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Abstract  
The C allele of the M235T (rs699) polymorphism of the AGT 
gene correlates with higher levels of angiotensin II and has been 
associated with power and strength sport performance. The aim 
of the study was to investigate whether or not selected power-
related variables and their response to a 12-week program of 
aerobic dance training are modulated by the AGT M235T geno-
type in healthy participants. Two hundred and one Polish Cau-
casian women aged 21 ± 1 years met the inclusion criteria and 
were included in the study. All women completed a 12-week 
program of low and high impact aerobics. Wingate peak power 
and total work capacity, 5 m, 10 m, and 30 m running times and 
jump height and jump power were determined before and after 
the training programme. All power-related variables improved 
significantly in response to aerobic dance training. We found a 
significant association between the M235T polymorphism and 
jump-based variables (squat jump (SJ) height, p = 0.005; SJ 
power, p = 0.015; countermovement jump height, p = 0.025; 
average of 10 countermovement jumps with arm swing (ACMJ) 
height, p = 0.001; ACMJ power, p = 0.035). Specifically, greater 
improvements were observed in the C allele carriers in compari-
son with TT homozygotes. In conclusion, aerobic dance, one of 
the most commonly practiced adult fitness activities in the 
world, provides sufficient training stimuli for augmenting the 
explosive strength necessary to increase vertical jump perfor-
mance. The AGT gene M235T polymorphism seems to be not 
only a candidate gene variant for power/strength related pheno-
types, but also a genetic marker for predicting response to train-
ing.  
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Introduction 

 
The renin-angiotensin system (RAS) plays a key role in 
maintaining blood pressure homeostasis, as well as water 
and salt balance in the human body – significant factors 
associated  with  improvement  in sport performance, 
athlete status and response to exercise in a variety of 

populations (Buxens et al., 2011; Eriksson et al., 2002). 
Angiotensinogen (AGT), the primary mediator of the 
RAS, is a globular glycoprotein produced by the liver that 
is cleaved by renin to yield angiotensin I (ANG I). After-
wards, angiotensin-converting enzyme (ACE) catalyses 
production of angiotensin II (ANG II) from ANG I, which 
increases blood pressure and promotes sodium retention 
(Eriksson et al., 2002). Additionally, ANG II is involved 
in inflammation, cell growth, proliferation, immune re-
sponse regulation, and central neuromodulation (De 
Cavanagh et al., 2011; Mustafina et al., 2014). 

Nowadays, the most frequently investigated genet-
ic marker in the context of a genetic factor for athletic 
predisposition is ACE (angiotensin-converting enzyme 
gene) (Cieszczyk et al., 2009; Gayagay et al., 1998; Ja-
strzębski et al., 2014; Jones et al., 2016; Montgomery et 
al., 1998; Muniesa et al., 2010; Myerson et al., 1999; 
Puthucheary et al., 2011;). Furthermore, other genes in-
volved in blood pressure regulation such as BDKRB2 
(bradykinin β2 receptor gene) (Grenda et al., 2014; Saun-
ders et al., 2006; Sawczuk et al., 2013; Williams et al., 
2004; Zmijewski et al., 2016), NOS3 (nitric oxide syn-
thase 3 gene) (Gómez-Gallego et al., 2009; Saunders et 
al., 2006) and AGT (angiotensinogen gene) (Buxens et 
al., 2011; Gomez-Gallego et al., 2009; Zarębska et al., 
2013) have been previously described in the context of 
sport performance, athlete status and/or response to exer-
cise.  

