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RESUME

Introduction. Engaging in intense aerobic exercises can lead to a specific, non- 
pathological condition known as isolated systolic hypertension or “athlete’s heart”, 
characterized by elevated systolic blood pressure. The side effects of the heart’s response 
to intense training can be attributed to individual genetic factors.
The aim. To analyze a minimal set of polymorphic gene variants in relation to personal 
differences in hemodynamic parameters among athletes and a control group of un-
trained individuals.
Methods. The study cohort comprised 98 participants who met the specified inclusion 
criteria. All subjects were male individuals aged between 18 and 30 years, actively en-
gaged in professional sports for a minimum of four years and free from serious medical 
conditions. Individuals were examined at Republican Autonomous Healthcare Institu-
tion of Karelia “Medical and Physical Education Dispensary” and grouped according 
to sports disciplines. Comprehensive measurements of key anthropometric parameters 
were conducted, along with an assessment of the functional state of the cardiovascular 
system at rest. The genetic analysis was performed using DNA extracted from blood 
samples. ACTN3, ACE, PPARA and BDKRB2 gene variants associated with heart devel-
opment and functioning were studied by PCR. Statistical analysis was performed using 
the statistical package SPSS version 22.0 (IBM, Armonk, USA).
Results. I/D ACE gene variant was distinctly associated with power-oriented train-
ing compared to speed-oriented and endurance-oriented athletes. The combination 
of dominant alleles from studied genes occurred to be predictor of higher systolic blood 
pressure in power-oriented athletes.
Conclusion. We found that genetic variants may affect to the development of train-
ing-specific and mostly disadvantageous characteristics of body composition. Three 
polymorphic gene variants could independently predict heart remodeling and future 
health complications in young athletes.
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РЕЗЮМЕ 

Введение. Занятия интенсивными аэробными упражнениями могут привести 
к специфическому, непатологическому состоянию, известному как изолирован-
ная систолическая гипертензия или «сердце спортсмена», характеризующемуся 
повышенным систолическим артериальным давлением. Побочные эффекты 
реакции сердца на интенсивные тренировки могут быть обусловлены индиви-
дуальными генетическими факторами.
Цель. Анализ минимального набора полиморфных вариантов генов в связи 
с индивидуальными различиями гемодинамических параметров у спортсме-
нов и контрольной группы нетренированных лиц.
Методы. Критериям включения соответствовали 98 человек. В качестве испы-
туемых были отобраны лица мужского пола возраст 18–30 лет, профессионально 
занимающиеся спортом более 4 лет, без серьезных патологий. Участников разде-
ляли на группы согласно основным типам спортивной специализации. Измерялись 
основные антропометрические параметры, а также оценено функциональное 
состояние сердечнососудистой системы в состоянии покоя. Генетический анализ 
проводился с использованием ДНК, выделенной из образцов крови. Варианты генов 
ACTN3, ACE, PPARA и BDKRB2, ассоциированные с развитием и функционированием 
сердца, изучали методом ПЦР. Статистический анализ проводился с использова-
нием статистического пакета SPSS версия 22.0 (IBM, Armonk, США).
Результаты и обсуждение. Были определены три полиморфных варианта ге-
нов (ACTN3 R577X, ACE I/D и BDKRB2 -9/+9), которые достоверно предсказывали 
значения систолического артериального давления. Полиморфные варианты ге-
нов ACE и BDKRB2 ассоциированы с высоким уровнем систолического артериаль-
ного давления у спортсменов группы силовой направленности. Полиморфный 
вариант I/D гена ACE был дифференцированно связан с силовыми тренировками 
по сравнению с тренировками на скорость и выносливость. Сочетание доми-
нантных аллелей четырех генов является предиктором повышенного систоли-
ческого артериального давления у спортсменов силовой специализации.
Выводы. Определенные варианты генов могут влиять на развитие специ-
фических для тренировок и преимущественно неблагоприятных характе-
ристик состава тела. Три полиморфных варианта генов могут независимо 
предсказывать ремоделирование сердца и будущие осложнения со здоровьем 
у молодых спортсменов.

