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                    Abstract
Rationale
Smokers show heightened activation toward smoking-related stimuli and experience increased cravings which can precipitate smoking cessation relapse. Exercise can be effective for modulating cigarette cravings and attenuating reactivity to smoking cues, but the mechanism by which these effects occur remains uncertain.
Objective
The objective of the study was to assess the effect of exercise on regional brain activation in response to smoking-related images during temporary nicotine abstinence.
Methods
In a randomised crossover design, overnight abstinent smokers (n = 20) underwent an exercise (10-min moderate-intensity stationary cycling) and passive control (seating for the same duration) treatment, following 15 h of nicotine abstinence. After each treatment, participants underwent functional magnetic resonance imaging (fMRI) brain scanning while viewing a random series of blocked smoking or neutral images. Self-reported cravings were assessed at baseline, mid-, and post-treatments.
Results
There was a significant interaction effect (treatment × time) for desire to smoke, F (2,32) = 12.5, p < 0.001, with significantly lower scores following the exercise at all time points compared with the control treatment. After both exercise and rest, significant areas of activation were found in areas of the limbic lobe and in areas associated with visual attention in response to smoking-related stimuli. Smokers showed increased activation to smoking images in areas associated with primary and secondary visual processing following rest, but not following a session of exercise.
Conclusion
The study shows differing activation towards smoking images following exercise compared to a control treatment and may point to a neuro-cognitive process following exercise that mediates effects on cigarette cravings.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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 varenicline and cognitive bias modification on neural response to smoking-related cues: study protocol for a randomized controlled study
                                        
                                    

                                    
                                        Article
                                         Open access
                                         07 October 2014
                                    

                                

                                Angela S Attwood, Tim Williams, … Marcus R Munafò

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The effect of acute exercise on cigarette cravings while using a nicotine lozenge
                                        
                                    

                                    
                                        Article
                                        
                                         22 February 2015
                                    

                                

                                Amelia Tritter, Lyndsay Fitzgeorge & Harry Prapavessis

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The Effect of Brief Mindfulness Training on Brain Reactivity to Food Cues During Nicotine Withdrawal: A Pilot Functional Imaging Study
                                        
                                    

                                    
                                        Article
                                        
                                         15 July 2019
                                    

                                

                                Emily A Kragel, Maggie M Sweitzer & James M Davis

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Borg GAV. Borg’s perceived exertion and pain scales (1998) Human Kinetics, Champaign

	Brody AL, Mandelkern MA, Lee G, Smith E, Sadeghi M, Saxena S, Javik ME, London ED (2004) Attenuation of cue-induced cigarette craving and anterior cingulate cortex activation in bupropion-treated smokers: a preliminary study. Psychiat Res 130:269–281
Article 
    
                    Google Scholar 
                

	Brody AL, Mandelkern MA, Olmstead RE, Jou J, Tiongson E, Valerie A et al (2007) Neural substrates of resisting craving during cigarette cue exposure. Biol Psychiat 62:642–651
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Carpenter MJ, Saladin ME, DeSantis S, Gray KM, LaRowe SD, Upadhyaya HP (2009) Laboratory-based, cue-elicited craving and cue reactivity as predictors of naturally occurring smoking behavior. Addict Behav 34(6–7):536–541
Article 
    PubMed 
    
                    Google Scholar 
                

	Chen MJ, Fan X, Moe ST (2002) Criterion-related validity of the Borg ratings of perceived exertion scale in healthy individuals: a meta-analysis. J Sport Sci 20:873–899
Article 
    
                    Google Scholar 
                

	David SP, Munafo MR, Johanen-Berg H, Smith SM, Rogers RD, Mathews PM, Walton RT (2005) Ventral striatum/nucleus accumbens activation to smoking-related pictorial cues in smokers and nonsmokers: a functional magnetic resonance imaging study. Biol Psychiatry 58:488–494
Article 
    PubMed 
    
                    Google Scholar 
                

	Dietrich A (2003) Functional neuroanatomy of altered states of consciousness: the transient hypofrontality hypothesis. Conscious Cogn 12:231–256
Article 
    PubMed 
    
                    Google Scholar 
                

	Dietrich A (2006) Transient hypofrontality as a mechanism for the psychological effects of exercise. Psychiatry Res 145:79–83
Article 
    PubMed 
    
                    Google Scholar 
                

	Dietrich A, Sparling B (2004) Endurance exercise selectively impairs prefrontal dependent cognition. Brain and Cogn 55:516–524
Article 
    
                    Google Scholar 
                

	Due DL, Huetttel SA, Hall WG, Rubin DC (2002) Activation in mesolimbic and visuospatial neural circuits elicited by smoking cues: evidence from functional magnetic resonance imaging. Am J Psychiatry 159:954–960
Article 
    PubMed 
    
