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a b s t r a c t
Objectives: In this study the association between genetic polymorphisms and power athlete status with
possible interference by race and sex was investigated to identify genetic variants favourable for becoming
a power athlete.
Design: This meta-analysis included both, case-control and Cohort studies.
Methods: Databases of PubMed and Web of Science were searched for studies reporting on genetic polymorphisms associated with the status of being a power athlete. Thirty-five articles published between
2008 and 2016 were identified as eligible including a total number of 5834 power athletes and 14,018
controls. A series of meta-analyses were conducted for each of the identified genetic polymorphisms
associated with power athlete status. Odds ratios (ORs) based on the allele and genotype frequency with
corresponding 95% confidence intervals (95%CI) were calculated per genetic variant. Heterogeneity of
the studies was addressed by Chi-square based Q-statistics at 5% significance level and a fixed or random
effects model was used in absence or presence of heterogeneity respectively. Stratified analyses were
conducted by race and sex to explore potential sources of heterogeneity.
Results: Significant associations were found for the genetic polymorphisms in the ACE (rs4363,
rs1799752), ACTN3 (rs1815739), AGT (rs699), IL6-174 (rs1800795), MnSOD (rs1799725), NOS3
(rs1799983, rs2070744) and SOD2 (rs4880) genes.
Conclusions: Nine genetic polymorphisms have been identified in the meta-analyses to have a significant
association with the status of being a power athlete. Nevertheless, more research on the investigated
genes needs to be done to draw comprehensive conclusions.
© 2017 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

1. Introduction
Typical power related sports can involve a short movement as
sprinting and throwing but also a series of the same or different
power movements over time, for example rowing.1,2 The development of high muscular power can be seen as the main goal
of any power athlete for achieving the maximum performance in
their sport. Muscular power is an important component of fitness
for power athletes as it is needed in any movement of a power
related sport, requiring a well-trained muscular system.3 This component refers to the ability to exert a maximal force at a given
period of time, also equivalent to the energy output per unit of
time or the rate of work.4 Muscular power is mainly expressed as
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the power output, which is determined by physiological factors like
muscle fiber size, length, muscle fiber type and the muscle fiber
maximum contraction velocity (Vmax) with the athlete’s relative
proportions of the two muscle fiber types as one of the most important factors.5 Literature suggests that the proportion of type I and
type II muscle fibers is almost equal in healthy sedentary controls,6
while power athletes of higher competitive level were estimated
to have up to 80% type II muscle fibers7 indicating that a high
proportion of type II muscle fibers might be beneficial for power
related sports. Type II muscle fibers can be divided in: a) oxidative IIa and b) glycolytic IIx muscle fibers. While IIx muscle fibers
fatigue more quickly than IIa, they produce the highest force and
are, therefore, most useful for very short explosive movements.5
Muscle fiber size, shape and proportion of different fiber types
are partially determined by the athlete’s genotype, meaning that
favorable genotypes for power related sports can be identified and
used to optimize training programmes. In 2007, De Moor et al.8
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estimated the genetic predisposition of athletic performance to be
greater than 60% and only one third being due to environmental
components such as training, nutrition and technological aids,9,10
underlying the importance of sports genomics for researchers, athletes and coaches.11 To date, several genes associated with power
athlete performance have already been suggested.12,13 One example of a commonly researched genetic variant in relation to the
status of being a power athlete is the single nucleotide polymorphism (SNP) rs1815739, which alters the normal C-nucleotide in a
T-nucleotide, in the ACTN3 gene. The ACTN3 gene encodes for the
!-Actinin-3 protein, an actin-binding protein that plays a role in
the human skeletal muscle. This protein is expressed in the type
II muscle fibers where it helps to keep the myofibrillar actin filaments attached to each other.14 A non-sense mutation results in
a dysfunctional version of the protein, leading to a deficiency of
the !-Actinin-3 protein which is substituted by alpha-actinin-2.15
This deficiency slows metabolic and physiological properties of fast
fibres resulting to a shift toward increased oxidative metabolism
in fast muscle fibres and thereby decreasing the speed in which
these muscle fibers can generate force.16 Therefore, it is not surprising that MacArthur et al.15 and Yang et al.17 observed a higher
frequency of the CC (RR) genotype at this SNP in sprint athletes,
a typical power sport, compared to healthy sedentary controls.
Many other genes have been linked to power athlete status, i.e.
ACE, ADRB1, ADRB2, ADRB3, AGT, CNTFR, FTO, IGF1, IGF-IR, IL6-174,
GDF-8, GNB3, MCT1, MnSOD, NOS3, NRF-2, SOD2.<
Although there is a lot of existing literature on genetic polymorphisms associated with power athlete status, studies generally
investigate no more than one or two specific genetic variants or
do not include a meta-analysis.18–20 Identifying genetic variants
associated with power athlete status is relevant for researchers,
athletes and the coaching team to optimize the training process.
This genetic knowledge may help athletes to develop their athletic
potential most optimally. Therefore, the aim of this meta-analysis
is to quantify the association between genetic polymorphisms and
the status of being a power athlete.

