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ABSTRACT

Shoulder dislocations are common shoulder injuries associated
with athletic activity in contact sports, such as football, rugby,
wrestling, and hockey. Identifying genetic loci associated with
shoulder dislocation could shed light on underlying mecha-
nisms for injury and identify predictive genetic markers. To
identify DNA polymorphisms associated with shoulder dislo-
cation, a genome-wide association screen was performed using
publically available data from the Research Program in Genes,
Environment and Health including 662 cases of shoulder dis-
location and 82602 controls from the European ancestry
group. rs12913965 showed an association with shoulder dis-
location at genome-wide significance (p=9.7 x 10~9; odds
ratio=1.6) from the European ancestry group. Individuals car-
rying one copy of the risk allele (T) at rs12913965 showed a
69 % increased risk for shoulder dislocation in our cohort.
rs12913965 is located within an intron of the TICRR gene,
which encodes TOPBP1 interacting checkpoint and replication
regulator involved in the cell cycle. rs12913965 is also associ-
ated with changes in expression of the ISG20 gene, which en-
codes an antiviral nuclease induced by interferons. This genetic
marker may one day be used to identify athletes with a higher
genetic risk for shoulder dislocation. It will be important to
replicate this finding in future studies.

Introduction

The shoulder joint has the greatest range of motion of any joint in
the body, which makes it susceptible to dislocation. About half of
all shoulder dislocations occur while participating in sports or a
sports-related activity, especially contact sports such as football,
rugby, wrestling and hockey [1,11, 19, 35]. Shoulder dislocations
occur more often in males than females, occur most frequently
between the ages of 15 and 30 when people are most physically
active, and occur more frequently in players with shoulder hyper-
laxity [35]. Once a shoulder dislocation has occurred, the presence
of a greater tubercle fracture is associated with decreased risk for
arecurrent injury [35].

Anterior shoulder dislocations are the most common, nearly al-
ways caused by a traumatic blow or collision that forces the humer-
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al head anteriorly. Posterior shoulder dislocations are less common,
and can be caused by convulsive disorders or epileptic seizures. In-
ferior shoulder dislocations are rare, and are caused by a hyperab-
duction of the arm that forces the humeral head against the acromi-
on. Shoulder dislocation, especially in young patients, may lead to
instability associated with recurrent dislocation, which can be treat-
ed with an arthroscopic procedure known as capsulorrhaphy [4, 33].

Very little is known about genetic differences that affect one’s
inherent risk for shoulder dislocation. A recent study tested a sin-
gle polymorphism (rs180012) in col 1A for association with shoul-
der dislocation (126 cases) and anterior cruciate ligament rupture
(233 cases)[20]. rs180012 did not show a significant association
with shoulder dislocation alone, but it showed an association when
the shoulder dislocation and anterior cruciate ligament rupture
cases were combined [20]. To further explore whether there are
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genetic differences that affect one’s risk for shoulder dislocation,
we performed the first genome-wide association study for shoul-
der dislocation.

Methods

A genome-wide association screen was performed for shoulder
dislocation using data from the genotyped Genetic Epidemiology
Research on Adult Health and Aging (GERA) cohort of the Kaiser
Permanente, Northern California (KPNC) integrated health system.
The data generation and data analysis pipeline have been previously
described [29]. A complete description of the cohort and study
design can be found in dbGaP (Study Accession: phs000674.v1.p1).

Our analysis cohort (n=102979) includes 59671 females,
43242 males, and 66 individuals of ambiguous sex. Moreover, our
analysis cohort is ethnically diverse, including 83 264 European-
White (EUR); 8,560 Latino (LAT); 7518 East Asian (EAS); 3161 Af-
rican-American (AFR); and 476 South Asian (SAS) individuals based
on ancestry principle components.

