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                    Abstract
Purpose
The relationship between consumption of sugar sweetened beverages (SSB) and NAFLD has been reported in several epidemiological studies, but the results are inconsistent. The present systematic review and meta-analysis of observational studies was carried out to assess the relationship between sugar sweetened beverages consumption and NAFLD.
Methods
Online databases were searched systematically through December, 2016 for studies investigating association between SSB consumption and NAFLD but limited to observational studies in human. Pooled odds ratio (OR) and 95% confidence intervals were calculated using Der-Simonian and Laird method while random effects meta-analysis was used, taking into account conceptual heterogeneity. Heterogeneity was assessed with the Cochran Q statistic and quantified with the I2 statistic.
Results
Of the 1015 identified articles, 42 were reviewed in depth and six studies (four cross-sectional, one case–control, and one cohort) met the criteria for inclusion in our systematic review with 6326 participants and 1361 cases of NAFLD in both men and women. Finally, four cross-sectional studies were included in the meta-analysis. Higher intake of SSBs (highest compared to lowest categories) was significantly associated with NAFLD, with a 40% increased Odds of NAFLD after adjusting for important potential confounders (pooled odds ratio 1.40; 95% CI 1.07, 1.82). There was no evidence for significant heterogeneity across studies [P = 0.226 (Q statistics), I2 = 31.0%]. A significant positive association between SSB consumption and NAFLD was observed consistently in a sensitivity analysis [range of summary ORs 1.39–1.49]. There was no evidence of publication bias for the association between SSB and NAFLD.
Conclusions
This meta-analysis supports a positive significant association between higher consumption of SSB and NAFLD in both men and women. These findings strengthen the evidence that intake of SSBs should be limited to reduce fatty liver disease.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]

                                
                                
                                    
                                        Sugar-sweetened beverages, low/no-calorie beverages, fruit juice and non-alcoholic fatty liver disease defined by fatty liver index: the SWEET project
                                        
                                    

                                    
                                        Article
                                         Open access
                                         21 April 2023
                                    

                                

                                Novita D. Naomi, Joy Ngo, … Edith J. M. Feskens

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Non-nutritive sweeteners and their association with the metabolic syndrome and non-alcoholic fatty liver disease: a review of the literature
                                        
                                    

                                    
                                        Article
                                        
                                         22 May 2019
                                    

                                

                                Caitlin H. Green & Wing-Kin Syn

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Sugar- and artificially-sweetened beverages and the risks of chronic kidney disease: a systematic review and dose–response meta-analysis
                                        
                                    

                                    
                                        Article
                                        
                                         27 January 2021
                                    

                                

                                Wei-Cheng Lo, Shih-Hsiang Ou, … Mai-Szu Wu

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Angulo P (2007) GI epidemiology: nonalcoholic fatty liver disease. Aliment Pharmacol Ther 25:883–889
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Law K, Brunt EM (2010) Nonalcoholic fatty liver disease. Clin Liver Dis 14:591–604
Article 
    PubMed 
    
                    Google Scholar 
                

	Oh MK, Winn J, Poordad F (2008) Review article: diagnosis and treatment of nonalcoholic fatty liver disease. Aliment Pharmacol Ther 28:503–522
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Serfaty L, Lemoine M (2008) Definition and natural history of metabolic steatosis: clinical aspects of NAFLD, NASH and cirrhosis. Diabetes Metab 34:634–637
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Petta S, Muratore C, Craxì A (2009) Non-alcoholic fatty liver disease pathogenesis: the present and the future. Dig Liver Dis 41:615–625
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Caldwell S, Argo C (2010) The natural history of non-alcoholic fatty liver disease. Dig Dis 28(1):162–168
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Vuppalanchi R, Chalasani N (2009) Nonalcoholic fatty liver disease and nonalcoholic steatohepatitis: selected practical issues in their evaluation and management. Hepatology 49:306–317
Article 
    PubMed 
    
