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Abstract 

 

Accumulating evidence indicates that cigarette smoking is associated with systemic inflammation and is a risk 

factor for cardiovascular disease. In this study, we sought to evaluate the consequences of an acute bout of 

exercise on serum C reactive protein (CRP) in smoker men. Subjects were aged 33–38 years, sedentary that 

participated in this study by accessible sampling. Venous blood samples were collected from all smokers before 

and immediately after a single bout exercise (Running, 35-minute) with in order to measuring serum CRP. Data 

were analyzed by Student’s paired T test. No significant differences were found in serum CRP by running 

exercise with compared to baseline. Based on these data, we conclude that one session exercise test with 

moderate intensity can not change serum CRP in smoker men. 
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Introduction   

Much evidence suggests that cardiovascular disease 

contains a component of inflammation and has even 

been referred to as an inflammatory disease (Libby et 

al., 2009; Ross, 1999). It was reported that Tobacco 

continues to be the second major cause of death in the 

world. By 2030, if current trends continue, smoking 

will kill >9 million people annually. On the other 

hand, review of research evidence shows that 

Smoking play important role on numerous organs of 

the body and the list of diseases where smoking has 

been recognized as a contributory factor is extensive 

(Tonstad et al., 2009). 

 

It has been previously reported that cigarette smoking 

is a classical and major risk factor in the development 

of cardiovascular disease and atherosclerosis (Ockene 

et al., 1997; Smith et al., 2004). Although some 

changes caused by smoking are reversible after 

quitting, some inflammatory mediators like CRP are 

still significantly raised in ex-smokers up to 10 to 20 

years after quitting, suggesting ongoing low-grade 

inflammatory response persisting in former smokers 

(Dilyara et al., 2007). According to the population 

studies, it has been indicated that CRP might be not 

only a biomarker of different cardiovascular diseases 

but may have direct effects on the pathogenesis of 

atherosclerosis and endothelial dysfunction (Szmitko 

et al., 2003).  

 

It is generally accepted that High-sensitivity C-

reactive protein (hs-CRP) is a sensitive marker for 

inflammation, infection and tissue damage, and also 

contributes to the host defense against infection by 

activating the complement pathway (Sahoo et al., 

2009). Numerous studies have reported that 

increased CRP is correlated with current asthma, 

respiratory impairment and bronchial hyper-

reactivity (Kony et al., 2004; Jousilahti et al., 2002). 

It is also important to note that cigarette smoking is 

associated with elevated levels of C-reactive protein 

(CRP), fibrinogen, and interleukin-6, as well as 

increased counts of WBC have been reported (Dilyara 

et al., 2007).  

Recent epidemiological studies and clinical 

interventions have reported contradictory findings 

related to exercise interventions and the resulting 

alterations in cytokines such as CRP. So some 

previous studies have been supported the benefic 

effects of various exercise training (de Salles et al., 

2010) and other studies reported no significant effect 

of exercise training on serum levels of this 

inflammatory cytokine (Collins et al., 2006; 

Czarkowska-Paczek et al., 2005). In addition, 

increased serum CRP immediately after cycling 

exercise test was reported by anther researcher 

(Eizadi et al., 2011). On the other hand, there is 

limited information about acute response of CRP to 

exercise test on smokers. Therefore, in this study, we 

investigated the effect of a single bout running 

exercise on serum CRP in adult smoker men. 

 

Material and methods 

Subjects were sixteen sedentary, non-trained smoker 

men aged 33–38 years (BMI 27-32 kg/m2) that 

participated in this study by accessible sampling. The 

objective of this study was to determine acute 

response of serum CRP to a one session running test 

for 35 min in smoker men. The study was conducted 

with the approval of the Ethics Committee of the 

Islamic Azad University. Inclusion criteria for 

participate in study was smoking 10 cigarettes a day 

for at least 5 years. Participants were non-athletes 

and non-alcoholics. Participants were included if they 

had not been involved in regular physical activity or 

diet in the previous 6 months. Exclusion criteria for 

the study group were: diagnosed type 2 diabetes, 

coronary artery disease, cerebrovascular disease, and 

peripheral artery disease, using medicine or hormone 

preparations that affect the carbohydrate and lipid 

metabolism. 

