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1. INTRODUCTION

Physical exercise and activities play a vital role in the body's functional capacities due to the
physiological changes they induce. These activities and exercises help prevent muscle weakness, walking
impairments and balance disorders [1]. Regular physical activity and moderate exercise enhance physical
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strength, motor abilities, and increase bone mineral levels [2]. Physical activity significantly contributes to
the prevention of a wide range of chronic diseases and premature deaths. There is a correlation between
certain medical conditions such as cardiovascular diseases and the performance of exercises and physical
activities. Engaging in these practices reduces the occurrence of heart diseases, vascular disorders, colon
issues, and osteoporosis [3]. Regular physical exercise and sports activities can help alleviate the pain
associated with certain diseases. Physical exercise also aids in overcoming various substance-related
disorders, such as reducing or quitting smoking [4].

Antioxidants in the body act as a defense system against oxidative stress caused by free radicals or
reactive oxygen species [5]. Antioxidants exist in the body in the form of enzymes, elements, enzyme
cofactors, or sulfur-containing compounds like glutathione [6], [7]. Natural antioxidants are found in
vegetables, fruits, and some medicinal plants, playing important roles in protecting the body against germs
and safeguarding DNA molecules from damage induced by free radicals [6].

Fatty proteins are compounds that are insoluble in water but soluble in organic solvents. They are
of great importance to living organisms as they are involved in the structure of cell membranes, serve as
essential sources of energy and storage, and also play a role in the synthesis of steroid hormones [8].
Cigarette smoke (CS) contains over 4000 compounds, including at least 200 toxicant, 80 known or
suspected carcinogens. Moreover, cigarette smoking generates many toxic and carcinogenic compounds
harmful to the health, such as nicotine, nitrogen oxides, carbon monoxide, hydrogen cyanide and free
radicals [9]. Nicotine is commonly consumed via smoking cigarettes, cigars or pipes [10]. Carbon monoxide
in tobacco smoker exerts a negative effect on the heart by reducing the blood’s ability to carry oxygen.
Although cigarette smoking is a strong risk factor for cardiovascular disease, its relationship with
hypertension remains unclear [11].

2. RELATED WORK

[12] Reported that current smokers had over a seven-fold odds ratio of deficiency compared with
non-smoker, [13] showed two- to three-fold more deficiency in smokers respectively. Smokers tended to
have dietary intakes that were lower in vitamin C, e.g., lower fruit and vegetable intake and higher fat
intake. [14] Revealed a decrease in the level of uric acid in the blood serum of smoking athletes compared
to non-smoking athletes. This decrease is attributed to the reduced internal production due to the
generation of free radicals caused by smoking in the body, leading to oxidative stress that lowers the uric
acid levels in the blood. The results of the two studies above were consistent with the findings of our current
study.

3. METHODOLOGY

Study Design, Subjects, and Sample Collection

The study was conducted from 1st September 2023 to 10th December 2023, involving 100 male
athletes aged between 18 and 30 years, collected from various sports clubs in Kirkuk city. The study
samples were divided into two groups: the first group included 60 smoking athletes, and the second group
included 40 non-smoking athletes as a control group. Blood samples were collected for current study by
pulling (5 cc) of the vein blood with a one-time syringe, after which blood was placed in the gel tube tubes
with a tight hood, then the tubes were placed in the centrifuge for 5 minutes at 3,000 cycles/minutes, then
the serum was pulled by a micropipette microscopic absorber, after which the serum was divided into
several divisions and distributed in an Eppendorf tube at 1.5 ml, and those samples were Preserved at-2 °C
until measuring biochemical variables.

Biochemical Assays Vitamin D Concentration

Vitamin D concentration was determined using VIDAS 25 OH Vitamin D TOTAL (VITD) is an
automated quantitative test for use on the instruments of the VIDAS family for the determination of 25-
hydroxyvitamin D Total in human serum or plasma using the ELFA technique (Enzyme Linked Fluorescent
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Assay). The assay principle combines an enzyme immunoassay competition method with a final fluorescent
detection (ELFA).

Vitamin C Concentration

Vitamin C concentration was determined using the sandwich method, an ELISA technique. This
involves detecting antigens in blood serum using antibodies specific to the PEPD protein. Antibodies
labeled with HRP are added to the antigen, creating a sandwich-like structure. The enzyme's base material
(TMB) is added, forming a blue-colored solution that turns yellow after adding a stop solution. The
absorbance of the solution is measured at a wavelength of 450nm.

