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The evaluation of superoxide dismutase 1 gene insertion/deletion 
variant in athletes
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INTRODUCTION
Physical inactivity is a known risk factor for the develop-
ment of several diseases, such as obesity, diabetes, and car-
diovascular disease. The beneficial effects of regular mod-
erate-intensity exercise are indisputable1. Regular physical 
exercise also improves mental health by positively chang-
ing symptoms of depression2. In addition, physical exer-
cise facilitates social interaction with positive results for 
quality of life2. Cells constantly produce free radicals and 
reactive oxygen species (ROS) through metabolic processes. 
Oxidative stress (OS) results from an imbalance between 
the production and accumulation of ROS in cells and tis-
sues and the body’s ability to detoxify these reactive prod-
ucts. Physical activity increases the formation of free radi-
cals in various ways. Notably, 2–5% of the oxygen used in 
the mitochondria forms free radicals. As oxidative phos-
phorylation increases in response to exercise, there will be 
a concomitant increase in free radicals3. Oxidants produced 
in skeletal muscles are derived from two main molecules: 
superoxide and nitric oxide.

Superoxide dismutases (SODs) are the most important 
enzymes that perform antioxidant enzyme defense against 
ROS and superoxide anion radicals4. SOD1 (CuZn-SOD), 
which is one of the SOD isoenzymes, carries Cu and Zn in 
their catalytic centers. The other is SOD3 (EC-SOD), which is 
localized in extracellular elements. SOD1 is found in the cyto-
plasm, nuclear compartments, and lysosomes of mammalian 
cells5. The SOD1 gene, which is located on chromosome 21 
(region 21q22) in humans, contains four introns and five exons. 
It is hypothesized that SOD1 gene mutations may impair anti-
oxidant enzyme activity, resulting in the accumulation of toxic 
superoxide anions6. Numerous genetic polymorphisms in the 
SOD1 gene affect regulatory regions, including the promoter 
region, UTRs, and introns. Several studies have linked SOD1 
variants to an increased risk of diabetes, cardiovascular disease, 
heroin addiction, breast cancer, and type 1 bipolar disorder7. 
A functional variant called the 50-bp insertion/deletion (I/D) 
polymorphism (rs 36232792) (1684 bp upstream of the ATG 
start codon) has been identified in the promoter region of the 
SOD1 gene. SOD1 I/D variant deletion (D) allele changes gene 
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SUMMARY
OBJECTIVE: Regular exercise benefits health by increasing the body’s antioxidant defenses. However, excessive exercise can produce excessive 

reactive oxygen species, which can lead to oxidative stress. Superoxide dismutase is the primary enzyme involved in the elimination of reactive oxygen 

species. This study aimed to determine the relationship between the SOD1 gene insertion/deletion variant and elite athletes.

METHODS: A total of 305 subjects, including 165 elite athletes from different branches and 140 sedentary individuals, participated in this study. 

The SOD1 insertion/deletion variant was genotyped using polymerase chain reaction. The results were evaluated statistically.

RESULTS: There was no statistical significance between the athletes and control groups in terms of SOD1 insertion/deletion genotype distribution 

and allele frequency. Then, we evaluated the groups as females and males. There were no female athletes carrying the D/D genotype. The SOD1 I/I 

genotype and the I allele were more prevalent in female athletes than in the control group. There was a significant difference in terms of SOD1 I/I: I/

D+D/D in females (p=0.028). SOD1 genotype and allele distribution did not differ between male athletes and male controls.

CONCLUSION: As far as we know, this is the first study to evaluate the SOD1 insertion/deletion variant in athletes in Turkey. Our results showed 

that the SOD1 I allele was more common in female athletes, but not in male athletes.
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expression and results in lower levels of SOD1 mRNA8. Based 
on this information, we aimed to evaluate the SOD1 I/D vari-
ant in elite athletes in this study.