2. Methods
2.1. Literature identification
Databases of PubMed and Web of Science were searched for eligible studies assessing genetic polymorphisms related to the status
of being a power athlete during the period from the 2th of April
2016 until the 10th of August 2016.
Included search terms consisted of the names of several genetic
polymorphisms, SNPs and “genetic polymorphism” in combination
with “muscular power” and “power”. Furthermore, additional studies were identified through cross-referencing of relevant reviews
obtained in the search. No restriction was used with regard to the
language or the date of publication.

2.2. Inclusion and exclusion criteria
Articles were considered eligible if they assessed genetic polymorphisms associated with the status of being a power athlete,
which was defined as athletes competing at higher national and/or
international competitive level, with the sport being identified as a
power sport by the authors of each study. Included power athletes
were sprinters, jumpers, throwers, track athletes, swimmers, rowers, short distance speed skaters, ice hockey players, rugby players,
bodybuilders, power lifters and weightlifters. Articles using animals, diseased participants or review articles were excluded.

2.3. Data extraction
For all articles, the following information of the study was
extracted: author and year, journal, country of the study, objective of the study, study design, total number of athletes and
controls, type of athletes and controls, race and sex of participants, researched gene(s), reported subpopulations within the
study population, major allele and the preferential genotype for
power athlete status (reference group), genotype and allele frequencies among power athletes and controls and for each of the
subgroups.
2.4. Statistical analysis
A series of meta-analyses were conducted for each of the identified genetic polymorphisms associated with power athlete status.
The strength of association of the genetic polymorphisms with
power athlete status was estimated by calculating odds ratios (ORs)
with corresponding 95% confidence intervals (95%CI) per genetic
variant, based on the allele and genotype frequencies. Heterogeneity of the studies was addressed by Chi-square based Q-statistics.
A random effects model was used in case of statistically significant heterogeneity, while a fixed effects model was used otherwise.
Stratified analyses were conducted by race and sex to explore
potential sources of heterogeneity in the studies and create insight
into the associations of each genetic variant on power athlete status under influence of the stratified factors. The statistical analyses
were done in Stata 14 (Statacorp LP) with significance levels of 5%,
which represents a p-value of <0.05.
3. Results
A total of 4728 articles were identified through the search in
PubMed and Web of Science (Fig. 1). After deduplication, 2626 articles were scanned based on title and abstract, of which 2534 articles
were excluded. From the 92 remaining articles, another 61 articles
were excluded after full text selection due to the following reasons:
used athletes were not clearly defined as power athletes or not of
higher competitive level, a control group was missing, or allele and
genotype frequencies were not reported. Four usable articles were
identified through cross-referencing resulting in a final number of
35 articles published between 2008 and 2016.
Table 1 shows the characteristics of the 36 included studies
regarding author, year, country, race as well as the total of investigated genes and the total of included athletes and controls.
Table 2 shows the results of the meta-analyses of the association between the genetic polymorphisms of the ACE (rs4363,
rs1799752), ACTN3 (rs1815739), AGT (rs699), FTO (rs9939609), IL6174 (rs1800795), GNB3 (rs5443), NOS3 (rs2070744) gene and power
athlete status for all genes with two or more studies per SNP. In
this table only the overall analyses for each gene are presented.
The subgroup analyses for each gene can be found in Table 3.
With regard to the SNP ACE rs4363, athletes carrying the AG genotype had a significantly 1.69 (95%CI = 1.12; 2.56) times greater
chance of becoming a power athlete compared to athletes carrying the preferential genotype for power athlete status (AA). In
the subgroup analysis by race, having the AG genotype yielded
a significantly 2.18 (95%CI = 1.19; 3.99) lower chance of becoming a power athlete among the US African American group, but
not among the Jamaican subgroup. At the SNP ACE rs1799752, an
insertion (ID genotype) resulted in a significant association with
power athlete status (OR = 0.64; 95%CI = 0.41; 0.99) compared to the
preferential genotype for power athlete status (DD, no insertions)
in Caucasians. Furthermore the ID genotype yielded significance
among a European population (OR = 0.46; 95%CI = 0.25; 0.86) and
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Fig. 1. Flow Diagram of study design.