                    Google Scholar 
                

	Adams LA, Lindor KD (2007) Nonalcoholic fatty liver disease. Ann Epidemiol 17:863–869
Article 
    PubMed 
    
                    Google Scholar 
                

	Williams CD, Stengel J, Asike MI, Torres DM, Shaw J, Contreras M, Landt CL, Harrison SA (2011) Prevalence of nonalcoholic fatty liver disease and nonalcoholic steatohepatitis among a largely middle-aged population utilizing ultrasound and liver biopsy: a prospective study. Gastroenterology 140:124–131
Article 
    PubMed 
    
                    Google Scholar 
                

	Eguchi Y, Hyogo H, Ono M, Mizuta T, Ono N, Fujimoto K, Chayama K, Saibara T (2012) Prevalence and associated metabolic factors of nonalcoholic fatty liver disease in the general population from 2009 to 2010 in Japan: a multicenter large retrospective study. J Gastroenterol 47:586–595
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Horton JD, Cohen JC, Grundy SM, Hobbs HH (2004) Prevalence of hepatic steatosis in an urban population in the United States: impact of ethnicity. Hepatology 40:1387–1395
Article 
    PubMed 
    
                    Google Scholar 
                

	Kojima S, Watanabe N, Numata M, Ogawa T, Matsuzaki S (2003) Increase in the prevalence of fatty liver in Japan over the past 12 years: analysis of clinical background. J Gastroenterol 38:954–961
Article 
    PubMed 
    
                    Google Scholar 
                

	Fan JG (2013) Epidemiology of alcoholic and nonalcoholic fatty liver disease in China. J Gastroenterol Hepatol 28(Suppl 1):11–17
Article 
    PubMed 
    
                    Google Scholar 
                

	Chitturi S, Wong VW, Farrell G (2011) Nonalcoholic fatty liver in Asia: firmly entrenched and rapidly gaining ground. J Gastroenterol Hepatol 26:163–172
Article 
    PubMed 
    
                    Google Scholar 
                

	Masarone M, Federico A, Abenavoli L, Loguercio C, Persico M (2014) Non-alcoholic fatty liver: epidemiology and natural history. Rev Recent Clin Trials 9:126–133
Article 
    PubMed 
    
                    Google Scholar 
                

	Nseir W, Nassar F, Assy N (2010) Soft drinks consumption and nonalcoholic fatty liver disease. World J Gastroenterol 16(21):2579–2588
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Duffey KJ, Popkin BM (2007) Shifts in patterns and consumption of beverages between 1965 and 2002. Obesity 15:2739–2747
Article 
    PubMed 
    
                    Google Scholar 
                

	Marriott BP, Olsho L, Hadden L, Connor P (2010) Intake of added sugars and selected nutrients in the United States, National Health and Nutrition Examination Survey (NHANES) 2003–2006. Crit Rev Food Sci Nutr 50:228–258
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hu FB (2013) Resolved: there is sufficient scientific evidence that decreasing sugar-sweetened beverage consumption will reduce the prevalence of obesity and obesity-related diseases. Obes Rev 14(8):606–619
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Ontario Medical Association (2012) Ontario’s doctors call for urgent action to combat obesity epidemic [Internet]. [Cited 14 Dec 2014]. http://www.oma.org/Mediaroom/PressReleases/Pages/ActiontoCombatObesityEpidemic.aspx
                        

	Grynbaum MM (2012) Will soda restrictions help New York win the war on obesity? BMJ 345:e6768
Article 
    PubMed 
    
                    Google Scholar 
                

	Briggs AD, Mytton OT, Kehlbacher A, Tiffin R, Rayner M, Scarborough P (2013) Overall and income specific effect on prevalence of overweight and obesity of 20% sugar sweetened drink tax in UK: econometric and comparative risk assessment modelling study. BMJ 347:f6189
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Gaby AR (2005) Adverse effects of dietary fructose. Altern Med Rev 10:294–306
PubMed 
    
