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Abstract


Objectives

Lipemia is the presence of abnormally high lipoprotein concentrations in serum or plasma samples that can interfere with laboratory testing. There is little guidance available from manufacturers or professional bodies on processing lipemic samples to produce clinically acceptable results. This systematic review summarizes existing literature on the effectiveness of lipid removal techniques in reducing interference in clinical chemistry tests.



Methods

A PubMed search using terms relating to lipid removal from human samples for clinical chemistry tests produced 1,558 studies published between January 2010 and July 2021. 15 articles met the criteria for further analyses.



Results

A total of 66 analytes were investigated amongst the 15 studies, which showed highly heterogenous study designs. High-speed centrifugation was consistently effective for 13 analytes: albumin, alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin, creatine kinase (CK), creatinine (Jaffe method), gamma-glutamyl transferase (GGT), glucose (hexokinase-based method), lactate dehydrogenase (LDH), phosphate, potassium, and urea. Lipid-clearing agents were uniformly effective for seven analytes: ALT, AST, total bilirubin, CK, creatinine (Jaffe method), lipase, and urea. Mixed results were reported for the remaining analytes.



Conclusions

For some analytes, high-speed centrifugation and/or lipid-clearing agents can be used in place of ultracentrifugation. Harmonized protocols and acceptability criteria are required to allow pooled data analysis and interpretation of different lipemic interference studies.



Keywords: centrifugation; interference; lipemia; lipemic interference; lipid removal



Corresponding author: Sheila X. Soh, MD, PhD, Department of Laboratory Medicine, National University Hospital, 5 Lower Kent Ridge Rd, Singapore 119074, Singapore, E-mail: sohxinxuan@gmail.com





	

Research funding: None declared.


	

Author contributions: All authors have accepted responsibility for the entire content of this manuscript and approved its submission.


	

Competing interests: Authors state no conflict of interest.


	

Informed consent: Not applicable.


	

Ethical approval: Not applicable.





References

1. Rifai, N, Horvath, AR, Wittwer, C. Tietz textbook of clinical chemistry and molecular diagnostics. St. Louis (MO): Elsevier; 2018.Search in Google Scholar

2. Kroll, MH. Evaluating interference caused by lipemia. Clin Chem 2004;50:1968–9. https://doi.org/10.1373/clinchem.2004.038075.Search in Google Scholar
            PubMed
        

3. Simundic, AM, Nikolac, N, Vukasovic, I, Vrkic, N. The prevalence of preanalytical errors in a Croatian ISO 15189 accredited laboratory. Clin Chem Lab Med 2010;48:1009–14. https://doi.org/10.1515/CCLM.2010.221.Search in Google Scholar
            PubMed
        

4. Ryder, KW, Glick, MR, Glick, SJ. Incidence and amount of turbidity, hemolysis, and icterus in serum from outpatients. Lab Med 1991;22:415–8. https://doi.org/10.1093/labmed/22.6.415.Search in Google Scholar

5. Nikolac, N. Lipemia: causes, interference mechanisms, detection and management. Biochem Med (Zagreb) 2014;24:57–67. https://doi.org/10.11613/bm.2014.008.Search in Google Scholar

6. Mainali, S, Davis, SR, Krasowski, MD. Frequency and causes of lipemia interference of clinical chemistry laboratory tests. Pract Lab Med 2017;8:1–9. https://doi.org/10.1016/j.plabm.2017.02.001.Search in Google Scholar
            PubMed
        
            PubMed Central
        

7. Cadamuro, J, Lippi, G, von Meyer, A, Ibarz, M, van Dongen, E, Cornes, M, et al.. European survey on preanalytical sample handling – part 2: practices of European laboratories on monitoring and processing haemolytic, icteric and lipemic samples. On behalf of the European Federation of Clinical Chemistry and Laboratory Medicine (EFLM) Working Group for the Preanalytical Phase (WG-PRE). Biochem Med (Zagreb) 2019;29:020705. https://doi.org/10.11613/BM.2019.020705.Search in Google Scholar
            PubMed
        
