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                    Abstract
The magnitude of the risk of metabolic syndrome (MetS) with increased resting heart rate (RHR) has been inconsistently reported in some observational studies, and whether a dose–response relationship exists between RHR and MetS is unclear. We performed a meta-analysis including dose–response analysis to quantitatively evaluate this association in adults. We searched PubMed, Web of Knowledge, China National Knowledge Infrastructure, and WanFang databases for articles published up to April 2, 2016. A random-effects model was used to pool relative risks (RRs) and 95% confidence intervals (CIs); restricted cubic spline function was used to assess the dose–response relationship. Seven prospective cohort studies and 10 cross-sectional studies with a total of 169,786 participants were included. The pooled RR was 2.10 (95% CI 1.80–2.46, I
                        2 = 79.8%, n = 13) for the highest versus reference RHR category and 1.28 (95% CI 1.23–1.34, I
                        2 = 87.7%, n = 15) for each 10 beats per minute (bpm) increment in RHR. We found no evidence of a nonlinear dose–response association between RHR and MetS (P
                        nonlinearity = 0.201). The relationship was consistent in most subgroup analyses and robust on sensitivity analysis. No significant publication bias was observed. This meta-analysis suggests that risk of MetS may be increased with elevated RHR.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]


Fig. 2[image: ]


Fig. 3[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Exercise and Hypertension
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2020
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A Review of Obesity, Physical Activity, and Cardiovascular Disease
                                        
                                    

                                    
                                        Article
                                        
                                         01 September 2020
                                    

                                

                                Andrew Elagizi, Sergey Kachur, … Steven N. Blair

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Movement is Improvement: The Therapeutic Effects of Exercise and General Physical Activity on Glycemic Control in Patients with Type 2 Diabetes Mellitus: A Systematic Review and Meta-Analysis of Randomized Controlled Trials
                                        
                                    

                                    
                                        Article
                                         Open access
                                         05 February 2021
                                    

                                

                                Sayed Z. A. Shah, Jawad A. Karam, … Hong Chen

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA et al (2009) Harmonizing the metabolic syndrome: a joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation 120:1640–1645
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Saely CH, Rein P, Drexel H (2007) The metabolic syndrome and risk of cardiovascular disease and diabetes: experiences with the new diagnostic criteria from the International Diabetes Federation. Horm Metab Res 39:642–650
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sacco S, Comelli M, Molina V, Montrasi PL, Giani E, Cavanna F (2014) A simplified indication of metabolic syndrome to recognize subjects with a moderate risk to develop type 2 diabetes mellitus in a large Italian sample. Acta Diabetol 51:35–41
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Noctor Eoin, Crowe Catherine, Carmody Louise A, Kirwan Breda, O’Dea Angela, Glynn Liam G et al (2015) ATLANTIC-DIP: prevalence of metabolic syndrome and insulin resistance in women with previous gestational diabetes mellitus by International Association of Diabetes in Pregnancy Study Groups criteria. Acta Diabetol 52:153–160
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wu SH, Liu Z, Ho SC (2010) Metabolic syndrome and all-cause mortality: a meta-analysis of prospective cohort studies. Eur J Epidemiol 25:375–384
Article 
    PubMed 
    
                    Google Scholar 
                

	Esposito K, Chiodini P, Colao A, Lenzi A, Giugliano D (2012) Metabolic syndrome and risk of cancer: a systematic review and meta-analysis. Diabetes Care 35:2402–2411
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA et al (2005) Diagnosis and management of the metabolic syndrome: an American Heart Association/National Heart, Lung, and Blood Institute scientific statement: executive summary. Crit Pathw Cardiol 4:198–203
Article 
    PubMed 
    
                    Google Scholar 
                

	Thomas G, Sehgal AR, Kashyap SR, Srinivas TR, Kirwan JP, Navaneethan SD (2011) Metabolic syndrome and kidney disease: a systematic review and meta-analysis. Clin J Am Soc Nephrol 6:2364–2373
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Chen J, Muntner P, Hamm LL, Jones DW, Batuman V, Fonseca V et al (2004) The metabolic syndrome and chronic kidney disease in U.S. adults. Ann Intern Med 140:167–174
Article 
    PubMed 
    
                    Google Scholar 
                

	Kassi E, Pervanidou P, Kaltsas G, Chrousos G (2011) Metabolic syndrome: definitions and controversies. BMC Med 9:48
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Lahiri MK, Kannankeril PJ, Goldberger JJ (2008) Assessment of autonomic function in cardiovascular disease: physiological basis and prognostic implications. J Am Coll Cardiol 51:1725–1733
Article 
    PubMed 
    
