
    
    
    
        
            
            
                
            

            
        
    


    
        Skip to main content

        
        

        
            
                Advertisement

                

            

        

        

    
    
        
            
                
                    
                        
                    
                
            
        


        
            
                
    
        Log in
    


            
        
    


    
        
            
                
                    
                        
                            
                        Menu
                    
                


                
                    
                        
                            Find a journal
                        
                    
                        
                            Publish with us
                        
                    
                        
                            Track your research
                        
                    
                


                
                    
                        
                            
                                
                                    
                                Search
                            
                        

                    
                    
                        
 
  
   
  Cart
 


                    
                

            

        
    






        
            
                
                    
                        
                    

                
                
                    



Artificial Intelligence in Medicine pp 1–13Cite as






                

                
    
        
            	
                        Home



	
                        Artificial Intelligence in Medicine

	
                        Living reference work entry


                                AI in Longevity Medicine

                                	Dina Radenkovic3,4,7, 
	Alex Zhavoronkov5,6,7 & 
	Evelyne Bischof8,9,10 


                                	Living reference work entry
	First Online: 12 September 2021



                                
                                    
    
        
            	
                        208 Accesses

                    
	
                            1
                                Citations

                        
	
                        27
                            
                                Altmetric

                            
                        


        

    



                                


                                
                                
                            

                        
                        

                            
                                
                                     Abstract
Since 2013, deep learning systems, a form of artificial intelligence (AI), outperformed humans in image, voice, and text recognition, video games, and many other tasks. In medicine, AI has outperformed humans in dermatology, ophthalmology, and several areas of diagnostic medicine. Since the first publication of aging clocks based on methylation data in 2013 by Horvath and Hannum, AI techniques were used to predict human age, mortality, and health status using blood biochemistry in 2016 and later using transcriptomics, proteomics, imaging, microbiome, methylation, activity, and even psychological survey data. Today, these deep aging clocks (DACs) are being used by the research physicians to evaluate the effectiveness of longevity interventions, clinical trial enrollment and monitoring, risk profiling, biological target identification, and personalized medicine. The advent of data type-specific and multi-omics DACs allowed for the nascent field of aging clock-driven preventive and regenerative medicine, referred to as longevity medicine, to emerge.



                                
                            

                            
                                
                                    
                                        
                                            
                                                
                                                   This is a preview of subscription content, log in via an institution.
                                                
                                            

                                        

                                    
                                
                                
                                    
                                        
                                            
                                        

                                    
                                
                            

                            

                            
                            
                                
                            


                            

                            

                             References
	Horvath S. DNA methylation age of human tissues and cell types. Genome Biol. 2013;14(10):3156.
Article 
    
                    Google Scholar 
                

	Putin E, Mamoshina P, Aliper A, Korzinkin M, Moskalev A, Kolosov A, et al. Deep biomarkers of human aging: Application of deep neural networks to biomarker development. Aging [Internet]. 2016 May 18 [cited 2021 Jan 10];8(5):1021–33. https://www.aging-us.com/article/100968/text

	Melzer D, Pilling LC, Ferrucci L. The genetics of human ageing. Nat Rev Genet. 2020;21(2):88–101.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kiefte-de Jong JC, Mathers JC, Franco OH. Nutrition and healthy ageing: the key ingredients. Proc Nutr Soc. 2014;73(2):249–59.
Article 
    PubMed 
    
                    Google Scholar 
                

	Schehl B, Leukel J. Associations between individual factors, environmental factors, and outdoor independence in older adults. Eur J Ageing. 2020;17(3):291–8.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Liu Z, Kuo P-L, Horvath S, Crimmins E, Ferrucci L, Levine M. A new aging measure captures morbidity and mortality risk across diverse subpopulations from NHANES IV: a cohort study. PLoS Med [Internet]. 2018 Dec 31 [cited 2019 Sep 21];15(12). https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6312200/

	Hoshino A, Horvath S, Sridhar A, Chitsazan A, Reh TA. Synchrony and asynchrony between an epigenetic clock and developmental timing. Sci Rep. 2019;9(1):1–12.
Article 
    
                    Google Scholar 
                

	Lu AT, Quach A, Wilson JG, Reiner AP, Aviv A, Raj K, et al. DNA methylation GrimAge strongly predicts lifespan and healthspan. Aging (Albany NY). 2019;11(2):303–27.
Article 
    CAS 
    
