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Introduction
De Quervain’s tenosynovitis is a common cause of radial-sided wrist 
pain and swelling in both the general and athletic population. Re-
petitive motion of the wrist leads to repeated gliding of the ten-
dons within the first extensor compartment of the wrist (abductor 
pollicis longus and extensor pollicis brevis) through a fibro-osseous 
tunnel at the level of the radial styloid. Frictional mictrotrauma 
from repeated gliding may lead to tendon sheath inflammation and 
chronic thickening. Clinical symptoms are local tenderness, swell-
ing and pain stemming from activities such as grasping, thumb ab-
duction and ulnar deviation [17].

De Quervain’s tenosynovitis is more common in women than 
men, in African Americans compared to Caucasians and those 30 
to 50 years of age compared to older and younger age groups [36]. 

Within the general population, repetitive housework, industrial 
labor and child-rearing activities can trigger de Quervain’s teno-
synovitis [17]. Several anatomic variations such as increased com-
partment septation and presence of multiple tendon slips may have 
an effect on the underlying pathophysiology and predisposition for 
de Quervain’s tenosynovitis [1, 2, 22, 23, 25, 32].

Hand and wrist injuries are common in the athletic population 
and are the site of 3–9 % of all sports injuries [28]. De Quervain’s 
tenosynovitis is the most common radial-sided tendinopathy in 
athletes [5]. This injury occurs frequently in athletes participating 
in racquet sports, rowing, golf, volleyball and bowling [30, 31, 
34, 37]. In racquet sports (e. g., tennis) and golf, de Quervain’s  
tenosynovitis has been attributed to grasp and swing technique 
[34, 37]. In rowing, development of this condition has been attrib-
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AbStr Act

De Quervain’s tenosynovitis is a repetitive strain injury involv-
ing synovial inflammation of the tendons of the first extensor 
compartment of the wrist. It is relatively common in the gen-
eral population, and is the most common radial-sided tendi-
nopathy seen in athletes. Identifying a genetic marker associ-
ated with de Quervain’s tenosynovitis could provide a useful 
tool to help identify those individuals with an increased risk for 
injury. A genome-wide association screen was performed using 
publically available data from the Research Program in Genes, 
Environment and Health (RPGEH) including 4,129 cases and 
98,374 controls. rs35360670 on chromosome 8 showed an 
association with de Quervain’s tenosynovitis at genome-wide 
significance (p = 1.9 × 10 − 8; OR = 1.46; 95 % CI = 1.38–1.59). 
This study is the first genome-wide screen for de Quervain's 
tenosynovitis and provides insights regarding its genetic etiol-
ogy as well as a DNA marker with the potential to inform ath-
letes and other high-risk individuals about their relative risk for 
injury.
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uted to tight grip and poor rowing technique [31]. In volleyball, the 
repetitive microtrauma from impact of the ball on the dorsal radi-
al wrist region increases the risk of de Quervain’s tenosynovitis 
[30, 34, 36, 37].

Little is known about genetic differences that might affect the 
inherent tendency for an individual to develop de Quervain’s ten-
osynovitis. In this paper, we address this question by performing a 
genome-wide association analysis for de Quervain’s tenosynovitis. 
Using a cohort containing 4,129 cases, we identified one marker 
showing an association with genome-wide significance.

Methods
A genome-wide association screen (GWAS) was performed for de 
Quervain’s tenosynovitis using data from the genotyped Genetic 
Epidemiology Research on Adult Health and Aging (GERA) cohort 
of the Research Program in Genes, Environment and Health 
(RPGEH). 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 = 102,503) includes 59,479 females, 
42,958 males, and 66 individuals of uncertain sex (▶table 1). Sex 
was determined previously based on heterozygosity of the X chro-
mosome (dbGaP Study Accession: phs000674.v1.p1). Moreover, 
our analysis cohort is ethnically diverse, including 83,264 Europe-
an-White (EUR); 8,560 Latino (LAT); 7,518 East Asian (EAS); and 
3,161 African American (AFR) individuals based on ancestry prin-
cipal components.

