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COMMENTARY

Potential for Revealing
Individual-Level Information
in Genome-wide Association Studies
Thomas Lumley, PhD
Kenneth Rice, PhD

GENOME-WIDE ASSOCIATION STUDIES1 GENERATE

large volumes of results. While the strongest sig-
nals are the focus of most reports, full online
publication of thousands or millions of associa-

tion results has been encouraged.2 These aggregate results
may be valuable for future scientific research,3 but analysts
have recently shown4-7 that the aggregate results actually
may reveal information about participants. Specifically, if
study participants’ genetic information is available, large-
scale reporting of population-level variant-disease associa-
tions enables easy reconstruction of individuals’ disease
states.

That individual-level information can be obtained from
aggregate association results may be surprising. In fact, high
precision individual data may be achieved. For example, in
a study of 1000 cases and 1000 controls, reporting separate
variant � disease counts for 5000 variants could enable
anyone who knew a study participant’s genotype to deter-
mine his or her disease status with 99% sensitivity and speci-
ficity.6,7 Aggregate regression results also may reveal infor-
mation; reporting the default (additive model) odds ratios
for 10 000 variants and disease gives the same prediction
accuracy.

The phenomenon is not limited to binary disease states
(ie, either having or not having a disease). In a typical re-
cent genome-wide association study,8 associations be-
tween left ventricular mass and 2.5 million genetic vari-
ants were studied in 12 612 individuals. A full report of these
associations would provide 2.5 million regression esti-
mates. With data from 1 variant, the corresponding regres-
sion estimate can be used to give a very weak prediction of
a participant’s left ventricular mass; for example, multiply-
ing the regression coefficient by a person’s number of cop-
ies of the variant gives a weak prediction of how far his or
her disease state is from the sample average. With 2.5 mil-
lion variants, the average of these predictions yields a very
precise determination of an individual’s left ventricular mass.

The FIGURE illustrates the phenomenon, giving within-
sample predictions of left ventricular mass based on just
35 000 variants. The correlation between predicted and mea-
sured left ventricular mass is 0.86, a value typically seen in

test-retest variability of left ventricular mass measurement.
In other words, for predicting the original measurement,
using genotypes and aggregate results performs at least as
well as obtaining another actual echocardiogram.

Because the clinical predictive ability of common genetic
variants has been disappointing,1 it may seem paradoxical
that individual outcomes can be determined so well from a
set of association results. However, the targets of predic-
tion are different. Clinicians want to predict disease in new
patients; the genetic data are being used to reconstruct the
original disease status used in the published regression esti-
mates. In other applications of predictive models, this dis-
tinction between in-sample and out-of-sample prediction is
well known and has motivated bias-correcting techniques
such as replication, cross-validation, and resampling.9

The ability to infer the disease states of genome-wide as-
sociation studies’ participants raises important issues of con-
sent. Even if participants have agreed to the release of their
genetic data, typically they will not have consented to the
release of sensitive disease information. In this situation, pub-
lishing aggregate results for thousands of variants could be
seen as breaching the limits of consent. Problems also arise
when genetic data are not public. If a participant has used
1 of the increasing number of commercial genotyping ser-
vices,10 naive publishing of aggregate results could disclose
his or her disease information to that third party.

Given these concerns, publishing complete genome-
wide aggregate results is not safe. Because genotypes at a
few thousand independent variants appear to be the mini-
mum data required for accurate prediction, reporting only
the highly significant results from most genome-wide as-
sociation studies will typically not disclose disease infor-
mation. However, the compromise position of publishing
all associations that reach intermediate levels of signifi-
cance (such as P�10−3) will often allow unacceptably ac-
curate predictions.

In the post−genome era, traditional boundaries between
individual and aggregate data have become blurred. Al-
though further work is required to identify situations in which
individual information will be disclosed, as an interim mea-
sure, the current authors recommend that genome-wide
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association studies ordinarily publish no more than 500 re-
gression results. This will typically be sufficient to describe
novel signals, attempted replications of prior findings, and
suggestive associations with biologically motivated candi-
date genes. In the longer term, all those who contribute to
research will need to agree on new standards for release of

potentially sensitive data, through direct or indirect means.
These contributors include study participants, clinicians, in-
vestigators, journal editors, and funding agencies.
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Figure. Predicted and Observed Measurements of Left Ventricular Mass
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To construct the predictions based on a hypothetical cohort of 12 612 individuals,
additive models were fitted for each of 35 000 variants. The product of each regres-
sion coefficient and number of copies of each variant gives subject � variant predic-
tors. Averaging these for each subject gives an overall prediction score. Finally, pre-
dictions of left ventricular mass are constructed by scaling these prediction scores to
match the 25% and 75% percentiles of the observed left ventricular mass measure-
ments. Thirty-five thousand independent variants were used, each with minor allele
frequency 20%. Greater accuracy could be obtained with more variants. In line with
the findings of Visscher and Hill,7 these results are not sensitive to the assumed mi-
nor allele frequency. The dashed diagonal line indicates perfect prediction.
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