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Abstract

Background: Athletes and people participating in sports activities are at risk due to the
inhalation of pollutants. This study aimed to compare the effect of one session of aerobic exercise
in clean and polluted air on the response of some inflammatory factors in active people.
Methods: 10 active men with at least three years of regular exercise training were selected. Their
blood samples were collected on two separate days, in polluted air with an air quality index (Air
quality index, or AQI) of 120 in the alert state (orange) and 59 days later in clean air with an
AQI of 52 in a clean state (yellow), before, immediately after conducting a block field test, with
an intensity of 69-55% of maximal heart ratem, and 24 hours after the activity in a sitting
position, on the chair and from a left brachial vein, to determine the amounts of IL-6 and C-
reactive protein by ELISA method. Analysis of variance with repeated measures was used.
Results: The levels of IL-6 immediately after exercise and 24 hours after exercise in polluted
air showed a significant increase compared to clean air. Although C-reactive protein levels
increased after exercise with exposure to high concentrations of pollutants, this increase was
not statistically significant.

Conclusion: Aerobic exercise subjected to a high concentration of pollutants compared to
clean air causes a significant increase in serum levels of some cardiovascular disease
predictive factors, such as interleukin-6 and C-reactive protein.
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Introduction

Environmental pollution is one of the human health problems in industrialized and
developing countries. Studies have shown that exposure to air pollution and inhalation of air
pollution along with disease progression, including cardiovascular disease, respiratory
problems, and even death (1). Air pollutants can be divided into two main categories:
primary pollutants that are directly produced and include carbon monoxide, sulfur oxides,
nitrogen oxides, hydrocarbons, and solid particles. Secondary pollutants are created through
interactions between primary and environmental pollutants, including ozone, acetyl nitrate
proxy, Aldehydes, sulfuric acid, and sulfates. Dark clouds or smoke seen in many of the
world's most populous cities usually include both pollutant categories (2). Pollution caused
by vehicles is known as the primary source and includes a mix of pollutants (3). Many
pollutants arrive quickly and without vital deformation in blood, and their harmful effects
have been shown in the blood, brain and bone, spleen, and lymph nodes (4). In addition,
studies show that the effects of air pollutants, notably lead, may result in impaired body
function, including the cardiovascular system, through the production of free radicals and,
thus, increased lipid peroxidation (1). In the study of Peters and colleagues, 691 patients with
myocardial infarction exposed to traffic for 1 hour had an increased risk of a heart attack in
the ratio of 2.92 indices (5). The most worrying issue is exacerbating the harmful effects of
air pollution during exercise because, according to metabolic needs increase, the amount of
air that enters the respiratory system will be several times and may even be more than 20
times (6). In addition, an increase in the airflow rate carries the pollutants to the depths of
the respiratory system (3), and extreme sports increase the number of breathing, the change
of breathing from the nose to mouth, and as a result, the ability of the nose for treating
pollutants will be reduced (7).

Time spent exercising is essential in creating the side effects caused by pollutants on
athletes. Ultra-marathon runners and other participants in long endurance events, such as
walking and cycling, are more likely to be exposed to the harmful effects of pollutants (8).
In athletes that exercised for 30 minutes to 2 hours in the exposure of 0.3-0.2 parts per million
(ppm) ozone, a significant association has been seen between the concentration of this gas
and lung function reduction during training courses (9). Inflammation, cell death, and
oxidative stress are the main mechanism of biological effects caused by air pollutants (10-

11). In the study of Bahrami et al., on female endurance runners, in polluted and clean air,
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the bilirubin levels in polluted air showed a 22 percent increase compared to clean air, and
the increase was significant (p< 0.001). Haptoglobin levels were reduced by 23.86 percent
after exercise in high concentrations of pollutants, but this reduction was not statistically
significant (p<0.09) (12).