Participants were genotyped at over 650,000 SNPs on four race/
ethnicity-specific Affymetrix Axiom genome-wide arrays optimized 
for individuals of EUR, LAT, EAS and AFR race/ethnicity [13]. Geno-
type quality control procedures for the GERA cohort were performed 
on an array-wise basis, as described previously [21]. The final num-
ber of SNPs that were directly genotyped was 670,572 for EUR; 
802,186 for LAT; 708,373 for EAS arrays; 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) then imputed to a cosmopolitan reference 
panel consisting of all individuals from the 1000 Genomes Project 
(Mar 2012 release) using IMPUTE2 v2.2.2 (https://mathgen.stats.
ox.ac.uk/impute/impute_v2.html; accessed Feb. 2, 2016) and 
standard procedures with a cutoff of R2 > 0.3 [14–16]. The R2 met-
ric from IMPUTE2 estimates the correlation between the true and 
imputed genotype. SNPs were imputed if the R2 metric was great-
er than 0.3 [24]. The final number of SNPs that were imputed was 
9,207,988 for EUR, 10,380,912 for LAT, 8,355,578 for EAS, and 
16,659,640 for AFR arrays. The quality of the imputed data was pre-
viously validated in Jorgenson et al., 2015 [19].

Determination of genetic ancestry was performed by principal 
component analysis (PCA), as previously described [3]. These an-
cestry principal components were used in the GWAS to adjust for 
genetic ancestry.

Phenotype Definition
De Quervain’s tenosynovitis cases were identified in the GERA co-
hort based on clinical diagnoses and surgical procedures captured 
in the Kaiser Permanente Northern California (KPNC) electronic 
health record system. The electronic health record includes report-
ed injuries over the entire lifetime of the patients, including those 
that occurred prior to enrollment in KPNC as well as those that oc-
curred after the genotyping analysis was performed if reported by 
the patient and recorded by the physician. De Quervain’s tenosyn-
ovitis cases were identified by International Classification of Dis-
ease, Ninth Revision (ICD-9 727.04), de Quervain syndrome/radial 
styloid tenosynovitis (3,981 cases); International Classification of 
Disease, Tenth Revision (ICD-10 M65.4), radial styloid tenosynovi-
tis [de Quervain] (237 cases); and Common Procedural Terminol-
ogy, Fourth Edition (CPT-4 25000), incision, extensor tendon 
sheath, wrist (e. g., de Quervain’s disease) (154 cases).

Genome-wide association and meta-analysis
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) [10, 27]. SNP associ-
ations with de Quervain’s tenosynovitis were tested with a logistic 

▶table 1  Demographic factors of the GERA study population used in genome-wide association analyses of de Quervain’s tenosynovitis.

casesa controls Overall

Subjects ( %) 4,129 (4.0 %) 98,374 (96.0 %) 102,503

Sex ( %)b

Female 3,284 (5.2 %) 56,195 (94.8 %) 59,479

Male 845 (2.0 %) 42,113 (98.0 %) 42,958

Undetermined 0 (0 %) 66 (100 %) 66

Ancestry Group ( %)c

European 3,190 (3.8 %) 80,074 (96.2 %) 83,264

Latin American 418 (4.9 %) 8,142 (95.1 %) 8,560

East Asian 341 (4.5 %) 7,177 (95.5 %) 7,518

African American 180 (5.9) 2,981 (94.1) 3,161

Aged 61.3 ( ± 12.5) 62.8 ( ± 13.7) 62.8 ( ± 13.7)

