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ABSTRACT

Purpose: Muscle injury is the most common sports injury. Muscle stiffness, a risk factor for
muscle injury, is lower in females than in males, implying that sex-related genetic
polymorphisms influence muscle injury associated with muscle stiffness. The present study
aimed to clarify the associations between two genetic polymorphisms (rs2234693 and
rs9340799) in the estrogen receptor 1 gene (ESR1) and muscle injury or muscle stiffness.
Methods: In study 1, a questionnaire was used to assess the muscle injury history of 1,311
Japanese top-level athletes. In study 2, stiffness of the hamstring muscles was assessed using
ultrasound shear wave elastography in 261 physically active young adults. In both studies,
rs2234693 C/T and rs9340799 G/A polymorphisms in the ESR1 were analysed using the TagMan
SNP Genotyping Assay. Results: In study 1, genotype frequencies for ESR1 rs2234693 were
significantly different between the injured and non-injured groups in a C-allele dominant
(CC+CT vs. TT: odds ratio [OR] = 0.62, 95% confidence interval [CI] = 0.43-0.91) and additive
(CCvs.CTvs. TT: OR = 0.70, 95% CI = 0.53-0.91) model in all athletes. In study 2, hamstring
muscle stiffness was lower in subjects with the CC+CT genotype than in those with the TT
genotype; a significant linear trend was found (r = 0.135, P = 0.029). In contrast, no associations
were observed between ESR1 rs9340799 G/A and muscle injury or stiffness. Conclusion: Our
results suggest that the ESR1 rs2234693 C allele, in contrast to the T allele, provides protection

against muscle injury by lowering muscle stiffness.
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INTRODUCTION

The incidence of sports-related injuries is associated with athletic success in both team and

individual sports and may result in termination of an athlete’s career in some situations. Muscle

injury, especially hamstring strain, is the most common type of injury, and the incidence is

increasing in sports involved in sprinting and jumping (1-4). Susceptibility to muscle injury is, at

least in part, causally associated with impaired joint flexibility (5, 6), and muscle stiffness is one

of the main components of joint flexibility (7, 8). Although it is well known that joint flexibility

is influenced by environmental factors, a recent meta-analysis showed that 50% of the variability

in joint flexibility is explained by genetic factors (9). Taken together, certain genetic

polymorphisms are associated with muscle injury related to joint flexibility and/or muscle

stiffness.

There are sex-based differences in joint flexibility and muscle stiffness; females exhibit higher

joint flexibility and lower muscle stiffness than males (10). These sex-related differences may be

related to circulating levels of sex hormones and their specific receptors such as estrogen and

androgen receptors. The effects of estrogen, a female sex hormone, on skeletal muscle are

mediated via estrogen receptors in both males and females (11-13). Indeed, previous studies have

demonstrated that circulating levels of estrogen are negatively associated with muscle stiffness

(14, 15), attributable to suppression of collagen synthesis (16). In addition, estrogen exerts
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anti-inflammatory and anti-oxidants effects on skeletal muscles (17-19), which may protect

against muscle injury. Thus, it is possible that estrogen receptors functionally influence muscle

stiffness and injury.

We focused on two functional polymorphisms, namely, rs2234693 C/T (defined by restriction

enzyme Pvull) and rs9340799 G/A (defined by restriction enzyme Xbal), in the estrogen receptor

1 gene (ESR1). These polymorphisms are in the first intron of ESR1, positioned 397 and 351

base pairs upstream of exon 2, respectively. It has been suggested that these polymorphisms

influence expression and activation of the ESR1 product and alter the action of estrogen. The

rs2234693 C and rs9340799 G alleles in the ESR1, for example, are associated with higher gene

expression and more favorable estrogen-induced actions (20-22). Based on these considerations,

we hypothesized that these alleles provide a protective effect against muscle injury by lowering

muscle stiffness. Thus, we aimed to clarify the association of two genetic polymorphisms in the

ESR1 with a history of muscle injury (study 1) and muscle stiffness (study 2).

