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Abstract

The genotypes RR, RX and XX of the alpha-actinin-3 gene (ACTN3), are related to the physical-sports
abilities and body composition, however, there were not found studies that relate the genotypes with the
somatotype. The purpose of this study was to know if the ACTN3 genotypes are associated with the
somatotype in athletes regardless of the sport they practice. In a cross sectional study 31 athletes from
different sports were evaluated. DNA from white blood cells in peripheral blood were obtained.
Anthropometric measurements were taken and so the fat mass, muscle mass, and somatotype were
calculated. Both men and women, carriers of the RR genotype presented greater mesomorphy, followed by
the RX genotype carriers. In the case of men, carriers of genotype XX presented greater ectomorphy. Men
with RR and RX genotypes exhibit a mesomorph-balanced somatotype, women with the same genotypes,
present an endomorph-mesomorphic somatotype. Men with genotype XX exhibit an ecto-mesomorphic
genotype, females an endo-mesomorphic somatotype. The mesomorphy is the main component of the
somatotype that defines the athletes carrying the RR genotype, while the ectomorphism to the XX genotype
carriers.
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1. Introduction

The human body form is genetically determined,
however, it can be modified by external factors
generally referred to as environmental factors,
such as physical activity and diet (Huygens et al.,
2004). The somatotype developed by Sheldon
(1954), is a representation of the body form,
where the main components endo (fat), meso
(muscle) and ectomorphy (linearity) characterize
the subject. Johnson et al. (2015), reported that
indicators of adiposity as percentage of fat and fat
mass, express less variability to greater
cardiovascular conditioning; that is, physical
activity exerts in each subject a suppressive effect
on the variability of fat tissue, caused by external
factors. With regard to lean mass, its variability is
influenced more by genetic factors than by
environmental influences (Johnson et al., 2015).

Product of these effects, genetic and
environmental, the dispersion in the endomorphic
component is greater in sedentary subjects, than
among athletes (Rivera-Sosa, 2016), when its
somatotype is graphed in the somatocarta. On the
other hand, in studies of heritability in the
somatotype, it has been documented that
mesomorphy is determined up to 59% by additive
genetic factors, ectomorphy by 45% (Jelenkovic
etal., 2011) and endomorphy by 40%. % (Saranga
et al., 2008). Therefore, checking the influence of
genes related to muscle function and their
participation in the development of muscle mass,
body composition or body shape is one of the
areas to be investigated.

That is, to analyze whether the genotypes
associated with aerobic and anaerobic capacity,
strength or muscular endurance (Oliveira et al.,
2016), are also involved in the corporal form.
Recently, one of the most studied genes in the
field of sports performance and physical abilities
has been alpha-actinin-3 (ACTN3).
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This gene has two alleles: the R allele, which
functionally encodes the alpha-actinin-3 protein,
while the X allele encodes it non-functionally
(MacArthur and North, 2004). Alpha-actinin-3 is
one of the main structural proteins of the
sarcomere Z line at the muscle level and is
expressed only in skeletal muscle fast fibers
(Beggs et al., 1992). The genotypes of ACTN3
(RR, RX and XX) have been associated with
sports performance: aerobic (Ahmetov et al.,
2010; Pimenta et al., 2013) or anaerobic (Mikami
et al., 2014; Papadimitriou et al. ., 2016). In this
sense, Yang et al. (2003), reported that genotype
XX favors aerobic capacity activities; while the
RR genotype favors anaerobic capacity activities,
such as the speed of movement and the generation
of muscular strength.

The literature published in the main
scientific bases, does not show up to the present,
reports on the associations between the genotypes
of ACTN3 and the somatotype. The athlete
population represents a population group where
the lower variability of the fat component could
allow detecting the influence of the ACTN3 gene
on the somatotype components. To establish if: 1)
the carriers of the RR and RX genotypes vs. XX,
present greater mesomorphy, and if 2) the carriers
of the genotype XX vs. RR and RX, present
greater ectomorphy. Therefore, the purpose of the
present work was to determine the possible
associations between the genotypes of ACTN3
and the somatotype in Mexican university
athletes.

