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ABSTRACT

BACKGROUND: In recent decades, numerous attempts have been made to identify genes that determine various
morphofunctional and psychophysiological traits associated with outstanding athletic performance. One of the first to be
studied in sports genetics is the insertion/deletion dimorphism in the angiotensin |-converting enzyme (ACE I/D) gene.

AIM: To evaluate the utility of the ACE gene I/D dimorphism (rs1799752) as a predictive marker of exceptional athletic
achievement, based on an analysis of the available scientific sources.

MATERIALS AND METHODS: A total of 60 studies were retrieved using the keywords in PubMed, Google Scholar, and
eLIBRARY, of which 47 were excluded from analysis due to the lack of control group data. The final sample included 13,776
individuals (3536 athletes and 10,240 controls).

RESULTS: A statistically significant deviation from Hardy—Weinberg equilibrium was detected in nine cases in the athlete
subgroups and in six controls (mid-p < 0.05). In 56 cases, the fixation index (F) significantly deviated from zero, indicating
either inbreeding, outbreeding, and/or an excessively wide 95% confidence interval—suggesting probable genotyping errors.
Meta-analysis was performed using the MetaGenyo online software. The dominant model yielded the most significant findings.
However, even in this case, the obtained odds ratios and their 95% confidence intervals were either practically negligible
or characterized by excessively wide confidence ranges. In addition to standard pooled effect estimation (odds ratio), 95%
prediction intervals were also calculated, which were 0.58 to 1.15.

CONCLUSION: No sport or athletic specialization was identified in which the ACE gene I/D dimorphism could serve as a reliable
marker for predicting individual predisposition to high athletic performance.
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AHHOTALMUA

O6ocHoBaHue. B nocnepnHve aecatuneTus npeanpuHUManUCb MHOTOUMUCIEHHbIE MOMBITKW OTBICKATb FeHbl, AeTEPMUHMPYIO-
Lme pasnuyHble MophodyHKLMOHaNBHBIE U NCMXODU3UONOTUYECKME XaPAKTEPUCTUKM, aCCOLIMMPOBAHHBIE C BHICOKUMM CMOp-
TUBHBIMU JOCTUXEHUAMU. [1epBbIM U3 U3YUeHHbIX B CMOPTUBHON FEHETUKE ABNSIETCA MHCEPLMOHHO-AENEeLMOHHbIA AMMop-
¢u3M (MHaen) B reHe aHrMoTeHsuH-l-npeBpaluatowero depmenta (ACE I/D).

Llenb. Ouenka npurogHocTv I/D BapuaHTa B reHe ACE (rs1799752) B KauecTBe NpOrHOCTUHECKOTO MapKepa LOCTUMEHMS Bbl-
LalOLLMXCA CMOPTUBHBIX PE3YIbTaToB HAa OCHOBE aHanM3a NpefCTaBfieHHbIX B IMTEPAType LaHHbIX.

Martepuanbl u MeToabl. 13 6a3 ganHbix PubMed, Google Scholar u eLIBRARY no kntoueBbiM crioBam oTobpanu 60 uccnepo-
BaHWiA; 47 paboT bbIAM UCKKOYEHDI U3 aHaNM3a, NOTOMY YTO B HUX OTCYTCTBOBAIM [aHHbIE 0 KOHTPOMbHBIX rpynnax. Utorosas
uncneHHocTb coctaBuna 13 776 yenosek (M3 HUX 3536 yenoBek B rpynne cnopTcMeHoB U 10 240 — B KOHTPONLHON).
Pesynbratbl. [Ins feBATM ciyyaeB B MOArpynnax CropTCMEHOB M ANS LWECTU B KOHTPONIbHOM rpynne bbino obHapyxeHo
CTATUCTMYECKM 3HaYMMOe OTKIIOHeHMe OT paBHoBecust Xapau—BainHbepra (mid-p <0,05). B 56 cnyyasx uHaekc pukcaumm F
MMeN 3HauMMOoe OT/IMYME OT HYNS KaK B CTOPOHY UHOPUAMHIA, TaK M ayTOPUAMHIA U/MNK CMILKOM Wwupokuin 95% nosepu-
TENbHBIA MHTEPBAN, YTO CBUAETENLCTBYET CKOpee BCero 06 owMbKax reHoTUNMpoBaHus. [ns MeTaaHanM3a MCMosb30Bany
oHfanH-nporpammy MetaGenyo. Hanbonee 3HaunMble pesynbTaTbl NoOyYeHsl AAs SJOMUMHAHTHOM Moaenu. Ho v B 3ToM cnyyae
MoJyyeHHbIe 3HAYeHWs! OTHOLLUEHMS LIAHCOB M Ux 95% AoBepuTeNbHblE MHTEPBaNbl HAXOAATCA B AManas’oHe MpaKTUYecKu
HWYTOXKHBIX MO0 06N1afaloT 04YeHb LUMPOKUM A0BEPUTENbHBIM MHTEpBanoM. KpoMe 06bI4HOM oLeHKK cBogHOro addekTa (oT-
HOLLIEHWe LWaHCoB), Bblumcnanm 95% npepckasarenbHble uHTepBans: ot 0,58 oo 1,15.