Participants were genotyped at over 650 000 SNPs on 4 race/
ethnicity-specific Affymetrix Axiom genome-wide arrays optimized
for individuals of European (EUR), African-American (AFR), East
Asian (EAS), and Latino (LAT) race/ethnicity [12, 13]. Genotype
quality control procedures for the GERA cohort were performed as
described previously, except that only SNPs with a minor allele fre-
quency of >1% were analyzed [22]. The final number of SNPs that
were directly genotyped was 670572 for EUR; 802 186 for LAT;
708373 for EAS; and 878 176 for AFR arrays.

Genotypes were pre-phased with Shape-IT v2.r644 (https://
mathgen.stats.ox.ac.uk/genetics_software/shapeit/shapeit.html;
accessed Feb. 2,2016)[17] then imputed to a cosmopolitan refer-
ence panel consisting of all individuals from the 1000 Genomes
Project (Mar 2012 release)[16] using IMPUTE2 v2.2.2 (https://
mathgen.stats.ox.ac.uk/impute/impute_v2.html; accessed Feb. 2,
2016)[17] and standard procedures with a cutoff of R2>0.3 [15].
The quality of the imputed data was previously validated in Jorgen-
sonetal.,, 2015 [18]. The final number of imputed genetic markers
accepted for analysis was 31 085 734. Arrays were merged to cre-
ate asingle file and then broken into smaller genomic chunksin the
standard IMPUTE2 probabilistic format with a corresponding PLINK
family file. The RZ metric from IMPUTE2 estimates the correlation
between the true and imputed genotype and was used to filter
SNPs in our GWA analyses [23].

Phenotype definition

Shoulder dislocation cases were identified in the GERA cohort based
on clinical diagnoses and surgical procedures captured in the KPNC
Electronic Health Record system (> Table 1). The Electronic Health
Record contains reported injuries over the entire lifetime of the pa-
tients, including those that occurred prior to enrollment in KPNC
as well as those that occurred after the genotyping analysis was
performed, if reported by the patient and recorded by the physi-
cian.

3 types of shoulder dislocation were included based on ICD-9
codes: anterior (831.01), posterior (831.02) and inferior (831.01)
(» Table 1). Recurrent dislocations, open dislocations and multi-
directional instability were not included. Cases of shoulder dislo-

Kim S et al. A Genetic Marker Associated ... Int ] Sports Med 2017; 38: 508-514

> Table 1 Shoulder dislocation phenotypes in the EUR ancestry group
classified by ICD and/or CPT codes.

Code? Code Description N

ICD831.01 Closed anterior dislocation of 186
humerus

1CD831.02 Closed posterior dislocation of 16
humerus

1CD831.03 Closed inferior dislocation of humerus 20

CPT29806 Arthroscopy, shoulder, surgical; 155
capsulorrhaphy

CPT23450 Capsulorrhaphy, anterior; Putti-Platt 323
procedure or Magnuson type
operation

CPT23455 Capsulorrhaphy, anterior; with labral 355
repair (eg, Bankart procedure)

CPT23460 Capsulorrhaphy, anterior, any type; 323
with bone block

CPT23462 Capsulorrhaphy, anterior, any type; 324

with coracoid process transfer

a|nternational Statistical Classification of Diseases and Related Health
Problems (ICD-9) and Current Procedural Terminology (CPT-4) codes
extracted from KPNC electronic health records of GERA cohort
subjects

cation were also identified from patients that had undergone a sur-
gical procedure termed capsulorrhaphy that is used to treat shoul-
der instability, typically resulting from one or more shoulder
dislocations. Capsulorrhaphy is often considered even in first-time
dislocations [2]. However, some instances of shoulder instability
treated by capsulorrhaphy may notinvolve a current or prior shoul-
der dislocation, but these instances are likely to be a minor fraction
of the cohort. Patients with shoulder capsulorrhaphy were identi-
fied as having one or more of 5 Current Procedural Terminology
(CPT-4) codes (> Table 1).

Some patients had multiple codes associated with shoulder dis-
location (> Table 1). 10 EUR patients had both an anterior and in-
ferior dislocation (ICD831.01 and ICD831.03). 4 capsulorrhaphy
CPT codes (CPT23450, CPT23455, CPT23460, CPT23462) over-
lapped nearly entirely; specifically, 323 patients in the EUR ances-
try group had all 4 codes. Of the 186 patients in the EUR ancestry
group with ICD831.01 (closed anterior dislocation of humerus), 4
had a capsulorrhaphy procedure.

