Mix of population-based and specific group 5 0.127 (0.046, 0.206)
N/A 2
Were case/control groups related?
Yes (cryptic relationship) 13 0.068 (0.025, 0.112)
Yes (direct relationship) 2 0.031 (-0.198, 0.257)
No 21 0.074 (0.039, 0.108)
Were cases/controls drawn from the same population?
Yes 12 0.088 (0.024, 0.151)
No 24 0.059 (0.034, 0.085)
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Was the data source:

Primary collection and analysis 13 0.012 (-0.000, 0.025)
Building on pre-existing data through further collection 21 0.070 (0.064, 0.075)
N/A 2 0.019 (-0.010, 0.047)
Did the study report power/sample size calculations?
Yes 23 0.044 (0.001, 0.086)
No 13 0.101 (0.077,0.124)
Was deviation from HWE tested?
Yes 30 0.070 0.041 (0.098)
No 6 0.066 -0.054 (0.185)
If so, what was the result?
Non-equilibrium (controls included in further analyses) 3 -0.065 (-0.101, -0.029)
Non-equilibrium (controls excluded from further 27 0.063 (0.058, 0.068)
analyses)
Was population stratification assessed?
Yes 28 0.072 (0.039, 0.105)
No 8 0.073 (0.034,0.111)
Did the study detect/duplicate previously known results?
Yes 1 0.087 (0.052,0.122)
No 35 0.072 (0.045, 0.099)
Was evidence provided for a functional role of the
polymorphism?
Yes 14 0.100 (0.055, 0.144)
No 22 0.054 (0.024, 0.084)
Did supplementary material accompany the journal article?
Yes 28 0.058 (0.030, 0.087)
No 8 0.130 (0.046, 0.212)
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Figure 5: Forest Plots of Results of Meta-Regression Analysis of Index Components of Genome-wide
Association Studies in Neuropsychiatric Disorders (Discrete Variables)
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Univariate meta-regression under a random effects model using unrestricted maximum

likelihood, adjusting for journal impact factor, generated a between-study heterogeneity Q of 0.04 (p =

0.845) (Table 15, Figure 7).

Adjusting for the number of participants recruited for the case group, the between-study

heterogeneity Q was 0.76 (p = 0.383). Reporting the number of participants in the case group analyzed

generated a between-study heterogeneity Q of 0.72 (p = 0.395). Adjusting for the number of

participants recruited for the control group, the between-study heterogeneity Q was 0.60 (p = 0.437).

Reporting the number of participants in the control group analyzed generated a between-study

heterogeneity Q of 0.54 (p = 0.461).

Adjusting for the number of SNPs originally tested, the between-study heterogeneity Q was 0.07

(p =0.799). Reporting the number of SNPs included in the analysis generated a between-study

heterogeneity Q of <0.01 (p = 0.948). Adjusting for the length of reference material included (given that

reference material was included), the between-study heterogeneity Q of 5.04 (p = 0.025) accounted for

0.51% of total heterogeneity. Reported Stouffer’s Z-scores tended to decrease as the length of reference

material included increased (given that reference material was included).

Table 15: Results of Meta-Regression Analysis of Index Components of Genome-wide Association
Studies in Neuropsychiatric Disorders (Continuous Variables)

Methodological Characteristic Slope 95% ClI Q-value (p-value)

Journal Impact Factor 0.00033 (-0.00007, 0.00072) 0.04 (0.845)
Number of study participants in case group recruited 0.00001 (0.00001, 0.00001) 0.76 (0.383)
Number of study participants in case group analyzed 0.00001 (<0.00001, 0.00001) 0.73 (0.395)
Number of study participants in control group <-0.00001 (<-0.00001, <0.00001) 0.60 (0.437)
recruited

Number of study participants in control group <-0.00001 | (<-0.00001, <-0.00001) 0.54 (0.461)
analyzed

How many SNPs were originally tested? <-0.00001 | (<-0.00001, <-0.00001) 0.07 (0.799)
How many SNPs were included in the analysis? <-0.00001 (<-0.00001, <0.00001) >0.01 (0.948)
If reference material was included, how long was it? -0.00040 (-0.00048, -0.00033) 5.04 (0.025)
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Figure 6: Scatter Plots of Results of Meta-Regression Analysis of Index Components of Genome-wide
Association Studies in Neuropsychiatric Disorders (Continuous Variables)
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2.3 Review and Analysis of Reporting of Replication Components of Cancer

Since the objective of the replication components embedded within a genome-wide association
study is to identify if the association identified in the index components can be replicated (followed by
an estimation of the magnitude of association given one exists), the secondary outcome measure is the
reported odds ratio of the replication components. If the replication components did not report an odds
ratio within the abstract, then the entire study was reviewed to identify the most extreme reported
odds ratio. As certain features of the index and replication components of genome-wide association
studies are correlated, some of the features of each journal article will be reviewed in both parts of the

analysis.

Descriptive Statistics

Of the fifty-three genome-wide association studies in cancer originally chosen for analysis,®****®

45 included at least one replication component (84.9%). The vast majority of the studies investigated
replication of effect in 5 or less unique data sets (84.4%, n=38), while the median number of individual
replications was 2 (range: 1-12). Of the 45 replication components, only one study failed to replicate
their index component results in an independent sample (2.2%), and all of the replication components
utilized similar approaches to ascertain case and control groups in both the index and replication

components.

The replication components of cancer typically recruited less than 5,000 study participants
(42.2%, n=19; Table 16); the median number of study participants recruited across all replications was
5,520 (range: 350-44,331). In 66.7% (n=30) of studies, the control group was recruited from a mix of
population-based and specific non-population-based group samples (e.g., blood donors), and in just over

half of the studies (55.6%, n=25) replication was performed built on pre-existing data through further
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collection. Only two studies did not report the sample handling/genotyping process or methods of
quality assurance (4.4%). However, only a minority of studies, 4 of 45 (8.9%), reported on the outcome
of quality assurance. Only six studies (13.3%) reported a power/sample size calculation relating to their
study size. In almost all of the studies (93.3%, n=42), case and control groups were explicitly reported to
be unrelated to each other, and in about two-thirds (62.2%, n=28) case and control groups were
reported to have been chosen from the same population. All of the studies used similar DNA extraction
methods when collecting data from the case and control groups, however any specifics regarding
quantity/quality of DNA were poorly reported overall (as identified through the pilot study process, it
was difficult to identify any reasonable way to extract information regarding the specifics of the
quantity/quality of DNA used in the replication components). Finally, the median number of SNPs tested
was 10 (range: 1to 121,232); 17 studies (37.8%) sought to replicate <10 SNPs, 21 (46.7%) 10-99 SNPs,

and 5 (11.1%) =100.