3akniouenue. He Obin 0OHapyxeHbl BUAbI CNIOpTa/CNOPTUBHBLIE aMmya, Ans KoTopbix I/0-gumopduaM reHa ACE senancs
bl HAAEKHBIM MapPKEPOM MPKW NPOrHO3€ MHAMBUAYANbHOW NPeAPaCcroNOXEHHOCTU K JOCTUMEHUIO BbICOKUX CMIOPTUBHBIX pe-
3yNbTaToB.

KnioueBbie cnoBa: cnoptuBHas reHetuka; ACE; reH; cnopr; reHeTuyeckuid nonumopdusm; SNV; MetaaHanus; reHeTudeckoe
TecTupoBaHue; nporpamma FixindAlL.

Kak uutupoBatb:
Xpomos-boprcos H.H., Bonnapesa 3.A. Otcytcraue accoumaumm aumopduama //D B rede ACE ¢ ycnellHoCTbi0 B BoibpaHHOM Buge cropTa // 3konorus
yenoseka. 2024.T. 31, N2 11. C. 796-806. DOI: 10.17816/humeco643363 EDN: RINJCY

Pykonucb noctynuna: 24.12.2024 Pykonucb ofo6pena: 02.04.2025 Ony6nukoBaHa online: 19.05.2025

A
3KO®BEKTOP Pacnpactpanserca Ha yenosusax nuuen3un CC BY-NC-ND 4.0 International
© 3ko-BexTop, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/humeco643363
https://elibrary.ru/rjnjcy
https://doi.org/10.17816/humeco643363
https://elibrary.ru/rjnjcy

REVIEW Vol 31 (11) 2024 Exologiya cheloveka (Human Ecology) o8
7

DOI: https://doi.org/10.17816/humeco643363 EDN: RINJCY

ACERE l/DZE S st B R Z [BIRZ X
HX

Nikita N. Khromov-Borisov', Elvira A. Bondareva?

! Independent researcher, Saint Petersburg, Russia;
Z Lopukhin Federal Research and Clinical Center of Physical-Chemical Medicine of Federal Medical Biological Agency, Moscow, Russia

HE

Wik, LR, MRANDIFRE T KEFERRMELE, WERN S &K P s s G <R
[F TS DHREALOE AR BASAE e M N . L8 SBX9K R Il (ACE  1/D) JEH R fGdE N/
B 2 A A2 18 B IR 2 7 B R O E IR R —

B . T kb 2B/ 5dE, PEACERERT/DAL AT (rs1799752) 78N . 48IE 8 sl &1 7 T
AR EIE ST

MRS k. @i fEPubMed. Google ScholarfleLIBRARY U4 FE H PASCHE MG 2R, JLifiik H
BOTIAIF 57 s o A4 7100 R 5 = S B 2H 008 T e HEBRAE 0 BT 2 4b o B BREAR B3, TT6 N (3
HRiZZ) 3, 536 N, XFHEZ110, 240 \)

R, Fiesh RWARHFIT T 1EXF R4 P 6T 7 . rHardy - Weinberg -1 & 2 i
& (mid—p < 0.05) o FES6IUHFLH, F el E mEs0, Tk miEsL T nis 2 im s
Jim, FE/BCEA 95 EAE X R, KEAWREAAERR R E . i FMetaGenyofE 2k T
B AT 2500 . BEEREMNERENEZE, B EXMER T, KA RILISNEE
X EB AT U B EE, sEE XL TE . B T % MM & R8Pl (R 24k,
THE T 95% T X (8], JE A0, 582 1. 15,

. RERBETizsh I H a3 M 6 aDBACEZE R 1 /D2 S MEVE A AT SE AL Tl bR &,
TR NSRAT =K P38 3l G i i 1) 2

REE: BABME Y ACE; R E3h; B2 s SNV, ZER S AR
M FixIndAl1FER .