a Cases with de Quervain’s tenosynovitis as defined by individuals with one or more qualifying ICD-9, ICD-10 or CPT-4 codes in their EHR. For details, 
see Methods; b Sex/gender as determined by an individual’s genetic data, reported as the number and percentage of total; c Race/ethnic groups as 
determined by PCA on an individual’s genetic data from the GERA cohort. Reported as the number and percentage of total for each respective group; 
d Age at subject enrollment in the GERA cohort, reported as mean age with standard deviation
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regression model using allele counts for typed and imputed SNPs 
in an additive genetic model for each of the race/ethnic popula-
tions. The model was adjusted for genetic sex, age at enrollment 
into the RPGEH cohort, race/ethnicity using principal components, 
and variations in genotyping protocol. The variations in genotyp-
ing protocol include: chip type for all populations (refers to the Affy-
metrix chip version), genotyping package (refers to the set of chips 
that were processed together) and reagent kit (refers to A vs O re-
agent kit distributed by Affymetrix) when there was variation in the 
individuals of a specific population. We used 10 principal compo-
nents for European (EUR), 6 for Latin American (LAT), 6 for East 
Asian (EAS) and 6 for African American (AFR). The final numbers of 
SNPs that were analyzed was 8,795,348 for EUR; 9,153,118 for LAT; 
8,055,053 for EAS; and 14,989,676 for AFR populations. To account 
for inflation due to population stratification, the genomic control 
parameter (λgc) was calculated: EUR (1.007), LAT (1.014), EAS 
(1.013), AFR (1.027). λgc is defined as the median of the resulting 
chi-squared test statistics divided by the expected median of the 
chi-squared distribution [9]. Subsequently, p-values were adjusted 
for genomic control in each population. Results from each popula-
tion were combined by inverse-variance, fixed-effects meta-anal-
ysis as previously described [29]. SNPs that did not contain data for 
EUR were removed because EUR comprises more than 80 % of the 
cohort. The final number of SNPs that was analyzed in the fixed-ef-
fects meta-analysis was 8,156,340. Power calculations were made 
using the software at http://csg.sph.umich.edu/abecasis/cats/gas_
power_calculator/index.html; accessed Dec. 20, 2016 [33].

We examined the level of heterogeneity using two measures: 
1) the I2 statistic, which measures the percentage of variability 
across ancestry groups that is due to heterogeneity, where a lower 
value indicates more consistent results across races, and 2) 
Cochran’s Q statistic, which measures whether observed differenc-
es in results between different ancestry groups are due to chance 
alone, where a low associated p-value indicates heterogeneity 
[6, 12]. The 95 % confidence interval for I2 was calculated using the 
heterogi module for STATA.

Further bioinformatics investigation of the top genome-wide 
significant loci from the meta-analysis was conducted. QQ and 
Manhattan plots were created using qqman [35]. Regional associ-
ation plots were generated for each locus with LocusZoom (http://
locuszoom.sph.umich.edu/locuszoom/, accessed Dec. 18, 2016) 
[26]. The genomic context of each SNP was investigated using Reg-
ulomeDB (http://regulomedb.org/, accessed Dec. 18, 2016) [4] 
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 Dec. 
18, 2016) and the Genotype-Tissue Expression (GTEx) portal 
(http://www.gtexportal.org/home/, accessed Dec. 18, 2016). ChIP-
seq data from the ENCODE project was used to determine whether 
SNPs were located within transcription factor binding sites [7].

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 re-
search studies. The health and genotype data for the subjects were 

de-identified. All study procedures were approved by the Institu-
tional Review Board of the Kaiser Foundation Research Institute. 
This paper conforms to the ethical standards established by this 
journal [11].

Results

Study population and genotype information
Patients with de Quervain’s tenosynovitis were identified by ICD-
9, ICD-10 and CPT codes referring to de Quervain’s syndrome, ra-
dial styloid tenosynovitis and de Quervain’s disease (see Methods). 
There were 4,129 cases and 98,374 controls in the GERA cohort, 
resulting in a period prevalence of 4.0 % (▶table 1). Participation 
in sports was not included in the electronic health record, and 
hence we were not able to determine the incidence rate for the sub-
set of the population who were athletes. Men showed a lower inci-
dence of de Quervain’s tenosynovitis than women that was statis-
tically significant (p = 2.2 × 10 − 16; OR = 0.34; 95 % CI = 0.32–0.37), 
consistent with previous results [36].

