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                    Abstract
Although sclerostin (SOST) and Dickkopf-related protein 1 (DKK1) are major regulators in bone metabolism, their associations with osteoporotic fracture (OF) in Asians are inconclusive. Furthermore, there have been no clinical studies separately considering non-vertebral and vertebral fractures in terms of the blood levels of SOST and DKK1. Among 513 consecutive postmenopausal Korean women, we identified 103 cases defined as subjects with OF (i.e., non-vertebral and/or vertebral fractures). The controls were randomly selected from the remaining 410 subjects and matched 1:1 to cases according to both age and body mass index. Non-vertebral and morphological vertebral fractures were identified by an interviewer-assisted questionnaire and lateral thoracolumbar radiographs, respectively. Bone mineral density (BMD) and plasma levels of SOST and DKK1 were measured. Plasma SOST levels were lower in subjects with OF than in the control group. Each standard deviation decrement of plasma SOST concentration was associated with a multivariable-adjusted odds ratio of 1.77 for any prevalent OF type. The odds for OF was 2.97-fold higher in subjects in the lowest SOST tertile compared with subjects in the highest SOST tertile. These associations remained significant when the non-vertebral and vertebral fractures were analyzed separately. However, prevalent OF was not associated with plasma DKK1 levels, regardless of the type of fracture and the adjustment model employed. Consistently, plasma SOST levels were positively related with BMD values at all measured skeletal sites, although this was not observed for DKK1. Circulating SOST but not DKK1 may be a potential biomarker for predicting bone health in Asians.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]

                                
                                
                                    
                                        Higher Level of Dickkopf-1 is Associated with Low Bone Mineral Density and Higher Prevalence of Vertebral Fractures in Patients with Ankylosing Spondylitis
                                        
                                    

                                    
                                        Article
                                        
                                         08 December 2015
                                    

                                

                                Maurizio Rossini, Ombretta Viapiana, … Davide Gatti

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Relationships between sclerostin and morphometric vertebral fractures, bone mineral density, and bone microarchitecture in postmenopausal women
                                        
                                    

                                    
                                        Article
                                        
                                         29 April 2023
                                    

                                

                                Hanting Liang, Wenting Qi, … Weibo Xia

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Higher plasma platelet-activating factor levels are associated with increased risk of vertebral fracture and lower bone mineral density in postmenopausal women
                                        
                                    

                                    
                                        Article
                                        
                                         14 December 2014
                                    

                                

                                Hyeonmok Kim, Beom-Jun Kim, … Jung-Min Koh

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Johnell O, Kanis JA (2006) An estimate of the worldwide prevalence and disability associated with osteoporotic fractures. Osteoporos Int 17:1726–1733. doi:10.1007/s00198-006-0172-4
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ha YC, Kim TY, Lee A, Lee YK, Kim HY, Kim JH, Park CM, Jang S (2016) Current trends and future projections of hip fracture in South Korea using nationwide claims data. Osteoporos Int. doi:10.1007/s00198-016-3576-9
                        

                    Google Scholar 
                

	Yi H, Ha YC, Lee YK, Lim YT (2013) National healthcare budget impact analysis of the treatment for osteoporosis and fractures in Korea. J Bone Metab 20:17–23. doi:10.11005/jbm.2013.20.1.17
                        
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Kanis JA, McCloskey EV, Johansson H, Cooper C, Rizzoli R, Reginster JY (2013) European guidance for the diagnosis and management of osteoporosis in postmenopausal women. Osteoporos Int 24:23–57. doi:10.1007/s00198-012-2074-y
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sornay-Rendu E, Munoz F, Garnero P, Duboeuf F, Delmas PD (2005) Identification of osteopenic women at high risk of fracture: the OFELY study. J bone mineral res 20:1813–1819. doi:10.1359/jbmr.050609
                        
Article 
    
                    Google Scholar 
                

	Schuit SC, van der Klift M, Weel AE, de Laet CE, Burger H, Seeman E, Hofman A, Uitterlinden AG, van Leeuwen JP, Pols HA (2004) Fracture incidence and association with bone mineral density in elderly men and women: the Rotterdam Study. Bone 34:195–202
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kanis JA, Johnell O, Oden A, Johansson H, McCloskey E (2008) FRAX and the assessment of fracture probability in men and women from the UK. Osteoporos Int 19:385–397. doi:10.1007/s00198-007-0543-5
                        
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Tremollieres FA, Pouilles JM, Drewniak N, Laparra J, Ribot CA, Dargent-Molina P (2010) Fracture risk prediction using BMD and clinical risk factors in early postmenopausal women: sensitivity of the WHO FRAX tool. J Bone Minera res 25:1002–1009. doi:10.1002/jbmr.12
                        