US African Americans (OR = 0.80; 95%CI = 0.70; 0.91). With regard to
SNP rs1815739 of the ACTN3 gene, carriers of the T allele had a 0.80
(95%CI = 0.70; 0.91) lower chance of becoming a power athlete compared to carriers of the C allele. Furthermore having the CT genotype
resulted in a 0.58 (95%CI = 0.48; 0.70) times lower chance of becoming a power athlete when compared to the preferential genotype
for power athlete status (CC). In the subgroup analysis by race,
significance was observed for having the CT genotype compared
to the preferential genotype for power athlete status (CC) among
the Caucasian group (OR = 0.84; 95%CI = 0.42; 0.67). In Asians, athletes having the CT genotype were significantly 0.70 (95%CI = 0.52;
0.95) times less likely to become a power athlete compared to the
preferential genotype for power athlete status (CC). Subgroup analysis by sex yielded significance for T allele carriage and having
the TT genotype in both groups: males and females together and
males only (see Table 2 for further details). Additionally, a significant association with power athlete status (OR = 0.44; 95%CI = 0.27;
0.84) was found for having the TT genotype compared to the preferential genotype for power athlete status (CC) in Russians. With
regard to SNP rs699 of the AGT gene, athletes carrying the C allele
had a significantly 1.59 (95%CI = 1.15; 2.20) times greater chance
of becoming a power athletes compared to athletes carrying the

T allele. Furthermore, having the CC genotype resulted in a significantly 2.54 (95%CI = 1.69; 3.82) times greater chance to become
a power athlete compared to the preferential genotype for power
athlete status (TT). In the subgroup analysis by sex, significance was
observed for athletes carrying the C allele (OR = 1.863; 95%CI = 1.06;
3.27) compared to athletes carrying the T allele and athletes having
the CC genotype (OR = 2.89; 95%CI = 1.64; 5.07) compared to athletes having the TT genotype in males and females together. In the
male subgroup, having the CC genotype resulted in a significantly
2.20 (95%CI = 1.21; 3.99) times lower chance of becoming a power
athlete compared to having the preferential genotype for power
athlete status (TT).
With regard to SNP rs1800795 of the IL6-174 gene, athletes carrying the C allele were significantly 0.67 (95%CI = 0.47; 0.94) times
less likely to become a power athlete compared to athletes carrying the G allele. Furthermore, having the GC genotype had a
0.51 (95% = 0.35; 0.74) lower chance of becoming a power athlete
compared to the preferential genotype for power athlete status
(GG). In the subgroup analysis by sex, significant associations with
power athlete status were observed for C allele carriage (OR = 0.58;
95% = 0.41; 0.82) compared to G allele carriage, the CC genotype (OR = 0.53; 95% = 0.33; 0.83) and the CG genotype (OR = 0.43;
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Table 1
Descriptive table of included studies.
Country of studya

Race

Name genes (rs number)

Total athletes

Total controls

Ahmetov et al.
Bell et al.48
Ben-Zaken et al.56
Ben-Zaken et al.35,57
Ben-Zaken et al.61
Ben-Zaken et al.61
Cieszczyk et al.14
Cieszczyk et al.44
Costa et al.41
Druzhevskaya et al.49
Eider et al.32
Eider et al.36
Eider et al.32,42
Eynon et al.46
Eynon et al.31,58,62
Eynon et al.31,58,62

RU, PL
WAL, UK
IL
IL
IL
IL
PL
PL
PT
RU
PL
PL
PL
ES, PL, RU
ES, PL, RU
ES

Caucasian
European
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
European
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian

321
102
160
87
65
74
158
80
25
486
158
116
100
349
285
114

917
110
159
159
128
240
254
204
100
1197
254
191
354
808
1416
330

Eynon et al.34
Eynon et al.45
Garatachea et al.50
Gomez-Gallego et al.28,37
Gomez-Gallego et al.28,37
Hong et al.51
Kikuchi et al.52
Miyamoto-Mikami et al.55
Papadimitriou et al.47
Papadimitriou et al.43
Ruiz et al.29

IL, ES
ES, PL, RU
ES
ES
ES
KR
JP
JP
GR
GR
ES

Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Caucasian
Asian
Asian
Caucasian
Caucasian
Caucasian

