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Rates of uterine leiomyomata (UL) are 2—3 times higher in African Americans than in European Americans. It
is unclear whether inherited factors explain the ethnic disparity. To investigate the presence of risk alleles for UL
that are highly differentiated in frequency between African Americans and European Americans, the authors
conducted an admixture-based genome-wide scan of 2,453 UL cases confirmed by ultrasound or surgery in the
Black Women’s Health Study (1997-2009), a national prospective cohort study. Controls (n=2,102) were
women who did not report a UL diagnosis through 2009. Mean percentage of European ancestry was signifi-
cantly lower among cases (20.00%) than among controls (21.63%; age-adjusted mean difference = —1.76%,
95% confidence interval: —2.40, —1.12; P<0.0001), and the association was stronger in younger cases. Admix-
ture analyses showed suggestive evidence of association at chromosomes 2, 4, and 10. The authors also geno-
typed a dense set of tag single nucleotide polymorphisms at different loci associated with UL in Japanese
women but failed to replicate the associations. This suggests that genetic variation for UL differs in populations
with and without African ancestry. The admixture findings further indicate that no single highly differentiated
locus is responsible for the ethnic disparity in UL, raising the possibility that multiple variants jointly contribute to
the higher incidence of UL in African Americans.

African Americans; African continental ancestry group; European continental ancestry group; female; genetics;

leiomyoma; prospective studies; uterine neoplasms

Abbreviations: AIM, ancestry informative marker; BMI, body mass index; Cl, confidence interval; GWAS, genome-wide association
study(ies); LOD, logarithm (base 10) of odds; OR, odds ratio; SNP, single nucleotide polymorphism; UL, uterine leiomyomata.

Uterine leiomyomata (UL), or fibroids, are benign neo-
plasms arising from smooth muscle cells of the myome-
trium and are clinically recognized in approximately 30%
of reproductive-age women (1-3). Studies consistently
document a 2- to 3-fold higher incidence of UL in African
Americans than in European Americans (4, 5). African
Americans tend to have younger ages at diagnosis, more
tumors, and greater symptomatology than European Ameri-
cans (6). Given that identified environmental risk factors do
not explain the discrepancy in UL rates (4, 6-8), a role for
inherited factors has been proposed (9, 10).

Evidence for the existence of UL susceptibility genes
comes from familial aggregation studies (11-14), twin
studies (15, 16), genetic linkage studies in families with

UL-associated syndromes (17-19), and a genome-wide as-
sociation study (GWAS) (20). Having several affected first-
degree relatives increases UL risk (11, 21). Twin studies
show a strong element of heritability in women undergoing
hysterectomy for UL (15, 16). Larger-scale linkage studies
based on sibling-pair analysis (22) have the ability to find
common genetic variants of strong effect (>3- to 4-fold in-
creased risk per copy) that contribute to UL risk (23).
However, linkage studies—even those with large sample
sizes—have low power to find genetic variants of weaker
effect (<2.5-fold increased risk per copy) that may contrib-
ute to risk of many common diseases.

Admixture mapping involves scanning the genome in
persons of mixed ancestry to identify regions where the
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proportion of a particular ancestry in cases is strikingly
higher or lower than that seen elsewhere in their genomes.
Such a region would indicate the presence of at least 1
genetic risk variant for the phenotype whose frequency
differs between the ancestral populations. African-American
populations offer the unique opportunity to perform admix-
ture mapping because of the recent mixture between
African and European populations (6 generations ago, on
average (24)). Because the blocks of contiguous European
or African ancestry have not had much time to break up
due to recombination, admixture-generated linkage disequi-
librium extends many millions of base pairs around pheno-
typically important genes. Therefore, one only needs to
screen 1 marker every few million base pairs with admix-
ture mapping to identify with high reliability regions of
African and European ancestry, rather than the hundreds of
thousands to a million markers required for GWAS.

We carried out an admixture-based genome-wide scan to
search for UL risk alleles that are highly differentiated in fre-
quency between African-American and European-American
women. We analyzed DNA samples from 2,453 pre-
menopausal women with incident UL diagnosed during
1997-2009 (cases) and 2,102 premenopausal women not
diagnosed with UL during the same time period (controls)
in the Black Women’s Health Study, a prospective cohort
study. We also sought to replicate results from a recent
GWAS in Japanese women (20) that identified 3 single nu-
cleotide polymorphisms (SNPs) on chromosomes 10q24.33,
22ql13.1, and 11pl15.5 associated with UL.

