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differences in prevalence and progression of many common com-
plex diseases.

Using the WTCCC GWAS, we analysed whether there are
sex-specific differences in effect size estimates at 142 established
loci for seven complex diseases: rheumatoid arthritis, type 1 dia-
betes (T1ID), Crohn’s disease, type 2 diabetes (T2D), hypertension,
coronary artery disease and bipolar disorder.

For each Single nucleotide polymorphism (SNP), we calculated the
per-allele odds ratio for each sex and the relative odds ratios (RORs;
the effect size is higher in men with ROR greater than one). RORs
were then meta-analysed across loci within each disease and across
diseases.

For each disease, summary RORs were not different from one, but
there was between-SNP heterogeneity in the RORs for T1D and
T2D. Four loci in T1D, three in Crohn’s disease and three in T2D
showed differences in the genetic effect between men and women
(P <0.05). We probed these differences in additional independent
replication samples for TID and T2D. The differences remained for
the T1D loci CTSH, 17921 and 20pl3 and the T2D locus BCLIIA,
when WTCCC data and replication data were meta-analysed. Only
CTSH showed different genetic effect between men and women in
the replication data alone.

Our results exclude the presence of large and frequent differences
in the effect size estimates between men and women for the estab-
lished loci in the seven common diseases explored. Documenting
small differences in genetic effects between men and women re-
quires large studies and systematic evaluation.

Genetic Predisposition to Disease, Genome-Wide Association Study,
Odds ratio, Sex
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Introduction

The prevalence, course and severity of many common
traits and diseases, including autoimmune diseases,’
cardiovascular diseases® and asthma’ differ between
men and women. For example, the prevalence of
type 1 diabetes (T1D) and type 2 diabetes (T2D) in
women is 58% and 47%, respectively. Sex hormones
are known to be important mediators of these differ-
ences. However, it is also speculated that differences
in male and female genetic architecture and heritabil-
ity, involving both sex chromosomes and autosomes,
might also contribute to sex differences in prevalence
rates and progression.” It has been proposed that
genetic studies should incorporate sex-gene inter-
action effects in their design and interpretation to
avoid missing a significant proportion of trait-
associated loci.* Numerous studies have claimed
sex-related differences in genetic associations in the
past, but usually each of them has addressed only one
or few genetic variants and one or a few phenotypes at a
time. Moreover, an in-depth evaluation of the literature
of sex-specific effects has shown that most of the re-
ported differences were insufficiently documented or
spurious, and replication in independent data sets
was uncommon.’ The availability of a large number
of robustly replicated genetic loci from genome-wide
association studies allows the evaluation of sex-specific
effects in a large number of loci and phenotypes. Here,
we explore the presence of sex-specific differences in
effect size estimates at a large number of established
loci for seven different complex traits.

Materials and methods

We used the Wellcome Trust Case Control Consortium
1 (WTCCC1) genome-wide association study (GWAS)
data for seven common complex diseases, including
rheumatoid arthritis (RA) (470 males and 1390 fe-
males), TID (998 males and 965 females), Crohn’s
disecase (CD) (680 males and 1068 females), T2D
(1118 males and 806 females), hypertension (HT)
(775 males and 1177 females), coronary artery disease
(CAD) (1527 males and 399 females) and bipolar dis-
order (BD) (497 males and 1171 females), and 2938
control subjects (1446 males and 1492 females).®
For each disease, established associated loci,
that is, those Single nucleotide polymorphisms
(SNPs) reaching genome-wide significance levels
(P <5 x 10—?), were selected from recent publications
(Supplementary Table 1, available as Supplementary
data at IJE online).*® A number of SNPs that have
been robustly validated by replication in independent
samples, but have not attained P <5 x 10-% in any
single study were also included (marked with an
asterisk in Supplementary Table 1, available as
Supplementary data at IJE online). SNPs mapping to
sex chromosomes were excluded from the analysis.
Reported GWAS SNPs were analysed for each locus if
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they were included in the Affymetrix GeneChip 500 K
Mapping Array Set. Otherwise, the best proxy
(>0.80) was selected from the chip using SNAP.?’
The SNPs selected for investigation were not in linkage
disequilibrium with each other.