Genome-wide study for association with de 
Quervain’s tenosynovitis
We compared the observed p-values to the distribution of p-values 
expected by chance in a Q-Q plot (▶Fig. 1). The black dot in the 
upper right hand corner deviates from the red line. The p-value for 
every SNP from the meta-analysis is shown in a Manhattan plot in 
▶Fig. 2. rs35360670 on chromosome 8 showed a genome-wide 
significant association with de Quervain’s tenosynovitis 
(p = 1.9 × 10 − 8, ▶table 2). rs35360670 was not directly genotyped 
on the Affymetrix chips, but rather its genotype data was imputed 
(▶table 2). The R2 value for imputation of rs35360670 was 0.72, 
indicating that the genotype was only partially accurate using im-
putation and that care should be taken until true genotype data 
can be obtained (▶Fig. 3).
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▶Fig. 1 Quantile-quantile plot for genome-wide association analy-
sis of De Quervain’s tenosynovitis. The expected versus observed  
log transformed values for the 8,156,340 p-values from the meta-
analysis are graphed. The y-axis shows the observed p-values and 
the x-axis shows the p-values expected by chance. The black dots 
represent the SNPs arranged by their observed p-values and the red 
line shows the expected trajectory if the SNPs had p-values expected 
by chance.

944

D
ow

nl
oa

de
d 

by
: S

ta
nf

or
d 

U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



Kim S. et al. A Genetic Marker Associated … Int J Sports Med 2017; 38: 942–948

For rs35360670, individuals that carried one copy of the risk al-
lele (genotype A/C) had a 1.38 fold increased risk of de Quervain’s 
tenosynovitis compared to individuals with no risk alleles (geno-
type C/C) (▶table 3). The risk was even higher in people carrying 
two copies of the risk allele, but there were too few individuals ho-
mozygous for the risk allele to be statistically significant.

The GWAS results were analyzed to determine whether the as-
sociation of rs35360670 with de Quervain’s tenosynovitis was 

stronger in some ancestry groups than in others, a phenomenon 
known as heterogeneity [18]. ▶table 4 shows the p-values and 
odds ratios for this SNP for each ancestry group. As expected, the 
smallest p-value was observed for the European population be-
cause 82 % of the cohort was European. The p-values for the LAT 
and EAS ancestry groups were nominally significant, but the p-val-
ue for the AFR ancestry group was not significant. For the EUR, LAT 
and EAS ancestry groups, the odds ratios for each race were in the 
same direction and of similar magnitude. However, the odds ratio 
was reversed in the AFR ancestry group compared to the others. 
The I2 estimate was 48 %, suggesting that there might be hetero-
geneity between the different ancestry groups. However, the 95 % 
confidence interval for I2 was 0–90, indicating that the presence 
and extent of heterogeneity is not certain.

rs35360670 is located in the upstream region of the MTSS1 
gene, about 15 kb from the transcription start site. MTSS1 encodes 
metastasis suppressor protein 1, which is a protein involved in actin 
scaffolding whose expression decreases in many cancer types [38]. 
rs35360670 does not change the protein sequence of MTSS1. To 
date, gene expression studies have not yet been able to show a link 
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▶Fig. 2 Manhattan plot for genome-wide association analysis of De Quervain’s tenosynovitis. The -log10 p-values for association with De 
Quervain’s tenosynovitis for SNPs from the meta-analysis are plotted by genomic position with chromosome number listed across the bottom. The 
y-axis shows the -log10 p-value for association with De Quervain’s tenosynovitis. The blue line represents suggestive genome-wide significance 
(p < 5 × 10−5) and the red line represents genome-wide significance (p < 5 × 10−8).

▶table 2  Genome-wide association analyses for de Quervain’s tenosynovitis.

Variant Gene(s) EAa EAFb P-valuec Or (95 % cI)d

rs35360670e MTSS1 A 0.024 1.9 × 10 − 8 1.46 (1.38–1.59)
a Effect allele (minor allele); b Effect allele frequency in the control population; c P-value from fixed-effects meta-analysis; d Adjusted allelic odds ratio 
with 95 % confidence interval; e Genotype for rs35360670 was imputed (R2 = 0.72)
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▶Fig. 3 Regional-association plot for rs35360670 with De 
Quervain’s tenosynovitis. Tested SNPs are arranged by genomic 
position on chromosome 8 (x-axis) in a 50 kb window around the 
lead SNP rs35360670 (purple diamond). The y-axis indicates -log10 
p-values for association with De Quervain’s tenosynovitis for each 
SNP. rs35360670 is located in the upstream region of the MTSS1 
gene. The color of dots of the flanking SNPs indicates their linkage 
disequilibrium (R2) with the lead SNP as indicated by the heat map 
color key.