2. Materials and methods
Subjects

Under a cross-sectional design and for
convenience, 31 athletes of competitive university
and national level (18 men and 13 women) were
recruited. The inclusion criteria were: male and
female athletes participating in national and local
competitive events, age 18 to 30 years.
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We excluded athletes with less than 2 years
of practicing their sport, with the presence of any
disease, who were under medical treatment or
muscle injury. The athletes agreed to participate
voluntarily in the study and signed the informed
consent letter. The study was approved by the
ethics committee of the Autonomous University
of Ciudad Juérez, based on the recommendations
of the Helsinki Declaration.

Genotypes

A blood sample was obtained through a puncture
in the middle ulnar vein; subsequently, Genu
Puregene Blood Kit commercial kit (Gentra,
Minneapolis, USA) was used to obtain leukocyte
genomic DNA. A segment of 291 base pairs (bp)
of the ACTN3 gene was amplified using the
polymerase chain reaction (PCR) technique,
using the following primers: forward primer: 5'-
CTGTTGCCTGTGGTAAGTGGG-3 ', on the
other hand wused the reverse primer: 5'-
TGGTCACAGTATGCAGGAGGG-3 '. The
following amplification conditions were applied:
initial denaturation at 95 ° C for 10 min, followed
by 35 cycles of denaturation at 95 ° C for 1 min,
an alignment at 60 ° C for 30 s, elongation at 72 °
C for 1 min.

The PCR product was visualized on 1%
agarose gels. For the determination of ACTN3
genotypes, the PCR amplification and the Ddel
enzyme (Desulfovibrio desulfuricans) (BioLabs,
Inc. Beverly, USA) were combined and incubated
at 37 ° C in humid heat for 4 h, then the enzyme it
was inactivated at 65 ° C for 20 min. The
digestion products were observed in 2% agarose
gels and visualized through a UV transilluminator
(Bio-Rad, Hercules, USA). For the RR genotype
the following bands were obtained: 205 bp and 86
bp, while for the RX genotype: 205 bp, 108 bp, 97
bp and 86 bp, finally, for the genotype XX: 108
bp, 97 bp and 86 pb.
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Anthropometric measurements

All these measurements were made following the
methodology standardized by the International
Society for the Advancement of
Cineanthropometry (ISAK for its acronym in
English), registering the weight, height, 9
skinfolds, 13 perimeters, 10 lengths and 6 body
diameters (Kevin and Olds, 1996). The weight
was recorded in kilograms with a digital scale
(SECA 876, Hamburg, Germany), taking care that
the athlete's feet were in a central position and
symmetrical on the scale, which was handled on a
flat, horizontal and smooth surface.

The size was recorded in centimeters using
a stadiometer (SECA 206, Hamburg, Germany),
with an approximation of 1 mm. For the stature it
was taken care of that the person was barefoot, the
feet together and kept his head in the Frankfort
plane; this measurement was recorded at the end
of a deep inhalation, asking the person to maintain
a right posture during the measurements. The BMI
was calculated by weight / height2. For the other
measurements an anthropometric equipment was
used (Rosscraft Tom Kit, Surrey, Canada). The
software LifeSize 2.0 (Lifesize 2.0, Sydney,
Australia) was used to determine the components
of the somatotype (Olds and Norton, 2000).

Statistic analysis

To determine the differences in the genotypic
frequencies, a Chi square was performed (y2). To
find differences between genotypes and between
each variable studied, a one-way ANOVA was
performed with the Tukey post hoc test. To find
differences between genotypes and between sex, a
two-way ANOVA was performed. To know the
independent participation of the genotype (RR,
RX and XX) and sex (independent variables) in
the determination of endomorphy and muscle
mass (dependent variables) of the athletes, a
multiple regression analysis was performed by the
method of successive steps.

GUERECA-ARVIZUO, Jaime, RAMOS-JIMENEZ, Arnulfo, FLORES-
MARTINEZ, Noé, REYES-LEAL, Gilberto and HERNANDEZ-TORRES,
Rosa Patricia. ACTN3 genotypes and their association with athletes somatotype:
Results of a pilot study. ECORFAN Journal-Ecuador.2017.



Article

13
ECORFAN-Ecuador Journal

A level of significance of 0.05 was
established. The data was analyzed with the SPSS
22.0 program.

3. Results

The athletes practiced the following sports: speed
and throws (n = 11), weightlifting (n = 1),
physical-bodybuilding (n = 3), swimming (n = 1),
soccer (n = 3), judo (n = 1), baseball (n =5) and
handball (n = 6).