83



Table 16: Design and Conduct of Replication Components of Genome-Wide Association Studies in

Cancer
Methodological Characteristic Count Percent

Number of study participants recruited:

<5000 19 42.2

5001-9999 16 35.6

210,000 10 22.2
Was the control group:

Population-based with identified sampling frame, 7 15.5

Population-based with unidentified sampling frame, 0 0.00

Hospital or other non-population-based specific group (i.e. blood donors), 8 17.8

Mix of population-based and specific group, 30 66.7

Other/can’t tell? 0 0.00
Was the data source:

Primary collection and analysis, 10 22.2

Building on pre-existing data through further collection, 25 55.6

Secondary analysis of pre-existing data? 0 0.00

N/A 10 22.2
Was the sample handling/genotyping process described?

Yes 43 95.6

No 2 4.4
Was quality assurance reported?

Yes 41 91.1

No 4 8.9
Did the study report power/sample size calculations?

Yes 6 133

No 39 86.7
Were case/control groups related?

Yes (cryptic relationship) 2 4.4

Yes (direct relationship) 1 2.2

No 42 93.3
Were cases/controls drawn from the same population?

Yes 28 62.2

No 17 37.8
Were DNA extraction methods different for cases/controls?

Yes 0 0.0

No 45 100.0
How many SNPs were included in the replication component?

<10 17 37.8

10-99 21 46.7

>100 5 11.1

N/A 2 4.4
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Hardy-Weinberg equilibrium was assessed in 26.7% of replication components in cancer (n=12).
Of these, one-quarter found the SNPs of the control group satisfied equilibrium (n=3), 16.7% included
the SNPs of the individuals in the control group that did not satisfy equilibrium (n=2), 16.7% excluded
the SNPs of the individuals in the control group that did not satisfy equilibrium (n=2), and 41.7% did not
report the result (n=5). The replication components confirmed the results of the original study 91.1% of

the time (n=41).

Meta-Analysis

Out of the fifty-three genome-wide association studies in cancer that were chosen for analysis,
forty-five performed replication components. Of these forty-five studies, forty-one were included in the
meta-analysis. The list of excluded studies along with each study’s reason for exclusion is presented in
Table 17.

Table 17: List of Excluded Studies Along with Reason for Exclusion in the Meta-Analysis of Replication
Components of Genome-wide Association Studies in Cancer

Study | Journal
Studies Excluded Because of Asymmetric Confidence Limits*
Capasso 20097 NAT GENET
Eeles 2008”7 NAT GENET
Shete 2009” NAT GENET
Studies Excluded Because Confidence Limits Not Reported
Spain 2009""" | CANCER RES

*confidence limits were considered asymmetric if the reported upper and lower limits were not equivalent to one another
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The overall pooled regression coefficient produced from the meta-regression under a random
effects model, odds ratio and 95% confidence limit (a summary statistic used to identify effect size), for
the replication components of genome-wide association studies in cancer was 1.34 (95% Cl 1.25, 1.43).

There was considerable heterogeneity between studies (Q 595.84 (p < 0.001); I” statistic 93.3).

The journal accounted for 9.44% of the total heterogeneity between studies, with a Q of 56.27
(p = 6.98 x 10”°). However, the only journal in which more than two studies were included was Nature
Genetics (n=31), for which the summary odds ratio was 1.30 (95% Cl 1.19, 1.42) (Table 18 and Figure 9).

Country of origin of study generated a Q of 5.37 (p = 0.147).

The type of disease accounted for 39.20% of total heterogeneity (Q of 233.56 (p = <1.00 x 10™)).
Only the studies that were performed on breast cancer (n=6), colorectal cancer (n=6) and lung cancer
(n=5) showed significant heterogeneity. The type of disease that demonstrated the highest odds ratio
was testicular germ cell cancer (n=1) (3.08 (95% Cl 2.29, 4.14), while follicular lymphoma (n=1)
demonstrated the lowest odds ratio (0.43 (95% Cl 0.22, 0.84). Reporting on how many replication
samples were used generated a between-study heterogeneity Q of 22.68 (p = 6.96 x 10°), 3.81% of the

total heterogeneity.

Adjusting for selection of the control group participants generated a between-study
heterogeneity Q of 1.34 (p = 0.511). Adjusting for whether or not cases and controls were related, the
between-study heterogeneity Q was 0.45 (p = 0.799). Reporting on whether or not cases and controls

were drawn from the same population generated a between-study heterogeneity Q of 0.47 (p = 0.792).

The between-study heterogeneity when adjusting for type of data source generated a Q of 0.69
(p = 0.709). Reporting a method to assess quality generated a between-study heterogeneity Q of <0.01

(p =0.928). Univariate meta-regression under a random effects model using unrestricted maximum
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likelihood, adjusting for reporting a power/sample size calculation, generated a between-study

heterogeneity Q of 3.10 (p = 0.079).

Adjusting for reporting testing for deviation from Hardy-Weinberg equilibrium generated a
between-study heterogeneity Q of 6.46 (p = 0.011), and showed that between-study heterogeneity
accounted for 1.08% of total heterogeneity. Studies that reported testing for deviation from Hardy-
Weinberg equilibrium were not significant when compared to those that reported not testing for
deviation from Hardy-Weinberg equilibrium. Among the studies that did report on Hardy-Weinberg

equilibrium, the between-study heterogeneity generated a Q of 0.35 (p = 0.950).

87



Table 18: Results of Meta-Regression Analysis of Replication Components of Genome-wide Association

