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ABSTRACT: In this study, we aimed to investigate the influence of ACTN3 R577X gene polymorphism on
muscle damage responses in athletes competing in an ultra-endurance race. Twenty moderate to well-trained
ultra-runners who had entered in an official 37.1 km adventure race (22.1 km mountain biking, 10.9 km trekking, 4.1 km water trekking, 30 m rope course, and orienteering) volunteered for the study. Blood samples were
collected for genotyping and analysis of muscle protein levels before and after the race. Percentage changes
(pre- to post-race) of serum myoglobin [XX = 5,377% vs. RX/RR = 1,666%; P = 0.005, effect size (ES) = 1.73],
creatine kinase (XX = 836.5% vs. RX/RR = 455%; P = 0.04, ES = 1.29), lactate dehydrogenase (XX = 82% vs.
RX/RR = 65%; P = 0.002, ES = 1.61), and aspartate aminotransferase (XX = 148% vs. RX/RR = 75%; P = 0.02,
ES = 1.77) were significantly greater for XX than RX/RR genotypes. ES analysis confirmed a large magnitude of
muscle damage in XX genotype ultra-runners. Therefore, athletes with the ACTN3 577XX genotype experienced
more muscle damage after an adventure race. This suggests that ultra-runners with alpha-actinin-3 deficiency
may be more susceptible to rhabdomyolysis and associated health complications during ultra-endurance competitions.
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INTRODUCTION
Adventure racing (AR) is an ultra-endurance sport that is growing

release of significant amounts of intracellular components into the

in popularity. The competitions vary from 6 h to 10 days and comprise

blood stream, leading to rhabdomyolysis. Dramatic elevations in

multiple outdoor sports disciplines, including mountain biking, trek-

blood myoglobin levels can cause renal impairment, mainly in con-

king, kayaking, and roped ascent/descent. The races are held in nat-

ditions of heat stress and dehydration [15, 16, 18].

ural environments and involve map reading and navigation. Races

Previous studies have demonstrated that ACTN3 R577X

are thus fairly demanding and impose substantial physiological stress

(rs1815739) gene polymorphism (more specifically, the XX genotype)

on athletes [1-4]. Here it is hypothesized that genetic polymorphism

influences the magnitude of muscle damage after eccentric exercise.

can influence the magnitude of muscle damage in ultra-runners after

Higher muscle protein serum level and higher pain scores were ob-

an AR competition.

served in polymorphism carriers than noncarriers after an eccentric

It is well documented that ultra-endurance practice results in

training session [19, 20]. Consistent with this, Seto et al. [21] observed

pronounced muscle damage [5-12], possibly as a result of me-

increased force deficits in ACTN3 knockout mouse muscles subjected

chanical disruption of the fibre, disturbances in calcium homeostasis

to eccentric contractions, mimicking the XX genotype in humans.

and inflammatory processes [13, 14]. Muscle protein serum level is

The ACTN3 gene encodes for the alpha-actinin-3 protein, and

a common measure of muscle damage [15, 16]. Some investigations

a common stop codon polymorphism in this gene (C→T transition

report increased muscle protein serum levels during AR

at position 1747 in exon 16; SNP ID: rs1815739; 11q13-q14)

events [3, 4, 17].

causes a complete deficiency of the protein in XX homozygotes, which

In most cases, muscle damage is unrelated to serious health

is present in approximately 20% of the population worldwide. This

complications. However, excessive muscle damage can cause the

deficiency does not cause muscle disease, but results in differences
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in skeletal muscle function, including lower muscle strength [22, 23].