METHODS

Study population
Our research group consisted of 165 athletes who regularly 
trained at least four times a week (44 females and 121 males, 
mean age: 22.02±2.87 years) from different sports branches 
representing the Faculty of Sport Sciences, Samsun. The con-
trol group consisted of 140 age- and gender-matched volun-
tary sedentary individuals (46 females and 94 males, mean age: 
22.42±2.91 years) studying at Samsun. The age of all subjects 
was higher than 18 years, and they were from the Turkish pop-
ulation in the Northern Black Sea region. The demographic 
data of participants such as age, height, weight, body mass 
index (BMI), number of daily cigarettes, monthly alcohol 
consumption, sports branch, family history, disease status, and 
how many years they have been involved in sports were col-
lected. All subjects submitted informed written consent before 
enrollment in the study, based on the ethical guidelines of the 
Declaration of Helsinki, and the Samsun Ethical Committee 
approved the investigation.

Genotyping
DNA was extracted from all peripheral blood samples using a 
commercial isolation kit (Zymo Research Kit). The SOD1 vari-
ant was genotyped using a polymerase chain reaction (PCR) 
method. A total volume of 50 μL was used for the PCR, which 
included 25 L of Master Mix OneTaq and 1 L of forward primer 
(10 μM) F:5’-AATTCCTTACCCCTGTTCTA-3’, 1 μL reverse 
primer (10 μM) R:5’-GGCAGATTTCAGTTCATTGT-3’, and 
2 μL PCR grade dH2O9. The PCR program was performed as 
follows: initial denaturation at 94°C for 5 min, denaturation at 
94°C for 20 s, binding of the primer at 54°C for 30 s, elonga-
tion at 68°C for 40 s, and final elongation at 68°C for 5 min. 
The amplified PCR product was separated on a 2% agarose gel 
at 100 V for 25 min. Genotypes were detected as 247 base pairs 
(bp) of the D/D genotype, 297 bp of the I/I genotype, and 247 
and 297 bp of the I/D genotype, consisting of two bands. To 
check the results, 10% of the randomly selected samples were 
reworked, and a 100% match was found.

Statistical analysis
Statistical analysis was performed using the Statistical Package 
for the Social Sciences (IBM SPSS Statistics, version 21) and 

the OpenEpi Info software package version (www.openepi.
com). The relationship between the demographic and clinical 
characteristics of the patients was analyzed using the χ2 test or 
analysis of variance statistics. Differences in SOD1 I/D geno-
type and allele distribution between patient and control groups 
were evaluated with the chi-square test, and Fisher’s exact test 
was used when needed. OR and 95%CI were also calculated. 
p<0.05 were considered significant.

RESULTS
A total of 305 subjects were evaluated in this study. The mean age 
of 165 athletes aged between 18 and 30 years was 22.02±2.87. 
BMD was analyzed as a continuous variable. The baseline clin-
ical and demographic characteristics of patients and controls 
are reported in Table 1.

Table 1. Demographic characteristics of the subjects.

Characteristics
Athletes 

(n=165) (%)
Controls

(n=140) (%)

Gender

Female/male, n (%) 44/121 (26.7/73.3) 46/94 (32.9/67.1)

Age (years)

mean±SD 22.02±2.87 22.42±2.91

min–max 18–30 18–30

Weight (kg)

40–49 1 (0.6) 0

50–59 23 (13.9) 15 (10.7)

60–69 45 (27.3) 40 (28.6)

70–79 53 (32.1) 40 (28.6)

80–89 23 (13.9) 25 (17.9)

90–99 16 (9.7) 18 (12.9)

100–109 4 (2.4) 2 (1.4)

Height (cm)

150–159 6 (3.6) 4 (2.9)

160–169 25 (15.2) 19 (13.6)

170–179 75 (45.5) 72 (51.4)

180–189 33 (20) 33 (23.6)

190–200 26 (15.8) 12 (8.6)

BMI

Lower than 18.5 1 (0.6) 1 (0.7)

18.5 up to 25 133 (80.6) 106 (75.7)

25 up to 30 28 (17) 31 (22.1)

30 and above 3 (1.8) 2 (1.4)

Continue...
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Genotyping results
The prevalence of genotypes I/I, I/D, and D/D profiles for the 
SOD1 I/D variant was 72.1, 26.1, and 1.8%, respectively, in 
athletes, and 65.7, 28.6, and 5.7%, respectively, in the control 

group. There was no statistical significance between the athletes 
and control groups in terms of SOD1 I/D genotype distribu-
tion and allele frequency (p˃0.05). Table 2 represents the SOD1 
I/D genotype distribution and allelic frequency in the groups.