                    Google Scholar 
                

	Ma J, Fox CS, Jacques PF, Speliotes EK, Hoffmann U, Smith CE et al (2015) Sugar-sweetened beverage, diet soda, and fatty liver disease in the Framingham Heart Study. J Hepatol 63(2):462–469
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R, Webb M, Blendis L, Halpern Z, Oren R (2007) Long term nutritional intake and the risk for non-alcoholic fatty liver disease (NAFLD): a population based study. J Hepatol 47(5):711–717
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Assy N, Nasser G, Kamayese I, Neiser W, Beniashvili Z, Djibre A, Grosovski M (2008) Soft drink consumption linked with fatty liver in the absence of traditional risk factors. Can J Gastroenterol 22(10):811–816
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Ouyang X, Cirillo P, Sautin Y, McCall S, Bruchette JL, Mae Diehl A et al (2008) Fructose consumption as a risk factor for non-alcoholic fatty liver disease. J Hepatol 48(6):993–999
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Oddy WH, Herbison CE, Jacoby P, Ambrosini GL, Osullivan TA, Ayonrinde OT et al (2013) The western dietary pattern is prospectively associated with nonalcoholic fatty liver disease in adolescence. Am J Gastroenterol 108:778–785
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Abid A, Taha O, Nseir W, Farah R, Grosovski M, Assy N (2009) Soft drink consumption is associated with fatty liver disease independent of metabolic syndrome. J Hepatol 51(5):918–924
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hofmeister C et al (2013) Are soft drink consumption and fatty liver in any way connected? Ernaeh-rungs Umschau Int 60(6):82–88

                    Google Scholar 
                

	Chan R, Wong VW, Chu WC, Wong GL, Li LS, Leung J (2015) Diet-quality scores and prevalence of nonalcoholic fatty liver disease: a population study using proton-magnetic resonance spectroscopy. PLoS One 10(9):1–14
CAS 
    
                    Google Scholar 
                

	Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D et al (2000) Meta-analysis of observational studies in epidemiology: a proposal for reporting. Meta-analysis Of Observational Studies in Epidemiology (MOOSE) group. JAMA 283:2008–2012
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Maersk M, Belza A, Stodkild-Jogensen H, Ringgaard S, Chabanova E, Thomsen H et al (2012) Sucrose-sweetened beverages increase fat storage in the liver, muscle, and visceral fat depot: a 6-mo randomized intervention study. Am J Clin Nutr 95:283–289
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Valente AM, Mietus-Snyder ML, Lim JS, Lustig RH (2009) Association of sugar sweetened beverages (SSB) consumption with alanine aminotransferase (ALT) in obese children. FASEB J. April 23 [Meeting abstracts]

	Jin R, Le NA, Liu S, Farkas Epperson M, Ziegler TR, Welsh JA et al (2012) Children with NAFLD are more sensitive to the adverse metabolic effects of fructose beverages than children without NAFLD. J Clin Endocrinol Metab 97(7):E1088–E1098
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Vos MB, Colvin R, Belt P, Molleston JP, Murray KF, Rosenthal P et al (2012) Correlation of vitamin E, uric acid, and diet composition with histologic features of pediatric NAFLD. J Pediatr Gastroenterol Nutr 54(1):90–96
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Abdelmalek MF, Suzuki A, Guy C, Unalp-Arida A, Colvin R, Johnson RJ et al (2010) Increased fructose consumption is associated with fibrosis severity in patients with nonalcoholic fatty liver disease. Hepatology 51(6):1961–1971
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

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

	Higgins JP, Green S (2011) Cochrane handbook for systematic reviews of interventions. Version 5.1.0, The Cochran Collaboration

	Higgins JP, Thompson SG (2002) Quantifying heterogeneity in a meta-analysis. Stat Med 21:1539–1558
Article 
    PubMed 
    
                    Google Scholar 
                

	Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis detected by a simple, graphical test. Br Med J 315:629–634
Article 
    CAS 
    