Article 
    
                    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 minera res 26:420–427. doi:10.1002/jbmr.215
                        
Article 
    
                    Google Scholar 
                

	Huang H, He X (2008) Wnt/beta-catenin signaling: new (and old) players and new insights. Curr Opin Cell Biol 20:119–125. doi:10.1016/j.ceb.2008.01.009
                        
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Rossini M, Gatti D, Adami S (2013) Involvement of WNT/beta-catenin signaling in the treatment of osteoporosis. Calcif Tissue Int 93:121–132. doi:10.1007/s00223-013-9749-z
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gordon MD, Nusse R (2006) Wnt signaling: multiple pathways, multiple receptors, and multiple transcription factors. J Biol Chem 281:22429–22433. doi:10.1074/jbc.R600015200
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wagner ER, Zhu G, Zhang BQ, Luo Q, Shi Q, Huang E, Gao Y, Gao JL, Kim SH, Rastegar F, Yang K, He BC, Chen L, Zuo GW, Bi Y, Su Y, Luo J, Luo X, Huang J, Deng ZL, Reid RR, Luu HH, Haydon RC, He TC (2011) The therapeutic potential of the Wnt signaling pathway in bone disorders. Curr Mol Pharmacol 4:14–25
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gaur T, Lengner CJ, Hovhannisyan H, Bhat RA, Bodine PV, Komm BS, Javed A, van Wijnen AJ, Stein JL, Stein GS, Lian JB (2005) Canonical WNT signaling promotes osteogenesis by directly stimulating Runx2 gene expression. J Biol Chem 280:33132–33140. doi:10.1074/jbc.M500608200
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bennett CN, Longo KA, Wright WS, Suva LJ, Lane TF, Hankenson KD, MacDougald OA (2005) Regulation of osteoblastogenesis and bone mass by Wnt10b. Proc Natl Acad Sci USA 102:3324–3329. doi:10.1073/pnas.0408742102
                        
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Semenov M, Tamai K, He X (2005) SOST is a ligand for LRP5/LRP6 and a Wnt signaling inhibitor. J Biol Chem 280:26770–26775. doi:10.1074/jbc.M504308200
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bafico A, Liu G, Yaniv A, Gazit A, Aaronson SA (2001) Novel mechanism of Wnt signalling inhibition mediated by Dickkopf-1 interaction with LRP6/Arrow. Nat Cell Biol 3:683–686. doi:10.1038/35083081
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ardawi MS, Rouzi AA, Al-Sibiani SA, Al-Senani NS, Qari MH, Mousa SA (2012) High serum sclerostin predicts the occurrence of osteoporotic fractures in postmenopausal women: the Center of Excellence for Osteoporosis Research Study. J Bone Minera Researc 27:2592–2602. doi:10.1002/jbmr.1718
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Arasu A, Cawthon PM, Lui LY, Do TP, Arora PS, Cauley JA, Ensrud KE, Cummings SR (2012) Serum sclerostin and risk of hip fracture in older Caucasian women. J Clin Endocrinol Metab 97:2027–2032. doi:10.1210/jc.2011-3419
                        
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Garnero P, Sornay-Rendu E, Munoz F, Borel O, Chapurlat RD (2013) Association of serum sclerostin with bone mineral density, bone turnover, steroid and parathyroid hormones, and fracture risk in postmenopausal women: the OFELY study. Osteoporos Int 24:489–494. doi:10.1007/s00198-012-1978-x
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Szulc P, Bertholon C, Borel O, Marchand F, Chapurlat R (2013) Lower fracture risk in older men with higher sclerostin concentration: a prospective analysis from the MINOS study. J Bone Minera Res 28:855–864. doi:10.1002/jbmr.1823
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Barrett-Connor E, Siris ES, Wehren LE, Miller PD, Abbott TA, Berger ML, Santora AC, Sherwood LM (2005) Osteoporosis and fracture risk in women of different ethnic groups. J Bone Minera Res 20:185–194. doi:10.1359/jbmr.041007
                        
Article 
    
                    Google Scholar 
                

	Costa AG, Walker MD, Zhang CA, Cremers S, Dworakowski E, McMahon DJ, Liu G, Bilezikian JP (2013) Circulating sclerostin levels and markers of bone turnover in Chinese-American and white women. J Clini Endocrinol Metabol 98:4736–4743. doi:10.1210/jc.2013-2106
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Kiel D (1995) Assessing vertebral fractures. National Osteoporosis Foundation Working Group on Vertebral Fractures. Journal of bone and mineral research : the official journal of the American Society for Bone and Mineral Research 10:518–523. doi:10.1002/jbmr.5650100403
                        
