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                    Abstract
The aim of this investigation was to examine the effects of menstrual cycle phase on substrate oxidation and lactate concentration during exercise. Eleven eumenorrheic female rowers (18.4 ± 1.9 years; 172.0 ± 4.0 cm; 67.2 ± 8.4 kg; 27.7 ± 4.8% body fat) completed 1 h rowing ergometer exercise at 70% of maximal oxygen consumption (VO2max) during two different phases of the menstrual cycle: the follicular phase (FP) and the luteal phase (LP). Resting and exercise measurements of the whole body energy expenditure, oxygen consumption (VO2), respiratory exchange ratio (RER), substrate oxidation and lactate blood levels were made. Energy expenditure, VO2 and heart rate during the 1-h exercise were not significantly different (P > 0.05) among menstrual cycle phases. Resting RER and RER during the entire 1 h exercise period were not significantly different among menstrual cycle phases. There was an increase (P < 0.05) in RER in the transition between rest and exercise and a further increase in RER occurred after the first 30 min of exercise at both menstrual cycle phases. Blood lactate concentrations significantly increased in the transition between rest and exercise and remained relatively constant during the whole 1 h of exercise in both menstrual cycle phases. No menstrual cycle phase effect (P > 0.05) was observed for blood lactate concentrations. In conclusion, our results demonstrated no effect of menstrual cycle phase on substrate oxidation and blood lactate concentration during rowing exercise at 70% of VO2max in athletes. Normally menstruating female rowers should not be concerned about their menstrual cycle phase with regard to substrate oxidation in everyday training.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The acute effect of exercise modality and nutrition manipulations on post-exercise resting energy expenditure and respiratory exchange ratio in women: a randomized trial
                                        
                                    

                                    
                                        Article
                                         Open access
                                         05 June 2015
                                    

                                

                                Hailee L Wingfield, Abbie E Smith-Ryan, … Eric D Ryan

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Ergogenic effects of caffeine on peak aerobic cycling power during the menstrual cycle
                                        
                                    

                                    
                                        Article
                                        
                                         05 November 2019
                                    

                                

                                Beatriz Lara, Jorge Gutiérrez-Hellín, … Juan Del Coso

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Metabolic, hormonal and performance effects of isomaltulose ingestion before prolonged aerobic exercise: a double-blind, randomised, cross-over trial
                                        
                                    

                                    
                                        Article
                                         Open access
                                         17 May 2021
                                    

                                

                                Hannah L. Notbohm, Joshua F. Feuerbacher, … Moritz Schumann

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Bailey SP, Zacher CM, Mittleman KD (2000) Effect of menstrual cycle phase on carbohydrate supplementation during prolonged exercise to fatigue. J Appl Physiol 88:690–697
PubMed 
    CAS 
    
                    Google Scholar 
                

	Bouchard C, Tremblay A, Leblanc C, Lortie G, Savard R, Theriault G (1983) A method to assess energy expenditure in children and adults. Am J Clin Nutr 37:461–467
PubMed 
    CAS 
    
                    Google Scholar 
                

	Bunt J (1990) Metabolic actions of estradiol: significance for acute and chronic exercise responses. Med Sci Sports Exerc 22:286–290
PubMed 
    CAS 
    
                    Google Scholar 
                

	Campbell SE, Angus DJ, Febbraio MA (2001) Glucose kinetics and exercise performance during phases of the menstrual cycle: effect of glucose ingestion. Am J Physiol Endocrinol Metab 281:E817–E825
PubMed 
    CAS 
    
                    Google Scholar 
                

	Carter SL, Rennie C, Tarnopolsky MA (2001) Substrate utlization during endurance exercise in men and women after endurance training. Am J Physiol Endocrinol Metab 280:E898–E907
PubMed 
    CAS 
    
                    Google Scholar 
                

	Casazza GA, Jacobs KA, Suh SH, Miller BF, Horning MA, Brooks GA (2004) Menstrual cycle phase and oral contraceptive effects on triglyceride mobilization during exercise. J Appl Physiol 97:302–309
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Cheneviere X, Malatesta D, Gojanovic B, Borrani F (2010) Differences in whole-body fat oxidation kinetics between cycling and running. Eur J Appl Physiol 109:1037–1045
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	D’Eon TM, Sharoff C, Chipkin SR, Grow D, Ruby BC, Braun B (2002) Regulation of exercise carbohydrate metabolism by estrogen and progesterone in women. Am J Physiol Endocrinol Metab 283:E1046–E1055
PubMed 
    
                    Google Scholar 
                

	De Souza MJ, Maguire MS, Rubin KR, Maresh CM (1990) Effects of menstrual phase and amenorrhea on exercise performance in runners. Med Sci Sports Exerc 22:575–580
Article 
    PubMed 
    
                    Google Scholar 
                

	Dean TM, Perrault L, Mazzeo RS, Horton TJ (2003) No effect of menstrual cycle phase on lactate threshold. J Appl Physiol 95:2537–2543
PubMed 
    