MATERIALS AND METHODS
Study population

The Black Women’s Health Study is an ongoing prospec-
tive cohort study of 59,000 US women who self-identify as
“black™ (25). The study began in 1995 when women aged
21-69 years from across the United States completed a 14-
page postal health questionnaire. Follow-up questionnaires
have been mailed to participants every 2 years, and cohort
retention exceeded 80% through 2009. During 2004-2007,
we obtained saliva samples as a source of DNA from
26,814 participants using the mouthwash-swish method
(26). Participants in the DNA substudy were slightly older
than nonparticipants (49.7 years vs. 47.7 years) but were
similar with respect to education (<12 years: 18% vs.
19%), region (Northeast: 27% vs. 28%; South: 31% vs.
30%; Midwest: 24% vs. 23%; West: 18% vs. 19%), body
mass index (weight (kg)/height (m)z; 28.1 vs. 27.8), and
family history of UL (38.5% vs. 36.5%). The present anal-
ysis included 4,555 premenopausal women who were aged
23-50 years in 1997. The study protocol was approved by
the Institutional Review Board of Boston University
Medical Center (Boston, Massachusetts).

Assessment of UL

Ultrasonography is the standard method used to confirm
UL diagnoses clinically (3), and it has high sensitivity
(99%) and specificity (91%) relative to histologic evidence

(27, 28). Every 2 years, beginning in 1999, women report-
ed whether they had been diagnosed with “uterine
fibroids,” the calendar year of first diagnosis, and whether
their diagnosis was confirmed by ultrasound or surgery.
Analyses were restricted to premenopausal women because
UL are rare after menopause (3). We assessed the accuracy
of self-reporting in a random sample of 248 incident cases
and confirmed the diagnosis for 96% (122/127) by medical
record (29). There were no systematic differences in demo-
graphic, lifestyle, or reproductive factors between cases
who did and did not release their medical records, indicat-
ing that the validated group was representative of the larger
case group (29).

Assessment of covariates

Baseline and biennial follow-up questionnaires collected
data on reproductive, contraceptive, and medical history,
height, current weight, smoking, alcohol, physical activity,
geographic region, and various indicators of socioeconomic
status. In 2007, women reported their recency of pelvic ul-
trasonography (<5, 5-9, or >10 years prior or never).
Family history of UL (“Has your mother or any of your
sisters ever been diagnosed with uterine fibroids?”) was
ascertained in 2009.

Genotyping and quality control

DNA isolation and amplification. DNA was isolated
from mouthwash-swish samples at the Boston University
Molecular Core Genetics Laboratory using the QIAAMP
DNA Mini Kit (Qiagen, Valencia, California). Whole
genome amplification was performed with Qiagen RePLI-g
Kits using the method of multiple displacement amplifica-
tion. Amplified samples underwent purification and Pico-
Green quantification at the Broad Institute Center for
Genotyping and Analysis (Cambridge, Massachusetts)
before being plated for genotyping.

DNA genotyping. All samples were genotyped at the
Broad Institute Center for Genotyping and Analysis. UL
cases were genotyped on the “Phase 3” admixture mapping
panel, consisting of 1,509 ancestry informative markers
(AIMs) in an Illumina GoldenGate custom assay in the
BeadLab platform (Illumina, San Diego, California) (30).
We filtered out AIMs that had a call rate less than 95% or
that visually showed poor clustering in the genotyping
calls. We also included only data for samples that had at
least 95% genotyping completeness. The final admixture
mapping analysis included 2,453 UL cases and 1,430
AlMs.

Controls (n=2,173), defined as premenopausal women
who had not been diagnosed with UL through 2009 and
who reported no family history of UL, were genotyped for
a panel of 30 AIMs. These AIMs were a subset of the
SNPs in the admixture mapping panel, selected to have the
greatest difference in frequency between European and
African populations. This reduced set of AIMs was shown
to produce estimates of European ancestry that were highly
correlated with those based on the complete admixture
panel (r=0.89) (31). Genotyping of these 30 SNPs was
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carried out in a Sequenom iPLEX assay (Sequenom,
San Francisco, California). One SNP and 71 samples failed
the genotyping, leaving 29 SNPs and 2,102 controls in the
final case-control analysis.