 

After introduction and awareness of the subjects of 

the objectives of the study and once they had 

completed consent forms, the process of test 

implementation began. All anthropometric 

measurements were made by the same trained 

general physician and under the supervision of the 

same pediatrician following standard protocols. 
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Measurements of height (m) and weight (kg) were 

performed by means of an anthropometric scale. 

Height was measured without shoes on standing 

while the shoulders were tangent with the wall. Body 

weight was measured in duplicate in the morning 

following a 12-h fast. Body Mass index (BMI) was 

calculated using the formula body weight/height in 

terms of kg/m². Percentage body fat was measured 

using body composition monitor (OMRON, Finland). 

After anthropometrical measurements, venous blood 

samples were collected of subjects. Venous blood 

samples were collected from all smokers before and 

immediately after a single bout exercise (Running, 

35-minute) with in order to measuring serum CRP. 

Exercise test was single bout modified tests consist of 

35 min running at an intensity of 75(%) maximal 

heart rate. Subjects were asked to avoid doing any 

heavy physical activity for 48 hours before blood 

sampling. Blood samples were dispensed into EDTA-

coated tubes and centrifuged for 10 minutes in order 

to separate serum. Serum CRP was determined by 

ELISA method (Diagnostics Biochem Canada Inc. 

High sensitivity C - reactive protein (Hs-CRP)). 

 

Statistical analysis 

All values are given as mean and standard deviation. 

Statistic analysis was done with SPSS 15.0 for 

Windows. Normal distribution of data was analyzed 

by the Kolmogorov-Smirnov normality test. Student’s 

t-tests for paired samples used to determine whether 

there were significant changes in serum CRP in 

response to exercise test. A p-value of less than 0.05 

was considered to be statistically significant. 

 

 

 
Table 1. Anthropometric and physiological characteristics of subjects (n = 16). 

Variable Age 

(years) 

Height 

(cm) 

Weight 

(kg) 

Body fat 

(%) 

BMI 

(kg/m2) 

Mean 34 175 93 29.8 30.37 

SD 4.3 5.3 6.8 4.1 3.2 

Abbreviations: BMI, body mass index; SD, standard deviation. 

 

Results  

In present study, we investigated the effect of single 

bout exercise test consisted of 35 minutes of running 

on serum CRP in smoker adult men. Anthropometric 

characteristics of the study participants are shown in 

Table 1. Data were expressed as individual values or 

the mean ± SD. There were no significant intra-group 

differences in age, anthropometrical indexes and 

serum CRP of smokers at baseline.   

 

No significant differences were found in serum CRP 

by running exercise with compared to baseline (from 

2112 ± 243 to 2321 ± 323 ng/ml, p > o.05). On the 

other hand, exercise test was accompanied with no 

acute response of CRP in smoker men (Fig 1). 

 

Discussion 

The major finding of this investigation was no 

significant response of serum CRP to exercise in 

studied smokers. We also observed that one session 

running test didn’t significant change in LDL 

lipoprotein, although serum HDL increased 

significantly. The specific mechanisms responsible for 

these observations are not obvious.  
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The factors which cause inflammatory cytokines’ 

contradictory responses to different types of exercise 

in healthy or diseased populations are not completely 

identified.  Over the past two decades, there has been 

a large volume of studies, some of which are 

conflicting, in which serum CRP concentrations have 

been measured in parallel to smoking status because 

of the possible link between smoking and the 

induction of inflammatory pathways (Yanbaeva et al., 

2007). It has been previously reported that increased 

IL-1ß and IL-6 in response to lung inflammation and 

are implicated in the induction of CRP gene 

expression, may mediate the stimulation of bone 

marrow cells (Van Eeden et al., 2005). It is now 

clearly estabilished that Adipose tissue secretes a 

variety of bioactive mediators including 

adipocytokines such as adiponectin, leptin, resistin or 

classical cytokines such as the pro-inflammatory 

mediators TNF-α and interleukin 6 (IL-6) 

(Hotamisligil, 2006; Tilg et al., 2006). High 

sensitivity C-reactive protein (hs-CRP) is an 

inflammatory mediator known to be related to 

inflammation, and cardiovascular diseases (Eizadi et 

al., 2011). 