Gk S'e
Khromov-Borisov NN, Bondareva EA. ACEFE[RIT/DZ &M 5 Fikicshii H iah2 M1 Z 5BE. Ekologiya cheloveka (Human Ecology).
2024;31(11):796-806. DOI: 10.17816/humecob643363 EDN: RINJCY

WE: 24.12.2024 #35%: 02.04.2025 KA H3#H: 19.05.2025
&
ECOeVECTOR The article can be used under the CC BY-NC-ND 4.0 International License

© Eco-Vector, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/humeco643363
https://elibrary.ru/rjnjcy
https://doi.org/10.17816/humeco643363
https://elibrary.ru/rjnjcy

799

0630P

BACKGROUND

In recent decades, numerous attempts have been made
to identify genes that determine various morphofunctional
and psychophysiological traits associated with outstanding
athletic performance [1, 2]. Montgomery et al. [3] and Rivera
et al. [4] were the first to study the genetic determinants of
athletic performance. In 1997, Bouchard et al. [5] published
the first monograph on the genetic basis of physical activity—
Genetics of Fitness and Physical Performance. Case-control
association studies are based on comparing the frequency
of alleles/genotypes in specific genes or extensive genomic
regions between athletes and non-athletes. The results of
these studies were used to identify specific gene variants as-
sociated with an athlete’s qualification or their physiological
characteristics. Several editions of genetic maps have been
published, clearly demonstrating the association or linkage
with the phenotype of athletes [6]. Some of the most studied
aspects in sports genetics are the insertion-deletion dimor-
phism (indel) in the angiotensin-I converting enzyme gene
(ACE /D) and the C/T polymorphism in the alpha-actinin-3
gene (ACTN3, rs1815739). Earlier, we conducted a similar
test for the C/T polymorphism of the ACTN3 gene [7].

The very concept of an elite athlete does not have a clear
or unambiguous definition, because of this, it is difficult to
compare various case-control studies, comparing the elite
athlete group to the controls [8]. The lack of clear phenotypic
(anthropometric, physiological, ethnic, etc.) characteristics of
the examined groups of athletes is one of the bottlenecks in
sports genetics. The absence of a clearly defined phenotype
inherent to a top-level athlete warrants the development
of phenomics, a new field of science at the intersection of
sports physiology, psychology, anthropology, and genetics.
Phenomics aims to accumulate and analyze multidimensional
data on various characteristics of athletes at the organism
level [9].

Reasonable criticism is also caused by the inclusion of in-
dividuals who do not have any significant sports achievements
at the time of the study in the control group of non-athletes
[10]. This group often consists of volunteers who have never
been engaged in any professional sport and led a sedentary
lifestyle. That is why it is impossible to realistically assess
their predisposition to high athletic performance. It would
probably be advisable to form a control group consisting of
individuals who were engaged in the specific sport, but with-
out any significant results, such as being awarded the title of
Candidate Master of Sports.

Most of the studies assume that there are alleles (geno-
types) that enhance an individual's speed-strength qualities,
and opposing genetic variants that enhance aerobic quali-
ties. Conventionally speaking, the existence of the genotype
of an outstanding sprinter and the opposite genotype of an
outstanding long-distance runner is suggested. Sports that
require an individual to simultaneously exhibit high-speed
strength and aerobic qualities (all-around events, complex
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coordination sports, martial arts) are not suitable for this
approach. Due to the great diversity of sports, sports disci-
plines, and sports roles, it is necessary to assess the poten-
tial of sports genomics in creating sets of genetic markers
that increase an individual's chances of achieving high sports
performance in a chosen sport.

AIM. The aim of the study was to evaluate the utility of
the ACE gene I/D dimorphism (rs1799752) as a predictive
marker of exceptional athletic performance, based on the
analysis of the available scientific sources.

MATERIALS AND METHODS

The search was conducted using the principles of the
Preferred Reporting Items for Systematic Reviews and Me-
ta-Analysis (PRISMA) [11]. Publications for the analysis were
retrieved using the keywords: ACE, sport genetics, athletes,
SNP, sport selection in the PubMed, Google Scholar, and
eLIBRARY databases The analysis included full-text articles
that met the study objectives. As a result of the search, 60
studies were selected, and 47 studies were excluded from
the analysis due to insufficient data on control groups. The
final sample included 13,776 individuals (3536 athletes and
10,240 controls) [12-35].