81
379
100
63
100
84
627
211
73
73
53

205
568
283
119
100
361
810
814
181
181
100

Ruiz et al.53
Ruiz et al.29,33
Ruiz et al.60
Santiago et al.54

ES
ES
ES, IL
ES

Caucasian
Caucasian
Caucasian
Caucasian

119
53
134
53

343
100
340
100

Sawczuk et al.59
Scott et al.21
Yang et al.17
Zarebska et al.30

PL
JAM, US
AU
PL

Caucasian
African
Caucasian
Caucasian

SOD2 CT (rs4880)
ACTN3 CT (rs1815739)
IGF1 CT (rs35767)
IGF-IR AC(rs1464430)
MnSOD CT (rs1799725)
MCT1 AT (rs1049434)
ACTN3 CT (rs1815739)
ACTN3 CT (rs1815739)
ACE ID (rs1799752)
ACTN3 CT (rs1815739)
IL6-174 GC (rs1800795)
NOS3 GT (rs1799983)
ACE ID (rs1799752)
ACTN3 CT (rs1815739)
FTO
NRF-2 AC, AG, CT (rs12594956,
rs7181866, rs8031031)
IL6-174 GC (rs1800795)
ACTN3 CT (rs1815739)
ACTN3 CT (rs1815739)
AGT CT (rs699)
NOS3 TC (rs2070744)
ACTN3 CT (rs1815739)
ACTN3 CT (rs1815739)
CNTFR CT (rs3745672)
ACE ID (rs1799752)
ACTN3 CT (rs1815739)
ACE ID (rs1799752), ACTN3 CT
(rs1815739), AGT CT (rs699), IL6-174
GC (rs1800795), GDF-8 AT
(rs1805086), NOS3 TC (rs2070744)
ACTN3 CT (rs1815739)
IL6-174 GC (rs1800795)
GNB3 CT (rs5443)
ADRB1 AG (rs1801253), ADRB2 GA, GC
(rs1042713, rs1042714), ADRB3 TA
(rs4994)
GNB3 CT (rs5443)
ACE AG (rs4363)
ACTN3 CT (rs1815739)
AGT CT (rs699)

100
644
107
100

354
1458
436
344

Study
12

a
This is the country, where the study took place; Abbreviations used were: AU = Australia, ES = Spain, GR = Greece, IL = Israel, JAM = Jamaica, JP = Japan, KR = Korea, PL = Poland,
PT = Portugal, RU = Russia, UK = United Kingdom, US = United States; WAL = Wales.

Table 2
Meta-analyses of the association between the genetic polymorphisms of the investigated genes and power athlete status with two or more studies per SNP.
Gene

Subgroup
analysis

No. of
studies

Major
allele

Wildtype

Allele based ORa
(95%CI)

HMGT based ORb
(95%CI)

HTGT based ORc
(95%CI)

ACE AG (rs4363)
ACE ID (rs1799752)
ACTN3 CT (rs1815739)
AGT CT (rs699)
FTO AT (rs9939609)
IGF1 CT (rs35767)
IL6-174 GC (rs1800795)
GNB3 CT (rs5443)
NOS3 TC (rs2070744)

Overall
Overall
Overall
Overall
Overall
Overall
Overall
Overall
Overall

2
6
19
3
3
2
4
2
2

A
D
C
T
T
C
G
C
T

AA
DD
CC
TT
TT
CC
GG
CC
TT

1.14 (0.77; 1.70)
0.83 (0.62; 1.11)
0.79 (0.69; 0.91)
1.59 (1.15; 2.20)
1.21 (0.85; 1.71)
1.52 (0.88; 2.62)
0.67 (0.47; 0.94)
1.10 (0.73; 1.66)
0.54 (0.35; 0.81)

1.10 (0.66; 1.84)
0.73 (0.45; 1.18)
0.58 (0.47; 0.71)
2.54 (1.69; 3.82)
1.19 (0.82; 1.74)
N/A
0.75 (0.35; 1.59)
1.16 (0.68; 1.95)
0.43 (0.22; 0.84)

1.69 (1.12; 2.56)
0.84 (0.59; 1.20)
0.86 (0.75; 0.98)
0.77 (0.52; 1.13)
1.12 (0.83; 1.50)
1.34 (0.88; 2.04)
0.51 (0.35; 0.74)
1.20 (0.87; 1.65)
0.37 (0.22; 0.64)

Abbreviation: OR, odds ratio; CI, confidence interval; HMGT, homogenous genotype; HTGT, heterogeneous genotype; N/A, not available.
a
Calculated OR and 95%CI based on allele frequency (minor allele versus major allele).
b
Calculated OR and 95%CI based on genotype frequency (homozygote genotype of minor allele versus wildtype).
c
Calculated OR and 95%CI based on genotype frequency (heterozygote genotype of minor allele versus wildtype).