Patients and control subjects were stratified accord-
ing to sex, and risk odds ratios (ORs) (OR per copy of
the risk allele) were calculated for each locus in both
subgroups using Plink.?® For each SNP, the risk allele
was denoted as the allele that increases the risk of the
disease in the combined data of men and women
across all populations tested in the literature.
Relative odds ratios (RORs) were calculated as the
ratio of the OR in males versus the OR in females,
so that the effect size would be higher in men or
women, if ROR>1 or ROR <1, respectively. The
standard error (SE) of the logROR was calculated as
the square root of the sum of the squares of the SE of
the OR in males and the SE of the OR in females. For
each locus, we tested whether ROR is different from
one by performing fixed and random effects meta-
analysis, equivalent to testing for an SNP-sex inter-
action effect. RORs were then meta-analysed across
loci within each disease and across diseases. A test
of whether the summary-effect measure is equal to
one was performed, as well as a test for heterogenecity
(i.e. whether the true effect in all tests is the same).
Heterogeneity was also quantified using the I meas-
ure, which shows the variation in effect size attribut-
able to heterogeneity beyond chance.”” We also report
95% ClIs for this metric.’® The analysis was repeated
by synthesizing established loci ROR across all seven
diseases. Moderate-size differences between the two
sexes at each locus could be difficult to identify,
given that the power to detect such differences is
modest. Therefore, for each disease and across
diseases, we tested whether the proportion of loci
showing sex difference P values below different
thresholds (0.05, 0.10, 0.20 and 0.25) were different
from the expected proportion by means of a binomial
probability test.

For two of the three disease phenotypes where gen-
etic effect differences were seen for at least one gene
locus between men and women, we were able to test
for replication of these differences in additional larger
data sets.

The T1D replication cohort consisted of 9541 British
males (4420 cases and 5121 control subjects), 9301
British females (4089 cases and 5212 control sub-
jects), 1837 Danish males (915 cases and 922 control
subjects) and 1950 Danish females (874 cases and
1076 control subjects). The British T1D cases were
recruited from paediatric and adult diabetes clinics
at 150 National Health Service hospitals across the
UK, as part of the Genetic Resource Investigating
Diabetes collection of the Juvenile Diabetes Research
Foundation/Wellcome Trust Diabetes and Inflamma-
tion Laboratory. The British control subjects consisted
of subjects drawn from the British 1958 Birth Cohort
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and the UK Blood Services Common Control Collec-
tion (UKBS-CC).*?' The Danish TI1D cases were re-
cruited from a nationwide registry, and the control
subjects were randomly selected from the Inter99
study.?

For the replication of T2D results, we used data
from the DIAGRAM consortium, excluding overlap-
ping WTCCC samples.””> A total of 16222 males
(3333 cases and 12889 control subjects) and 26 034
females (2874 cases and 23 160 control subjects, all of
European descent) were included in this replication
experiment.

We present results based on the replication data
alone, as well as results of the meta-analysis of all
the available data (both the original WTCCC samples
plus the replication data sets).

Meta-analyses and binomial probability tests
were performed using Stata version 9.2 (College
Station, TX).

Results

Overall, we considered 31 RA loci, 45 T1D loci, 69 CD
loci, 36 T2D loci, six HT loci, six CAD loci and two BD
loci. Of these 195 loci, we could evaluate sex-
differences for 142 (26, 33, 50, 22, 5, 5 and 1 for
the seven phenotypes, respectively) that had been dir-
ectly genotyped or had proxy-SNPs directly genotyped
in the WTCCC GWAS (Supplementary Table 1, avail-
able as Supplementary data at IJE online).® As previ-
ously described, some susceptibility loci were shared
between different diseases.