                    Google Scholar 
                

	Hanley AJ, Karter AJ, Festa A, D’Agostino R Jr, Wagenknecht LE, Savage P et al (2002) Factor analysis of metabolic syndrome using directly measured insulin sensitivity: the Insulin Resistance Atherosclerosis Study. Diabetes 51:2642–2647
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Vollenweider P, Randin D, Tappy L, Jequier E, Nicod P, Scherrer U (1994) Impaired insulin-induced sympathetic neural activation and vasodilation in skeletal muscle in obese humans. J Clin Investig 93:2365–2371
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Faganello Giorgio, Cioffi Giovanni, Faggiano Pompilio, Candido Riccardo, Tarantini Luigi, De Feo Stefania et al (2015) Does metabolic syndrome worsen systolic dysfunction in diabetes? The shortwave study. Acta Diabetol 52:143–151
Article 
    PubMed 
    
                    Google Scholar 
                

	de Simone G, Devereux RB, Chinali M, Best LG, Lee ET, Galloway JM et al (2007) Impact of metabolic syndrome by different definitions in a population with high prevalence of obesity and diabetes: the strong heart study. Diabetes Care 30:1851–1856
Article 
    PubMed 
    
                    Google Scholar 
                

	Böhm M, Reil J-C (2013) Heart rate: surrogate or target in the management of heart failure? Heart 99:72–75
Article 
    PubMed 
    
                    Google Scholar 
                

	Böhm M, Swedberg K, Komajda M, Borer JS, Ford I, Dubost-Brama A et al (2010) Heart rate as a risk factor in chronic heart failure (SHIFT): the association between heart rate and outcomes in a randomised placebo-controlled trial. Lancet 376:886–894
Article 
    PubMed 
    
                    Google Scholar 
                

	Oda E, Aizawa Y (2014) Resting heart rate predicts metabolic syndrome in apparently healthy non-obese Japanese men. Acta Diabetol 51:85–90
Article 
    PubMed 
    
                    Google Scholar 
                

	Wang S, Liu K, Zhang X, Meng Q, Wang Y, Wan S et al (2015) Elevated resting heart rate predisposes metabolic syndrome in women rather than in men: a 15-year prospective study. BMC Cardiovasc Disord 15:110
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Inoue T, Iseki K, Iseki C, Ohya Y, Kinjo K, Takishita S (2009) Effect of heart rate on the risk of developing metabolic syndrome. Hypertens Res 32:801–806
Article 
    PubMed 
    
                    Google Scholar 
                

	Tomiyama H, Yamada J, Koji Y, Yambe M, Motobe K, Shiina K et al (2007) Heart rate elevation precedes the development of metabolic syndrome in Japanese men: a prospective study. Hypertens Res 30:417–426
Article 
    PubMed 
    
                    Google Scholar 
                

	Jiang XJ, Liu XX, Wu SL, Zhang GQ, Peng M, Wu YT et al (2015) Metabolic syndrome is associated with and predicted by resting heart rate: cross-sectional and longitudinal findings from Kailuan study. Heart 101:44–49
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wulsin LR, Horn PS, Perry JL, Massaro JM, D’Agostino RB Sr (2016) The contribution of autonomic imbalance to the development of metabolic syndrome. Psychosom Med 78:474–480
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Licht CM, de Geus EJ, Penninx BW (2013) Dysregulation of the autonomic nervous system predicts the development of the metabolic syndrome. J Clin Endocrinol Metab 98:2484–2493
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	O’Hartaigh B, Jiang CQ, Bosch JA, Zhang WS, Cheng KK, Lam TH et al (2013) Influence of heart rate at rest for predicting the metabolic syndrome in older Chinese adults. Acta Diabetol 50:325–331
Article 
    PubMed 
    
                    Google Scholar 
                

	Rogowski O, Steinvil A, Berliner S, Cohen M, Saar N, Ben-Bassat OK et al (2009) Elevated resting heart rate is associated with the metabolic syndrome. Cardiovasc Diabetol 8:55
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Licht CM, Vreeburg SA, van Reedt Dortland AK, Giltay EJ, Hoogendijk WJ, DeRijk RH et al (2010) Increased sympathetic and decreased parasympathetic activity rather than changes in hypothalamic-pituitary-adrenal axis activity is associated with metabolic abnormalities. J Clin Endocrinol Metab 95:2458–2466
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wang SY, Shi J, Xie QX (2015) Correlation of RHR with the MetS and its components in middle-aged and elderly women. Hainan Med J 26:2050–2053
CAS 
    