                    Google Scholar 
                

	Bonawitz K, Eichner H, Grieskamp W, Huba D, Ingerman A, Ivanov V, et al. Towards federated learning at scale: system design. arXiv:190201046 [cs, stat] [Internet]. 2019 Mar 22 [cited 2021 Jan 10]; http://arxiv.org/abs/1902.01046

	Müezzinler A, Zaineddin AK, Brenner H. A systematic review of leukocyte telomere length and age in adults. Ageing Res Rev. 2013;12(2):509–19.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Peters MJ, Joehanes R, Pilling LC, Schurmann C, Conneely KN, Powell J, et al. The transcriptional landscape of age in human peripheral blood. Nat Commun. 2015;6(1):8570.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Mamoshina P, Volosnikova M, Ozerov IV, Putin E, Skibina E, Cortese F, et al. Machine learning on human muscle transcriptomic data for biomarker discovery and tissue-specific drug target identification. Front Genet [Internet]. 2018 [cited 2021 Jan 10];9. https://www.frontiersin.org/articles/10.3389/fgene.2018.00242/full

	Galkin F, Mamoshina P, Aliper A, de Magalhães JP, Gladyshev VN, Zhavoronkov A. Biohorology and biomarkers of aging: current state-of-the-art, challenges and opportunities. Ageing Res Rev. 2020;60:101050.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Barzilai N, Crandall JP, Kritchevsky SB, Espeland MA. Metformin as a tool to target aging. Cell Metab. 2016;23(6):1060–5.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Levin JM, Oprea TI, Davidovich S, Clozel T, Overington JP, Vanhaelen Q, et al. Artificial intelligence, drug repurposing and peer review. Nat Biotechnol. 2020;38(10):1127–31.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bycroft C, Freeman C, Petkova D, Band G, Elliott LT, Sharp K, et al. The UK Biobank resource with deep phenotyping and genomic data. Nature. 2018;562(7726):203–9.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	El Emam K, Rodgers S, Malin B. Anonymising and sharing individual patient data. BMJ [Internet]. 2015 Mar 20 [cited 2021 Jan 10];350. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4707567/

	Rieke N, Hancox J, Li W, Milletarì F, Roth HR, Albarqouni S, et al. The future of digital health with federated learning. NPJ Digit Med [Internet]. 2020 Sep 14 [cited 2021 Jan 10];3. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7490367/

	Thapa C, Chamikara MAP, Camtepe S. SplitFed: when federated learning meets split learning. arXiv:200412088 [cs] [Internet]. 2020 Sep 2 [cited 2021 Jan 10]; http://arxiv.org/abs/2004.12088

	Zhang Y, Ling C. A strategy to apply machine learning to small datasets in materials science. npj Comput Mater. 2018;4(1):1–8.
Article 
    CAS 
    
                    Google Scholar 
                

	Radenkovic D, Keogh SB, Maruthappu M. Data science in modern evidence-based medicine. J R Soc Med. 2019;112(12):493–4.
Article 
    PubMed 
    
                    Google Scholar 
                

	Zhavoronkov A, Mamoshina P, Vanhaelen Q, Scheibye-Knudsen M, Moskalev A, Aliper A. Artificial intelligence for aging and longevity research: recent advances and perspectives. Ageing Res Rev. 2019;49:49–66.
Article 
    PubMed 
    
                    Google Scholar 
                

	Aliper A, Belikov AV, Garazha A, Jellen L, Artemov A, Suntsova M, et al. In search for geroprotectors: in silico screening and in vitro validation of signalome-level mimetics of young healthy state. Aging (Albany NY). 2016;8(9):2127–41.
Article 
    CAS 
    
                    Google Scholar 
                

	NCDs and ageing [Internet]. [cited 2021 Jan 10]. https://www.who.int/westernpacific/about/governance/regional-director/ncds-and-ageing

