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Sports hernias are diagnosed in over 80% of athletes presenting with chronic groin pain. The genotype
distributions of the examined polymorphisms were studied in 95 football players, all males, using the
Copenhagen Hip and Groin Outcome Score (HAGOS) questionnaire. DNA extracted from buccal epithelium.
Statistical calculations were performed in the R statistical environment (r-project.org) and Odds ratios
(OR) were used to estimate genotype associations. Multifactor dimensionality reduction was used to identify
multiple sports hernia susceptibility loci.Two single nucleotide polymorphisms MCTI rs1049434 and
COLI1A1 rs1800012 are associated with sports hernias (63% testing accuracy shown by random forest).
According to the HAGOS questionnaire outcomes, exercise-related pain, reduced mobility, and range of
motion in the groin and thigh are typically associated with sports hernia diagnosis (75% testing accuracy
shown by random forest). The combination of genetic research and HAGOS questionnaire helped obtain
a sensitivity of 93% for the detection of sports hernia. Active engagement in sport is the most important
risk factor for sports hernia, so the identification genes SNP in footballers may contribute to taking timely
preventive actions. This study is the first demonstration of an association between sports hernia and COLIAI
rs1800012 genotype. The study discovered a synergistic interaction between the indicated polymorphism
and the gene polymorphism MCTI rs1049434. Further investigations are required to study the association
between COLI2A1 rs240736 gene SNP and sports hernia.

Key words: single nucleotide polymorphism; genetics,sports hernia, football player; COLIA; MCTI; COLI2A].

INTRODUCTION

The study of polymorphism of various genes has
recently significantly improved the prediction
and treatment of various diseases. However,
the study of gene polymorphism, including
the detection of genes associated with sports
injuries, remains poorly understood, and the
polymorphisms of genes associated with sports
hernias have not been identified yet. Therefore,
early diagnosis and appropriate treatment can be
challenging in the management of sports hernia.

Sports hernia is not a common groin injury,
accounting for just up to 4% of all injuries to
the hip and groin in high-profile male football

players. Almost 50% of sports hernias in high-
profile male football players result in more
than a 4-week cessation of training as well as
participation in football matches, and the injury
time is almost double that of the injuries to the
adductors [1].

However, a considerable number of studies
suggest the association between specific genetic
polymorphisms and elite athletic performance
[2-5]. The COLIAI (G—T) gene determines
collagen formation in cartilage, bone, skin and
connective tissue. Moreover, collagen is the
main structural component of tendons and liga-
ments. In the current study, it has been found
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that genetic variants in the COL1A41 gene, which
encodes various collagen types, are associated
with reduced risk of sports-related injuries. The
MCTI gene influences the lactate transport ca-
pacity and the intensity of sports performance,
particularly rs1049434 polymorphism that has
been related to athletic performance [6-10], in-
juries and body composition in football players
[11, 12]. The association of the COLI2 gene
with the risk of sports injury and the presence
of sports hernia has not been described in the
literature, so it is necessary to establish whether
the polymorphism of the COLI2 gene can be
used to predict sports hernia in football players.
Carriers of the minor MCT1T allele have lactate
transport rates reduced by 60-65% [13] and higher
blood lactate accumulation during high-intensity
circuit weight training, compared with carriers
of the MCTIA allele [14]. Based on the known
relationship between blood lactate accumulation
and the MCTI T allele and the assumption that
football players, who had greater lactate transport
rates, demonstrated a higher capacity to maintain
their performance at intense effort levels, it was
hypothesized that the MCT1 A1470T polymor-
phism could be associated with sports hernia.
Therefore, the purpose of the study is to determine
MCT1I rs1049434, COLIAI rs1800012, COLI2A1
rs240736 SNPs association with a risk of sports
hernias in football players.