METHODS

Study 1

We obtained data from a total of 2,181 Japanese athletes from March 2015 through November

2017. We assessed the history of up to 3 sports-related injuries (e.g., hernia, fracture, dislocation,
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ligament damage, muscle injury, tendon injury, meniscal injury, concussion, etc.) in descending

order of severity using questionnaires, according to a previous study (23). In the present study,

we focused on non-contact muscle injuries diagnosed by medical practitioners. This information

was collected using a questionnaire and thus relied on athlete recall. In addition, the primary

sport, playing years, competition level, and other factors were assessed using questionnaires. We

excluded athletes with no Japanese ancestry (n = 29) and a lack of questionnaire data (n = 159).

Athletes with regional level (n = 669) and less than 3 years competition in their main sport (n =

13) were also excluded. After exclusion, we used data from 1,311 top-level (those competing on

a national or international level) Japanese athletes for further analysis (see Figure, Supplemental

Digital Content 1, Flow diagram for the selection of subjects in study 1,

http://links.lww.com/MSS/B373). This study was included in The Japanese Human Athlome

Project (J-HAP) in “Athlome Project Consortium™(24). Written informed consent was obtained

from each athlete in accordance with the tenets of the Declaration of Helsinki. The study was

approved by the Ethics Committees of Juntendo University, Nippon Sports Science University,

and Tenri University.

Study 2

A total of 261 physically active young adults participated in study 2 (males: n = 152, females:
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n = 109). We excluded subjects who took part in sports requiring high flexibility of the hip joint

such as gymnastics and rhythmic gymnastics. There were no apparent neurological, orthopedic,

or neuromuscular problems in any of the subjects. Subjects came to the laboratory at least 20 min

before measurements were taken. The laboratory room temperature was maintained at a constant

24 + 2 °C to minimize temperature-induced effects. The subjects were not allowed to perform

warm-up or stretching exercises prior to testing. Written informed consent was obtained from

each subject in accordance with the tenets of the Declaration of Helsinki. The study was

approved by the Ethics Committee of Juntendo University.

Passive straight-leg raise (SLR) test

All SLR tests were performed on both legs by the same examiner. The subjects lay in a supine

position with their legs straight on an examining bed. The pelvis and non-testing leg were

secured on the bed with non-elastic straps to avoid posterior pelvic tilt. The examiner held one

hand gently on the knee of the testing leg to maintain it straight and raised the leg with the other

hand placed near the ankle until tightness was felt by the examiner. The hip flexion angle from

the resting position was measured using a digital inclinometer (MLT-100, Sakai Medical, Japan)

attached 3 to 4 cm proximal to the lateral malleolus and adopted as the score.
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Muscle stiffness

The shear modulus (an index of stiffness; expressed in kPa) of the biceps femoris long head, as

well as semitendinosus and semimembranosus of both legs was assessed using an ultrasound

shear wave elastography system (Aixplorer ver. 10, Supersonic Imagine, France) with a linear

probe (SL10-2, Supersonic Imagine, France) and pre-set for musculoskeletal (MSK) analysis

(persistence = med, smoothing = 5). The subjects were seated on a bench with their hip flexed at

70° (0° = anatomical position) and the knee fully extended. This hip flexion angle was chosen

according to a recent study (25) that aimed to determine an angle where the hamstring could be

stretched to a tensioned state without pain and the shear modulus could be quantified for all

subjects. The subjects were requested to fully relax the leg throughout the measurements.

Measurements for each muscle were performed at 50% of the thigh length (the distance between

the greater trochanter and the lateral epicondyle of the femur). The probe orientation was

adjusted to visualize fascicles within the B-mode image for each muscle. Care was taken not to

press and deform the muscles while scanning. The images were then acquired after ensuring a

stable color distribution for a few seconds. The probe location was slightly adjusted prior to

image acquisition when a defocused image with a large variation of shear modulus was observed.