Genome-wide association

Power calculations were made using the software at http://csg.sph.
umich.edu/abecasis/cats/gas_power_calculator/index.html; ac-
cessed Dec. 20, 2016 [32]. Genome-wide association analyses of
the GERA cohort genomic data were conducted using PLINK
v1.90(b3.34) (https://[www.cog-genomics.org/plink2; accessed
Feb. 1,2016) [5, 27]. Genome-wide association analyses of the
GERA cohort were performed with a logistic regression model using
allele counts for typed and imputed SNPs in an additive genetic
model for each of the ancestry groups. The model was adjusted for
genetic sex, age at enrollment into the RPGEH cohort, ancestry
group using principal components, and variations in genotyping
protocol. The variations in genotyping protocol include: chip type
for all populations (refers to the Affymetrix chip version), genotyp-
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> Table 2 Demographic factors used in genome-wide association analyses of shoulder dislocation.

Cases? Controls Overall
Subjects (%) 662 (0.80%) 82602 (99.20%) 83264
Sex (%)b
Male 325(0.93 %) 34759 (99.07 %) 35084
Female 335(0.70%) 47783 (90.30%) 48118
Undetermined 0(0%) 66 (100 %) 66
Age© 62.4 (61.5-63.4) 63.9 (63.8-64.0) 63.9 (63.8-64.0)

aCases with shoulder dislocation from the EUR ancestry group; ® Sex/gender as determined by an individual’s genetic data, reported as the number

and percentage of total; ¢Average age at subject enrollment (95% Cl)

ing package (refers to the set of chips that were processed togeth-
er) and reagent kit (refers to A vs O reagent kit distributed by Affy-
metrix) when there was variation in the individuals of a specific pop-
ulation. We used 10 principal components for EUR, 6 for LAT and 2
for EAS. To account for inflation due to population stratification,
the genomic control parameter (Agc) was calculated. Agcis defined
as the median of the resulting chi-squared test statistics divided by
the expected median of the chi-squared distribution [8].
Agc=1.0174, 0.958 and 0.933 for EUR, LAT and EAS, respectively.
Subsequently, p-values were adjusted for Agc.

There were 626 cases of shoulder dislocation in the EUR ances-
try group, 76 in LAT, 45 in EAS, 15 in AFR and 2 in SAS. We used
multiple logistic regression models including 11 to 15 covariates,
which means that the AFR and SAS ancestry groups could not be
analyzed because the number of covariates equal or exceeded the
number of cases. For LAT and EAS, we performed the logistic re-
gression but found that the results were not informative due to the
relatively small number of cases. We used the EUR ancestry group
as the primary source for our analysis.

For the main analysis, an additive model was used in which AA,
Aa and aa genotypes are coded as 0, 1 or 2 in the logistic regression
that searches for SNPs where 2 effect alleles have a higher risk for
shoulder dislocation than one effect allele. One SNP, rs12913965,
showed a genome-wide association with shoulder dislocation using
the additive model in EUR. For this SNP, we also tested a dominant
and recessive model. Specifically, the AA, Aa and aa genotypes are
coded as 1, 1, 0 in the dominant model and 1, 0, 0 in the recessive
model. That is, one effect allele gives full risk for shoulder disloca-
tion in the dominant model and 2 effect alleles are required to in-
crease the risk in the recessive model.

To determine whether the association of rs12913965 with
shoulder injury was different in males vs. females, we performed
the logistic regression on males and females separately from the
EUR ancestry group. The analysis for each sex was the same as the
combined analysis except that sex was no longer used as a covari-
ate and only 3 principal were used. Summary statistics for all of the
SNPs from the logistic regression using the additive model are at
NIH GRASP: https://grasp.nhlbi.nih.gov/FullResults.aspx.