METHODS

Participants: The buccal epithelium collected
from 95 football players, all males and high-
profile football players between ages 17 and
33, who were examined on the basis of the
Department of General Surgery No. 2 at O.0. Bo-
gomoletz National Medical University. The
athletes included 41 football players with pain in
the groin at the time of inclusion (experimental
group) and 54 healthy youth football players
(control group). Additional research methods
were also used: assessment of anamnesis data;
the HAGOS questionnaire; general clinical ex-
amination, inguinal examination; instrumental
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methods - ultrasound and MRI of the groin
(Fig. 1).

The Copenhagen Hip and Groin Outcome
Score (HAGOS) questionnaire was used in
this study. The HAGOS is a measure of pain
and function in athletes, and reference values
have already been obtained in football players.
It consists of six subscales that are scored
separately: «Pain» (P) - 10 items; «Symptoms»
(S) - 7 items; «Physical function in daily living»
(A) - 5 items; «Physical function in sport and
recreation» (SP) - 8 items; «Participation in
physical activities» (SP) - 2 items and «hip
and/or groin-related quality of life» (Q) - 5
items. Each question gets a score from 0 to 4,
where 0 indicates no problem. Raw scores are
then transformed to a 0-100 scale, with zero
representing extreme hip and/or groin issues and
100 representing no hip and/or groin pain; scores
between 0 and 100 represent the percentage
of the total possible score achieved [15]. The
duration of the study was 1 year.

DNA collection and isolation. Genotyping:
The buccal epithelium was collected from all

Fig. 1. MRI groin scan in a patient with sports hernia. The white
arrow indicate increased MR signal intensity observed from
the structures of the inguinal canal, yellow arrow indicates
increased lymph nodes on the side of groin pain
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football players and treated with means of a set
of reagents NeoPrep DNA (“NeoPrep DNA”,
Ukraine). All DNA samples were genotyped us-
ing an allelic determination assay on a 7500 Fast
Real-Time PCR System (“Applied Biosystems”,
“Foster City”, USA) with TagMan probes. For
the discrimination of the MCTI rs1049434, CO-
LI1AI rs1800012, COLI2A1 rs240736 TagMan®
Pre-designed SNP Genotyping Assays were used
7500 Fast Real-Time PCR System (“Applied
Biosystems”, USA; assay ID: C 2017662 30,
C 7477170 30,C 3278190 10). According to
the literature data, we found a significant role
of these genes COLIAI, MTCland COLI2A1 in
the occurrence of sports hernia (Table).

The study of the findings was performed
using the Random Forest as given in the R
library (r-project.org) and Odds ratios (OR)
were used to estimate genotype associations.
Random forest can accommodate thousands of
independent variables and have been demon-
strated to be among the most accurate statistical
learning methods and are capable of generating
metrics ofthe feature’s importance.Multifactor
dimensionality reduction (MDR) (https://
ritchielab.org/research/research-areas/genetic-
architecture-of-complex-traits/methods/mdr)
[16] was used to identify multiple sports hernia
susceptibility loci.The multinomial logistic
regression analysis was conducted to assess the
association between a genotype and the risk of
sports hernia. In each case, the analysis was
carried out by comparing the MCT1 rs1049434,
COLIAILrs1800012, COLI2A1 rs240736 SNPs

with the HAGOS questionnaire results. Finally,
the results were analyzed and recommendations
were developed for athletes with a set of
polymorphisms associated with the risk of sports
hernia.All results were considered statistically
significant at P < 0.05.

Ethics: The design of the study was approved
by the commission on bioethical examination
and ethics of scientific research at O.0O. Bo-
gomoletz Institute of Physiology, NAS of
Ukraine (Protocol No0.3/20 as of April 25, 2020).
The research did not contain an increased risk
for the subjects of the study. It was performed
taking into account the existing bioethical norms
and scientific standards for conducting clinical
trials involving patients and in accordance with
the ethical standards of the Helsinki Declaration.