Ключевые слова: тренированность спортсменов; адаптация сердца; генети-
ческие маркеры; показатели артериального давления; спортивные результаты
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INTRODUCTION

The effects of prolonged, high-intensity exercise 
on the cardiovascular system remain a subject of con-
siderable debate [1]. Adverse consequences of excessive 
training may include the development of hypertension 
and cardiomyopathy. High blood pressure as well termed 
as hypertension is considered among pivotal risk elements 
for development of cardiovascular pathologies in human 
population worldwide [2, 3]. Moreover, it has been asso-
ciated with left ventricular hypertrophy in professional 
and elite athletes [4, 5].

It is commonly accepted that regular physical activity 
has beneficial effects on life longevity and cardiovascular 
health. Considering intense athletic training as an extreme 
of physical activity one should expect serious remodeling 
of cardiovascular system and especially heart. Both pow-
er-oriented and endurance-oriented training lead to com-
plex structural and functional remodeling of the heart, re-
sulting in special condition characterized by a high resting 
cardiac stroke volume and cardiac output, accompanied 
by low values of peripheral vascular resistance and heart 
rate [6]. Such state is often referred to as the “athlete’s heart”, 
a term originally identified and described by Henchen S. 
in 1898 [7]. Although diastolic blood pressure stands with-
in the normal range, pulse pressure and systolic blood 
pressure values often exceed the average range. Indeed, 
professional athletes are obliged to pass regular health ex-
aminations before and after sport events and have blood 
pressure measurements in the pre-hypertensive range 
and, occasionally, in the range of stage 1 hypertension [8]. 
A related phenomenon observed in athletes is “spurious 
systolic hypertension” [9, 10]. This arises due to an  ex-
aggerated amplification of pulse pressure in the arm 
as a consequence of the progressive decrease in arterial 
diameter from the heart to the periphery and the cor-
responding increase in arterial impedance. In contrast 
to brachial systolic blood pressure, central (aortic) systolic 
blood pressure typically remains within the normal range 
[11]. This temporary systolic hypertension may represent 
an intermediate state between normotensive condition 
and sustained hypertension [12, 13].

The cause of “athlete’s heart” remains a complex is-
sue with a genetic predisposition frequently suggested. 
While numerous genetic markers associated with athletic 
performance have been identified in the literature (over 
200 sources from 2005–2024 [14, 15]), few have been con-
sistently replicated across studies. Several genetic vari-
ants, including ACTN3 R577, AMPD1 Gln12, ACE D, NOS3 
rs2070744 T, and HIF1A 582Ser, were found to be more 
prevalent in disciplines focused on power and strength. 
Conversely, their minor alleles have been attributed to en-
durance-oriented sports [15]. Notably, in a study examin-
ing 31 genetic variants linked to athletic traits, the PPARA 
rs4253778 C allele and the -9 allele of the BDKRB2 gene 
were identified as potential genetic indicators of power/
strength and endurance, respectively [16].

To date, investigations exploring the relationship 
between these polymorphisms and blood pressure 

in young athletes are either limited or absent. There-
fore, this pilot study aimed to determine whether 
a selected set of well-established athlete’s genetic mark-
ers (ACTN3 R577X, ACE I/D, PPARA G/C, and BDKRB2 -9/+9), 
implicated in both performance enhancement and blood 
pressure regulation, contribute significantly to inter-indi-
vidual differences in systolic blood pressure among ath-
letes. Furthermore, we sought to explore the possibility 
that these genetic variants may predispose young athletes 
to the development of elevated systolic blood pressure.

The following specific hypotheses were tested:
1.	 Selected ACTN3, ACE, PPARA, and BDKRB2 gene variants 

might predict inter-individual differences in blood 
pressure parameters in full cohort and in subgroups 
of athletes;

2.	 Elevated systolic blood pressure in athletes is associ-
ated with a specific combination of the four genetic 
variants: the ACTN3 577R and ACE D alleles, associated 
with benefits in power-oriented training, and the PPA-
RA  G and BDKRB2-9 alleles, associated with benefits 
in endurance-oriented training;

3.	 The association between specific genetic variants 
and the risk of elevated systolic blood pressure may 
differ according to sport specialization.