95% = 0.31; 0.61) compared to the preferential genotype for power
athlete status (GG) among the male subgroup. With regard to
SNP rs2070744 of the NOS3 gene, athletes carrying the C allele
were significantly 0.54 (95%CI = 0.35; 0.81) less likely to become
power athlete compared to athletes carrying the T allele. Additionally, significance was observed for the CC genotype (OR = 0.431;
95%CI = 0.22; 0.84) and TC genotype (OR = 0.37; 95%CI = 0.22; 0.64)
compared to the preferential genotype for power athlete status
(TT).

In Table 4 the results of all genes with only one study per SNP are
presented. These SNPs are ADRB1 (rs1801253), ADRB2 (rs1042713,
rs1042714), ADRB3 (rs4994), CNTFR (rs3745672), IGF1 (rs35767),
IGF-IR (rs1464430), GDF-8 (rs1805086), NOS3 (rs1799983), NRF2(rs12594956, rs7181866, rs8031031) and SOD2 (rs4880). At the
SNP rs1799725 of the MnSOD gene, having the TT genotype
resulted in a significantly 2.70 (95%CI = 1.08; 6.72) times and having the CT genotype in a significantly 2.35 (95%CI = 1.21; 4.55)
times lower chance of becoming a power athlete compared to
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Table 3
Subgroup-analyses of the association between the genetic polymorphisms of the investigated genes and power athlete status.
Gene

Subgroup
analysis

No. of
studies

Major
allele

Wildtype

Allele based ORa
(95%CI)

HMGT based ORb
(95%CI)

HTGT based ORc
(95%CI)

ACE AG (rs4363)

Jamaican
US African
American

1
1

A
A

AA
AA

1.088 (0.616; 1.920)
1.200 (0.687; 2.096)

0.966 (0.485; 1.926)
1.289 (0.602; 2.761)

1.416 (0.872; 2.300)
2.179 (1.190; 3.991)

ACE ID (rs1799752)

African
Caucasian
Males, females
Males
European
Jamaican
US African
American

2
3
5
1
1
1
1

D
D
D
D
D
D
D

DD
DD
DD
DD
DD
DD
DD

1.000 (0.672; 1.488)
0.867 (0.580; 1.296)
0.757 (0.565; 1.016)
1.299 (0.734; 2.296)
0.460 (0.247; 0.857)
1.177 (0.672; 2.062)
0.800 (0.702; 0.912)

0.951 (0.431; 2.097)
0.624 (0.383; 1.018)
0.685 (0.391; 1.200)
1.034 (0.345; 3.101)
N/A
1.380 (0.725; 2.629)
0.615 (0.281; 1.344)

1.189 (0.827; 1.709)
0.638 (0.412; 0.988)
0.803 (0.546; 1.182)
1.310 (0.444; 3.869)
0.681 (0.277; 1.673)
1.364 (0.823; 2.260)
1.026 (0.609; 1.730)

ACTN3 CT (rs1815739)

African
Caucasian
Asian
Males, females
Males
European
Jamaican
US African
American
Spanish
Polish
Russian

2
15
1
13
7
1
1
1

C
C
C
C
C
C
C
C

CC
CC
CC
CC
CC
CC
CC
CC

0.893 (0.521; 1.532)
0.765 (0.660; 0.887)
0.845 (0.485; 1.472)
0.827 (0.703; 0.974)
0.755 (0.608; 0.938)
1.085 (0.620; 1.900)
1.000 (0.450; 2.223)
0.812 (0.391; 1.688)

0.839 (0.290; 2.422)
0.531 (0.423; 0.666)
0.704 (0.522; 0.951)
0.610 (0.477; 0.781)
0.516 (0.381; 0.698)
1.048 (0.468; 2.348)
1.349 (0.330; 5.513)
0.456 (0.092; 2.249)

0.909 (0.631; 1.311)
0.835 (0.706; 0.987)
0.793 (0.611; 1.028)
0.881 (0.734; 1.057)
0.880 (0.698; 1.109)
1.280 (0.694; 2.360)
0.924 (0.551; 1.550)
0.895 (0.534; 1.501)

2
2
2

C
C
C

CC
CC
CC

0.933 (0.627; 1.387)
0.854 (0.564; 1.292)
0.751 (0.503; 1.120)

0.804 (0.475; 1.362)
0.585 (0.335; 1.022)
0.473 (0.265; 0.844)

1.010 (0.699; 1.461)
0.984 (0.735; 1.316)
1.175 (0.769; 1.795)

AGT CT (rs699)

Males, females
Males

1
2

T
T

TT
TT

1.863 (1.062; 3.267)
1.468 (0.989; 2.180)

2.888 (1.644; 5.072)
2.198 (1.211; 3.990)

0.918 (0.526; 1.602)
0.653 (0.381; 1.117)