The frequency of ACTN3 genotypes is
shown in Table 1. The total population is in
Hardy-Weinberg equilibrium (X2 = 0.00, P =
0.97). In the present study, it is shown that in both
sexes, the carriers with RR genotype are more
mesomorphic than the XX. Men with RR and RX
genotypes exhibit a mesomorfo-balanced
somatotype, whereas women with the same
genotypes have an endomorph-mesomorphic
somatotype. Men with genotype XX exhibit an
ectomorphic-mesomorphic genotype, and women
an endo-mesomorphic somatotype (Figure 1).
The men compared with the women had greater
muscle mass and greater ectomorphy, on the
contrary lower fat mass and lower endomorphy (P
<0.05) (Table 2).

Genotype and  sex  independently
determined 41.4% of the differences in
mesomorphy (R? = 0.41, P < 0.01).

Mesomorphy = 4.9 + (0.86 x sex) - (0.73 x
genotype). For sex, 0 = women and 1 = men. For
the genotypes, 1 =RR, 2 =RX and 3 = XX.

Sex independently determined 59.2% of the
differences in the percentage of muscle mass (R?
= 0.59, P < 0.01). The genotype was excluded in
the model.

Muscle mass (%) = 37.2 + (8.8 x sex).
Where 0 = women, 1 = men.
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4. Discussion

The present study groups the athletes by their
genotype and analyzes their somatotype
regardless of the sport they were practicing. It was
found in both genders that, the mesomorphy is
higher in the athletes with the RR genotype,
followed by the RX genotype. In contrast,
ectomorphy was greater in athletes with the XX
genotype. The above, agrees with what reported
by Yang et al. (2003); Pimenta et al. (2013);
Orysiak et al. (2014), who report that RR and RX
genotypes are associated with an improvement in
anaerobic sport performance.

In this same sense, genotype XX has been
associated with a possible improvement in
performance in sports activities with aerobic
characteristics (Ahmetov et al., 2010, Pimenta et
al., 2013); Athletes who practice these sports
usually have a more ecto-mesomorphic
somatotype (Bale et al., 1986). The population
group of athletes practiced sports of both aerobic
and anaerobic characteristics. In them, the training
promotes optimal muscle development and
minimizes endomorphic variability, which
independent athletes could develop (Johnson et
al., 2015). Normally, anaerobic-type athletes have
greater muscle mass than aerobic-type athletes,
indicating a greater mesomorphy (Poblano-Alcala
and Braun-Zawosnik, 2014).

The development of muscle mass associated
with the genotype could be attributed to the fact
that the RR and RX genotypes vs. XX have higher
concentrations of testosterone (Ahmetov et al.,
2014). This hormone has anabolic effects,
increasing or promoting the development of
muscle mass. In the same sense, it has recently
been reported that the possessors of the RR vs. XX
genotypes, their muscle fibers Ila and IIx have a
greater cross sectional area (Broos et al., 2016),
which allows them to develop greater power
(Orysiak and col., 2014), strength (Broos et al.,
2015) and speed (Mikami et al., 2014), aspects
related to mesomorphy.

GUERECA-ARVIZUO, Jaime, RAMOS-JIMENEZ, Arnulfo, FLORES-
MARTINEZ, Noé, REYES-LEAL, Gilberto and HERNANDEZ-TORRES,
Rosa Patricia. ACTN3 genotypes and their association with athletes somatotype:
Results of a pilot study. ECORFAN Journal-Ecuador.2017.



Article

14
ECORFAN-Ecuador Journal

In contrast, carriers of genotype XX have a
higher proportion of slow fibers type I, compared
to the genotype RR and RX (Ahmetov et al.,
2011), favoring aerobic endurance activities
(Yang et al., 2003). Among the athletes studied, a
genotype distribution of 35% was found for the
RR genotype, similar to that reported in Spanish
swimmers (Ruiz et al., 2013), and in Israeli
athletes (Eynon et al.,, 2009). For allelic
distribution, 41% was found in the X allele,
similar to what was previously reported in the
Hispanic and European population (Mills et al.,
2001), as well as in elite Lithuanian athletes
(Gineviciene et al., 2011).

The similarity in the allelic and genotypic
frequencies with the European population, could
be due in part to crosses between indigenous
people with Spaniards, occurred during and after
the Spanish conquest (Rangel-Villalobos et al.,
2009), or to the high conservation of the ACTN3
gene that it has remained in the population for a
long time (Mills et al., 2001, MacArthur and
North, 2004).