Studies in Cancer (Discrete Variables): 41 studies

Methodological Characteristic Count Odds Ratio 95% Cl
Journal
Cancer Letters 1 0.50 (0.31, 0.82)
Cancer Research 1 1.35 (1.05, 1.73)
Gastroenterology 1 1.63 (1.37,1.94)
Journal of Human Genetics 1 2.24 (1.59, 3.15)
Journal of the National Cancer Institute 2 1.50 (1.02, 2.21)
Nature 31 1.26 (1.23, 1.29)
Nature Genetics 1 1.30 (1.19, 1.42)
Proceedings of the National Academy of 1 1.41 (1.25, 1.59)
Sciences of the United States of America
The American Journal of Human Genetics 1 2.13 (1.8, 2.70)
The New England Journal of Medicine 1 1.77 (1.12, 2.80)
Country of Origin of Study
Japan 1 1.63 (1.37,1.94)
United Kingdom 3 1.32 (1.24, 1.42)
United States of America 4 1.17 (0.79, 1.72)
Multi-centre 33 1.49 (0.77, 2.88)
What disease was the study investigating?
Breast cancer 6 1.36 (1.17, 1.58)
Chronic lymphocytic leukemia 1 1.65 (1.40, 1.95)
Colorectal cancer 6 1.08 (0.92, 1.25)
Cutaneous basal cell carcinoma 1 1.33 (1.11, 1.59)
Esophageal cancer 1 1.63 (1.37, 1.94)
Follicular lymphoma 1 0.43 (0.22,0.84)
Glioma 1 0.48 (0.32,0.72)
Lung cancer 5 1.24 (1.08, 1.43)
Melanoma 2 1.76 (1.37, 2.26)
Nasopharyngeal carcinoma 2 2.17 (1.78, 2.63)
Neuroblastoma 1 1.77 (1.12, 2.80)
Ovarian Cancer 1 0.88 (0.81, 0.95)
Pancreatic cancer 1 1.15 (1.05, 1.26)
Prostate cancer 8 1.46 (1.34, 1.61)
Testicular germ cell cancer 1 3.08 (2.29, 4.14)
Thyroid cancer 1 1.81 (1.45, 2.26)
Urinary bladder cancer 2 1.42 (1.19, 1.70)
How many replications were performed?
1 8 1.31 (1.11, 1.55)
2 13 1.46 (1.31, 1.63)
3 6 1.35 (1.03,1.78)
4 4 1.28 (0.69, 2.35)
5 3 1.41 (1.29, 1.53)
6 1 1.35 (1.05, 1.73)
7 2 1.46 (1.26, 1.69)
8 2 1.02 (0.75, 1.40)
9 1 0.56 (0.36, 0.86)
12 1 1.40 (1.02, 1.93)
Was the control group:
Population-based with identified sampling frame 6 1.53 (1.16, 2.02)
Hospital or other non-population-based specific group 6 1.32 (1.01, 1.73)
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(i.e. blood donors)

Mix of population-based and specific group 29 1.29 (1.29, 1.39)
Were case/control groups related?

Yes (cryptic relationship) 2 1.60 (0.93, 2.76)

Yes (direct relationship) 1 1.33 (1.112, 1.59)

No 38 1.32 (1.23,1.42)
Were cases/controls drawn from the same population?

Yes 27 1.35 (1.24, 1.46)

No 13 1.27 (1.09, 1.49)

N/A 1 1.40 (1.02, 1.93)
Was the data source:

Primary collection and analysis 9 1.28 (1.02, 1.60)

Building on pre-existing data through further collection 23 1.33 (1.22, 1.46)

N/A 9 1.39 (1.26, 1.54)
Was quality assurance reported?

Yes 38 1.34 (1.25, 1.44)

No 3 1.21 (1.09, 1.35)
Did the study report power/sample size calculations?

Yes 5 1.12 (0.91, 1.40)

No 36 1.38 (1.28, 1.49)
Was deviation from HWE tested?

Yes 6 1.14 (0.98, 1.31)

No 35 1.42 (1.30, 1.55)
If so, what was the result?

Equilibrium 2 0.97 (0.28, 3.42)

Non-equilibrium (controls included in further analyses) 2 1.12 (0.29, 4.31)

Non-equilibrium (controls excluded from further 2 1.37 (1.11, 1.68)

analyses)
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Figure 7: Forest Plots of Results of Meta-Regression Analysis of Replication Components of Genome-
wide Association Studies in Cancer (Discrete Variables)
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Univariate meta-regression under a random effects model using unrestricted maximum

likelihood, adjusting for journal impact factor, generated a between-study heterogeneity Q of 0.03 (p =

0.856) (Table 19, Figure 10). Adjusting for the number of participants recruited for the case group, the

between-study heterogeneity Q of 5.61 (p = 0.018) accounted for 1.09% of total heterogeneity.

Reported odds ratios tended to decrease as the number of participants in the case group increased.

Reporting the number of participants in the control group generated a between-study heterogeneity Q

of 1.38 (p = 0.240).

Table 19: Results of Meta-Regression Analysis of Replication Components of Genome-wide Association

Studies in Cancer (Continuous Variables)

Methodological Characteristic Slope 95% ClI Q-value (p-value)
Journal Impact Factor -0.01156 (-0.01546, -0.00765) 0.03 (0.856)
Number of study participants in case group -0.00002 (-0.00002, -0.00002) 5.61 (0.018)
Number of study participants in control group -0.00002 (-0.00002, -0.00002) 1.38 (0.240)
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Figure 8: Scatter Plots of Results of Meta-Regression Analysis of Replication Components of Genome-
wide Association Studies in Cancer (Continuous Variables)
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2.4 Review and Analysis of Reporting of Replication Components of Neuropsychiatric Disorders

Since the objective of the replication components embedded within a genome-wide association
study is to identify if the association identified in the index components can be replicated (followed by
an estimation of the magnitude of association given one exists), the secondary outcome measure is the
reported odds ratio of the replication components. If the replication components did not report an odds
ratio within the abstract, then the entire study was reviewed to identify the most extreme reported
odds ratio. As certain features of the index and replication components of the genome-wide association
study are correlated, some of the features of each journal article will be reviewed in both parts of the

analysis.

Descriptive Statistics

Of the seventy-four genome-wide association studies in neuropsychiatric disorders originally
chosen for analysis, 39 included at least one replication component (52.7%). The vast majority of the
studies investigated replication of effect in 5 or less unique data sets (97.4%, n=38), while the median
number of individual replications was 2 (range: 1-8). Of the 39 replication components, only one study
failed to replicate their index component results in an independent sample (2.6%), and all of the
replication components utilized similar approaches to ascertain case and control groups in both the

index and replication components.

The replication components of neuropsychiatric disorders typically recruited less than 5,000
study participants (71.8%, n=28, Table 20); the median number of study participants recruited across all
replications was 2,171 (range: 458-20,554). In 33.3% (n=13) of studies, the control group was recruited
from a hospital or other specific non-population-based group sample (e.g., blood donors), and in just

over half of the studies (51.3%, n=20) replication was performed built on pre-existing data through

99



further collection. Only two studies did not report the sample handling/genotyping process or methods
of quality assurance (5.1%). However, only a minority of studies, 9 of 39 (23.1%), reported on the
outcome of quality assurance. Only 16 studies (41.0%) reported a power/sample size calculation for
replication. In almost all of the studies (92.3%, n=36), case and control groups were explicitly reported
to be unrelated to each other, and in just under three-quarters (71.8%, n=28) case and control groups
were reported to have been not chosen from the same population. The vast majority of studies used
similar DNA extraction methods when collecting data from the case and control groups (94.9%, n=2),
however any specifics regarding quantity/quality of DNA were poorly reported overall (as identified
through the pilot study process, it was difficult to identify any reasonable way to extract information
regarding the specifics of the quantity/quality of DNA used in the replication components). Finally, the
median number of SNPs tested was 37.5 (range: 1 to 287,522); 7 studies (18.0%) sought to replicate <10

SNPs, 16 (41.0%) 10-99 SNPs, and 15 (38.5%) >100.
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Table 20: Design and Conduct of Replication Components of Genome-Wide Association Studies in

Neuropsychiatric Disorders

Methodological Characteristic Count Percent

Number of study participants recruited:

<5000 28 71.8

5001-9999 6 15.4

>10,000 5 12.8
Was the control group:

Population-based with identified sampling frame, 9 23.1

Population-based with unidentified sampling frame, 0 0.0

Hospital or other non-population-based specific group (i.e. blood donors), 13 33.3

Mix of population-based and specific group, 11 28.2

Other/can’t tell? 6 15.4
Was the data source:

Primary collection and analysis, 9 23.1

Building on pre-existing data through further collection, 20 51.3

Secondary analysis of pre-existing data? 0 0.0

N/A 10 25.6
Was the sample handling/genotyping process described?