For each analyzed study, the correspondence of genotype
frequencies with the Hardy—Weinberg equilibrium (HWE) was
checked. Mid--p-values, i.e., the exact p-values adjusted for
the conservativeness of exact tests [36], were calculated
using an online program (https://www.cog-genomics.org/
software/stats). It is known that p-values reflect neither
the probability of the absence of an effect (the probability
of the null hypothesis), nor the sign of the effect, or its size.
Therefore, interval estimation of the size of the effect is more
informative and has long become a mandatory procedure in
statistical analysis. One of the main indicators of observed
genotype frequency deviation from Hardy—Weinberg equilib-
rium is the fixation index Fs (inbreeding coefficient). Thus, to
check the overall correspondence of genotype frequencies
with Hardy—Weinberg equilibrium for Fg, 95% confidence
intervals (Cl) were calculated and checked to see whether
they cover the equilibrium value of F<=0 or not. To verify the
concordance of the frequencies of each genotype with those
expected from HWE, 95% Cls were calculated and checked
to see whether they cover the expected values or not. To
assess the equality of genotype or allele frequencies in the
compared groups, a 95% Cls for the difference in D frequen-
cies were calculated and checked whether they cover the
indifferent value A=0 or not. To calculate these parameters,
we used the original FixindAll program, which the authors
will provide to interested researchers upon request. Unlike
other similar programs, in FixIndAll analysis of genotype and
allele frequencies, their comparisons, and accordance with
Hardy—Weinberg equilibrium is based on the calculation of
Bayesian intervals of statistically permissible values (credible
intervals) for them, for their differences, and for F.
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For meta-analysis, the MetaGenyo online program
(https://metagenyo.genyo.es/) was used [37]. In addition to
the usual assessment of the pooled effect (OR, odds ra-
tio), 95% prediction intervals (Pl) were calculated using
the Meta-Essentials package (https://www.erim.eur.nl/re-
search-support/meta-essentials/) [38] and/or CMA Predic-
tion Intervals (https://meta-analysis-workshops.com/pages/
predictionintervals).

RESULTS

A statistically significant deviation from Hardy—Weinberg
equilibrium was detected in nine cases in the athlete sub-
groups and in six controls (mid-p < 0.05). Of them, five and
three were with mid-p < 0.01, respectively. In 56 subgroups,
the fixation index (Fs) significantly deviated from zero, indi-
cating either inbreeding, outbreeding, and/or an excessively
wide 95% confidence interval, suggesting probable genotyp-
ing errors. In three cases [12, 17, 33], statistically significant
differences in allele frequencies (A) were found between the
groups of athletes and the control group. However, these
studies demonstrated a significant deviation of F¢ from zero,
and in the study by Varillas-Delgado et al. [33], there was
a deviation from Hardy—Weinberg equilibrium in the control
group. In all other cases, the differences between genotype
frequencies were not statistically significant.

The MetaGenyo program provides meta-analysis for three
inheritance models: dominant, codominant, and recessive.
The most significant results were obtained for the dominant
model, which is represented in Fig. 1 and in Table 1. But even
in this case, all 95% Cls for OR (except for one) cover the
indifferent value of OR=1 or have a very wide CI. No sport or
athletic specialization was identified in which the ACE gene
I/D dimorphism could serve as a reliable marker for pre-
dicting individual predisposition to high athletic performance.

DISCUSSION

The obtained results reinforce doubts that adaptively and
evolutionarily neutral genetic polymorphism can serve as a
tool for selection or prediction in sports [10, 39]. Current-
ly, most of the identified associations have not proven their
practical value.

Table 1. Results of the meta-analysis for the dominant model (DD+ID vs II)
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The assumption that athletic talent is a fixed trait that can
be identified at an early stage, the belief in the exceptional
influence of talent on the development of athletic qualities,
various levels of risk in decision-making with regard to ath-
lete selection, biases in approaches to athlete selection, in-
adequacy of modern statistical approaches, issues with using
current results to predict future outcomes, short-term ben-
efits and competition between different sports for promising
athletes dramatically decrease the overall effectiveness of
sports development systems [40]. One of the most signif-
icant issues in predicting high athletic performance based
on presumed individual genetic predisposition is uncertainty,
measured using Pl [41]. Most meta-analyses so far are lim-
ited to reporting confidence intervals only. However, this is
insufficient. Cl is an indicator of the accuracy of effect mea-
surement, but it does not indicate the degree of variation in
effect size. Variation, the dispersion of the effect, is reflected
by the confidence interval, which is mandatorily calculated
in meta-analyses [41, 42]. In this meta-analysis, the 95% Cl
ranges from 0.58 to 1.16. It covers the indifferent value of
OR=1, meaning it is not statistically significant. This means
that in 95% of subsequent studies comparable to those pre-
sented in this analysis, the actual effect size will fall within
this interval and will generally be practically useless.