▶table 3  Genotype distributions for rs35360670.

rs35360670 A/A A/c c/c

Cases 4 237 3468

Controls 49 4,101 83,985

Overall 53 4,338 87,453

Risk for de Quervain’s 
tenosynovitis

0.075 0.055 0.040

Relative risk for de 
Quervain’s tenosynovitisa

1.90 
(0.69–5.26)b

1.38 
(1.20–1.58)

1.00

a Risk relative to individuals homozygous for the protective allele (95 % 
CI); b p-value = 0.21
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between variation in rs35360670 and change in expression of 
MTSS1. There are no other SNPs linked to rs35360670 either in the 
genotype data from the GERA cohort or from the 1000 Genomes 
Project. In summary, the target gene for rs35360670 is not known 
and it is unclear how variation at rs35360670 might affect nearby 
gene activity to increase risk for de Quervain’s tenosynovitis.

Discussion
De Quervain’s tenosynovitis is a painful overuse injury involving the 
tendons within the first extensor compartment of the wrist. This 
condition is seen commonly in both the general population as well 
as athletes spanning a variety of sports including racquet sports, 
golf, volleyball and rowing [30, 31, 34, 37]. It is the most common 
radial-sided tendinopathy observed in athletes [5, 30, 34, 37]. Be-
sides overuse, there may be other contributing factors such as in-
flammatory arthritis.

We identified the first genetic variant associated with de 
Quervain’s tenosynovitis using large-scale genotype and pheno-
type data comprised of 4,129 cases of de Quervain’s tenosynovitis 
and 98,374 controls. Power calculations indicate that a cohort of 
this size would have about a 90 % chance of detecting an SNP with 
an association with de Quervain’s tenosynovitis at a genome-wide 
significance (assuming genotype relative risk of 1.4, minor allele 
frequency of 5 %).

rs35360670 on chromosome 8 showed an association with de 
Quervain’s tenosynovitis that was significant genome-wide 
(p = 1.9 × 10 − 8). The imputed genotype was inferred with only 72 % 
accuracy, indicating that the association of rs35360670 with de 
Quervain’s tenosynovitis should be viewed with some caution. 
rs35360670 is located about 15 kb 5’ to the MTSS1 gene, which en-
codes an actin scaffolding protein involved in tumor metastasis 
[38]. However, it is unclear how changes in the function of the 
MTSS1 gene due to variation at rs35360670 leads to increased risk 
for de Quervain’s tenosynovitis; this SNP changes neither the cod-
ing sequence of MTSS1 nor has it been found to alter expression of 
MTSS1 in cell lines and tissues that have been assayed [8].

Individuals that have one copy of the risk allele for rs35360670 
(genotype A/C) have a 38 % increased risk of de Quervain’s teno-
synovitis compared to individuals lacking a risk allele in our cohort 
(genotype C/C). For the general population, a 38 % increased rela-
tive risk for de Quervain’s tenosynovitis may not warrant preven-

tative measures. For elite athletes participating in sports such as 
golf or tennis, however, this level of risk may warrant attention with 
regard to training regimen, because the consequences of injury can 
be substantial. Altering hand grip in tennis or establishing proper 
swing technique in golf are two training modifications that might 
possibly reduce the risk for de Quervain’s tenosynovitis for individ-
uals with the rs35360670 risk allele [34, 37].

As noted in previous analyses of this cohort, there are several 
limitations to this type of study [20, 29]. First, the phenotype was 
defined from codes contained in the electronic health records, 
which may be inaccurate. Intersection syndrome is a separate con-
dition that clinically resembles de Quervain’s tenosynovitis. Inter-
section syndrome lacks a specific ICD code, and thus it is possible 
that some cases of intersection syndrome were incorrectly assigned 
to the ICD code for de Quervain’s tenosynovitis. Because cases were 
specified by attending physicians in Kaiser Permanente Northern 
California, we cannot be certain that we captured all relevant pa-
tients and excluded those that were not relevant. Second, the co-
hort included people regardless of whether or not they participat-
ed in a sport. We cannot document whether the statistical associa-
tion of rs35360670 with de Quervain’s tenosynovitis was derived 
predominantly from the subset of the population that were active 
in one or more sports. Third, the number of individuals of Latin 
American, East Asian or African American ancestry was relatively 
small, and hence the association results for these ancestry groups 
are weaker than those from the European ancestry group.