Yes 37 94.9

No 2 5.1
Was quality assurance reported?

Yes 30 76.9

No 9 23.1
Did the study report power/sample size calculations?

Yes 16 41.0

No 23 59.0
Were case/control groups related?

Yes (cryptic relationship) 3 7.7

Yes (direct relationship) 0 0.0

No 36 92.3
Were cases/controls drawn from the same population?

Yes 11 28.2

No 28 71.8
Were DNA extraction methods different for cases/controls?

Yes 2 5.1

No 37 94.9
How many SNPs were included in the replication component?

<10 7 18.0

10-99 16 41.0

>100 15 38.5

N/A 1 2.5
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Hardy-Weinberg equilibrium was assessed in 25.6% of replication components in
neuropsychiatric disorders (n=10). Of these, half found the SNPs of the control group satisfied
equilibrium (n=5), 30.0% included the SNPs of the individuals in the control group that did not satisfy
equilibrium (n=3), and 20.0% excluded the SNPs of the individuals in the control group that did not
satisfy equilibrium (n=2). The replication components confirmed the results of the original study 74.4%

of the time (n=29).

Meta-Analysis

Out of the seventy-four genome-wide association studies in neuropsychiatric disorders that
were chosen for analysis, thirty-nine performed replication components. Of these thirty-nine studies,
twenty were included in the meta-analysis. The list of excluded studies along with each study’s reason

for exclusion is presented in Table 21.
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Table 21: List of Excluded Studies Along with Reason for Exclusion in the Meta-Analysis of Replication
Components of Genome-wide Association Studies in Neuropsychiatric Disorders

Study

Journal

Studies Excluded Because of Asymmetrical Confidence Limits*

Hallmayer 2009 Nature Genetics
Stefansson 2007 The New England Journal of Medicine
van Es 2009 Nature Genetics

Studies Excluded Because Odds Ratios Missing

Beecham 2009

The American Journal of Human Genetics

Bertram 2008

The American Journal of Human Genetics

Hattori 2009

American Journal of Medical Genetics Part B
(Neuropsychiatric Genetics)

Huentelmann 2007

Human Molecular Genetics

Landers 2009 Proceedings of the National Academy of Sciences of the
United States of America
Latourelle 2009 BMC Medical Genetics
Mead 2008 The Lancet Neurology
Sullivan 2009 Molecular Psychiatry
van den Oord 2008 Archives of General Psychiatry

Studies Excluded Because Confidence Limits Missing

Need 2009

PLoS Genetics

O’Donovan 2008

Nature Genetics

Simon-Sanchez 2009

Nature Genetics

Sklar 2008 Molecular Psychiatry
Smith 2009 Molecular Psychiatry
Wang 2009 Nature
Weiss 2009 Nature

*confidence limits were considered asymmetric if the reported upper and lower limits were not equivalent to one another
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The overall pooled regression coefficient produced from the meta-regression under a random
effects model, odds ratio and 95% confidence limit (a summary statistic used to identify effect size), for
the replication components of genome-wide association studies in neuropsychiatric disorders was 1.43
(95% C1 1.30, 1.57). There was considerable heterogeneity between studies (Q 145.52 (p < 0.001); I

statistic 86.9).

The journal accounted for 13.9% of the total heterogeneity between studies, with a Q of 20.15
(p = 0.028). However, the only journal in which more than two studies were collected from was Nature
Genetics (n=9), which generated a summary odds ratio of 1.43 (95% Cl 1.19, 1.71) (Table 22 and Figure

12). Country of origin of study generated a Q of 0.82 (p = 0.662).

The type of disease accounted for 12.9% of total heterogeneity (Q of 18.73 (p = 0.016)). Only the
studies that were performed on Alzheimer’s disease (n=4), amyotrophic lateral sclerosis (n=6) and
Parkinson’s disease (n=2) showed significant heterogeneity. The type of disease that demonstrated the
highest odds ratio was autism (n=1) (2.90 (95% Cl 1.03, 8.16), while schizophrenia demonstrated the
lowest odds ratio (n=2) (1.29 (95% Cl 1.18, 1.41). Reporting on how many replication samples were used

generated a between-study heterogeneity Q of 0.61 (p = 0.895).

Adjusting for selection of the control group participants generated a between-study
heterogeneity Q of 1.97 (p = 0.579). Adjusting for whether or not-cases and controls were related, the
between-study heterogeneity Q was <0.01 (p = 0.923). Reporting on whether or not cases and controls

were drawn from the same population generated a between-study heterogeneity Q of 1.18 (p = 0.278).

The between-study heterogeneity when adjusting for type of data source generated a Q of 4.52
(p=0.211). Reporting a method to assess quality generated a between-study heterogeneity Q of 0.05 (p

= 0.829). Univariate meta-regression under a random effects model using unrestricted maximum
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likelihood, adjusting for reporting a power/sample size calculation, generated a between-study

heterogeneity Q of 2.42 (p = 0.120).