 

CRP is mainly secreted by hepatocytes, but can also 

be expressed by adipocytes (Ouchi et al., 2003) and 

cultured coronary artery smooth muscle cells 

(Calabro et al., 2005), suggesting that localised 

inflammation can induce CRP expression. IL-6 and 

TNF-α are two primary regulators of CRP and the 

acute phase proteins, which are secreted by 

neutrophil granulocytes and macrophages at sites of 

injury (Tonstad et al., 2009). Most of the previous 

studies have reported that cigarrete smoking 

increases serum CRP. It was reported that passive 

smokers who are exposed regularly to environmental 

tobacco smoke have significantly higher CRP levels in 

plasma (Panagiotakos et al., 2004; Das, 1985; Danesh 

et al., 2000) indicating an ongoing inflammatory 

process. 

 

Although many studies reported increased CRP 

among smokers compared to non-smokers, but some 

studies showed insignificant difference in this 

cytokine between smoker and non-smokers 

(Merghani et al., 2012). 

 

It is also likely that the serum levels of this 

inflammatory cytokine are lack significant change in 

response to exercise test is related to its baseline 

levels. In fact, the lack of non-smoker group is one of 

the limitations of the present study. Because it is 

possible that there is no significant difference in CRP 

baseline levels between the studied smokers and non-

smokers and it is probably that studied smokers have 

normal CRP levels. In this event, CRP’s not changing 

significantly may be attributed to its normal baseline 

levels. In this regard, some previous researches have 

also reported insignificant difference in serum CRP 

between smokers and non-smokers.  

 

Consistent with these findings, in a recent study, 

although smoking status did correlate with a 

significant elevation in levels of IL-6 and serum 

amyloid protein A, another acute phase protein, the 

increase in CRP levels observed in smokers was not 

found to be statistically significant (Helmersson et al., 

2005). The results of another study showed that CRP 

levels were significantly lower in never-smokers (p < 

0.0001) than in current smokers (Wannamethee et 

al., 2005). 

 

On the other hand, even though there are few studies 

on CRP’s instantaneous response to short term 

exercise in smokers, there are other studies on other 

healthy and diseased populations which have 

reported this inflammatory cytokine’s lack of 

response or insignificant change following a single 

bout exercise tests. For instance, the findings of the 

study by Collins et al. indicated that conducting an 

exercise test does not lead to a significant change in 

serum levels of CRP and IL-6 (Collins et al., 2006). In 

addition, the study by Paczeck et al. on non-smokers 

demonstrated that intense exercise test did not result 

in a significant change in CRP immediately and 2 

hours after the exercise (Czarkowska-Paczek et al., 

2005). On the other hand, considering CRP’s not 

changing significantly in response to 35 minutes of 

moderate running test in the present study, it may be 
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concluded that one session of exercise with the 

aforementioned characteristics is not accompanied by 

inflammatory effects on serum CRP levels in male 

smokers. 

 

References 

Calabro P, Chang DW, Willerson JT. 2005. 

Release of C-reactive protein in response to 

inflammatory cytokines by human adipocytes: linking 

obesity to vascular inflammation. Journal of the 

American College of Cardiology 46, 1112–3. 

 

Collins P, Ford I, Croal B, Ball D, Greaves M, 

Macaulay E, Brittenden J. 2006. Haemostasis,  

inflammation and renal function following exercise in 

patients with intermittent claudication on statin and 

aspirin therapy. Thrombosis Journal 4, 9. 

 

Czarkowska-Paczek B, Bartlomiejczyk I, 

Gabrys T, Przybylski J, Nowak M, Paczek L. 

2005. Lack of relationship between interleukin-6 and 

CRP levels in healthy male athletes. Immunology 

Letters 99(1), 136-40. 

 

Danesh J, Whincup P, Walker M, Lennon L, 

Thomson A, Appleby P, Gallimore JR, Pepys 

MB. 2000. Low grade inflammation and coronary 

heart disease: prospective study and updated meta-

analyses. British Medical Journal 321, 199 – 204. 

Das I. 1985. Raised C-reactive protein levels in 

serum from smokers. Clinica Chimica Acta 153, 9-13. 

 

de Salles BF, Simão R, Fleck SJ, Dias I, 

Kraemer-Aguiar LG, Bouskela E. 2010. Effects 

of resistance training on cytokines.  International 

Journal of Sports Medicine 31(7), 441-50. 

