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This work aims to study distribution of allele frequencies of the ACE and BDKRB2 genes coding for the angiotensin-converting
enzyme and the bradykinin receptor 32, respectively, in athletes specializing in different sports and to establish the associations
between the studied genotypes and heart rate variability. The study included 75 male athletes. Polymorphisms of ACE and
BDKRB2 (I/D and +9/-9, respectively) were studied by PCR. A significant difference was revealed in the —9/-9 genotype
frequency between the studied groups of athletes. Parasympathetic nerve activity prevailed in the athletes with the | allele
of the ACE gene. Time-domain parameters of heart rate variability had low values in the carriers of the D/D genotype. In the
athletes with the ACE I/1 genotype the time-domain parameters differed from those typical for the I/D and D/D genotype carriers.
Participants homozygous for -9 BDKRBZ2 had the lowest heart rate in the studied sample, implying an increased contribution
of parasympathetic activity to heart rate regulation. The -9 allele of BDKRB2 was found to be associated with the minimal
R — R interval between consecutive hear beats. We conclude that polymorphisms I/D of ACE and +9/-9 of BDKRB2 can
indicate individual patterns of heart rate regulation in athletes from the Republic of Karelia.
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ACCOoUUALNA MONNMMOP®HBLIX BAPUAHTOB N'EHOB ACE N BDKRB2
C NAPAMETPAMU BAPUABEJIbHOCTU CEPOEYHOIO PUTMA
Y CNOPTCMEHOB PECIMYBJINKUN KAPEJIUN

C. H. Konomeituyk'®= P. B. Anekcees?, A. A. Nytunos?, A. HO. Meiiran?
" NabopaTopust reHeTvkn, VIHCTUTYT Bronorun,
Kapenbckuii Hay4Hbi ueHTp PAH, MNetposasBoack

2 Kadhenpa hvanonorim 4enoBeka 1 XK1BOTHbIX, MaToPU3N0oNorimn, rmcTonorm, MeAUUMHCKUN MHCTUTYT,
[NeTpo3aBOACKMIA rOCYAaPCTBEHHbIN YHUBEPCUTET, [eTpo3aBoack

3[pynna mMaTeMaTn4eckoro MoLeMpoBaHus GUOMEAMLIMHCKIMX CUCTEM,
Hay4Ho-vccnenoBaTensCKunin IHCTUTYT MONEKYNSpHOM Gronorimn 1 6rnodnamnki, HoBocnomnpek

Llenbto HacTosiLLEero nccnenoBaHns Bbi1o U3ydeHne pacnpenenensa YacToTbl anmenen reHa aHrMoTEH3VHMPEBPaLLatoLLIEro
depmeHTa ACE n pelentopa 32 bpaanknHiHa Yy CMOPTCMEHOB PasyHOM CMOPTUBHOM Crieumann3aumm, a Takke BblsBre-
HVe B3aMOCBS3M reHoT1MNa C mapameTpamm BaprabenbHOCTV cepaedHoro putma. Metogom MNLP B rpynne atneTtoB (n = 75,
MY>X4HbI) nccnegoBaH nonumopduram reHoB ACE I/D n BDKRB2 +9/-9. MNokadaHo OOCTOBEPHOE OT/IMHME MEXAY rpynnamMm
CMOPTCMEHOB MO YacToTe reHoTuna —9/-9 reHa BDKRB2. YpoBeHb MapacmnaTUHeCcKon akTUBHOCTM MpeobnafaeT y HocuTe-
nen annend | reHa ACE. B rpynne CnopTCMEHOB € reHOTUnom D/D perncTprpyroTcs HU3KME 3HAYEHNst BPEMEHHBIX MapamMeTpOB
BapuabenbHOCTM cepaeyHoro putMa. CornacHo NosyyYeHHbIM AaHHbIM, BPEMEHHbIE MapaMETPbl pUTMa CepAaLa CnopPTCMEHOB
¢ reHoTunoM ACE I/l otnndatotest oT 3HadeHuin rpynn ACE I/D n ACE D/D. Y romoauroT no annesnto —9 reHa BDKRB2 oTMeYeHb!
camble HM3KMe 3HadeHns YCC, YTO yKasbIBaeT Ha yCUNEHME NapacMMaTUHECKUX BIVSHUIA B CUCTEME PErYSIALMN CEPASHHO-
ro putma. Annenb =9 reHa BDKRB2 accoummpoBaH ¢ MUHMMAabHOM MPOAOSDKUTENBHOCTBIO MOCe0BaTebHbIX COKpaLLle-
HUM cepaua. MNMonnmmopdHble nokycbl ACE I/D n BDKRB2 +9/-9 MOXHO paccMaTpuBaTb Kak KOHTPOSbHbIE MoKasaTesu
npouecca perynsaumm napaMmeTpoB CepAeHHON AEATENbHOCTY MpY MPOBEAEHUN MEPBMYHOIO 0TOOpAa CrOPTCMEHOB B Pec-
nybnuke Kapenuu.
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As more young people are being recruited in professional
sports, the latter is becoming more competitive demanding
that athletes should be in perfect physical shape throughout
the entire training period [1]. Normally, wise training and
competition schedules that account for the individual capacity
and functional ability of an athlete do not negatively affect
performance or trigger pathology. But if physical capacities fail
the athlete who is trying to handle extremely high training loads,
the vegetative systems may respond with disease.