Adjusting for reporting testing for deviation from Hardy-Weinberg equilibrium generated a
between-study heterogeneity Q of 3.62 (p = 0.057). Among the studies that did report on Hardy-

Weinberg equilibrium, the between-study heterogeneity generated a Q of 3.28 (p = 0.351).
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Table 22: Results of Meta-Regression Analysis of Replication Components of Genome-wide Association

Studies in Neuropsychiatric Disorders (Discrete Variables): 20 studies

Methodological Characteristic Count Odds Ratio 95% Cl
Journal
American Journal of Medical Genetics Part B 1 2.01 (1.44, 2.80)
(Neuropsychiatric Genetics)
Annals of Human Genetics 1 2.90 (1.03, 8.16)
Archives of Neurology 1 2.90 (1.03, 8.16)
European Journal of Human Genetics 1 1.33 (1.17, 1.52)
Human Molecular Genetics 2 1.25 (1.07, 1.46)
Molecular Psychiatry 1 1.59 (1.35, 1.87)
Nature 1 1.27 (1.15, 1.40)
Nature Genetics 9 1.43 (1.19,1.712)
PLoS Genetics 1 1.41 (1.13, 1.76)
The Lancet Neurology 1 2.12 (1.35, 3.33)
The New England Journal of Medicine 1 1.35 (1.13, 1.62)
Country of Origin of Study
Japan 1 1.41 (1.30, 1.53)
United States of America 4 1.56 (1.27, 1.93)
Multi-centre 15 1.41 (1.26, 1.58)
What disease was the study investigating?
Alzheimer’s disease 4 1.30 (0.92, 1.84)
Amyotrophic lateral sclerosis 6 1.32 (1.19, 1.45)
Autism 1 2.90 (1.03, 8.16)
Bipolar disorder 1 1.59 (1.35,1.87)
Essential tremor 1 1.73 (1.15, 2.60)
Narcolepsy 1 1.97 (1.34, 2.90)
Parkinson’s disease 2 1.62 (1.15, 2.28)
Restless legs syndrome 2 1.64 (1.43, 1.88)
Schizophrenia 2 1.29 (1.18, 1.41)
How many replications were performed?
1 5 1.65 (1.05, 2.57)
2 5 1.44 (1.30, 1.60)
3 4 1.39 (1.15, 1.67)
4 6 1.40 (1.26, 1.56)
Was the control group:
Population-based with identified sampling frame 7 1.59 (1.30, 1.94)
Hospital or other non-population-based specific group 6 1.39 (1.31, 1.48)
(i.e. blood donors) 1.32 (1.07, 1.63)
Mix of population-based and specific group 6
N/A 1 1.37 (1.20, 1.56)
Were case/control groups related?
Yes (cryptic relationship) 1 1.45 (1.16, 1.81)
No 19 1.43 (1.30, 1.58)
Were cases/controls drawn from the same population?
Yes 8 1.33 (1.10, 1.61)
No 12 1.50 (1.35, 1.67)
Was the data source:
Primary collection and analysis 5 1.49 (1.28, 1.73)
Building on pre-existing data through further collection 10 1.34 (1.18, 1.53)
N/A 5 1.53 (1.28, 1.83)

Was quality assurance reported?
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Yes 18 1.44 (1.33, 1.56)

No 2 1.32 (0.60, 2.91)
Did the study report power/sample size calculations?

Yes 10 1.33 (1.17, 1.52)

No 10 1.52 (1.37, 1.69)
Was deviation from HWE tested?

Yes 6 1.26 (1.07, 1.48)

No 14 1.50 (1.38, 1.63)
If so, what was the result?

Equilibrium 3 1.19 (0.85, 1.67)

Non-equilibrium (controls included in further analyses) 2 1.35 (1.00, 1.82)

Non-equilibrium (controls excluded from further 1 1.31 (1.08, 1.58)

analyses)

107




Figure 9: Forest Plots of Results of Meta-Regression Analysis of Replication Components of Genome-
wide Association Studies in Neuropsychiatric Disorders (Discrete Variables)
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Univariate meta-regression under a random effects model using unrestricted maximum

likelihood, adjusting for journal impact factor, generated a between-study heterogeneity Q of 1.40 (p =

0.236) (Table 23 and Figure 13). Adjusting for the number of participants recruited for the case group,

the between-study heterogeneity Q was 2.99 (p = 0.084). Reporting the number of participants in the

control group generated a between-study heterogeneity Q of 0.97 (p = 0.324).

Table 23: Results of Meta-Regression Analysis of Replication Components of Genome-wide Association
Studies in Neuropsychiatric Disorders (Continuous Variables)

Methodological Characteristic Slope 95% ClI Q-value (p-value)
Journal Impact Factor -0.00284 (-0.00602, 0.00034) 1.40 (0.236)
Number of study participants in case group -0.00004 (-0.00007, -0.00002) 2.99 (0.084)
Number of study participants in control group <-0.00000 (-0.00001, <0.00000) 0.97 (0.324)
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Figure 10: Scatter Plots of Results of Meta-Regression Analysis of Replication Components of Genome-
wide Association Studies in Neuropsychiatric Disorders (Continuous Variables)
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2.5 Study Size Effects

The funnel plot of precision by log odds ratio of the replication components of genome-wide
association studies in cancer is shown in Figure 11. The Classic fail-safe N value for this set of studies was
3278, implying that 3278 missing studies (86.26 missing studies for every 1 included study) would need
to be located and included in the analysis in order for the observed effect of publication bias to be
nullified, demonstrating that publication bias exists in this set of studies. Egger’s regression intercept
was 2.37 (95% Cl 0.69, 4.06).

Figure 11: Assessment of Publication Bias by Funnel Plot of Precision by Log odds ratio of the Replication
Components of Genome-wide Association Studies in Cancer
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The funnel plot of precision by log odds ratio of the replication components of genome-wide
association studies in neuropsychiatric disorders is shown in Figure 14. The Classic fail-safe N value for
this set of studies was 1432, implying that 1432 missing studies (75.37 missing studies for every 1
included study) would need to be located and included in the analysis in order for the observed effect of
publication bias to be nullified, demonstrating that publication bias exists in this set of studies. Egger’s
regression intercept was 2.11 (95% Cl -0.28, 4.50).

Figure 12: Assessment of Publication Bias by Funnel Plot of Precision by Log odds ratio of the Replication
Components of Genome-wide Association Studies in Neuropsychiatric Disorders
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The funnel plot of precision by log odds ratio of the index components of genome-wide
association studies in cancer is shown in Figure 4. The Classic fail-safe N value for this set of studies was
8953, implying that 8953 missing studies (223.83 missing studies for every 1 included study) would need
to be located and included in the analysis in order for the observed effect of publication bias to be
nullified, demonstrating that publication bias exists in this set of studies. Egger’s regression intercept

was 4.33 (95% Cl 2.23, 6.43).

Figure 13: Assessment of Publication Bias by Funnel Plot of Precision by Stouffer’s Z-score of the Index
Components of Genome-Wide Association Studies in Cancer
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The funnel plot of precision by log odds ratio of the index components of genome-wide
association studies in neuropsychiatric disorders is shown in Figure 8. The Classic fail-safe N value for
this set of studies was 5073, implying that 5073 missing studies (140.92 missing studies for every 1
included study) would need to be located and included in the analysis in order for the observed effect of
publication bias to be nullified, demonstrating that publication bias exists in this set of studies. Egger’s

regression intercept was 1.17 (95% Cl -2.57, 4.91).

Figure 14: Assessment of Publication Bias by Funnel Plot of Precision by Stouffer’s Z-score of the Index
Components of Genome-Wide Association Studies in Neuropsychiatric Disorders
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A summary of the results of the tests for publication bias is shown in Table 24.