For the sake of inclusiveness, we performed 2 fixed-effects me-
ta-analyses using inverse variance weights. We combined data from
the EUR and LAT ancestry groups in a 2-way meta-analysis, and then
data from the EUR, LAT and EAS ancestry groups in a 3-way meta-
analysis.

Further bioinformatics investigation of the top genome-wide
significant loci from the logistic regression was conducted. The
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genomic context of each SNP was investigated using RegulomeDB
(http:/[regulomedb.org/; accessed June 1,2016)[3] and HaploReg
(http://archive.broadinstitute.org/mammals/haploreg/haploreg.
php; accessed June 1, 2016)[34] web tools. Whether each SNP is
an expression quantitative trait locus (eQTL) was queried using the
NCBI eQTL Browser (http://www.ncbi.nlm.nih.gov/projects/gap/
eqtl/index.cgi; accessed June 2, 2016) and the Genotype-Tissue Ex-
pression (GTEx) Portal (http://www.gtexportal.org/home/; ac-
cessed June 4,2016)[7]. Location of SNPs within transcription fac-
tor binding sites or DNAse | hypersensitive regions was queried
using data from ENCODE (https://www.genome.gov/10005107/
encode-project/; accessed June 1,2016)[6].

Ethical considerations

This study analyzed stored data from RPGEH subjects who consent-
ed to genomic testing and use of their genomic data, as well as health
data from the KPNC Electronic Health Record, for future research
studies. The health and genotype data for the subjects were de-iden-
tified. All study procedures were approved by the Institutional Re-
view Board of the Kaiser Foundation Research Institute. This paper
conforms to the ethical standards established by this journal [10].

Results

Study population and genotype information

We performed a logistic regression for SNPs associated with shoul-
der dislocation using genotype and medical data from individuals
of the EUR, LAT, AFR, EAS and SAS ancestry groups. The number of
cases in the AFR and SAS ancestry groups were too small to ana-
lyze, and the number of cases in the LAT and EAS ancestry groups
was too small to be informative (Methods). We proceeded to ana-
lyze the 83 264 individuals in the EUR ancestry group that included
662 cases and 82 602 controls as our primary analysis. We used an
additive model, in which the AA, Aa and aa genothypes are coded
as 0, 1 or 2. A description of the sex and age of the cases and con-
trols is shown in » Table 2. The International Classification of Dis-
eases, version 9 (ICD-9) as well as Current Procedural Terminolo-
gy-4 (CPT4) codes used to identify cases from the electronic med-
ical records are shown in > Table 1. Overall, the period prevalence
of shoulder dislocation was 0.80 %.

We compared the observed p-values from the logistic regression
forthe EUR ancestry group in a Q-Q plot (> Fig. 1). We observed de-
viation from the null hypothesis for the top SNP indicating that this
SNP has a lower p-value than would be expected by chance.
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The p-value for every SNP from the analysis for the EUR ances-
try group is shown in a Manhattan plot in » Fig. 2. To account for
multiple hypothesis testing, we set the threshold for statistical sig-
nificance at p<5x10~8 (indicated by the red line)[14, 25, 26]. One
SNP (rs12913965) shows an association with shoulder dislocation
thatis genome-wide significant using an additive model (> Table 3).
As expected, sex and age of recruitment into the GERA cohort,
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> Fig. 1 Quantile-quantile plot for genome-wide association analy-
ses of shoulder dislocation. The expected vs. observed log trans-
formed values for the 8,046,964 p-values are graphed for association
with shoulder dislocation in the EUR ancestry group. The observed
p-values (black dots) are plotted on the y-axis and the p-values
expected by chance (red line) are plotted on the x-axis.

10 =

which are 2 factors known to be associated with shoulder disloca-
tion, showed significant associations as co-variates in the logistic
regression for rs12913965 (p=3.1x10"%and p=8.6x10"4, re-
spectively).