                    Google Scholar 
                

	Devries MC, Hamadeh MJ, Phillips SM, Tarnopolsky MA (2006) Menstrual cycle phase and sex influence muscle glycogen utilization and glucose turnover during moderate-intensity endurance exercise. Am J Physiol Regul Integr Comp Physiol 291:R1120–R1128
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Frayn KN (1983) Calculation of substrate oxidation rates in vivo from gaseous exchange. J Appl Physiol 55:628–634
PubMed 
    CAS 
    
                    Google Scholar 
                

	Goedecke JH, St Clair Gibson A, Grobler L, Collins M, Noakes TD, Lambert E (2000) Determinants of the variability in respiratory exchange ratio at rest and during exercise in trained athletes. Am J Physiol Endocrinol Metab 279:E1325–E1334
PubMed 
    CAS 
    
                    Google Scholar 
                

	Hackney AC (1999) Influence of oestrogen on muscle glycogen utilization during exercise. Acta Physiol Scand 167:273–274
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hackney AC, Curley CS, Nicklas BJ (1991) Physiological responses to submaximal exercise at the mid-follicular, ovulatory and mid-luteal phases of the menstrual cycle. Scand J Med Sci Sports 1:94–98
Article 
    
                    Google Scholar 
                

	Hackney AC, McCracken-Compton MA, Ainsworth B (1994) Substrate responses to submaximal exercise in the midfollicular and midluteal phases of the menstrual cycle. Int J Sports Nutr 4:299–308
CAS 
    
                    Google Scholar 
                

	Hofmann P, Jürimäe T, Jürimäe J, Purge P, Mäestu J, Wonisch M, Pokan R, von Duvillard SP (2007) HRTP, prolonged ergometer exercise and single sculling. Int J Sports Med 28:964–969
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Horton TJ, Pagliassotti MJ, Hobbs K, Hill JO (1998) Fuel metabolism in men and women during and after long-duration exercise. J Appl Physiol 85:1823–1832
PubMed 
    CAS 
    
                    Google Scholar 
                

	Horton TJ, Miller EK, Glueck D, Tench K (2002) No effect of menstrual cycle phase on glucose kinetics and fuel oxidation during moderate-intensity exercise. Am J Physiol Endocrinol Metab 282:E752–E762
PubMed 
    CAS 
    
                    Google Scholar 
                

	Jeukendrup AE, Mensink M, Saris WH, Wagenmakers AJ (1997) Exogenous glucose oxidation during exercise in endurance-trained and untrained subjects. J Appl Physiol 82:835–840
PubMed 
    CAS 
    
                    Google Scholar 
                

	Jürimäe J (2008) Methods for monitoring training status and their effects on performance in rowing. Int SportMed J 9:11–21

                    Google Scholar 
                

	Jürimäe J, Jürimäe T, Purge P (2001) Plasma testosterone and cortisol responses to prolonged sculling in male competitive rowers. J Sports Sci 19:893–898
Article 
    PubMed 
    
                    Google Scholar 
                

	Jürimäe J, Purge P, Jürimäe T (2006) Adiponectin and stress hormone responses to maximal sculling after volume-extended training season in elite rowers. Metabolism 55:13–19
Article 
    PubMed 
    
                    Google Scholar 
                

	Jürimäe J, Jürimäe T, Ring-Dimitriou S, Le Mura LM, Arciero PJ, von Duvillard SP (2009a) Plasma adiponectin and insulin sensitivity in overweight and normal-weight middle-aged premenopausal women. Metabolism 58:638–643
Article 
    PubMed 
    
                    Google Scholar 
                

	Jürimäe J, Rämson R, Mäestu J, Purge P, Jürimäe T, Arciero PJ, von Duvillard SP (2009b) Plasma visfatin and ghrelin response to prolonged sculling in competitive male rowers. Med Sci Sports Exerc 41:137–143
PubMed 
    
                    Google Scholar 
                

	Jurkowski JE, Jones NL, Toews CJ, Sutton JR (1981) Effects of menstrual cycle on blood lactate, O2 delivery, and performance during exercise. J Appl Physiol 51:1493–1499
PubMed 
    CAS 
    
                    Google Scholar 
                

	Landgren BM, Unden AL, Diczfalusy E (1980) Hormonal profile of the cycle in 68 normally menstruating women. Acta Endocrinol 94:89–98
PubMed 
    CAS 
    
                    Google Scholar 
                

	Lavoie JM, Dionne N, Helie R, Brisson GR (1987) Menstrual cycle phase dissociation of blood glucose homeostasis during exercise. J Appl Physiol 62:1084–1089
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Lynch NJ, Nimmo MA (1998) Effects of menstrual cycle phase and oral contraceptive use on intermittent exercise. Eur J Appl Physiol 78:565–572
Article 
    CAS 
    