FTO AT (rs9939609)

Spanish
Polish
Russian

1
1
1

T
T
T

TT
TT
TT

1.846 (0.892; 3.822)
1.020 (0.584; 1.783)
1.111 (0.629; 1.962)

1.829 (0.446; 7.499)
1.027 (0.553; 1.906)
1.242 (0.748; 2.063)

2.286 (0.712; 7.338)
1.052 (0.649; 1.706)
1.071 (0.728; 1.576)

IL6-174 GC (rs1800795)

Males, females
Males

1
3

G
G

GG
GG

1.244 (0.588; 2.632)
0.576 (0.406; 0.818)

N/A
0.526 (0.331; 0.834)

0.876 (0.473; 1.622)
0.430 (0.306; 0.606)

Abbreviation: OR, odds ratio; CI, confidence interval; HMGT, homogenous genotype; HTGT, heterogeneous genotype; N/A, not available.
a
Calculated OR and 95%CI based on allele frequency (minor allele versus major allele).
b
Calculated OR and 95%CI based on genotype frequency (homozygote genotype of minor allele versus wildtype).
c
Calculated OR and 95%CI based on genotype frequency (heterozygote genotype of minor allele versus wildtype).
Table 4
Meta-analyses of the association between the genetic polymorphisms of the investigated genes and power athlete status with one study per SNP.
Gene

Subgroup
analysis

No. of
studies

Major
allele

Wildtype

Allele based ORa
(95%CI)

HMGT based ORb
(95%CI)

HTGT based ORc
(95%CI)

ADRB1 AG
(rs1801253)
ADRB2 GA
(rs1042713)
ADRB2 GC
(rs1042714)
ADRB3 TA (rs4994)
CNTFR CT
(rs3745672)
IGF-IR AC
(rs1464430)
GDF-8 AT
(rs1805086)
MCT1 AT
(rs1049434)
MnSOD CT
(rs1799725)
NOS3 GT
(rs1799983)
NRF-2 AC
(rs12594956)
NRF-2 AG
(rs7181866)
NRF-2 CT
(rs8031031)
SOD2 CT (rs4880)

Overall

1

C

CC

1.16 (0.65; 2.07)

1.43 (0.48; 4.30)

1.09 (0.53; 2.22)

Overall

1

G

GG

0.66 (0.37; 1.15)

0.46 (0.18; 1.18)

0.81 (0.39; 1.71)

Overall

1

C

CC

0.96 (0.53; 1.73)

0.92 (0.33; 2.57)

0.97 (0.47; 2.00)

Overall
Overall

1
1

T
C

TT
CC

2.79 (0.85; 9.14)
0.98 (0.54; 1.80)

N/A
1.30 (0.76; 2.22)

2.41 (0.87; 6.67)
1.00 (0.73; 1.38)

Overall

1

C

CC

1.62 (0.90; 2.91)

N/A

1.30 (0.69; 2.46)

Overall

1

A

AA

0.48 (0.14; 1.65)

N/A

0.94 (0.27; 3.27)

Overall

1

A

AA

0.82 (0.44; 1.53)

0.53 (0.19; 1.44)

1.02 (0.56; 1.85)

Overall

1

C

CC

1.588 (0.897; 2.812)

2.70 (1.08; 6.72)

2.35 (1.21; 4.55)

Overall

1

G

GG

0.53 (0.28; 1.00)

0.34 (0.13; 0.90)

0.48 (0.29; 0.79)

Overall

1

A

AA

1.21 (0.70; 2.11)

1.75 (0.50; 6.20)

1.74 (0.60; 5.09)

Overall

1

A

AA

0.51 (0.11; 2.33)

N/A

0.56 (0.12; 2.66)

Overall

1

C

CC

N/A

N/A

0.95 (0.04; 23.77)

Overall

1

C

CC

0.83 (0.48; 1.45)

0.68 (0.47; 0.98)

0.97 (0.72; 1.30)