Vitamin E Concentration

Vitamin E concentration was determined using the sandwich method, an ELISA technique. This
involves detecting antigens in blood serum using antibodies specific to the PEPD protein. Antibodies
labeled with HRP are added to the antigen, creating a sandwich-like structure. The enzyme's base material
(TMB) is added, forming a blue-colored solution that turns yellow after adding a stop solution. The
absorbance of the solution is measured at a wavelength of 450nm.

Albumin Concentration

The estimation of albumin concentration in serum relies on the quantity of albumin, which
interacts with the reagent 3,3,5,5 - Tetra Bromocresol Green (BCG). Albumin exhibits a high affinity for
binding with these dyes, forming a chromogenic complex known as Albumin-BCG with a green color, and
its absorbance is measured at a wavelength of 630 nm [15].

Uric Acid

Uric acid is the final product of purine metabolism, where the enzyme uricase oxidizes uric acid to
allantoin and hydrogen peroxide. In the presence of the enzyme peroxidase (POD), hydrogen peroxide is
further oxidized with the compounds 4-AminoAntipyrine (4-AA) and 3, 5-Dichloro-2Hydroxybenzene
Sulphonate to form the complex Quinonimine, representing the concentration of uric acid in the serum.

Triglycerides
The level of serum triglycerides is estimated using the Fossati and Princip method associated with
the Trinder reaction.

Cholesterol

The level of cholesterol in the blood serum was estimated using the enzymatic method, by
converting cholesterol into a dye (Quinone imine) in the presence of three enzymes: cholesterol esterase,
cholesterol oxidase, and peroxidase enzyme.

High-Density Lissspoprotein Cholestero

The level of high-density lipoprotein cholesterol in the blood serum was estimated using the
enzymatic method, where chylomicrons and lipoproteins precipitate for both VLDL-ch and LDL-ch by
adding phosphotungstic acid and magnesium ions, leaving HDL-ch in the blood serum after
ultracentrifugation.

LDL Serum

LDL serum was determined by applying Friedewald formula [16]: LDL (mg/dL) = Total cholesterol
- HDL cholesterol - TG/5. VLDL-C level was determined by derivation from the following formula: VLDL-C
cholesterol (mg/dL) = Triglycerides/5.
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Body Mass Index (BMI) Measurement

In order to calculate BMI (Table 1 and Table 2), it is necessary to measure current weight without
bulky clothing, using the same technique for all participants, with kilograms for weight and meters for
height. The BMI was calculated by using the formula weight/height2 (kg/m2).

Table 1. Values of Body Mass Index (BMI) for the Studied Groups

Groups Smoker Athletes Non-Smoker Athletes

No. % No. %
(18-24.9)kg/m? 49 81.6 28 70%
(25-30) kg/m? 11 18.4 12 30%
Total 60 100% 40 100%

Table 2. [llustrates the Mean and Standard Deviation of the Body Mass Index for the Studied Groups

Mean * SD
p-value
Groups Smoker Athletes Non-Smoker Athletes
n=60 n=40
(18-24)kg/m? 22.26+£1.941 21.92+1.601 0.4371
(25-30) kg/m? 27.15+1.771 27.40 £1.336 0.4074

Statistical Analysis

Statistical analysis was performed using Graph Pad Prism v8.0 (Graph Pad Software, San Diego,
CA, USA), and mean standard deviation (SD) was used to express the results. The comparison of mean + SD
was performed using the T test, and statistical significance was defined as P<0.05.

4. RESULTS AND DISCUSSION

Table 3 represents the levels of Vitamins (D, C and E), albumin, uric acid, and fatty proteins (T.G,
Cholesterol, HDL, LDL, VLDL) in smoker athletes, compared with results with nonsmoker athletes.

Table 3. Shows the Levels of Some Biochemical Parameters as Mean * SD for Studied Groups

Parameters Smoker Athletes Non - Smoker Athletes
(n=60) mean * SD (n=40) mean * SD P-value
Vit. D (ng/mL) 18.75 +5.776 19.25 +6.446 P<0.74
Vit .C (ng/mL) 1.848 +0.8840 3.470 £1.266 P<0.02
Vit .E (Pg/mL) 3.392+1.068 4.641+2.182 P<0.01
Uric acid (mg/dL 5.457+1.014 5.988+ 1.053 P<0.01
Albumin (mg/dL) 4.578+0.3915 4.796+0.4594 P<0.01
T.G (mg/dL) 149.2+77.21 155.9+66.41 0.65 P<
HDL (mg/dL) 37.43+6.471 38.18+7.639 0.60 P<
Cholesterol(mg/dL) 162.3+56.39 178.9+60.94 0.16 P<
LDL (mg/dL) 96.46+56.26 110.8+60.73 0.22 P<
VLDL (mg/dL) 29.94+15.55 31.18+13.28 P<0.68