We tested rs12913965 using either a dominant or recessive
model, and found a genome-wide significant association with the
dominant but not the recessive model (Methods, » Table 3). Our
cohort does not let us distinguish between the dominant and ad-
ditive models. The dominant model predicts that the risk for dislo-
cation for T/T is the same as for T/C at rs12913965, whereas the
additive model predicts that the risk for T/T is greater than T/C.
However, there were only 10 cases that were T/T at rs12913965,
which is too small a number to make a significant distinction be-
tween dominant and additive models. rs12913965 was not direct-
ly genotyped, but rather the genotype data was imputed with fair-
ly high accuracy (R2=0.91)(Supplemental Table S1).

We split the EUR ancestry cohort into males and females, and
then tested the association of rs12913965 with shoulder disloca-
tion for each sex separately (Supplemental Table S2). The odds
ratio for females was slightly higher than for males, but the differ-
ence was not statistically significant. As would be expected from
splitting the cohort in 2, the p-values for males and females are
weaker than the p-value for the combined cohort.

Forrs12913965, the frequency of the risk allele (T) was 13 % in
Europeans and the allelic odds ratio for the additive model was 1.6
(» Table 3). Individuals that carried one (T) risk allele had a 69 %
greater risk of shoulder dislocation in the GERA cohort compared
to individuals with no risk alleles (> Table 4).

~log,4(p)

9 10 11 12 13 14 1516 17 1819 21 X

Chromosome

> Fig. 2 Manhattan plot for genome-wide association analyses of shoulder dislocation in the EUR ancestry group. The -log;q p-values for association
with shoulder dislocation for SNPs from the logistic regression are plotted by genomic position with chromosome number listed across the bottom.
The y-axis shows the -log;q p-value for association with shoulder dislocation. The blue line represents suggestive genome-wide significance
(p<1x107°) and the red line represents genome-wide significance (p<5x 10~8). The last chromosome is the Y chromosome, which is not labeled.

> Table 3 Genome-wide significant association for shoulder dislocation in the EUR ancestry group.

SNP Gene EA? EAFP Testc P-valued OR (95% Cl)®

rs12913965 TICCR/ISG20 T 0.10 Add. 9.7x1079 1.60 (1.37-1.88)
rs12913965 TICCR/ISG20 T 0.10 Dom. 3.6x10°9 1.72 (1.43-2.05)
rs12913965 TICCR/ISG20 T 0.10 Rec. 0.146 1.60 (0.85-3.00)

a Effect allele b Effect allele frequency in the control population; ¢ Additive, Dominant or Recessive model with respect to the effect allele; 4P-value

from fixed-effects logistic regression; ¢ Adjusted allelic odds ratio with 95 % confidence interval
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rs12913965 is located within an intron of the TICRR gene, which
encodes TOPBP1 interacting checkpoint and replication regulator
involved in the replication phase of the cell cycle (> Fig. 3) [31].
Using the Genotype-Tissue Expression database, rs12913965 has
not been found to alter expression of the TICRR gene in any of the
celllines tested [7]. However, rs12913965 is associated with chang-
es in expression of the ISG20 gene, which encodes an antiviral nu-
clease induced by interferons [9]. The ISG20 gene is located about
13 genes and1 Mb to the left of rs12913965 on chromosome 15.
The T (risk) allele of rs12913965 is associated with increased ex-
pression of the ISG20 gene compared to the C (reference) allele [7].

There are 71 genetic variants that are linked to rs12913965 in
one linkage disequilibrium block spanning about 225 kb on chro-
mosome 15 (using RZ2>0.7 as a cutoff) (> Fig. 3, Supplemental
Table S1). In principle, any of these variants might be responsible
for the genetic association with shoulder dislocation with the re-

> Table 4 Genotype distributions for rs12913965 in the EUR ancestry
group.

rs12913965 T TIC cic
Cases 10 160 432
Controls 791 13374 61489
Overall 891 13534 61921
Risk for shoulder 1.12% 1.18% 0.70%
dislocation

Relative risk for 1.61 1.69 1.000
shoulder dislocation (0.86-3.02)b (1.41-2.03)

(95% Cl)?

aRisk for shoulder dislocation given that genotype compared to the
risk given the C/C genotype; ®Not significantly different than 1.000
(p=0.10)