                    Google Scholar 
                

	Yang HI, Kim HC, Jeon JY (2016) The association of resting heart rate with diabetes, hypertension, and metabolic syndrome in the Korean adult population: the fifth Korea National Health and Nutrition Examination Survey. Clin Chim Acta 455:195–200
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Inoue T, Iseki K, Iseki C, Ohya Y, Kinjo K, Takishita S (2008) Association between heart rate and multiple risk factor syndrome: cross-sectional analysis of a screened cohort in Okinawa, Japan. Circ J 72:454–457
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Xu F, Zhang HF, Zhu ZY et al (2011) Prevalence and risk factors of MetS among 18–74 years old rural population of Gaoyou in Jiangsu. Chin J Hypertens 19:329–335

                    Google Scholar 
                

	Yuan ZS, Huang CX, Zhang Y et al (2015) Epidemiological investigation on MetS and its main risk factors among residents in Hongshan District of Wuhan City. Chin J Diffic Compl Cas 14:811–817
CAS 
    
                    Google Scholar 
                

	Oda E, Kawai R (2009) Significance of heart rate in the prevalence of metabolic syndrome and its related risk factors in Japanese. Circ J 73:1431–1436
Article 
    PubMed 
    
                    Google Scholar 
                

	Wells G, Shea B, O’Connell D, et al. (1999) The Newcastle–Scale for assessing the quality of nonrandomised studies in meta-analyses. Ottawa (Canada): Ottawa Health Research Institute. http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp. Accessed 16 April 2015

	Rostom A, Dube C, Cranney A et al (2004) Celiac disease. Evidence report/technology assessment (Summary) 104:1–6

                    Google Scholar 
                

	Orsini N, Li R, Wolk A, Khudyakov P, Spiegelman D (2012) Meta-analysis for linear and nonlinear dose-response relations: examples, an evaluation of approximations, and software. Am J Epidemiol 175:66–73
Article 
    PubMed 
    
                    Google Scholar 
                

	DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. Control Clin Trials 7:177–188
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Greenland S, Longnecker MP (1992) Methods for trend estimation from summarized dose-response data, with applications to meta-analysis. Am J Epidemiol 135:1301–1309
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Orsini N, Institutet K, Stockholm S et al (2006) Generalized least squares for trend estimation of summarized dose–response data. Stata J Abnorm Psychol 6:40–57

                    Google Scholar 
                

	White IR (2011) Multivariate random-effects meta-regression: updates to mvmeta. Stata J 11:255–270

                    Google Scholar 
                

	Hartemink N, Boshuizen HC, Nagelkerke NJ, Jacobs MA, van Houwelingen HC (2006) Combining risk estimates from observational studies with different exposure cutpoints: a meta-analysis on body mass index and diabetes type 2. Am J Epidemiol 163:1042–1052
Article 
    PubMed 
    
                    Google Scholar 
                

	Hamling J, Lee P, Weitkunat R, Ambuhl M (2008) Facilitating meta-analyses by deriving relative effect and precision estimates for alternative comparisons from a set of estimates presented by exposure level or disease category. Stat Med 27:954–970
Article 
    PubMed 
    
                    Google Scholar 
                

	Higgins JP, Thompson SG, Deeks JJ, Altman DG (2003) Measuring inconsistency in meta-analyses. BMJ 327:557–560
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Begg CB, Mazumdar M (1994) Operating characteristics of a rank correlation test for publication bias. Biometrics 50:1088–1101
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jamerson KA, Julius S, Gudbrandsson T, Andersson O, Brant DO (1993) Reflex sympathetic activation induces acute insulin resistance in the human forearm. Hypertension 21:618–623
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Flanagan DE, Vaile JC, Petley GW, Moore VM, Godsland IF, Cockington RA et al (1999) The autonomic control of heart rate and insulin resistance in young adults. J Clin Endocrinol Metab 84:1263–1267
CAS 
    PubMed 
    
                    Google Scholar 
                

	Shigetoh Y, Adachi H, Yamagishi S, Enomoto M, Fukami A, Otsuka M et al (2009) Higher heart rate may predispose to obesity and diabetes mellitus: 20-year prospective study in a general population. Am J Hypertens 22:151–155
Article 
    PubMed 
    
                    Google Scholar 
                

	Wang A, Liu X, Guo X, Dong Y, Wu Y, Huang Z et al (2014) Resting heart rate and risk of hypertension: results of the Kailuan cohort study. J Hypertens 32:1600–1605
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Shibao C, Gamboa A, Diedrich A, Ertl AC, Chen KY, Byrne DW et al (2007) Autonomic contribution to blood pressure and metabolism in obesity. Hypertension 49:27–33
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Aune D, O’Hartaigh B, Vatten LJ (2015) Resting heart rate and the risk of type 2 diabetes: a systematic review and dose–response meta-analysis of cohort studies. Nutr Metab Cardiovasc Dis 25:526–534
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Dandona P, Aljada A, Chaudhuri A, Mohanty P, Garg R (2005) Metabolic syndrome: a comprehensive perspective based on interactions between obesity, diabetes, and inflammation. Circulation 111:1448–1454
Article 
    PubMed 
    