We successfully genotyped an additional 53 SNPs in all
cases and controls using the Sequenom iPLEX assay: 14
SNPs were selected to increase the density of the admixture
scan in the 2 regions with the strongest signal, and 37
SNPs were selected to fine-map 3 loci identified in a recent
GWAS based on a Japanese population (20). To select
SNPs for fine mapping, we first identified blocks around
the index SNPs—centered on chromosome 10 index SNP
1s7913069, chromosome 11 index SNP rs2280543, and
chromosome 22 index SNP rs12484776—in the HapMap
CHB (Han Chinese in Beijing) and JPT (Japanese in
Tokyo) populations (http:/hapmap.ncbi.nlm.nih.gov/). We
then downloaded SNPs covering the entire linkage disequi-
librium blocks from the HapMap YRI (Yoruba in Ibadan,
Nigeria) database (http:/hapmap.ncbi.nlm.nih.gov/), under
the hypothesis that the true causal variant should be in
linkage disequilibrium with the index SNP in populations
of East Asian ancestry. We used the Tagger software imple-
mented in Haploview, version 4.1 (http:/www.broadinstitute.
org/haploview/haploview), to select all tagging SNPs with a
minor allele frequency of >5% and r>>0.9. The 3 index
SNPs were forced into the sets. We used logistic regression
to assess the association between each SNP and UL, with
further adjustment for local ancestry (percentage of Europe-
an ancestry at the genomic location under the tested SNP,
coded as a continuous variable) (32).

Admixture mapping in UL cases

We used both ANCESTRYMAP (24, 33, 34) and
ADMIXMAP (35) to assess individual ancestry proportions
and to scan the genome for regions of African ancestry
that differed significantly from the genome average.
ANCESTRYMAP compares the null hypothesis of no an-
cestry effect with a range of alternative hypotheses within a
Bayesian framework. ANCESTRYMAP computes the log-
genome score, which is the logarithm (base 10) of the pos-
terior probability of the model for disease association
divided by the posterior probability of the model for no
disease association. Parameters of 100 for burn-in iterations
and 200 for follow-on iterations were used for all Markov
chain Monte Carlo runs (24). A log-genome score greater
than 1.0 is considered suggestive evidence for association
based on published criteria, while a score greater than 2.0
is considered genome-wide significant (24). ANCESTRY-
MAP also calculates a local LOD (logarithm (base 10) of
odds) score, with values greater than 4 considered sugges-
tive and values greater than 5 considered statistically signif-
icant based on published criteria (24).

ADMIXMAP is an independently developed Markov
chain Monte Carlo algorithm for carrying out admixture
scans, using a hybrid of Bayesian and frequentist methods
(35). We ran ADMIXMAP using 1,000 burn-in iterations
and 4,000 follow-on iterations. ADMIXMAP implements a
score test that compares ancestry in each chromosomal po-
sition with genome-wide ancestry. Statistical significance is

Am J Epidemiol. 2012;176(12):1159-1168

assessed using standard normal Z statistics, with a threshold
of 1ZI>3.0 considered suggestive and a threshold of
IZ1 > 4.0 considered statistically significant (35). A negative
Z score indicates that lower European ancestry at that par-
ticular locus compared with the genome-wide average is as-
sociated with higher UL risk, while a positive Z score
indicates that higher European ancestry is associated with
higher UL risk.

On average, African Americans have different proportions
of European ancestry on chromosome X than on the rest of
the genome, due to a history of more male European ances-
tors than female European ancestors. This can confound ad-
mixture mapping methods that compare locus-specific
ancestry with the genome-wide average, particularly if no
controls are available for fitting a model relating the distribu-
tion of ancestry on the autosomes to that on chromosome X
(36, 37). To ensure that results were not confounded by dif-
ferent average European ancestry proportions on the X chro-
mosome, we excluded chromosome X markers from all
analyses.