Values for the SLR and hamstring muscle stiffness tests are shown as an average of both legs.

The measurement orders for SLR/muscle stiffness and right/left were randomized across subjects.
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For each variable, three measurements were performed and averaged. The shear modulus of three
muscles was averaged to evaluate passive stiffness of the overall hamstring. The averaged SLR

scores and hamstring stiffness values were used for subsequent analyses.

Genotyping analysis

Total DNA was isolated from saliva with an Oragene® DNA collection kit (DNA Genotek, ON,
Canada) in accordance with the manufacturer’s instructions. The concentration of DNA was
quantified using a NanoDrop 8000 UV-Vis spectrophotometer (Thermo Fisher Scientific, DE,
USA). DNA samples were stored at 4°C until use. Two ESR1 polymorphisms (rs2234693 and
rs9340799) were genotyped using a real-time thermocycler in the endpoint analysis mode
(LightCycler 480, Roche Applied Science, Mannheim, Germany) using the TagMan® SNP
Genotyping Assay (assay ID: C__ 3163590 10 and C__ 3163591 10). A genotyping mixture
(final volume of 5 pl) containing 2.5 pl TaqMan® GTXpress™ Master Mix (2x), 0.0625 pl
TagMan® SNP Genotyping Assay Mix (40%), 1.4375 pl sterilized water, and 1 pl genomic DNA
(10 ng/ul) was used. Two to four negative controls were included on each plate. Genotypes were
determined on the basis of the TagMan® assay results using LightCycler® 480 SW, version 1.5
(Roche Molecular Systems). Approximately 100 samples were genotyped in duplicate for the

polymorphisms analyzed in the present study, and we confirmed that the genotyping results
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perfectly agreed between duplicates.

Statistical analysis

All data are expressed as means + standard deviations (SD). Hardy-Weinberg equilibrium

(HWE) of the ESR1 rs2234693 and rs9340799 polymorphisms was tested using Chi-square test.

In study 1, characteristics of subjects were analyzed using unpaired t-test or Chi-square test

between muscle injured and non-muscle injured groups as appropriate. Logistic regression

analysis was applied to investigate the associations between ESR1 genotype and incidence of

muscle injury. We adjusted for sex, the main sport (athletics or other), and playing years. Odds

ratios (OR) and 95% confidence intervals (CI) were calculated under the dominant, recessive,

and additive (allele counting) genetic models to estimate the degree of contribution to muscle

injury for optimal genotype. Further, we analyzed the minimum Akaike’s information criterion

(AIC), which evaluates the best fitting genetic model. In study 2, anthropometric measurements

were analyzed by using unpaired t-tests between males and females. A comparison of each

parameter among three genotypes (rs2234693: CC vs. CT vs. TT, rs9340799: GG vs. GAvs. AA)

was assessed using one-way analysis of variance (ANOVA), and linear trends were assessed

using the Spearman correlation coefficient. Dominant and recessive models were assessed using

unpaired t-tests (rs2234693: CC+CT vs. TT or CC vs. CT+TT, rs9340799: GG+GA vs. AA).
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When there were fewer than 5 subjects (e.g., for the ESR1 rs9340799 GG genotype), statistical

analyses were not conducted in the present study. Statistical significance was set at P < 0.05.

Statistical analyses were performed using JMP Pro version 12 (SAS Institute).

RESULTS

Study 1

Characteristics of the studied athletes are shown in Table 1. There were no significant

differences in age, height, and body mass between the muscle injured and non-muscle injured

groups. There were significantly fewer years spent playing a primary sport, on average, in the

muscle injured group than in the non-muscle injured group (P = 0.017). The rate of genotyping

success was 1283/1311 (97.9%) and 1286/1311 (98.1%) for rs2234693 and rs9340799,

respectively. Both polymorphisms were in HWE (P = 0.928 for rs2234693 and P = 0.330 for

rs9340799). Results of the logistic regression analyses for rs2234693 and rs9340799 are shown

in Table 2 and 3, respectively. Genotype frequencies for the ESR1 rs2234693 C/T polymorphism

were significantly different between the injured group and non-injured group in a C-allele

dominant (CC+CT vs. TT: OR =0.62, 95% CI = 0.43-0.91; AIC = 815.6) and an additive (CC vs.