The practical infeasibility of using individual genes to
predict sports talent at the individual level is due to the fol-
lowing limitations: genotyped variants are not functionally
significant and show incomplete linkage with other signifi-
cant gene variants; low statistical power of studies, lack of
population stratification, heterogeneity of the phenotypes
and loci studied. It was previously shown that the effec-
tiveness of using a genetic marker for testing a binary trait
(healthy/sick, athlete/non-athlete) depends on the frequen-
cy of occurrence of the given genotype (allele, haplotype)
and the frequency of manifestation of the studied phenotype
[43]. If the OR is less than 2.2, then at any frequency of
marker occurrence, it does not have any diagnostic and/
or prognostic value. Only with an OR greater than 5.4 and
a population frequency above 0.3 can be recognized as a
marker suitable for mass screenings and professional se-
lection [43]. But in sports genetics, such markers have not
been identified and are unlikely to ever be discovered. There
are such markers for certain cancers.

Model OR 95% CI p-value p-value adjusted for multiple 95% PI
comparisons
Fixed effect 0.82 [0.74; 0.90] 810° 610" [0.58; 1.16]
Random effect 0.81 [0.72;0.12] 0.00042 0.0029 [0.57; 1.15]
Heterogeneity and publication bias tests
16 H 12 Q p-value Egger's test p-value
0,03 1.12 0.20 48.7 0.14 0.47

Note. Cl, confidence interval; OR, odds ratio; P!, prediction interval.
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Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
Amir, 2007 72 79 221 247 1.21 [0.50; 2.91] 1.3% 1.6%
Amir, 2007 1 34 42 221 247 0.50 [0.21;1.19] 1.3% 1.6%
Drozdovska, 2013 62 84 212 283 —i— 0.94 [0.54; 1.65] 3.3% 3.3%
Drozdovska, 2013 _1 80 108 212 283 —iE— 0.96 [0.58;1.59] 3.9% 3.8%
Falahati, 2019 22 29 22 28 0.86 [0.25; 2.96] 0.7% 0.8%
Fluck, 2019 21 29 54 63 0.44 [0.15; 1.29] 0.9% 1.1%
Fluck, 2019 1 14 17 54 63 0.78 [0.19; 3.26] 0.5% 0.6%
Gineviciene, 2016 76 114 712 947 0.66 [0.44;1.00] 5.8% 4.9%
Gineviciene, 2016_1 36 47 192 255 — 1.07 [0.52; 2.23] 1.9% 2.1%
Grenda, 2014 117 147 127 147 0.61 [0.33;1.14] 2.6% 2.8%
Grenda, 2014 1 28 49 127 147 —=— 0.21 [0.10; 0.44] 1.9% 2.1%
Hagberg, 1998 80 100 158 200 —F 1.06 [0.59; 1.93] 2.8% 2.9%
Heffernan, 2016 196 245 458 571 - 0.99 [0.68; 1.44] 7.2% 5.6%
Heffernan, 2016_1 127 163 458 571 — 0.87 [0.57;1.33] 5.6% 4.8%
Heffernan, 2016_2 69 82 458 571 e 1.31 [0.70; 2.45] 2.6% 2.7%
Heffernan, 2016 3 139 182 458 571 —r 0.80 [0.54;1.19] 6.3% 5.2%
Heffernan, 2016_4 55 69 458 571 —i— 0.97 [0.52;1.81] 2.6% 2.8%
Heffernan, 2016 5 31 45 458 571 0.55 [0.28; 1.06] 2.3% 2.5%
Heffernan, 2016_6 53 68 458 571 —F 0.87 [0.47; 1.60] 2.7% 2.9%
Kim, 2014 68 97 133 203 T 1.23 [0.73; 2.08] 3.7% 3.6%
Kothari, 2012 94 147 90 131 —— 0.81 [0.49; 1.33] 4.0% 3.8%
Magi, 2016 10 17 136 177 0.43 [0.15; 1.20] 1.0% 1.2%
Magi, 2016_1 31 41 106 145 1.14 [0.51; 2.54] 1.6% 1.8%
Onori, 2022 79 100 85 100 0.66 [0.32;1.38] 1.9% 2.1%
Rankinen, 2000 2 141 192 152 189 0.67 [0.42;1.09] 4.4% 4.0%
Ruiz, 2009 70 100 81 100 0.55 [0.28; 1.06] 2.3% 2.5%
Saber-Ayad, 2014 60 68 88 100 1.02 [0.39; 2.65] 1.1% 1.3%
Sgourou, 2012 95 102 76 88 %—*; 2.14 [0.80;5.71] 1.1% 1.3%
Sgourou, 2012_1 60 73 69 83 —— 0.94 [0.41; 2.15] 1.5% 1.7%
Shahmoradi, 2013 23 32 136 163 —'*{» 0.51 [0.21;1.22] 1.3% 1.6%
Shahmoradi, 2013_1 31 37 136 163 e 1.03 [0.39; 2.70] 1.1% 1.3%
Shahmoradi, 2013_2 66 87 136 163 0.62 [0.33;1.19] 2.5% 2.6%
Shenoy, 2010 15 29 75 101 — 0.37 [0.16; 0.87] 1.4% 1.6%
Tanriverdi H., 2005 40 56 37 46 0.61 [0.24; 1.54] 1.2% 1.4%
Taylor, 1999 93 120 534 685 —— 0.97 [0.61; 1.55] 4.7% 4.2%
Varillas-Delgado, 2021 117 123 109 122 2.33 [0.85; 6.33] 1.0% 1.2%
Varills-Delgado, 2022 135 160 144 160 0.60 [0.31;1.17] 2.3% 2.4%
Varills-Delgado, 2022_1 119 132 144 160 1.02 [0.47; 2.20] 1.7% 1.9%
Vegh, 2022 49 64 45 54 0.65 [0.26; 1.64] 1.2% 1.4%
Wei, 2021 36 60 116 200 —t 1.09 [0.60; 1.96] 2.9% 3.0%
Fixed effect model 3536 10240 & 0.82 [0.74; 0.90] 100.0% --
Random effects model : < | | 0.81 [0.72; 0.91] -- 100.0%

