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                    Abstract
Summary
A high level of circulating sphingosine-1-phosphate (S1P) is associated with a high incidence of osteoporotic fracture and a high rate of an insufficient response to bisphosphonate therapy.
Introduction
Sphingosine-1-phosphate (S1P) is a significant regulator of bone metabolism. Recently, we found that a high plasma S1P level is associated with low bone mineral density (BMD), high levels of bone resorption markers (BRMs), and a high risk of prevalent vertebral fracture in postmenopausal women. We investigated the possibility that S1P is a predictor of incident fracture.
Methods
A total of 248 postmenopausal women participated in this longitudinal study and were followed up for a mean duration of 3.5 years (untreated [n = 76] or treated with bisphosphonate or hormone replacement therapy [n = 172]). The baseline plasma S1P level and prevalent and incident fracture occurrence were assessed.
Results
A high S1P level was significantly associated with a higher rate of prevalent fracture after adjusting for femoral neck (FN) BMD, BRM, and potential confounders (odds ratio = 2.05; 95 % confidence interval [CI] = 1.03–4.00). Incident fractures occurred more frequently in the highest S1P tertile (T3) than in the lower two tertiles (T1–2) after adjusting for confounders, including baseline FN BMD, prevalent fracture, antiosteoporotic medication, annualized changes in FN BMD, BRM, and potential confounders (hazard ratio = 5.52; 95 % CI = 1.04–56.54). Insufficient response to bisphosphonate therapy occurred more frequently in T3 than T1–2 (odds ratio = 4.43; 95 % CI = 1.02–21.25).
Conclusions
The plasma S1P level may be a potential predictor of fracture occurrence and an insufficient response to bisphosphonate therapy in postmenopausal women.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]

                                
                                
                                    
                                        High Circulating Sphingosine 1-Phosphate is a Risk Factor for Osteoporotic Fracture Independent of Fracture Risk Assessment Tool
                                        
                                    

                                    
                                        Article
                                        
                                         27 July 2020
                                    

                                

                                Seung Hun Lee, Jee Yang Lee, … Jung-Min Koh

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The effect of sphingosine-1-phosphate on bone metabolism in humans depends on its plasma/bone marrow gradient
                                        
                                    

                                    
                                        Article
                                        
                                         29 July 2015
                                    

                                

                                B.-J. Kim, K.-O. Shin, … Y.-M. Lee

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Total 25-hydroxyvitamin D levels predict fracture risk: results from the 15-year follow-up of the Japanese Population-based Osteoporosis (JPOS) Cohort Study
                                        
                                    

                                    
                                        Article
                                        
                                         27 February 2017
                                    

                                

                                J. Tamaki, M. Iki, … for the JPOS Study Group

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Lee YK, Yoon BH, Koo KH (2013) Epidemiology of osteoporosis and osteoporotic fractures in South Korea. Endocrinol Metab (Seoul) 28:90–93
Article 
    
                    Google Scholar 
                

	Sattui SE, Saag KG (2014) Fracture mortality: associations with epidemiology and osteoporosis treatment. Nat Rev Endocrinol 10:592–602
Article 
    PubMed 
    
                    Google Scholar 
                

	National Osteoporosis Foundation (2014) The clinician’s guide to prevention and treatment of osteoporosis version 1. National osteoporosis foundation, Washington

                    Google Scholar 
                

	Orimo H, Nakamura T, Hosoi T et al (2012) Japanese 2011 guidelines for prevention and treatment of osteoporosis—executive summary. Arch Osteoporos 7:3–20
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Watts NB, Bilezikian JP, Camacho PM et al (2010) American association of clinical endocrinologists medical guidelines for clinical practice for the diagnosis and treatment of postmenopausal osteoporosis. Endocr Pract 16(Suppl 3):1–37
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Sanders KM, Nicholson GC, Watts JJ, Pasco JA, Henry MJ, Kotowicz MA, Seeman E (2006) Half the burden of fragility fractures in the community occur in women without osteoporosis. When is fracture prevention cost-effective? Bone 38:694–700
Article 
    PubMed 
    
                    Google Scholar 
                

	Siris ES, Chen YT, Abbott TA, Barrett-Connor E, Miller PD, Wehren LE, Berger ML (2004) Bone mineral density thresholds for pharmacological intervention to prevent fractures. Arch Intern Med 164:1108–1112
Article 
    PubMed 
    