We did not find differences in the genetic effect for
men and women after adjusting for 142 comparisons.
However, for 10 of the 142 loci (four in T1D, three in
CD and three in T2D), we observed differences
(P <0.05 uncorrected for multiple comparisons) in
the genetic effect between men and women (Supple-
mentary Table 1, available as Supplementary data at
IJE online). One would expect 0.05x 142=7.1 to
differ by chance at that level of significance. Binomial
probability tests showed that the proportion of loci
showing sex difference P values below different
threshold values (0.05, 0.10, 0.20 and 0.25) was not
different from the expected proportion when consider-
ing all diseases together. However, we found that the
number of TI1D sex-specific loci was inflated at
P<0.10, P<0.15 and P<0.20 (Supplementary
Table 2, available as Supplementary data at IJE
online). For 7 of the 10 loci with differences, the gen-
etic effect was larger in women, and for three loci it was
larger in men. Moreover, for each locus the OR point
estimates in the two sexes did not differ substantially
in absolute value, and only five loci had an ROR esti-
mate (OR in males/OR in females)>1.2, and one had
an ROR estimate < 0.8 (Supplementary Table 1, avail-
able as Supplementary data at IJE online).

For each disease, summary RORs were not different
from one, with estimates ranging from 0.975 to 1.014,

indicating that there are no consistent differences in
the effect size estimates between men and women
with consistently larger effects in one or the other
sex (Table 1). Moreover, we found no between-locus
heterogeneity in the ROR estimates for five of the
seven disease phenotypes. There was between-locus
heterogeneity for TID and T2D, and I estimates
were also consistent with moderate heterogeneity,
suggesting that some estimates may differ from the
pattern of ROR=1.00.

We sought replication for the seven T1D and T2D
loci with effect differences across sexes in consortial
meta-analyses with much larger sample sizes. Sex dif-
ferences at two of the four T1D loci were confirmed in
the UK replication cohort (CTSH and 17q21), but not
in the smaller Danish cohort (Table 2). There were sex
differences only for CTSH when both replication data
sets were combined. When all three cohorts were
combined, three loci showed different effect sizes
across sexes: CTSH, 17q21 and 20pl3.

In the replication study of the T2D loci, ORs were
similar in men and women for all three loci studied.
However, when the non-overlapping DIAGRAM sam-
ples were combined with the WTCCC data set, there
was still a sex-specific difference in effect size for the
BCLI11A locus (Table 2).

Discussion

Our assessment argues against the presence of fre-
quent large sex-specific effects in established loci for
complex disease. However, these data are also consist-
ent with the occasional presence of small differences
in sex-specific effects, although these did not stand
after the highly conservative Bonferroni correction
for multiple testing.

When gender differences are substantial, a gene
locus may be much easier to detect in one gender
rather than in analyses including the whole popula-
tion. For example, if the per allele OR of a gene locus
with risk allele frequency of 10% is 1.25 across both
genders, then a study of N=10000 alleles would have
only 22% power to detect it. However, if the OR is 1.5
in women but 1.0 in men, then the power to detect
this gene locus in women with half the sample size
would be 80%.

For each single locus, the power to detect
moderate-size differences between the two sexes in
the WTCCC data set at P < 0.05 is modest, and several
such differences (e.g. ROR values in the range of 1.2
or 0.8) may have been missed. This is why we also
evaluated more lenient significance thresholds, and
tested the observed versus expected number of
sex-specific differences that passed each significance
threshold. An excess versus what is expected by
chance was seen only for T1D, and even this excess
was modest. Moreover, very few of the ROR estimates
deviated from 1.0 by more than 20%; thus, it is
likely that very few or even none of the sex-specific
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Table 1 Summary RORs for each of seven diseases included in the WTCCC1 study, obtained by meta-analysis of RORs for all established disease loci

Random effects

Fixed effects Fixed effects Random effects
Sex difference

Summary ROR

Loci with
sex-difference

Sex difference

Loci
tested

P (%)
(95% CI)

Heterogeneity

Summary ROR

P value

P value

(95% CI)
1.006 (0.966-1.048
0.975 (0.935-1.017
0.979 (0.953-1.006

P value

(95% CI)
1.006 (0.966-1.048)

0.972 (0.942-1.004)

P <0.05

Disease

0 (0-43)
40 (9-61)
4 (0-61)

(0-66)

0 (0-79)