MATERIALS AND METHODS

This work continued research pilot program at Petro-
zavodsk State University aimed at deciphering genetic 
aspects in sports. In our case-control study we recruited 
seventy-four male athletes (25 power-oriented athletes, 
24  speed-oriented athletes, 25 endurance-oriented ath-
letes) and twenty-four control untrained volunteers who 
met the selection criteria. Selection criteria were follows: 
professional sports experience of more than 4 years at na-
tional and international sports events, age 18–30 years old, 
male gender, absence of drug addiction, doping usage 
and chronic diseases. The study included male participants 
belonging to Russian ethnic group. The subjects were cate-
gorized based on their primary sports specialization. Key 
anthropometric measurements (height (cm), weight (kg), 
fat mass (kg), muscle mass (kg), total body water (kg), 
bone mass (kg), body mass index (weight-to-height ratio) 
were taken, alongside assessments of the cardiovascular 
system’s functional state in a steady state. The power-ori-
ented group comprised athletes from boxing, weight-
lifting, throwing events, wrestling, and powerlifting. 
The speed-oriented group included all types of run-
ners except for those specializing in endurance events. 
Meanwhile, the endurance-oriented group consisted 
of cross-country skiers and long-distance runners.

Trained research assistants at Autonomous Health 
Institution of the Republic of Karelia “Medical and Physi-
cal Therapy Clinic” performed standardized resting blood 
pressure measurements by using an aneroid sphygmoma-
nometer with an adequate sized cuff to the arm circumfer-
ence. Reported values were obtained by averaging over 
three measurements. To determine body’s composition, 
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the conventional method of bioelectrical impedance 
analysis was applied using Tanita’s SC330 Body Composi-
tion Monitor (Tanita Corporation of America, Inc., Illinois, 
USA). Resting heart rate was measured during electrocar-
diographic examination with Polyspectr (Neurosoft, Iva-
novo, Russia). Blood was sampled after an overnight fast 
between 9  a.m. and 10  a.m. It was drawn from an ante-
cubital vein with a 19-gauge needle into sampling tube 
containing ethylenediaminetetraacetic acid. The serum 
was segregated within the following two hours, and sam-
ples were stored at −70 ºC. Genomic DNA was extracted 
from 200 microlitres of peripheral blood lymphocytes 
by DiaGene DNA isolation kit (Dia-M, Moscow, Russia) 
according to manufacturer’s instructions. The study pro-
tocol was reviewed and approved by the Joint Review 
Board of the Institute of Biology Karelian Science Center 
and Medical Institute at Petrozavodsk State University 
(Protocol № 21/20/187 from 26.02.2015). It was in agree-
ment to international ethical standards from the Declara-
tion of Helsinki 1975, revised in 2024. Each participant has 
signed written informed consent.

Genotyping of the ACTN3 (rs1815739) gene was per-
formed according to previous study [15]. PCR was also ap-
plied to detect the alleles I and D of the ACE (rs1799752)
gene according to the method described in our previous 
work [16]. PPARA intron 7 G/C polymorphism (rs4253778) 
was detected as proposed by Ahmetov I.I. [17]. Next, 
the -9/+9 polymorphism in exon 1 of the BDKRB2 gene was 
genotyped according to Williams A.G. [18].

Statistical analyses were performed by SPSS statistical 
package (IBM, Armonk, NY, USA, version 22.0). Diff erenc-
es between the groups in parameters of body’s compo-
sition and some other parameters were tested with one-
way ANOVAs followed by post hoc analysis (Bonferroni 

multiple comparison test). The chi-square statistics were 
calculated to examine the distribution of genotypes into 
the subgroups with and without a systolic blood pres-
sure of >140  mm  Hg combined with a diastolic blood 
pressure of < 90 mm Hg. Linear regression analyses were 
performed for predicting blood pressure by 4 genotypes 
as predictors. In order to detect diff erences between three 
genotypes of each gene in four groups, two-way ANCOVAs 
was run with “Age” as the covariate and two inter-subject 
factors, “Genotype” (carriage major/minor alleles, respec-
tively) and “Group” (diff erent sport disciplines, and control 
group). Bonferroni multiple comparison test was used 
in the post hoc analysis for examination of signifi cance 
of each pairwise diff erence. Finally, linear regression anal-
yses were performed for predicting sum of major alleles 
with blood pressure and age as predictors. Score for sum 
was explained as follows: 2 – homozygous dominant al-
lele, 1 – heterozygote, 0 – homozygous minor allele and, 
in sum, each individual was scored as carrying 0–8 domi-
nant/major alleles.