Table 24: Results of Tests for Publication Bias in Index and Replication Components of Genome-wide
Association Studies in Cancer and Neuropsychiatric Disorders

Group Classic fail-safe N Classic fail-safe N Egger’s regression
(raw value) (rate/study) intercept

Index (Cancer) 8953 223.83 4.33 (2.23,6.43)
Index (Neuropsychiatric 5073 140.92 1.17 (-2.57, 4.91)
Disorders)
Replication (Cancer) 3278 86.26 2.37 (0.69, 4.06)
Replication 1432 75.37 2.11 (-0.28, 4.50)
(Neuropsychiatric
Disoders)
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DISCUSSION

Information collected from the independent samples of case-control studies investigating gene-
disease associations identified by Yesupriya et al*® (years of publication: 2001-2003 and 2006) and
Aljasir®® (2007) was compared to identify if any changes in reporting practices of genetic association
studies had occurred over time. The studies published in 2007 were significantly more likely to state that
this was the first study on the specific issue, use a larger group of study participants, report the available
power of the study, report that all genetic variants were examined for Hardy-Weinberg equilibrium, and
identify that any polymorphism failed Hardy-Weinberg equilibrium given that Hardy-Weinberg
equilibrium was examined. In contrast to this, the studies published in 2007 were significantly less likely
to report clear information regarding the population from which cases and controls were drawn, and
explicitly state the use of unrelated study participants. Given this information, we can identify a few

trends in the reporting of case-control studies investigating gene-disease associations.

Firstly, human genome epidemiology research has been in methodological flux, initially with a
shift in emphasis from family-based studies to case-control studies with unrelated controls, and later

222,22 .
223 secondly, larger studies are

from studies of candidate genes to genome-wide association studies.
being undertaken and the reporting of statistical analysis has become more transparent. Thus, power
calculations and the methods and results of testing for Hardy-Weinberg equilibrium are increasingly

being reported. On the other hand, however, certain qualitative characteristics of the studies, such as

population characteristics and documentation of inclusion or exclusion of related participants, have

become less transparently reported.

A characteristic of the findings of genome-wide association studies is that, in general, the effect

sizes of replicated genetic associations for common diseases and traits have been small and account for

224

only a small proportion of estimated heritabilities.”” This has led to the common disease-common
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d,?>>??® with increasing interest in the effects of rare variants, types of

variant hypothesis being challenge
genetic variation other than SNPs and the effects of possible gene-environment and gene-gene
interactions. Furthermore, there have been advances in technologies enabling the capture of large
amounts of data on types of biologic variation in addition to genomic variation (including epigenetic,

proteomic, transcriptomic and metabolomic). Therefore, considerable methodological flux in the field of

human genome epidemiology is likely to continue.

I*® expressed concerns regarding inadequate

In the conclusion of their paper, Yesupriya et a
reporting, in particular that many details required to assess the validity of the study findings were not
consistently reported. Subsequently, the present comparison between the work performed by Yesupriya
et al*® and Aljasir® identified an improvement in the reporting of certain characteristics. Although biased
outcomes have been found to be associated with poor reporting of findings in genetic association

39193196.229 the reporting of information within case-control studies is moving towards greater

studies,
transparency, allowing readers to more easily appreciate and assess the work being done. These ideas

formed the basis upon which this research was performed, and allowed the current investigator to

evaluate the transparency of reporting in genome-wide association studies.

During the development of the protocol for this research, there was extensive discussion
between the current investigator and advisory committee on how to best capture a suitable outcome in
the meta-analysis of the index components. Various suggestions were made, including creating a
pattern of the measure of uncertainty (p-value) through the use of g-q plots, extracting the median
measure of uncertainty (p-value) or extracting the number of SNPs used for discovery. Ultimately it was
decided that, given the challenge that these options were likely to present due to the limits of reporting,
extracting the most extreme reported measure of uncertainty (p-value) would be chosen as the most

suitable outcome measure in the index components of the genome-wide association studies.
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Now that the research has been completed, there is a debate to be had regarding whether or
not the analysis plan that was originally developed could be improved upon. Rather than reporting the
odds ratio for the replication components in the abstract of each journal article, the majority of authors
combined the data from the index and replication components and chose to report a combined odds
ratio. With this knowledge, future studies of this nature could be improved by utilizing the most extreme
combined odds ratio as the primary outcome measure, rather than the most extreme reported measure
of uncertainty (p-value) from the index components of the study and odds ratio from the replication
components of the study. This would ensure that only validated associations would be taken forward to
future stages of research. That being said, an approach of this nature could arguably increase the

290 At any rate, it is clear that

amount of false negatives a genome-wide association study would produce.
incorporating the evidence from this research with previous findings about genome-wide association

studies must be done if future research of this nature is to be carried out.

In the index components, out of fifty-three studies on cancer and seventy-four studies on
neuropsychiatric disorders, two (3.8%) were excluded from the group on cancer and two (2.7%) were
excluded from the group on neuropsychiatric disorders due to lack of reporting of the p-value. In
addition to this, 11 (20.8%) were excluded from the group on cancer and 36 (48.6%) were excluded from
the group on neuropsychiatric disorders due to lack of reporting of the direction of effect. Omitting
journal articles on the basis of a lack of reporting of the direction of effect likely had a considerable
effect on the meta-analysis. The measures of uncertainty (p-values) excluded from further analysis on
the basis of this exclusion criterion range from 1.90e™ to 3.00e™* of studies on cancer and from 1.50e™
to 2.30e™ of studies on neuropsychiatric disorders. In comparison to this, the measures of uncertainty
(p-values) included in further analyses range from 6.22e™ to 8.00e™* of studies on cancer and from
5.00e” to 1.80e™’ of studies in neuropsychiatric disorders. Without a clear indication of the direction of
effect of the values extracted from the excluded groups of journal articles, it is difficult to hypothesize
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how the meta-analysis would be affected. Additionally, any post-hoc analysis was carefully avoided in
order to retain the integrity of the original analysis plan of this research. In future studies of this nature,
consideration could be made as to the most appropriate statistical method chosen to perform the meta-
analysis on the index components of genome-wide association studies. In addition to this, it would be
pertinent for the authorship at large to identify this lack of transparency of reporting of the direction of
effect of the reported measure of uncertainty (p-value) as an important way to improve the reporting of

the index components of future genome-wide association studies.