                    Google Scholar 
                

	Egger M, Smith GD, Altman DG (2001) Systematic reviews in health care: meta-analysis in context. BMJ Publishing Group, London
Book 
    
                    Google Scholar 
                

	Sutton AJ, Duval SJ, Tweedie RL, Abrams KR, Jones DR (2000) Empirical assessment of effect of publication bias on meta-analyses. BMJ 320:1574–1577
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Malik VS, Popkin BM, Bray GA, Despres JP, Hu FB (2010) Sugar-sweetened beverages, obesity, type 2 diabetes mellitus, and cardiovascular disease risk. Circulation 121:1356–1364
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Shimony MK, Schliep KC, Schisterman EF, Ahrens KA, Sjaarda LA, Rotman Y et al (2016) The relationship between sugar-sweetened beverages and liver enzymes among premenopausal women: a prospective cohort study. Eur J Nutr 55(2):569–576
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Stanhope KL, Schwarz JM, Keim NL, Griffen SC, Bremer AA, Graham JL et al (2009) Consuming fructose-sweetened, not glucose-sweetened, beverages increases visceral adiposity and lipids and decreases insulin sensitivity in overweight/obese humans. J Clin Invest 19:1322–1334
Article 
    CAS 
    
                    Google Scholar 
                

	Hallfrisch J (1990) Metabolic effects of dietary fructose. FASEB J 4:2652–2660
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Roglans N, Vila L, Farre M, Alegret M, Sanchez RM, Vazquez-Carrera M et al (2007) Impairment of hepatic Stat-3 activation and reduction of PPARalpha activity in fructose-fed rats. Hepatology 45:778–788
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lanaspa MA, Ishimoto T, Li N, Cicerchi C, Orlicky DJ, Ruzicky P et al (2013) Endogenous fructose production and metabolism in the liver contributes to the development of metabolic syndrome. Nat Commun 4:2434
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	McDevitt RM, Bott SJ, Harding M, Coward WA, Bluck LJ, Prentice AM (2001) De novo lipogenesis during controlled overfeeding with sucrose or glucose in lean and obese women. Am J Clin Nutr 74:737–746
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ludwig DS, Peterson KE, Gortmaker SL (2001) Relation between consumption of sugar-sweetened drinks and childhood obesity: a prospective, observational analysis. Lancet 357:505–508
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Block G (2004) Foods contributing to energy intake in the US: data from NHANES III and NHANES 1999–2000. J Food Compost Anal 14:439–447
Article 
    
                    Google Scholar 
                

	Southcote BJC, Jacobsen JA, McGowan SD, Edelstein S (2016) Responses to a print media campaign promoting healthier beverage choices on a college campus. J Foodserv Bus Res 19(3):315–324
Article 
    
                    Google Scholar 
                

	Sonnenberg L, Pencina M, Kimokoti R, Quatromoni P, Nam BH, D’Agostino R et al (2005) Dietary patterns and the metabolic syndrome in obese and non-obese Framingham women. Obes Res 13(1):153–162
Article 
    PubMed 
    
                    Google Scholar 
                

	Slining MM, Popkin BM (2013) Trends in intakes and sources of solid fats and added sugars among U.S. children and adolescents: 1994–2010. Pediatr Obes 8(4):307–324
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Schulze MB, Liu S, Rimm EB, Manson JE, Willett WC, Hu FB (2004) Glycemic index, glycemic load, and dietary fiber intake and incidence of type 2 diabetes in younger and middle-aged women. Am J Clin Nutr 80:348–356
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Bleich SN, Wang YC, Wang Y, Gortmaker SL (2009) Increasing consumption of sugar-sweetened beverages among US adults: 1988–1994 to 1999–2004. Am J Clin Nutr 89(1):372–381
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Schulze MB, Manson JE, Ludwig DS, Colditz GA, Stampfer MJ, Willett WC, Hu FB (2004) Sugar-sweetened beverages, weight gain, and incidence of type 2 diabetes in young and middle-aged women. JAMA 292:927–934
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Johnson JA, Gale EA (2010) Diabetes, insulin use, and cancer risk: are observational studies part of the solution-or part of the problem? Diabetes 59:1129–1131
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Marriott BP, Cole N, Lee E (2009) National estimates of dietary fructose intake increased from 1977 to 2004 in the United States. J Nutr 139:1228s–1235s
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cirillo P, Sautin YY, Kanellis J, Kang DH, Gesualdo L, Na-kagawa T, Johnson RJ (2009) Systemic inflammation, metabolic syndrome and progressive renal disease. Nephrol Dial Transpl 24:1384–1387
Article 
    