RESULTS AND DISCUSSION

According to the results of the HAGOS ques-
tionnaire we found that the symptoms of
groin pain in football players affect their
participation in physical activities, SP = 63.3%
in the experimental group compared to controls
SP=96.18% (P <0.05).Also in the experimental
group, the football players with sports hernia
showed a decrease in daily physical activity
(A) by 18.91% compared to the football
players in the control group, A = 78.78% and
A = 97.69%, respectively(P < 0.05) and groin
pain (P) was revealed 6.16 times more often
in the experimental group than in the control
group, P = 7.29 and P = 1.13 respectively

Genetic variants associated with groin disruption injury [24]

. . . RS Number
Gene Biological function Genotype refSNP Cluster ID Numbers
MTC1 Lactic acid clearance
Muscle fatigue A—-T rs 1049434
COL1A1 Collagen formation in cartilage, bone,
skin, connective tissue G—-T rs 1800012
COLI12A1 Maintain extracellular matrix integrity
in load-bearing connective tissues of the
locomotory system A—-G rs 240736
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(P < 0.05).Additionally, the presence of sports
hernia significantly worsens the performance of
football players during physical activity (PA):
PA =2.71 (65.25%) in the experimental group
and PA = 0.44 (94.44%) (P < 0.05) and affects
their quality of life (Q):Q = 8.34 (57.07%) in
the experimental group and Q = 0.96 (95.19%)
in the control group respectively (P < 0.05).
Thus, according to the HAGOS questionnaire
outcomes, the index of reduced mobility and
range of motion,as well as exercise-related
pain in the groin and thigh, should be typically
associated with sports hernia diagnosis. The
sensitivity of the model is 75% (Fig. 2).

In the study, the three SNPs, related to the
risk of sports hernias in football players, were
analyzed, and it was found that male participants
with the genotype G/G (n=30) and T/G (n=11)
within COL1A1 rs1800012 complained of groin
pain more frequently compared participants
with the genotype T/T. For COLIAI rs1800012,
there was an association between males with
the TT: n = 9 in the control group and n = 0 in
the experimental group genotype sodecreased
risks of sports hernias compared to those male
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Fig. 2.Selection of predictors by the relevance of their impact.
The predictors to the right of the vertical line have the greatest
impact on the risk of sports hernia. SP - physical function in
sport and recreation, Q - hip and/or groin-related quality of
life, P - pain, S - symptoms, and less significant indicators
are: PA - participation in physical activities, A - function on
a daily basis
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football players with the G/G(OR = 1.0;95%
CI — 1.0-1.0): n = 35 in the control group and
n = 30 in the experimental group genotype and
T/G(OR = 1.28; 95%CI —0.48-3.49): n = 10 in
the control group and n =11 in the experimental
group genotype (P < 0.05) (Fig. 3).

The second SNP rs 1049434 within T/T
genotype of the MTC1 gene was found to be
associated with the less risk of sports hernia
(OR =0.14; 95% CI — 0.01-1.03), T/T (n = 2)
in football players with groin pain compared
to the healthy players T/T (n = 11) genotype
(P>0.05). No significant association was found
between genotypes A/A (n=3) and A/A (n=4)
genotypes (OR=1.0; 95% CI—1.0-1.0) and A/T
(n =40) and A/T (n = 35) (OR = 0.66; 95% CI
—0.12-3.17) in males in the control group and
in the experimental group (Fig. 4a).

There was no association established
between sports hernia and the rs 240736 SNP
of the COLI12A41 gene due to the relatively
small population of male football players in
both groups (P > 0.05). Moreover, the G/G
genotype was found in 6 males in the control
group and in 3 males with sports hernias in the
experimental group (OR = 0.78;95% CI (0.15-
3.3). The COLI2A1 rs240736 A/A genotype
was observed in 20 football players with sports
hernia compared to 31 healthy football players
without any complaints of exercise-related groin

80 Control group
Case group
70

Chi-square = 7.79

60 p=0.02

%

50

40

30

20

AA Aa aa
rs1800012

Fig. 3. The distributions of genotypes of COLIAI rs1800012
in a group with sports hernia and control group
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Fig. 4. The distributions of genotypes of MCT1 rs1049434(a) and COL12A41 rs240736 (b) in a group with sports hernia and

control group

pain (OR = 1.0;95% CI (1.0-1.0) (Fig. 4b).

