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Kav 87, Slipi, Jakarta, Indonesia

Abstract
BACKGROUND: Inflammation plays an important role in  the atherosclerotic process. High-sensitivity C-reactive-
protein  (hs-CRP) is commonly used as inflammatory biomarker. It is well known that regular physical activity lowers

hs-CRP levels , while prolonged exercise induces hs-CRP elevations. However, the relationship of training and
exercise characteristics with hs-CRP levels  remains not well elucidated. We evaluated baseline  and post-exercise
hs-CRP levels  and its association with training and exercise characteristics. METHODS: Eighty-eight male 
endurance  cyclists  were involved. Demographic data, health condition and training characteristics were collected. 
Baseline  and postexercise  blood-samples were collected to determine hs- CRP concentrations. A hs-CRP cut-off

point of 3 mg/L was used. Blood-cell count and biochemical parameters were measured at baseline . Heart rate (HR)
was measured during exercise. RESULTS: Cyclists  performed 7.3 hours (interquartilerange (IQR) = 5.4-7.5) of 
endurance  exercise at intensity of 81.8 % (IQR = 74.9-85.8). Cyclists  with baseline  hs- CRP ≥ 3 mg/L reported

higher body mass, body mass index (BMI), waist-circumference and total-cholesterol. An increase in  hs-CRP was
following endurance  exercise. Cyclists  with any elevation of hs-CRP reported a higher BMI, HR during exercise and
exercise intensity. Binary logistic regression analysis showed BMI (OR = 1.24, 95% CI = 1.04-1.48) and cycling distance
(OR = 0.22, 95% CI = 0.06-0.76) were associated with post-exercise hs-CRP elevations. CONCLUSION: Body mass,
BMI, waist-circumference, total- and HDL-cholesterol are associated with baseline  hs- CRP, whereas BMI and
cycling distance were associated with hs-CRP elevations. These findings suggest that anthropometry parameters and
lipid levels  attributed to baseline  hs-CRP, while anthropometry parameters and cycling intensity attributed to post-
exercise hs-CRP elevations. © 2019 Prodia Education and Research Institute.
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Baseline and Post-exercise High-Sensitivity C-Reactive Protein Levels in Endurance Cyclists: The Indonesian North Coast and
Tour de Borobudur 2017 Study
Mahalul Azam, Susanti Lestari, Sri Ratna Rahayu, Arulita Ika Fibriana, Budhi Setianto, Nyoman Suci Widyastiti, Suhartono Suhartono, Hardhono Susanto,
Martha Irene Kartasurya, Udin Bahrudin, Thijs Eijsvogels

Abstract

BACKGROUND: Inflammation plays an important role in the atherosclerotic process. High-sensitivity C-reactive-protein (hs-CRP) is commonly used as
inflammatory biomarker. It is well known that regular physical activity lowers hs-CRP levels, while prolonged exercise induces hs-CRP elevations. However, the
relationship of training and exercise characteristics with hs-CRP levels remains not well elucidated. We evaluated baseline and post-exercise hs-CRP levels and
its association with training and exercise characteristics.

METHODS: Eighty-eight male endurance cyclists were involved. Demographic data, health condition and training characteristics were collected. Baseline and
postexercise blood-samples were collected to determine hsCRP concentrations. A hs-CRP cut-off point of 3 mg/L was used. Blood-cell count and biochemical
parameters were measured at baseline. Heart rate (HR) was measured during exercise.

RESULTS: Cyclists performed 7.3 hours (interquartilerange (IQR) = 5.4-7.5) of endurance exercise at intensity of 81.8 % (IQR = 74.9-85.8). Cyclists with
baseline hsCRP ≥ 3 mg/L reported higher body mass, body mass index (BMI), waist-circumference and total-cholesterol. An increase in hs-CRP was following
endurance exercise. Cyclists with any elevation of hs-CRP reported a higher BMI, HR during exercise and exercise intensity. Binary logistic regression analysis
showed BMI (OR = 1.24, 95% CI = 1.04-1.48) and cycling distance (OR = 0.22, 95% CI = 0.06-0.76) were associated with post-exercise hs-CRP elevations.

CONCLUSION: Body mass, BMI, waist-circumference, total- and HDL-cholesterol are associated with baseline hsCRP, whereas BMI and cycling distance were
associated with hs-CRP elevations. These findings suggest that anthropometry parameters and lipid levels attributed to baseline hs-CRP, while anthropometry
parameters and cycling intensity attributed to post-exercise hs-CRP elevations.

KEYWORDS: C-reactive-protein, exercise, endurancecycling, inflammation, acute-phase-response

 

Full Text:
PDF

References

Yousuf O, Mohanty BD, Martin SS, Joshi PH, Blaha MJ, Nasir K, et al. High-sensitivity C-reactive protein and cardiovascular disease: A resolute belief or an
elusive link? J Am Coll Cardiol. 2013; 62: 397-408, CrossRef.