0 (0-33)
6.9 (0-25)

21

0.503
0.010
0.945
0.066
0.282
0.679
0.258

0.775
0.245
0.130
0.917
0.811
0.692
0.931
0.129

1.003 (0.953-1.055
0.981 (0.894-1.078
0.984 (0.676-1.431
0.987 (0.970-1.004

0.775
0.087
0.130
0.885
0.779
0.692
0.931
0.111

0.979 (0.953-1.006)
1.003 (0.963-1.045)
1.014 (0.919-1.119)
0.981 (0.894-1.078)
0.984 (0.676-1.431)
0.987 (0.971-1.003)
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ROR, relative odds ratio (OR males/OR females); RA, rheumatoid arthritis; T1D, type 1 diabetes; CD, Crohn’s disease; T2D, type 2 diabetes; HT, hypertension; CAD, coronary

artery disease; BD, bipolar disorder.
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differences represent moderately large deviations in
effect size.

It is difficult to make conclusive inferences about
smaller effect deviations. Small differences (e.g. dif-
ferences in the OR scale of 1.1-fold or less) are not
easy to detect and cannot be excluded for almost any
of these associations. We documented four associ-
ations with sex-specific differences, when both the
WTCCC and replication data were combined, and for
all of them the ROR showed approximately a 10%
deviation from 1.0. It is possible that not all of them
are genuine sex-specific differences because only one
of the four was present both in the WTCCC and in the
replication data, when these were examined separ-
ately. These differences are not likely to be due to
random differences in allele frequencies in male and
female controls, as different loci appear to present dif-
ferent sex-specific differences in T1D and T2D.

Larger studies may document additional differences
in sex-specific effects. It would be interesting to carry
out a meta-analysis across multiple cohorts, as more
data accumulate. To have 80% power to detect an
ROR of 1.05 at «=0.05 for a variant with minor
allele frequency of 10%, one needs a sample size of
42213 cases and control subjects, and the numbers
become larger when there is imbalance between the
number of men and women. Moreover, it may be that
for some phenotypes, sex-specific differences are more
common than what we observed in the seven pheno-
types that we analysed here. For example, a recent
meta-analysis for waist-hip ratio comprising 77 167
participants found genome-wide significant associ-
ation for 14 loci, and when these were subsequently
analysed in men and women separately, half of them
showed larger effect size estimates in women com-
pared with men.’> Some of these sex-specific differ-
ences were substantially large, in contrast to what we
observed.

We should also acknowledge that individual studies
and meta-analyses that have led to the discovery of
the established loci for the seven diseases investigated
here, have been sufficiently powered to detect associ-
ations across both sexes. Therefore, loci that have
sex-specificity in their effects would have less power
to be detected. Importantly, for most of the examined
loci, truly causal variants within the region have not
been identified to date and, hence, effect estimates
are likely to be inaccurate and overall smaller than
the effects of the causal variants. It is possible that
by analogy, the sex-specific differences may be larger
for the causal variants than for their linked markers.
In this regard, rare variants, which may have stronger
effect sizes than common variants, have not been cap-
tured in GWA studies.

Acknowledging these caveats, our findings suggest
that estimates of risk conferred by currently known
genetic markers for these seven phenotypes to date,
are not much different in men and women. To avoid
spurious claims and to enhance the detection of
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Table 2 Replication of loci showing nominally statistically significant effect differences between sexes in WTCCC1