It was found that the polymorphism of the
gene COLIAI rs1800012 (G — T) was the most
significant predictor among the identified poly-
morphisms, and the minor homozygote could be
associated with a decreased risk of the disease
(P < 0.05). It was established that the MCT/
gene polymorphism rs/049434 (A — T) was
the second significant predictor, which was also
included in the mathematical model (P > 0.05).
The TT genotype of this variant was shown to
be associated with a reduced risk of sports her-
nia, so it was found more in the control group
than in the experimental group (P < 0.05). An
algorithm for a complex analysis of the genetic
data helped establish a synergistic relationship
between these three polymorphisms (Fig. 5).

The comparative analysis of the find-
ings obtained in the experimental and control
groups revealed an increased frequency of the
COLI1A1 G/G genotype in sports hernia patients
(P < 0.05). Specifically, the T/T genotype of
COLI1A1 rs180012 and MTC1 rs1049434 was
associated with a lower risk of sports hernia.
According to the HAGOS questionnaire out-
comes, reduced mobility and range of motion,
as well as exercise-related pain in the groin and
thigh, should be typically associated with sports
hernia diagnosis (75% testing accuracy shown
by random forest). These symptoms result in
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decreased quality of life as well as influence
professional performance. The combination
of genetic research and HAGOS questionnaire
helped obtain a sensitivity of 93% by random
forest for the detection of sports hernia. The
major risk factors of its development include
physical activity and identification of all three
gene polymorphisms MCTI rs1049434, CO-
L1A1 rs1800012, COLI2A41 rs240736 (Fig. 6).

Our findings provide insight into the etiolo-
gy of sports hernia development and highlight

rs1800012
8.45%

%lS'V

olo
€

C_2017662_30Irs104:
4.22%

Fig. 5. SNPs interaction graph-model. The interaction model
describes the percent of entropy that is explained by each
factor. The correlation is depicted as a dark blue line and as
light green lines between SNPs accompanied by a negative
percent of entropy
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genetic pathways for studies of sports hernia
occurrence and its treatment [17, 18]. Connective
tissues within the inguinal canal are made up of
collagen, elastic fibers, and components of the
extracellular matrix. Fibers of collagen type I
are a major constituent of bundles in tendons
and ligaments. Collins et al. [19, 20] suggested
that the COLIAI TT polymorphism could
be associated with a reduced rate of anterior
cruciate ligament rupture, shoulder dislocation,
and Achilles tendinopathy. Khoschnau et al. [21]
evaluated the protective role of the COLIAI TT
polymorphism in ligament, tendon and other
soft tissue injuries.Other suggested that genetic
deficiencies of these components may lead to a
tendinopathies [23].A major factor for muscle
fatigue after intense power exercise is the rates
of lactic acid removal. A variant in the MCT1
gene affects the lactate transport capacity, and
thus the intensity of sports performance. Cupeiro
R. etal. [22] investigated that carriers for MCT]
A1470T polymorphism showed higher lactate
accumulations than non-carriers during high
intensity CWT.

The most important finding of this study
is that there are significant associations
existing between sports hernia and genetic

A_% -
S % -
A .
PA_% -
rs240736
rs1049434
rs1800012
PA

0.00 0.02 0.04 0.06 0.08
Permutated variable's importance

Fig. 6. A variable importance graph of 3 SNPs indicates
that 3 SNPs COLIAI rs1800012 (G—T), MCTI rs1049434
(A—T),COL12A41 rs240736 (A—G) achieved importance
score by crossing the vertical dashed line for sports hernia. Q
- hip and/or groin-related quality of life; SP - physical function
in sport and recreation; P - pain; S - symptoms;A-function on
a daily basis; PA - participation in physical activities
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polymorphisms MCTI rs1049434, COLIAI
rs1800012, COL12A1 rs240736. For the first
time, future research should be aimed at
the application of sports genetics and the
development of genetic performance tests for
determining genetic suitability for specific team
positions and roles as well as for gaining insights
into the athlete development in various sports
or physical activities.