Inflammatory indices that affect the immune system when exposed to polluted air can
be noted in cytokines such as interleukin-6 (IL-6). IL-6 is secreted from vascular endothelial
cells, fibroblasts, and other cells, and along with Endocrine effects, which can affect the
hypothalamus and cause acute phase response (APR) that can point out to an increase in the
concentrations of C reactive protein (CRP) (10). CRP applied its psychological effect from
two main mechanisms, through connection with the activities of monocytes and increased
synthesis of adhesion molecules that enlists leukocytes to adhere to the surface of vascular
endothelial and, thus, expands and strengthens the process of inflammation in the endothelial
tissue of vessels (13). In addition, inflammatory indices interacting with each other develop
risk factors for atherosclerosis-associated diseases (10). In the study of Devlin and
colleagues, exposure to ozone increased IL-1 significantly after 24 h. It also increased IL-6
and CRP immediately after the exercise, which was not significant (14). For two main
reasons, CRP and IL-6 are essential indicators of inflammation in young people and adults.
First, numerous reports have been published about the relationship between CRP and IL-6
with diseases in adults (15); second, the CRP and IL-6 in blood circulation are reported to
be higher in adults than in the lower age categories (16). Due to fact, studies show that one
training session can increase the inflammatory factors (17); on the other hand, exposure to
polluted air can be associated with increased inflammatory factors. Therefore, this study
aimed to examine the effect of one session of aerobic exercise in active people exposed to
high concentrations of pollutants and aerobic exercise in clean and polluted air on the

inflammatory indices of interleukin-6 and C - reactive protein.

Material and methods

Athletes referred to track and field at 16:00 with a high concentration of pollutants and
exercised according to the protocol based on the Resistance-Exercise Training Protocol of
bulk field test. According to the protocol, subjects ran in 400-meter track and field after
warm-up. Then subjects performed some stretching for 15 minutes at 69-55% of the

maximum heart rate.
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Before the start of the exercise protocol, 10 cc of blood was taken from each subject.
Immediately after the exercise protocol, blood samples were transported to the laboratory.
In addition, 24 hours after the exercise protocol, subjects participated in the laboratory to
perform blood sampling. To measure the IL-6 changes used by the ELISA kit (Finland) and
CRP (Pars Azmoon, Iran) used by immunoturbidimetric technique. The exercise protocol
was performed on a day with clean air and at the same time, and the variables under study

were measured.

Participants

This research is cross-sectional and practical in terms of results. This group was chosen
in an accessible and meaningful way. Participants in the study were untrained young men,
and 10 volunteer participants between them were randomly selected with age (24.9 + 1.7)
years, height (177.1 = 3.3) cm, and weight (72.9 + 5.2) kg. The subjects had at least three
years of regular exercise. The subjects were clean and had no blood disease, cardiovascular,
hormonal diseases, obesity, or blood pressure; none were under treatment or taking certain

medications. All subjects completed the consent form and health questionnaire.

How to measure pollutants

In the present study, air pollution was measured on Feb 28", 2015 that the Air Quality
Index (or AQI) was equivalent to 120, meaning the alert status (orange), according to the
Isfahan Environmental Protection Bureau data from Pollution monitoring stations in Azadi
Square (Pollution monitoring stations adjacent track and field). The clean air in the same

place with the air quality index was 52, on May 8™, 2015, which means a yellow status.

Statistical Analysis

Normal distribution of data determined by the Kolmogorov-Smirnov test and analysis
of variance with repeated measures were used. Moreover, the Bonferroni post hoc test was
used to find significant statistical differences. The significance level in this study was less
than 0.05.

Results
AQI of the Air Quality Index on Feb 27", 2013 (polluted air) and May 8", 2013 (clean
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air) is shown in Figure 1. Our results indicated the main air pollutant concentrations in the
area of training in PPm, representing a particle of pollutants per million particles of a mixture
in two days (Figure 2). Furthermore, the concentration of nitrogen oxides and particulate on
Feb 27, 2013 shows the alert status.