            PubMed Central
        

8. 
CLSI. Hemolysis, icterus, and lipemia/turbidity indices as indicators of interference in clinical laboratory analysis; approved guideline. CLSI document C56-A. Wayne, PA: Clinical Laboratory Standards Institute; 2012.Search in Google Scholar

9. Dimeski, G, Jones, BW. Lipaemic samples: effective process for lipid reduction using high speed centrifugation compared with ultracentrifugation. Biochem Med (Zagreb) 2011;21:86–92. https://doi.org/10.11613/bm.2011.016.Search in Google Scholar
            PubMed
        

10. Sharma, A, Anderson, K, Baker, JW. Flocculation of serum lipoproteins with cyclodextrins: application to assay of hyperlipidemic serum. Clin Chem 1990;36:529–32. https://doi.org/10.1093/clinchem/36.3.529.Search in Google Scholar

11. French, D, Armenian, P, Ruan, W, Wong, A, Drasner, K, Olson, KR, et al.. Serum verapamil concentrations before and after Intralipid® therapy during treatment of an overdose. Clin Toxicol (Phila) 2011;49:340–4. https://doi.org/10.3109/15563650.2011.572556.Search in Google Scholar
            PubMed
        

12. Randall, AG, Garcia-Webb, P, Beilby, JP. Interference by haemolysis, icterus and lipaemia in assays on the Beckman Synchron CX5 and methods for correction. Ann Clin Biochem 1990;27:345–52. https://doi.org/10.1177/000456329002700411.Search in Google Scholar
            PubMed
        

13. Calmarza, P, Cordero, J. Lipemia interferences in routine clinical biochemical tests. Biochem Med (Zagreb) 2011;21:160–6. https://doi.org/10.11613/bm.2011.025.Search in Google Scholar
            PubMed
        

14. Hunsaker, JJH, Wyness, SP, Needham, LL, Genzen, JR. Evaluation of L-index interference limits on Roche cobas c502 and c702 immunoturbidimetric assays using endogenously lipemic specimens and intralipid spiking. Clin Biochem 2019;70:18–23. https://doi.org/10.1016/j.clinbiochem.2019.05.014.Search in Google Scholar
            PubMed
        

15. Koch, CD, Vera, MA, Messina, J, Price, N, Durant, TJS, El-Khoury, JM. Preventing pseudohyponatremia: intralipid®-based lipemia cutoffs for sodium are inappropriate. Clin Chim Acta 2021;520:63–6. https://doi.org/10.1016/j.cca.2021.05.032.Search in Google Scholar
            PubMed
        

16. Grunbaum, AM, Gilfix, BM, Gosselin, S, Blank, DW. Analytical interferences resulting from intravenous lipid emulsion. Clin Toxicol (Phila) 2012;50:812–7. https://doi.org/10.3109/15563650.2012.731509.Search in Google Scholar
            PubMed
        

17. Steen, G, Klerk, A, Laan, K, Eppens, EF. Evaluation of the interference due to haemoglobin, bilirubin and lipids on Immulite 2500 assays: a practical approach. Ann Clin Biochem 2011;48:170–5. https://doi.org/10.1258/acb.2010.010187.Search in Google Scholar
            PubMed
        

18. Tan, JG, Wong, MS. Does the use of fish oil-based lipid emulsion in the clinical setting of total parenteral nutrition and lipid rescue therapy interfere with common laboratory analytes on Roche Cobas 6000? Ann Clin Biochem 2021;58:220–9. https://doi.org/10.1177/0004563220986593.Search in Google Scholar
            PubMed
        

19. Agarwal, S, Vargas, G, Nordstrom, C, Tam, E, Buffone, GJ, Devaraj, S. Effect of interference from hemolysis, icterus and lipemia on routine pediatric clinical chemistry assays. Clin Chim Acta 2015;438:241–5. https://doi.org/10.1016/j.cca.2014.08.008.Search in Google Scholar
            PubMed
        