                    Google Scholar 
                

	Ferguson SG, Shiffman S (2009) The relevance and treatment of cue-induced cravings in tobacco dependence. J Subst Abuse Treat 36:235–243
Article 
    PubMed 
    
                    Google Scholar 
                

	Field M, Munafo M, Franken IH (2009) A meta-analytic investigation of the relationship between attentional bias and subjective craving in substance abuse. Psychol Bull 135:589–607
Article 
    PubMed 
    
                    Google Scholar 
                

	Franklin TR, Wang Z, Wang J, Sciortino N, Harper D, Li Y, Ehram R, Kampman K, O’Brien CP, Detre JA, Childress AR (2007) Limbic activation to cigarette smoking cues independent of nicotine withdrawal: a perfusion fMRI study. Neuropsychopharmacology 32:2301–2309
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Friston KJ, Zarahn E, Joseph O, Henson RNA, Dale AM (1999) Stochastic designs in event-related fMRI. Neuroimage 10:607–619
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Garavan H, Pankiewicz J, Bloom A, Cho JK, Sperry L, Ross TJ, Salmeron BJ, Risinger R, Kelley D, Stein EA (2000) Cue-induced cocaine craving: neuroanatomical specificity for drug users and drug stimuli. Am J Psychiatry 157:1789–1798
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Gilbert DG, Rabinovitch NE. International smoking image series with neutral counterparts, 1.2 ed. Carbondale, IL (1998) Southern Illinois University at Carbondale

	Goudriaan AE, de Ruiter MB, van den Brink W, Oosterlaan J, Veltman DJ (2010) Brain activation patterns associated with cue reactivity and craving in abstinent problem gamblers, heavy smokers and healthy controls: an fMRI study. Addict Biol 15:491–503
Article 
    PubMed 
    
                    Google Scholar 
                

	Haasova M, Janse Van Rensburg K, Faulkner G, Ussher MH, Warren F, Taylor AH (2011) The acute effects of physical activity on cigarette cravings: a meta analysis with individual participant data. Paper presented at the European College of Sports Science Conference, Liverpool, 2011

	Heatherton TF, Kozlowski LT, Frecker RC, Fagerstrom KO (1991) The Fagerstrom test for nicotine dependence: a revision of the Fagerstrom tolerance questionnaire. Brit J Addict 86:19–27
Article 
    
                    Google Scholar 
                

	Ide K, Secher N (2002) Cerebral blood flow and metabolism during exercise. Prog Neurobiol 61:397–414
Article 
    
                    Google Scholar 
                

	Janse Van Rensburg K, Taylor AH, Hodgson T, Benattayallah A (2009) Acute exercise modulates cigarettes cravings and brain activation in response to smoking-related images: an fMRI study. Psychopharm (Berlin) 203:589–598
Article 
    CAS 
    
                    Google Scholar 
                

	Lee JH, Lim Y, Wiederhold BK, Graham SJ (2005) A functional magnetic resonance imaging (fMRI) study of cue-induced smoking cravings in virtual environments. Appl Psychophysiol Biofeedback 30:195–204
Article 
    PubMed 
    
                    Google Scholar 
                

	Lieberman M, Cunningham WA (2009) Type I and Type II error concerns in fMRI research: Re-balancing the scale. Soc Cogn Affect Neur 4:423–428
Article 
    
                    Google Scholar 
                

	Lim HK, Pae CU, Joo RH, Yoo SS, Choi BG, Kim DJ, Lee C, Lee CU (2005) fMRI investigation on cue-induced smoking craving. J Psychiatr Res 39:333–335
Article 
    PubMed 
    
                    Google Scholar 
                

	McBride D, Barrett SP, Kelly JT, Aw A, Dagher A (2006) Effects of expectancy and abstinence on the neural responses to smoking cues in cigarette smokers: an fMRI study. Neuropsychopharmacology 31:2728–2738
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	McClernon JF, Hiott FB, Huetell SA, Rose JA (2005) Abstinence-induced changes in self-report craving correlate with event-related fMRI responses to smoking cues. Neuropsychopharmacology 30:1940–1947
Article 
    PubMed 
    
                    Google Scholar 
                

	McClernon JF, Kozink RV, Lutz AM, Rose JE (2009) 24-hr smoking abstinence potentiates fMRI-BOLD activation to smoking cues in cerebral cortex and dorsal striatum. Psychopharmacology 204:25–35
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Perkins KA (2009) Does smoking cue-induced craving tell us anything important about nicotine dependence? Addiction 104:1610–1616
Article 
    PubMed 
    