The AGT protein is encoded by the AGT gene sit-
uated on the 1st chromosome in locus 1q42 (Corvol and 
Jeunemaitre, 1997). Previous studies have revealed that 
one of several described polymorphic sites within the 
gene - M235T (rs699; C/T nucleotide transition at posi-
tion 4.072 in exon 2) variation is associated with different 
AGT levels (one of therate limiting factors affecting the 
synthesis of ANG II and, thus, control of blood pressure, 
as well as water and salt balance in the human body). 
Consequently, the polymorphism has recently been de-
scribed in the context of sport related research (Buxens et 
al., 2011; Gomez-Gallego et al., 2009; Miyamoto-Mikami 
et al., 2016; Zarębska et al., 2013). It has been reported to 
modify the influence of exercise on various physical per-
formance and health-related fitness phenotypes, e.g. blood 
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pressure, cardiorespiratory endurance, and heart morphol-
ogy (Alves et al., 2009; Pelliccia and Thompson, 2006; 
Rauramaa et al., 2002). Specifically, the C allele, which 
results in a replacement of threonine (T) residue with 
methionine (M) at amino acid 235, has been correlated 
with higher ANG II levels and, as a result, increased 
blood pressure at rest (Paillard et al., 1999) or in response 
to intense exercise (Rankinen et al., 2000). Moreover, at 
the protein level ANG II acts as a skeletal muscle growth 
factor which is beneficial for strength- and power-related 
sports (Jones and Woods, 2003). 

Our scientific team have previously demonstrated 
significant overrepresentation of the CC genotype and the 
C allele among Polish power-oriented athletes compared 
with endurance and control subjects (Zarębska et al., 
2013). We confirmed earlier studies conducted on Span-
ish athletes (Buxens et al., 2011; Gomez-Gallego et al., 
2009) which suggested that the C allele correlated with 
higher levels of ANG II and might improve power and 
strength sport performance (Zarębska et al., 2013). A 
quite recent study has also demonstrated that the AGT C 
allele might be favourable for sprint/power athlete status 
in the Japanese population (Miyamoto-Mikami et al., 
2016). Nevertheless, the M235T allele or genotype distri-
bution has not been shown to be significantly different 
between athletes stratified by their level of performance; 
thus, the results obtained so far remain inconsistent 
(Gomez-Gallego et al., 2009; Zarębska et al., 2013). Giv-
en the role of AGT in blood pressure homeostasis and the 
evidence suggesting that the polymorphism may be bene-
ficial for exercise, we aimed to investigate whether or not 
selected power-related variables and their response to a 
12-week program of low- and high-intensity aerobic 
dance training would be modulated by the AGT M235T 
genotype in healthy participants. We have also tested the 
hypothesis that aerobic dance, as one of the most com-
monly practiced adult fitness activities in the world, may 
provide sufficient training stimuli for augmenting power-
related phenotypes. 

 
Methods 
 
Ethics statement 
All the procedures followed in the study were approved 
by the Ethics Committee of the Regional Medical Cham-
ber in Szczecin (Approval number 09/KB/IV/2011) and 
were conducted ethically according to the principles of 
the World Medical Association Declaration of Helsinki 
and ethical standards in sport and exercise science re-
search. Furthermore, the experimental procedures were 
conducted in accordance with the set of guiding principles 
for reporting the results of genetic association studies 
defined by the Strengthening the Reporting of Genetic 
Association studies (STREGA) Statement (Little et al., 
2009). All participants were given a consent form and a 
written information sheet concerning the study, providing 
all pertinent information (purpose, procedures, risks, and 
benefits of participation). The potential participant had 
time to read the information sheet and the consent form. 
After ensuring that the participant had understood the 
information, every participant gave written informed 

consent (signed consent form) for genotyping with the 
understanding that it was anonymous and that the ob-
tained results would be confidential.  

 
Participants 
Two hundred and one Polish Caucasian women aged 21 ± 
1 years (range 19–24) met the inclusion criteria and were 
included in the study. None of these individuals had en-
gaged in regular physical activity in the previous 6 
months. They had no history of any metabolic or cardio-
vascular diseases. Participants were never smokers and 
refrained from taking any medications or supplements 
known to affect metabolism. All participants were stu-
dents of the Academy of Physical Education and Sports in 
Gdansk (Poland).  All of them ate their meals (breakfast, 
dinner and supper) in the same student cafeteria. Addi-
tionally, all of them were asked to take care of their diet 
(approximately 2000 kilocalories a day) for the duration 
of the experiment. All tests (peak power, sprint, jump) 
were completed both prior to and after the aerobic train-
ing program. The study was conducted during 2 years 
(participants were divided into two subgroups (n=109, n = 
92) and each subgroup trained at the same time). For each 
investigated group, physiological tests were conducted 
every 2 days at the same hours. The rest between tests 
was 48 hours. The same group of participants was used in 
the previous studies (Zarębska et al., 2014a; 2014b). 