20. Van Elslande, J, Hijjit, S, De Vusser, K, Langlois, M, Meijers, B, Mertens, A, et al.. Delayed diagnosis and treatment of extreme hypertriglyceridemia due to rejection of a lipemic sample. Biochem Med (Zagreb) 2021;31:021002. https://doi.org/10.11613/bm.2021.021002.Search in Google Scholar
            PubMed
        
            PubMed Central
        

21. Castro-Castro, MJ, Candás-Estébanez, B, Esteban-Salán, M, Calmarza, P, Arrobas-Velilla, T, Romero-Román, C, et al.. Removing lipemia in serum/plasma samples: a multicenter study. Ann Lab Med 2018;38:518–23. https://doi.org/10.3343/alm.2018.38.6.518.Search in Google Scholar
            PubMed
        
            PubMed Central
        

22. Hunsaker, JJH, La’ulu, SL, Wyness, SP, Genzen, JR. Lipemic interference of ceruloplasmin assays – an evaluation of lipid removal methods. Clin Chim Acta 2018;480:71–8. https://doi.org/10.1016/j.cca.2018.01.037.Search in Google Scholar
            PubMed
        

23. Roberts, CM, Cotten, SW. Cyclodextrin removal of lipemic interference: an attractive alternative to ultracentrifugation for satellite laboratories. Arch Pathol Lab Med 2013;137:1027–8. https://doi.org/10.5858/arpa.2013-0049-le.Search in Google Scholar

24. Soleimani, N, Mohammadzadeh, S, Asadian, F. Lipemia interferences in biochemical tests, investigating the efficacy of different removal methods in comparison with ultracentrifugation as the gold standard. J Anal Methods Chem 2020;2020:9857636. https://doi.org/10.1155/2020/9857636.Search in Google Scholar
            PubMed
        
            PubMed Central
        

25. Saracevic, A, Nikolac, N, Simundic, AM. The evaluation and comparison of consecutive high speed centrifugation and LipoClear® reagent for lipemia removal. Clin Biochem 2014;47:309–14. https://doi.org/10.1016/j.clinbiochem.2014.01.001.Search in Google Scholar
            PubMed
        

26. Radišić Biljak, V, Božičević, S, Krhač, M, Radeljak, A, Vučić Lovrenčić, M. Serum delipidation but not high-speed centrifugation is effective in clearing lipemia interference in serum lipase activity measurement. Clin Chem Lab Med 2016;54:e247–8.10.1515/cclm-2015-1275Search in Google Scholar
            PubMed
        

27. Nikolac, N, Simundic, AM, Miksa, M, Lima-Oliveira, G, Salvagno, GL, Caruso, B, et al.. Heterogeneity of manufacturers’ declarations for lipemia interference – an urgent call for standardization. Clin Chim Acta 2013;426:33–40. https://doi.org/10.1016/j.cca.2013.08.015.Search in Google Scholar
            PubMed
        

28. Szoke, D, Braga, F, Valente, C, Panteghini, M. Hemoglobin, bilirubin, and lipid interference on Roche Cobas 6000 assays. Clin Chim Acta 2012;413:339–41. Author reply 42–3. https://doi.org/10.1016/j.cca.2011.09.044.Search in Google Scholar
            PubMed
        

29. Grunbaum, AM, Gilfix, BM, Hoffman, RS, Lavergne, V, Morris, M, Miller-Nesbitt, A, et al.. Review of the effect of intravenous lipid emulsion on laboratory analyses. Clin Toxicol (Phila) 2016;54:92–102. https://doi.org/10.3109/15563650.2015.1115515.Search in Google Scholar
            PubMed
        