CONCLUSIONS

The association between gene polymorphisms
and the risk of developing sports hernias in
football players was established for the first
time. It was found that the polymorphism of the
gene COLIAI rs1800012 (G — T) was one the
most significant predictor for the sports hernia
(P < 0.05).The study discovered a synergistic
interaction between the indicated polymorphism
and the gene polymorphism MCTIrs1049434
(A—T), which was included in the mathematical
model and rated as the second most important
predictor (P > 0.05).

Further investigations are required to study
the association between COLI2A1 gene SNPs
and sports hernia. The practical significance
of the obtained findings is that a personalized
approach to the treatment of football players
with sports hernia will be developed and
implemented, taking into account the clinical
and genetic prognosis of the response to the
treatment. The individuals found to be at risk for
sports hernias are advised to modify their sports
activities to reduce the risk. Thus, physical
activity and sports performance phenotype can
be optimized.

The authors of this study confirm that the research
and publication of the results were not associated
with any conflicts regarding commercial or
financial relations, relations with organizations
and/or individuals who may have been related to
the study, and interrelations of co-authors of the
article.
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BUSABJIEHHS ITIOJIMOP®I3MIB I'EHIB
COL1A1, MCTI, COL12A TIPU CTIOPTUBHIN
I'PUXKI Y ®YTBOJIICTIB

4

CropTuBHa rpuxa AiarHocTyeThest y 80% crmopTcmeHiB
3 XpOHIYHUMH OO0JIIMU B MaxXBUHHIN AingHui. Hamu BuB-
YEHO 3B’A30K MK BUHUKHEHHSM CIIOPTHUBHOI I'PHXKI Ta
noxiMop¢izmMamu, ski Oyao JOCHIIKEHO 3 OyKambHOTO
emitesiio 95 GpyTOOICTIB 4OTOBIHOT CTATI, @ TAKOXK [IPOBEICHO
OLIIHKY SKOCTI XKHTTS 32 onuTyBagbHukoM HAGOS. Cratuc-
TUYHI PO3PaxyHKU MpoBoAWIM y makeTi R (r-project.org),
JUIs1 aHAi3y TEHOTHIIIB OLIIHIOBAIM BiJHOLICHHS ILIAHCIB.
Busnadyeno aBa OQHOHYKIeOTHAHI moniMopdizmu MCT]
151049434 ta COLIAI rs1800012, sixi noB’s3aHi 31 CIIOPTHB-
Hoto Tpmxero (63% 3a merogom random forest). bine mig gac
(hi3nYHUX BIpaB Ta OOMEKEHHS PyXiB Y HaXBUHHIN AUISHII Ta
CTErHi MalOTh HAHOUTBIIINIA BIUIMB Ha SIKICTh )KUTTS yTOOIICTA
BIAMOBIAHO 0 pe3ynbraTiB onutyBanHs HAGOS (75% 3a
metonoM random forest). [Ipu moeaHaHHI TEHETUYHOTO J10-
CIIJKEHHS Ta aHKETYBaHHS OTpUMaHO 10 93% 3a meTomoM
random forest 1 BUSBICHHS CHOPTUBHOI TPHXKi. AKTHBHI
3aHSTTS CIIOPTOM € (PaKTOPOM PU3HKY i BHHUKHEHHSI, @ BUSIB-
nerns nonimopdismis reniB SNP MCT1 rs1049434, COL1A1
rs1800012, COLI2A41 rs240736 Moe COpUATU HAJAHHIO
CIIOPTCMEHAM CBO€YACHHUX NMPOQITAKTHYHHX 3aXO0IiB. Y
JIOCHI/DKEHHI BIEpIle BU3HAYEHO 3B SI30K MUK CIIOPTHBHOIO
rpwkero Ta COLIAI rs1800012.JlocnigKeHHsT BUSBHIO
CUHEPTriuHy B3aeMomito monimopdizmamu reHiB COLIAI
rs1800012 ta MCT1 rs1049434.