Shrivastava AK, Singh HV, Raizada A, Singh SK. C-reactive protein, inflammation and coronary heart disease. Egypt Hear J. 2015; 67: 89-97, CrossRef.

Kasapis C, Thompson PD. The effects of physical activity on serum C-reactive protein and inflammatory markers: a systematic review. J Am Coll Cardiol. 2005;
45: 1563–9, CrossRef.

Fallon KE. The acute phase response and exercise: The ultramarathon as prototype exercise. Clin J Sport Med. 2001; 11: 38-43, CrossRef.

Andersson J, Jansson JH, Hellsten G, Nilsson TK, Hallmans G, Boman K. Effects of heavy endurance physical exercise on inflammatory markers in non-athletes.
Atherosclerosis. 2010; 209: 601-5, CrossRef.

Nunes RAB, Araújo F, Correia GF, Da Silva GT, Mansur AJ. Highsensitivity C-reactive protein levels and treadmill exercise test responses in men and women
without overt heart disease. Exp Clin Cardiol. 2013; 18: 124-8, PMID.

Eijsvogels TMH, Fernandez AB, Thompson PD. Are there deleterious cardiac effects of acute and chronic endurance exercise? Physiol Rev. 2016; 96: 99-125,
CrossRef.

Stanojevic D, Jakovljevic V, Barudzic N, Zivkovic V, Srejovic I, Parezanovic Ilic K, et al. Overtraining does not induce oxidative stress and inflammation in blood
and heart of rats. Physiol Res. 2016; 65: 81-90, PMID.

Tidball JG. Inflammatory processes in muscle injury and repair. Am J Physiol Regul Integr Comp Physiol. 2005; 288: 345-53, CrossRef.

Peake JM, Suzuki K, Wilson G, Hordern M, Nosaka K, MacKinnon L, et al. Exercise-induced muscle damage, plasma cytokines, and markers of neutrophil
activation. Med Sci Sports Exerc. 2005; 37: 737-45, CrossRef.

Wallberg L, Mikael Mattsson C, Enqvist JK, Ekblom B. Plasma IL-6 concentration during ultra-endurance exercise. Eur J Appl Physiol. 2011; 111: 1081-8,
CrossRef.

Skadberg Ø, Kleiven Ø, Bjørkavoll-Bergseth M, Melberg T, Bergseth R, Selvåg J, et al. Highly increased Troponin I levels following high-intensity endurance
cycling may detect subclinical coronary artery disease in presumably healthy leisure sport cyclists: The North Sea Race Endurance Exercise Study (NEEDED)
2013. Eur J Prev Cardiol. 2017; 24: 885-94, CrossRef.

Bessa AL, Oliveira VN, Agostini GG, Oliveira RJS, Oliveira ACS, White GE, et al. Exercise intensity and recovery: biomarkers of injury, inflammation, and
oxidative stress. J Strength Cond Res. 2016; 30: 311-9, CrossRef.

Mouridsen MR, Nielsen OW, Carlsen CM, Mattsson N, Ruwald MH, Binici Z, et al. High-sensitivity C-reactive protein and exerciseinduced changes in subjects
suspected of coronary artery disease. J Inflamm Res. 2014; 7: 45-55, CrossRef.

T k H M h KD S l DR A di t d i l h t t i it d J A C ll C di l 2001 37 153 6 C R f

https://inabj.org/index.php/ibj/pages/view/indexation
https://www.trendcounter.com/report/7226034c86/
https://inabj.org/index.php/ibj/issue/archive
https://inabj.org/index.php/ibj/search/authors
https://inabj.org/index.php/ibj/search/titles
https://inabj.org/index.php/ibj/notification
https://inabj.org/index.php/ibj/notification/subscribeMailList
https://inabj.org/index.php/ibj/information/readers
https://inabj.org/index.php/ibj/information/authors
https://inabj.org/index.php/ibj/information/librarians
javascript:openHelp('https://inabj.org/index.php/ibj/help')
http://pkp.sfu.ca/ojs/
https://inabj.org/index.php/ibj/index
https://inabj.org/index.php/ibj/about
https://inabj.org/index.php/ibj/login
https://inabj.org/index.php/ibj/user/register
https://inabj.org/index.php/ibj/search
https://inabj.org/index.php/ibj/issue/current
https://inabj.org/index.php/ibj/issue/archive
https://inabj.org/index.php/ibj/announcement
https://inabj.org/index.php/ibj/pages/view/inpress
https://inabj.org/index.php/ibj/index
https://inabj.org/index.php/ibj/issue/view/34
https://inabj.org/index.php/ibj/article/view/560/0
https://inabj.org/index.php/ibj/article/view/560/420
https://doi.org/10.1016/j.jacc.2013.05.016
https://doi.org/10.1016/j.ehj.2014.11.005
https://doi.org/10.1016/j.jacc.2004.12.077
https://doi.org/10.1097/00042752-200101000-00007
https://doi.org/10.1016/j.atherosclerosis.2009.10.025
https://www.ncbi.nlm.nih.gov/pubmed/23940437
https://doi.org/10.1152/physrev.00029.2014
https://www.ncbi.nlm.nih.gov/pubmed/26596327
https://doi.org/10.1152/ajpregu.00454.2004
https://doi.org/10.1249/01.mss.0000161804.05399.3b
https://doi.org/10.1007/s00421-010-1737-7
https://doi.org/10.1177/2047487317693130
https://doi.org/10.1519/JSC.0b013e31828f1ee9
https://doi.org/10.2147/JIR.S54360
https://doi.org/10.1016/s0735-1097(00)01054-8
HP
Highlight