 

Dilyara G. Yanbaeva, Mieke A. Dentener, Eva 

C. Creutzberg, Geertjan Wesseling and Emiel 

F. M. Wouters. 2007.  Systemic Effects of Smoking. 

Central Coast Chest 9, 1557-1566. 

 

Eizadi M, Kohandel M, kasbparast JRM, 

Sarshin A. 2011. Hs-CRP and TNF- alpha in 

response to a stepwise incremental bicycle test in 

adult obese men. Journal of Biodiversity and 

Environmental Sciences 1(3), 35-43. 

 

Helmersson J, Larsson A, Vessby B. 2005. 

Active smoking and a history of smoking are 

associated with enhanced prostaglandin F-2 alpha, 

interleukin-6 and F-2-isoprostane formation in 

elderly men. Atherosclerosis 181, 201–7. 

 

Hotamisligil GS, Shargill NS, Spiegelman BM. 

1993. Adipose expression of tumor necrosis factor-

alpha: direct role in obesity-linked insulin resistance. 

Science 259, 87-91. 

 

Jousilahti P, Salomaa V, Hakala K, Rasi V, 

Vantera E, Palosuo T. 2002. The association of 

sensitive inflammation markers with bronchial 

asthma.  Annals of Allergy, Asthma and Immunology 

89, 381-5. 

 

Kony S, Zureik M, Driss F, Neukirch C, 

Leynaert B, Neukirch F. 2004. Association of 

bronchial hyperresponsiveness and lung function 

with C-reactive protein (CRP): a population based 

study. Thorax 59, 892-6. 

 

Libby P, Ridker PM, Maseri A. 2002. 

Inflammation and atherosclerosis. Circulation 105, 

1135–43. 

Merghani TH, Saeed A, Alawad A. 2012. 

Changes in plasma IL4, TNFá and CRP in response to 

regular passive smoking at home among healthy 

school children in Khartoum, Sudan. African Health 

Sciences 12(1), 41-47. 

 

Ockene IS, Miller NH. 1997. Cigarette smoking, 

cardiovascular disease, and stroke: a statement for 

healthcare professionals from the American Heart 

Association. American Heart Association Task Force 

on Risk Reduction. Circulation 96, 3243–7. 

 

Ouchi N, Kihara S, Funahashi T. 2003. 

Reciprocal association of C-reactive protein with 

adiponectin in blood stream and adipose tissue. 

Circulation 107, 671–4. 

http://www.google.com/url?sa=t&rct=j&q=j%20am%20coll%20cardiol&source=web&cd=1&cad=rja&ved=0CCkQFjAA&url=http%3A%2F%2Fcontent.onlinejacc.org%2F&ei=tQTbUcquBsyN4gSYqICQAg&usg=AFQjCNFRgtNx0qegLqwWWjz4ML6pd9lm3g&bvm=bv.48705608,d.bGE
http://www.google.com/url?sa=t&rct=j&q=j%20am%20coll%20cardiol&source=web&cd=1&cad=rja&ved=0CCkQFjAA&url=http%3A%2F%2Fcontent.onlinejacc.org%2F&ei=tQTbUcquBsyN4gSYqICQAg&usg=AFQjCNFRgtNx0qegLqwWWjz4ML6pd9lm3g&bvm=bv.48705608,d.bGE
http://www.ncbi.nlm.nih.gov/pubmed?term=Czarkowska-Paczek%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15894122
http://www.ncbi.nlm.nih.gov/pubmed?term=Bartlomiejczyk%20I%5BAuthor%5D&cauthor=true&cauthor_uid=15894122
http://www.ncbi.nlm.nih.gov/pubmed?term=Gabrys%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15894122
http://www.ncbi.nlm.nih.gov/pubmed?term=Przybylski%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15894122
http://www.ncbi.nlm.nih.gov/pubmed?term=Nowak%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15894122
http://www.ncbi.nlm.nih.gov/pubmed?term=Paczek%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15894122
http://www.ncbi.nlm.nih.gov/pubmed?term=%22de%20Salles%20BF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sim%C3%A3o%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fleck%20SJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dias%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kraemer-Aguiar%20LG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bouskela%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/20432196
http://www.ncbi.nlm.nih.gov/pubmed/20432196


 

175 Javad et al. 

 

Int. J. Biosci. 2013 

Panagiotakos DB, Pitsavos C, Chrysohoou C, 

Skoumas J, Masoura C, Toutouzas P, 

Stefanadis C. 2004. Effect of exposure to second 

hand smoke on inflammation: the ATTICA study. 