The results of current study showed that there was a significant difference (P=0.74) in vitamin D
levels, a significant decrease (P<0.02) in vitamin C, and significant decrease (P=0.01) in vitamin E there
was significant decrease (P=0.01) in albumin levels, and a significant decrease (P<0.01) in uric acid levels,
there was a non-significant difference in fatty proteins levels (T.G (P<0.65)/Cholesterol (P<0.60)/
HDL(P<0.16)/ LDL(P<0.22)/ VLDL(P<0.68) ) in smoker athletes, compared with results with non-smoker
athletes. The current study revealed insufficient levels of vitamin D in samples of both smoking and non-
smoking athletes, as vitamin D levels are considered inadequate when ranging between 20-30 nag/ml [17].
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The decrease in vitamin D levels in both smoking and non-smoking athletes is attributed to limited
exposure to sunlight and certain diseases such as heart and vascular diseases, kidney diseases, diabetes,
and others. Vitamin D levels vary according to gender, age, and region. Previous studies have indicated a
54% deficiency rate of vitamin D in the Arab region and Asia [18], which is higher than other regions due
to a diet lacking in foods rich in vitamin D such as fish, along with a lifestyle that lacks proper and consistent
sun exposure to obtain vitamin D [19]. The current study also showed a decrease in vitamin C levels among
smoking athletes compared to the control group.

These findings are consistent with several previous studies, including a study conducted by [12]
which indicated that smoking athletes are more than seven times more likely to have a vitamin deficiency
compared to non-smokers [20]. This is due to the oxidative substances in cigarette smoke leading to
oxidative stress in the body [21], as well as smokers tending to consume lower amounts of vitamin C [12].
In addition to the impact of smoking on vitamin C deficiency, there are other factors and causes contributing
to low levels of this vitamin, such as a diet lacking in vitamin-rich foods, environmental factors,
environmental pollution, body mass index, and genetic variables affecting vitamin C metabolism. Vitamin
levels can also decrease during illness [12]. Our current study results have shown lower levels of vitamin E
in smokers compared to non-smokers among athletes. These findings align with Menotti and others, who
demonstrated in their study that vitamin E levels are negatively affected and decreased due to cigarette
smoking [22]. This is attributed to the accumulation of excess free radicals and other reactive molecules
generated by cigarette smoke. These free radicals and reactive molecules reduce the levels of vitamin E
while it acts as an antioxidant by neutralizing the activity of free radicals, depleting its concentrations and
consequently lowering its levels in the body [22]. The current study results align with previous findings by
[14] indicating a decrease in uric acid levels among smoking athletes compared to non-smoking athletes.
This decrease in uric acid levels is attributed to the reduced internal production due to smoking-induced
free radical production in the body, leading to oxidative stress that lowers the acid levels in the blood [14].
These findings are consistent with a study by [23] which demonstrated lower uric acid levels in smokers
compared to the control group due to chronic exposure to cigarette smoke, a source of oxidative stress, and
reduced intake of dietary antioxidants [23]. The current study results align with findings showing a
decrease in uric acid levels in smoking athletes compared to non-smoking athletes, as concluded by [14].
The reduction in uric acid levels is attributed to decreased internal production due to smoking-induced free
radical production in the body, leading to oxidative stress that diminishes blood acid levels. The study also
revealed lower albumin levels in the serum of smoking athletes compared to non-smokers. Cigarette smoke
chemicals directly and indirectly affect serum protein, resulting in alterations in albumin binding
properties. Furthermore, albumin possesses antioxidant properties, and high levels of free radicals lead to
increased protein degradation activity [23], [24].

Despite the close relationship between smoking and body fat levels by reducing HDL-C levels
through altering important fat-carrying enzymes [25], thereby reducing the activity of the lecithin
cholesterol enzyme and altering cholesterol ester transfer protein and hepatic lipase activity in the blood
[26]. Fatty protein levels did not show significant differences in increase or decrease among smoking
athletes compared to non-smoking athletes because the physical exercises and activities done by athletes
are associated with an increase in plasma [27]. Concentrations of beneficial cholesterol and antioxidant
enzymes. On the other hand, physical exercises contribute to accelerating metabolic processes in athletes’
bodies, resulting in burning larger amounts of fat and reducing its levels in the body. The results of the
current study align with [27], indicating that physical exercises performed by athletes significantly
contribute to reducing body fat levels and mitigating the risks of heart and vascular diseases and other
medical conditions [27].