Research design

Alpha-actinin-3 is one of the major components of the Z-disk in

Volunteers were evaluated before and after the race. Pre-race mea-

type II muscle fibres and is responsible for crosslink and anchor

surements were performed in the afternoon before the start of the

actin filaments. Therefore, as Z-disks are the structures most vulner-

race at 4 h postprandial, whereas post-race evaluation occurred

able to muscle damage, it is plausible that alpha-actinin-3 defi-

immediately after the race. Athletes completed a questionnaire on

ciency can interfere with the structural integrity of sarcomeres and

basic demographic and characteristics of training, answered the

muscle cells during muscle contractions. In line with this, changes

International Physical Activity Questionnaire (IPAQ), and underwent

in composition and interaction of Z-disk proteins observed in ACTN3

body composition evaluation before the race. Blood samples were

knockout muscles provide a possible explanation for the greater sus-

collected before and after the race. Additionally, athletes were asked

ceptibility to muscle damage in XX individuals [21, 24].

to rate their level of perceived exertion after the competition. The

Based on the above statements, we hypothesized that ultra-

race time was recorded by official race reports.

runners with alpha-actinin-3 deficiency can experience more muscle
damage during an ultra-endurance competition. Therefore, this study

International Physical Activity Questionnaire

aimed to investigate the influence of ACTN3 R577X (rs1815739)

The short version of the IPAQ was explained to volunteers, and one

gene polymorphism on muscle damage responses in athletes compet-

researcher remained near to them during completion, in order to be

ing in an official AR competition.

available to answer any questions. The questionnaire aimed to determine the physical activity level of athletes, calculated assuming

MATERIALS AND METHODS

metabolic equivalents of 3.3, 4.0, and 8.0 METs for low, moderate,

Participants

and intense activities, respectively. Moderate activity level represents

Twenty athletes from ten teams (5 females and 15 males) were

achieving a minimum of at least 600 MET-min/week, while high

studied during participation in an official AR. Volunteers were mod-

activity level represents achieving a minimum of at least

erately to well trained, experienced in long distance sports, had a

3,000 MET-min/week [25].

minimum of two years of AR experience, reported an absence of
musculoskeletal injury, and completed the race without or with

Body composition

minimal navigation errors. This study was approved by the local

Volunteers fulfilled a pre-test protocol for body composition evalua-

research ethics committee (no. 95/2015). All participants were in-

tion, including: a) a 4-h postprandial condition, b) not drinking wa-

formed of the research procedures and purposes of the investigation

ter 3 h before the test, c) not using medication that interferes with

and gave their written consent prior to participation.

body water homeostasis 48 h before the test, d) abstaining from
vigorous physical exercise 24 h before the test, e) going to the bath-

Race description

room at least 30 min before the test, and f) not wearing metal ac-

This study was conducted during the fourth race of the 2015 Haka

cessories during the test. All evaluations were conducted on athletes

Race Series, during the second weekend of November, in the city

without shoes/socks and wearing light clothes. Height was measured

of Passa Quatro (Minas Gerais, Brazil). The AR started at 9:00 am

using a calibrated stadiometer (Filizzola, Brazil) and body composi-

and covered a total of 37.1 km, consisting of 22.1 km of mountain

tion was estimated using bioelectrical impedance analysis (BIA)

biking, 10.9 km of trekking, 4.1 km of water trekking, and a 30 m

(Inbody 120; Biospace Co., Seoul, Korea).

rope course, performed in a variety of terrains (off-road trails, watercourses, coast, mountains, and paths) by orienteering. Sixty-six

Blood sampling

athletes, including our volunteers, completed this competition, and

Each time, 9 mL of whole blood was obtained from an antecubital

their race time ranged from 6 h and 5 min to 12 h and 30 min. The

vein by a certified nurse and aliquoted into individual vacutainers

weather was clear, with temperatures ranging between 22°C and

containing a coagulation enhancer and splitting gel (5 mL) or EDTA

31°C on race day.

