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Summary:

23andMe’s goal is to bridge the gap between the scientific community
and consumers interested in what their personal genetic information
means. Although scientific consensus can and does change, we
consider it our duty to present customers with information that is
reliable and relatively stable (U.S. Government Accountability Office,
2006; Human Genetics Commission, 2003). To this end, we have
prepared guidelines for choosing phenotypes and associations by



reviewing the scientific literature and consulting with expert advisors.
Associations in the Health product that fully meet these criteria are
labeled Established Research. Associations not meeting these criteria
are labeled Preliminary Research, though the designation may
change.
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0 Executive Summary

1. Choosing Phenotypes of Interest

• Objective: To choose phenotypes of scientific value and interest to re-
port to the customer.

• Guidelines:

– Focus on common traits of broad interest to customers.
– Preferentially report phenotypes having a prevalence of 1% or more.
– Report on conditions inherited in a Mendelian manner when tech-

nologically possible.
– Focus on genetic variants affecting responses to drugs and other

molecular compounds.

2. Avoiding False Discoveries

• Objective: To report genetic associations that are highly likely to be
genuine, minimizing the possibility that future work will justify re-
moval of data in topics designated as Established Research.

• Guidelines:

– Preferentially consider studies of sufficient statistical power to de-
tect modest effects; generally, sample size should exceed 750 cases
for discovery studies using common genome-wide single nucleotide
polymorphism (SNP) arrays.

– After correction for multiple hypothesis testing, p-values for asso-
ciations should be less than 0.01.

– Associations must be replicated in at least one independently pub-
lished study.
∗ P-value should be less than 0.01 after correction for multiple

hypothesis testing.
∗ 95% confidence intervals for the odds ratios (ORs) reported in

each study must overlap.
∗ Preferentially consider studies published in high-impact jour-

nals, especially if they are genome-wide association studies (GWASs).
∗ Also consider replication studies and meta-analyses published

in journals of lower impact, provided that they meet the above
guidelines.
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∗ In cases of rare disease where multiple large independent stud-
ies are not expected a single, large consortium-based study or
meta-analysis may be considered sufficient.

3. Using Data From Multiple Studies

• Objective: To choose a single study’s OR for use in calculating genotype-
specific incidence, while minimizing “winner’s curse.”

• Guidelines:

– Use the OR from the study with the highest statistical power to de-
tect the observed effect (typically the study with the largest sample
size), with a preference towards more recent studies.

4. Missing SNPs

• Objective: To take advantage of linkage disequilibrium (LD) structure
in customer data to impute genotype at loci for which data are not avail-
able.

• Guidelines:

– Allow use of correlated SNP only if it is in complete LD with the
absent SNP of interest.

– Correlated SNP must be in complete LD in the HapMap popula-
tion most closely corresponding to the subpopulation in which the
association was confirmed.

5. Associations and Ethnicity

• Objective: To report scientifically valid associations to customers in the
context of customer-chosen ethnicity.

• Guidelines:

– Use the same criteria for associations in any population, with re-
gard to sample size, significance, and replication, and OR confi-
dence interval overlap.
∗ When replicating an association in a population other than the

one in which the association was originally confirmed, a single
study satisfying the above criteria is sufficient.

– Add or remove SNPs in calculation of genotype-specific incidence
as appropriate for ethnicity selected by user.
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6. Reporting Preliminary vs. Established Research

• Objective: To provide customers with more information by reporting
statistically significant associations from peer-reviewed research that
has not yet passed sample size or replication criteria.

• Guidelines:

– Use standard criteria for statistical significance (p < 0.05).
– Clearly designate the size of the sample and the population in which

the association was observed.
– Report odds with respect to the most common genotype for the

SNP associated with the condition.
– Consider associations of general scientific interest (for example, those

found in non-European populations or in conditions that are not as
widely studied).

– Provide clear rankings as a proxy for the reliability of associations
reported as Preliminary Research.

1 Choosing Phenotypes of Interest

Common diseases are a subject of intense study today. The productiveness of
this field promises to increase the value of a customer’s data more and more as
scientific knowledge advances. Thus, a large part of our focus is on common
and complex diseases caused by genetic variants that can be genotyped on our
high-throughput platform. Complex, multifactorial diseases tend to be the type
where genotype influences the probability of an outcome, instead of acting in a
deterministic way (Pritchard, 2001).