RESULTS

We got the following information from our genotyp-
ing analysis. Allele frequencies on polymorphic ACE I/D
gene variant in Karelian athletes were detected in the fol-
lowing order power-oriented athletes (I/I-15.9 % and D/D-
32.4 %) and in the control group (I/I-10 % and D/D-13.2 %) 
did not diff er statistically signifi cantly (χ2 = 2.35; d.f. = 2, 
p = 0.12) (Fig. 1). The lowest frequencies for homozygotes 
in allele D were detected in control group in comparison 
to other participants. Our results correspond to the data 
of other researchers that the frequency of the ACE D/D 

FIG. 1. 
Genotype and allele frequencies distribution in studied cohort of individuals

a – polymorphic ACE gene variant; b – polymorphic BDKRB2 gene variant; c – polymorphic ACTN3 gene variant; d – polymorphic PPARA gene variant. Data 
presented as PA – subgroup included power-oriented athletes only (n = 25), speed-oriented training, SA (n = 24), endurance-oriented training, EA (n = 25), and 
non-athletes, NA (n = 24).
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genetic variant is higher in power-oriented athletes com-
pared with the control ones [15]. The distribution of ACE 
allele and genotype frequencies among athletes did not 
deviated from the expected values based on the Hardy – 
Weinberg equilibrium.

The frequency of polymorphism +9/-9 of the BDKRB2
gene in Karelian athletes +9/-9-31,9 %; +9/-9-36,0 %; -9/-
9-32,1  %) and in the control group (+9/+9-32  %; +9/-9-
56 %; -9/-9-12 %;) were statistically signifi cantly diff erent 
(χ2 = 9.37; d.f. = 2, p < 0.01).

The frequency of the ACTN3 gene R/X genetic marker 
among analyzed cohort specializing in strength activities 
(R/R — 28.9 %; R/X — 67.0 %; X/X — 4.0 %) was signifi cantly 
diff erent from those in the control NA group (R/R — 50.2 %; 
R/X — 37.3 %; X/X — 13.5 %; χ2 = 21.15; d.f. = 2, p < 0.001), 
and especially from endurance-oriented group where X/X 
genotype was equal to 28.9  % (Fig.  1). The distribution 
of ACTN3 allele and genotype frequencies among athletes 
deviated from the expected values based on the Hardy – 
Weinberg equilibrium, suggesting that selection had taken 
place in the analyzed group.

The frequency of the PPARA G/C polymorphic marker 
amongst studied sample specializing in power-oriented 
activities was (G/G — 28.9 %; C/G — 67.0 %; C/C — 12.0 %) 
was not signifi cantly diff erent from that in the control (G/G 
— 61.8 %; C/G — 37.9 %; C/C — 0.0 %; χ2 = 3.12; d.f. = 2, 
p  >  0.05 ) and speed-oriented groups (G/G — 71.2  %; 
C/G — 28.8 %; G/G — 0.0 %; χ2 = 3.76; d.f. = 2, p > 0.05) re-
spectively. The distribution of PPARA allele and genotype 
frequencies among athletes deviated from the expected 
values based on the Hardy – Weinberg equilibrium (Fig. 1).

Information on allele frequencies for all examined he-
reditary markers was in concordance with earlier discover-
ies for cohorts in Northern Russia as well as Eastern Europe 
[14, 15, 16]. However, when athletes were subdivided into 
the subgroups with and without a systolic blood pressure 
of >  140  mm  Hg (none of the study participants had di-
astolic blood pressure of >  90  mm  Hg), the distribution 
of phenotypes with and without elevated systolic blood 
pressure was found to be diff erent in the group of pow-
er-oriented training as compared to the groups of speed- 
and endurance-oriented training (5 and 2 with vs. 20 
and 47 without, χ2 = 4.898, df = 1, p = 0.027).

Table 1 shows that the group of athletes with power- 
oriented training also profoundly diff ered from other 
groups (either athletes or non-athletes) in several inter-
related morphological and physiological characteristics. 
When compared to non-athletes, they had higher 1) body 
weight, 2) percentage of fat, 3) body mass without fat, 4) 
muscle mass, and 5) body mass index. They also had low-
er 6) percentage of body water and 7) body impedance. 
In contrast, they did not show a slower resting heart rate 
compared to non-athletes while the athletes from two 
other groups did. Compared to other athletes, they have 
higher 1) heart rate, 2) body weight, 3) percentage of fat, 
4) body mass without fat, and 5) body mass index, and 6) 
they had a lower percentage of body water (Table 1).