The allelic frequencies of this gene (R and
X) and its genotype (RR, RX and XX) are very
different among the population (Mills et al.,
2001). In this sense, Yang et al. (2007), have
found high prevalences of the RR genotype in
African black athletes (40% to 87%), however,
low prevalences in white athletes (17% to 30%).
Regarding the genotype XX, Yang et al. (2007),
found very low or absent prevalences in African
black athletes (0% to 12%), whereas low
prevalences in white athletes (18% to 25%).

The results of this study, although they were
not done with a population interest, are the first
report of its prevalence in a Mexican population
of athletes at the university level. On the other
hand, it was also obtained that besides having sex,
having a certain genotype favors partially, also the
presence of a certain somatotype (41% of the
variance observed).
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To our knowledge, this is the first work that
reports an association between genotypes of the
ACTNS3 gene and the somatotype. However, being
a pilot study, the results obtained need
confirmation in a larger study.

5. Conclusions

As a main result, it was observed that
mesomorphy is the main component of the
somatotype that defines the athletes carrying the
RR genotype, however, ectomorphy is the main
component of the somatotype that defines the
carriers of the XX genotype. Between 41% and
59.2% of differences found in mesomorphy and
ectomorphy were determined by differences in
genotype and sex

Acknowledgement

The authors thank the National Council of Science
and Technology (CONACYT) for the doctoral
fellowship of Jaime  Glereca Arvizuo
(371390/249892).

6. References

Ahmetov, |., Druzhevskaya, A. M., Astratenkova,
I. V., Popov, D. V., Vinogradova, O. L., y
Rogozkin, V. A. (2010). The ACTN3 R577X
polymorphism in Russian endurance athletes. Br J
Sports Med. 44(9): 649-652.

Ahmetov, I. I., Donnikov, A. E., y Trofimov, D.
Y. (2014). ACTN3 genotype is associated with
testosterone levels of athletes. Biol Sport. 31(2):
105-108.

Ahmetov, I. ., Druzhevskaya, A. M., Lyubaeva,
E. V., Popov, D. V., Vinogradova, O. L., y
Williams, A. G. (2011). The dependence of
preferred competitive racing distance on muscle
fibre type composition and ACTN3 genotype in
speed skaters. Exp Physiol. 96(12): 1302-1310.

GUERECA-ARVIZUO, Jaime, RAMOS-JIMENEZ, Arnulfo, FLORES-
MARTINEZ, Noé, REYES-LEAL, Gilberto and HERNANDEZ-TORRES,
Rosa Patricia. ACTN3 genotypes and their association with athletes somatotype:
Results of a pilot study. ECORFAN Journal-Ecuador.2017.



Article

15
ECORFAN-Ecuador Journal

Bale, P., Bradbury, D., y Colley, E. (1986).
Anthropometric and training variables related to
10km running performance. Brit. J. Sports Med.
20(4): 170-173.

Beggs, A. H., Byers, T. J., Knoll, J. H., Boyce, F.
M., Bruns, G. A., y Kunkel, L. M. (1992). Cloning
and Characterization of Two Human Skeletal
Muscle Alpha-Actinin  Genes Located on
Chromosomes 1 and 11. J Biol Chem. 267(13):
9281-9288.

Broos, S., Leemputte, M., Deldicque, L., y
Thomis, M. A. (2015). History-dependent force,
angular velocity and muscular endurance in
ACTN3 genotypes. Eur J Appl Physiol. 115(8):
1637-1643.

Broos, S., Malisoux, L., Theisen, D., Van-
Thienen, R., Ramaekers, M., Jamart, C., y
Francaux, M. (2016). Evidence for ACTN3 as a
speed gene in isolated human muscle fibers. PLoS
One. 11(3): 1-11.

Eynon, N., Duarte, J. A,, Oliveira, J., Sagiv, M.,
Yamin, C., Meckel, Y., y Goldhammer, E. (2009).
ACTN3 R577X polymorphism and Israeli top-
level athletes. Int J Sports Med. 30(9): 695-698.

Gineviciene, V., Pranculis, A., Jakaitiene, A.,
Milasius, K., y Kucinskas, V. (2011). Genetic
variation of the human ACE and ACTN3 genes
and their association with functional muscle
properties in Lithuanian elite athletes. Medicina.
47(5): 284-290.