Many researchers regard the cardiovascular system as an
indicator of individual’s adaptability [1, 2]. The cardiovascular
health of athletes is therefore in the focus of sports science.
Based on the continuous monitoring of the cardiovascular
system, training loads can be optimized, exercise tolerance
assessed, and structural or morphological changes in the
circulation predicted. According to the literature, cardiovascular
abnormalities are the main cause of sudden death in athletes
[2-5]. In this light, discovery of genetic markers that play a role
in cardiovascular and muscular health is of great prognostic
significance. Of particular importance are their associations
with various phenotypes, including anthropometric data, results
of load tests and cardiac interval measurements, etc. [6, 7].

Sports genomics is a relatively new discipline that studies
the structure and functioning of athletes’ genomes [8-11]. The
first genetic marker associated with endurance was identified in
the late 1990s [12]. The importance of genetic polymorphisms
and their associations with athlete’s performance and
phenotype are widely discussed in the literature [11, 13, 14].
A few methodologies have been proposed to explore
associations between genetic polymorphisms and professional
achievements of an athlete. Population studies explore the
associations between a particular genotype or allele and a
phenotypic trait, e.g. oxygen consumption VO, max, in groups
of athletes [8, 11]. An alternative approach is offered by whole-
genome studies of polymorphic DNA markers that may be
associated with certain physical characteristics [10, 12].
On the whole, association studies are the most common
type of studies in sports genomics. They are based on the
assumption that one allele referred to as candidate because
of its known function is associated with the studied phenotypic
trait, is relatively frequent in elite athletes in comparison with
the general population and therefore enhances performance
[10, 11, 12].

A review of the literature over the period between 1997 and
2014 revealed that at least 120 genetic markers are associated
with the elite athlete status, including 77 genetic markers of
endurance and 43 markers of power/strength. But only 11
(9 %) of those markers showed a stable association in 3 or
more studies. Among the endurance markers are ACE |,
ACTN3 577X, PPARA rs4253778 G and PPARGC1A Gly482;
power/strength markers are ACE D, ACTN3 R577, AMPD1
GIn12, HIF1A 582Ser, MTHFR rs1801131 C, NOS3 rs2070744
T and PPARG 12Ala [8].

The aim of this work was to study frequency distribution
of ACE and BDKRB2 allelic variants in athletes specializing in

different sports and to establish as association between those
allelic variants and parameters of heart rhythm in athletes from
the Republic of Karelia.

METHODS

The study was conducted from October 2015 to May 2016
in the city of Petrozavodsk, the Republic of Karelia. The study
was approved by the Bioethics Committee of the Institute of
Biology KarRC RAS (Protocol No. 21/20/187 dated February
26, 2015). Participants gave their informed consent. The study
recruited 75 athletes with different qualifications (from regional
champions to Masters of Sports) specializing in different
sports, aged 18 to 30 years. Depending on the quality trained,
the athletes were distributed into 3 groups: strength (n = 25;
bodybuilding, power lifting, box, wrestling), speed (n = 23; track
and field sprinting, middle-distance running) and endurance
(n = 27; skiing, long-distance running). The study included
only male individuals over 18 years of age, with at least 5-year
experience in sports and without chronic conditions.