5. CONCLUSION

The current study findings indicate that vitamin D levels are decreased in both smoking and non-
smoking athletes, with smoking not having an impact on vitamin D levels as they are closely related to sun
exposure, the primary source of this vitamin, as well as dietary patterns and other factors. Additionally, the
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study shows a decrease in vitamin C and E levels, as well as a decrease in uric acid and albumin levels in
smoking athletes compared to non-smoking athletes, showing that smoking does have an effect on these
biochemical variables in the body. The results of this study demonstrated that exercise has a significant
relationship with lipid profiles and body composition.

Acknowledgments
The authors have no specific acknowledgments to make for this research.

Funding Information

This research received no specific grant from any funding agency in the public, commercial, or not-
for-profit sectors.

Author Contributions Statement

Name of Author C| M |So|Va|Fo |1 |R|D|O|E /| Vi|Su| P |Fu
Essa Omran Jassim vivI|Iv |V v | v vivi|iv|v |V
Sayran Sattar Saleh v | v v 4 v V| v
C: Conceptualization [: Investigation Vi: Visualization
M: Methodology R: Resources Su: Supervision
So: Software D: Data Curation P: Project Administration
Va: Validation 0: Writing- Original Draft Fu: Funding Acquisition
Fo: Formal Analysis E: Writing- Review& Editing

Conflict of Interest Statement
The authors declare that there are no conflicts of interest regarding the publication of this paper.

Informed Consent

All participants were informed about the purpose of the study, and their voluntary consent was
obtained prior to data collection.

Ethical Approval

The study was conducted in compliance with the ethical principles outlined in the Declaration of
Helsinki and approved by the relevant institutional authorities.

Data Availability

The data that support the findings of this study are available from the corresponding author upon
reasonable request.

REFERENCES

[1] H. Eroglu and S. Yiiksek, 'The Effect of Smoking on the Physical Fitness of Elderly Male Subjects’,
Universal Journal of Educational Research, vol. 6, no. 6, pp. 1158-1166, 2018.
doi.org/10.13189/ujer.2018.060605

[2] A. Mahindru, P. Patil, and V. Agrawal, 'Role of physical activity on mental health and well-being: A
review', Cureus, vol. 15, no. 1, p. e33475, Jan. 2023. doi.org/10.7759 /cureus.33475

[3] S.Deb, P. R. Banu, S. Thomas, R. V. Vardhan, P. T. Rao, and N. Khawaja, 'Depression among Indian
university students and its association with perceived university academic environment, living
arrangements and personal issues', Asian ]. Psychiatr, vol. 23, pp. 108-117, Oct. 2016.
doi.org/10.1016/j.ajp.2016.07.010

[4] M. A. M. Peluso and L. H. S. G. de Andrade, 'Physical activity and mental health: The association
between exercise and mood', Clinics (Sao Paulo), vol. 60, no. 1, pp. 61-70, Feb. 2005.
doi.org/10.1590/S1807-59322005000100012

[5] L.Fuetal, 'Antioxidant capacities and total phenolic contents of 62 fruits', Food Chem., vol. 129, no.
2, pp. 345-350, Nov. 2011. doi.org/10.1016/j.foodchem.2011.04.079

Journal homepage: https://journal. hmjournals.com/index.php/JPDMHD


https://journal.hmjournals.com/index.php/JPDMHD
https://doi.org/10.13189/ujer.2018.060605
https://doi.org/10.7759/cureus.33475
https://doi.org/10.1016/j.ajp.2016.07.010
https://doi.org/10.1590/S1807-59322005000100012
https://doi.org/10.1016/j.foodchem.2011.04.079

Journal of Prevention, Diagnosis and Management of Human Diseases (JPDMHD) ISSN: 2799-1059 101

[6]

[14]

[15]

[20]

[21]

D. M. Reddy, G. V. B. Reddy, and P. K. Mandal, 'Application of natural antioxidants in meat and meat
products-a review', Food Nutr J: FDNJ-173. DOI, wvol. 10, pp. 2575-7091, 2018.
doi.org/10.29011/2575-7091.100073