                    Google Scholar 
                

	Sajadieh A, Nielsen OW, Rasmussen V, Hein HO, Abedini S, Hansen JF (2004) Increased heart rate and reduced heart-rate variability are associated with subclinical inflammation in middle-aged and elderly subjects with no apparent heart disease. Eur Heart J 25:363–370
Article 
    PubMed 
    
                    Google Scholar 
                

	Janszky I, Ericson M, Lekander M, Blom M, Buhlin K, Georgiades A et al (2004) Inflammatory markers and heart rate variability in women with coronary heart disease. J Intern Med 256:421–428
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Haynes WG, Morgan DA, Walsh SA, Mark AL, Sivitz WI (1997) Receptor-mediated regional sympathetic nerve activation by leptin. J Clin Investig 100:270–278
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Dunbar JC, Hu Y, Lu H (1997) Intracerebroventricular leptin increases lumbar and renal sympathetic nerve activity and blood pressure in normal rats. Diabetes 46:2040–2043
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Shek EW, Brands MW, Hall JE (1998) Chronic leptin infusion increases arterial pressure. Hypertension 31:409–414
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Valentini M, Parati G (2009) Variables influencing heart rate. Prog Cardiovasc Dis 52:11–19
Article 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgements
This study was supported by the National Natural Science Foundation of China [Grant Numbers 81373074, 81402752, 81673260]; the Science and Technology Development Foundation of Shenzhen [Grant Numbers JCYJ20140418091413562, 2016030715570]; and the Natural Science Foundation of Shenzhen University [Grant Number 201404].


Author information
Author notes
Authors and Affiliations
	Department of Preventive Medicine, Health Sciences Center, Shenzhen University, 3688 Nanhai Avenue, Nanshan District, Shenzhen, 518060, Guangdong, China
Xuejiao Liu, Xinping Luo, Chengyi Han, Lu Zhang, Bingyuan Wang, Yongcheng Ren, Yang Zhao, Dongdong Zhang, Dongsheng Hu & Ming Zhang

	The Affiliated Luohu Hospital, Health Sciences Center, Shenzhen University, 47 Youyi Road, Shenzhen, 518001, Guangdong, China
Yu Liu, Xizhuo Sun & Dongsheng Hu

	Department of Epidemiology and Health Statistics, College of Public Health, Zhengzhou University, 100 Kexue Avenue, Zhengzhou, 450001, Henan, China
Chengyi Han, Lu Zhang, Bingyuan Wang, Yongcheng Ren, Yang Zhao, Dongdong Zhang & Dongsheng Hu


Authors	Xuejiao LiuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Xinping LuoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yu LiuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Xizhuo SunView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chengyi HanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lu ZhangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bingyuan WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yongcheng RenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yang ZhaoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Dongdong ZhangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Dongsheng HuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ming ZhangView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Ming Zhang.


Ethics declarations

              
              
                Conflict of interest

                The authors declare that they have no conflicts of interest concerning this article.

              
              
                Ethical disclosure

                All included studies have been reviewed by the appropriate ethics committee and have therefore been performed in accordance with the ethical standards.

              
              
                Human and animal rights

                This article does not contain any studies with human or animal subjects performed by the any of the authors.

              
              
                Informed consent

                All persons gave their informed consent prior to their inclusion in the studies.

              
            

Additional information
Managed by Antonio Secchi.
Xuejiao Liu and Xinping Luo have contributed equally to this work.


Electronic supplementary material

Below is the link to the electronic supplementary material.


                        
Supplementary material 1 (PDF 658 kb)




Rights and permissions
Reprints and permissions


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



Cite this article
Liu, X., Luo, X., Liu, Y. et al. Resting heart rate and risk of metabolic syndrome in adults: a dose–response meta-analysis of observational studies.
                    Acta Diabetol 54, 223–235 (2017). https://doi.org/10.1007/s00592-016-0942-1
Download citation
	Received: 16 September 2016

	Accepted: 09 November 2016

	Published: 25 November 2016

	Issue Date: March 2017

	DOI: https://doi.org/10.1007/s00592-016-0942-1


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Resting heart rate
	Metabolic syndrome
	Dose–response analysis
	Meta-analysis








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.200.190.194
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    