OR OR

RAF males RAF females ROR P value
Locus SNP Gene? males (95% CI) females (95% CI) (95% CI) ROR=1
TID
WTCCC
3p21 rs6441961°  CCR5 0.30 1.10 (0.98-1.25) 0.28 1.34 (1.18-1.51) 0.83 (0.69-0.98) 0.031
15925 1s3825932  (CTSH 0.67 1.27 (1.12-1.44) 0.69 1.06 (0.93-1.20) 1.20 (1.01-1.44) 0.040
17g21 r1s7221109  CCR7-SMARCEI ~ 0.67  1.06 (0.94-1.20)  0.63  1.37 (1.21-1.55) 0.77 (0.65-0.92)  0.003
20p13 152281808  SIRPG 0.65 1.01 (0.89-1.13)  0.64  1.22 (1.08-1.38) 0.82 (0.69-0.97)  0.024
UK TID
3p21 rs333° CCR5 0.89 1.15 (1.04-1.26) 0.88 1.18 (1.08-1.30) 0.97 (0.85-1.11) 0.649
15925 1s3825932 CTSH 0.68 1.24 (1.16-1.32) 0.69 1.10 (1.03-1.18) 1.12 (1.02-1.23) 0.014
17q21 1s7221109  CCR7-SMARCEI 0.65 1.05 (0.99-1.12) 0.64 1.18 (1.11-1.26) 0.89 (0.81-0.97) 0.011
20pl3 152281808  SIRPG 0.64 1.10 (1.03-1.17) 0.63 1.19 (1.12-1.27) 0.92 (0.84-1.01) 0.067
Denmark T1D
15925 1s3825932  (CTSH 0.69 1.04 (0.90-1.20) 0.68 1.03 (0.90-1.18) 1.01 (0.83-1.22) 0.964
17g21 r1s7221109  CCR7-SMARCEI ~ 0.64  1.14 (0.99-131)  0.65  0.99 (0.87-1.13) 1.15 (0.95-1.39)  0.162
20p13 152281808  SIRPG 0.64 1.13 (0.98-1.29)  0.65  1.07 (0.94-1.22) 1.05 (0.87-1.27)  0.600
T1D replication cohorts combined (UK + Denmark)
15925 13825932  CTSH 1.20 (1.13-1.27) 1.09 (1.03-1.15) 1.10 (1.01-1.20)  0.021
17921 rs7221109  CCR7-SMARCE1I 1.06 (1.01-1.13) 1.14 (1.08-1.21) 0.93 (0.86-1.01) 0.087
20pl3 152281808  SIRPG 1.10 (1.04-1.17) 1.17 (1.10-1.24) 0.94 (0.87-1.02) 0.156
Meta-analysis of all data
3p21 rs6441961°  CCR5 0.91 (0.82-1.02) 0.094
15925 1s3825932  (CTSH 1.12 (1.04-1.21) 0.004
17921 1s7221109  CCR7-SMARCEI 0.90 (0.84-0.97) 0.005
20pl3 152281808  SIRPG 0.92 (0.85-0.99) 0.024
12D
WwTCCC
2pl6 15243021 BCLI1IA 0.44 1.32 (1.18-1.47) 0.45 1.01 (0.90-1.14) 1.30 (1.11-1.54) 0.002
4plo6 rs10010131 WEFSI 0.59 1.18 (1.05-1.32) 0.60 0.99 (0.88-1.13) 1.19 (1.00-1.40) 0.046
7q32 1s972283 KLF14 0.53 1.02 (0.91-1.14) 0.50 1.22 (1.08-1.38) 0.83 (0.71-0.98) 0.028
12D replication (DIAGRAM)
2plé 15243021 BCLI1IA 0.48 1.09 (1.02-1.16) 0.48 1.05 (0.98-1.11) 1.04 (0.95-1.13) 0.379
4pl6 1510010131 WFSI 0.68 1.14 (1.07-1.21)  0.68  1.09 (1.02-1.16) 1.04 (0.95-1.14)  0.335
7q32 15972283  KLFI14 055 1.10 (1.04-1.17)  0.55  1.12 (1.05-1.19) 0.99 (0.90-1.08)  0.761
Meta-analysis of all data
2plé 15243021 BCLIIA 1.09 (1.01-1.18) 0.024
4plé6 rs10010131 WEFSI 1.07 (0.99-1.16) 0.081
7q32 1s972283 KLF14 0.95 (0.88-1.03) 0.187

“The Genes column denotes the nearest gene.

PLD =1 with reported SNP (rs11711054).

CCR5 Genotype data were not available for the Danish population.
RAF, risk allele frequency in control subjects.
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genuine sex-specific effects, it is important to evaluate
and document them routinely and systematically in
association studies for complex traits and to use ex-
tensive and robust replication practices.