30. Twomey, PJ, Don-Wauchope, AC, McCullough, D. Unreliability of triglyceride measurement to predict turbidity induced interference. J Clin Pathol 2003;56:861–2. https://doi.org/10.1136/jcp.56.11.861.Search in Google Scholar
            PubMed
        
            PubMed Central
        

31. Nikolac Gabaj, N, Miler, M, Vrtarić, A, Hemar, M, Filipi, P, Kocijančić, M, et al.. Precision, accuracy, cross reactivity and comparability of serum indices measurement on Abbott Architect c8000, Beckman Coulter AU5800 and Roche Cobas 6000 c501 clinical chemistry analyzers. Clin Chem Lab Med 2018;56:776–88. https://doi.org/10.1515/cclm-2017-0889.Search in Google Scholar
            PubMed
        

32. Bornhorst, JA, Roberts, RF, Roberts, WL. Assay-specific differences in lipemic interference in native and intralipid-supplemented samples. Clin Chem 2004;50:2197–201. https://doi.org/10.1373/clinchem.2004.040154.Search in Google Scholar
            PubMed
        

33. Turhan, G, Kayalp, D, Senes, M, Yucel, D. Effects of lipemia on osmolality in native lipemic material and intravenous lipid emulsion added sera. Clin Chem Lab Med 2015;53:e59–61. https://doi.org/10.1515/cclm-2014-0760.Search in Google Scholar
            PubMed
        

34. CLSI. Interference Testing in Clinical Chemistry. CLSI guideline EP07, 3rd ed. Wayne, PA: Clinical and Laboratory Standards Institute; 2018.Search in Google Scholar

35. Glick, MR, Ryder, KW, Jackson, SA. Graphical comparisons of interferences in clinical chemistry instrumentation. Clin Chem 1986;32:470–5. https://doi.org/10.1093/clinchem/32.3.470.Search in Google Scholar

36. Ho, CKM, Chen, C, Setoh, JWS, Yap, WWT, Hawkins, RCW. Optimization of hemolysis, icterus and lipemia interference thresholds for 35 clinical chemistry assays. Pract Lab Med 2021;25:e00232. https://doi.org/10.1016/j.plabm.2021.e00232.Search in Google Scholar
            PubMed
        
            PubMed Central
        

37. Guidi, GC, Simundic, AM, Salvagno, GL, Aquino, JL, Lima-Oliveira, G. To avoid fasting time, more risk than benefits. Clin Chem Lab Med 2015;53:e261–4. https://doi.org/10.1515/cclm-2014-1013.Search in Google Scholar
            PubMed
        

38. Farrell, CJ, Carter, AC. Serum indices: managing assay interference. Ann Clin Biochem 2016;53:527–38. https://doi.org/10.1177/0004563216643557.Search in Google Scholar
            PubMed
        

39. Ingelse, B, Barroso, B, Gray, N, Jakob-Rodamer, V, Kingsley, C, Sykora, C, et al.. European bioanalysis forum: recommendation on dealing with hemolyzed and hyperlipidemic matrices. Bioanalysis 2014;6:3113–20. https://doi.org/10.4155/bio.14.252.Search in Google Scholar
            PubMed
        

40. Sandberg, S, Fraser, CG, Horvath, AR, Jansen, R, Jones, G, Oosterhuis, W, et al.. Defining analytical performance specifications: consensus statement from the 1st strategic conference of the European federation of clinical chemistry and laboratory medicine. Clin Chem Lab Med 2015;53:833–5. https://doi.org/10.1515/cclm-2015-0067.Search in Google Scholar
            PubMed
        





Supplementary Material

The online version of this article offers supplementary material (https://doi.org/10.1515/cclm-2021-0979).