A small group of studies (three (6.7%) of forty-five studies from the group on cancer and three
(7.7%) of thirty-nine studies from the group on neuropsychiatric disorders) reported asymmetrical
confidence limits for the odds ratios in the replication component of the genome-wide association
studies. These studies were excluded from the meta-analysis as it was not possible to incorporate the
asymmetrical confidence limits into the statistical techniques employed. As the scale of odds ratios is

234 the

asymmetric, and only becomes symmetric following a log transformation of their true values,
most likely explanation for these asymmetrical confidence limits is that the investigators of the studies
that reported odds ratios with asymmetric confidence limits decided to use the true form of their odds
ratios, disregarding the opportunity to log transform their odds ratios for the purposes of symmetry. In
future studies of this nature, consideration could be made as to the most appropriate statistical method
chosen to perform the meta-analysis on the replication components of genome-wide association
studies. In addition to this, it would be pertinent for the authorship at large to identify this lack of

transparency of reporting of the log-transformed odds ratios as an important way to improve the

reporting of the replication components of future genome-wide association studies.

Regarding the index components of each group of studies, 32.1% of studies on cancer included

at least 5,000 study participants, while only 17.6% of studies on neuropsychiatric disorders included at
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least 5,000 study participants. This study confirmed the findings presented by Manolio et al** by
demonstrating that the index components of the studies on cancer had larger sample sizes than the
index components of the studies on neuropsychiatric disorders. There was also considerable
heterogeneity between the studies, as demonstrated by a Q of 659.35 (p < 0.0001) and an I° statistic of
94.1 for the studies on cancer, and a Q of 983.05 (p < 0.0001) and an I* statistic of 96.4 for the studies on
neuropsychiatric disorders. Out of all of the studies, only nine studies demonstrated a Stouffer’s Z-score
with a negative direction of effect (three out of forty studies on cancer and six out of thirty-six studies

on neuropsychiatric disorders).

Regarding the replication components of each group of studies, 57.8% of the studies on cancer
included at least 5,000 study participants and showed a summary odds ratio of 1.34 (95% Cl 1.25, 1.43),
while only 28.2% of the studies on neuropsychiatric disorders included at least 5,000 study participants
and showed a summary odds ratio of 1.43 (95% CI 1.30, 1.57). Our study confirmed the findings
presented by Manolio et al** by demonstrating that the replication components of the studies on cancer
had larger sample sizes and smaller odds ratios than the replication components of the studies on
neuropsychiatric disorders. There was also considerable heterogeneity between the studies, as
demonstrated by a Q of 595.84 (p < 0.0001) and an I statistic of 93.3 for the studies on cancer, and a Q
of 145.52 (p < 0.0001) and an I° statistic of 86.9 for the studies on neuropsychiatric disorders. Out of all
of the studies, only four studies demonstrated an odds ratio with a negative direction of effect (three

out of forty-one studies on cancer and one out of nineteen studies on neuropsychiatric disorders).

Both groups of genome-wide association studies tended to be published in a select few journals.
The majority of each group of studies was published in Nature Genetics: thirty-one of forty-one studies

on cancer and twelve of thirty-six studies on neuropsychiatric diseases. In all cases, studies published in
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Nature Genetics tended to demonstrate low Stouffer’s Z-scores and odds ratios with narrow confidence

limits.

In both groups of studies, those of Japanese origin tended to demonstrate higher Stouffer’s Z-
scores when compared to the other countries of origin, while the magnitude of odds ratios tended to be
similar regardless of country of origin. There was a notable absence of publications from China, a
country second only to the United States of America in terms of the number of journal articles

d.®%*° This may be because in the time period under review the cost of genotyping with

publishe
genome-wide chips had not reduced sufficiently to make such studies feasible during the time period in

this country, because of a focus on other types of genetic association studies. It is more likely, however,

that these studies were published in languages other than English.

Similar to type of journal, there was a diverse collection of types of diseases investigated in both
studies on cancer and studies on neuropsychiatric disorders, making it difficult to infer any trends in the
analysis of the index components based on type of disease. In the index components, Stouffer’s Z-scores
with negative correlations were observed with ovarian cancer, attention deficit/hyperactivity disorder,
autism and major depressive disorder. In the replication components, odds ratios with negative
correlations were observed with follicular ymphoma and glioma. Stratifying the data by disease
presents some curious trends, however the small sample sizes prevented the current investigator from

making more powerful conclusions based on the data.

The magnitude of the Stouffer’s Z-scores and odds ratios (significant with narrow, positive
confidence limits) tended to be similar in both studies on cancer and studies on neuropsychiatric
disorders according to the type of control group (population-based vs. hospital-based vs. mix), whether
or not case and control groups included related participants, whether or not cases and controls were

reported to be drawn from the same source population, if the data were newly collected specifically for
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the study reported or built on pre-existing data, and whether or not the study reported power or sample

size calculations.

Studies that reported performing a Hardy-Weinberg calculation in the index portion of their
genome-wide association study demonstrated Stouffer’s Z-scores that were significant positive values
with narrow confidence limits. Contrary to this, studies that did not report Hardy-Weinberg calculations
demonstrated Stouffer’s Z-scores that were statistically insignificant. According to this result, studies
that employ the use of Hardy-Weinberg equilibrium in their index components are properly addressing
quality control at the level of the single-nucleotide polymorphisms (SNPs) being studied, ensuring the

quality of the replication components in the genome-wide association study.

Stratifying the results for the reporting of Hardy-Weinberg calculations in the replication
components gave interesting results. In both sets of studies, those that reported testing Hardy-
Weinberg equilibrium demonstrated summary odds ratios that were insignificant, while those that did
not report testing Hardy-Weinberg equilibrium demonstrated summary odds ratios that were significant
with positive correlations. This is an important result, as the make-up of the population can be
guestioned in those studies that did not report Hardy-Weinberg calculations, leading to further scrutiny
regarding their study sample selection methods. Without further investigation into these studies, it is
impossible to determine whether the groups publishing the studies that did not report Hardy-Weinberg
equilibrium actually performed it and simply refrained from reporting the result, or if the groups simply
failed to perform Hardy-Weinberg calculations at all. Future studies could improve the scope of the

current work if reporting the use of Hardy-Weinburg equilibrium is made a priority.

In the index components of genome-wide association studies, there were contrasting results for
the trends found regarding journal impact factor. For the studies on cancer, Stouffer’s Z-scores tended

to decrease as the magnitude of the journal impact factor increased, suggesting that journals that have
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a higher impact publish studies that identify less significant associations. Contrary to this, however, for
the studies on neuropsychiatric disorders, Stouffer’s Z-scores tended to increase as the magnitude of
the journal impact factor increased, suggesting that journals that have a higher impact publish studies
that identify more significant associations. In the replication components of genome wide association
studies, odds ratios tended to decrease as the magnitude of the journal impact factor increased for both
studies on cancer and studies on neuropsychiatric disorders. Despite these results, since, as shown
above, a select few journals published the vast majority of the sampled journal articles, this trend may
be attributed to a lack of sample size (or, in the case of Nature Genetics, a high journal impact factor)

rather than any statistically meaningful association.