Next we checked whether polymorphic variants 
could distinctly predict blood pressure in studied 

participants. It is noteworthy that we obtained diver-
gent results. Our analyses revealed that that major al-
leles in analyzed genes to be significant predictors 
of systolic blood pressure and pulse pressure but not 
diastolic blood pressure (Table 2). To further investigate 
our hypothesis regarding the most reliable predictors 
of elevated blood pressure, we conducted regression 
analyses on both the entire cohort and the subsam-
ple of athletes. Specifically, the presence of the R allele 
of the ACTN3 gene and the -9 allele of the BDKRB2 gene 
predicted elevated levels of systolic blood pressure 
and pulse pressure, but not of diastolic blood pressure. 
Carriage the major alleles these genetic markers (R allele 
of ACTN3 gene and -9 allele of BDKRB2 gene) and age 
could explain almost 24 % of individual variation in pulse 
pressure values (Fig. 2). It is important to highlight that 
the major alleles of the ACE gene and the PPARA gene, 
which were associated with higher values of systolic 
and pulse pressure, neither achieve statistical signif-
icance in the regression analysis for the entire cohort, 
nor in the subsample of athletes. Moreover, we found 
that presence of the major D allele of ACE gene was 
a predictor of systolic blood pressure in power-oriented 
group of athletes.

Two-way ANCOVAs confi rmed the results of regression 
analyses and, in particular, it clarifi ed the relationship be-
tween variation in ACE gene and systolic blood pressure. 
The signifi cant interaction between the between-sub-
jects factors “ACE” and “Group” was yielded by this analy-
sis. As can be seen in Figure 3A, the pattern for any gene 
was uniform in that its major allele showed more or less 
evident positive relationship with systolic blood pres-
sure. However, as shown in Figure 3B, this association 
with the presence of D allele of the ACE gene was signifi -
cant only for the power-oriented group of athletes.

To quantify the risk of elevated systolic blood pres-
sure and its correspondence to carriage of major alleles 
of studied genes, summary rank was computed, indicat-
ing occurrence of major alleles in each patient (Table 2). 

FIG. 2. 
Results of predicting pulse pressure (PP) by 7 predictors
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Group/Statistics 