Huygens, W., Thomis, M., Peeters, M. W.,
Vlietinck, R., y Beunen, G. (2004). Determinants
and Upper-Limit heritabilities of skeletal muscle
mass and strength. Can J Appl Physiol. 29(2):
186-200.

Jelenkovic, A., Poveda, A., y Rebato, E. (2011).
Quantitative genetics of human morphology and
obesity-related phenotypes in nuclear families
from the Greater Bilbao (Spain): comparison with
other populations. Ann Hum Biol. 38(4): 471-478.

ISSN-On line: 1390-9959
ECORFAN® Al rights reserved.

June 2017 Vol.4 No.6 10-17

Johnson, W., de-Ruiter, 1., Kyviy, K., Murray, A.,
y Sgrensen T. (2015). Genetic and environmental
transactions underlying the association between
physical fitness/physical exercise and body
composition. Behav Genet. 45(1): 84-105.

Kevin, N. y Olds, T. (1996). Anthropometrica: a
textbook of body measurement for sports and
health courses. Sidney, Australia; UNSW press.
421 Pp.

MacArthur, D. G. y North, K. (2004). A gene for
speed? The evolution and function of a-actinin-3.
BioEssays. 26(7): 786-795.

Mikami, E., Fuku, N., Murakami, H., Tsuchie, H.,
Takahashi, H., Ohiwa, N., y Tanaka, M. (2014).
ACTN3 R577X Genotype is Associated with
Sprinting in Elite Japanese Athletes. Int J Sports
Med. 35(2): 172-177.

Mills, M., Yang, N., Weinberger, R., Vander-
Woude, D. L., Beggs, A. H., Easteal, S., y North,
K. N. (2001). Differential expression of the actin-
binding proteins, alpha-actinin-2 and -3, in
different species: implications for the evolution of
functional redundancy. Hum. Mol. Genet. 10(13):
1335-1346.

Olds, T., Norton, K., y Clark, J. (2000). LifeSize
user manual release 1.0 Educational Software for
Body Composition Analysis. Australia: Human
Kinetics, Inc. Pp.

Oliveira, B. A., Pinhel, M. A., Nicoletti, C. F.,
Oliveira, C. C., Quinhoneiro, D. C., Noronha, N.
Y., ... y Nonino, C. B. (2016). UCP1 and UCP3
Expression Is Associated with Lipid and
Carbohydrate Oxidation and Body Composition.
PLoS ONE. 11(3): e0150811.

Orysiak, J., Busko, K., Michalski, R., Mazur-
Rozycka, J., Gajewski, J., Malczewska-
Lenczowska, J., ... y Pokrywka, A. (2014).
Relationship between ACTN3 R577X
polymorphism and maximal power output in elite
Polish athletes. Medicina. 50(5): 303-308.

GUERECA-ARVIZUO, Jaime, RAMOS-JIMENEZ, Arnulfo, FLORES-
MARTINEZ, Noé, REYES-LEAL, Gilberto and HERNANDEZ-TORRES,
Rosa Patricia. ACTN3 genotypes and their association with athletes somatotype:
Results of a pilot study. ECORFAN Journal-Ecuador.2017.



Article

16
ECORFAN-Ecuador Journal

Papadimitriou, I. D., Lucia, A., Pitsiladis, Y. P.,
Pushkarev, V. P., Dyatlov, D. A., Orekhov, E. F.,
...y Eynon, N. (2016). ACTN3 R577X and ACE
I/D gene variants influence performance in elite
sprinters: a multi-cohort study. BMC Genomics.
17: 285.

Pimenta, E. M., Coelho, D., Veneroso, C. E.,
Barros, E. J., Cruz, I. R., Morandi, R. F., ... y De
Paz Fernandez, J. A. (2013). Effect of ACTN3
gene on strength and endurance in soccer players.
J Strength Cond Res. 27(12): 3286-3292.

Poblano-Alcald, A. y Braun-Zawosnik, D. (2014).
Differences among  Somatotype, Body
Composition and Energy Availability in Mexican
Pre-Competitive Female Gymnasts. Food and
Nutrition Sciences. 5: 533-540.