9/28/2020 Baseline and Post-exercise High-Sensitivity C-Reactive Protein Levels in Endurance Cyclists: The Indonesian North Coast and Tour de B…

https://inabj.org/index.php/ibj/article/view/560 2/2

Tanaka H, Monahan KD, Seals DR. Age-predicted maximal heart rate revisited. J Am Coll Cardiol. 2001; 37: 153-6, CrossRef.

Ridker PM. High-sensitivity c-reactive protein, potential adjunct for global risk assessment in the primary prevention of cardiovascular disease. Circulation.
2001; 103: 1813-8, CrossRef.

Arbel Y, Birati EY, Shapira I, Finn T, Berliner S, Rogowski O. Comparison of different anthropometric measurements and inflammatory biomarkers. Int J Inflam.
2012; 2012: 1–5, CrossRef.

Zarzeczny R, Nawrat-Szołtysik A, Polak A, Manasar A, Maliszewski J, Kiełtyka A, et al. The relationship between selected body fatness indices and the level of
blood interleukin-6 in female nursing home residents aged 80+ years without inflammation: A pilot study. Exp Gerontol. 2018; 108: 240-6, CrossRef.

Sigdel M, Kumar A, Gyawali P, Shrestha R, Tuladhar ET, Jha B. Association of high sensitivity C-reactive protein with the components of metabolic syndrome in
diabetic and non-diabetic individuals. J Clin Diagnostic Res. 2014; 8: 11-3, CrossRef.

Samad F, Ruf W. Inflammation, obesity, and thrombosis. Blood. 2013; 122: 3415-22, CrossRef.

Izaola O, de Luis D, Sajoux I, Domingo JC, Vidal M. Inflammation and obesity (Lippoinflammation). Nutr Hosp. 2015; 31: 2352-8, CrossRef.

Sponder M, Kopecky C, Campean IA, Emich M, Fritzer-Szekeres M, Litschauer B, et al. Sports and HDL-quality reflected by serum amyloid A and surfactant
protein B. Int J Med Sci. 2017; 14: 1040-8, CrossRef.

Tsao TH, Yang C Bin, Hsu CH. Effects of different exercise intensities with isoenergetic expenditures on C-reactive protein and blood lipid levels. Res Q Exerc
Sport. 2012; 83: 293-9, CrossRef.

Rehnuma B, Hassan Z, Ibrahim M, Ali L. Serum levels of high sensitivity C-Reactive protein and its association with lipidemic status in Bangladeshi healthy
adults. J Pathol Nepal. 2014; 4: 644-8, CrossRef.

Sponder M, Campean IA, Emich M, Fritzer-Szekeres M, Litschauer B, Bergler-Klein J, et al. Long-term endurance training increases serum cathepsin S and
decreases IL-6 and hsCRP levels. J Sports Sci. 2017; 35: 2129-34, CrossRef.

Zelzer S, Tatzber F, Herrmann M. Work intensity, low-grade inflammation, and oxidative status: a comparison between office and Slaughterhouse Workers.
Oxid Med Cell Longev. 2018; 2018: 2737563, CrossRef.

Fernandes RA, Ritti-Dias RM, Balagopal PB, Conceição RDO, Santos RD, Cucato GG, et al. Self-initiated physical activity is associated with high sensitivity C-
reactive protein: A longitudinal study in 5,030 adults. Atherosclerosis. 2018; 273: 131-5, CrossRef.

McFarlin BK, Flynn MG, Campbell WW, Craig BA, Robinson JP, Stewart LK, et al. Physical activity status, but not age, influences inflammatory biomarkers and
toll-like receptor 4. J Gerontol A Biol Sci Med Sci. 2006; 61A: 388-93, PMID.

Chen YW, Apostolakis S, Lip GYH. Exercise-induced changes in inflammatory processes: Implications for thrombogenesis in cardiovascular disease. Ann Med.
2014; 46: 439-55, CrossRef.