Then, we evaluated the groups as males and females. SOD1 
I/D genotype and allele distribution in female and male groups 
are shown in Tables 3 and 4. There were no female athletes 
carrying the D/D genotype. SOD1 I/I genotype and the I 
allele were higher in female athletes than in the control group 
(p=0.055 and p=0.019, respectively). There was a significant 
difference in terms of SOD1 I/I: I/D+D/D (p=0.028). SOD1 
genotype and allele distribution did not differ between male 
athletes and male controls (p˃0.05).

DISCUSSION
Physical activity can be defined as any bodily movement pro-
duced by skeletal muscles that results in energy expenditure10. 
Physical effort and skills constitute the content of “sport,” which 
is a human activity that can be competitive by nature and orga-
nization and has the ability to achieve a result that generally 
requires physical effort and/or physical skill. Oxidant and anti-
oxidant systems are important in order to ensure the structural 
integrity of cells and tissues and fulfill their normal functions. 
Fats, proteins, and other cell parts oxidize if free radical levels 
exceed antioxidant capacity11. Free radicals are short-lived and 
extremely reactive molecules. These have a detrimental effect 
because of the necessity to create electronic stability12. ROS is 
constantly produced in small quantities in biological systems. 
However, there is an increase when they are exposed to environ-
mental and physical stress factors13. Exercise is one such stressor. 
It is thought that the increase in oxygen consumption during 
exercise leads to changes in the oxidant/antioxidant balance14. 
Studies have shown that an increase in oxygen consumption 
during exercise promotes the massive leaching of free radicals 
in the mitochondria and subsequently leads to an antioxidant 
reaction. Moderate exercise can increase antioxidant levels, facil-
itating an optimal ROS level, while high-intensity exercise can 
induce ROS generation, providing maximum cellular adapta-
tion15. However, there are data showing that regular long-term 
training induces an antioxidant response to OS. In a study 
investigating the relationship between OS and excessive exercise 
or overreach, it was shown to support the possibility of being 
useful. This physical exercise reduces OS and may be explained 
by increased antioxidant defense16. Studies in sports involving 
aerobic metabolism, such as running or swimming, have shown 
an increase in the activity of antioxidant enzymes, such as SOD 
or MDA, as well as an increase in free radical production17.

Characteristics
Athletes 

(n=165) (%)
Controls

(n=140) (%)

Smoking (day)

0 136 (82.4) 98 (70)

5–9 8 (4.8) 8 (5.7)

10–15 21 (12.7) 34 (24.3)

Number of alcohol drinks per month

0 147 (89.1) 115 (82.1)

1–4 1 (0.6) 0 

5–9 5 (3) 6 (4.3)

10–14 6 (3.6) 13 (9.3)

15–20 6 (3.6) 6 (4.3)

Sports branch

Football 38 (23.0)

–
Basketball 36 (21.8) 

Volleyball 62 (37.6)

Wrestle 29 (17.6)

Training (week)

2 1 (0.6)

–
3 53 (32.1)

4 66 (40)

5 45 (27.3)

Family history

Football 102 (61.8) 128 (91.4)

Basketball 15 (9.1) 8 (5.7)

Volleyball 5 (3) 4 (2.9)

Wrestle 8 (4.8) 0

Judo 28 (17) 0

Athleticism 5 (3) 0

Swimming 1 (0.6) 0

Disease

No chronic disease 146 (88.5) 127 (90.7)

Chronic disease 19 (11.5) 13 (9.3) 

Sports time (years)

1–5 21 (12.7)

–6–10 99 (60) 

11–20 45 (27.3)

BMI: body mass index.