American Journal of Medicine 116, 145–150. 

 

Ross R. 1999. Atherosclerosis-an inflammatory 

disease. New England Journal of Medicine 340, 115–

26. 

 

Sahoo RC, Acharya PR, Noushad TH, Anand 

R, Acharya VK, Sahu KR. 2009. A Study of High-

Sensitivity C - reactive protein in Bronchial Asthma. 

Indian journal of chest diseases & allied sciences 

51(4), 213-6. 

 

Smith SC Jr, Milani RV, Arnett DK. 2004. 

Atherosclerotic Vascular Disease Conference: Writing 

Group II: risk factors. Circulation 109, 2613–6. 

 

Szmitko PE, Wang CH, Weisel RD. 2003. New 

markers of inflammation and endothelial cell 

activation: part I. Circulation 108, 1917–1923. 

 

Tilg H, Moschen AR. 2006. Adipocytokines: 

mediators linking adipose tissue, inflammation and 

immunity. Nature Reviews Immunology 6, 772-83. 

 

Tonstad S, Cowan JL. 2009. C-reactive protein as 

a predictor of disease in smokers and former 

smokers: a review. International Journal of Clinical 

Practice 63(11), 1634-41. 

 

Van Eeden SF, Yeung A, Quinlam K. 2005. 

Systemic response to ambient particulate matter: 

relevance to chronic obstructive pulmonary disease. 

Proceedings of the American Thoracic Society 2, 61–

7. 

 

Wannamethee SG, Lowe GD, Shaper AG. 2005. 

Associations between cigarette smoking, pipe ⁄ cigar 

smoking, and smoking cessation, and haemostatic 

and inflammatory markers for cardiovascular disease. 

European Heart Journal 26, 1765–73. 

 

Yanbaeva DG, Dentener MA, Creutzberg EC. 

2007.  Systemic effects of smoking. Chest 131, 1557–

66.  

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Sahoo%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=20073372
http://www.ncbi.nlm.nih.gov/pubmed?term=Acharya%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=20073372
http://www.ncbi.nlm.nih.gov/pubmed?term=Noushad%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=20073372
http://www.ncbi.nlm.nih.gov/pubmed?term=Anand%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20073372
http://www.ncbi.nlm.nih.gov/pubmed?term=Anand%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20073372
http://www.ncbi.nlm.nih.gov/pubmed?term=Acharya%20VK%5BAuthor%5D&cauthor=true&cauthor_uid=20073372
http://www.ncbi.nlm.nih.gov/pubmed?term=Sahu%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=20073372
http://www.google.com/url?sa=t&rct=j&q=nat%20rev%20immunol&source=web&cd=1&cad=rja&ved=0CCoQFjAA&url=http%3A%2F%2Fwww.nature.com%2Fnri%2F&ei=VQbbUZSPBIrVPNm4gYgL&usg=AFQjCNHHBa6QX7vsOY2m-8hJB0a_NrUG-A&bvm=bv.48705608,d.bGE
http://www.ncbi.nlm.nih.gov/pubmed?term=Tonstad%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19732183
http://www.ncbi.nlm.nih.gov/pubmed?term=Cowan%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=19732183
http://www.google.com/url?sa=t&rct=j&q=int%20j%20clin%20pract&source=web&cd=1&cad=rja&ved=0CCoQFjAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F(ISSN)1742-1241&ei=Wv_aUf6FKOf-4QSZBQ&usg=AFQjCNHSoIcBUcC8MnprTdp24ijOGp25bg&bvm=bv.48705608,d.bGE
http://www.google.com/url?sa=t&rct=j&q=int%20j%20clin%20pract&source=web&cd=1&cad=rja&ved=0CCoQFjAA&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F(ISSN)1742-1241&ei=Wv_aUf6FKOf-4QSZBQ&usg=AFQjCNHSoIcBUcC8MnprTdp24ijOGp25bg&bvm=bv.48705608,d.bGE

