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INFLUENCE OF GENETIC VARIATIONS IN PHYSICAL FITNESS
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Older population has increased and presents reduced physical fitness. On the other
hand, it is known that genetic variants can explain these declines. The aim of this study
was evaluate the effect of ACE ID and ACTN3 R/X polymorphisms in body fat and
physical capacities in old women. 66 old women were genotyped to ACTN3 and ACE
polymorphisms and submitted to anthropometric measurements, physical tests, IPAQ
and a questionnaire related to food intake. For the ACTN3 genotype, XX group presented
reduced levels of upper limb flexibility and cardiorespiratory capacity. Related to ACE
genotype, ID group demonstrated increased cardiorespiratory capacity and decreased
body fat percentage. There was no statistical difference in the other variables. In the
future, data like these will enable each person have his/her intervention focused in that
variables with more genetic potential to decline.
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INTRODUCTION: According to 2000 Census data, the Brazilian population was composed
of 14,5 millions of elderly and in 2010 this number increased to 18 millions. Old age is a
phase of decline in physiological measurements and associated to decreased functional
performance after a fast improvement during the childhood and a maximum between the end
of adolescence and 30 years of age (Martin & Preston, 1994). These hallmarks of aging
result of genetic and environmental factors, as physical activities practice and food habits
(Gottlie et al., 2007). It is also known that decreased physical fitness and increased body fat
may result in decreased physical activity practice, social isolation, increased levels of falls,
chronic degenerative diseases and enlarged public health spending (Gomes, 2012).
On the other hand, genetic polymorphisms are variations in a DNA sequence that affect
more than 1% of the population (Matos, 2005) and angiotensin-converting enzyme (ACE)
and alpha-actinin 3 genes polymorphisms potentially may influence physical fitness in
elderly. ACE has a vital role in the renin angiotensin system, converting angiotensin I to
angiotensin II, which acts in vasoconstrictor function, cell proliferation, cardiac hypertrophy
and aldosterone secretion from adrenals glands (Abdollahi et al., 2005). The possible genetic
variations associated to ACE are insertion (I) or deletion (D) alleles and are related to levels
of enzyme activity (Shulman, 2000). ACTN3, on the other hand, acts in Z line of the muscle
cells, helping in the actin filaments anchorage (Yang et al., 2003). Polymorphisms in its gene
have been associated with muscle function, power and strength (Paparini et al., 2007) and
the possible variations of the ACNT3 polymorphism are R (functional protein) or X (stop
codon) alleles. Studies related to this area are scarce and important to help in the prediction
of physical capacities that will decrease in each person, enabling the adoption of strategies
to slow down these declines. In this context, the aim of this study was to evaluate the effects
of ACE I/D and ACTN3 R/X genetic polymorphisms in body fat, muscle strength, aerobic
capacity, flexibility and agility in old woman.
METHODS: 66 old women from Ribeirao Preto (Sao Paulo) assigned an independent and
informed term of consent and were submitted to health exams to exclude people who
presented health problems that could preclude to perform physical tests.
To ACE I/D and ACTN3 R/X genotyping blood was collected from the antecubital fossa by
venipuncture and the DNA was extracted through phenol-chloroform method. After that step
the sequences of interest were amplified by PCR (polymerase chain reaction). Finally,
agarose gels (1,5% and 3%) were submitted to electrophoresis and colored with SYBR
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green. In the ACTN3 genotyping was also added the Dde I restriction enzyme before the
electrophoresis step (Rodriguez-Romo et al., 2010).
In addition to basics anthropometric measurements (body mass and stature), body
composition were analyzed by bioimpedance (Maltron BF-906). Six minutes walking test,
chair sit and reach test, back scratch test, arm curl test and AAHPERD agility test (Osness et
al., 1990; Rikli & Jones, 2008) were performed in order to measure physical capacities. IPAQ
to measure physical activity level and the Food Consumption Markers Questionnaire for
analysis of consumption of 10 food groups during a week were also used.
Related to statistical analysis, t Student test for independent samples was performed to
compare the groups related to ACTN3 gene and one-way analysis of variance (ANOVA) for
ACE genotyping - when appropriated, the Tukey's post-hoc test was done. The significance
level adopted was 5%.
RESULTS/DISCUSSION: In Table 1 no differences were observed for the ACTN3 and ACE
genes among the groups related to age, stature, body mass and body mass index. However,
the ID group presented lower values for body fat when compared with the other two groups.
Table 1
Sample characterization. Data are presented as mean ± standard error of mean and the sample
number for each group in parentheses. BMI: body composition; BM: body mass index. *:
p<0.05 versus the others two groups.