Abbreviation: OR, odds ratio; CI, confidence interval; HMGT, homogenous genotype; HTGT, heterogeneous genotype; N/A, not available.
a
Calculated OR and 95%CI based on allele frequency (minor allele versus major allele).
b
Calculated OR and 95%CI based on genotype frequency (homozygote genotype of minor allele versus wildtype).
c
Calculated OR and 95%CI based on genotype frequency (heterozygote genotype of minor allele versus wildtype).
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the preferential genotype for power athlete status (CC). The SNP
rs1799983 of the NOS3 gene yielded significance for the TT genotype (OR = 0.34; 95%CI = 0.13; 0.90) and GT genotype (OR = 0.48;
95%CI = 0.29; 0.79). At the SNP rs4880 of the SOD2 gene, the TT genotype yielded significance with an OR of 0.68 (95%CI = 0.47; 0.98)
meaning that athletes having this genotype were 0.68 times less
likely to become a power athlete compared to athletes having the
CC genotype. Overall no significant associations between the SNPs
of the ADRB1 (rs1801253), ADRB2 (rs1042713, rs1042714), ADRB3
(rs4994), CNTFR (rs3745672), FTO (rs9939609), IGF1 (rs35767),
IGF-IR (rs1464430), GDF-8 (rs1805086), GNB3 (rs5443), MCT1
(rs1049434) and NOS3 (rs1799983, rs2070744, rs12594956) gene
and power athlete status were observed.

4. Discussion
The purpose of this meta-analysis was to investigate genetic
polymorphisms associated with power athlete status and possible interference by race and sex. In total 35 articles were found
eligible for this meta-analysis published between 2008 and 2016.
Significant associations were found for 9 polymorphisms in the
ACE (rs4363, rs1799752), ACTN3 (rs1815739), AGT (rs699), IL6-174
(rs1800795), MnSOD (rs1799725), NOS3 (rs1799983, rs2070744)
and SOD2 (rs4880) genes, with some differential effects between
subgroups of sex and/or race.
Results of this meta-analysis show that US African American
carriers of the ACE AG genotype (rs4363) were more than two
times more likely to become a power athlete compared to carriers of the ACE preferential genotype for power athlete status (AA)
in this population. This association turned out not to be significant
in the Jamaican population, even though the included power athletes were highly comparable to the power athletes used in the
US African American population regarding the competitive level
as both populations consisted of “extremely elite athletes”.21 One
possible explanation is that both, the Jamaican power athletes and
the Jamaican controls, had a high prevalence of the ACE preferential genotype for power athlete status (AA) with a proportion of 34%
and 40% respectively, meaning that a larger sample size would be
required to achieve statistical significance.
For the ACE ID polymorphism (rs1799752), the subgroup analyses show that carriage of the insertion allele in a European
population (OR = 0.46; 95%CI = 0.25; 0.86) and US African Americans
(OR = 0.80; 95%CI = 0.70; 0.91) as well as having the ACE ID genotype in Caucasians (OR = 0.64; 95%CI = 0.41; 0.99) is less beneficial
for becoming a power athlete. As the ACE insertion allele is overrepresented in endurance athletes22 the present findings indicate that
the absence of the insertion might be an advantage for becoming a
power athlete. A significant association of the ACE D allele with elite
power athlete status was also observed by several other studies,23
suggesting that the ACE D allele can be considered as a power allele.
Contrary results were obtained by Shahmoradi et al.,24 who found
a higher proportion of the D allele in long distance cyclists of elite
level, which would mean that the D allele is beneficial for endurance
sports and not for power-related sports. This finding is also supported by Amir et al.,25 who observed a higher frequency of the ACE
D allele in Israeli elite endurance athletes compared to Israeli elite
sprinters (77% vs. 57%). With regard to the ACE ID genotype in Caucasians, higher frequencies of this genotype were found in Polish
and Caucasian long distance swimmers by Grenda et al.26 confirming the result of this study, that the ACE ID genotype might be less
beneficial for becoming a power athlete as Caucasian. It should be
note, however, that the contradictory findings might also be caused
be the different kind of sport disciplines examined in the different
studies. It is questionable whether the profile for power athletes in