Table 1. Demographic characteristics of subjects

Statistical Maximal Maximal  Maximal Body mass Weight Height Age

Indicators oxygenin oxygenin oxygenin index (kg) (cm) (years)
the the the (kilograms
polluted polluted polluted per meter
air (ml air (ml air (ml per squared)

per kg of  per kgof kg of body

body body weight per
weight weight minute)
per per
minute) minute)
Average 52.33 52.33 % 51.64 223227 729+ 1771+ 249 +
1.71 1.71 1.84 5.29 38.3 1.72
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Figure 1. Air quality index value in two days of study
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Figure 2. The concentration of pollutants in two days with polluted and clean air

The mean age of subjects was 24.9 + 1.72 years, and the average height, weight, and
index body were respectively 177.1 + 38.3 cm, 72.9 + 5.29 kg, and 22.3 + 2.27 kilograms
per square meter. Based on the results of this study, the average concentration of IL-6 in
subjects before, immediately, and 24 hours after aerobic exercise in polluted air were 0.43 +
0.32,0.53 £ 0.33, and 0.11 £ 0.07 pg/ml, respectively, and in clean air, the concentration of
IL-6 was, 0.05 £ 0.02, 0.07 + 0.03 and 0.09 = 0.03 Pg ml, respectively. As can be seen, the
amount of IL-6 in polluted air increased compared to clean air; the increase was statistically
significant (p<0.001), as shown in Table 1. In addition, due to a significant difference in the
variable IL-6, the Bonferroni post hoc test was used to infer the differences shown in Table
1. As can be seen in Table 1, there is a significant difference between polluted air and clean
air before, immediately, and 24 hours after exercise.

The average CRP concentration in subjects before, immediately, and 24 hours after
aerobic exercise in polluted air were 2.29 £+ 1.66, 2.35 + 1.65, and 2.12 £+ 1.55 Mg/I. In clean
air, the CRP concentration was 1.82 £ 1.44, 2.09 £+ 1.55, and 1.58 + 1.04 Mg/Il. CRP values
in polluted air showed an increase compared to clean air, but this increase was not

statistically significant (P<0.82), as shown in Table 2.
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Table 2. IL-6 and C - reactive protein concentration in clean and polluted air

Variable Before Immediately 24 hours  Before Immediately 24 hours
exercise after exercise after exercise after exercise after
exercise exercise
clean air polluted air
IL-6 0.05+0.02 0.07+0.03 0.09 £ 043+ 0.53+£0.33 011+
(pg/ml) 0.03 0.32, 0.07
CRP (mg/l) 1.82+1.44 2.09+155 1.58 + 2.20 + 235+ 1.65 212 +
1.04 1.66 1.55
Discussion

In this study, IL-6 amounts showed an increase before, immediately after, and 24 hours
after aerobic exercise in polluted air, compared to clean air, and the increase was significant
(p<0.001).

IL-6 is secreted from vascular endothelial cells, fibroblasts, and other cells in response
to microbes and other cytokines, particularly TNF-a and IL-1 (18). IL-6 is the first cytokine
that increases the following exercise in the blood, which may increase up to 100 times (19).
Research showed that the amount of I1L-6 during exercise spinning in circulation increases
in intensity and duration of exercise (20). Oxidative stress and inflammation are the effective
mechanisms of air pollutant effects (22-21). Following tissue injury, infection,
inflammation, and burns, the acute phase response (APR) starts with a chain reaction that
act as a group that eventually avoids further damage, supports the body, eliminates the
infectious factors, and activates healing processes (23). Devlin and colleagues observed that
levels of IL-6 and CRP have increased significantly after exposure to ozone pollution, and a
return to its initial level was done after 24 hours (14). In a study by Zaldivar and colleagues
on 11 clean volunteers, after 30 minutes of heavy cycling exercise, a significant increase
showed in IL-6 levels of exercise (24). In addition, Gray and colleagues' research, after an
hour of cycling exercise, up to 90% lactate threshold resulted in a significant increase in IL-
6 and returned to the initial level after 5.1 hours (20). The increase in IL-6 immediately after
exercise is probably the result of acute inflammatory responses that expand and increase
rapidly and remain for a short time. This short period is probably due to the short half-life of
inflammatory mediators because of regulatory cytokines such as TGFB (which limits the

inflammatory response). Typically, systemic responses are short-term responses, and acute
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phase protein will be characterized by a rapid change (26-25). Local response to
inflammation or injury causes cytokines clashes such as IL-6, which are released during
inflammation (17). The inflammatory response involves the production of large quantities
of acute-phase proteins derived from the liver, such as CRP (28-27).