 
Training phase 
The training stage was preceded by a week-long familiar-
ization stage, when the participants exercised 3 times a 
week for 30 minutes, at an intensity of approximately 
50% of their HRmax. After the week-long familiarization 
stage, a12-wk aerobic training program commenced. Each 
training session consisted of a warm-up routine (10 
minutes), the main aerobic routine (43 minutes), and 
stretching and breathing exercises (7 minutes). The main 
aerobic routine was a combination of two alternating 
styles—low and high impact. Low impact style comprises 
movements with at least one foot on the floor at all times, 
whereas high impact styles include running, hopping, and 
jumping with a variety of flight phases (De Angelis et al., 
1998). Music of variable rhythm intensity (tempo) was 
incorporated into both styles. A 12-week program of low 
and high impact aerobics was divided as follows: (i) 3 
weeks (9 training sessions), 60 minutes each, at approxi-
mately 50–60% of HRmax, tempo 135–140 BPM, (ii) 3 
weeks (9 training sessions), 60 minutes each, at 50–60% 
of HRmax, tempo 135–140 BPM, (iii) 3 weeks (9 training 
sessions), 60 minutes with an intensity of 60%−70% of 
HRmax, tempo 140–152 BPM, and (iv) 3 weeks (9 train-
ing sessions), 60 minutes with an intensity of 65%−75% 
of HRmax, tempo 140–152 BPM. All 36 training units 
were administered and supervised by the same experi-
enced aerobics tutor.  

 
Experimental procedures 
Peak power 
A 30-s Wingate test (unmodified version) on a cycle er-
gometer (Monark Ergomedic 894 E, Monark, Sweden) 
was used to assess the peak power and total work in the 
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lower limbs of all participants. A relative load corre-
sponding to 7.5% of the subject’s body mass was applied. 
Before performing the test, the participants completed a 
10-min warm-up, including pedalling at a frequency of 60 
rotations per minute (RPM), with a relative load of 1.2 
W∙kg-1 and three rapid accelerations between the 7th and 
10th minute. After the warm-up, the subjects performed 
five minutes of stretching and relaxing exercises and then 
started the test (Bar-Or, 1987). 

 
Sprint test 
Before the test, the participants performed a 20-min 
warm-up involving two 5m and 10m sprints and one 30m 
sprint. The sprint times were recorded by double photo-
cells (Smart Speed electronic system, Fusion Sport, 
Cooper Plains, Australia) positioned at the starting (0 m) 
and finishing lines (5 m, 10m and 30 m) at a height of 0.7 
m and 0.9 m. The subjects performed two maximal at-
tempts for the 5, 10 and 30m distances. Only the best (the 
fastest) times were used in the subsequent analysis. Each 
participant started from a standing position, with her front 
foot on the starting line (0 m). The resting periods were 
90s after the 5m sprint, 120s after 10m and 240s after 
30m. During the tests, students performed run tests ac-
cording to a random order (required by the electronic 
steering of photocells).   

 
Jump test 
Before the test, the participants performed a 20-min 
warm-up involving five vertical squat jumps. The test was 
comprised of two maximal countermovement jumps 
without arm swings and two with arm swings. The resting 
period between jumps was two minutes. Only the best 
(the highest) jumps were used in the subsequent analysis. 
After a 5-min break participants performed 10 maximal 
vertical jumps that were performed in the shortest possi-
ble time on a tensometric mat (Smart Jump Mat 120 x 120 
cm - Fusion Sport, Cooper Plains, Australia). Maximum 
jump height, mean jump height and power, were recorded 
and used in the analysis. The given ‘power generated 
during the jumps’ results during the 10 jump test refer to 
the middle value of the height of every 10 jumps, middle 
generated  power  during  each of the 10 jumps and max-
imal jump’s height of the highest jump. 