                    Google Scholar 
                

	Pisani P, Faggiano F, Krogh V, Palli D, Vineis P, Berrino F (1997) Relative validity and reproducibility of a food frequency dietary questionnaire for use in the Italian EPIC centres. Int J Epidemiol 26(Suppl 1):S152–S160
Article 
    PubMed 
    
                    Google Scholar 
                

	Smith GD, Phillips AN (1996) Inflation in epidemiology: “the proof and measurement of association between two things” revisited. BMJ 312:1659–1661
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                


Download references




Acknowledgements
This study was partly supported by funds from Vice-Chancellor for Research of Iran University of Medical Sciences (IUMS), Tehran, Iran (Grant no. 96-02-27-29952). The funding sources had no role in study design, data collection, analysis, interpretation, and preparation of the manuscript.


Author information
Authors and Affiliations
	Department of Nutrition, School of Public Health, Iran University of Medical Sciences, Tehran, Iran
Farzaneh Asgari-Taee & Shima Jazayeri

	Department of Community Nutrition, National Nutrition and Food Technology Research Institute, Faculty of Nutrition Sciences and Food Technology, Shahid Beheshti University of Medical Sciences, Tehran, Iran
Nahid Zerafati-Shoae

	Department of Epidemiology, School of Public Health, Iran University of Medical Sciences, Tehran, Iran
Mohsen Dehghani

	Department of Epidemiology, School of Public Health, Shahid Beheshti University of Medical Sciences, Tehran, Iran
Masoumeh Sadeghi

	Endocrine Research Center, Institute of Endocrinology and Metabolism, Iran University of Medical Sciences, Tehran, Iran
Hamid R. Baradaran


Authors	Farzaneh Asgari-TaeeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nahid Zerafati-ShoaeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mohsen DehghaniView author publications
You can also search for this author in
                        PubMed Google Scholar



	Masoumeh SadeghiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hamid R. BaradaranView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shima JazayeriView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
FA conceived the idea and designed the study. MS, NZ, FA collected data, reviewed literature and extracted data. FA, MD, and MS participated in analysis of data and interpreted the results. NZ and MS conceived the study aims and design, provide the data and measures and designed the analysis. HRB and ShJ, MD reanalyzed data, made substantial contribution to interpretation of data, drafting the manuscript and revising it critically for important intellectual content and final approval of the version to be submitted and any revised version. All authors reviewed, discussed, provided critical comments, and approved the final manuscript. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication.
Corresponding author
Correspondence to
                Masoumeh Sadeghi.


Ethics declarations

              
              
                Conflict of interest

                The authors declared there were no conflicts of interest related to the study.

              
            

Rights and permissions
Reprints and permissions


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



Cite this article
Asgari-Taee, F., Zerafati-Shoae, N., Dehghani, M. et al. Association of sugar sweetened beverages consumption with non-alcoholic fatty liver disease: a systematic review and meta-analysis.
                    Eur J Nutr 58, 1759–1769 (2019). https://doi.org/10.1007/s00394-018-1711-4
Download citation
	Received: 19 October 2017

	Accepted: 07 May 2018

	Published: 14 May 2018

	Issue Date: 01 August 2019

	DOI: https://doi.org/10.1007/s00394-018-1711-4


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
	Sugar-sweetened beverage
	NAFLD
	Meta-analysis
	Risk factors








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.227.232.75
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    