CTvs. TT: OR =0.70, 95% CI = 0.53-0.91; AIC = 814.5) genetic model for all athletes (Table 2).

Based on AIC, the additive model showed the best fit to explain the association between the
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rs2234693 polymorphism and muscle injury. Similarly, in subgroup analyses for sex-based

differences, genotype frequencies were significantly different between groups in a C-allele

dominant genetic model (CC+CT vs. TT: OR = 0.62; 95% CI = 0.39-0.98; AIC = 550.6) in male

athletes, and a C-allele recessive (CC vs. CT+TT: OR = 0.30; 95% CI = 0.07-0.88; AIC = 269.7)

and an additive (CC vs. CT vs. TT: OR = 0.61; 95% CI = 0.36-0.98; AIC = 270.6) genetic

models in female athletes. In contrast, no significant associations were observed for the ESR1

rs9340799 G/A polymorphism for any group (Table 3).

Study 2

The rate of genotyping success was 261/261 (100%) and 259/261 (99.2%) for the rs2234693

and rs9340799 polymorphisms, respectively. Both polymorphisms were in HWE (P = 0.574 for

rs2234693 and P = 0.435 for rs9340799). Characteristics of the study subjects are shown in Table

4. Male subjects were taller (P < 0.001), heavier (P < 0.001), had lower SLR scores (P < 0.001),

and had stiffer hamstring muscle (P = 0.012) than female subjects.

Figure 1 shows stiffness of the hamstring muscle for the ESR1 rs2234693 C/T polymorphism.

Subjects with the CC+CT genotype showed significantly lower stiffness of the hamstring muscle

than subjects with the TT genotype (28.0 = 7.2 vs. 30.0 £ 8.6, P = 0.043), and the T allele of the

ESR1 rs2234693 polymorphism was positively associated with stiffness of the hamstring muscle
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(r=0.135, P = 0.029) (Figure 1-A). In males, stiffness of the hamstring muscle was significantly

lower in subjects with the CC+CT genotype than in those with the TT genotype (28.9 + 7.4 vs.

31.8 £ 9.5, P = 0.046) (Figure 1-B). In females, there were no significant differences in muscle

stiffness among rs2234693 C/T genotypes (Figure 1-C). Table, Supplemental Digital Content 2

shows the detailed characteristics of subjects with the ESR1 rs2234693 C/T polymorphism (see

Table, Supplemental Digital Content 2, characteristics of subjects with the ESR1 rs2234693

genotype in accordance with the alleles present, http://links.lww.com/MSS/B374). The T allele

of this polymorphism was positively associated with stiffness of the biceps femoris and

semimembranosus muscles in all subjects, and with stiffness of the semimembranosus muscle in

male subjects.

Figure 2 shows stiffness of the hamstring muscle for the ESR1 rs9340799 G/A polymorphism in

all subjects. There were no significant differences in hamstring muscle stiffness among G/A

genotypes for any group (Figure 2-A, B, C). Table, Supplemental Digital Content 3 shows the

detailed characteristics of subjects with the ESR1 rs9340799 G/A polymorphism (see Table,