Age-adjusted odds ratios and 95% confidence intervals
for the association between global ancestry (in quartiles)
and UL were estimated with logistic regression among
cases and controls. We constructed models that additionally
controlled for UL determinants, including age at menarche
(years), parity (number of births), age at first birth (years),
years since last birth (<5, 5-9, 10-14, 15, or >20 years),
age at first oral contraceptive use (years), body mass index
(<20, 20-24, 25-29, 30-34, or >35), smoking (current,
past, or never), current alcohol consumption (<1, 1-6, or
>7 drinks/week), education (<12, 13-15, 16, or >17
years), marital status (married/partnered, divorced/separat-
ed/widowed, or single), occupation (white-collar, non-
white-collar, unemployed, or missing), annual household
income (<$25,000, $25,001-$50,000, $50,001-$100,000,
>$100,000, or missing), and region (South, Northeast,
Midwest, or West). Because multivariable models gave
slightly stronger results than age-adjusted models, we
present the more conservative age-adjusted results. Given
that early diagnosis may reflect a genetic predisposition to
disease and that surgically confirmed cases often have more
symptomatic disease (9), we stratified our data by age at di-
agnosis and surgery. Tests for trend were conducted by in-
serting the continuous variable for percentage of European
ancestry into the regression model and evaluating the
associated Wald test statistic (38). Two-sided ¢ tests were
used to assess the statistical significance of associations.
SAS software, version 9.2, was used to conduct these
analyses (32).

RESULTS

Mean age at the start of follow-up (1997) was 34.4 years
for UL cases and 33.3 years for controls (Table 1). Mean
age at diagnosis of UL cases was 38.3 years, with 31.3% of
cases being diagnosed before age 35 years and 43.9%
being confirmed by surgery. Approximately 93.5% of cases
and 94.4% of controls had been born in the United States.
Family history of UL was reported by 52.8% of all cases
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Table 1. Baseline Characteristics of Women With Uterine Leiomyomata (Cases) and Controls, Black Women’s Health Study, 1997—-2009

Cases
Controls . Cases Aged <35
(n=2,102) C:LCZ:S; S"E?,':ﬁ',gﬁss)es Years( :t= I;)Lasg:;nosis
Mean % Mean % Mean % Mean %
Age, years 33.3 34.4 34.9 28.1
Age at diagnosis (cases) or at end 42.9 38.3 38.1 30.9
of follow-up, years
Family history of UL as of 2009 0? 52.8 55.0 56.7
Age at menarche, years 124 12.2 12.2 12.0
Parity (no. of births)° 1.9 1.9 2.0 1.6
Age at first birth, years® 23.7 22.8 22.4 21.7
Years since last birth, yearsb 8.1 9.9 9.7 51
Age at first OC use (ever users), years 18.9 18.7 18.7 18.1
Education in 1995, years 14.9 14.9 14.8 15.0
Body mass index® 27.6 27.5 27.6 27.1
Current alcohol intake (>1 drink/day) 3.5 3.0 2.9 2.1
Smoking history
Current smoker 9.6 10.8 12.4 7.3
Former smoker 16.1 14.6 14.6 5.7
Geographic region of residence
Northeast 20.9 21.8 191 27.3
South 34.7 36.3 36.4 37.6
Midwest 24.5 24.0 25.9 22.0
West 19.9 17.9 18.6 13.1
Born in United States 94.4 93.5 93.0 92.1

Abbreviations: OC, oral contraceptive; UL, uterine leiomyomata.
@ Controls were selected not to have a family history of UL.

b Restricted to parous women only.

© Weight (kg)/height (m)>.

and 56.7% of cases aged <35 years at diagnosis; controls
were selected not to have a family history of UL.

Global ancestry analyses

Mean percentage of European ancestry was significantly
lower among cases than among controls (age-adjusted
mean difference (B)=-1.76%, 95% confidence interval
(CI): —2.40, —1.12) (Table 2). Larger differences in mean
percentage of European ancestry were found among cases
diagnosed at younger ages (<35 years: p=—-2.76%, 95%
CL. -3.71, —1.82), surgical cases aged <35 years
B=-2.31%, 95% CI. —-3.62, —0.99), and cases with a
family history of UL (B=-1.91%, 95% CI: —2.68, —1.14).
When we restricted the control group to persons with a
recent pelvic ultrasound, results were stronger (= —2.26%,
95% CI: —3.29, —1.23). Results were similar when percent-
age of European ancestry was calculated after restriction to
the 22 AIMs that we successfully genotyped in both cases
and controls.