Measurements were taken early in the morning. First,
cardiac rhythm parameters and cardiovascular function were
evaluated at rest. Anthropometric measurements included
height (cm), weight (kg), fat mass (kg), muscle mass (kg), total
body water (kg), bone mass (kg), body mass index (BMI, a
ratio of body weight to height), and impedance. Height was
measured using a stadiometer. Weight and other parameters
were measured using the Tanita Body Composition Analyzer
SC-330 S (Tanita, Japan).

In the second stage of the study parameters of the resting
heart rhythm were analyzed and blood samples were collected
for the genetic analysis. DNA was extracted from peripheral
blood lymphocytes; the samples were analyzed using the
shared facility equipment of the Institute of Biology KarRC
RAS. Genomic DNA was extracted from 200 pL of venous
blood using the AxyPrep Blood Genomic DNA Miniprep Kit
(Axygen, USA) according to the manufacturer’s protocol. The
ACE (I/D) and BDKRBZ2 (+9/-9) polymorphisms were studied
using polymerase chain reaction and the restriction fragment
length polymorphism analysis.

Fragments of the ACE and BDKRB2 genes
were amplified with  the following forward and
reverse primers: 5'-CTGGAGACCACTCCCATCCTTTCT-3
and 5'-ATGTGGCCATCACATTCGTCAGAT-3 for
ACE and 5'-TCTGGCTTCTGGGCTCCGAG-3' and
5'-AGCGGCATGGGCACTTCAGT-3 for BDKRB2.
Thermocycling conditions were as follows: initial denaturation
at 94 °C for 7 min, followed by 30 amplification cycles at 94 °C
(1 min), 62 °C (1 min), and 72 °C (1 min 10 s); final synthesis at
72 °C (5 min). PCR vyielded a 477 b. p. product for the ACE |
allele and a 190 b. p. product for the ACE D allele. PCR product
sizes for the BDKRB2 +9 and -9 alleles were 100 b. p. and 90
b. p., respectively. PCR was performed in the programmable
thermocycler MaxyGene |l (Applied Biosystems, USA) using

Table 1. Results of the bioelectrical impedance analysis of body composition conducted in the study participants

Specialization n Height, cm Weight, kg Fat mass, kg m'\:liz(,:lkeg Tx:g:cgy Bonek;nass, BMI, kg/m? Impedance
Endurance 27 178.9 72.2* 6.4* 62.6* 46.1* 3.3 22.5* 481.5*
Speed 23 178.6 72.9* 6.5" 63.1* 46.6* 3.4 22.8* 475.4¢
Strength 25 177.3 85.1 11.6 69.9 51.4 3.7 26.8 447.9

Note. * — represents statistically significant differences (p<0.05) relative to the Strength group.
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the amplification mixture ScreenMix-HS (Evrogen, Russia) and
25 pL of gene-specific primers.

PCR vyield was analyzed by 6 % (for ACE) and 8 % (for
BDKRB) polyacrylamide gel electrophoresis followed by
ethidium bromide staining and visualization on the UV
transilluminator ECX-F20 at 312 nm wavelength (Vilber
Lourmat, France). ECG was recorded using the digital Poly-
Spectrum-8/E system (NeuroSoft, Russia) according to the
standard technique. Time domain (R — R min, R — R max,
RRNN, SDNN, RMSSD, pNN50 and CV) and spectral (TP, VLF,
LF norm, HF norm) parameters of heart rate variability (HRV)
were computed using the Poly-Spectrum-Rhythm software
(Neurosoft, Russia).

Significance of differences in population frequencies
was estimated using the standard x? formula (Microsoft
Excel). Differences between the groups and factor effects on
HRV parameters were estimated by ANOVA and the H-test
(STATGRAPHICS Centurion XVI, Statpoint Technologies, USA).

RESULTS

The study was conducted in 75 athletes. The participants
were divided into 3 groups depending on their specialization.
Comparison of the Strength and Speed groups revealed
that power athletes weigh more, have bigger fat and muscle
masses and a higher BMI (p < 0.05, Table 1). In the run-up for
the competitions body fat percentage is relatively high in power
athletes because their diet becomes more diversified.