Kiro4oBi c10Ba: 0JTHOHYKICOTUIHHH TOTIMOP(i3M; TEHETHKA;
criopruBHa rpwka; Gyroonict; COLIA; MCTI; COL12A41.
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BUABJIEHUE ITOJIMMOP®N3MOB 'EHOB
COLIAI, MCT1, COL1241 ITPU CIIOPTUBHOM
I'PBIKU Y ®YTBOJIUCTOB

CrnopTHuBHas rppbka JHarHocTupyercs y 80% crnopTcMeHOB ¢
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XPOHHYECKHMH OOJISIMH B IaxoBOM oOiacTu. Hamu usydena
CBsA3b MEXJAY BO3HUKHOBCHHUEM CHOpTMBHOﬁ IPbIXKA U
nonuMopdusMamu 13 OyKkaabHOro snuTenus 95 Gpyrdonucro
MY’KCKOT'O I10J1a, TAK)KE IPOBE/ICHA OLIEHKA KauyeCTBa JKH3HU
no ankerupoBaHuto HAGOS. Cratuctuueckue pacdeTsl
HpoBo I B cpeie R (r-project.org), st aHanu3a acconuaruii
IFCHOTHUIIOB OILICHHMBAJIM OTHOIICHUIA I_L[aHCOB.Ol_lpe)leJ'[eHbl
JIBa OMHOHYKJICOTHIHBIC TTonuMopdusmbt MCTI rs1049434
u COLIAI rs1800012, cBa3aHHbIe CO CHOPTUBHOM IpbDkei
(63% 1o meroxy random forest). Bosis Bo Bpemst pusnyecknx
YIpaXHEHUH U OrpaHuvYeHre oObeMa JIBM)KEHUI B IaXOBOM
obacTu U Oeipe UMCIOT HAMOOJIBIIICE BIUSHIE HA KAYE€CTBO
xu3HU (HyTOONIHCTA COrTacHO pesynbratam onpoca HAGOS
(75% no merony random forest). IIpu coueranun ree-
TUYCCKOI'0 UCCICAOBAHUA U aHKECTUPOBAHHUA ITOJTYYCHO 10
93% mo merony random forest /uisi BBISIBICHUS CIIOPTUBHON
I'PBIXKU. AXKTHBHBIE 3aHITHUS CIIOPTOM SABJIAKOTCS BECOMbBIM
(bakTOpoM pHCKa ¢ BO3HHUKHOBCHHS, a BBISBICHHUC MMOJIH-
mMopduzmoB reaoB MCT1 rs1049434, COLIAI rs1800012,
COLI12A1 rs240736 MOeT crIocOOCTBOBATH CBOCBPEMEHHBIM
npodHIAKTUIECKUM MEpOoUpusITUsIM. B uccienoBanuu
BIIEPBBIC OIIPE/ICIICHO 3HAYCHUE MEXK/y CIIOPTUBHON IphIkKel
u COLIAI rs1800012. Taxxe BBIIBICHO CHHEPTUUYECKOE
B3anMo/ieiicTBUE MEKay mosumMopdusmMoB reHoB COLIAI
rs1800012 u MCTI rs1049434.

KitroueBble cJ10Ba: OTHOHYKJICOTH/IHBIH MOMMOP(I3M; TeHETHKa;
criopruBHast rpoka; Gyroomct; COLIA; MCTI; COLI2A1.
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