Variable

Mean Study cohorts
NA

F3/94 Pairwise difference

SD PA SA EA p within between

Age, years
Mean 22.1 20.0 20.1 20.6 2.378

None None
SD 3.2 2.8 3.3 2.9 0.075

Training, years
Mean 6.2 6.6 10.6 0 38.253 PA<EA***,

SA<AE**
NA<PA***, SA***, 

EA***
SD 3.2 3.9 4.9 0 <0.001

Status, score
Mean 1.40 1.33 1.56 0 67.802

None NA<PA***, SA***, 
EA***

SD 0.50 0.48 0.51 0 <0.001

Systolic blood
pressure, mm Hg

Mean 132 125 126 121 3.781
None NA<PA***

SD 15 9 11 12 0.013

Diastolic blood
pressure, mm Hg

Mean 74 69 68 70 2.073
None None

SD 9 9 8 9 0.109

Pulse pressure,
mm Hg

Mean 58 55 58 51 1.986
None None

SD 14 13 13 7 0.121

Sum of major alleles, score
Mean 4.8 4.9 4.6 5.0 0.380

None None
SD 1.2 1.6 1.5 1.3 0.769

Height, cm
Mean 177 179 179 180 0.521

None None
SD 7 8 6 6 0.669

Weight, kg
Mean 84.0 72.9 72.3 68.5 7.137 PA>SA*,

EA** PA>NA***

SD 17.6 10.0 8.0 10.1 <0.001

Fat, %
Mean 12.8 8.8 8.5 9.4 8.220 PA>SA***,

EA*** PA>NA***

SD 4.4 2.7 3.0 3.3 <0.001

Body mass 
without fat, kg

Mean 72.6 66.4 63.5 61.9 4.262
PA>EA* PA>NA**

SD 12.5 8.6 14.1 7.7 0.007

Muscle mass, kg
Mean 31.4 28.6 28.5 26.7 5.432

None PA>NA***

SD 5.4 3.7 3.0 3.3 0.002

Body water, %
Mean 61.0 64.2 64.1 64.0 7.522 PA<SA***,

EA*** PA<NA**

SD 3.4 2.0 2.1 3.4 <0.001

Body mass
index, kg/m2

Mean 26.5 22.8 22.5 21.2 17.529 PA>SA***,
EA*** PA>NA***

SD 3.8 1.8 1.8 2.5 <0.001

Body impedance, Ω
Mean 453 475 481 517 6.124

None NA>PA***,
SA*

SD 63 38 41 55 <0.001

Heart rate, 
beats per minute

Mean 65.6 60.0 57.4 69.3 6.762 PA>EA*, NA>SA*,
EA***

SD 13.0 8.3 8.0 8.3 <0.001

TABLE 1

DIFFERENCES BETWEEN ATHLETES GROUPS

Notes. SD: Standard Deviation; Score for Status: 2 – master (master of sport, international class or master of sport or candidate for master of sport), 1 – sportsman 
(first-class or second-class or third-class sportsman), 0 – non-athlete. Score for sum of major alleles: numbers were assigned for gene variants: 2 – homozygote for the 
major allele, 1 – heterozygote, 0 – homozygote for the minor allele and, in sum, each individual was scored as carrying 0-8 major alleles; Pairwise difference, within 
or between: Significance of pairwise difference between three groups within the athlete’ subsample (PA, SA, and EA) or between such a group and non-athletes (NA) 
at ***p < 0.001, **p < 0.01, and *p < 0.05 (t-test with Bonferroni correction for multiple comparison).
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Notes. r: Pearson coeffi  cient of linear correlation; r-square: explained variance; F: F-ratio and p: level of signifi cance (either for F or for beta): Analyzed data 
presented as All-full cohort (n=98), Athletes – subsample of athletes only (n = 74). First line: r, F or beta; second line: r-square or p-value.

FIG. 3. 
Estimated marginal means ± Confi dence Interval (CI, vertical lines) for each genotype, namely, homozygotes for the minor allele (open 
squares), heterozygotes (grey squares), and homozygotes for the major allele (fi lled squares). A. Main eff ects of factor “Polymorphism” 
from four two-way ANCOVAs (for each of four genes). B. Interaction between factors “Polymorphism” and “Group” from the two-way 
ANCOVA for ACE gene.

Estimated marginal means ± Confidence Interval (CI, vertical lines) for each genotype, namely, homozygotes for the minor allele (open squares), heterozygotes 
(grey squares), and homozygotes for the major allele (filled squares). A. Main effects of factor “Polymorphism” from four two-way ANCOVAs (for each of four 
genes). B. Interaction between factors “Polymorphism” and “Group” from the two-way ANCOVA for ACE gene.