(4 mL) (Vacuette, Greiner Bio-One). Five-millilitre blood samples

Haka Race is an annual series of four adventure races included

were immediately centrifuged (3000 rpm for 10 minutes)

in the Brazilian Ranking of ARs. Competitions range from 35 to 50 km,

(Baby I - 206 BL - Fanem) and serum aliquoted into Eppendorf tubes.

and athletes of both sexes may participate as individuals (solo) or in

Then, all tubes were stored and shipped on dry ice. Specimens were

teams (pairs or quartets). The route is only revealed the day before

placed in a -80°C ultralow freezer at the laboratory until analysis.

or the day of the start when the participants receive the topographic map of the region and the race book with the geographic coordina-

Genotyping

tion of each mandatory stop between start and finish. The team must

Genomic DNA was isolated from the buffy coat of centrifuged whole

pass all mandatory stops to cross the finish line as an official fin-

blood, previously collected in EDTA tubes, using the QIAamp DNA

isher. Failure to fulfil the competition requirements results in penal-

Blood Mini Kit (Qiagen) according to the manufacturer’s instructions.

ties and elimination.

Genotyping of ACTN3 R577X (rs1815739) polymorphism was con-
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ducted using a TaqMan SNP Genotyping Assay (Assay ID:

Shapiro-Wilk test and Bartlett’s test, respectively. Then, the Mann-

C___590093_1_; Applied Biosystems, Foster City, CA, USA), and

Whitney U-test was used to compare the data between XX and

the reaction was performed in an Applied Biosystems 7500 Fast

RX/RR genotypes (recessive model). Effect size (ES) was also calcu-

Real-Time PCR System (Applied Biosystems, Foster City, CA, USA).

lated to determine the magnitude of the difference between com-

The genotyping mixture (total of 20 µL) contained 10 µl of TaqMan

parisons. The threshold adopted was: trivial (0–0.19), small

Universal Master Mix, 1 µl of assay mix, 2 µL of genomic DNA

(0.20–0.49), medium (0.50–0.79), and large (0.80 and greater).

(10 ng/µL) and 7 µL of ultra-pure water for each reaction. The results

Statistical significance was set at P < 0.05. Data were expressed as

were analyzed using TaqMan Genotyper Software (Applied Biosystems,

the median and 25th–75th interquartile range. Statistical procedures

Foster City, CA, USA). The genotyping success rate was 100%, and

were carried out using GraphPad Prism 6 and GPOWER 3.1

no discordant genotypes were observed in duplicate samples tested.

software.

Measurements of muscle damage proteins

RESULTS

Serum myoglobin (Mb) levels were measured via chemiluminescent

The prevalence of the different ACTN3 genotypes was RR 35%,

microparticle immunoassay (Abbott–Architect STAT Myoglobin kit;

RX 45%, and XX 20%. This corresponds to the R and X allele fre-

Architect system – Abbott Diagnostics, IL, USA). The reference range

quencies of 57.5 and 42.5%, respectively, and is in Hardy-Weinberg

for serum Mb using this method is values lower than 155 ng/mL.

equilibrium (χ2 = 0.12; P = 0.72). Physical characteristics, body

Serum creatine kinase (CK), lactate dehydrogenase (LDH), and as-

composition, and training status of athletes were similar (P > 0.05)

partate aminotransferase (AST) concentrations were measured using

between XX and RX/RR genotypes, as presented in Table I. Moreover,

a semi-automated clinical analyzer (BioClin kits; BioClin 100 ana-

there was no difference in sex distribution between genotypes, with

lyzer, Belo Horizonte, Brazil). The reference range for serum CK, LDH,

an identical frequency of females (25%) in XX and RX/RR carriers.

and AST using this method is 24–195 U/L, 200–480 U/L, and

The R and X alleles frequencies were also similar between

10–39 U/L, respectively.

females (60% and 40%, respectively) and males (57 and 43%,
respectively).