                    Google Scholar 
                

	Kanis JA, Melton LJ 3rd, Christiansen C, Johnston CC, Khaltaev N (1994) The diagnosis of osteoporosis. J Bone Miner Res 9:1137–1141
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bolland MJ, Siu AT, Mason BH, Horne AM, Ames RW, Grey AB, Gamble GD, Reid IR (2011) Evaluation of the FRAX and Garvan fracture risk calculators in older women. J Bone Miner Res 26:420–427
Article 
    PubMed 
    
                    Google Scholar 
                

	Hillier TA, Cauley JA, Rizzo JH et al (2011) WHO absolute fracture risk models (FRAX): do clinical risk factors improve fracture prediction in older women without osteoporosis? J Bone Miner Res 26:1774–1782
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Proia RL, Hla T (2015) Emerging biology of sphingosine-1-phosphate: its role in pathogenesis and therapy. J Clin Invest 125:1379–1387
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Lotinun S, Kiviranta R, Matsubara T et al (2013) Osteoclast-specific cathepsin K deletion stimulates S1P-dependent bone formation. J Clin Invest 123:666–681
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Pederson L, Ruan M, Westendorf JJ, Khosla S, Oursler MJ (2008) Regulation of bone formation by osteoclasts involves Wnt/BMP signaling and the chemokine sphingosine-1-phosphate. Proc Natl Acad Sci U S A 105:20764–20769
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Grey A, Chen Q, Callon K, Xu X, Reid IR, Cornish J (2002) The phospholipids sphingosine-1-phosphate and lysophosphatidic acid prevent apoptosis in osteoblastic cells via a signaling pathway involving G(i) proteins and phosphatidylinositol-3 kinase. Endocrinology 143:4755–4763
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Grey A, Xu X, Hill B, Watson M, Callon K, Reid IR, Cornish J (2004) Osteoblastic cells express phospholipid receptors and phosphatases and proliferate in response to sphingosine-1-phosphate. Calcif Tissue Int 74:542–550
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Roelofsen T, Akkers R, Beumer W, Apotheker M, Steeghs I, van de Ven J, Gelderblom C, Garritsen A, Dechering K (2008) Sphingosine-1-phosphate acts as a developmental stage specific inhibitor of platelet-derived growth factor-induced chemotaxis of osteoblasts. J Cell Biochem 105:1128–1138
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ryu J, Kim HJ, Chang EJ, Huang H, Banno Y, Kim HH (2006) Sphingosine 1-phosphate as a regulator of osteoclast differentiation and osteoclast-osteoblast coupling. EMBO J 25:5840–5851
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Ishii M, Egen JG, Klauschen F, Meier-Schellersheim M, Saeki Y, Vacher J, Proia RL, Germain RN (2009) Sphingosine-1-phosphate mobilizes osteoclast precursors and regulates bone homeostasis. Nature 458:524–528
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Ishii M, Kikuta J, Shimazu Y, Meier-Schellersheim M, Germain RN (2010) Chemorepulsion by blood S1P regulates osteoclast precursor mobilization and bone remodeling in vivo. J Exp Med 207:2793–2798
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Lee SH, Lee SY, Lee YS, Kim BJ, Lim KH, Cho EH, Kim SW, Koh JM, Kim GS (2012) Higher circulating sphingosine 1-phosphate levels are associated with lower bone mineral density and higher bone resorption marker in humans. J Clin Endocrinol Metab 97:E1421–1428
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kim BJ, Koh JM, Lee SY et al (2012) Plasma sphingosine 1-phosphate levels and the risk of vertebral fracture in postmenopausal women. J Clin Endocrinol Metab 97:3807–3814
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kiel D (1995) Assessing vertebral fractures. National Osteoporosis Foundation Working Group on Vertebral Fractures. J Bone Miner Res 10:518–523
CAS 
    PubMed 
    
