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                    Abstract
The primary aim of the present study was to investigate if overweight and obese compared to lean individuals displayed differences in levels of inflammatory markers in circulation, skeletal muscle (SM) and adipose tissue (AT) after acute exercise. Fifteen lean (BMI: 22.4 ± 2 kg/m2) and 16 overweight or obese (BMI 31.8 ± 3 kg/m2) individuals were included in the study. They completed 120 min of ergometer bicycling at 55–60 % of maximal heart rate. Blood samples were obtained at baseline (T = 0), after 60 (T = 60) and 120 min of exercise (T = 120), and analyzed using an ELISA method. SM and AT biopsies were obtained at T0 and T120, and mRNA expression was investigated using a Real-time RT-PCR method. Circulating IL-6, TNF-α, IL-8, and IL-15 all increased at T = 120 min (p < 0.01). Circulating IL-6 and IL-15 increased in all subjects at T = 120 min (p < 0.01), but only the increase of IL-6 was significantly higher in overweight and obese subjects (p < 0.05), and was positively correlated with body fat percentage (p < 0.01). Circulating IL-8 and TNF-α were increased in overweight and obese (p < 0.05) but not in lean subjects. Acute exercise induced an increase in IL-6 mRNA expression in SM biopsies (p < 0.05). IL-6 as well as adiponectin mRNA expression was increased in AT biopsies (p < 0.05); however, no effect of body weight was found. The findings suggest that the systemic inflammatory response to acute exercise is different in lean compared to overweight and obese subjects, with a more pronounced increase in inflammatory markers (e.g., IL-6, IL-8, and TNF-α) in overweight and obese individuals.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Effects of resistance training at different loads on inflammatory markers in young adults
                                        
                                    

                                    
                                        Article
                                        
                                         06 February 2017
                                    

                                

                                Louis Nuvagah Forti, Evelien Van Roie, … Ivan Bautmans

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Interleukin-15 and creatine kinase response to high-intensity intermittent exercise training
                                        
                                    

                                    
                                        Article
                                        
                                         10 March 2020
                                    

                                

                                Thaislaine dos Santos, Fabio Santos Lira & Barbara Moura Antunes

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The correlation of resistance exercise-induced myostatin with insulin resistance and plasma cytokines in healthy young men
                                        
                                    

                                    
                                        Article
                                        
                                         18 August 2015
                                    

                                

                                F. Kazemi

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Bastard JP, Jardel C, Bruckert E, Blondy P, Capeau J, Laville M, Vidal H, Hainque B (2000) Elevated levels of interleukin 6 are reduced in serum and subcutaneous adipose tissue of obese women after weight loss. J Clin Endocrinol Metab 85:3338–3342
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Bruun JM, Helge JW, Richelsen B, Stallknecht B (2006) Diet and exercise reduce low-grade inflammation and macrophage infiltration in adipose tissue but not in skeletal muscle in severely obese subjects. Am J Physiol Endocrinol Metab 290:E961–E967
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Christiansen T, Paulsen SK, Bruun JM, Overgaard K, Ringgaard S, Pedersen SB, Positano V, Richelsen B (2009) Comparable reduction of the visceral adipose tissue depot after a diet-induced weight loss with or without aerobic exercise in obese subjects: a 12-week randomized intervention study. Eur J Endocrinol 160:759–767
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Engeli S, Feldpausch M, Gorzelniak K, Hartwig F, Heintze U, Janke J, Möhlig M, Pfeiffer AF, Luft FC, Sharma AM (2003) Association between adiponectin and mediators of inflammation in obese women. Diabetes 52:942–947
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Fischer CP (2006) Interleukin-6 in acute exercise and training: what is the biological relevance? Exerc Immunol Rev 12:6–33
PubMed 
    
                    Google Scholar 
                

	Ghanim H, Aljada A, Hofmeyer D, Syed T, Mohanty P, Dandona P (2004) Circulating mononuclear cells in the obese are in a proinflammatory state. Circulation 110:1564–1571
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Kullo IJ, Khaleghi M, Hensrud DD (2007) Markers of inflammation are inversely associated with VO2 max in asymptomatic men. J Appl Physiol 102:1374–1379
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Lumeng CN, Saltiel AR (2011) Inflammatory links between obesity and metabolic disease. J Clin Invest 121:2111–2117
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Lyngso D, Simonsen L, Bulow J (2002) Interleukin-6 production in human subcutaneous abdominal adipose tissue: the effect of exercise. J Physiol 543:373–378
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Mohamed-Ali V, Goodrick S, Rawesh A, Katz DR, Miles JM, Yudkin JS, Klein S, Coppack SW (1997) Subcutaneous adipose tissue releases interleukin-6, but not tumor necrosis factor-alpha, in vivo. J Clin Endocrinol Metab 82:4196–4200
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Petersen AM, Pedersen BK (2005) The anti-inflammatory effect of exercise. J Appl Physiol 98:1154–1162
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Segal KR, Van Loan M, Fitzgerald PI, Hodgdon JA, Van Itallie TB (1998) Lean body mass estimation by bioelectrical impedance analysis: a four-site cross-validation study. Am J Clin Nutr 47:7–14