	Mitchell-Fearon K, Waldron N, Laws H, James K, Holder-Nevins D, Willie-Tyndale D, et al. Non-communicable diseases in an older, aging population: a developing country perspective (Jamaica). J Health Care Poor Underserved. 2015;26(2):475–87.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	López-Otín C, Blasco MA, Partridge L, Serrano M, Kroemer G. The hallmarks of aging. Cell. 2013;153(6):1194–217.
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Deleidi M, Jäggle M, Rubino G. Immune aging, dysmetabolism, and inflammation in neurological diseases. Front Neurosci. 2015;9:172.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Montecino-Rodriguez E, Berent-Maoz B, Dorshkind K. Causes, consequences, and reversal of immune system aging. J Clin Invest. 2013;123(3):958–65.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Bruunsgaard H, Pedersen M, Pedersen BK. Aging and proinflammatory cytokines. Curr Opin Hematol. 2001;8(3):131–6.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sarkar D, Fisher PB. Molecular mechanisms of aging-associated inflammation. Cancer Lett. 2006;236(1):13–23.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Michaud M, Balardy L, Moulis G, Gaudin C, Peyrot C, Vellas B, et al. Proinflammatory cytokines, aging, and age-related diseases. J Am Med Dir Assoc. 2013;14(12):877–82.
Article 
    PubMed 
    
                    Google Scholar 
                

	Franceschi C, Capri M, Monti D, Giunta S, Olivieri F, Sevini F, et al. Inflammaging and anti-inflammaging: a systemic perspective on aging and longevity emerged from studies in humans. Mech Ageing Dev. 2007;128(1):92–105.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kapetanaki MG, Mora AL, Rojas M. Influence of age on wound healing and fibrosis. J Pathol. 2013;229(2):310–22.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cieslik KA, Taffet GE, Carlson S, Hermosillo J, Trial J, Entman ML. Immune-inflammatory dysregulation modulates the incidence of progressive fibrosis and diastolic stiffness in the aging heart. J Mol Cell Cardiol. 2011;50(1):248–56.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Shindyapina AV, Mkrtchyan GV, Gneteeva T, Buiucli S, Tancowny B, Kulka M, et al. Mineralization of the connective tissue: a complex molecular process leading to age-related loss of function. Rejuvenation Res. 2013;17(2):116–33.
Article 
    CAS 
    
                    Google Scholar 
                

	van Deursen JM. The role of senescent cells in ageing. Nature. 2014;509(7501):439–46.
Article 
    PubMed 
    PubMed Central 
    CAS 
    
                    Google Scholar 
                

	Moskalev AA, Aliper AM, Smit-McBride Z, Buzdin A, Zhavoronkov A. Genetics and epigenetics of aging and longevity. Cell Cycle. 2014;13(7):1063–77.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Lombard DB, Chua KF, Mostoslavsky R, Franco S, Gostissa M, Alt FW. DNA repair, genome stability, and aging. Cell. 2005;120(4):497–512.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lardenoije R, Iatrou A, Kenis G, Kompotis K, Steinbusch HWM, Mastroeni D, et al. The epigenetics of aging and neurodegeneration. Prog Neurobiol. 2015;131:21–64.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Helling BA, Yang IV. Epigenetics in lung fibrosis: from pathobiology to treatment perspective. Curr Opin Pulm Med. 2015;21(5):454–62.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	De Rosa M, Pace U, Rega D, Costabile V, Duraturo F, Izzo P, et al. Genetics, diagnosis and management of colorectal cancer (Review). Oncol Rep. 2015;34(3):1087–96.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Aguilar-Olivos NE, Oria-Hernández J, Ponciano-Rodríguez G, Chávez-Tapia NC, Uribe M, Méndez-Sánchez N. The role of epigenetics in the progression of non-alcoholic fatty liver disease. Mini Rev Med Chem. 2015;15(14):1187–94.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kennedy BK, Berger SL, Brunet A, Campisi J, Cuervo AM, Epel ES, et al. Geroscience: linking aging to chronic disease. Cell. 2014;159(4):709–13.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Zhavoronkov A, Buzdin AA, Garazha AV, Borisov NM, Moskalev AA. Signaling pathway cloud regulation for in silico screening and ranking of the potential geroprotective drugs. Front Genet [Internet]. 2014 Mar 3 [cited 2021 Jan 10];5. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3940060/

	Blagosklonny MV. Validation of anti-aging drugs by treating age-related diseases. Aging (Albany NY). 2009;1(3):281–8.
Article 
    CAS 
    