 

Genotyping 
The buccal cells donated by the subjects were collected in 
Resuspension Solution (GenElute Mammalian Genomic 
DNA Miniprep Kit, Sigma, Germany) with the use of 
sterile foam-tipped applicators (Puritan, USA). DNA was 
extracted from the buccal cells using a GenElute Mamma-
lian Genomic DNA Miniprep Kit (Sigma, Germany) 
according to the manufacturer’s protocol.  

Genotyping of the AGT M235T polymorphism 
(rs699, also designated as 4072T>C or c.803T>C [cDNA 
label], and p. M268T [protein label], depending on the 
position at which the numbering was started) was done 
using an allelic discrimination assay on a StepOne Real-
Time Polymerase Chain Reaction (RT-PCR) instrument 
(Applied Biosystems, USA) with TaqMan probes. To 
distinguish between AGT M235 and T235 alleles, Taq-
Man Pre-Designed SNP Genotyping Assays were used 
(assay ID: C_1985481_20; Applied Biosystems, USA), 
including primers and fluorescent-labeled (FAM and 
VIC) MGB probes for the detection of both alleles. Pure 
water was used as negative control, and no visible PCR 
products were observed. 

 
Statistical analysis 
The software package Statistica (StatSoft, Inc., 2014, 
version 12) was used for data analysis. The Chi-square 
test was used for Hardy-Weinberg equilibrium. The re-
sponse to training was tested with the pairwise Student’s 
t-test. The association between the AGT M235T polymor-
phism and the response to training was analyzed using 
analysis of covariance (ANCOVA). For this purpose, a 
response to training was defined as the difference between 
post- and pre-training value, for each variable. Genotype-
dependent differences in training response were adjusted 
for pre-training values. A p value <0.05 was considered 
significant. 
 
Results 
 
Pre-training, post-training and Δ (i.e. improvements after 
training) are presented in Table 1. All power-related vari-
ables (i.e. variables obtained from the peak power, sprint 
and jump tests) improved significantly in response to 
aerobic dance training.  

Table 1. Power-related variables (pre- and post-training) and the training response to a 12-week program of aerobic dance. 
Data are means (±SD). 

Variables Pre-training Post-training Δ p 
Peak power [W/kg] 7.64 (.85) 7.74 (.75) .10 (.57) .015 
Total work capacity [J/kg]  179 (18) 188 (16) 8.84 (11.95) <.0001 
5m sprint 1.30 (.08) 1.28 (.08) -.02 (.06) <.0001 
10m sprint 2.23 (.15) 2.19 (.12) -.04 (.10) <.0001 
30m sprint 5.36 (.35) 5.32 (.34) -.04 (.19) .002 
SJ, height [cm]  24.3 (4.1) 25.4 (3.6) 1.04 (3.11) <.0001 
SJ, power [W]  33.6 (4.9) 35.7 (3.9) 2.13 (4.90) <.0001 
CMJ, height [cm]  28.3 (4.9) 29.7 (4.0) 1.37 (2.79) <.0001 
CMJ, power [W]  38.4 (4.1) 40.3 (4.5) 1.91 (3.46) <.0001 
MCMJ, height [cm]  27.2 (4.4) 28.2 (3.6) .95 (2.99) <.0001 
MCMJ, power [W]  36.5 (3.5) 38.7 (3.5) 2.24 (3.09) <.0001 
ACMJ, height [cm]  24.9 (4.1) 25.5 (3.4) .65 (2.64) <.001 
ACMJ, power [W]  34.6 (3.7) 35.5 (3.3) .98 (2.99) <.0001 

SJ – squat jump: vertical jump with hands on hips; CMJ – countermovement jump: arm swing vertical jump; MCMJ - Maximum of 
10 arm swing vertical jumps; ACMJ – average of 10 arm swing countermovement jumps. 
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Table 2. Power-related variables in response to a 12-week program of aerobic dance training with respect to 
AGT M235T genotypes. Data are means (±SD). 