C - reactive protein (CRP) is a non-glycoside polymer protein consisting of five identical
sub-units. CRP is one of the acute phase factors, which means the proteins produced to cope
with the influx of foreign antigens by the liver (29). Chronic low-grade inflammation will
be displayed by increasing concentrations of CRP and increasing general levels of some
cytokines, including IL-6. Several reports have examined various signs of inflammation in
different population groups and have approved the relationship between general low-grade
inflammation on the one hand and metabolic syndrome, diabetes type 2, and atherosclerosis
on the other hand (11-10). In adults, high levels of CRP are due to smoking, obesity, and
cardiovascular disease (31-30). In this study, CRP levels before, immediately after, and 24
hours after aerobic exercise in polluted air did not significantly increase compared to clean
air (P<0.82). Brazil and colleagues have found evidence about the increasing concentration
of CRP, which in its normal range may indicate cardiovascular disease and diabetes (16).
CRP reference values are from 0 to 10 MgL, but there is evidence that cardiovascular risks
increase when CRP levels increase above 3 mg per liter. Yen et al. have studied the
relationship between CRP and multiple cardiovascular risks and found a strong association
between high CRP and cardiovascular risk. Subjects above 3.5 were exposed to
cardiovascular mortality risks four times more than those with less than 1.3 (32).

Since studies related to certain pollutants leave their infancy behind, scientists are still
seeking findings to identify the effect of air quality on sports activities and everyday
functions. For example, a recent study showed that physical activity, exercise in polluted air,
and exposure to high concentrations of pollutants could lead to increased levels of
interleukin-6 and C-reactive protein in sports persons, including complications such as an
increased risk of cardiovascular disease.

Stress resulting from sampling, sample size, fluid intake, and athletes' nutrition affect
the rheological responses (Rheological) of blood, so their complete control in this study was
impossible. Other limitations of this study were the physiological conditions of the subjects.
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Conclusion

Air pollution is a severe and constant threat to the environment and the health of athletes.
Exposure to pollutants, possibly through changes in the oxidation/antioxidant process of the
body, causes the development of inflammation and thus increases the incidence of
cardiovascular events. Therefore, it makes simple behavioral changes such as avoiding

strenuous physical activity on days when high pollution levels are recommended.

Competing interests

There is no competing interest to disclose
Acknowledgments

The authors express thanks and appreciation to the subjects participating in the study as

well as the Department of Environment Isfahan province.

99



Exercise Physiology and Performance Volumel Issuel (2023): 91-101

References

1-Gurer H, Ercal N. Can antioxidants be beneficial in treatment of lead poisoning? Free Radic Biol Med
2000; 29(10) : 927-945. DOI: 10.1016/s0891-5849(00)00413-5

2-Etlik M, Tomur J, Ahmel H. The oxidant effectd of hyperbaric oxygenation and air pollution in erythrocyte
membranes(Hyperbaric oxygenation in air pollution). Eur J Gen Med 2006; 3(1) : 21-28.
DOl:https://doi.org/10.29333/ejgm/82356

3-Kymisis M, Hadjistavrou K. Short-term effect of air pollution levels on pulmonary function of young
adults. The Internet Journal of pulmonary medicine 2008; 9(2).

4-Nikolic M, Nikic D, Stankovic A. Effect of air pollution on red blood cells inchildren. Polish J of environ
stud 2008; 17(2) :267-71.