Supplementary materials, in online format, were included with the majority of journal articles
investigating both cancer and neuropsychiatric disorders. It is the opinion of the current investigator
than improving the format by which supplementary materials are included with the journal article must
be made a priority. Sifting through the multitude of information included with each journal article
proved rather difficult and time consuming, as most supplementary material packages were devoid of a
rational, organized structure. In the same way that journals provide prospective authors with
instructions on manuscript preparation and submission requirements, so to should they provide a
statement regarding not only how to properly structure, but also limit the supplementary material they

intend to include with their journal article.

Emilie Marcus has identified that supplementary material presents a significant advantage in the

online age by allowing extra information to be presented outside the confines of the published journal
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article.”™" Despite this, she claims it has become a place where authors, restricted by the limits

presented to them by scientific journals, can place the results that “don’t fit” into the main body of the
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article.”" In fact, one of the journal articles included in the current study made reference to a link
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containing 443 pages of supplementary material.'®

In light of this trend, Cell has taken it upon itself to
develop a new way of online publishing. Their “Article of the Future” will include new and innovative
navigational techniques, incorporating an integrated format which will include in-depth information for
all sections of each journal article, rather than the traditional method of attaching supplemental

information after the journal article.** This concept, although still in its infancy, has motivated

publishers to think about how to improve their online format in an ever-changing scientific world.

Not surprisingly, in view of the design of genome-wide association studies, which minimize false
positive results, and the selection of the most extreme measures of uncertainty (p-values) and odds
ratios as outcome measures, asymmetrical funnel plots produced results that would be compatible with
bias towards selective publishing of results of genome-wide association studies that report a positive
direction of effect. A positive direction of effect was seen predominantly in the group of journal articles
on cancer, the group of studies that tended to have larger sample sizes and smaller odds ratios. In
comparison, the group of journal articles on neuropsychiatric disorders, those with smaller sample sizes
and larger odds ratios, demonstrated weaker results towards the selective publishing of results with a
positive direction of effect. Since the group of journal articles regarding cancer demonstrated larger
overall study sizes, there seems to be an effect not only on the direction of effect, but also on study size.
Although not explicitly extracted from the journal articles, it is likely that the investigators may have
chosen reference groups that would produce this pattern of results, mirroring past trends that
demonstrate the vast majority of published journal articles consisting of significant positive results,

rather than negative or neutral results."***%

As most genome-wide association studies included a
replication component, these results could also be interpreted as indicating that the gene-disease

associations published do indeed consist more often than not of true positive associations.
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It was the intent of the current investigator, upon completion of this research, to use the
information to assist in drafting an adjunct to the STrengthening the REporting of Genetic Association
studies (STREGA) Statement, so that the efforts made by those responsible for creating guidelines to
assist in the reporting of other types of genetic association studies would be mirrored by those
attempting to report on genome-wide association studies. The STREGA Statement has proven a useful
tool for improving the reporting of results of genetic association studies. In order to improve the
reporting of genome-wide association studies, items specific to the methods (e.g., source and
composition of study participants, sample of SNPs analyzed, inclusion of Q-Q plots, utilization of log-
transformed odds ratios) and results (e.g., directions of effect of measures of uncertainty (p-values),
summary odds ratios and confidence limits) of genome-wide association studies need to be considered
for inclusion. Unfortunately, owing to the lack of a significant level of heterogeneity shown within each
group of studies, specifically regarding their methodological characteristics (in particular within the
replication studies), it was concluded that, on the basis of empirical evidence, it would be difficult to
draft a proper extension to the STREGA Statement for genome-wide association studies. As the current
investigator has also identified the role that the effect of small individual studies has played within and
between each group of studies, in order to draft a proper extension to the STREGA Statement for
genome-wide association studies it would be necessary to identify a sample of studies that better
represents the overall collection of published journal articles. Using a more representative, random

sample of journal articles on genome-wide association studies would be required.

131



CONCLUSION

Following the completion of the Human Genome Project in 2003 and the International HapMap
Project in 2005, the utilization of genome-wide association studies became possible. Since then, there
has been an explosion in the production and publication of this approach in the scientific literature, as
the impact genome-wide association studies could have on the field of medicine has been postulated to

2 To date, and to the best of the investigator’s knowledge, a review of the reporting

be great.
characteristics of genome-wide association studies has not been performed. Therefore, the purpose of

this research was to perform a large-scale analysis of genome-wide association studies in order to

produce evidence useful in guiding their reporting and synthesis.

An analysis of information collected from three independent samples of case-control studies
investigating gene-disease associations from the years 2001-2003, 2006 and 2007 was performed in
order to identify if any changes in the results of the extracted information had occurred over time, in
order to create a link to the information collected from the sample of genome-wide association studies.
Yesupriya et al*® concluded that the methodological characteristics they deemed necessary in assessing
error and bias in gene-disease association studies were not consistently reported, and needed the help
of reporting guidelines if improvements were going to be seen. Following this, Aljasir*® reported
evidence which continued to suggest that these methodological characteristics are associated with the

magnitudes of effect observed, and efforts to improve the reporting of studies needed to continue.

In consideration of these efforts, this research was able to demonstrate that although the
transparency of reporting has improved over time, efforts still need to be made in order to improve the
process. As the methodological characteristics in genome-wide association studies have been

demonstrated to be associated with the magnitudes of effect observed (much like in the work done by
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both Yesupriya et al*® and Aljasir®), this work can be used to guide future work being done to improve

the reporting of human genome epidemiology association studies.

As this was, to the best of the current investigator’s knowledge, the first large-scale study
performed to identify trends in the reporting of methodological characteristics within a set of genome-
wide association studies, it can be used as a launching point for future endeavours on the subject.
Certain methods used in this research were exposed for their strengths and weaknesses, which can be
addressed with further work. For example, future studies could incorporate groups of studies with larger
sample sizes, identify a more suitable way to analyze the outcome measure (e.g., utilizing log-
transformed odds ratios in order to avoid asymmetric confidence limits), or include the reporting
characteristics identified by this research as useful in the attempt to improve the reporting of genome-

wide association studies.

This research attempted to provide evidence that the characteristics of genome-wide
association studies are being transparently reported. It has been found that, despite reasonably sound
reporting practices, there are still many inconsistencies in the reported information, and the reporting of
genome-wide association studies requires improvement in order to achieve true transparency. The
production and eventual usage of a set of reporting guidelines specific to genome-wide association
studies will vastly improve this process, and will provide authors the chance to identify what an
acceptable genome-wide association study should include. As the usage of genome-wide association

243

studies continues to increase,” it is vital that the overall reporting of genome-wide association studies

be improved, so as to benefit the entire scientific community.
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