                    Google Scholar 
                

	Gawehn E, Hiss JA, Schneider G. Deep learning in drug discovery. Mol Inform. 2016;35(1):3–14.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Mincholé A, Rodriguez B. Artificial intelligence for the electrocardiogram. Nat Med. 2019;25(1):22–3.
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Angermueller C, Pärnamaa T, Parts L, Stegle O. Deep learning for computational biology. Mol Syst Biol. 2016;12(7):878.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Mamoshina P, Vieira A, Putin E, Zhavoronkov A. Applications of deep learning in biomedicine. Mol Pharm. 2016;13(5):1445–54.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kruk ME, Gage AD, Arsenault C, Jordan K, Leslie HH, Roder-DeWan S, et al. High-quality health systems in the Sustainable Development Goals era: time for a revolution. Lancet Glob Health. 2018;6(11):e1196–252.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Lancet T. Tackling the burden of chronic diseases in the USA. Lancet. 2009;373(9659):185.
Article 
    
                    Google Scholar 
                

	Soriano JB, Kendrick PJ, Paulson KR, Gupta V, Abrams EM, Adedoyin RA, et al. Prevalence and attributable health burden of chronic respiratory diseases, 1990–2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet Respir Med. 2020;8(6):585–96.
Article 
    
                    Google Scholar 
                

	Mamoshina P, Bueno-Orovio A, Rodriguez B. Dual transcriptomic and molecular machine learning predicts all major clinical forms of drug cardiotoxicity. Front Pharmacol [Internet]. 2020 [cited 2021 Jan 10];11. https://www.frontiersin.org/articles/10.3389/fphar.2020.00639/full

	Bakula D, Aliper AM, Mamoshina P, Petr MA, Teklu A, Baur JA, et al. Aging and drug discovery. Aging (Albany NY). 2018;10(11):3079–88.
Article 
    CAS 
    
                    Google Scholar 
                

	Fohner AE, Volk KG, Woodahl EL. Democratizing precision medicine through community engagement. Clin Pharmacol Ther. 2019;106(3):488–90.
Article 
    PubMed 
    
                    Google Scholar 
                

	Amisha MP, Pathania M, Rathaur VK. Overview of artificial intelligence in medicine. J Fam Med Prim Care. 2019;8(7):2328–31.
Article 
    CAS 
    
                    Google Scholar 
                

	Sloane EB, J. Silva R. Artificial intelligence in medical devices and clinical decision support systems. In: Clinical engineering handbook. Academic; 2020. p. 556–68.
Chapter 
    
                    Google Scholar 
                

	Sathyakumar K, Munoz M, Singh J, Hussain N, Babu BA. Automated lung cancer detection using artificial intelligence (AI) deep convolutional neural networks: a narrative literature review. Cureus [Internet]. [cited 2021 Feb 15];12(8). https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7518939/

	Ardila D, Kiraly AP, Bharadwaj S, Choi B, Reicher JJ, Peng L, et al. End-to-end lung cancer screening with three-dimensional deep learning on low-dose chest computed tomography. Nat Med. 2019;25(6):954–61.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ruamviboonsuk P, Krause J, Chotcomwongse P, Sayres R, Raman R, Widner K, et al. Deep learning versus human graders for classifying diabetic retinopathy severity in a nationwide screening program. npj Digit Med. 2019;2(1):1–9.

                    Google Scholar 
                

	Dick V, Sinz C, Mittlböck M, Kittler H, Tschandl P. Accuracy of computer-aided diagnosis of melanoma: a Meta-analysis. JAMA Dermatol. 2019;155(11):1291.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Cui X, Wei R, Gong L, Qi R, Zhao Z, Chen H, et al. Assessing the effectiveness of artificial intelligence methods for melanoma: a retrospective review. J Am Acad Dermatol. 2019;81(5):1176–80.
Article 
    PubMed 
    
                    Google Scholar 
                

	Brinker TJ, Hekler A, Hauschild A, Berking C, Schilling B, Enk AH, et al. Comparing artificial intelligence algorithms to 157 German dermatologists: the melanoma classification benchmark. Eur J Cancer. 2019;111:30–7.
Article 
    PubMed 
    
                    Google Scholar 
                

	Aractingi S, Pellacani G. Computational neural network in melanocytic lesions diagnosis: artificial intelligence to improve diagnosis in dermatology? Eur J Dermatol. 2019;29(S1):4–7.
PubMed 
    