CAS 
    
                    Google Scholar 
                

	Genant HK, Wu CY, van Kuijk C, Nevitt MC (1993) Vertebral fracture assessment using a semiquantitative technique. J Bone Minera Res 8:1137–1148. doi:10.1002/jbmr.5650080915
                        
Article 
    CAS 
    
                    Google Scholar 
                

	Park C, Ha YC, Jang S, Jang S, Yoon HK, Lee YK (2011) The incidence and residual lifetime risk of osteoporosis-related fractures in Korea. J Bone Miner Metab 29:744–751. doi:10.1007/s00774-011-0279-3
                        
Article 
    PubMed 
    
                    Google Scholar 
                

	Dovjak P, Dorfer S, Foger-Samwald U, Kudlacek S, Marculescu R, Pietschmann P (2014) Serum levels of sclerostin and dickkopf-1: effects of age, gender and fracture status. Gerontology 60:493–501. doi:10.1159/000358303
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Li J, Sarosi I, Cattley RC, Pretorius J, Asuncion F, Grisanti M, Morony S, Adamu S, Geng Z, Qiu W, Kostenuik P, Lacey DL, Simonet WS, Bolon B, Qian X, Shalhoub V, Ominsky MS, Zhu Ke H, Li X, Richards WG (2006) Dkk1-mediated inhibition of Wnt signaling in bone results in osteopenia. Bone 39:754–766. doi:10.1016/j.bone.2006.03.017
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Pinzone JJ, Hall BM, Thudi NK, Vonau M, Qiang YW, Rosol TJ, Shaughnessy JD Jr (2009) The role of Dickkopf-1 in bone development, homeostasis, and disease. Blood 113:517–525. doi:10.1182/blood-2008-03-145169
                        
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Voorzanger-Rousselot N, Goehrig D, Facon T, Clezardin P, Garnero P (2009) Platelet is a major contributor to circulating levels of Dickkopf-1: clinical implications in patients with multiple myeloma. Br J Haematol 145:264–266. doi:10.1111/j.1365-2141.2009.07587.x
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Drake MT, Srinivasan B, Modder UI, Peterson JM, McCready LK, Riggs BL, Dwyer D, Stolina M, Kostenuik P, Khosla S (2010) Effects of parathyroid hormone treatment on circulating sclerostin levels in postmenopausal women. J Clin Endocrinol Metab 95:5056–5062. doi:10.1210/jc.2010-0720
                        
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Yamamoto M, Yamauchi M, Sugimoto T (2013) Elevated sclerostin levels are associated with vertebral fractures in patients with type 2 diabetes mellitus. The Journal of clinical endocrinology and metabolism 98:4030–4037. doi:10.1210/jc.2013-2143
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Heilmeier U, Carpenter DR, Patsch JM, Harnish R, Joseph GB, Burghardt AJ, Baum T, Schwartz AV, Lang TF, Link TM (2015) Volumetric femoral BMD, bone geometry, and serum sclerostin levels differ between type 2 diabetic postmenopausal women with and without fragility fractures. Osteoporos Int 26:1283–1293. doi:10.1007/s00198-014-2988-7
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Robling AG, Niziolek PJ, Baldridge LA, Condon KW, Allen MR, Alam I, Mantila SM, Gluhak-Heinrich J, Bellido TM, Harris SE, Turner CH (2008) Mechanical stimulation of bone in vivo reduces osteocyte expression of Sost/sclerostin. J Biol Chem 283:5866–5875. doi:10.1074/jbc.M705092200
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Moustafa A, Sugiyama T, Prasad J, Zaman G, Gross TS, Lanyon LE, Price JS (2012) Mechanical loading-related changes in osteocyte sclerostin expression in mice are more closely associated with the subsequent osteogenic response than the peak strains engendered. Osteoporos Int 23:1225–1234. doi:10.1007/s00198-011-1656-4
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gaudio A, Pennisi P, Bratengeier C, Torrisi V, Lindner B, Mangiafico RA, Pulvirenti I, Hawa G, Tringali G, Fiore CE (2010) Increased sclerostin serum levels associated with bone formation and resorption markers in patients with immobilization-induced bone loss. J Clin Endocrinol Metab 95:2248–2253. doi:10.1210/jc.2010-0067
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Spatz JM, Fields EE, Yu EW, Divieti Pajevic P, Bouxsein ML, Sibonga JD, Zwart SR, Smith SM (2012) Serum sclerostin increases in healthy adult men during bed rest. J Clin Endocrinol Metab 97:E1736–E1740. doi:10.1210/jc.2012-1579
                        