Jurimae J, Tillmann V, Purge P, Jurimae T. Acute inflammatory response to prolonged sculling in competitive male rowers. J Sport Med Phys Fit. 2016; 56:
1368-75, PMID.

Basar N, Saatci Yasar A, Erden G, Cagli K, Sen N, Metin F, et al. The relation between exercise-induced myocardial ischemia and highsensitive C-reactive
protein and neopterin levels. Anadolu Kardiyol Derg. 2010; 10: 502-7, CrossRef.

Nieman DC, Konrad M, Henson DA, Kennerly K, Shanely RA, Wallner-Liebmann SJ. Variance in the acute inflammatory response to prolonged cycling is linked
to exercise intensity. J Interf Cytokine Res. 2012; 32: 12-7, CrossRef.

DOI: https://doi.org/10.18585/inabj.v11i1.560 

Indexed by:

                 

                  

               

     

 

The Prodia Education and Research Institute

                

https://doi.org/10.1016/s0735-1097(00)01054-8
https://doi.org/10.1161/01.cir.103.13.1813
https://doi.org/10.1155/2012/124693
https://doi.org/10.1016/j.exger.2018.04.016
https://doi.org/10.7860/jcdr/2014/8085.4522
https://doi.org/10.1182/blood-2013-05-427708
https://doi.org/10.3305/nh.2015.31.6.8829
https://doi.org/10.7150/ijms.20388
https://doi.org/10.1080/02701367.2012.10599860
https://doi.org/10.3126/jpn.v4i8.11591
https://doi.org/10.1080/02640414.2016.1258482
https://doi.org/10.1155/2018/2737563
https://doi.org/10.1016/j.atherosclerosis.2018.02.011
https://www.ncbi.nlm.nih.gov/pubmed/16611706
https://doi.org/10.3109/07853890.2014.927713
https://www.ncbi.nlm.nih.gov/pubmed/26558835
https://doi.org/10.5152/akd.2010.158
https://doi.org/10.1089/jir.2011.0038
https://doi.org/10.18585/inabj.v11i1.560
https://www.scopus.com/sourceid/21100843245
http://mjl.clarivate.com/cgi-bin/jrnlst/jlresults.cgi?PC=MASTER&Full=indonesian%20biomedical%20journal
https://doaj.org/toc/2355-9179?source=%7B%22query%22%3A%7B%22filtered%22%3A%7B%22filter%22%3A%7B%22bool%22%3A%7B%22must%22%3A%5B%7B%22term%22%3A%7B%22index.issn.exact%22%3A%222355-9179%22%7D%7D%2C%7B%22term%22%3A%7B%22_type%22%3A%22article%22%7D%7D%5D%7D%7D%2C%22query%22%3A%7B%22match_all%22%3A%7B%7D%7D%7D%7D%2C%22from%22%3A0%2C%22size%22%3A100%7D
http://road.issn.org/issn/2355-9179-the-indonesian-biomedical-journal#.Wn1sjPlubIU
https://extranet.who.int/hinari/en/browse_journal_titles.php?j_init=I&n=25&p=4&type=all
http://www.icmje.org/journals-following-the-icmje-recommendations/#I
http://www.sherpa.ac.uk/romeo/search.php
http://journalseeker.researchbib.com/view/issn/2085-3297
https://scholar.google.co.id/citations?user=QShJv3IAAAAJ&amp;hl=id
https://academic.microsoft.com/#/detail/2764892910
https://journals.indexcopernicus.com/search/form?search=indonesian%20biomedical%20journal
http://sinta2.ristekdikti.go.id/journals/detail?id=948
http://garuda.ristekdikti.go.id/journal/view/9738
http://index.pkp.sfu.ca/index.php/browse/archiveInfo/2681
http://rzblx1.uni-regensburg.de/ezeit/searchres.phtml?bibid=AAAAA&colors=7&lang=de&jq_type1=QS&jq_term1=The+Indonesian+Biomedical+Journal
https://www.base-search.net/Search/Results?lookfor=the+indonesian+biomedical+journal&amp;type=all&amp;oaboost=1&amp;ling=1&amp;name=&amp;newsearch=1&amp;refid=dcbasen%22%20target=
http://oaji.net/journal-detail.html?number=2572
http://olddrji.lbp.world/JournalProfile.aspx?jid=2355-9179
http://isjd.pdii.lipi.go.id/index.php/public_no_login/index_direktori
http://www.worldcat.org/title/indonesian-biomedical-journal/oclc/927979690&amp;referer=brief_results
http://prodia.institute/
https://creativecommons.org/licenses/by-nc/4.0/
https://www.crossref.org/
https://www.crossref.org/services/similarity-check//
http://turnitin.com/
https://app.grammarly.com/
https://www.mendeley.com/