In the future, it will be important to replicate the gene associa-
tion results with de Quervain’s tenosynovitis in an independent co-
hort. It will also be interesting to perform the analysis on popula-
tions of athletes competing in sports with high rates of this condi-
tion, such as golf or tennis. The results from these studies may 
reveal whether certain genetic polymorphisms such as rs35360670 
could be used as diagnostic markers to help predict which athletes 
harbor a higher risk for de Quervain’s tenosynovitis and to inform 
the development of strategies to prevent it.

Conclusion
A genome-wide association screen revealed rs35360670 with a sig-
nificant association for de Quervain’s tenosynovitis. Our data indi-
cate that rs35360670 could explain part of the variation in risk for 
this injury between individuals.

What are the findings?
 ▪ We performed a genome-wide association study for de 

Quervain’s tenosynovitis using data from Kaiser Permanente 
Northern California consisting of 4,129 cases and 98,374 
controls.

 ▪ We discovered rs35360670 to be associated with de 
Quervain’s tenosynovitis at genome-wide significance 
(p = 1.9 × 10 − 8; OR = 1.46).
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different between ancestry groups

946

D
ow

nl
oa

de
d 

by
: S

ta
nf

or
d 

U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



Kim S. et al. A Genetic Marker Associated … Int J Sports Med 2017; 38: 942–948

This work was supported by a grant  from the NIH (5RO1AG025941). 
Data for this study were provided by the Kaiser Permanente Re-
search Program on Genes, Environment and Health (RPGEH). Par-
ticipant enrollment, survey and sample collection for the RPGEH 
were supported by grants from the Robert Wood Johnson Founda-
tion, the Ellison Medical Foundation, the Wayne and Gladys Valley 
Foundation, and Kaiser Permanente. Development of genotypic 
data was supported by grant RC2 AG036607 from the National In-
stitutes of Health. Information about data access can be obtained 
at: http://www.ncbi.nlm.nih.gov/projects/gap/cgibin/study.
cgi?study_id = phs000674.v1.p1 and https://researchbank.kaiser-
permanente.org/for-researchers/.

Conflict of interest

The authors have no conflict of interest to declare.

References

[1] Aktan ZA, Ozturk L, Calli IH. An anatomical study of the first extensor 
compartment of the wrist. Kaibogaku Zasshi 1998; 73: 49–54

[2] Bahm J, Szabo Z, Foucher G. The anatomy of de Quervain’s disease. A 
study of operative findings. Int Orthop 1995; 19: 209–211

[3] Banda Y, Kvale MN, Hoffmann TJ, Hesselson SE, Ranatunga D, Tang H, 
Sabatti C, Croen LA, Dispensa BP, Henderson M, Iribarren C, Jorgenson 
E, Kushi LH, Ludwig D, Olberg D, Quesenberry CP Jr, Rowell S, Sadler 
M, Sakoda LC, Sciortino S, Shen L, Smethurst D, Somkin CP, Van Den 
Eeden SK, Walter L, Whitmer RA, Kwok PY, Schaefer C, Risch N. 
Characterizing race/ethnicity and genetic ancestry for 100,000 
subjects in the Genetic Epidemiology Research on Adult Health and 
Aging (GERA) cohort. Genetics 2015; 200: 1285–1295

[4] Boyle AP, Hong EL, Hariharan M, Cheng Y, Schaub MA, Kasowski M, 
Karczewski KJ, Park J, Hitz BC, Weng S, Cherry JM, Snyder M. 
Annotation of functional variation in personal genomes using 
RegulomeDB. Genome Res 2012; 22: 1790–1797

[5] Brukner P, Khan K, Bahr R, Blair S, Cook J, Crossley K, McConnell J, 
McCrory P, Noakes T. Brukner & Khan’s Clinical Sports Medicine. 4th 
ed. Sydney: McGraw-Hill; 2012

[6] Cochran WG. The combination of estimates from different experi-
ments. Biometrics 1954; 10: 101–129