                    Google Scholar 
                

	Robbins TE, Berridge KC (1993) The neural basis of drug cravings: and incentive-sensitisation theory of addiction. Brain Res Rev 18:247–291
Article 
    
                    Google Scholar 
                

	Rose JE, Behm FM, Salley AN, Bates JE, Coleman RE, Hawk TC, Turkington TG (2007) Regional brain activity correlates of nicotine dependence. Neuropsychopharmacology 32:2441–2452
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Scerbo F, Faulkner G, Taylor A, Thomas S (2010) Effects of exercise on cravings to smoke: the role of exercise intensity and cortisol. J Sports Sci 28:11–19
Article 
    PubMed 
    
                    Google Scholar 
                

	Shiffman S (2009) Responses to smoking cues are relevant to smoking and relapse. Addiction 104(10):1617–1618
Article 
    PubMed 
    
                    Google Scholar 
                

	Smolka MN, Buhler M, Klein S, Zimmermann U, Mann K, Heinz A, Braus DF et al (2006) Severity of nicotine dependence modulates cue-induced brain activity in regions involved in motor preparation and imagery. Psychopharmacology 184:577–588
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Talairach J, Tounoux P (1988) Co-planar stereotactic atlas of the human brain: 3-dimensional proportional system: An approach to cerebral imaging. Thieme, Stuttgart

                    Google Scholar 
                

	Taylor AH, Katomeri M (2007) Walking reduces cue-elicited cigarette cravings and withdrawal symptoms, and delays ad libitum smoking. Nicotine Tob Res 9:1–8
Article 
    
                    Google Scholar 
                

	Taylor AH, Ussher MH, Faulkner G (2007) The acute effects of exercise on cigarette cravings, withdrawal symptoms, affect and smoking behaviour: a systematic review. Addiction 102:534–543
Article 
    PubMed 
    
                    Google Scholar 
                

	Taylor SF, Phan KL, Decker LR, Liberzon I (2003) Subjective rating of emotionally salient stimuli modulates neural activity. Neuroimage 18:650–659
Article 
    PubMed 
    
                    Google Scholar 
                

	Tiffany ST, Drobes DJ (1991) The development and initial validation of a questionnaire on smoking urges. Brit J Addict 86:1467–1476
Article 
    CAS 
    
                    Google Scholar 
                

	Ussher MH, Taylor AH, Faulkner G (2008) Exercise interventions for smoking cessation. Cochrane Database of Systematic Reviews;CD002295. doi:10.1002/14651858
                

	West R, Russell M (1985) Pre-abstinence smoke intake and smoking motivation as predictors of severity of cigarette withdrawal symptoms. Psychopharmacology 87:334–336
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Wilson SJ, Sayette MA, Fiez JA (2004) Prefrontal responses to drug cues: a neurocognitive analysis. Nat Neurosci 7:211–214
Article 
    PubMed 
    
                    Google Scholar 
                


Download references





                Conflicts of interest

                All authors have reported no financial interests or potential conflicts of interest. This research received no specific grant from any funding agency in the public, commercial, or not-for-profit sectors.

              

Author information
Authors and Affiliations
	Tobacco Research and Intervention Program, Moffitt Cancer Center, 4115 E. Fowler Avenue, Tampa, FL 33617, USA
Kate Janse Van Rensburg

	School of Sport and Health Sciences, University of Exeter, St Luke’s Campus, Exeter, EX1 2LU, UK
Adrian Taylor

	MR Research Center, University of Exeter, St. Luke’s Campus, Exeter, EX1 2LU, UK
Abdelmalek Benattayallah

	School of Psychology, University of Lincoln, LN6 7TS, Lincoln, UK
Tim Hodgson


Authors	Kate Janse Van RensburgView author publications
You can also search for this author in
                        PubMed Google Scholar



	Adrian TaylorView author publications
You can also search for this author in
                        PubMed Google Scholar



	Abdelmalek BenattayallahView author publications
You can also search for this author in
                        PubMed Google Scholar



	Tim HodgsonView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Kate Janse Van Rensburg.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Janse Van Rensburg, K., Taylor, A., Benattayallah, A. et al. The effects of exercise on cigarette cravings and brain activation in response to smoking-related images.
                    Psychopharmacology 221, 659–666 (2012). https://doi.org/10.1007/s00213-011-2610-z
Download citation
	Received: 11 July 2011

	Accepted: 05 December 2011

	Published: 11 January 2012

	Issue Date: June 2012

	DOI: https://doi.org/10.1007/s00213-011-2610-z


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
	Physical activity
	Abstinence
	fMRI
	Neuroscience
	Cognitive
	Smoking
	Cravings








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					52.207.220.85
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    