                    Google Scholar 
                

	Genant HK, Wu CY, van Kuijk C, Nevitt MC (1993) Vertebral fracture assessment using a semiquantitative technique. J Bone Miner Res 8:1137–1148
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Eastell R, Hannon RA, Garnero P, Campbell MJ, Delmas PD (2007) Relationship of early changes in bone resorption to the reduction in fracture risk with risedronate: review of statistical analysis. J Bone Miner Res 22:1656–1660
Article 
    PubMed 
    
                    Google Scholar 
                

	Bae SJ, Kim BJ, Lim KH, Lee SH, Kim HK, Kim GS, Koh JM (2012) Efficacy of intravenously administered ibandronate in postmenopausal Korean women with insufficient response to orally administered bisphosphonates. J Bone Miner Metab 30:588–595
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Francis RM (2004) Non-response to osteoporosis treatment. J Br Menopause Soc 10:76–80
Article 
    PubMed 
    
                    Google Scholar 
                

	Sebba AI (2008) Significance of a decline in bone mineral density while receiving oral bisphosphonate treatment. Clin Ther 30:443–452
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Parfitt AM, Mathews CH, Villanueva AR, Kleerekoper M, Frame B, Rao DS (1983) Relationships between surface, volume, and thickness of iliac trabecular bone in aging and in osteoporosis. Implications for the microanatomic and cellular mechanisms of bone loss. J Clin Invest 72:1396–1409
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Seeman E (2002) Pathogenesis of bone fragility in women and men. Lancet 359:1841–1850
Article 
    PubMed 
    
                    Google Scholar 
                

	Rivera J, Proia RL, Olivera A (2008) The alliance of sphingosine-1-phosphate and its receptors in immunity. Nat Rev Immunol 8:753–763
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                


Download references




Acknowledgments
This study was supported by grants from the Asan Institute for Life Sciences, Seoul, Republic of Korea (project no. 2015-568) and the Korea Health Technology R&D Project, Ministry of Health & Welfare, Republic of Korea (project no. HI15C2792).


Author information
Author notes
Authors and Affiliations
	Health Promotion Center, Asan Medical Center, University of Ulsan College of Medicine, 88 Olympic-ro 43 gil, Ulsan, Seoul, 05505, South Korea
S. J. Bae

	Division of Endocrinology and Metabolism, Asan Medical Center, University of Ulsan College of Medicine, 88, Olympic-Ro 43-Gil, Songpa-gu, Seoul, 05505, South Korea
S. H. Lee, H.-M. Kim, B.-J. Kim & J.-M. Koh

	Department of Endocrinology, Inha University School of Medicine, 27 Inhang-ro, Jung-Gu, Songpa-gu, Incheon, 22332, South Korea
S. H. Ahn


Authors	S. J. BaeView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. H. LeeView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. H. AhnView author publications
You can also search for this author in
                        PubMed Google Scholar



	H.-M. KimView author publications
You can also search for this author in
                        PubMed Google Scholar



	B.-J. KimView author publications
You can also search for this author in
                        PubMed Google Scholar



	J.-M. KohView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                J.-M. Koh.


Ethics declarations

              
              All study participants provided written informed consent. This study was approved by the institutional review board of AMC.

              
                Conflict of interest

                Seung Hun Lee, Beom-Jun Kim, and Jung-Min Koh have patents registered in Korea (KR 10-1486368) and patent applications in the USA (US 13/865,688) for sphingosine-1-phosphate. Sung Jin Bae, Seong Hee Ahn, and Hyeon-Mok Kim have no conflicts of interest to declare.

              
            

Additional information
S. J. Bae and S. H. Lee contributed equally to this work.


Electronic supplementary material

Below is the link to the electronic supplementary material.
                        
ESM 1
(DOCX 20 kb)





Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Bae, S.J., Lee, S.H., Ahn, S.H. et al. The circulating sphingosine-1-phosphate level predicts incident fracture in postmenopausal women: a 3.5-year follow-up observation study.
                    Osteoporos Int 27, 2533–2541 (2016). https://doi.org/10.1007/s00198-016-3565-z
Download citation
	Received: 27 November 2015

	Accepted: 08 March 2016

	Published: 16 March 2016

	Issue Date: August 2016

	DOI: https://doi.org/10.1007/s00198-016-3565-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
	Biomarker
	Bisphosphonate
	Insufficient response
	Osteoporotic fracture
	Sphingosine-1-phosphate








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.203.175.219
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    