In age-adjusted logistic regression analyses of the cate-
gorical admixture variable, we observed a statistically

significant overall association between percentage of Euro-
pean ancestry and UL (Table 3). Odds of UL were 34%
lower among persons in the highest quartile of percentage
of European ancestry relative to the lowest quartile (odds
ratio (OR) =0.66, 95% CI: 0.56, 0.78). Additional control
for UL risk factors made little difference in the odds ratio
(OR=0.64, 95% CI. 0.53, 0.76). The association was
strongest among cases aged <35 years at diagnosis
(OR =0.56, 95% CI: 0.43, 0.73). Assuming a linear rela-
tion, each 10% increase in European ancestry was associat-
ed with 14% decreased odds of UL (OR =0.86, 95% CI.:
0.82, 0.91). Overall and age-specific results were similar
for surgical cases (Table 3), as were results restricted to the
22 AIMs that cases and controls had in common (data not
shown).

Admixture mapping analyses

Because ANCESTRYMAP requires a prior hypothesis
for the risk model at each genomic locus, we assessed risk
models ranging from a 0.4-fold risk to a 2.2-fold risk per
European locus, placing a greater prior probability on
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Table 2. Mean Percentage of European Ancestry Among Women With Uterine Leiomyomata (Cases) and Controls, Black Women’s Health Study, 1997-2009

Cases Controls Unadjusted Mean Age-Adjusted Mean Age-Adjusted PValue
No. Mean % No. Mean % Difference (B) Difference (g)? 95% CI?

All cases and controls 2,453 20.00 2,102 21.63 -1.63 -1.76 -2.40, -1.12 <0.0001
All cases and controls (restricted)® 2,438 19.92 2,083 21.20 -1.29 -1.40 -1.89, —0.90 <0.0001
All cases and controls with recent ultrasound 2,453 20.00 529 21.85 -1.84 —2.26 -3.29, -1.23 0.0004
Cases with a family history of UL and all controls 1,187 19.79 2,102 21.63 -1.85 -1.91 -2.68, —1.14 <0.0001
Cases aged <35 years at diagnosis and all controls 770 18.40 2,102 21.63 -3.23 —2.76 -3.71, -1.82 <0.0001
Cases aged 35-39 years at diagnosis and all controls 648 20.05 2,102 21.63 —1.58 —1.54 -2.51, -0.57 0.0018
Cases aged >40 years at diagnosis and all controls 1,035 21.16 2,102 21.63 -0.48 -1.01 —1.95, —0.06 0.0362
Surgical cases and all controls 1,076 20.18 2,102 21.63 -1.45 -1.63 —2.44, -0.82 <0.0001
Surgical cases aged <35 years and all controls 324 18.94 2,102 21.63 -2.70 -2.31 -3.62, —0.99 0.0006
Parous women (1997) 1,293 19.99 1,193 21.59 -1.60 -1.70 —2.58, —0.83 0.0001
Nulliparous women (1997) 1,160 20.01 909 21.69 -1.68 -1.99 —-2.93, -1.04 <0.0001
Nulliparous surgical cases and all controls 472 20.23 2,102 21.63 —1.40 -1.31 -2.39, —0.22 0.0181
BMI® <25 (1997) 1,041 20.72 885 22.54 -1.82 -2.01 -3.03, —0.99 0.0001
BMI 25-29 (1997) 740 20.07 619 21.43 -1.36 -1.57 -2.72, -0.41 0.0080
BMI >30 (1997) 672 18.81 589 20.54 -1.73 -1.73 —2.87, -0.60 0.0028

Abbreviations: BMI, body mass index; Cl, confidence interval; UL, uterine leiomyomata.

@ Adjusted for age in 1997 (years).

® The panel of ancestry informative markers was restricted to the 22 single nucleotide polymorphisms that cases and controls had in common.
© Weight (kg)/height (m)?.
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Table 3. Odds? of Uterine Leiomyomata According to Quartile of Percentage of European Ancestry, by Age at Diagnosis and Surgery Status,

Black Women’s Health Study, 1997—-2009

Quartile of Percentage of European Ancestry

g:;g; Cﬂzir‘:ls Q1 (<13%) Q2 (13%—18%) Q3 (19%-25%) Q4 (>26%) P-trend
OR 95% ClI OR 95% ClI OR 95% ClI OR 95% CI
All women 2,453 2,102 1.00 Referent 0.77 0.65,091 0.79 0.67,093 066 0.56,0.78 <0.0001
Cases aged <35 years 770 2,102 1.00 Referent 0.81 0.64,1.03 0.72 0.56,0.92 056 0.43,0.73 <0.0001
Cases aged >35 years 1,683 2,102 1.00 Referent 0.76 0.63,093 086 0.71,1.04 0.73 0.60,0.88 0.0014
Surgical cases 1,076 2,102 1.00 Referent 0.77 0.63,096 0.81 0.66,0.99 0.70 0.56,0.86 0.0001
Surgical cases aged 324 2,102 1.00 Referent 0.82 0.58,1.14 083 0.60,1.16 0.66 0.46,0.94 0.0006
<35 years