[7] ENCODE Project Consortium. An integrated encyclopedia of DNA 
elements in the human genome. Nature 2012; 489: 57–74

[8] GTEx Consortium. Human genomics. The Genotype-Tissue Expression 
(GTEx) pilot analysis: Multitissue gene regulation in humans. Science 
2015; 348: 648–660

[9] Devlin B, Roeder K. Genomic control for association studies. Biometrics 
1999; 55: 997–1004

[10] Ganestam A, Kallemose T, Troelsen A, Barfod KW. Increasing incidence 
of acute Achilles tendon rupture and a noticeable decline in surgical 
treatment from 1994 to 2013. A nationwide registry study of 33,160 
patients. Knee Surg Sports Traumatol Arthrosc 2015,  doi:10.1007/
s00167-015-3544-5

[11] Harriss DJ, Atkinson G. Ethical standards in sport and exercise science 
research: 2016 update. Int J Sports Med 2015; 36: 1121–1124

[12] Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsist-
ency in meta-analyses. BMJ 2003; 327: 557–560

[13] Hoffmann TJ, Kvale MN, Hesselson SE, Zhan Y, Aquino C, Cao Y, Cawley 
S, Chung E, Connell S, Eshragh J, Ewing M, Gollub J, Henderson M, 
Hubbell E, Iribarren C, Kaufman J, Lao RZ, Lu Y, Ludwig D, Mathauda 
GK, McGuire W, Mei G, Miles S, Purdy MM, Quesenberry C, Ranatunga 
D, Rowell S, Sadler M, Shapero MH, Shen L, Shenoy TR, Smethurst D, 
Van den Eeden SK, Walter L, Wan E, Wearley R, Webster T, Wen CC, 
Weng L, Whitmer RA, Williams A, Wong SC, Zau C, Finn A, Schaefer C, 
Kwok PY, Risch N. Next generation genome-wide association tool: 
design and coverage of a high-throughput European-optimized SNP 
array. Genomics 2011; 98: 79–89

[14] Howie B, Fuchsberger C, Stephens M, Marchini J, Abecasis GR. Fast and 
accurate genotype imputation in genome-wide association studies 
through pre-phasing. Nat Genet 2012; 44: 955–959

[15] Howie B, Marchini J, Stephens M. Genotype imputation with thousands 
of genomes. G3 (Bethesda) 2011; 1: 457–470

[16] Howie BN, Donnelly P, Marchini J. A flexible and accurate genotype 
imputation method for the next generation of genome-wide 
association studies. PLoS Genet 2009; 5: e1000529

[17] Ilyas AM, Ast M, Schaffer AA, Thoder J. De Quervain tenosynovitis of 
the wrist. J Am Acad Orthop Surg 2007; 15: 757–764

[18] Ioannidis JPA, Patsopoulos NA, Evangelou E. Heterogeneity in 
meta-analyses of genome-wide association investigations. PLoS One 
2007; 2: e841

[19] Jorgenson E, Makki N, Shen L, Chen DC, Tian C, Eckalbar WL, Hinds D, 
Ahituv N, Avins A. A genome-wide association study identifies four 
novel susceptibility loci underlying inguinal hernia. Nat Commun 
2015; 6: 10130

[20] Kim SK, Roos TR, Roos AK, Kleimeyer JP, Ahmed MA, Goodlin GT, 
Fredericson M, Ioannidis JPA, Avins AL, Dragoo JL. Genome-wide 
association screens for Achilles Tendon and ACL tears and tendinopa-
thy. PLoS One 2016  in Press

[21] Kvale MN, Hesselson S, Hoffmann TJ, Cao Y, Chan D, Connell S, Croen 
LA, Dispensa BP, Eshragh J, Finn A, Gollub J, Iribarren C, Jorgenson E, 
Kushi LH, Lao R, Lu Y, Ludwig D, Mathauda GK, McGuire WB, Mei G, 
Miles S, Mittman M, Patil M, Quesenberry CP Jr., Ranatunga D, Rowell 
S, Sadler M, Sakoda LC, Shapero M, Shen L, Shenoy T, Smethurst D, 
Somkin CP, Van Den Eeden SK, Walter L, Wan E, Webster T, Whitmer 
RA, Wong S, Zau C, Zhan Y, Schaefer C, Kwok PY, Risch N. Genotyping 
informatics and quality control for 100,000 subjects in the Genetic 
Epidemiology Research on Adult Health and Aging (GERA) cohort. 
Genetics 2015; 200: 1051–1060