Measure r/r 
square

F/p
ACTN3

Beta/p

ACTN3 ACE PPARA BDKRB2 Status Training Age

Systolic All
Athletes

0.4650 3.5 0.2680 0.1010 0.1110 0.1980 0.4090 -0.2600 -0.0660

0.2160 0.002 0.006 0.308 0.254 0.046 0.002 0.051 0.501

0.4880 3.0 0.2710 0.0950 0.1140 0.2830 0.1470 -0.3020 -0.0600

0.2380 0.009 0.017 0.413 0.308 0.014 0.224 0.014 0.58

Dias tolic All
Athletes

0.4420 3.1 0.0540 -0.0900 -0.0120 -0.0130 0.2360 -0.3140 0.2690

0.1950 0.005 0.577 0.371 0.899 0.893 0.073 0.021 <0.001

0.5140 3.4 0.0560 -0.1070 -0.0760 0.0400 0.1320 -0.2840 0.4140

0.2640 0.004 0.609 0.35 0.491 0.719 0.267 0.019 0.001

Pulse All
Athletes

0.4890 4.0 0.2310 0.1670 0.1210 0.2100 0.2440 -0.0370 -0.3320

0.2390 0.001 0.016 0.09 0.207 0.033 0.058 0.773 0.001

0.4840 2.9 0.2110 0.1600 0.1560 0.2330 0.0460 -0.0860 -0.3390

0.2350 0.011 0.061 0.173 0.167 0.043 0.704 0.479 0.005

TABLE 2

PARAMETERS OF PREDICTING BLOOD PRESSURE
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We propose that maximal value calculated as 8 was asso-
ciated to almost 50 % risk of having systolic blood pres-
sure >  140  mm  Hg. On the other hand, this was quite 
rare occurrence in the overall cohort. For cohort of pow-
er-oriented athletes’ hazard score was detected at value 
of 6, indicating a group-specific increase in risk. Individuals 
with values of 4 or less were considered to have minimal 
risk. A score of 2 would typically suggest a very low risk; 
however, no athletes in the power group achieved this 
score, and it was also uncommon in the other groups, 
with only two athletes scoring 1 or 2.

As indicated by the results of the final linear re-
gression analysis aimed on predicting sum of major 
alleles, higher systolic blood pressure but not diastol-
ic blood pressure significantly predicted this sum (Ta-
ble  3). The association of this sum with either systolic 
blood pressure or pulse pressure was also significant 
in non-athletes but the risk to have systolic blood pres-
sure of > 140 mm Hg with increase in number of major 
alleles remained at a rather low level.

DISCUSSION

Four polymorphic loci were selected for genotyping 
based on the following previous findings. ACTN3 R577X 
and ACE I/D were prioritized because the ACE I/I and ACTN3 
R577/R577 variants have been consistently linked to en-
durance and power performance, respectively. The ACTN3 
577X and ACE D variants, in contrast, have shown weak-
er associations with these traits [19, 20, 21, 22]. Previous-
ly we documented lowest values of heart rate variability 
in the group of athletes homozygous by D allele of ACE 
gene [16]. Therefore, in this exploratory study, we inves-
tigated whether some genes involved in heart activity 
contribute to inter-individual differences in blood pres-
sure parameters among athletes engaged in various sport 
disciplines.

According to our findings, at least three of the tested 
polymorphisms (ACTN3 R577X, ACE I/D, and BDKRB2-9/+9) 
were important predictors of inter-individual variations 
in systolic blood pressure and pulse pressure, but not 

Sample and its subdi‑
visions All

Athletes
NA

Athletes PA SA EA SA+EA

Three predictors are systolic and diastolic blood pressure plus age

R 0.384 0.411 0.384 0.471 0.279 0.306 0.526

R2 0.142 0.169 0.142 0.221 0.041 0.094 0.277

F-ratio 5.408 4.747 5.408 1.897 0.592 1.547 2.555

p for F 0.002 0.005 0.002 0.163 0.627 0.215 0.084

Standardized beta for each of three predictors

Systolic  0.405 0.419^ 0.405^^ 0.270 0.303 0.293 0.865

p for t <0.001 <0.001 <0.001 0.188 0.200 0.054 0.015

Diastolic -0.189 -0.158 -0.189 -0.501 -0.067 -0.174 -0.681

p for t 0.093 0.211 0.093 0.074 0.771 0.291 0.051

Age, years 0.155 0.152 0.155 0.452 0.158 0.204 0.168

p for t 0.138 0.215 0.138 0.105 0.518 0.231 0.397

Two predictors are pulse pressure and age

R 0.373 0.391 0.585 0.453 0.247 0.300 0.522

R2 0.139 0.153 0.342 0.205 0.061 0.090 0.273

F-ratio 7.698 4.422 5.723 2.705 0.714 2.279 3.941

p for F 0.001 0.003 0.010 0.090 0.501 0.114 0.035

Standardized beta for each of two predictors

Pulse pressure 0.375 0.403 0.584 0.524 0.279 0.341 0.503

p for t <0.001 0.001 0.003 0.033 0.249 0.041 0.013

Age, years 0.185 0.199 0.161 0.368 0.168 0.222 0.155

p for t 0.063 0.087 0.363 0.124 0.484 0.182 0.414

TABLE 3

RESULTS OF REGRESSION ANALYSES AIMED ON PREDICTING SUM OF MAJOR ALLELES

Notes. r: Pearson coefficient of linear correlation; r-square: explained variance; F: F-ratio and p: level of significance (either for F or for beta): Analyzed data 
presented as All-full cohort (n=98), Athletes – subsample of athletes only (n = 74). First line: r, F or beta; second line: r-square or p-value.
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diastolic blood pressure in athletes. Importantly, previ-
ous studies have suggested: (i) a role for ACTN3 polymor-
phisms in the maintenance of vascular tone [16, 21, 23], 
(ii) an increased susceptibility to cardiovascular disease 
associated with the  carriage ACE  DD allele [24], and (iii) 
a link between elevated systolic blood pressure in children 
and carriage of ACE DD genotype with the ACTN3 RR or RX 
genotypes [22].