Significant differences were observed between the Strength
and Endurance groups with regard to almost all studied
parameters (p < 0.05). The only unreliable difference was
registered for height and bone masses. Obviously, differences
in weight, fat, muscle and total water masses, as well as BMI,
were significant because athletes who train strength and those
who train endurance have different phenotypes. Those who
train their strength are often hypersthenic (a massive build, a
broad frame). Athletes who train their endurance are asthenic
(a slender narrow build).

Table 2. Time domain parameters of heart rate variability
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Time domain parameters of heart rate variability in the
Endurance group differed significantly from those in the
Strength and Speed groups (Table 2).

The highest proportion of significant differences was
observed between the Strength and Endurance groups,
namely in mean heart rate, R — R min, R — R max, and RRNN.
In this respect patterns of cardiac rhythm modulation in power
athletes and stayers are opposing: increased sympathetic vs.
vagal modulation.

Based on the spectral analysis, fatigue can be estimated
and changes in the physical capacity can be predicted during
training and competition periods (Table 3).

The spectral analysis revealed that values of the total power
of the spectrum (the total effect of all regulatory mechanisms)
were very high in the Speed and Endurance groups. It is believed
that the higher the total power of the spectrum, the lower the
strain on the regulatory systems. A considerable contribution
to TP can be made by the parasympathetic component (high
frequency power spectrum, HF), varying depending on the rate
and depth of respiration during measurements.

No significant differences were observed in the spectral
parameters of heart rate variability between the groups (Table 3).

That said, the values of spectral parameters were on the
whole consistent with patterns of adaptation to different types
of physical exercise. The total power of the spectrum tended
to be higher in the Speed and Endurance groups due to the
prevalence of sympathetic and parasympathetic effects on
the cardiac rhythm. Humoral and metabolic effects on heart
function were also significant. Parasympathetic modulation of
sinoatrial node activity was a prevalent modulation pattern in the
Strength group, which is probably due to the lack of exhaustion
and strain on the regulatory systems in the beginning of the
training cycle.

The obtained allelic frequencies of 4 potential markers
indicating an association between the genes and blood pressure
are consistent with the data previously obtained for other
Russian and European populations [8, 10, 11]. Frequencies
of the ACE I/D genotype varied in Karelia athletes depending
on their specialization (Fig. 2). No significant differences were

Specialization n Mean heart rate R—Rmin,ms [ R—Rmax, ms | RRNN, ms SDNN, ms RMSSD, ms PNN50, % CV, %
Strength 25 66.0 747.8 1124.9 945.6 60.7 59.7 32.8 6.2
Speed 23 59.7 836.3* 1226.2 1020.8 70.0 64.9 37.8 6.9
Endurance 27 57.3* 835.7* 1258.0* 1068.9* 75.6 66.5 39.5 6.9

Note. R — R min and R — R max are minimal and maximal R-R (beat-to-beat) intervals; RRNN is mean normal-to-normal R-R interval; SDNN is standard deviation of
normal-to-normal R-R intervals; RMSSD is root-mean square differences of successive NN intervals; pNN50, % is percentage of successive NN intervals with a >50 ms
difference; CV is a variation coefficient. * represents statistically significant differences relative to the Strength group (tcrit. = 2.008; p < 0.05). Differences in time domain
parameters of heart rate variability between the groups were estimated using the nonparametric Mann-Whitney U-test.

Table 3. Spectral parameters of heart rate variability of the participants

Specialization n TP, ms? VLF, ms? LF, ms? HF, ms? LF norm HF norm LF/HF
Strength 25 4167.7 1229.8 1059.4 1878.2 46.3 53.7 1.2
Speed 23 5688.4 1737.8 2076.8 1866.9 46.8 53.2 1.2
Endurance 27 5443.8 2201.2 1460.3 1782.4 44.0 56.1 1.2

Note. TP is total power of the spectrum; VLF is very low frequency oscillations; LF is low frequency oscillations; HF is high frequency oscillations; LF norm and HF norm
are normalized low and high frequency oscillations, respectively.
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observed between the Strength and Speed groups (x* = 0.35;
d. f. =2, p =0.72) and between the Strength and Endurance
groups (x> = 1.71; d. f. = 2, p = 0.43). Frequencies of the
BDKRB2 |/D genotype in the participants also varied depending
on their specialization (Fig. 2), but difference between the
groups was insignificant.