—-log,,(p-value)

maining variants acting as neutral polymorphisms. None of these
71 SNPs affect the protein-coding capacity in the genes in this re-
gion. Besides the sentinel SNP rs12913965, none of the other SNPs
show a strong association with shoulder dislocation; rs4932234
has the second strongest association in this linkage block with a p-
value of 4.7 x1077. In summary, the sentinel SNP rs12913965 has
the best evidence for being responsible for the association with
shoulder dislocation as it has by far the strongest p-value. This SNP
is located within the TICRR gene and may affect the activity of this
gene by mechanisms that are not yet understood, or it may asso-
ciate with shoulder dislocation due to its effect on expression of
ISG20, a gene located 1 Mb away.

A previous study reported an association for rs180012 in the
COL1A1 with shoulder dislocation and ACL rupture [20].rs180012
was not represented amongst the 8,046,964 genotyped and im-
puted SNPs in our dataset, so we were not able to validate its asso-
ciation with shoulder dislocation.

Although the cases of shoulder dislocation for the LAT and EAS
ancestry groups were too small in number to be informative, we
performed a meta-analysis for the sake of inclusiveness. We first
combined the data from the EUR and LAT logistic regressions in a
2-way meta-analysis. In the combined analysis, rs12913965 had a
p-value of 5.5x 1078, which is nearly genome-wide significant (Sup-
plemental Table S3). However, nearly all of the statistical effect for
the meta-analysis derives from the EUR ancestry group, as the p-
value for rs12913965 in LAT was 0.9 (OR=1.03;95% Cl=0.68-
1.54). In the combined analysis with EUR, LAT and EAS, rs12913965
had a p-value of 3.8 x 107 (Supplemental Table S3). The p-value
forrs12913965 in EAS was 0.64 (OR=0.89; 95 % Cl=0.54-1.46).

rs12913965
®

< MRPL46 ACAN -~ ABHD2 — FANC| — «RHCG ~KIF7
H - - Lt - L
MRPS11— < HAPLN3 < RLBP1T  MIR9-3 = TICRR — <= MESP1
[ [ - ! rrsarm i
< DET1 [SG20 —~ < MFGES8 < POLG < LINC00928 < PLINT
< L0C101929743 < MIR6766 < PEXTIA
MIR1179 — LINC00925 —~ WDR93 —~
1 o e
MIR7-2—~ MESP2 —~
< MIR3529 < ANPEP_
AEN —
L]
I T T T T T
89 89.2 89.4 89.6 89.8 90 90.2
Position on chr15 (Mb)

> Fig. 3 Regional-association plot for rs12913965 with shoulder dislocation. Tested SNPs are arranged by genomic position on chromosome 15
(x-axis) in a 1.3 Mb window around the lead SNP rs12913965 (purple diamond). The y-axis indicates -log;q p-values for association with shoulder
dislocation for each SNP in the EUR ancestry group. rs12913965 is located in an intron of the TICRR gene.
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Discussion

Shoulder dislocations are a concern for athletes competing in contact
sports such as football, rugby, wrestling and hockey [1,11,19, 35].
Very little is known about genetic risks for shoulder dislocation. A pre-
vious candidate gene study reported an association between rs180012
in col1AT and cases with either ACL rupture or shoulder dislocation
[20]. By obtaining access to large-scale genotype and phenotype data
from the RPGEH, we were able to perform the first genome-wide
screen for shoulder dislocation, and identified rs12913965 with a sig-
nificant association in the EUR ancestry group. The data contained in-
formation from 83 264 EUR individuals including 662 cases of shoul-
der dislocation. Our results suggest that genetic differences affect an
individual’s intrinsic risk for shoulder dislocation.

Power calculations indicate that a cohort of this size would have
about an 83 % chance of detecting a SNP with an association to MCL
injury at genome-wide significance (assuming genotype relative
risk of 2.3, minor allele frequency of 5 %). The chance of detection
drops to 1% for a SNP with a weaker effect on MCL injury (genotype
relative risk of 1.5, minor allele frequency of 5 %).