5-Peters A, von Klot S, Heier M, Trentinaglia I, Hormann A, Wichmann HE, Lowel H. Exposure to traffic and
the onset of myocardial infarction. The New England journal of medicine 2004, 351:1721-
1730. DOI: 10.1056/NEJM0a040203

6-Braga AL, Saldiva PH, Pereira LA, Menezes JJ, Conceicao GM, Lin CA, et al. Health effects of air
pollution exposure on children and adolescents in Sao Paulo, Brazil. Pediater Pulmonol 2001; 31(2) :
106-13.DOI: 10.1002/1099-0496(200102)31:2<106::aid-ppul1017>3.0.c0;2-m

7-Kargarfard M, Rouzbahani R, Rezanejad S, Poursafa P. The effect of air pollution on cardio respiratory
performance of active individuals.ARYA Aheroscler 2009; 5(2) :71-7.

8-Sorensen M, Daneshvar B, Hnsen M, Dragsted LO, Hertel O, Kudsen L, et al.Personal PM2.5 exposure
and markers of oxidative stress in blood.Environ health perspect 2003 ; 111(2):161-6.
DOI: 10.1289/ehp.111-1241344

9-Carlise AJ, Sharp NC.Exercise and outdoor ambient air pollution.Br J Sport med 2001; 35(4):214-22.

DOI: 10.1136/bjsm.35.4.214

10-Petersen AM, Peders~n BK. The anti-inflammatory effect of exercise. J Appl Physiol 2005 ; 98: 1154-
1162. DOI: 10.1152/japplphysiol.00164.2004

11-Pedersen B.K. IL-6 Signalling in exercise and disease. The Authors Compilation Biochemical Society
Transactions 2007; 35 : 1295-1297. DOI: 10.1042/BST0351295

12-Bahrami F, Esfarjani F, Marandi S. Effects of intermittent exercise in polluted and clean air on hemolysis
of red blood cells in endurance runners.Journal of Isfahan medical school 2013; 212(2) :1845-1855 .

13-Akbari H, Tartibiban B, Amir Sasan R. Effect of L-Carnitine supplement on IL-6 and CRP one duration
swimming training in men swimmers.Journal of Olampic 2009; 48: 93-102.

14-Devlin R, Duncan K, Jardim M, Sanchez D, Rappold A.Controlled exposure of healthy young volunteers
to ozone cause cardiovascular effects.Journal o the American heart 2012; 112:1-20.
DOI: 10.1161/CIRCULATIONAHA.112.094359

15-Aronson D, Sella R, Ahmad MS, Kerner A, Avizohar 0, Rispler S, Bartha P, Mickiewicz W, Levy Y,
Brook GJ . The Association Between cardiorespiratory Fitness and C-Reactive Protein inSubjects
With the Metabolic Syndrome. Journal of the American College of Cardiology 2004; 44: 2003-2007.

DOI: 10.1016/j.jacc.2004.08.030

16-Brasil AR, Norton RC, Rossetti MB, Leao E, Mendes RP. C-reactive protein as an indicator of low
intensity inflammation in children and adolescents with and without obesity. J Pediatr 2007; 83:477-
480 .DOI: 10.2223/JPED.1690

17-Akira S, Kishimoto T. IL-6 and NF-IL6 in acute-phase response and viral infection .Immunol Rev 1992 ;
127: 25-50. DOI: 10.1111/j.1600-065x.1992.th01407.x

18-Lightmen A, Ply SH. Cell immunology and moleculism.Tranc Amozegar A, Mohamadnia M. Mashhad ,
Iran: Medical Biotechnology Publiscations; 2007.

19-Guyton A, Hall J. Medical physiology. Chehr Publiscations; 2006.