Heterogeneity: I? = 20%, T2 = 0.0266, p = 0.14 '

02 05 1 2 5

Fig. 1. Forest-plot for the dominant model (DD+D vs /l) meta-analysis.

Contradictory research results, as well as the lack of data
on their real practical value for the search, selection, and
profiling of young athletes and the choice of a training pro-
gram, caused leading scientists in the field of sports genetics
to release a joint statement in 2016. The outline of the state-
ment is as follows: there is currently no scientifically proven
basis to consider that the studied molecular-genetic markers
have prognostic value for selecting talented athletes or for
individualizing the training process; test systems based on
the results of these studies are misleading and should not be
used for the stated purposes [44]. Undoubtedly, the complex
of morphofunctional and psychophysiological traits inherent
in high-level athletes is based on a multitude of genes. How-
ever, the mechanisms that determine these connections are
still virtually unexplored [45].

In recent years, the number of commercial companies
providing direct-to-consumer (DTC) services for predicting
individual predisposition to a specific type of sport/group

BOI: https://doi.org/10.17816/humeco643363

of sports and injury risk has significantly increased [39]. In
several countries, DTC tests are widely used as one of the
stages of selecting gifted athletes at the initial stages [44].
This approach and the scale that DTC tests have acquired in
sports genetics raise reasonable concerns in the professional
scientific community both in the Russian Federation [10] and
abroad [46]. Such services are provided based on research
of a limited number of loci (from 1 to 37 depending on the
company). Some companies do not provide the results of
genotyping claimed in gene testing, and the criteria for con-
clusions to be based on are not universally accepted in the
global community. There is no single diagnostic procedure
that has been approved by official regulatory and supervi-
sory authorities and has proven effectiveness for assessing
the claimed qualities in children, adolescents, and/or adults
[45—-47]. Most test systems have not undergone randomized
blind trials. In fact, none of these companies provide infor-
mation on the quantitative (statistical) characteristics of the
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predictive ability of their test systems (specific values of PPV,
NPV, likelihood ratios, and the limits of their interval esti-
mates) [43].

Let us assume that we have identified a certain number
of independent (unlinked) genetic markers that actually have
a significant impact on the development and manifestation
of traits necessary for achieving high athletic performance.
Then the question arises regarding the probability of detect-
ing a carrier of all these variants (G*) in the population, and
the predictive ability of a diagnostic test based on the analy-
sis of these variants/variant Table 2 represents quantitative
assessments of these parameters, indicating that theoreti-
cally, if an individual has 9-10 predisposing variants, a high
predictive probability (0.91-0.95) can be achieved. However,
the probability of existence of such an individual in the pop-
ulation is negligible (10°-107%): less than one person in the
entire population of the Earth. And this is despite the fact
that these calculations do not consider the inevitable epista-
sis and pleiotropy, where different genotypes can suppress
effects of each other.