Rangel-Villalobos, H., Mufoz-Valle, J. F.,
Gonzélez-Martin, A., Gorostiza, A., Magafia, M.
T., y Péez-Riberos, L. A. (2009). Relaciones
genéticas y patrones de estructura entre mestizos
y etnias mexicanas revelados por marcadores el
cromosoma Y. Estudios de Antropologia
Biologica. 14(1): 131-151.

Rivera-Sosa, J. M. (2016). Propiedades
antropométricas y somatotipo de jugadores de
baloncesto de diferente nivel competitivo. Int J
Morphol. 34(1): 179-188.

Ruiz, J. R., Santiago, T., Yvert, T., Muniesa, C.,
Diaz-Urefia, G., Bekendam, N., ... y Lucia, A.
(2013). ACTN3 genotype in Spanish elite

swimmers: no “heterozygous advantage”. Scand J
Med Sci Sports. 23(3): e162-e167.

Saranga, S. P., Prista, A., Nhantumbo, L., Beunen,
G., Rocha, J., Williams-Blangero, S., y Maia, J.
A. (2008). Heritabilities of somatotype
components in a population from rural
Mozambique. Am J Hum Biol. 20(6): 642-646.

ISSN-On line: 1390-9959
ECORFAN® Al rights reserved.

June 2017 Vol.4 No.6 10-17

Sheldon W. A. (1954). Atlas of men, a guide for
somatotyping the adult male at all ages. [En linea].
Disponible en:
http://science.sciencemag.org/content/120/3128/9
80. Fecha de consulta: 6 de marzo de 2017.

Yang, N., MacArthur, D. G., Gulbin, J., Hahn, A.,
Beggs, A. H., Eastel, S., y North, K. (2003).
ACTN3 Genotype Is Associated with Human Elite
Athletic Performance. Am J Hum Genet. 73(3):
627-631.

Yang, N., MacArthur, D. G., Wolde, B., Onywera,
V. O., Boit, M. K., Lau, S. Y., ... y North, K.
(2007). The ACTN3 R577X polymorphism in East
and West African athletes. Med Sci Sports Exerc.
39(11): 1985-1988.

Anexo
Sample Genotypic frequency n (%) Allelic
frequency %
RR RX XX R X

Total  athletes |11 (35.6) |15 (48.1) |5(16.2) |59.7 40.3
(1)
Men (18) 7(373) |8(475) |3(15.1) |611 38.9

Women (13) 4(332) |[7(488) [2(179) [57.7 42.3
¥*=0.00; P =0.97.

Table 1 Genotypic and allelic frequencies of the ACTN3
gene

Men Women

RR RX XX (n=|RR (n=|RX (n=|XX
(n=7) | (n=8) |3) 4) 7) (n=2)
Weight (kg) 77.7 £|71.3 £{72.10 £{60.9 +|635 =+|726
8.4 114 |6.2 6.1 12.8 8.8
Height (m) 181 +£({1.76 £(/1.83 *|1.61 £[1.66 =*[1.71
0.03 |0.05 |0.09 0.08* ]0.09* 0.02¢
BMI (kg/m2) |23.7 £|23.0 £{21.5 +|23.6 +|23.0 +|248
2.2 2.8 0.8 0.8 2.7 35
Body fat (%) 144 £|115 £|9.2 +|164 19.1
7.2 3.9 24 4.0 4.0° 2.3
Muscle mass [48.8 £(44.2 +|44.7 *|37.4 35.6
(%) 4.2 3.0 1.7 3.9 3.9 2.0
Endomorphy 29 £(27 x|19 |42 48 *
15 14 0.4 1.12 1.2% 1.12
Mesomorphy 50 %£[{46 £|31 (42 £|33 £(32 =
0.7 1.0 1.1° 0.4 0.9 0.9
Ectomorphy 25 %[27 14 £(20 (16 =
1.0 1.1 0.8 0.6* 1.0 1.32
Values are presented in averages + DE. @ differences between sex. °
differences between genotype RR vs XX. P < 0.05.
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Table 2 Anthropometric characteristics between sex and
genotypes of ACTN3
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Figure 1 Average somatotype in men and women athletes
with different genotypes of ACTN3. Figures without filling
correspond to men, figures with fill correspond to women.
Squares: RR genotype, Circles: RX genotype, Rhombos:
genotype XX. Significant difference was found in the
carriers of the RR vs. XX genotype (P < 0.05).
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