Perception exertion

Regarding adventure race performance, race time was similar

The rating of perceived exertion was measured on the RPE-Borg

(P = 0.33) between genotype groups: 9 h and 50 min (9 h and

Scale, which ranges from 6 to 20, where six means “no exertion at

25 min–10 h and 14 min) and 9 h and 16 min (8 h and 54 min–10 h

all,” and 20 means “maximal exertion” [26]. The volunteers were

and 2 min) for XX and RX/RR carriers, respectively. Furthermore,

instructed to report effort experienced during the competition, indicat-

perceived exertion was also similar (P = 0.99) between genotype

ing a value in the Borg Scale, immediately after the race.

groups during the race: 13.50 (9.75–16.50) and 13.00
(12.00–15.00) for XX and RX/RR genotypes, respectively.

Statistical analysis

Serum concentrations of Mb, CK, LDH, and AST were similar
2

The Hardy-Weinberg equilibrium was evaluated by the χ test. Nor-

(P > 0.05) for the two genotype groups before the race, and within

mal distribution and homogeneity of the data were verified by the

the reference range. However, XX genotype presented significantly

TABLE 1. Physical characteristics, body composition and training status in XX and RX/RR genotypes.
XX
(n=4)

RX/RR
(n=16)

P value

Age (years)

44.0 (36.2 – 45.0)

37.5 (31.5 – 42.7)

0.15

Height (cm)

170.0 (159.8 – 178.0)

171.5 (166.8 – 176.8)

0.66

Body weight (kg)

70.4 (58.9 – 82.3)

71.6 (64.5 – 80.0)

0.81

Body mass index (kg/m2)

24.3 (23.0 – 25.9)

25.1 (22.8 – 26.3)

0.89

Fat free mass (kg)

33.1 (25.5 – 37.9)

35.0 (30.8 – 38.2)

0.73

Fat mass (kg)

12.8 (11.4 – 16.6)

11.8 (8.5 – 15.6)

0.58

Fat mass (%)

20.1 (15.8 – 22.2)

17.8 (12.0– 21.7)

0.53

3.5 (2.0 – 5.0)

5.0 (2.0 – 8.0)

0.39

4,310 (3,978 – 5,774)

3,172 (2,072 – 4,288)

0.12

10 (6 – 50)

15 (10 – 24)

0.81

50.0 (30.0 – 100.0)

55.0 (28.5 – 71.2)

AR experience (years)
IPAQ (METs)
Running volume (km/week)
Bike volume (km/week)

0.88
th

th

Note: AR=Adventure race; IPAQ= International Physical Activity Questionnaire. Data are expressed as Median (25 – 75 inter-quartile).
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FIG. 1. Serum concentrations of (A) myoglobin; (B) creatine kinase, (C) lactate dehydrogenase and (D) aspartate aminotransferase of athletes with XX and RX/RR genotypes for ACTN3 gene before and after the race, expressed as the median and 25th–75th interquartile range.
Dotted lines delimit the upper value of the reference range of the studied variables. *Significant difference (P<0.05) compared to RR/RX
genotypes after the race.

higher median values after the race for Mb (XX = 1089.0 vs.

and AST levels. The hypothesis that ultra-runners with XX genotype

RX/RR= 681.9 ng/mL; P=0.007, ES= 1.44), CK (XX = 1,278.0

are more susceptible to muscle damage during an ultra-endurance

vs. RX/RR = 824.5 U/L; P= 0.01, ES=1.32), LDH (XX = 516.5

competition is thus accepted, making a unique contribution to the

vs. RX/RR = 448.0 U/L; P= 0.02, ES= 0.64), and AST levels

literature.

(XX= 40.5 vs. RX/RR = 32 U/L; P = 0.02, ES = 1.09) compared
to RX/RR genotypes, as illustrated in Figure 1.