Variables  AGT M235T  p† TT (n = 57) CT (n = 99) CC (n = 45) 
Peak power [W/kg] .02 (.62) .12 (.63) .15 (.35) .629 
Total work capacity [J/kg]  6.25 (11.38) 10.83 (12.75) 7.74 (10.20) .557 
5m sprint -.02 (.03) -.03 (.07) -.02 (.06) .767 
10m sprint -.04 (.07) -.03 (.09) -.06 (.13) .169 
30m sprint -.04 (.10) -.02 (.23) -.08 (.15) .109 
SJ, height [cm]  .77 (1.75) .74 (3.49) 2.06 (3.40) .005 
SJ, power [W]  1.56 (2.73) 2.11 (5.82) 2.91 (4.82) .015 
CMJ, height [cm]  1.01 (2.93) 1.22 (2.38) 2.16 (3.33) .025 
CMJ, power [W]  1.28 (2.72) 2.29 (3.25) 1.88 (4.55) .797 
MCMJ, height [cm]  .35 (3.36) 1.13 (2.45) 1.34 (3.51) .122 
MCMJ, power [W]  1.85 (2.62) 2.33 (3.02) 2.54 (3.74) .398 
ACMJ, height [cm]  .56 (3.11) .32 (2.07) 1.48 (2.99) .001 
ACMJ, power [W]  .34 (2.47) .95 (3.18) 1.85 (3.01) .035 

SJ – squat jump: vertical jump with hands on hips; CMJ – countermovement jump: arm swing vertical 
jump; MCMJ - Maximum of 10 arm swing vertical jumps; ACMJ – average of 10 arm swing counter-
movement jumps; Mean ± S.D.; † p adjusted for pre-training value (ANCOVA) 

 
The AGT M235T genotypes (CC 22.4%, CT 

49.3%, TT 28.4%) were in Hardy-Weinberg equilibrium 
(Chi-square = 0.03, p = 0.862). The AGT polymorphism 
was not associated with age, body mass or BMI. In Table 
2, training responses stratified according to M235T geno-
type are listed.  

We found a significant association between the 
M235T polymorphism and jump-based variables. Specifi-
cally, greater improvements were observed in the C allele 
carriers (CC and CT genotype carriers) in comparison 
with TT homozygotes (squat jump (SJ) height, p = 0.005; 
SJ power, p = 0.015; countermovement jump height, p = 
0.025; average of 10 arm swing countermovement jumps 
(ACMJ) height, p = 0.001; ACMJ power, p = 0.035). No 
association was revealed with respect to sprint running 
times and Wingate anaerobic measures.  
 
Discussion 
 
The main finding of the present study was that the re-
sponse to a 12-week program of high and low impact 
aerobic dance training is modulated by the M235T AGT 
genotype. Specifically, as far as jumping performance is 
concerned, training adaptations of the CC homozygotes 
were significantly superior to TT homozygotes. In addi-
tion, the majority of the jump-based variables (SJ power, 
CMJ height and power, ACMJ power) responded to a 
training routine in a C allele dose-dependent manner, with 
intermediate and maximum response seen in CT hetero-
zygotes and CC homozygotes, respectively. Gomez-
Gallego et al. (2009) found an overrepresentation of the 
CC genotype among top-level sprinters, throwers and 
jumpers compared with elite endurance athletes. Similar 
results were previously reported by our team (Zarębska et 
al., 2013) – the CC excess was found among the athletes 
competing in disciplines with high demands not only for 
power, (e.g. sprinters or jumpers) but strength as well 
(powerlifters and weightlifters). Furthermore, Miyamoto-
Mikami et al. (2016) have shown that Japanese sprint and 
power athletes exhibit an excess of the CC/CT genotypes 
compared to controls. Thus, our results provide further 
evidence that the AGT gene M235T polymorphism can be 

considered as a genetic determinant of power and 
strength-related phenotypes. However, it is also worth 
noting that individual responses differed quite substantial-
ly across M235T genotypes, with some CC individuals 
exhibiting worse training response in jumping perfor-
mance than TT homozygotes. This clearly indicates that 
other factors, both genetic (hundreds of genetic variants 
influencing physical performance and related traits) and 
non-genetic (e.g. protein intake, motivation, technique, 
baseline training status, etc.) are involved in determining 
the response to training (Wang et al., 2016). 