As we already mentioned, the phenotype of an elite ath-
lete is complex, with each of its individual components being
polygenic in nature, meaning it is controlled by several genes.
Obviously, there is a need to simultaneously consider multiple
genes (a polygenic profile) for a quantitative assessment of
their cumulative impact on the phenotype and the chances of a
particular individual achieving outstanding athletic results. The
next stage in the development of sports genetics was the in-
troduction of a method for calculating the total genotype score
(TGS) to assess the polygenic profile of athletes [48]. The first
model for assessing the polygenic profile and its associations
with athletic achievements was the additive model proposed
by Williams and Folland in 2008 [48]. It involves assignment of
scores to alternative genotypes of each polymorphic system
based on the results of association studies, then the results
for all studied systems are summed and divided by the total
number of alleles. This approach is also known as the poly-
genic or genetic predisposition score [49].

The assessment of a polygenic profile, including 7 genes,
in a group of elite long-distance runners led to the conclusion
that the average genetic score of the athletes is higher than
that of the control group [25]. This result was confirmed in a
group of athletes highly qualified in endurance sports (using
6 genes), with the average score being higher than that of
the controls and long-distance runners [50]. The presence
of all six genotypes associated with endurance sports was
found in 9% of athletes, and no long-distance runner had the
“ideal” polygenic profile. The distribution spectra of TGS in
the control group and the groups of endurance and aerobic
athletes significantly overlap. This means that many individu-
als in the control group had a TGS equal to or exceeding that
of highly qualified athletes [50]. The analysis of TGS for a
larger number of genes (22 and 23) showed significant sim-
ilarity between groups of athletes and non-athletes, which
also does not allow using this approach to identify individuals
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with a greater or lesser predisposition to a particular sport/
group of sports [51].

The inadequacy of calculating TGS for assessing a poly-
genic profile to identify gifted individuals at the individual
level, is illustrated by one of the recent studies [52]. The
control group included 503 non-athletes, while the experi-
mental group consisted of five international-level track and
field athletes, including one Olympic champion. Two TGS val-
ues were calculated based on different polygenic profiles:
68 loci for stayers and 48 loci for sprinters. It turned out that
both TGS values in sprinter athletes were higher than those in
elite long-distance runners. Moreover, in 70 representatives
of the control group, the “sprint” TGS values were higher than
those of elite sprinters. A similar result was obtained in a
Japanese study on the polygenic profile for marathon runners
(n = 211), which included 21 genes. In the control group, the
TGS (n = 649) was 49.0% + 7.6%, which was higher than that
in professional stayers at the international (48.2% + 7.0%), na-
tional (49.1% + 5.7%), and regional (47.3% + 7.6%) levels [1].

The use of a large number of markers leads to the prob-
ability of detecting a carrier with an ideal or near-ideal poly-
genic profile being negligible.

In the overwhelming majority of cases, commercial enti-
ties providing genetic predisposition services to the general
public, do not consider themselves obligated to adhere to
international standards for the use and protection of the data
they obtain. Such structures often transfer the obtained data
to third parties (research groups or other organizations) and
also use the accumulated data for purposes not specified in
the informed consent [44, 46].

Regarding minors, the following issues should be ad-
dressed: whether sport clubs, sections, and state institutions
may require trainees to provide data on individual genetic

Table 2. Correlation of predictabilities with the number of independent
predisposing genetic markers combined in the genotype of an individual

The number of predisposing
genetic variants in the genotype | PPV
of an individual

The proportion of carriers
of the predisposing geno-
type G+ in the population

1 0.020 0.1

2 0.039 0.01

3 0.075 0.001
b 0.14 0.0001
5 0.24 10°
6 0.39 10
7 071 107
8 0.84 10°8
9 0.91 107
10 0.95 10710

Note: PPV, probability of the presence of the studied phenotype in a carrier of
a given genotype (positive predictive value). It is simplistically assumed that
the prevalence of each genotype is the same (0.1).
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characteristics; whether it is permissible to deny a young
athlete the right to engage in a specific sport based on genetic
data; who can have access to data on the genetic parameters
of a minor; what is the mechanism for protecting a child from
discrimination based on genetic reasons; what consequences
may arise for an athlete if they refuse to undergo genetic
testing [47]. It should also be recognized that in the practical
use of such genetic testing, there is an inevitable high risk
of obtaining both false-positive and false-negative results
and conclusions based on them [10, 43]. This approach may
be acceptable at the population level, but cannot be used
for individual assessment. Currently, the predictive ability
of sports genetics is zero. There is no direct evidence that
genetic indicators of athlete success exist. An athlete’s per-
formance primarily depends on socioeconomic, cultural, and
environmental factors. So, the stopwatch predicts a runner’s
athletic achievements much better than all the genetics.