Our findings overall lend little support to the
hypothesis that differences in disease occurrence by
sex at the studied loci are genetic and because of
differences in effects conferred by common variants.
Alternative possibilities of some genetic impact on sex
differences of disease occurrence include gender differ-
ences confined to rare variation and sex differences that
are driven by complex gene-by-environment inter-
actions that cannot be captured by looking solely at
the main effects for SNPs. The evaluation of these al-
ternatives would require much larger studies with ac-
curate data on environmental exposures and capturing
the rare variants variability profile in these populations.

Supplementary Data

Supplementary Data are available at IJE online.
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KEY MESSAGES

seven different complex traits.

complex disease.

between men and women.

e The prevalence, course and severity of many common traits and diseases differ between men and
women. Sex hormones and differences in male and female genetic architecture and heritability are
thought to contribute to these differences in prevalence rates and progression.

e We explored the presence of sex-specific differences in effect size estimates at 142 established loci for

e Our results argue against the presence of frequent large sex-specific effects in established loci for

e However, our results were also consistent with the occasional presence of small differences in
sex-specific effects, as three loci in TID and one in T2D showed differences in the genetic effect

References

! Lockshin MD. Sex differences in autoimmune disease.
Lupus 2006;15:753-56.

2 Choi BG, McLaughlin MA. Why men’s hearts break: car-
diovascular effects of sex steroids. Endocrinol Metab Clin
North Am 2007;36:365-77.

> postma DS. Gender differences in asthma development

and progression. Gend Med 2007;4(Suppl B):S133-S146.

Ober C, Loisel DA, Gilad Y. Sex-specific genetic architec-

ture of human disease. Nat Rev Genet 2008;9:911-22.

Patsopoulos NA, Tatsioni A, Ioannidis JP. Claims of sex

differences: an empirical assessment in genetic associ-

ations. JAMA 2007;298:880-93.

Wellcome Trust Case Control Consortium. Genome-wide

association study of 14,000 cases of seven common

diseases and 3,000 shared controls. Nature 2007;447:

661-78.

Altshuler D, Hirschhorn JN, Klannemark M ef al. The

common PPARgamma Prol2Ala polymorphism is asso-

ciated with decreased risk of type 2 diabetes. Nat Genet
2000;26:76-80.

I

vl

[

~

8 Barrett JC, Hansoul S, Nicolae DL et al. Genome-wide
association defines more than 30 distinct susceptibility
loci for Crohn'’s disease. Nat Genet 2008;40:955-62.
Barrett JC, Clayton DG, Concannon P ef al. Genome-wide
association study and meta-analysis find that over 40 loci
affect risk of type 1 diabetes. Nat Genet 2009;41:703-7.
Baum AE, Akula N, Cabanero M ef al. A genome-wide
association study implicates diacylglycerol kinase eta
(DGKH) and several other genes in the etiology of bipolar
disorder. Mol Psychiatry 2008;13:197-207.
Clarke R, Peden JF, Hopewell JC ef al. Genetic variants
associated with Lp(a) lipoprotein level and coronary dis-
ease. N Engl J Med 2009;361:2518-28.
Dupuis J, Langenberg C, Prokopenko I ef al. New gen-
etic loci implicated in fasting glucose homeostasis and
their impact on type 2 diabetes risk. Nat Genet 2010;42:
105-16.
Erdmann J, Grosshennig A, Braund PS ef al. New suscep-
tibility locus for coronary artery disease on chromosome
3q22.3. Nat Genet 2009;41:280-82.
Y Erdmann J, Willenborg C, Nahrstaedt J et al
Genome-wide association study identifies a new locus

Nl

ZT0Z ‘2z 00100 U0 wnnuazsbunyasiod 4S9 1 /Bio'sieulnolpioxoaliy/:dny wouy pspeojumoq


www.wtccc.org.uk
http://ije.oxfordjournals.org/

1382

v

—

w

INTERNATIONAL JOURNAL OF EPIDEMIOLOGY

for coronary artery disease on chromosome 10p11.23. Eur
Heart J 2011;32:158-68.