N. R. Ahmad, S. S. Saleh, and N. L. Taha, 'Biochemical study for glucose-6-phosphate dehydrogenase
(G6PD) in Thalassemia patients’, in AIP Conference Proceedings, vol. 2839, AIP Publishing, 2023.
doi.org/10.1063/5.0170649

D. B. Mendelsohn, Inclusive leadership: Exploration of individual and situational antecedents. 2021.
K. S. Alsalhen, R. D. Abdalsalam, and A. Abdalsalam, 'Effect of cigarette smoking on liver functions: a
comparative study conducted among smokers and non-smokers male in El-beida City, Libya', Libya.
International Current Pharmaceutical Journal, vol. 3, no. 7, pp. 291-295, 2014.
doi.org/10.3329 /icpj.v3i7.19077

C.-M. Kung, H.-L. Wang, and Z.-L. Tseng, 'Cigarette smoking exacerbates health problems in young
men', Clin. Invest. Med., vol. 31, no. 3, pp. E138-49, 2008. doi.org/10.25011/cim.v31i3.3471

Adnan, A. E. (2011). CIGARETTE SMOKING AND HYPERTENSION: ANY CAUSALR ELATIONSHIP. Al-
taqain J, 24(7), 1-6.

A.C.Carrand S. Rowe, 'Factors affecting vitamin C status and prevalence of deficiency: A global health
perspective', Nutrients, vol. 12, no. 7, p. 1963, July 2020. doi.org/10.3390/nu12071963

W. L. Wrieden, M. K. Hannah, C. Bolton-Smith, R. Tavendale, C. Morrison, and H. Tunstall-Pedoe,
'Plasma vitamin C and food choice in the third Glasgow MONICA population survey', Journal of
Epidemiology & Community Health, vol. 54, no. 5, pp. 355-360, 2000. doi.org/10.1136 /jech.54.5.355
B. E. Hanna, . M. Hamed, and L. M. Touhala, ‘Serum uric Acid in smokers’, Oman Med ], vol. 23, no. 4,
pp. 269-274, Oct. 2008.

K. Miiller and L. Brunnberg, 'Determination of plasma albumin concentration in healthy and diseased
turtles: a comparison of protein electrophoresis and the bromcresol green dye-binding method', Vet.
Clin. Pathol., vol. 39, no. 1, pp. 79-82, Mar. 2010. doi.org/10.1111/j.1939-165X.2009.00177.x

Z. Hertelyova, R. Salaj, A. Chmelarova, P. Dombrovsky, M. C. Dvorakova, and P. Kruzliak, 'The
association between lipid parameters and obesity in university students’, ]. Endocrinol. Invest., vol.
39, no. 7, pp. 769-778, July 2016. doi.org/10.1007 /s40618-015-0240-8

R.]. Allison, The Impact of Vitamin D Status upon Markers of Athlete Health. United Kingdom, 2017.
A. R. Nama, W. N. Hussein, and S. S. Saleh, 'Relationships of vitamin d and vitamin b12 with
malonaldehyde in patients with beta thalassemia major. University of Kirkuk', Journal of Namibian
Studies: History Politics Culture, vol. 33, pp. 4172-4190, 2023. doi.org/10.59670/jns.v33i.1093

Z. Jiang et al, 'High prevalence of vitamin D deficiency in Asia: A systematic review and meta-
analysis’, Crit. Rev. Food Sci. Nutr, vol. 63, no. 19, pp. 3602-3611, 2023.
doi.org/10.1080/10408398.2021.1990850

A. B. Hauwau, D. Abdullahi, and I. D. Gaddafi, 'Effect of cigarette smoking on lipid peroxidation and
serum antioxidant vitamins', ] Pharm Biol Sci, vol. 12, pp. 40-44, 2017. doi.org/10.9790/3008-
1202044044

J. J. Mohammed and S. S. Saleh, 'Study the Activity of Lactate Dehydrogenase (LDH) and Some
Biochemical Parameters in Atherosclerosis Patients. University of Kirkuk', University of Kirkuk.
Indian Journal of Public Health Research & Development, vol. 11, no. 2, 2020.
doi.org/10.37506/v11/i2/2020/ijphrd /195160

A. Ungurianu, A. Zanfirescu, G. Nitulescu, and D. Margina, 'Vitamin E beyond its antioxidant label’,
Antioxidants (Basel), vol. 10, no. 5, p. 634, Apr. 2021. doi.org/10.3390/antiox10050634