                    Google Scholar 
                

	Mäestu J, Jürimäe J, Jürimäe T (2005) Monitoring of performance and training in rowing. Sports Med 35:597–617
Article 
    PubMed 
    
                    Google Scholar 
                

	Marliss EB, Kreisman SH, Manzon A, Halter JB, Vranic M, Nessim SJ (2000) Gender differences in glucoregulatory responses to intense exercise. J Appl Physiol 88:457–466
PubMed 
    CAS 
    
                    Google Scholar 
                

	McLay RT, Thomson CD, Williams SM, Rehrer NJ (2007) Carbohydrate loading and female endurance athletes: effect of menstrual-cycle phase. Int J Sport Nutr Exerc Metab 17:189–205
PubMed 
    CAS 
    
                    Google Scholar 
                

	Nicklas BJ, Hackney AC, Sharp RL (1989) The menstrual cycle and exercise: performance, muscle glycogen, and substrate responses. Int J Sports Med 10:264–269
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Oosthuyse T, Bosch AN (2010) The effect of the menstrual cycle on exercise metabolism. Implications for exercise performance in eumenorrheic women. Sports Med 40:207–227
Article 
    PubMed 
    
                    Google Scholar 
                

	Oosthuyse T, Bosch AN, Jackson S (2005) Cycling time trial performance during different phases of the menstrual cycle. Eur J Appl Physiol 94:268–276
Article 
    PubMed 
    
                    Google Scholar 
                

	Roepstorff C, Steffensen CH, Madsen M, Stallknecht B, Kanstrup IL, Richter EA, Kiens B (2002) Gender differences in substrate utilization during submaximal exercise in endurance-trained subjects. Am J Physiol Endocrinol Metab 282:E435–E447
PubMed 
    CAS 
    
                    Google Scholar 
                

	Romijn JA, Coyle EF, Sidossis LS, Rosenblatt J, Wolfe RR (2000) Substrate metabolism during different exercise intensities in endurance-trained women. J Appl Physiol 88:1707–1714
PubMed 
    CAS 
    
                    Google Scholar 
                

	Suh SH, Casazza GA, Horning MA, Miller BF, Brooks GA (2002) Luteal and follicular glucose fluxes during rest and exercise in 3-h postabsorptive women. J Appl Physiol 93:42–50
PubMed 
    CAS 
    
                    Google Scholar 
                

	Tarnopolsky MA, Atkinson SA, Phillips SA, MacDougall JD (1995) Carbohydrate loading and metabolism during exercise in men and women. J Appl Physiol 78:1360–1368
PubMed 
    CAS 
    
                    Google Scholar 
                

	Thong FSL, McLean C, Graham TE (2000) Plasma leptin in female athletes: relationship with body fat, reproductive, nutritional, and endocrine factors. J Appl Physiol 88:2037–2044
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 
                

	Venables MC, Achten J, Jeukendrup AE (2005) Determinants of fat oxidation during exercise in healthy men and women: a cross-sectional study. J Appl Physiol 98:160–167
Article 
    PubMed 
    
                    Google Scholar 
                

	Wenz M, Berend JZ, Lynch NA, Chappell S, Hackney AC (1997) Substrate oxidation at rest and during exercise: effects of menstrual cycle phase and diet composition. J Physiol Pharmacol 48:851–860
PubMed 
    CAS 
    
                    Google Scholar 
                

	Zderic TW, Coggan AR, Fuby BC (2001) Glucose kinetics and substrate oxidation during exercise in the follicular and luteal phases. J Appl Physiol 90:447–453
PubMed 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
This study was supported by Estonian Science Foundation Grant GKKSP 6638.


Author information
Authors and Affiliations
	Institute of Sport Pedagogy and Coaching Sciences, Centre of Behavioral, Social and Health Sciences, University of Tartu, 18. Ülikooli St., 50090, Tartu, Estonia
Sille Vaiksaar, Jaak Jürimäe, Jarek Mäestu, Priit Purge & Toivo Jürimäe

	National University of Physical Education and Sports of Ukraine, Kiev, Ukraine
Svetlana Kalytka & Larissa Shakhlina


Authors	Sille VaiksaarView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jaak JürimäeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jarek MäestuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Priit PurgeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Svetlana KalytkaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Larissa ShakhlinaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Toivo JürimäeView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Jaak Jürimäe.


Additional information
Communicated by Susan Ward.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Vaiksaar, S., Jürimäe, J., Mäestu, J. et al. No effect of menstrual cycle phase on fuel oxidation during exercise in rowers.
                    Eur J Appl Physiol 111, 1027–1034 (2011). https://doi.org/10.1007/s00421-010-1730-1
Download citation
	Accepted: 04 November 2010

	Published: 19 November 2010

	Issue Date: June 2011

	DOI: https://doi.org/10.1007/s00421-010-1730-1


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
	Female athletes
	Female hormones
	Menstrual cycle
	Substrate oxidation
	Endurance exercise








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					107.23.175.5
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    