Surgical cases aged 752 2,102 1.00 Referent 0.77 0.60,098 0.82 0.64,1.05 0.71 0.56,0.90 0.0066

>35 years

Abbreviations: Cl, confidence interval; OR, odds ratio; Q, quartile.
2 All odds ratios were adjusted for age in 1997 (years).

models associated with decreased risk due to European
ancestry (Appendix Table 1). Table 4 shows admixture
scan results for selected UL phenotypes. In addition to the
initial “Phase 3 panel data, these analyses also included
genotyping data from 16 “density-increasing” SNPs on
chromosomes 4 and 10, the two loci that gave weak hints
of association in a first-round analysis. In ANCESTRY-
MAP, we found a statistically suggestive peak at chromo-
some 4pl6 around 1s9715724 (LOD=4.10). In
ADMIXMAP, we observed 2 statistically significant peaks:
one at chromosome 4pl6 around SNP rs9715724
(Z=-4.20) and the other at chromosome 10q26 around
rs7100028 (Z=—4.15). We also found suggestive evidence
for a peak at chromosome 2q33 around rs7573626
(Z=3.42). Subgroup analyses within ANCESTRYMAP
did not reveal any suggestive peaks. However, in ADMIX-
MAP, we observed peaks on chromosome 2 for cases aged
<35 years (rs2271767: Z=3.69), surgical cases (rs920249:
Z=4.46), nulliparous surgical cases (rs6710083: Z=4.10),
and surgical cases aged <35 years (rs920249: Z=5.10), all
localized within an approximately 10-megabase region on
2q32-33, with the latter 3 peaks reaching statistical signifi-
cance; results for chromosomes 4 and 10 were generally
weaker (rs numbers are available upon request).

Figure 1 shows the quantile-quantile plots of the
ADMIXMAP Z score. Although we observed inflation of
the test statistic at the bottom of the curve (Figure 1A),
there was no appreciable inflation of the Z score after we
removed the AIMs in chromosomes 4 and 10 (Figure 1B).

Lack of replication of Japanese GWAS findings

We genotyped 35 SNPs on chromosomes 10, 11, and 22
in an attempt to tag the genetic variation around SNPs asso-
ciated with UL in a Japanese population (20). When we in-
dividually examined the 3 best tags for the associations
(Table 5), the odds ratios for SNPs rs2280543 (chromosome
11) and rs12484776 (chromosome 22) were weaker but
pointed in the same direction as those from the Japanese
GWAS, and the 95% confidence intervals overlapped. In

contrast, the 95% confidence intervals for SNP rs7913069
(chromosome 10) did not overlap between the studies. None
of the other 32 SNPs reached statistical significance (data
available upon request). Results were consistent across strata
of age, body mass index, parity status, and family history of
UL. Results were also similar when the control group was
restricted to persons with a recent pelvic ultrasound.

DISCUSSION

To our knowledge, this was the first genome-wide asso-
ciation scan for UL in African Americans and the first ad-
mixture mapping study of UL in any population. We found
strong evidence for an inverse association between percent-
age of European ancestry and UL risk, particularly among
cases aged <35 years at diagnosis. However, we found only
suggestive evidence for an association with European an-
cestry at specific loci (chromosomes 2, 4, and 10), finding
stronger results among younger and surgical cases for chro-
mosome 2 only. Finally, we failed to replicate results from
a recent GWAS in Japanese women (20).