short distance swimming, sprinting and short distance cycling are
similar.
The results for the ACTN3 CT polymorphism (rs1815739) show
that carriers of the T allele compared to carriers of the C allele were
significantly 0.80 (95%CI = 0.70; 0.91) times less likely to become a
power athlete. Additionally, athletes having the TT genotype compared to the preferential genotype for power athlete status (CC)
were 0.58 (95%CI = 0.48; 0.70) times less likely to become a power
athlete indicating that the ACTN3 T allele as well as the TT genotype
is negatively associated with power athlete status. Additionally, in
Caucasians, athletes having the CT genotype were significantly less
likely (OR = 0.84; 95%CI = 0.42; 0.67) to become a power athlete.
Present findings were supported by the literature, which stated
that ACTN3C allele and CC genotype are associated with power athlete status.17,27 Even though the CT genotype was more present in
strength athletes, the same study found an underrepresentation of
the T allele in the used population indicating that C allele carriage
might be beneficial for both; power and strength related sports.
Results of the AGT CT polymorphism (rs699) show that C allele
carriage (OR = 1.59; 95%CI = 1.15; 2.20) and having the CC genotype (OR = 2.54; 95%CI = 1.69; 3.82) was positively associated with
power athlete status in Caucasian elite and top national level power
athletes.28–30 As the ACE D allele uses the same pathway and is associated with power athlete status, literature suggested that the AGT
C allele might be beneficial a well for becoming a power athlete.31
Although this study found a positive association of the AGT C allele
and power athlete status, up to date a definitive conclusion about
a possible advantage of C allele carriage for power related sports
cannot be made.
The IL6-174 GC polymorphism (rs1800795) obtained negative
significant associations with power athlete status for IL6-174C
allele versus G allele carriage (OR = 0.67; 95%CI = 0.47; 0.94) and
having the CC (OR = 0.53; 95% = 0.33; 0.83) as well as having the
GC genotype (OR = 0.43; 95% = 0.31; 0.61) compared to the preferential genotype for power athlete status (GG) in 3 male Caucasian
populations.32,33 These findings indicate that the G allele as well
as the GG genotype might be beneficial for becoming a power athlete. However, no significant association between the G allele and
power athlete status was found.34
The MnSOD CT polymorphism (rs1799725) yielded a positive
association with power athlete status for having the TT genotype (OR = 2.70; 95%CI = 1.08; 6.72) and having the CT genotype
(OR = 2.35; 95%CI = 1.21; 4.55) compared to having the preferential
genotype for power athlete status (CC) in Caucasians,35 suggesting an advantage of having the TT and CT genotype for becoming
a power athlete in this population. As well as for the AGT C allele,
a definitive conclusion cannot be made due to limited literature
which can support these findings.
In this study, 2 genetic polymorphisms of the NOS3 gene
were included, the G894T (rs1799983) and T786C polymorphism
(rs2070744). Power athletes in these studies were Caucasian sprinters, jumpers and throwers.29,36,37 With regard to SNP rs1799983,
having the G (OR = 0.34; 95%CI = 0.13; 0.90) and GT genotype
(OR = 0.48; 95%CI = 0.29; 0.79) was negatively associated with
power athlete status. For the SNP rs2070744, the C allele was less
favorable for becoming a power athlete (OR = 0.54; 95%CI = 0.35;
0.81) compared to the T allele indicating that carriers of the T allele
are more likely to become a power athlete than non-carriers of the T
allele. These findings are supported by the literature, which found
a higher frequency of the T allele in power athletes compared to
sedentary controls.38
The last tested genetic polymorphism in this study was the SOD2
CT polymorphism (rs4880). Power athletes in this study were Russian and Caucasian.
At the SNP rs4880, the TT genotype yielded a negative significant association (OR = 0.68; 95%CI = 0.47; 0.98) with power athlete
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status compared to the preferential genotype for power athlete status (CC). Therefore, athletes having the TT genotype were 0.68 less
likely to become a power athlete compared to athletes having the
preferential genotype for power athlete status (CC). The findings
for the SNP rs4880 of the SOD2 gene cannot be supported yet but
also other literature stated an association of SOD2 CT with power
athlete status.39 Nevertheless, more literature is needed to draw a
comprehensive conclusion about this association.
No significant associations with power athlete status were
observed for the ADRB1 (rs1801253), ADRB2 (rs1042713,
rs1042714), ADRB3 (rs4994), CNTFR (rs3745672), FTO (rs9939609),
IGF1 (rs35767), IGF-IR (rs1464430), GDF-8GDF-8 (rs1805086), GNB3
(rs5443), MCT1 (rs1049434) and NRF-2 (rs12594956, rs7181866,
rs8031031) polymorphisms.
Although a large number of the investigated genetic polymorphisms in this meta-analysis have only been investigated in a single
study (13 out of the 23 SNPs) and showed no significantly associated with the status of being a power athlete it cannot be ruled
that some of these genetic polymorphisms can still be favorable
for becoming a power athlete, which represents a limitation of this
study. More studies for these particular genes need to be done to
make a final conclusion about the association of the provided alleles
and genotypes with power athlete status.
Another limitation besides low sample size and number of studies was the problem with insufficient data for OR calculation. Some
of the used studies included genotype frequencies of 0, so an OR
could not be calculated, which leads to non-significant results.
5. Conclusion
In conclusion, ten genetic polymorphisms have been identified
in the meta-analyses to have a significant association with the status of being a power athlete. Nevertheless, more research on the
investigated genes needs to be done to draw comprehensive conclusions about a gene and its association with power athlete status.
Additionally, it is recommended for future research to include sufficient participants in the studies to achieve a high power and
therefore increasing the chance to detect significant differences of
allele and genotype frequencies between the power athletes and
controls for each genetic polymorphism.
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