20-Gray S.R, Clifford M, Lancaster R, Leggate M, Davies M, Nimmo M.A .The response of circulating
levels of the interleukin-6/interleukin-6 receptor compex to exercise in young men. Cytokin 2009;
47:98-102. DOI: 10.1016/j.cyt0.2009.05.011

100


https://doi.org/10.1016/s0891-5849(00)00413-5
https://doi.org/10.29333/ejgm/82356
https://doi.org/10.1056/nejmoa040203
https://doi.org/10.1002/1099-0496(200102)31:2%3C106::aid-ppul1017%3E3.0.co;2-m
https://doi.org/10.1289/ehp.111-1241344
https://doi.org/10.1136/bjsm.35.4.214
https://doi.org/10.1152/japplphysiol.00164.2004
https://doi.org/10.1042/bst0351295
https://doi.org/10.1161/circulationaha.112.094359
https://doi.org/10.1016/j.jacc.2004.08.030
https://doi.org/10.2223/jped.1690
https://doi.org/10.1111/j.1600-065x.1992.tb01407.x
https://doi.org/10.1016/j.cyto.2009.05.011

Exercise Physiology and Performance Volumel Issuel (2023): 91-101

21-Moreno EA, Cuelar CG, Ruiz ADV, Rojas-Barcho L, Osornio-vargas AR. Air pollution. health and
environmental impacts. Boca Raton, FL: CRC Press; 2008.

22-Lodovici M, Bigagli E. Oxidative stress and air pollution exposure. J Yoxical 2011; 2011:487074.
DOI: 10.1155/2011/487074

23-Arazi H, Demirchi A, Babae p. Effect of one and two session endurance- resistance training on
redistribution of sub lokosit groups of men athletics blood. Lournal of Motion 2006; 36: 107-128.

24-zaldivar F, Rodriguez WR, Nemet D, Schwindt C, Galassetti P, Mills LD, Cooper DM . Constitutive
Pro - and anti-inflammatory cytokine and growth factor response to exercise in leukocytes, J Appl
Physiol 2006; 100 :1124-1 133. DOI: 10.1152/japplphysiol.00562.2005

25-Starkie R.L. Hargreaves M, Rolland J. Febbraio M.A. Heat stress, cytokines, and the immune response
to exercise brain, behavior, and immunity 2005; 19: 404-412 .DOI: 10.1016/j.bbi.2005.03.005

26-Kouko R.Benjamini immunology. Trans Tajik N. Tehran, Iran: Samat Publiscations; 2012.

27-Dinarello  AC. Interleukin-1 and interleukin-I antagonism. Blood 1991; 77 : 1627-1652 .DOI:
https://doi.org/10.1182/blood.\VV77.8.1627.1627

28-Sales JC, Pizzi C, Brown S, Kaski JC. C-Reactive Protein, Clinical Presentation, and Ischemic Activity
in patients with chest pain and normal coronary angiograms by the American College of Cardiology
Foundation. Journal of the American College of Cardiology 2003; 41: 1468-1474.
DOI: 10.1016/s0735-1097(03)00243-2

29-Faramarzi M. The relation of physical activity,cardiovascular fithess and CRP plasma in athletes and
nonathletes. Journal of Motion 2008; 36: 432.

30-Kuller LH, Tracy RP,Shaten J, Meilahn EN. C-reactive protein and coronary heart disease in the MRFIT
nested case-control study. American Journal of Epidemiology 1996; 144:537-547.
DOI: 10.1093/oxfordjournals.aje.a008963

31-Ridker PM, Cushman M, Stampfer MJ, Tracy RP, Hennekens CH. Inflammation, aspirin, and the risk
of cardiovascular disease in apparently healthy men. The New England Journal of Medicine 1997; 336
:973-979. DOI: 10.1056/NEJM199704033361401

32-Yin Xu, Kyra W. C-reactive protein and cardiovascular disease in people with diabet. University of
Cincinnati (UC) Collage of Nursing, Cincinnati 2006; 23 : 1231-1235. DOI:10.1097/00000446-
200608000-00027

101


https://doi.org/10.1155/2011/487074
https://doi.org/10.1152/japplphysiol.00562.2005
https://doi.org/10.1016/j.bbi.2005.03.005
https://doi.org/10.1182/blood.V77.8.1627.1627
https://doi.org/10.1016/s0735-1097(03)00243-2
https://doi.org/10.1093/oxfordjournals.aje.a008963
https://doi.org/10.1056/nejm199704033361401
http://dx.doi.org/10.1097/00000446-200608000-00027
http://dx.doi.org/10.1097/00000446-200608000-00027