Average values of time domain parameters of heart rate
variability in the athletes divided into groups based on their ACE
genotype (I/1, I/D, D/D) demonstrate that differences between
the groups are genotype-associated (Table 4).

Time domain parameters of heart rate variability were
different between the subgroups of athletes with the ACE I/D
genotype and those with the ACE I/D and ACE D/D genotypes.
Average heart rate values coincided with the bradycardia
threshold (a minimal heart rate of 41 beats per min was
registered in a Master of sports, professional skier, carrier of
the ACE I/l genotype).

Parameters of the cardiac rhythm in I/D genotype carriers
fell in the middle of the scale, between the I/l and D/D groups,
representing an intermediate pattern of heart rate modulation.

The two-way ANOVA (factors involved were sports
specialization and distribution of ACE genotypes I/l, I/D, and
D/D) revealed a statistically significant difference in HF values
between I/D and D/D genotype carriers (p < 0.05). The one-
way ANOVA applied to the general sample (n = 75) showed
that time domain parameters of HRV differed in their degree of
variability.
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Genotype: [l I/1 [l Vie} D/D

Fig. 1. Frequency distribution of ACE allelic variants in the athletes from the
Republic of Karelia specializing in different sports

Average values of spectral parameters measured in the
carriers of different ACE genotypes (I/1, ID, D/D) reflect the share
of sympathetic, parasympathetic and humoral-metaboloic
contributions to heart rhythm modulation determined by the
presence of the | or D allele in the athlete (Table 5).

In contrast, TP, VLF, LF and HF were low in D/D genotype
carriers, which is consistent with contemporary views on
cardiac rhythm modulation in power and speed athletes.

Differences in the degree of variability of HRV spectral
parameters were estimated using the one-way ANOVA.

We discovered that HF values differed significantly between
the I/I-I/D and I/D-D/D groups, LF — between the I/I-I/D and
I/D-D/D groups, and TP — between the I/I-I/D and I/D-D/D
groups. Parasympathetic modulation prevailed in the group
of | allele carriers. This is consistent with the well-established
association between the | allele and endurance.

Previously we showed that parasympathetic nervous
activity is increased in endurance athletes. In the carriers
of the D/D genotype vagal effects were less pronounced
and the total power of the spectrum was lower. Such heart
rate variability is often registered in power and power/speed
athletes.

Thereby, we conclude that decreased values of major
spectral parameters, including TP, LF, and HF, indicate that
the athlete is ready to handle speed or strength training
exercise while increased values indicate that he/she is ready
for endurance training.
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Genotype: [l +9/+9 [ +9/-9 —9/—-9

Fig. 2. Frequency distribution of BDKRBZ2 allelic variants in the athletes from the
Republic of Karelia specializing in different sports

Table 4. Time-domain parameters of heart rate variability in athletes with different ACE genotypes

ACE genotype | n Mean heart rate R — R min, ms | R— R max, ms RRNN, ms SDNN, ms RMSSD, ms pNN50, % CV, %
1/ 14 60.0 843.4 1210.7 1028.4 67.1 60.0 34.4 6.4
I/D 40 60.4 800.8 1220.2 1019.5 71.8 69.4 39.2 6.9
D/D 21 62.3 792.0 1158.3 990.6 62.3 54.6* 33.1 6.1*
Note. * — represents significant difference relative to ACE I/l carriers (p < 0.05).
Table 5. Spectral parameters of heart rate variability in athletes with different ACE genotypes
ACE genotype n TP, ms? VLF, ms? LF, ms? HF, ms? LF norm HF norm LF/HF
I/ 14 4862.7* 1635.8 1719.0 1507.9* 47.2 52.8 1.3
I/D 40 5723.2 1797.7 1668.1 2257.3 43.0 57.0 1.0
D/D 21 3727.9* 1408.1 1104.5* 1207.6* 48.8 51.2 1.3

Note. * — represents statistically significant differences relative to the ACE I/1 group (p < 0.05).
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Average values of time domain parameters of HRV in the
athletes with different BDKRB2 genotypes (+9/+9, +9/-9,
—9/-9) are shown in Table 6, suggesting that heart rate variability
depends on the presence of +9 or -9 allele.