Despite numerous attempts to identify genetic variants
associated with success in high-performance sports, prog-
ress in this area remains insignificant and disappointing. The
advantage of genetic testing over standard pedagogical and
anthropometric testing also remains open. We should keep in
mind that a specific phenotype can be a product of completely
different genotypes and even genomes. This is strongly evi-
denced by the phenomenon of doppelgangers, where unrelat-
ed individuals, sometimes living on different continents, look
surprisingly alike. This example illustrates the complexity of
the task of guessing or predicting the phenotypic manifesta-
tion of a given specific genotype. The phenotype prediction
algorithm should take into account the frequency of pheno-
typic expression of a specific genotype (penetrance), even
if it concerns rare alleles that have a pronounced effect on
the phenotype. For example, carrying rare high-penetrance
pathogenic alleles that cause monogenic diseases in children
does not always lead to the development of the disease. The
study of more than half a million genomes revealed 13 adults
who were carriers of eight rare pathogenic variants, yet the
disease did not manifest in them [53].

CONCLUSION

The development of modern technologies in the field of
genomics (high-throughput sequencing, formal analysis of
big data, use of artificial intelligence, genome editing) should
contribute to the emergence of tools for personalized medi-
cine and gene therapy as part of everyday practice. However,
the emerging opportunities raise some ethical, moral, social,
and personal questions for society. The field of genomics in
physical activity is also influenced by emerging genomic

! The reasons why Kenyans always win marathons lie in one region.
Available at: http://news.menshealth.com/why-kenyans-keep-winning-
marathons/2011/06/03/
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technologies, warrants an urgent need to develop common
principles and approaches to the procedures of genetic test-
ing for athletes. Modern technologies for obtaining genetic
data and the rate of their accumulation significantly outpace
our current ability to interpret and correctly apply them.
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AOMO/HUTE/IbHAA UHOOPMALIUA

Bknap, aBtopoB. H.H. XpoMoB-bopurcos — cbop 1 aHanms nutepatypHbix
WCTOYHWKOB, CTATUCTUHECKWIA @HanM3, HanvcaHWe TeKCTa W pefaKTVpoBa-
Hue cTatbu; 3.A. boHaapeBa — 0630p nuTepatypsl, cbop v aHanm3 nuTe-
PaTypHbIX MCTOYHMKOB, MOAFOTOBKA, HaMMCaHWe U pedaKTMpoBaHue TeK-
cTa cTatbn. Bce aBTOpbl MOATBEPHAAlT COOTBETCTBME CBOEr0 aBTOPCTBA
MexayHapoaHbiM kputepuam ICMJE (Bce aBTOpbl BHEC/IM CYLLECTBEHHIN
BK/af B pa3paboTKy KOHLENLMM, NPOBEAEHVS UCCe0BaHWA W MOATOTOB-
Ky CTaTbi1, MPO4AM 1 0806pUM BrHaNbHYI0 BEPCUID Nepes nybimnKaumen).
WUcTounukmn duHancuposanma. OtcyTcTByioT.

PackpbiTie MHTepecoB. ABTOPbLI 3asBAIOT 06 OTCYTCTBUM OTHOLLIEHWIA, fie-
ATENLHOCTV W MHTEPecoB 3a NOCe[HWE TPU FOfia, CBA3aHHBIX C TPETHMM
MuaMM (KOMMEPYECKUMM W HEKOMMEPYECKVIMM), VHTEPECH! KOTOPbIX MOTYT
BbITb 3aTPOHYTHI COAEPIKAHMEM CTaTbU.

OpuruHanbHOCTb. [1py CO3AaHMM HacTosILLEN paboTsl aBTOPbI HE UCMOSb-
30Ban paHee onybaMKoBaHHbIE CBEAEHNA (TEKCT, MINIOCTPaLMK, iaHHbIe).
HocTtyn K AaHHbIM. PeaaKuMOHHas NOMMTMKA B OTHOLLEHWW COBMECTHOMO
MCMONb30BaHWs AaHHbIX K HacToALLeN paboTe He MpUMeHWMA, HoBble AaH-
Hble He Cobupanu 1 He CO3AaBanu.

FeHepaTMBHbIN MCKYCCTBEHHBIH MHTENNEKT. [Tpy CO3aaHNM HaCcTosALLEN
CTaTbW TEXHONMOTMM TeHepaTMBHOTO UCKYCCTBEHHOO MHTENNEKTa He uc-
nonb30Banu.

PaccMoTpeHue u peuensupoBanme. Hactosias pabota nofaHa B xyp-
Han B MHMLMATMBHOM MOPSZKE M PaccMOTPeHa Mo 0bbI4HOM MpoLenype.
B peLieH3vpoBaHUM y4acTBOBaM [Ba BHELUHMX PELiEH3eHTa, YieH pefaK-
LIVIOHHOW KONMErvn W Hay4HbINA PefiakTop M3AaHNA.
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