Other types of phenotypes are of potential interest to customers, including
genetically-influenced responses to drugs and conditions inherited in a direct Mendelian
manner, where more concrete conclusions can be drawn from the data.

Summary

• Objective: To choose phenotypes of scientific value and interest to report to
the customer as Established Research.

• Guidelines:
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– Focus on common traits of broad interest to customers.

– Preferentially report phenotypes having a prevalence of 1% or more.

– Report on conditions inherited in a Mendelian manner when techno-
logically possible.

– Focus on genetic variants affecting responses to drugs and other molec-
ular compounds.

2 Avoiding False Discoveries

Several researchers have discussed the importance of adequate sample sizes for
genome-wide association studies (GWASs) and sufficiently stringent thresholds
for declaring genetic associations to be statistically significant ([Editorial], 2005;
Ioannidis et al., 2001; Freimer & Sabatti, 2004). These guidelines are now a part
of the standard initial design of such studies (Altshuler & Daly, 2007). Even
so, examples of false positive associations discovered in GWASs may still be ex-
pected (Herbert et al., 2006; Thomas et al., 2005).

Faced with what may be a changing landscape of methods for assessing the
significance of genetic associations detected using GWASs, 23andMe’s challenge
is how to decide when a genetic association is significant enough to report to cus-
tomers as broadly accepted by scientific consensus, minimizing the possibility
that it will later be retracted. These associations are given the label Established
Research.

Since many associations discovered by GWASs are likely to be of modest ef-
fect, 23andMe only reports results of studies of sufficient statistical power to de-
tect these associations. The size of any given real association and the number of
expected associations are not known a priori, which makes it difficult to set con-
crete thresholds of statistical power and sample size, but a good rule of thumb is
that GWASs should have at least 750 cases and appropriately chosen controls to
be considered. Statistical power to detect an association may also be calculated
retroactively for a GWAS and used to judge whether the sample size was appro-
priately large.

Associations should reach high statistical significance to be included for con-
sideration (P < 0.01 after correction). The nature of GWASs requires that p-values
be corrected for multiple hypothesis testing. Bonferroni correction is a conserva-
tive way to correct p-values in widespread use in GWASs (Thomas et al., 2005).
We would also accept other, less conservative methods of correction with well-
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described methodology (Benjamini & Hochberg, 1995; Storey & Tibshirani, 2003;
Manly et al., 2004).

In consultation with our scientific advisory board, we would also consider the
use of the Bayes factor (BF) as a method of assessing evidence for the believabil-
ity of an association. The Wellcome Trust Case Control Consortium’s (WTCCC)
landmark study was remarkable for including both p-values and BFs for associ-
ations (Wellcome Trust Case Control Consortium, 2007). For studies providing
Bayes factors, using the WTCCC’s estimate of prior odds at 100,000:1 against as-
sociation suggests that log(BF) must reach 6-7 to result in a 90-99% probability
that the association is real.

Even so, we do require associations to be replicated in an independent study,
satisfying the same significance criteria in each. Some groups screen for weak
associations in initial discovery sample and confirm associations in larger repli-
cation samples within the same study. However, the discovery sample may be
statistically underpowered, so that replication and subsequent pooling to achieve
statistical power should really only be counted as a single observation.

In deference to expert opinion, we generally limit reporting to GWASs pub-
lished in high-impact journals, including: Science, Nature, Nature Genetics, PLoS
Genetics, PLoS Biology, PLoS Medicine, PNAS, the American Journal of Human Genet-
ics, the New England Journal of Medicine, the Journal of the American Medical Associ-
ation, and The Lancet. Publication in any of these journals shows that the studies
have passed high standards of design methodology.

However, we actively consider and take into account replication studies pub-
lished in journals of lower impact, since these studies may be performed to high
standards but are considered less novel. Replications that reach appropriately
corrected significance and that are confirmed in samples of sufficient statistical
power can often be found in journals specializing in the disease or phenotype in
question—in the case of replication, we do not hold the reputation of the journal
against the quality of the evidence. We may also choose to report meta-analyses
published in high quality epidemiology journals such as the American Journal of
Epidemiology.

Summary

• Objective: To report genetic associations that are highly likely to be genuine,
minimizing the possibility that future work will justify removal of data in
topics designated as Established Research.
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• Guidelines:

– Preferentially consider studies of sufficient statistical power to detect
modest effects; generally, sample size should exceed 750 cases for dis-
covery studies using common genome-wide single nucleotide poly-
morphism arrays.