Time domain differences in HRV parameters were estimated
using the one-way ANOVA.

The one-way ANOVA confirmed the significance of
differences in R — Rmin between the BDKRB2 -9/-9 and
BDKRB2 +9/+9 groups, suggesting the association of the
BDKRB2 -9 allele with the shortest time interval between two
consecutive heart beats.

Average values of spectral parameters of heart rate variability
in the athletes with different BDKRB2 genotypes (+9/+9, +9/-9,
—9/-9) reflect the share of sympathetic, parasympathetic and
humoral-metaboloic contributions to heart rhythm modulation
determined by the presence of the +9 or -9 allele (Table 7).

DISCUSSION

Our study recruited athletes specializing in different sports, so
we were able to place them into 3 groups based on the trained
quality. Members of the Strength group differed from other
athletes in a number of morphometric parameters, which can be
explained by the specifics of their training programs. A particular
kind of sport taken up by an athlete shapes their build and
body proportions, affects development of the cardiovascular,
respiratory and locomotor systems. Long-term engagement
in sports stimulates formation of specific morphological traits
that can be subsequently used as a criterion for recruiting
individuals with the most beneficial phenotype in professional
sports [2, 10, 11].

Average values of time domain parameters of heart rate
variability give an idea of the range of this variability and reflect
cardiac adaptation patterns to different types of physical
exercise. Heart rhythm of endurance athletes is low, modulated
by increased parasympathetic effects on the sinoatrial node in
response to regular physical load of moderate intensity. As a
result, R — R min and R — R max intervals become longer. The
beat-to-beat interval in these athletes is 1 to 1.5 seconds. This
phenomenon is called bradycardia. RRNN and SDNN values in
this group are higher than in the Speed and Strength groups.
RMSSD, pNN50 and CV values tend to increase because of the
increased vagal tone and the resulting negative chronotropic
effect [1, 3, 4].

Power athletes have higher heart rates. It is believed
that power and speed training is accompanied by increased
sympathetic effects on the cardiac rhythm. The resting

ORIGINAL RESEARCH | GENETICS

heart rate is relatively high, mirrored by low R — R min and
R — R max values. We think that increased sympathetic effects
determine lower values of RRNN, SDNN, RMSSD, pNN50
and CV.

Comparison of spectral parameters of heart rate variability
in athletes specializing in different sports provides sufficient
evidence of the contribution of sympathetic, parasympathetic,
humoral and metabolic components to cardiac rhythm
modulation. As the body adapts to different physical activities,
some regulatory mechanisms become more active, while
others lose their initial activity.

As demonstrated by the spectral analysis, the total power
of the spectrum (the total effect of all regulatory mechanisms) is
higher in the Speed and Endurance groups. The higher the total
power, the lower the strain on the regulatory system. Besides,
this parameter may be affected by the parasympathetic
component (high frequency power spectrum) that depends on
the frequency and depth of respiration during measurements.
The Endurance group demonstrated high values of humoral
and metabolic parameters (VLF and VLF%). Normally, the
cerebral effect on the cardiac rhythm is manifested as the
increased strain on the regulatory mechanisms and indicates
lack of adaptation in the athlete. This may be explained by
relative fatigue in the endurance athletes during the competition
cycle. Perhaps, high values of parasympathetic parameters
registered in the Strength and Endurance groups also
originate from fatigue. On the other hand, normalized values of
sympathetic and parasympathetic spectrum (VLF excluded) in
the endurance athletes are consistent with normal adaptability.

Significant difference in time domain parameters between
the Strength and Speed groups was observed for R — R min
values. We believe that the underlying reason for that is running
introduced to the raining schedule of sprinters. Running
can stimulate parasympathetic effects on the heart function
resulting in lower mean heart rates in sprinters in comparison
with power athletes. But this difference was insignificant in
our study. Perhaps, a larger sample is needed to prove its
significance.

No significant differences were observed in time domain
parameters of heart rate variability between the Speed and
Endurance groups. Perhaps, the reason here is that rhythm
modulation tends to take adaptation shifts in response
to physical exercise. During their training cycles, speed
and endurance athletes do physical exercise of maximal,
submaximal, high and moderate intensity. Among all studied
groups, sprinters rank second in the regulation of cardiac
rhythm with respect to time domain spectral parameters.