Supplemental Digital Content 3, characteristics of subjects with the ESR1 rs9340799 genotype in

accordance with the alleles present, http:/links.lww.com/MSS/B375). The A allele of this

polymorphism was positively associated with stiffness of the semitendinosus muscle in female

subjects.
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DISCUSSION

Preventing muscle injury is crucial in both professional and amateur sports, and muscle injury

occurs as a consequence of intrinsic (i.e., age, sex, genetic polymorphisms, etc.) and extrinsic

factors (i.e., exercise intensity, exposure time to practice and play matches, practice

environments such as surface, etc.). Several previous studies have indicated the importance of

intrinsic factors for preventing sports-related injuries (26, 27). Indeed, regarding musculoskeletal

soft tissue injuries such as anterior cruciate ligament injury and Achilles tendon injury, several

studies have reported that the association between genetic polymorphisms and injuries in

case-control association analysis (28-32). In addition to these case-control association studies,

other studies have investigated the functional role of injury-related genetic polymorphisms

(33-35). On the other hand, although the details of specific genetic polymorphisms as

determinants for muscle injury risk are gradually being elucidated (36-44); the sample sizes of

previous studies have been relatively small (54-257 athletes). In addition, there are no studies on

the effect of muscle injury-related genetic polymorphisms on physiological functions (e.g.,

muscle stiffness). Therefore, it is difficult to draw firm conclusions regarding the associations

between genetic polymorphisms and muscle injury. It is important to conduct replication and/or

functional studies in addition to a case-control association study in large cohort to avoid false

positive results in Sports Genetics. In study 1 of the present report, we examined associations
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between two ESR1 genetic polymorphisms and the prevalence of muscle injuries in 1,311

top-level Japanese athletes. In study 2 of the present report, we investigated physiological

functions such as muscle elasticity in relation to two ESR1 genetic polymorphisms in physically

active subjects. We found that the ESR1 rs2234693 polymorphism was associated with muscle

injury as well as muscle stiffness. Specifically, individuals with the C allele showed resistance

against muscle injury and lower muscle stiffness than those with the T allele. As such, the present

design, i.e., the combined investigation of large case-control association and functional studies,

will make a substantial contribution toward uncovering the associations between genetic

polymorphisms and sports-related injuries.

A lack of joint flexibility and high muscle stiffness are risk factors for muscle injury (5, 6) and

can be reduced via the actions of estrogen (14, 15). Estrogenic activity on muscles is mediated by

means of estrogen-receptors in skeletal muscle tissue in both males and females (11-13).

Moreover, previous studies have suggested that the ESR1 rs2234693 C/T polymorphism alters its

own gene expression, with the C allele being associated with higher gene expression and more

favorable estrogen-induced actions (20-22). In study 1 of the present report, the ESR1 rs2234693

C allele showed greater protective effect against muscle injury than the T allele in athletes. In

study 2, there was significantly lower muscle stiffness in individuals with the ESR1 rs2234693 C

allele than in individuals with the T allele in physically active subjects. Considering the previous
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and present findings, it is possible that the ESR1 rs2234693 polymorphism results in increased

estrogenic activity and lower muscle stiffness, which is a possible physiological mechanism

underlying the relation between the ESR1 rs2234693 polymorphism and muscle injury.

Muscle stiffness is mainly influenced by collagenous connective tissue (45), and it is well

known that estrogen suppresses collagen synthesis (16). In the human al collagen gene, activator

protein 1 (AP-1) binding sites are present on the first intron (46), and estrogen signaling

regulates AP-1 binding sites (47). Collectively, these data suggest that estrogen lowers muscle

stiffness by suppressing collagen synthesis. Indeed, in study 2 of the present report, we found

that the subjects with the ESR1 rs2234693 C allele, which is reported to be associated with

higher ESR1 gene expression and increased estrogen-induced actions (20-22), showed

significantly lower muscle stiffness compared to the subjects with the TT genotype. Taken

together, these data suggest that estrogen-associated suppression of collagen synthesis is a

possible explanation for the relation between the ESR1 rs2234693 polymorphisms and muscle

stiffness.