Our main finding was the detection of an inverse associ-
ation between European ancestry and UL risk. A potential
concern is that ancestry estimates were computed with a
larger number of SNPs in cases than in controls. However,
the results were consistent when we restricted the AIMs an-
alyzed to the 22 SNPs that cases and controls had in
common. We found only suggestive evidence of significant
associations with specific genomic regions. This contrasts
with prostate cancer (39) and nondiabetic end-stage renal
disease (40), which both have an epidemiology similar to
UL in that they occur at higher frequency in African Amer-
icans than in European Americans. For both diseases, ad-
mixture mapping in smaller samples than we analyzed here
found a locus that by itself explained a substantial part of
the higher risk of disease in African Americans. Our failure
to detect a single locus underpinning the higher risk for UL
might indicate that there are multiple loci in the genome
with relatively small effects that contribute to the increased
risk in African Americans.
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89LL-6GL1:(2L)9LLgL0g [owepidg r wy

Table 4. Results From a Genetic Admixture Mapping Scan Carried Out Among 2,453 Women With Uterine Leiomyomata (Cases), Black Women’s Health Study, 1997-2009

Maximum LOD or Z Score

ggé:; M'::i(::s G?:lli?;::- Chromosome 2 Chromosome 4 Chromosome 10
Score ANCESTRY-MAP? ADMIX- MAP® ANCESTRY-MAP? ADMIX- MAP® ANCESTRY-MAP? ADMIX- MAP®
All cases 2,453 1,382 1.39 -0.04 3.42° 4.10° -4.20¢ 2.45 —4.15¢
Cases with a family history of UL 1,187 1,378 0.42 0.21 2.96 2.91 -3.65° 0.55 -2.26
Cases aged <35 years 770 1,375 -0.04 1.21 3.69° 1.60 -2.62 1.71 —2.74
Surgical cases 1,076 1,381 0.37 2.93 4.464 1.03 -2.72 1.21 -3.07°
Surgical cases aged <35 years 324 1,367 0.82 3.61 5.10¢ 1.62 -2.72 0.55 -1.73
Nulliparous cases 1,100 1,378 -0.14 1.02 3.56° 1.82 -3.57° 0.11 -1.89
Parous cases 1,352 1,382 0.85 -0.41 2.61 1.80 -2.87 3.51 —4.46°
Nulliparous surgical cases 459 1,374 0.16 2.35 4104 2.26 -3.67° 0.08 -1.70
Cases with BMI® <25 741 1,381 0.19 0.63 2.76 1.67 -3.82° 2.29 3.32°¢
Cases with BMI 25-29 787 1,377 -0.42 0.64 2.87 1.33 -3.22° 0.76 -3.20°
Cases with BMI >30 924 1,379 1.03 0.30 —-2.42 0.66 -2.00 1.25 -2.52

Abbreviations: BMI, body mass index; LOD, logarithm (base 10) of odds; UL, uterine leiomyomata.
& Analyses were performed in ANCESTRYMAP (suggestive result: LOD score >4; significant result: LOD score >5).

® Analyses were performed in ADMIXMAP (suggestive result: |Z scorel >3; significant result: 1Z scorel >4). A negative Z score indicates an inverse association between European

ancestry and UL risk.
¢ Statistically suggestive peak.
d Statistically significant peak.
© Weight (kg)/height (m)>2.
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A)

Observed Z Score

T T T T T T T T T

-4 -3 -2 -1 0 1 & 3 4

Expected Z Score

B)

Observed Z Score

-4 -3 -2 -1 0 1 2 3 4
Expected Z Score

Figure 1. Quantile-quantile plots of the test statistic Z score
obtained using ADMIXMAP software (35), Black Women’s Health
Study, 1997-2009. A) Results including all autosome ancestry
informative markers (AlMs); B) results excluding AlMs within the two
peaks on chromosomes 4 and 10.

While we found evidence for a stronger effect of Euro-
pean ancestry (averaged across the genome) on UL risk
among younger cases, admixture analyses among younger
cases revealed stronger peaks only on chromosome 2, not
chromosomes 4 and 10. If the individual loci on chromo-
somes 4 and 10 genuinely modulate risk for UL, it is possi-
ble that these loci are not associated with age at diagnosis
(i.e., the association of European ancestry with age at diag-
nosis is driven by other loci). Such a pattern has been ob-
served for prostate cancer risk in African Americans, where
some but not all loci at 8q24 are associated with age at di-
agnosis (39, 41). In this instance, we would expect there to
be a loss in power due to reduced sample size in the
younger-onset cases, decreasing our ability to detect a true
association. An alternative possibility is that these loci are
not causally related to UL risk, as they were only marginal-
ly significant in our admixture scans.