Table 6. Time-domain parameters of heart rate variability in the athletes with different BDKRB2 genotypes

BDKRB2 genotype n Mean heartrate | R— R min,ms [ R— R max, ms | RRNN, ms | SDNN, ms | RMSSD, ms pNN50, % CV, %
+9/+9 26 60.6 796.6* 1186.4 1016.8 66.1 61.5 36.43 6.35
+9/-9 32 61.7 794.9* 1213.6 1003.4 70.3 66.25 37.27 6.89
-9/-9 17 59.7 842.9 1199.4 1025.3 67.5 61.6 35.64 6.53

Note. “ — represents statistically significant differences (p < 0.05) between the BDKRB2 -9/-9 and BDKRB2 +9/+9 groups.
Table 7. Spectral parameters of heart rate variability in athletes with different BDKRB2 genotypes
BDKRB2 genotype n TP, ms? VLF, ms? LF, ms? HF, ms? LF norm HF norm LF/HF
+9/+9 26 4597 1 1664.3 1242.7* 1690.1 45.2 54.8 1.08
+9/-9 32 5437.3 1602.1 1902.6 1927.4 47.3* 52.7* 1.43*
-9/-9 17 4806.8 1762.6 1192.0 1852.2 41.9 58.2 0.77

Note. * — represents statistically significant difference relative to the BDKRB2 —9/-9 group (p < 0.05).
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The protein encoded by the ACE gene is an important
component of the renin-angiotensin system. The mutation in
intron 16 of ACE vyields two allelic variants: D — deletion of a
287 b. p. DNA sequence (Alu sequence) and | — insertion of
this fragment. Data on the association of ACE I/D variants vary
across populations and studies [15]. Athletes with the ACE /I
and I/D genotypes have higher BMI, bigger fat and muscle
masses in comparison with the carriers of the D/D genotype
(p < 0.05). The I/l genotype is associated with endurance, the
D/D genotype — with speed and power. The I/D genotype
of ACE is associated with all of these three qualities. Higher
frequency of the | allele (the ACE I/I genotype) in comparison
with the controls was observed in Russian athletes specializing
in different sports, such as wrestling, sports games, or middle-
distance running [12], Russian rowers [11], elite mountain
climbers [13], and marathon swimmers [14]. A number of
studies also confirm the association between the ACE /|
genotype with predominance of slow-twitch red muscle fibers
in thighs [15], high indices of aerobic performance, quick
recovery after physical exercise, resilience [13], cardiac output
[17], and better ventilatory response to hypoxia [18].

Thus, the ACE | allele may be regarded as a genetic marker
of endurance validated by a number of Russian and foreign
researchers [11, 13, 16, 19].

In our study values of time domain parameters of heart
rate variability in athletes with the ACE 1/l genotype differed
from those typical for ACE I/D and ACE D/D carriers, but
the differences were statistically insignificant. Values of
time domain parameters were lower in the athletes with the
D/D genotype. Lower heart rate brings about an increase in
R — R min, R — R max, and RRNN, which indicates the role of
the | allele in cardiac rhythm modulation and stimulation of the
parasympathetic effects on the sinoatrial node.

Carriers of the ACE D/D genotype had higher mean heart
rate values and very low values of R-Rmin, R-Rmax, RRNN,
RMSSD, pNN50 and CV, which in our opinion may be linked
to the activity of the angiotensin converting enzyme associated
with the studied genotype. There may be an association
between such enzymic activity and the increased sympathetic
effect on the cardiac rhythm. Significant difference was
observed in RMSSD and CV values between the I/D and D/D
genotype carriers. Carriers of the ACE D/D genotype had lower
RMSSD and CV, which suggests decreased activity of the
parasympathetic component of the vegetative system.

Thereby, we conclude that low RMSSD and CV indicate
that an athlete is ready to handle speed or power training load
while higher values of these parameters are associated with
better endurance.

Carriers of the I/ genotype had lower TP values, but higher
VLF and LF representing humoral, metabolic and sympathetic
contributions to heart rate modulation. We assume that these
values result from a small sample size (few I/l carriers in the total
sample, in particular, in the Endurance group).