It should be mentioned that two other genetic vari-
ants, i.e. PPARA rs4253778 G/C associated with endurance 
orientation, and the forth polymorphism, BDKRB2 –9/-9 
was listed among polymorphisms associated with endur-
ance-related performance in, at least, two studies [16, 18]. 
In the study of Minushkina and colleagues, PPARA genetic 
variance was linked to presence of left ventricular hyper-
trophy in patients with hypertension [23]. As for BDKRB2 
+9/-9 polymorphism, it was reliably shown that it is in-
volved in modulation of the vascular response to physi-
cal activity and significantly associated with left-ventric-
ular growth response [25] as well as with left-ventricular 
changes in response to antihypertensive treatment [26]. 
Besides, this polymorphism was associated with left ven-
tricular hypertrophy in hypertension [23] and with blood 
pressure variations in several studies of specific popula-
tions [24, 26, 27].

One of these polymorphisms (ACE I/D) was dif-
ferentially associated with training orientation. It was 
linked to power-oriented but not to speed- and endur-
ance-oriented training. Such training was characterized 
by the strongest association with four polymorphisms sug-
gesting that having 6 of 8 maximally possible major alleles 
led to a 50  % chance to have an elevated systolic blood 
pressure. The association with polymorphic genes was 
also significant in non-athletes but did not lead to such 
profound increase in systolic blood pressure with increase 
in number of major alleles.

We additionally found that development of ele-
vated systolic blood pressure in the group of athletes 
trained for power-oriented performance was accom-
panied by training-specific deviation of the parameters 
of body’s composition from those found in other athletes 
and non-athletes. It is likely that the changes were not, 
in general, advantageous for their cardiovascular system. 
For instance, the athletes of this group have relatively 
high body mass index that is one of the strongest predic-
tors of hypertension in adults [27].

Therefore, these findings have practical implications, 
as they suggest the potential for preliminary athletes 
screening to identify genes involved in development sys-
tolic blood pressure in response to intensive power-ori-
ented training.

Surprisingly, one of the four studied genetic variants 
PPARA  G/C hasn’t shown statistically significant evidence 
for an association between blood pressure, allele frequen-
cy and sport discipline. This may be attributable to the lim-
ited sample size of our exploratory study. Furthermore, 
this polymorphism differed from the other three in that 
only one previous report suggested its association with in-
dividual differences in the regulation of the cardiovascular 

system, and that study involved patients rather than 
athletes. In contrast, much more results were reported 
for three other polymorphisms in the studies of various 
population including athletes.

We think that it is too early to discuss possible mech-
anisms underlying the revealed associations of elevated 
blood pressure with the three polymorphisms, and this ex-
ploratory study was not aimed on confirmation of health 
hazards of elevated systolic blood pressure in athletes. 
However, the present study, if replicated, seems to provide 
empirical evidence for association of the underlying genet-
ic variation in “athlete’s genes” not only with performance 
enhancement in the particular sport but also with changes 
in blood pressure in response to intensive training.

This exploratory study has several limitations. As it has 
been already mentioned, the sample size is rather small, 
and the size of the group of non-athletes was smaller 
compared to the total size of the athlete’s subsample. 
The cross-sectional, non-repeated measures design re-
stricts causal inference. Detailed evaluations of partici-
pant’s health status and cardiovascular response to exer-
cise were not included. Moreover, a detailed evaluation 
the interplay between environmental, hereditary, and so-
cial parameters driving the observed association between 
elevated systolic blood pressure and the studied genes is 
limited by the lack of additional data.

CONCLUSION

We found that certain genetic variants may affect 
to the development of training-specific and mostly dis-
advantageous characteristics of body composition. Three 
polymorphic gene variants could independently pre-
dict heart remodeling and future health complications 
in young athletes.
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