Table 1. Continuation.
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The SOD enzyme activity encoded by the SOD1 gene is 
affected by variants in this gene. Differences in gene sequences 
determine changes in gene expression, which contribute to dis-
ease occurrence18. Variants have been identified in the SOD1 

gene, mostly affecting the regulatory regions of the gene. 
The SOD1 promoter region harbors binding sites for several 
transcription factors. Sequence differences in these cis-respon-
sive elements affect the expression of various mRNAs19. In vitro 

Table 2. Genotype distribution and allele frequencies of SOD1 insertion/deletion variant in groups.

SOD1 I/D
Athletes

(n=165) (%)
Controls

(n=140) (%)
χ2 OR (95%CI) p

Genotypes

I/I 119 (72.1) 92 (65.7) 0.50 1.20 (0.72–2.00) 0.476

I/D 43 (26.1) 40 (28.6) 2.34 2.83 (0.72–14.02) 0.126

D/D 3 (1.8) 8 (5.7) 3.58 3.43 (0.91–16.3) 0.58

I/I+I/D: D/D 162:3 132:8 3.30 3.26 (0.87–15.4) 0.68

I/I: I/D+D/D 119:46 92:48 1.45 1.34 (0.82–2.20) 0.227

Alleles

I 281 (85.15) 224 (80)
2.821 1.43 (0.93–2.19) 0.093

D 49 (14.85) 56 (20)

Table 3. SOD1 insertion/deletion genotype and allele distribution in the female groups.

Bold indicates statistically significant values.

SOD1 I/D
Female athletes

(n=44) (%)
Female controls

(n=46) (%)
χ2 OR (95%CI) p

Genotypes

I/I 36 (81.8) 28 (60.9) 3.66 2.54 (0.95–7.12) 0.055

I/D 5 (18.2) 16 (34.8) 0.96 – 0.326

D/D 0 (1.8) 2 (4.3) 2.47 – 0.115

I/I+I/D: D/D 44:0 44:2 1.95 – 0.162

I/I: I/D+D/D 36:8 28:18 4.80 2.85 (1.09–7.90) 0.028

Alleles

I 80 (90.90) 72 (78.26)
5.47 2.76 (1.16–7.03) 0.019

D 8 (9.10) 20 (21.74)

Table 4. SOD1 insertion/deletion genotype and allele distribution in the male groups.

SOD1 I/D
Male athletes

(n=121) (%)
Male controls

(n=94) (%)
χ2 OR (95%CI) p

Genotypes

I/I 83 (68.6) 64 (68.1) 0.14 0.88 (0.47–1.64) 0.707

I/D 35 (28.9) 24 (25.5) 2.13 2.87 (0.64–15.26) 0.143

D/D 3 (2.5) 6 (6.4) 1.83 2.57 (0.61–13.04) 0.175

II+ID: DD 118:3 88:6 2.01 2.67 (0.64–13.38) 0.156

II: ID+DD 83:38 64:30 0.006 1.02 (0.57–1.83) 0.936

Alleles

I 201 (83.05) 152 (80.85)
0.35 1.16 (0.70–1.90) 0.553

D 41 (16.95) 36 (19.15)
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assays showed that the deletion of SOD1 50 bp has been asso-
ciated with reduced promoter activity and lower mRNA lev-
els due to the loss of two Sp1 binding sites in cells20. As ROS 
interacts highly with DNA, the Ins/Del genetic variant may 
play an important role in interindividual differences in main-
taining genome integrity21. In various studies, antioxidant 
enzyme gene polymorphisms and antioxidant enzymes have 
become areas of interest as pharmacological targets to reduce 
ROS production. It provides a strategy to prevent or slow the 
progression of oxidative damage in these patients.