Ferreira MA, O’Donovan MC, Meng YA et al
Collaborative genome-wide association analysis supports
a role for ANK3 and CACNAIC in bipolar disorder. Nat
Genet 2008;40:1056-58.

Franke A, McGovern DP, Barrett JC ef al. Genome-wide
meta-analysis increases to 71 the number of confirmed
Crohn’s disease susceptibility loci. Nat Genet 2010;42:
1118-25.

Gloyn AL, Weedon MN, Owen KR ef al. Large-scale asso-
ciation studies of variants in genes encoding the pancre-
atic beta-cell KATP channel subunits Kir6.2 (KCNJ11)
and SUR1 (ABCC8) confirm that the KCNJ11 E23K vari-
ant is associated with type 2 diabetes. Diabetes 2003;52:
568-72.

Gudmundsson J, Sulem P, Steinthorsdottir V et al. Two
variants on chromosome 17 confer prostate cancer risk,
and the one in TCF2 protects against type 2 diabetes. Nat
Genet 2007;39:977-83.

Kong A, Steinthorsdottir V, Masson G et al. Parental
origin of sequence variants associated with complex dis-
eases. Nature 2009;462:868-74.

Levy D, Ehret GB, Rice K ef al. Genome-wide association
study of blood pressure and hypertension. Nat Genet 2009;
41:677-87.

Newton-Cheh C, Johnson T, Gateva V ef al. Genome-wide
association study identifies eight loci associated with
blood pressure. Nat Genet 2009;41:666-76.

Padmanabhan S, Melander O, Johnson T et al.
Genome-wide association study of blood pressure ex-
tremes identifies variant near UMOD associated with
hypertension. PLoS Genet 2010;6:¢1001177.

Samani NJ, Erdmann J, Hall AS et al. Genomewide asso-
ciation analysis of coronary artery disease. N Engl J Med
2007;357:443-53.

2* Stahl EA, Raychaudhuri S, Remmers EF ef al
Genome-wide association study meta-analysis identifies
seven new rheumatoid arthritis risk loci. Nat Genet 2010;
42:508-14.

2% Voight BF, Scott LJ, Steinthorsdottir V et al. Twelve type 2
diabetes susceptibility loci identified through large-scale
association analysis. Nat Genet 2010;42:579-89.

26 Zeggini E, Scott LJ, Saxena R ef al. Meta-analysis of
genome-wide association data and large-scale replication
identifies additional susceptibility loci for type 2 diabetes.
Nat Genet 2008;40:638-45.

27 Johnson AD, Handsaker RE, Pulit SL, Nizzari MM,
O’Donnell CJ, de Bakker PI. SNAP: a web-based tool
for identification and annotation of proxy SNPs using
HapMap. Bioinformatics 2008;24:2938-39.

% Purcell S, Neale B, Todd-Brown K ef al. PLINK: a tool set
for whole-genome association and population-based link-
age analyses. Am J Hum Genet 2007,81:559-75.

% Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measur-
ing inconsistency in meta-analyses. BMJ 2003;327:557-60.

*0 Joannidis JP, Patsopoulos NA, Evangelou E. Uncertainty
in heterogeneity estimates in meta-analyses. BMJ 2007;
335:914-16.

! Burton PR, Clayton DG, Cardon LR ef al. Association scan
of 14,500 nonsynonymous SNPs in four diseases identi-
fies autoimmunity variants. Nat Genet 2007;39:1329-37.

32 Glumer C, Jorgensen T, Borch-Johnsen K. Prevalences of
diabetes and impaired glucose regulation in a Danish
population: the Inter99 study. Diabetes Care 2003;26:
2335-40.

>3 Heid IM, Jackson AU, Randall JC et al. Meta-analysis
identifies 13 new loci associated with waist-hip ratio
and reveals sexual dimorphism in the genetic basis of
fat distribution. Nat Genet 2010;42:949-60.

ZT0Z ‘2z 00100 U0 wnnuazsbunyasiod 4S9 1 /Bio'sieulnolpioxoaliy/:dny wouy pspeojumoq


http://ije.oxfordjournals.org/