– After correction for multiple hypothesis testing, p-values for associa-
tions should be less than 0.01.

– Associations must be replicated in at least one independently published
study.
∗ P-value should also be less than 0.01 after correction for multiple

hypothesis testing.
∗ 95% confidence intervals for the odds ratios (ORs) reported in each

study must overlap.
∗ Preferentially consider studies published in high-impact journals,

especially if they are GWASs.
∗ Also consider replication studies and meta-analyses published in

journals of lower impact, provided that they meet the above guide-
lines.

∗ In cases of rare disease where multiple large independent studies
are not expected a single, large consortium-based study or meta-
analysis may be considered sufficient.

3 Using Data From Multiple Studies

Our method of calculating genotype-specific incidence for a disease phenotype
requires allele- or genotype-specific odds ratios (ORs) for each SNP known to be
associated with risk of disease. (The method is fully detailed in 23andMe White
Paper 23-01.) Ideally, the OR reported by any given study would approximate
the“true” OR for the broader population of which the sample population is part.

There are several types of bias that may result in significant differences be-
tween a study’s reported OR and the true effect size. These include publication
bias due to the fact that negative results are less likely to be published, and the
“winner’s curse,” a tendency for the initial study on an association to overstate
its effect (Ioannidis et al., 2001; Lohmueller et al., 2003; Zollner & Pritchard, 2007).
Additionally, the sizes of effects discovered in GWASs are often modest, and as-
sociations may have different true effects in the populations used in each study.
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In practice, we use the OR from a single study instead of conducting meta-
analysis. The challenge facing 23andMe is how to decide which study’s OR to use
when calculating genotype-specific incidence.

The winner’s curse is more pronounced in studies with very low statistical
power to detect a modest effect. Because of our requirement that associations we
report be confirmed in large samples, we expect that winner’s curse will be mini-
mized. Since we will generally choose an OR from two or more studies, we pref-
erentially use the OR of the study with the most power to detect the observed
effect (in general, the study with the largest sample size), with a preference to-
wards more recent studies.

Summary

• Objective: To choose a single study’s OR for use in calculating genotype-
specific incidence, while minimizing “winner’s curse.”

• Guidelines:

– Use the OR from the study with the highest statistical power to detect
the observed effect (typically the study with the largest sample size),
with a preference towards more recent studies.

4 Missing SNPs

The genotyping panel we currently use covers much of the common variation
in the genome (Eberle et al., 2007). Occasionally, SNPs found to be significantly
associated with a phenotype will not be present on our genotyping platform. Ad-
ditionally, a small fraction of SNPs will have poor data quality, preventing us from
determining a customer’s genotype at those loci. If this type of error occurs at a
SNP we report as associated with a phenotype, we would like to be able to use
information from linked SNPs to impute the customer’s genotype at the original
locus (and thus the contribution of that locus to the customer’s genotype-specific
incidence).

We are able to estimate linkage disequilibrium (LD) between SNPs for which
HapMap data are available. If the original SNP reported in an association study
is unavailable to us for whatever reason, our policy is to use correlated SNPs that
are in complete LD with the associated SNP in the population in which the as-
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sociation was confirmed. This procedure allows robust reporting of associations
to the customer while assuring validity.

Summary

• Objective: To take advantage of LD structure in customer data to impute
genotypes at loci for which data are not available.

• Guidelines:

– Allow use of correlated SNP only if it is in complete LD with the absent
SNP of interest.

– Correlated SNP must be in complete LD in the HapMap population
most closely corresponding to the subpopulation in which the associa-
tion was confirmed.

5 Associations and Ethnicity

An association must be verified in every population for which we report it. Since
linkage patterns are not identical between populations of different ethnicity, a
highly associated SNP linked to an unknown causal variant in one population
may not be linked to the causal variant in another. In a world with unlimited re-
search funding, GWASs would identify a genetic association in a sample of one
ethnicity and attempt to confirm the association in samples of a different ethnicity
or in large multi-ethnic cohorts.

We use the same vetting criteria for associations in all populations, specifi-
cally with regard to minimum sample size, statistical significance, and confirma-
tion in an independent study. We do not consider evidence of association in one
population as evidence for the association in a different population. Once an as-
sociation has been confirmed in one population, however, a single study may be
sufficient to confirm the association in a different ethnic population providing it
satisfies the criteria above with regard to sample size and statistical significance,
and that the confidence intervals overlap.