Table 5. Odds of Uterine Leiomyomata for Single Nucleotide Polymorphisms Previously Identified in a Genome-Wide Association Study of a Japanese Population, Black Women’s Health

Study, 1997-2009

95% CI°®
0.86, 1.10
0.94,1.35
0.95,1.28

ORP*
0.97

3
1.10

1.1

Black Women'’s Health Study Population
RAF in
Controls,
%
14.6
93.4
9

No. of No. of
Cases Controls
2,017 2,005
2,018 2,007
2,017 2,005

95% CI
1.17,1.64
1.11,1.37

1.23,1.75

OR®
1.47
1.39
1.23

Japanese Population?
RAF in
Controls,
%
7
88
36

No. of
Controls
4,672
4,672
4,670

No. of
Cases
5,037
5,045
5,042

Risk Allele
A
G
G

10
11
22

Chromosome
Abbreviations: Cl, confidence interval; OR, odds ratio; RAF, risk allele frequency.

@ Data were obtained from Cha et al. (20).
® Odds ratio for a 1-unit increase in the risk allele.

¢ Model additionally controlled for local ancestry.

Polymorphism
rs7913069

rs2280543
rs12484776

Single Nucleotide
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Our failure to replicate results from the Japanese GWAS
does not necessarily indicate that these genomic regions are
not causally associated with UL. For two of the SNPs, the
associations pointed in the same direction as the Japanese
study and the confidence intervals overlapped (20). There
are several potential reasons why we failed to replicate
results from the Japanese study. First, the Japanese GWAS,
like any study that finds the first association at a locus, was
subject to a “winner’s curse” of overestimating the effect
size. Second, Japanese are known to have a different pattern
of genetic variation than African Americans; in particular,
the reported disease-associated SNP may be in strong
linkage disequilibrium with the truly associated SNP in Jap-
anese but not in African Americans. Thus, we may not have
succeeded in genotyping a SNP in linkage disequilibrium
with the true causal variant in African Americans. Finally,
the causal variant may not exist in African Americans.

Retention of the baseline cohort was approximately 80%
through 2009, reducing potential for differential loss to
follow-up. Because we did not screen women for the pres-
ence of UL, we may have misclassified a large number of
true cases (5). However, our validation study of UL indicat-
ed high accuracy in reporting (>96%), and results were
similar when we restricted the control group to women
with a recent pelvic ultrasound, who were most likely to be
free of UL. Our findings were also stronger among younger
women, among whom misclassification of UL is reduced
(5). The results were consistent across subcategories of UL
risk factors, and control for these factors had little impact
on the results. The large sample size and high incidence of
UL in this population conferred excellent statistical power
to detect relatively small differences in risk. Most cases had
symptoms at diagnosis, and 87% of diagnoses were made
because of UL-related symptoms or a palpable tumor upon
pelvic examination (29). Therefore, our results probably
apply to women with symptomatic UL, which represents
the disease burden in reproductive-age women.

In summary, we found evidence of an inverse association
between percentage of European ancestry and UL risk
when comparing cases with controls, an association which
strengthened with younger age at diagnosis. Suggestive
genome-wide associations between UL and European an-
cestry were found at chromosomes 2, 4, and 10. Analysis
of additional samples is needed to confirm whether these
individual loci are causally associated with UL. Further
work, particularly genome-wide association analysis, is
needed to understand the genetic basis for the higher risk
of UL in African Americans.
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Risk Models Evaluated in the Main Genetic

Admixture Scan of 2,453 Women With Uterine Leiomyomata, Black
Women’s Health Study, 1997—-20092

Risk Due to

European ScomWinRisk | mourPrior  Weight
0.4° -16.78 6 0.77
0.45 -10.97 8 1.03
0.5 -6.56 18 2.32
0.55 -3.27 45 5.80
0.6 -0.91 70 9.02
0.65 0.68 90 11.60
0.7 1.59 100 12.89
0.75 1.92 86 11.08
0.8 1.81 68 8.76
0.85 1.46 52 6.70
0.9 0.92 40 5.15
1.1 0.25 6 0.77
1.2 0.06 19 2.45
1.3 -1.50 40 5.15
1.4 —4.27 52 6.70
1.5 -7.91 32 412
1.6 -11.87 18 2.32
1.7 -15.96 11 1.42
1.8 -19.83 8 1.03
1.9 —-20.00 4 0.52
2.0 —20.00 1 0.13
2.1 —20.00 1 0.13
2.2° —20.00 1 0.13

ge

2 The genome log-factor score was 1.361, and the maximum
nome-wide score was 4.039.

b 0.4-fold decreased risk per European allele.

¢ 2.2-fold increased risk per European allele.
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