Exercise genetics and genomics investigators most 
often focus on unravelling the genetic architecture of 
numerous fitness-related phenotypes (Ahmetov et al., 
2016; Wang et al., 2016; Wolfarth et al., 2014). Despite 
existing evidence suggesting that differences in trainabil-
ity may be genetically determined (Hamel et al., 1986; 
Jones et al., 2016; Prud’homme et al., 1984; Rankinen et 
al., 2012; Simoneau et al., 1986), fewer studies have 
looked into genetic determinants of individual differences 
in response to regular training programs (Pitsiladis et al., 
2016). In spite of its popularity, particularly among wom-
en (Zaletel et al., 2013; Williford et al., 1989), aerobic 
dance has rarely been chosen as the training regimen. 
Indeed, only about 40 studies were published between 
2000 and 2011 that investigated the training effects of 
different forms of contemporary aerobics (Zaletel et al., 
2013). Moreover, these were usually conducted in older 
populations, as some authors suggested that a response to 
aerobic dance exercises may be more easily achieved in 
older individuals than among younger ones (Zaletel et al., 
2013). In our group of young females, all measured varia-
bles improved significantly in response to training stimu-
li. In previous studies, the improvement of muscular 
strength related characteristics were reported (Iwata et al., 
2006; Kraemer et al., 2001; Kin-Isler and Kosar, 2006; 
Mori et al., 2006). Two of these studies were conducted in 
older adults (Iwata et al., 2006; Mori et al., 2006), conse-
quently, widely accepted tests of muscular power in legs 
(eg. vertical jumps) could not be carried out. However, 
using an isotonic dynamometer (Mori et al., 2006) or 30-
second chair stand test (Iwata et al., 2006) an improve-
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ment of the lower extremity muscle strength in response 
to contemporary aerobics was demonstrated. In a group of 
college-aged women (comparable to our cohort), Kin-
Isler and Kosar (2006) found a significant improvement in 
anaerobic power of vertical jump in response to a 10 week 
step aerobics training program. Thus, our results and 
previous studies suggest that contemporary aerobics pro-
grams, including high and low impact aerobic dance pro-
vide sufficient stimuli for muscular adaptation changes 
leading to improvement in power and strength abilities. 
This is a valuable observation as aerobic dance exercise 
has traditionally been implemented in order to achieve 
cardiovascular benefits as well as changes in body com-
position (e.g. BMI) (Williford et al., 1989).  

Among the many determinants of muscular power 
(Sargeant, 2007; Reid and Fielding, 2012), at least three 
seem to be influenced by ANG II (known as a skeletal 
muscle growth factor): muscle hypertrophy, activation of 
fast-twitch type II fibers, and the canalization of sympa-
thetic transmission (Jones and Woods, 2003). The angio-
tensinogen level is a rate-limiting step in the generation 
rate of ANG II (Corvol et al., 1997). Therefore, as the 
M235T genotype-dependent differences in plasma angio-
tensinogen level have consistently been found (Danser 
and Schunkert, 2000), the ANG II properties mentioned 
above may also be critical in considering muscular adap-
tation to training stimuli with respect to the M235T geno-
type. One might speculate that the C allele, which has 
been correlated with higher ANG II levels, is favourable 
for jumping performance (explosive power). This is not 
surprising since several genetic (ACE D and rs11091046 
A allele of the angiotensin II type 2 receptor gene) and 
biochemical (circulating angiotensin converting enzyme 
activity) markers have been recently reported to be asso-
ciated with increased proportion of fast-twitch muscle 
fibres, strength, power and ability to be a power/strength-
oriented athlete (Ahmetov et al., 2012; 2016; Folland et 
al., 2000; Gayagay et al., 1998; Jones and Woods, 2003; 
Ma et al., 2013; Mustafina et al., 2014; Williams et al., 
2005; Zhang et al., 2003). 