It has been suggested that estrogen has muscle protective effects, including anti-inflammatory

and anti-oxidant properties (17-19). It is well known that strenuous and repeated contractions are

associated with exercise-induced muscle damage and soreness (48, 49). Williams et al. reported

that high levels of estrogen suppress the increases in creatine kinase levels observed after
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prolonged aerobic exercise in young females (18). Additionally, Feng et al. suggested that

estrogen increases antioxidant capacity, resulting in reduced muscle damage and accelerated

muscle regeneration after muscle strain injury in rats (19). Thus, the biological activity of

estrogen is associated with muscle injury. Taken together, these data suggest that variations in

estrogen activity attributable to the ESR1 rs2234693 polymorphism may be associated with

muscle injury through anti-inflammatory and anti-oxidant effects.

The present study has several limitations, including a cross-sectional study design; follow-up

studies are needed to confirm these findings. In addition, the sample size of female subjects in

study 1 was relatively small. In rs2234693 polymorphism in the ESR1, the statistical power to

detect an association with an odds ratio of 2.0 and minor allele frequency of 0.43 in a group with

133 muscle injured and 1150 non-muscle injured is 0.966. When subjects were divided into two

groups, namely, males and females, statistical powers dropped to lower values of 0.874 for males

and 0.570 for females. Thus, further replication and functional studies with larger sample size are

necessary to confirm the present findings, especially in females because of the lack of statistical

power. Further, we measured muscle stiffness in hamstrings under resting conditions; muscle

injuries typically occur in situations where muscles are contracting. Thus, we need to investigate

active muscle stiffness in addition to passive muscle stiffness in the future.
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In study 1 of the present report, we found that the ESR1 rs2234693 C allele has more of a

protective effect against muscle injury than the T allele in top-level Japanese athletes. In study 2

of the present report, the ESR1 rs2234693 C allele resulted in significantly less muscle stiffness

than the T allele in physically active subjects. Our results suggest that the ESR1 rs2234693 C

allele, in contrast to the T allele, provides protection against muscle injury by lowering muscle

stiffness.
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Figure legends
Figure 1. Stiffness of hamstring muscles in all subjects (A), male subjects (B), and female
subjects (C) with the ESR1 rs2234693 genotype in accordance with the alleles present (i.e., CC,

CT,orTT).

Figure 2. Stiffness of hamstring muscles in all subjects (A), male subjects (B), and female

subjects (C) with the ESR1 rs9340799 genotype in accordance with the alleles present (i.e., GG,

GA, or AA).
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Table 1. Characteristics of athletes recruited in study 1

Muscle injured

Non-muscle injured

P-value
(n=133) (n=1178)
Sex 0.736
Male, n (%) 90 (67.7) 780 (66.2)
Female, n (%) 43 (32.3) 398 (33.8)
Age, years 20217 20629 0.128
Height, cm 170.0+8.2 169.5+8.3 0.670
Body mass, kg 64.7+11.4 65.3+12.2 0.526
Main sport <0.001
Athletics, n (%) 63 (47.4) 243 (20.6)
Soccer, n (%) 43 (32.3) 437 (37.1)
Baseball, n (%) 10 (7.5) 48 (4.1)
Basketball, n (%) 1(0.8) 34 (2.9)
Martial arts, n (%) 3(2.2) 157 (13.3)
Other, n (%) 13 (9.8) 259 (22.0)
Years playing main sport, years 10.7 £ 3.7 116+3.9 0.017

Data are shown as the mean + SD. Bold: P < 0.05.
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Table 2. Associations of rs2234693 genotype with odds ratio of muscle injury with several adjustments for candidate confounding risk factors