In this study, we investigated the SOD1 I/D variant in ath-
letes. As far as we know, there is no association study with the 
SOD1 I/D variant in athletes. The results of the first report to 
analyze this relationship in athletes showed no significant dif-
ference between athletes and controls. However, when we eval-
uated the groups by gender, we found a significant difference 
between female athletes and female controls. No female ath-
letes with the SOD1 I/D variant homozygous D/D genotype 
were found. It is known that the D allele has a deficient activ-
ity effect on the SOD1 enzyme. This leads to insufficient cel-
lular protective mechanisms and antioxidant defense capacity. 
The relationship between sex and OS is important because OS 
has played a role in many diseases that occur differently in men 
and women. In one study, OS was shown to be higher in male 
rats than in female rats22. Another study reported that in vivo 
biomarkers of OS were higher in young men than in women 
of the same age23. A study on athletes showed that women 
have higher resting antioxidant levels than men24. Also, it was 
observed that OS markers increased similarly in both genders 
after exercise of similar intensity and duration. In this study, 
we found that I/I genotypes and the I allele were more com-
mon in female athletes compared with sedentary female con-
trols. This may be an indicator of higher SOD levels. Also, we 
found that there was a significant difference in terms of SOD1 
I/I: I/D+D/D in female groups. The genotype and allele dis-
tribution were similar in the male group.

 Our study has some limitations. As our sample size was 
not very large, genotyping according to branches was not pos-
sible. In addition, the fact that the blood SOD level was not 
measured was a limitation.

CONCLUSION
Our results showed that the SOD I/D variant genotype and 
allele distribution were different in female and male athletes. 
In future studies, it will be necessary to genotype male and 
female athletes in larger sample groups according to branches.

ACKNOWLEDGMENTS
The authors would like to thank all participants for their time 
and excellent cooperation.

ETHICAL ASPECTS
Informed written consent was obtained from all subjects before 
enrollment in the study, according to the Declaration of Helsinki’s 
ethical guidelines, and the investigation was approved by the 
Ondokuz Mayıs University Ethical Committee (2022/276).

AUTHORS’ CONTRIBUTIONS
AFN: Conceptualization, Investigation, Methodology, Project 
administration, Resources, Validation, Writing – original 
draft. ŞÜ: Conceptualization, Data curation, Investigation, 
Methodology, Resources, Visualization, Writing – original 
draft. SY: Conceptualization, Formal Analysis, Methodology, 
Resources, Software, Visualization, Writing – original draft. 
ÖMO: Formal Analysis, Investigation, Resources, Software, 
Visualization, Writing – original draft. TA: Conceptualization, 
Formal Analysis, Investigation, Methodology, Resources, 
Supervision, Writing – review & editing.

REFERENCES
1. Knez WL, Coombes JS, Jenkins DG. Ultra-endurance exercise and 

oxidative damage: implications for cardiovascular health. Sports 
Med. 2006;36(5):429-41. https://doi.org/10.2165/00007256-
200636050-00005

2. Brocardo PS, Boehme F, Patten A, Cox A, Gil-Mohapel J, Christie 
BR. Anxiety- and depression-like behaviors are accompanied 
by an increase in oxidative stress in a rat model of fetal alcohol 
spectrum disorders: protective effects of voluntary physical 
exercise. Neuropharmacology. 2012;62(4):1607-18. https://doi.
org/10.1016/j.neuropharm.2011.10.006

3. Urso ML, Clarkson PM. Oxidative stress, exercise, and antioxidant 
supplementation. Toxicology. 2003;189(1-2):41-54. https://doi.
org/10.1016/s0300-483x(03)00151-3

4. Zelko IN, Mariani TJ, Folz RJ. Superoxide dismutase multigene family: a 
comparison of the CuZn-SOD (SOD1), Mn-SOD (SOD2), and EC-SOD 
(SOD3) gene structures, evolution, and expression. Free Radic Biol Med. 
2002;33(3):337-49. https://doi.org/10.1016/s0891-5849(02)00905-x

5. Liou W, Chang LY, Geuze HJ, Strous GJ, Crapo JD, Slot JW. 
Distribution of CuZn superoxide dismutase in rat liver. Free Radic 
Biol Med. 1993;14(2):201-7. https://doi.org/10.1016/0891-
5849(93)90011-i

6. Gurney ME, Pu H, Chiu AY, Canto MC, Polchow CY, Alexander DD, 
et al. Motor neuron degeneration in mice that express a human Cu, Zn 
superoxide dismutase mutation. Science. 1994;264(5166):1772-5. 
https://doi.org/10.1126/science.8209258