ACTN3

ACE

Groups
(n)

XX
(n)

RR/RX
(n)

Age (years)

63,9 ± 2,9
(13)

60,1 ± 1,1
(52)

Stature (m)

1,60 ± 0,01
(13)

BM (kg)

ID
(n)

II
(n)

63,2 ± 1,9
(26)

61,2 ± 1,8
(23)

59,2 ± 1,9
(16)

1,60 ± 0,01
(52)

1,59 ± 0,01
(26)

1,60 ± 0,01
(23)

1,60 ± 0,02
(16)

72,7 ± 5,5
(13)

70,4 ± 1,2
(52)

69,6 ± 1,9
(26)

67,3 ± 2,8
(23)

78,2 ± 5,8
(16)

BMI (kg/m 2)

28,3 ± 1,9
(13)

27,5 ± 0,7
(51)

27,4 ± 0,6
(26)

26,0 ±1
(23)

30,0 ± 2
(16)

Body fat (%)

31,8 ± 3,7
(12)

31,3 ± 1,4
(51)

33,4 ± 1,5
(25)

26,6 ± 2,2*
(23)

35,6 ± 3,1
(15)
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In Table 2 is possible to observe that XX group presented lower performance in the six
minutes walking test and in the back scratch test. For the ACTN3 gene the ID group
presented a better performance than II group in the six minutes walking test.
Table 2
Physical capacities. Data are presented as mean ± standard error of mean and the sample
#
number for each group in parentheses. *p<0.05; p<0.05 versus II.

ACTN3

ACE

Groups
(n)

XX
(n)

RR/RX
(n)

DD
(n)

ID
(n)

II
(n)

Agility (seg)

24,7 ± 3,3
(12)

23 ± 1,2
(51)

20,8 ± 2,1
(51)

22,8 ± 1,2
(23)

26 ± 2,9
(15)

Sit and reach
(cm)

-1,5 ± 3,2
(13)

1,2 ± 1,2
(51)

1 ± 1,6
(24)

0,6 ± 1,9
(23)

0,3 ± 2,8
(15)

6 min (m)

502± 31
(12)

565 ± 11 *
(50)

541 ± 13
(25)

592 ± 18 #
(23)

509 ± 25
(14)

Back scratch
(cm)

-13,9 ± 5,6
(11)

-3,3 ± 1,5 *
(51)

-4,4 ± 2,1
(24)

1,8 ± 2,4
(23)

11,6 ± 4,5
(15)

Arm curl
(repetitions)

17,4 ± 1,3
(12)

19,6 ± 0,7
(52)

18,4 ±0,8
(26)

20,4 ± 1,2
(23)

18,7 ± 1,2
(15)

The different groups no showed difference in terms of physical activity level and only one
variation of the ten food groups. Then, it is possible to suppose that the differences in body
composition, flexibility levels and in cardiorespiratory capacity are associated to genetic
variations and not to environmental factors.
Data from a study of Lemes et al. (2013) with Brazilian children and teens showed that DD
and ID have lower body fat when compared to II group. However, Passaro et al. (2011) and
Bonnet et al. (2008), studying European population, did not demonstrate differences for body
fat in any group related to ACE gene. These data show the importance of multicenter studies
with different populations and age ranges.
It was demonstrated that groups presented similar results in the strength test. This reinforces
importance of studies with older people because Ahmetov et al. (2014) performed a study
with 209 juvenile Russian athletes, in which testosterone levels were increased in R-allelecarries compared to XX genotype. Additionally, Norman et al. (2014) concluded that X allele
prevalence is reduced among strength/speed athletes, suggesting that ACTN3 is crucial to
these capacities in young adults.
Related to other physical fitness variables, the ID group presented better aerobic capacity
when compared to II group and this result is not found in other studies from literature.
Almeida et al. (2012) and Nazarov et al. (2001) showed better aerobic capacity associated to
the II genotype for physically active young people and athletes, respectively. Finally, RR/RX
ACTN3 genotype presented better aerobic capacity and flexibility of upper limbs. Pimenta et
al. (2013) demonstrated better aerobic capacity associated to X allele. On the other hand,
there is no study related to flexibility. Differences in physical tests performed, physical activity
level and age may help to explain these different results, suggesting that these
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polymorphisms and gene expression related to them can be regulated according to level of
physical activity and age.
CONCLUSION: Old women with the XX ACTN3 genotype was associated to lower levels of
flexibility in the upper members and cardiorespiratory capacity. On the other hand, ID ACE
genotype resulted in better cardiorespiratory capacity and lower body fat percentage.
Related the professional practice, people that present genetic characteristics that predispose
to lower results in any physical capacity should try to improve it before to reach old age.
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