Genotype n (%) OR [95% CI], AIC
Muscle Non-muscle Dominant Recessive Additive
o o P value P value P value
injured injured CC+CTvs. TT CCvs. CT+TT CCvs.CTvs. TT
All cC 18 (13.5) 219 (19.0)
0.62 [0.43-0.91] 0.63 [0.36-1.04] 0.70 [0.53-0.91]
CT 61 (45.9) 566 (49.2) 0.016 0.069 0.008
815.6 818.2 814.5
TT 54 (40.6) 365 (31.7)
Male cC 15 (16.7) 142 (18.6)
0.62 [0.39-0.98] 0.80 [0.42-1.41] 0.74 [0.53-1.03]
CT 38 (42.2) 374 (49.1) 0.043 0.458 0.073
550.6 554.2 551.6
TT 37 (41.1) 246 (32.3)
Female CcC 3(7.0) 77 (19.9)
0.64 [0.33-1.27] 0.30 [0.07-0.88] 0.61 [0.36-0.98]
CT 23 (53.5) 192 (49.5) 0.203 0.026 0.042
273.1 269.7 270.6
TT 17 (39.5) 119 (30.7)

OR: odds ratio, CI: confidence intervals, AIC: Akaike’s information criterion, Bold: P < 0.05.

In all subjects, values were adjusted by sex, main sport and playing years.

In male and female, values were adjusted by main sport and playing years.

TT genotype, CT+TT genotype and TT genotype were the references (OR = 1.00) in C-allele dominant, C-allele recessive and C-allele additive models,
respectively.

The odds ratio of the additive model is shown based on the allele counts, i.e., homozygous genotype CC has an odds ratio twice that of heterozygous
genotype CT.
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Table 3. Associations of rs9340799 genotype with odds ratio of muscle injury with several adjustments for candidate confounding risk factors

Genotype n (%) OR [95% CI], AIC
Muscle Non-muscle Dominant Recessive Additive
o o P value P value P value
injured injured GG+GAVvs. AA GG vs. GA+AA GG vs. GAvs. AA
All GG 3(2.3) 33(2.9)
0.72[0.47-1.07] 0.72[0.17-2.11] 0.75[0.51-1.07]
GA 33(25.0) 355(30.8) 0.104 0.590 0.110
816.6 819.0 816.7
AA 96 (72.7) 766 (66.4)
Male GG 3(3.4) 24 (3.1)
0.71[0.42-1.16] 1.07 [0.25-3.26] 0.78 [0.49-1.19]
GA 21 (23.6) 230(30.1) 0.179 0.915 0.257
550.6 552.4 551.1
AA 65 (73.0) 511 (66.8)
Female GG 0 (0) 9 (2.3)
0.73 [0.34-1.45] 0.00 [0.00-NA] 0.68 [0.34-1.28]
GA 12 (27.9) 125 (32.1) 0.370 0.120 0.245
274.1 272.3 273.5
AA 31(72.1) 255 (65.5)

OR: odds ratio, CI: confidence intervals, AIC: Akaike’s information criterion, Bold: P < 0.05.

In all subjects, values were adjusted by sex, main sport and playing years.

In male and female, values were adjusted by main sport and playing years.

AA genotype, GA+AA genotype and AA genotype were the references (OR = 1.00) in G-allele dominant, G-allele recessive and G-allele additive
models, respectively.

The odds ratio of the additive model is shown based on the allele counts, i.e., homozygous genotype GG has an odds ratio twice that of heterozygous
genotype GA.
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Table 4. Characteristics of subjects recruited in study 2

P-value
All (n =261) Male (n = 152) Female (n = 109)
(Male vs. Female)
Age, year 20420 204+1.4 20.4+26 0.856
Height, cm 169.3+£9.0 1745+ 6.8 162.1+£6.3 <0.001
Body mass, kg 63.4 +10.8 67.9+11.1 57.3+6.3 <0.001
SLR score, degree” 69.5 + 10.2 65.3+8.3 75.4+9.7 <0.001
Hamstring muscle stiffness, kPa 28.7+7.8 29.7+8.2 27.3+7.0 0.012

Data are shown as the mean + SD. Bold: P < 0.05.
SLR: passive straight-leg raise.
"Data are available 151 and 108 subjects in male and female, respectively.

Copyright © 2018 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