                    Google Scholar 
                

	Starkie R, Ostrowski SR, Jauffred S, Febbraio M, Pedersen BK (2003) Exercise and IL-6 infusion inhibit endotoxin-induced TNF-alpha production in humans. FASEB J 17:884–886
PubMed 
    CAS 
    
                    Google Scholar 
                

	Steensberg A, van Hall G, Osada T, Sacchetti M, Saltin B, Pedersen BK (2000) Production of interleukin-6 in contracting human skeletal muscles can account for the exercise-induced increase in plasma interleukin-6. J Physiol 529:237–242
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Steensberg A, Fischer CP, Keller C, Møller K, Pedersen BK (2003) IL-6 enhances plasma IL-1ra, IL-10, and cortisol in humans. Am J Physiol Endocrinol Metab 285:E433–E437
PubMed 
    CAS 
    
                    Google Scholar 
                

	Thompson D, Karpe F, Lafontan M, Frayn K (2012) Physical activity and exercise in the regulation of human adipose tissue physiology. Physiol Rev 92:157–191
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Timmons BW, Hamadeh MJ, Devries MC, Tarnopolsky MA (2005) Influence of gender, menstrual phase, and oral contraceptive use on immunological changes in response to prolonged cycling. J Appl Physiol 99:979–985
Article 
    PubMed 
    
                    Google Scholar 
                

	Trayhurn P, Wood IS (2004) Adipokines: inflammation and the pleiotropic role of white adipose tissue. Br J Nutr 92:347–355
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Trujillo ME, Scherer PE (2006) Adipose tissue-derived factors: impact on health and disease. Endocr Rev 27:762–778
PubMed 
    CAS 
    
                    Google Scholar 
                

	Walsh NP, Gleeson M, Shephard RJ, Gleeson M, Woods JA, Bishop NC, Fleshner M, Green C, Pedersen BK, Hoffman-Goetz L, Rogers CJ, Northoff H, Abbasi A, Simon P (2011) Position statement. Part one: immune function and exercise. Exerc Immunol Rev 17:6–63
PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
The skillful technical assistance of Lenette Pedersen and Pia Hornbek is highly appreciated. The study was supported by the Danish Medical Research Council, Aarhus University, Novo Nordic Foundation, The Danish Diabetic Association and the Society of Physiotherapist in Denmark.

                Conflict of interest

                The authors have no conflicts of interest to declare.

              

Author information
Authors and Affiliations
	Department of Internal Medicine and Endocrinology (MEA), Aarhus University Hospital, Aarhus, Denmark
Tore Christiansen, Jens M. Bruun, Søren K. Paulsen, Jens Ølholm, Steen B. Pedersen & Bjørn Richelsen

	Medical Department M, Regional Hospital Randers, Skovlyvej 1, 8930, Randers, Denmark
Jens M. Bruun

	Department of Public Health, Aarhus University, Aarhus, Denmark
Kristian Overgaard


Authors	Tore ChristiansenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jens M. BruunView author publications
You can also search for this author in
                        PubMed Google Scholar



	Søren K. PaulsenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jens ØlholmView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kristian OvergaardView author publications
You can also search for this author in
                        PubMed Google Scholar



	Steen B. PedersenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bjørn RichelsenView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Jens M. Bruun.


Additional information
Communicated by Fabio Fischetti.
T. Christiansen and J. M. Bruun contributed equally to the manuscript.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Christiansen, T., Bruun, J.M., Paulsen, S.K. et al. Acute exercise increases circulating inflammatory markers in overweight and obese compared with lean subjects.
                    Eur J Appl Physiol 113, 1635–1642 (2013). https://doi.org/10.1007/s00421-013-2592-0
Download citation
	Received: 30 June 2012

	Accepted: 16 January 2013

	Published: 30 January 2013

	Issue Date: June 2013

	DOI: https://doi.org/10.1007/s00421-013-2592-0


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Acute exercise
	Obesity
	Lean
	Cytokines
	Adipose tissue
	Skeletal muscle








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					34.205.172.146
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    