As noted in our previous studies of genetic risk for injuries com-
mon in sporting activities using this cohort, our study included peo-
ple regardless of whether or not they participated in a sport
[21,28,29]. Itis unknown whether the statistical association of
rs12913965 with shoulder dislocation derives predominantly from
the subset of the population that is active in one or more sports. It
is also possible that this SNP acts by increasing a known risk factor,
such as joint laxity [24].

Variation at rs12913965 may affect the risk for shoulder disloca-
tion by affecting the activity of either TICRR or ISG20, which are 2
genes located nearby on chromosome 15. For the TICRR gene,
rs12913965 is located within an intron of this gene but analyses have
been unable to show that rs12913965 is linked to changes in its ex-
pression [7]. For the ISG20 gene, rs12913965 is located about 1 Mb
away and variation in this SNPis associated with changes in its expres-
sion; specifically, the (T) allele is associated with higher expression of
the1SG20 gene and increased risk for shoulder dislocation. The TICRR
gene is involved ininitiating DNA replication during the cell cycle and
the ISG20 geneisinvolved in degrading viral RNA or DNA in response
to interferon stimulation [9, 30]. Hence, a mechanistic link between
these genes and shoulder dislocation is currently unclear.

For rs12913965, about 18 % of individuals were heterozygous
for arisk allele (T/C genotype) and 81 % were homozygous for the
protective allele (C/C genotype). Individuals carrying one risk al-
lele (T) had a 69 % increased risk for shoulder dislocation compared
to individuals with no risk alleles in our cohort.

Neither the LAT nor EAS ancestry groups showed an association
forrs12913965 with shoulder dislocation. Power calculations show
that, with a genotype relative risk of 1.6, our sentinel SNP would have
a 50% chance of validation at alpha=0.05 for LAT (76 cases) and a
33 % chance of validation for EAS (45 cases). Hence, the non-signifi-
cantresults forrs12913965 with shoulder dislocation in LAT and EAS
may reflect a small number of cases, rather than a lack of association
in these ancestry groups. Larger cohort sizes are necessary to deter-
mine whether rs12913965 shows an association with shoulder dis-
location in the LAT and EAS ancestry groups. Furthermore, we should
acknowledge that when all the analyzable ancestry groups were in-
cluded in meta-analyses, the detected signal was no longer formal-
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ly genome-wide significant. Thus the EUR-specific signal needs to be
viewed with caution until validated in other cohorts. Nevertheless,
the p-value from the meta-analysis was still sufficiently close to ge-
nome-wide significance and empirical evidence suggests that p-val-
ues in this vicinity usually represent true signals [25].

As noted with our previous analyses using this cohort, one lim-
itation of this type of study is that the phenotypes were defined
from codes contained in the electronic health records, which may
be inaccurate [21, 28, 29]. Another limitation is that the associa-
tion between rs12913965 and shoulder dislocation has not yet
been replicated in an independent cohort.

In the future, it will be interesting to perform the analysis on a
population of athletes competing in sports that put them at risk for
shoulder dislocation, such as football or basketball players. The re-
sults from these studies may reveal that rs12913965 could be used
as a diagnostic marker to predict which athletes are at higher risk.

Conclusion

A genome-wide association screen revealed rs12913965 with a signifi-
cant association for shoulder dislocation in the EUR ancestry group. Our
dataindicate that rs12913965 could explain part of the variation in risk
for shoulder dislocation between individuals. In the future, sports med-
icine practitioners may be able to use this information to identify indi-
viduals with increased risk, and then take measures with stretching and
strengthening exercises to prevent this injury before it occurs.

What are the findings?

= We performed a genome-wide association study for shoulder
dislocation using data from Kaiser Permanente Northern
California consisting of 662 cases and 82 602 controls of
European descent.

= We discovered rs12913965 to be associated with shoulder
dislocation at genome-wide significance in the EUR ancestry
group (p=9.7x 1079 OR=1.6). Replication of this association
in cohorts of athletes is warranted.
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