D. Haj Mouhamed, A. Ezzaher, F. Neffati, W. Douki, L. Gaha, and M. F. Najjar, 'Effect of cigarette
smoking on plasma uric acid concentrations’, Environ. Health Prev. Med., vol. 16, no. 5, pp. 307-312,

Sept. 2011. doi.org/10.1007/s12199-010-0198-2

N. Roohi and S. A. Mehjabeen, ‘Effects of cigarette smoking on serum proteins profile in male active

and passive smokers’, Punjab Univ. ]. Zool, vol. 32, no. 2, pp. 209-215, 2017.
S. Nikam, P. Nikam, A. Joshi, R. G. Viveki, A. B. Halappanavar, and B. Hungund, 'Effect of regular
physical exercise (among circus athlets) on lipid profile, lipid peroxidation and enzymatic

Journal homepage: https://journal. hmjournals.com/index.php/JPDMHD


https://journal.hmjournals.com/index.php/JPDMHD
https://doi.org/10.29011/2575-7091.100073
https://doi.org/10.1063/5.0170649
https://doi.org/10.3329/icpj.v3i7.19077
https://doi.org/10.25011/cim.v31i3.3471
https://doi.org/10.3390/nu12071963
https://doi.org/10.1136/jech.54.5.355
https://doi.org/10.1111/j.1939-165X.2009.00177.x
https://doi.org/10.1007/s40618-015-0240-8
https://doi.org/10.59670/jns.v33i.1093
https://doi.org/10.1080/10408398.2021.1990850
https://doi.org/10.9790/3008-1202044044
https://doi.org/10.9790/3008-1202044044
https://doi.org/10.37506/v11/i2/2020/ijphrd/195160
https://doi.org/10.3390/antiox10050634
https://doi.org/10.1007/s12199-010-0198-2

Journal of Prevention, Diagnosis and Management of Human Diseases (JPDMHD) ISSN: 2799-1059 (102

antioxidants', International journal of biochemistry research & review, vol. 3, no. 4, pp. 414-420,
2013. doi.org/10.9734/1]BCRR/2013/4711

[26] S.Bala, N. Gupta, and A. S. Bhatia, ‘Effect of Exercise Training on Physical Fitness and Lipid Profile in
Healthy Adults’, Academic Journal of Oral and Dental Medicine, vol. 2, no. 2, pp. 23-28, 2015.

[27] M.Y. Rashid, A. M. Aziz, ]. K. Shakor, S. A. Raheem, F. I. Qadir, and R. Shakeri, 'Assessment of Lipid
Profiles among Athletes and Non-Athletes in Kalar City', Modern Sport, vol. 22, pp. 122-0130, 2023.
doi.org/10.54702/ms.v22i4.1214

How to Cite: Essa Omran Jassim, Sayran Sattar Saleh. (2024). Evaluation of some biochemical variables
among smoker athletes in kirkuk city. Journal of Prevention, Diagnosis and Management of Human
Diseases (JPDMHD), 4(1), 95-102. https://doi.org/10.55529 /jpdmhd.43.1.8

BIOGRAPHIES OF AUTHORS

Essa Omran Jassim, is a Master's degree student in the Department of
Biology, the College of Science, University of Kirkuk, Iraq. His academic
and research interests are sports physiology, health effects of smoking,
and the corresponding biochemical and antioxidant parameters in
athletes. He has done experimental research on smoking's impact on
vitamins, lipid profiles, and oxidative stress markers. The purpose of his
research is to provide an understanding of the lifestyle-related
biochemical changes and their consequent implications for athletic health
and performance. Email: essaomran62@gmail.com

Sayran Sattar Saleh'”, is a Professor in the Department of Biology,
College of Science, University of Kirkuk, Kirkuk, Iraq. Her academic
dominated by clinical biochemistry, human physiology, and the study of
oxidative stress and metabolic disorders through biochemical
biomarkers. She has been the supervisor of many postgraduate research
projects and has a very good publication record in national and
international scientific journals. She is particularly interested in the
biochemical effects of lifestyle and environmental factors on human
health. Email: sayran.2017 @uokirkuk.edu.iq

Journal homepage: https://journal. hmjournals.com/index.php/JPDMHD


https://journal.hmjournals.com/index.php/JPDMHD
https://doi.org/10.9734/IJBCRR/2013/4711
https://doi.org/10.54702/ms.v22i4.1214
mailto:essaomran62@gmail.com
mailto:sayran.2017@uokirkuk.edu.iq
https://orcid.org/0000-0003-0783-9143
https://doi.org/10.55529/jpdmhd.43.1.8