Many genetic factors, including the genes encod-
ing the main components of renin angiotensin system, 
have been associated with both muscular power/strength 
related phenotypes as well as the adaptation of corre-
sponding skeletal muscle characteristics to training loads. 
For example, the D allele of the I/D ACE polymorphism 
has not only been associated with strength and power-
oriented performance (Puthucheary et al., 2011), but an 
enhanced response to resistance training as well (Folland 
et al., 2000; Giaccaglia et al., 2008; Jones et al., 2016). 
However, Charbonneau et al. (2008) found no ACE asso-
ciations for muscle strength and volume adaptations de-
spite significant baseline differences. Another commonly 
tested genetic variant in athletes, the ACTN3 R577X vari-
ant, has been associated with both muscle size, muscle 
strength (Ma et al., 2013) as well as adaptation to exercise 
(Clarkson et al., 2005). So far, the association between 
AGT polymorphisms and training response has been 
reported with respect to change in blood pressure (Del-
monico et al., 2005; Rankinen et al., 2000), vascular re-
sponse (Dias et al., 2009), and left ventricular hypertro-

phy (Karjalainen et al., 1999). On the other hand, Bae et 
al. (2007) did not find any relationship between the 
M235T polymorphism and blood pressure, maximum rate 
of oxygen consumption, or metabolic parameter changes 
in response to endurance training.  

In the current study, the M235T genotype was as-
sociated with an improvement in single squat and coun-
termovement jump height as well as the average height of 
10 countermovement jumps. No association was observed 
with respect to Wingate peak power and sprint running 
time improvements. Previously, Wingate anaerobic power 
and field tests (jump and sprint-based field tests) have 
been shown to correlate well with each other, and the 
Wingate measures were proposed as predictors of sprint-
ing ability (Kasabalis et al., 2005; Patton and Duggan, 
1987; Shalfawi et al., 2011; Tharp et al., 1985; Wisloff, 
2004). In line with these observations, we found that at 
baseline, the Wingate peak power correlated well with all 
sprint (negative correlation, Pearson r coefficient ranged 
from -0.39 to -0.61) and jump variables (positive correla-
tion, Pearson r coefficient ranged from 0.24 to 0.63, data 
not shown). Although similar correlations were observed 
between post-training measures, these relationships did 
not hold true for pre-post differences (data not shown). It 
means that despite the significant training effects for all 
measured variables at the whole group level (Table 1), 
probably due to the specificity of the training program, 
the extent to which some individuals improved their 
jumping abilities was not the same for sprint running 
times. Interestingly, in some studies the relationship be-
tween muscular strength measures and sprinting perfor-
mance could not be proven (Baker and Nance, 1999; 
Cronin and Hansen, 2005). 

 
Conclusion 
 
Aerobic dance, one of the most commonly practiced adult 
fitness activities in the world (Williford et al., 1989) pro-
vides sufficient training stimuli for augmenting the explo-
sive strength necessary to increase vertical jump perfor-
mance. In addition, to the best of our knowledge, our 
study is the first report of an association between the AGT 
M235T polymorphism and a change in power-related 
phenotypes in response to a training regimen. Therefore, 
the AGT gene M235T polymorphism seems to be not only 
a candidate gene variation for power/strength related 
phenotypes, but also a genetic marker for predicting re-
sponse to training. 
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Key points 
 
• Aerobic dance provides sufficient training stimuli 

for the improvement of explosive power. 
• The AGT gene M235T polymorphism is associated 

with individual variation in the change of power-
related phenotypes in response to aerobic dance 
training.  

• The C allele carriers of the AGT gene M235T pol-
ymorphism show greater improvements of jump-
based variables in comparison with TT homozy-
gotes. 
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