Higher values of spectral parameters of heart rate
variability in I/D athletes indicate a considerable contribution of
parasympathetic and humoral/metabolic components to the
total power of the spectrum.

Bradykinin is a member of the kinin family, a polypeptide
produced during activation of the kallikrein-kinin system.
This polypeptide reduces vascular tone and blood pressure,
increases permeability of the vascular wall and modulates signal
transmission to the central and peripheral nervous systems. Its
activity is mediated by two receptor types: B1 and B2 [8, 20].
The bradykinin receptor B2 encoded by the BDKRB2 gene
is a major mediator of bradykinin activity. It was found to be

expressed in different organs and tissues and the vascular
endothelium. The BDKRBZ2 gene has a functional insertion-
deletion polymorphism in its exon 1 (deletion or insertion of
9 nucleotides; +9/-9 or I/D) actively studied in sports genomics.
The -9 allelic variant is associated with increased expression of
the gene [19, 20]. Williams et al. have shown that the -9 allele
of BDKRB2 is associated with higher efficiency of muscular
contractions and positively correlates with improvements in
strength [9].

Another study conducted in a group of Russian stayers
(long-distance running, swimming, and skiing) revealed a
39.1% frequency of the BDKRB2 -9/-9 genotype. It was shown
that this genotype benefited the elite canoe rowers: they came
in 5 seconds earlier than carriers of the +9/+9genotype [11].
The BDKRB2 -9 allele was also associated with high efficiency
of muscular contractions [10] and high peak values of the
extensor thigh muscle strength [8]. The BDKRB2 +9 allele was
linked to the risk of right ventricular hypertrophy in response to
a 10-week training cycle [20-22].

Thus, according to the literature, the -9 allele of the BDKRB2
gene can be regarded as a genetic marker of endurance.

We did not observe any significant differences between
power and endurance athletes with regard to this parameter,
which is probably due to our small sample size.

Homozygous BDKRB2 -9 carriers had the lowest heart
rate indicative of strong parasympathetic effects on the cardiac
rhythm. The -9 allele of BDKRB2 was reliably associated with
the maximal duration of a beat-to-beat interval. Our study
demonstrated that carriers of the -9 allele (the —-9/-9 genotype)
had low heart rate and longer R-R intervals (both min and max),
which indicates a slightly larger contribution of the sympathetic
component to cardiac rhythm modulation. On the whole, the
+9/+9 carriers were in the middle of the measurement scale
representing a quite balanced pattern of cardiac rhythm
modulation shaped by the two components of the vegetative
nervous system.

Vagal effects were very pronounced in BDKRB2 -9/-9
carriers. Both normalized and un-normalized values (HF, HF
norm) of the vagal component of the spectrum were higher
than in other athletes. This is consistent with the assumption
that the -9 allele should be associated with endurance
[21-23]. In contrast, the BDKRB2 +9/+9 group demonstrated
relatively low TP and HF and higher LF. Low TP values indicate
centralization in cardiac rhythm modulation (VLF included in the
analysis). Similar changes in HRV are typical for individuals who
train their speed or strength. Differences in spectral parameters
with regard to their variability were estimated using the one-
way ANOVA. Significant differences were observed only for LF,
LF norm, HF norm and the sympathovagal balance. Notably,
HF norm was high in BDKRB2 —9/-9 carriers while LF norm
and LF were low. This indicates prevalence of parasympathetic
effects on the cardiac rhythm in the BDKRB2 —-9/-9 group.
High LF norm and LF and low HF norm are suggestive of better
speed and strength qualities.

Extending the range of the studied genes and working with
a larger sample will allow us to investigate the mechanisms of
heart rate modulation in athletes even more closely.

CONCLUSIONS

Our findings demonstrate that parasympathetic activity
dominates other modulation components in the carriers of
the ACE | allele. We have shown the increased role of the
parasympathetic nervous system in BDKRB2 —9/-9 genotype
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carriers. The obtained data indicate that the cardiovascular
system is ready to handle dynamic training of different intensity.
Our findings are consistent with the assumption about the
association between these alleles and sports achievements.
Genetic markers of physical performance can be used to
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