The structural differences in ACTN3-XX fibres seem to be the
mechanism of this function. The existing literature suggests that

Percentage changes (pre- to post-race) of serum Mb (XX = 5,377%

alpha-actinin-3 deficiency causes up-regulation of and variation in

vs. RX/RR = 1,666%; P = 0.005, ES = 1.73), CK (XX = 836.5%

the interaction of a diverse network of Z-line proteins such as

vs. RX/RR = 455%; P = 0.04, ES = 1.29), LDH (XX = 82%

α-actinin-2, myotilin, desmin, αβ-crystallin, γ-filamin and ZASP in

vs. RX/RR = 65%; P = 0.002, ES=1.61), and AST (XX = 148%

the ACTN3 knockout muscles. Changes in overall protein composition

vs. RX/RR=75%; P = 0.02, ES = 1.77) were also significantly

of Z-line proteins thus interfere with the elastic properties of muscle

greater for XX than RX/RR genotypes.

fibres, augmenting susceptibility to contraction-induced muscle damage in XX individuals [21, 24].

DISCUSSION

Ultra-runners with XX genotype were similar in physical charac-

This pilot study aimed to investigate the influence of ACTN3 R577X

teristics, training status, and race performance to RX/RR carriers,

(rs1815739) gene polymorphism on muscle damage responses in

which are among the factors that could also impact on the magnitude

athletes competing in an official AR competition. Our main findings

of exercise-induced muscle damage [15, 16]. Thus, our main findings

indicate that XX genotype athletes had higher serum Mb, CK, LDH,

were not influenced by these aspects. Furthermore, despite evidence
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that XX genotype can be advantageous for prolonged

no association between ACTN3 R577X (rs1815739) gene polymor-

exercise [27-29], our results of race time and perceived exertion are

phism and increases in CK and Mb levels, after 50 maximal eccen-

consistent with some studies that found similar performance between

tric contractions of the elbow flexor muscles. These contradictory

athletes with alpha-actinin-3 deficiency and their counterparts dur-

results may be explained as a result of the heterogeneity of the

ing ultra-endurance competitions (i.e., races performed for duration

population studies and the training status, since neither study inves-

longer than four hours) [30, 31].

tigated well-trained individuals [18, 32]. Other gene polymorphisms

Changes in serum Mb, CK, LDH, and AST were 3.2, 1.8, 1.3,

have also been associated with muscle damage [33-35], and the

and 1.9 times higher for XX genotype than RX/RR genotypes after

interaction effect between two or more gene polymorphisms on

an adventure sprint race (approximately 9.5 h of race time), and ES

muscle damage susceptibility can better clarify this response.

analysis confirmed a large magnitude of muscle damage in XX genotype ultra-runners in the present investigation. Participants with

CONCLUSIONS

alpha-actinin-3 deficiency had augmented Mb levels, three-to-five

In conclusion, the initial results of this pilot study strongly suggest

times higher than those in 20 ultra-runners (three females; 17 males)

pronounced muscle damage in athletes with ACTN3 577XX genotype

after an adventure expedition race (approximately 55 h of race

competing in an AR. This supports the concept that an important

time) [4].

gene variation of ACTN3 locus contributes to susceptibility to exercise-

The results presented here expand on a limited number of previ-

induced muscle damage. Although further research is required in

ous investigations showing that individuals with XX genotype may

larger population groups, the findings presented here are novel and

be more susceptible to muscle damage during exercise. Pimenta et

clinically relevant. It suggests that ultra-runners with alpha-actinin-3

al. [19] concur, reporting that soccer athletes with XX genotype have

deficiency may be more susceptible to rhabdomyolysis and associ-

higher levels of serum CK activity and alpha-actin levels than RR

ated health complications during ultra-endurance competitions.

carriers, after a training session with intermittent circuit exercises at

Furthermore, polymorphism carriers may also require a longer time

maximal intensity. Moreover, Vincent et al. [20] reported that serum

for recovery than noncarriers after a race.

CK activity tended to be higher in XX genotype than RR genotype
individuals, after an eccentric exercise bout composed of multiple
series of knee extensions. Corroborating these findings, in a study of
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