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Delgado-Calle J, Arozamena J, Garcia-Renedo R, Garcia-Ibarbia C, Pascual-Carra MA, Gonzalez-Macias J, Riancho JA (2011) Osteocyte deficiency in hip fractures. Calcif Tissue Int 89:327–334. doi:10.1007/s00223-011-9522-0
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Modder UI, Hoey KA, Amin S, McCready LK, Achenbach SJ, Riggs BL, Melton LJ 3rd, Khosla S (2011) Relation of age, gender, and bone mass to circulating sclerostin levels in women and men. J Bone Miner Res 26:373–379. doi:10.1002/jbmr.217
                        
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Szulc P, Boutroy S, Vilayphiou N, Schoppet M, Rauner M, Chapurlat R, Hamann C, Hofbauer LC (2013) Correlates of bone microarchitectural parameters and serum sclerostin levels in men: the STRAMBO study. J Bone Minera Res 28:1760–1770. doi:10.1002/jbmr.1888
                        
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
This study was supported by grants from the Korea Health Technology R&D Project, Ministry of Health & Welfare, Republic of Korea (project number HI14C2258), and from Takeda Pharmaceuticals Korea Co., Ltd., Seoul, Korea. The sponsor did not participate in the study design, data collection and analysis, writing of the manuscript, or the decision to submit the manuscript for publication.


Author information
Author notes
Authors and Affiliations
	Division of Endocrinology and Metabolism, Department of Internal Medicine, Seoul St. Mary’s Hospital, The Catholic University of Korea College of Medicine, 222 Banpo-daero, Seocho-gu, Seoul, 137-701, Korea
Yejee Lim, Ki Hyun Baek & Moo-Il Kang

	Department of Internal Medicine, Sejong General Hospital, Bucheon, 422-711, Korea
Chong Hwa Kim

	Asan Institute for Life Sciences, Seoul, 138-736, Korea
Sun-Young Lee

	Division of Endocrinology and Metabolism, Asan Medical Center, University of Ulsan College of Medicine, 88 Olympic-ro 43 Gil, Songpa-Gu, Seoul, 138-736, Korea
Hyeonmok Kim, Seung Hun Lee, Jung-Min Koh & Beom-Jun Kim

	Department of Endocrinology, Inha University School of Medicine, Incheon, 22332, South Korea
Seong Hee Ahn

	Department of Internal Medicine, Yonsei University College of Medicine, Seoul, 120-752, Korea
Yumie Rhee

	Division of Endocrinology and Metabolism, Department of Internal Medicine, Sungkyunkwan University School of Medicine, Seoul, 135-710, Korea
Yong-Ki Min

	Department of Nuclear Medicine, Kyunghee University School of Medicine, Seoul, 130-872, Korea
Deog-Yoon Kim


Authors	Yejee LimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chong Hwa KimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sun-Young LeeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hyeonmok KimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Seong Hee AhnView author publications
You can also search for this author in
                        PubMed Google Scholar



	Seung Hun LeeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jung-Min KohView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yumie RheeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ki Hyun BaekView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yong-Ki MinView author publications
You can also search for this author in
                        PubMed Google Scholar



	Deog-Yoon KimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Beom-Jun KimView author publications
You can also search for this author in
                        PubMed Google Scholar



	Moo-Il KangView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding authors
Correspondence to
                Beom-Jun Kim or Moo-Il Kang.


Ethics declarations

              
              
                Conflict of Interest

                Yejee Lim, Chong Hwa Kim, Sun-Young Lee, Hyeonmok Kim, Seong Hee Ahn, Seung Hun Lee, Jung-Min Koh, Yumie Rhee, Ki Hyun Baek, Yong-Ki Min, Deog-Yoon Kim, Beom-Jun Kim and Moo-Il Kang declare that they have no conflict of interest.

              
              
                Human Rights and Informed Consent

                This study was approved by the Institutional Review Board of Asan Medical Center. All enrolled subjects provided written informed consent.

              
            

Additional information
Yejee Lim and Chong Hwa Kim have contributed equally to this work.


Electronic supplementary material

Below is the link to the electronic supplementary material. 

                        
Supplementary material 1 (DOCX 44 kb)




Rights and permissions
Reprints and permissions


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



Cite this article
Lim, Y., Kim, C.H., Lee, SY. et al. Decreased Plasma Levels of Sclerostin But Not Dickkopf-1 are Associated with an Increased Prevalence of Osteoporotic Fracture and Lower Bone Mineral Density in Postmenopausal Korean Women.
                    Calcif Tissue Int 99, 350–359 (2016). https://doi.org/10.1007/s00223-016-0160-4
Download citation
	Received: 24 March 2016

	Accepted: 03 June 2016

	Published: 11 June 2016

	Issue Date: October 2016

	DOI: https://doi.org/10.1007/s00223-016-0160-4


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
	Sclerostin
	Dickkopf-1
	Osteoporotic fracture
	Bone mineral density
	Asian








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.80.21.52
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    