7. Sarabandi S, Effatpanah H, Sereshki N, Samavarchi Tehrani S, Moradi-
Sardareh H. 50-bp insertion/deletion polymorphism of the superoxide 

https://doi.org/10.2165/00007256-200636050-00005
https://doi.org/10.2165/00007256-200636050-00005
https://doi.org/10.1016/j.neuropharm.2011.10.006
https://doi.org/10.1016/j.neuropharm.2011.10.006
https://doi.org/10.1016/s0300-483x(03)00151-3
https://doi.org/10.1016/s0300-483x(03)00151-3
https://doi.org/10.1016/s0891-5849(02)00905-x
https://doi.org/10.1016/0891-5849(93)90011-i
https://doi.org/10.1016/0891-5849(93)90011-i
https://doi.org/10.1126/science.8209258


6

Rev Assoc Med Bras. 2023;69(12):e20230575

SOD1 gene variant in athletes

dismutase-1 is associated with bladder cancer risk in an Iranian 
population. Nucleosides Nucleotides Nucleic Acids. 2022;41(2):154-
65. https://doi.org/10.1080/15257770.2021.2014521

8. Jamhiri I, Saadat I, Omidvari S. Genetic polymorphisms of superoxide 
dismutase-1 A251G and catalase C-262T with the risk of colorectal 
cancer. Mol Biol Res Commun. 2017;6(2):85-90. PMID: 28775994

9. Soyocak A, Doganer F, Duzgun Ergun D, Budak M, Turgut Coşan D, 
Ozgen M. Evaluation of relationship between SOD1 50-bp deletion 
gene polymorphism, Cu, Zn level, and viscosity in postmenopausal 
osteoporosis patients with vertebral fractures. Biol Trace Elem Res. 
2023;201(2):603-10. https://doi.org/10.1007/s12011-022-03185-8

10. Condello G, Ling FC, Bianco A, Chastin S, Cardon G, Ciarapica D, 
et al. Using concept mapping in the development of the EU-PAD 
framework (EUropean-Physical Activity Determinants across the life 
course): a DEDIPAC-study. BMC Public Health. 2016;16(1):1145. 
https://doi.org/10.1186/s12889-016-3800-8

11. Ekinci Akdemir FN, Gülçin İ, Karagöz B, Soslu R, Alwasel SH. A 
comparative study on the antioxidant effects of hesperidin and 
ellagic acid against skeletal muscle ischemia/reperfusion injury. J 
Enzyme Inhib Med Chem. 2016;31(Suppl. 4):114-8. https://doi.
org/10.1080/14756366.2016.1220378

12. Martinović J, Dopsaj V, Kotur-Stevuljević J, Dopsaj M, Vujović 
A, Stefanović A, et al. Oxidative stress biomarker monitoring in 
elite women volleyball athletes during a 6-week training period. J 
Strength Cond Res. 2011;25(5):1360-7. https://doi.org/10.1519/
JSC.0b013e3181d85a7f

13. Sone H, Akanuma H, Fukuda T. Oxygenomics in environmental 
stress. Redox Rep. 2010;15(3):98-114. https://doi.org/10.1179
/174329210X12650506623843

14. González-Bartholin R, Mackay K, Valladares D, Zbinden-Foncea H, 
Nosaka K, Peñailillo L. Changes in oxidative stress, inflammation 
and muscle damage markers following eccentric versus concentric 
cycling in older adults. Eur J Appl Physiol. 2019;119(10):2301-12. 
https://doi.org/10.1007/s00421-019-04213-7

15. Thirupathi A, Pinho RA, Ugbolue UC, He Y, Meng Y, Gu Y. Effect 
of running exercise on oxidative stress biomarkers: a systematic 
review. Front Physiol. 2021;11:11:610112. https://doi.org/10.3389/
fphys.2020.610112

16. Cases N, Sureda A, Maestre I, Tauler P, Aguiló A, Córdova A, et al. 
Response of antioxidant defences to oxidative stress induced 
by prolonged exercise: antioxidant enzyme gene expression in 
lymphocytes. Eur J Appl Physiol. 2006;98(3):263-9. https://doi.
org/10.1007/s00421-006-0273-y