[22] Leslie BM, Ericson WBJ, Morehead JR. Incidence of a septum within the 
first dorsal compartment of the wrist. J Hand Surg Am 1990; 15: 
88–91

[23] Loomis LK. Variations of stenosing tenosynovitis at the radial styloid 
process. J Bone Joint Surg Am 1951; 33: 340–346

[24] Marchini J, Howie B. Genotype imputation for genome-wide 
association studies. Nat Rev Genet 2010; 11: 499–511

[25] Minamikawa Y, Peimer CA, Cox WL, Sherwin FS. De Quervain’s 
syndrome: Surgical and anatomical studies of the fibroosseous canal. 
Orthopedics 1991; 14: 545–549

[26] Pruim RJ, Welch RP, Sanna S, Teslovich TM, Chines PS, Gliedt TP, 
Boehnke M, Abecasis GR. Willer CJ. Locus Zoom: Regional visualization 
of genome-wide association scan results. Bioinformatics (Oxford, 
England) 2010; 26: 2336–2337

[27] Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MA, Bender D, 
Maller J, Sklar P. de Bakker PI, Daly MJ, Sham PC. PLINK: A tool set for 
whole-genome association and population-based linkage analyses. Am 
J Hum Genet 2007; 81: 559–575

[28] Rettig AC. Athletic injuries of the wrist and hand. Part I: traumatic 
injuries of the wrist. Am J Sports Med 2003; 31: 1038–1048

947

D
ow

nl
oa

de
d 

by
: S

ta
nf

or
d 

U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



Kim S. et al. A Genetic Marker Associated … Int J Sports Med 2017; 38: 942–948

Genetics & Molecular Biology Thieme

[29] Roos AK, Avins AL, Ahmed MA, Kleimeyer JP, Roos TR, Fredericson M, 
Ioannidis JPA, Dragoo JL, Kim SK. Two genetic loci associated with 
medial collateral ligament injury. Int J Sports Med 2017; 38: 501–507

[30] Rossi C, Cellocco P, Margaritondo E, Bizzarri F, Costanzo G. De 
Quervain disease in volleyball players. Am J Sports Med 2005; 33: 
424–427

[31] Rumball JS, Lebrun CM, Di Ciacca SR, Orlando K. Rowing injuries. 
Sports Med 2005; 35: 537–555

[32] Shiraishi N, Matsumura G. Anatomical variations of the extensor 
pollicis brevis tendon and abductor pollicis longus tendon–relation to 
tenosynovectomy. Okajimas Folia Anat Jpn 2005; 82: 25–29

[33] Skol AD, Scott LJ, Abecasis GR, Boehnke M. Joint analysis is more 
efficient than replication-based analysis for two-stage genome-wide 
association studies. Nat Genet 2006; 38: 209–213

[34] Tagliafico AS, Ameri P, Michaud J, Derchi LE, Sormani MP, Martinoli C. 
Wrist injuries in nonprofessional tennis players: Relationships with 
different grips. Am J Sports Med 2009; 37: 760–767

[35] Turner SD. qqman: an R package for visualizing GWAS results using 
Q-Q and Manhattan plots. biorXiv 2014,  doi:10.1101/005165

[36] Wolf JM, Sturdivant RX, Owens BD. Incidence of de Quervain’s 
tenosynovitis in a young, active population. J Hand Surg Am 2009; 34: 
112–115

[37] Woo SH, Lee YK, Kim JM, Cheon HJ, Chung WH. Hand and wrist injuries 
in golfers and their treatment. Hand Clin 2017; 33: 81–96

[38] Xie F, Ye L, Ta M, Zhang L, Jiang WG. MTSS1: A multifunctional protein 
and its role in cancer invasion and metastasis. Front Biosci(Schol Ed) 
2011; 3: 621–631

948

D
ow

nl
oa

de
d 

by
: S

ta
nf

or
d 

U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.


