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            Abstract
Some people can quite accurately time the end of their night's sleep at will, without using an alarm clock1, demonstrating that it is possible to voluntarily control a state of consciousness that is characterized by a loss of volition and attentional guidance2. Here we show that the expectation that sleep will come to an end at a certain time induces a marked increase in the concentration of the hormone adrenocorticotropin in the blood one hour before waking. The regulation of adrenocorticotropin release during nocturnal sleep is therefore not confined to daily rhythms; it also reflects a preparatory process in anticipation of the end of sleep. 
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                    Figure 1: Figure 1 Mean plasma concentrations of adrenocorticotropin for subjects under ‘short sleep’, ‘surprise’ and ‘long. [image: ]



                


                
                    
                        
                    
                
            

            
                References
	Moorcroft, W. H., Hennager Kayser, K. & Griggs, A. J. Sleep 20, 40– 45 (1997).

                    Google Scholar 
                

	Hobson, J. A. & Stickgold, R. in The Cognitive Neurosciences (ed. Gazzaniga, M.) 1373-1389 (MIT Press, Cambridge, MA, 1995).

	Van Cauter, E. & Turek, F. W. in Endocrinology  Vol. 3 (ed. DeGroot, L. J.) 2487-2548 (Saunders, Philadelphia, 1995).

	Czeisler, C. A., Weitzman, E. D., Moore-Ede, M. C., Zimmerman, J. C. & Knauer, R. Science  210, 1264–1267 (1980).

                    Google Scholar 
                

	Späth-Schwalbe, E., Schöller, T., Kern, W., Fehm, H. L. & Born, J. J. Clin. Endocrinol. Metab. 75, 1431–1435 (1992).

                    Google Scholar 
                

	Mason, J. W.et al.  Psychosom. Med. 35, 406–414 (1973).

                    Google Scholar 
                

	Deinzer, R., Kirschbaum, C., Gresele, C. & Hellhammer, H.  Physiol. Behav. 61, 507–511 (1997).

                    Google Scholar 
                

	Ehrhart-Bornstein, M., Hinson, J. P., Bornstein, S. R., Scherbaum, W. A. & Vinson, G. P. Endocr. Rev.  19, 101–143 ( 1998).

                    Google Scholar 
                

	Lavie, P., Oksenberg, A. & Zomer, J. Percept. Motor Skills 49, 447 –450 (1979).

                    Google Scholar 
                

	Follenius, M., Brandenberger, G. & Muzet, A. Horm. Metab. Res. 17, 602– 606 (1985).

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Departments of Clinical Neuroendocrinology University of Lübeck, Ratzeburger Allee 160, Haus, 23538 23a, Lübeck, Germany
Jan Born, Kirsten Hansen, Lisa Marshall & Matthias Mölle

	Departments of Internal Medicine University of Lbeck, Ratzeburger Allee 160, Haus, 23538 23a, Lbeck, Germany
Horst L. Fehm


Authors	Jan BornView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kirsten HansenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lisa MarshallView author publications
You can also search for this author in
                        PubMed Google Scholar



	Matthias MölleView author publications
You can also search for this author in
                        PubMed Google Scholar



	Horst L. FehmView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Born, J., Hansen, K., Marshall, L. et al. Timing the end of nocturnal sleep.
                    Nature 397, 29–30 (1999). https://doi.org/10.1038/16166
Download citation
	Issue Date: 07 January 1999

	DOI: https://doi.org/10.1038/16166


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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Effects of using a snooze alarm on sleep inertia after morning awakening
                                    
                                

                            
                                
                                    	Keiko Ogawa
	Emi Kaizuma-Ueyama
	Mitsuo Hayashi


                                
                                Journal of Physiological Anthropology (2022)

                            
	
                            
                                
                                    
                                        Time-lag of urinary and salivary cortisol response after a psychological stressor in bonobos (Pan paniscus)
                                    
                                

                            
                                
                                    	Jonas Verspeek
	Verena Behringer
	Jeroen M. G. Stevens


                                
                                Scientific Reports (2021)

                            
	
                            
                                
                                    
                                        Intra-Night Sleep Perception in Patients with Sleep Disorders
                                    
                                

                            
                                
                                    	Hartmut Schulz
	Björn W. Walther


                                
                                Sleep and Vigilance (2017)

                            
	
                            
                                
                                    
                                        Rhythms in the endocrine system of fish: a review
                                    
                                

                            
                                
                                    	Mairi Cowan
	Clara Azpeleta
	Jose Fernando López-Olmeda


                                
                                Journal of Comparative Physiology B (2017)

                            
	
                            
                                
                                    
                                        Assessing the daily stability of the cortisol awakening response in a controlled environment
                                    
                                

                            
                                
                                    	Greg J. Elder
	Jason G. Ellis
	Mark A. Wetherell


                                
                                BMC Psychology (2016)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	protocols.io
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