17. Bouzid MA, Filaire E, Matran R, Robin S, Fabre C. Lifelong voluntary 
exercise modulates age-related changes in oxidative stress. Int J Sports 
Med. 2018;39(1):21-8. https://doi.org/10.1055/s-0043-119882

18. Zelko IN, Mariani TJ, Folz RJ. Superoxide dismutase multigene 
family: a comparison of the CuZn-SOD (SOD1), Mn-SOD (SOD2), 
and EC-SOD (SOD3) gene structures, evolution, and expression. 
Free Radic Biol Med. 2002;33(3):337-49. https://doi.org/10.1016/
s0891-5849(02)00905-x

19. Forsberg L, Faire U, Morgenstern R. Oxidative stress, human genetic 
variation, and disease. Arch Biochem Biophys. 2001;389(1):84-93. 
https://doi.org/10.1006/abbi.2001.2295

20. Milani P, Gagliardi S, Bongioanni P, Grieco GS, Dezza M, Bianchi 
M, et al. Effect of the 50 bp deletion polymorphism in the 
SOD1 promoter on SOD1 mRNA levels in Italian ALS patients. 
J Neurol Sci. 2012;313(1-2):75-8. https://doi.org/10.1016/j.
jns.2011.09.026

21. Saify K, Saadat M. Influence of a 50bp Ins/Del polymorphism at 
promoter of the superoxide dismutase-1 on gene expression and 
risk of heroin dependency. Environ Health Prev Med. 2017;22(1):4. 
https://doi.org/10.1186/s12199-017-0617-8

22. Barp J, Araújo AS, Fernandes TR, Rigatto KV, Llesuy S, Belló-Klein 
A, et al. Myocardial antioxidant and oxidative stress changes due to 
sex hormones. Braz J Med Biol Res. 2002;35(9):1075-81. https://
doi.org/10.1590/s0100-879x2002000900008

23. Ide T, Tsutsui H, Ohashi N, Hayashidani S, Suematsu N, 
Tsuchihashi M, et al. Greater oxidative stress in healthy young 
men compared with premenopausal women. Arterioscler 
Thromb Vasc Biol. 2002;22(3):438-42. https://doi.org/10.1161/
hq0302.104515

24. Goldfarb AH, McKenzie MJ, Bloomer RJ. Gender comparisons 
of exercise-induced oxidative stress: influence of antioxidant 
supplementation. Appl Physiol Nutr Metab. 2007;32(6):1124-31. 
https://doi.org/10.1139/H07-078

https://doi.org/10.1080/15257770.2021.2014521
https://doi.org/10.1007/s12011-022-03185-8
https://doi.org/10.1186/s12889-016-3800-8
https://doi.org/10.1080/14756366.2016.1220378
https://doi.org/10.1080/14756366.2016.1220378
https://doi.org/10.1519/JSC.0b013e3181d85a7f
https://doi.org/10.1519/JSC.0b013e3181d85a7f
https://doi.org/10.1179/174329210X12650506623843
https://doi.org/10.1179/174329210X12650506623843
https://doi.org/10.1007/s00421-019-04213-7
https://doi.org/10.3389/fphys.2020.610112
https://doi.org/10.3389/fphys.2020.610112
https://doi.org/10.1007/s00421-006-0273-y
https://doi.org/10.1007/s00421-006-0273-y
https://doi.org/10.1055/s-0043-119882
https://doi.org/10.1016/s0891-5849(02)00905-x
https://doi.org/10.1016/s0891-5849(02)00905-x
https://doi.org/10.1006/abbi.2001.2295
https://doi.org/10.1016/j.jns.2011.09.026
https://doi.org/10.1016/j.jns.2011.09.026
https://doi.org/10.1186/s12199-017-0617-8
https://doi.org/10.1590/s0100-879x2002000900008
https://doi.org/10.1590/s0100-879x2002000900008
https://doi.org/10.1161/hq0302.104515
https://doi.org/10.1161/hq0302.104515
https://doi.org/10.1139/H07-078