23andMe’s customers are allowed to select ethnicity when viewing genotype-
specific incidence. (A full discussion of ethnicity and estimating genotype-specific
incidence can be found in 23andMe White Paper 23-02.) A population is only pre-
sented as a choice if there is at least one SNP that passes our criteria for associ-
ation with a phenotype (and if population-specific data on disease incidence is
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available). When selecting an ethnicity, only SNPs independently passing our
criteria for association in samples of that ethnicity are included in the calcu-
lation of genotype-specific incidence. The customer is notified which SNPs are
included in the calculation.

Summary

• Objective: To report scientifically valid associations to customers in the con-
text of customer-chosen ethnicity.

• Guidelines:

– Use the same criteria for associations in any population, with regard to
sample size, significance, and replication, and OR confidence interval
overlap.

∗ When replicating an association in a population other than the one
in which the association was originally confirmed, a single study
satisfying the above criteria is sufficient.

– Add or remove SNPs in calculation of genotype-specific incidence as
appropriate for ethnicity selected by user.

6 Reporting Preliminary vs. Established Research

Scientific knowledge about associations between genetic variants and human health
and traits is constantly evolving. Our strict criteria can prevent us from report-
ing on new information as Established Research, but the findings are often valid
within the context of the published studies and of general scientific interest. It is
also more difficult for associations in non-European populations and rarer phe-
notypes to become Established Research as the studies tend to be smaller and are
not as common. This leaves many gaps in our coverage of genetically influenced
conditions.

We therefore report on associations that have not yet passed all of the Estab-
lished Research criteria, and designate these as Preliminary Research. Each asso-
ciation must still pass the requirement for statistical significance after correction
for multiple hypothesis testing, but studies may be smaller and are not yet inde-
pendently replicated. For each association, 23andMe provides information on the
relevant genetic marker, the study size, the population used, and the odds of the
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condition associated with each genotype in the context of the study. Odds are re-
ported with respect to the most common genotype, which can be distinct from the
lowest risk genotype often used in published research.

Preliminary Research reports group together associations pertaining to a phe-
notype and are ranked according to the sample size of the largest study included
in the report. We use sample size as a proxy for the reliability of the research con-
tained in the report. A report containing an association derived from a sample
size of at least 750 cases is given three gray stars, 100 to 750 cases is given two
gray stars, and fewer than 100 cases is given one gray star. The associations in
Preliminary Research reports are not combined into a single odds estimate, but
are presented as individual pieces of information. Established Research reports,
which typically contain associations that have been independently replicated in
large studies, are given a ranking of four gold stars.

The inclusion of Preliminary Research allows us to provide even more infor-
mation to our customers while making clear that the associations have not yet
been confirmed in large studies or replicated independently. It also allows us to
report on conditions that are not as widely studied as the common diseases and
to report on more research relevant to non-European populations.

Summary

• Objective: To provide customers with more information by reporting statis-
tically significant associations from peer-reviewed research that has not yet
passed sample size or replication criteria.

• Guidelines:

– Use standard criteria for statistical significance (p < 0.05).

– Clearly designate the size of the sample and the population in which
the association was observed.

– Report odds with respect to the most common genotype for the SNP
associated with the condition.

– Consider associations of general scientific interest (for example, those
found in non-European populations or in conditions that are not as
widely studied).

– Provide clear rankings as a proxy for the reliability of associations re-
ported as Preliminary Research.
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7 Summary of major changes

Last revision: June 10, 2010.
Previous revision: Feb 14, 2008.

• Added drug response and common traits to Phenotypes of Interest. (Section
1)

• Minimum sample size criteria for Established Research lowered from 1,000
cases and 1,000 controls to 750 cases. (Section 2)

• P-value criteria modified from more general “genome-wide significance” to
more specific “0.01 after correction for multiple hypothesis testing.” (Section
2)

• Added criteria regarding overlap of confidence intervals for ORs in replica-
tion studies. (Section 2)

• Added exception to independent replication for rare diseases where a single,
large, consortium-based study or meta-analysis is likely to be the only study
of sufficient size. (Section 2)

• An association may be considered replicated in additional populations other
than the one in which the association was originally confirmed using a single
large study. (Section 5)

• Added section describing the inclusion of Preliminary Research and rank-
ings for Preliminary Research reports. (Section 6)
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