                    Google Scholar 
                

	Brinker TJ, Hekler A, Enk AH, Berking C, Haferkamp S, Hauschild A, et al. Deep neural networks are superior to dermatologists in melanoma image classification. Eur J Cancer. 2019;119:11–7.
Article 
    PubMed 
    
                    Google Scholar 
                

	Rubegni P, Burroni M, Perotti R, Fimiani M, Andreassi L, Cevenini G, et al. Digital dermoscopy analysis and artificial neural network for the differentiation of clinically atypical pigmented skin lesions: a retrospective study. J Investig Dermatol. 2002;119(2):471–4.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gewirtzman AJ, Braun RP. Computerized digital dermoscopy. J Cosmet Dermatol. 2003;2(1):14–20.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ärzteblatt DÄG Redaktion Deutsches. Künstliche Intelligenz soll für bessere Verteilung von Blutkonserven... [Internet]. Deutsches Ärzteblatt. 2021 [cited 2021 Feb 15]. https://www.aerzteblatt.de/nachrichten/119899/Kuenstliche-Intelligenz-soll-fuer-bessere-Verteilung-von-Blutkonserven-sorgen

	Afzal HMR, Luo S, Ramadan S, Lechner-Scott J. The emerging role of artificial intelligence in multiple sclerosis imaging. Mult Scler. 2020. 1352458520966298.

                        Google Scholar 
                


Download references




 Author information
Authors and Affiliations
	Hooke London, London, UK
Dina Radenkovic

	King’s College London, London, UK
Dina Radenkovic

	Insilico Medicine, Hong Kong Science and Technology Park, Hong Kong, China
Alex Zhavoronkov

	Three Exchange Square, The Landmark, Deep Longevity, Inc, Hong Kong, China
Alex Zhavoronkov

	Buck Institute for Research on Aging, Novato, CA, USA
Dina Radenkovic & Alex Zhavoronkov

	International Center for Multimorbidity and Complexity in Medicine (ICMC), Universität Zürich, Schweiz, Zurich, Switzerland
Evelyne Bischof

	College of Clinical Medicine, Shanghai University of Medicine and Health Sciences, Shanghai, China
Evelyne Bischof

	Human Longevity, Inc., San Diego, CA, USA
Evelyne Bischof


Authors	Dina RadenkovicView author publications
You can also search for this author in
                        PubMed Google Scholar



	Alex ZhavoronkovView author publications
You can also search for this author in
                        PubMed Google Scholar



	Evelyne BischofView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Alex Zhavoronkov .


 Editor information
Editors and Affiliations
	Karolinska Institute, Stockholm, Sweden
Niklas Lidströmer 

	Faculty of Medicine, Imperial College London, London, UK
Hutan Ashrafian 




 Rights and permissions
Reprints and permissions


 Copyright information
© 2021 Springer Nature Switzerland AG


 About this entry
       



Cite this entry
Radenkovic, D., Zhavoronkov, A., Bischof, E. (2021).  AI in Longevity Medicine.

                     In: Lidströmer, N., Ashrafian, H. (eds) Artificial Intelligence in Medicine. Springer, Cham. https://doi.org/10.1007/978-3-030-58080-3_248-1
Download citation
	.RIS
	.ENW
	.BIB

	DOI: https://doi.org/10.1007/978-3-030-58080-3_248-1

	Received: 15 January 2021

	Accepted: 18 January 2021

	Published: 12 September 2021

	
                            Publisher Name: Springer, Cham

	
                                Print ISBN: 978-3-030-58080-3

	
                                Online ISBN: 978-3-030-58080-3

	eBook Packages: Springer Reference MedicineReference Module Medicine







 Publish with us
Policies and ethics



                            
                            
    

                        

                    
                
                
                    
                        
                            
                                
                                    
                                        
                                            Access via your institution
                                            
                                                
                                            
                                        
                                    

                                
                            
                        
                        
                            
                        


                        
                            
                        


                        
                            

                                
                                    
                                        
                                            
                                        

                                    
                                

                                

                                

                                

                            

                        

                    
                

            
    

        
    


    
        
            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
						
						
					


		
	
	
		
			
				
					
					54.83.77.120
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	





    

    
    
    