Received: 2021-09-10
Accepted: 2021-10-21
Published Online: 2021-11-15
Published in Print: 2022-01-27

© 2021 Walter de Gruyter GmbH, Berlin/Boston




    


                
            

    



                                


                                
                                



    
        
            
                
                    
                
                
                                    

    
        
            Cite this article

        

    

    
        
            	
                        
                            
                            MLA
                        
                    
	
                        
                            
                            APA
                        
                    
	
                        
                            
                            Harvard
                        
                    
	
                        
                            
                            Chicago
                        
                    
	
                        
                            
                            Vancouver
                        
                    


        

        
            
                
                    Soh, Sheila X., Loh, Tze Ping, Sethi, Sunil K. and Ong, Lizhen. "Methods to reduce lipemic interference in clinical chemistry tests: a systematic review and recommendations" Clinical Chemistry and Laboratory Medicine (CCLM), vol. 60, no. 2, 2022, pp. 152-161. https://doi.org/10.1515/cclm-2021-0979

                
                    Soh, S., Loh, T., Sethi, S. & Ong, L. (2022). Methods to reduce lipemic interference in clinical chemistry tests: a systematic review and recommendations. Clinical Chemistry and Laboratory Medicine (CCLM), 60(2), 152-161. https://doi.org/10.1515/cclm-2021-0979

                
                    Soh, S., Loh, T., Sethi, S. and Ong, L. (2022) Methods to reduce lipemic interference in clinical chemistry tests: a systematic review and recommendations. Clinical Chemistry and Laboratory Medicine (CCLM), Vol. 60 (Issue 2), pp. 152-161. https://doi.org/10.1515/cclm-2021-0979

                
                    Soh, Sheila X., Loh, Tze Ping, Sethi, Sunil K. and Ong, Lizhen. "Methods to reduce lipemic interference in clinical chemistry tests: a systematic review and recommendations" Clinical Chemistry and Laboratory Medicine (CCLM) 60, no. 2 (2022): 152-161. https://doi.org/10.1515/cclm-2021-0979

                
                    Soh S, Loh T, Sethi S, Ong L. Methods to reduce lipemic interference in clinical chemistry tests: a systematic review and recommendations. Clinical Chemistry and Laboratory Medicine (CCLM). 2022;60(2): 152-161. https://doi.org/10.1515/cclm-2021-0979

                
                Copied to clipboard

            

            
                Copy to clipboard

                
                    Download:
                    
                        BibTeX
                    
                        EndNote
                    
                        RIS
                    
                

            

        

    





                                
            

        

    




                                



    
        
            
                
                    
                
                
                                    



    
        
            
                    Share this article
                
        

        	
                
                    
                        
                    
                    Facebook
                
            
	
                
                    
                        
                    
                    Twitter
                
            
	
                
                    
                        
                    
                    LinkedIn
                
            


    




                                
            

        

    




                                



    
        
            
                
                    
                
                
                                    Supplementary Materials

                                    	
                                            
                                                
                                                Supplementary Material Details 
                                            
                                        


                                
            

        

    




                                




    
        
            
                
                    
                
                
    
        Please login or register with De Gruyter to order this product.

        
Register
Log in
    


            

        

    







                                

                            

                        

                    

                


            


            
                
                    
                    
                        
                        

                        
                        
                            


                        

                        
                        
                            


                        

                        

                                
                                From the journal

                                
                                    
                                        







      


                                    

                                    
                                    
                                        
                                            Clinical Chemistry and Laboratory Medicine (CCLM)
                                        

                                        
                                        
                                            
                                                Volume 60 Issue 2
                                            
                                        

                                        
                                    

                                


                                
                                
                                    
                                        
                                            
                                                Submit manuscript
                                            

                                        
                                    
                                

                                
                                
                                    
                                        Journal and Issue
                                    
                                


                                
                                


    

        
        
            
            
                
                    
                
            

        


        
                
                
                    
                        
                        
                            This issue
                        
                    

                    
                        
                        
                            All issues
                        
                    


                

            
        

    





                                
                                
                                    

    Articles in the same Issue


    
        
            
                
                    
                    
                        Frontmatter
                    
                    

                


            
                
                    
                    
                        
                            
                            Editorial
                        
                    
                    

                


            
                
                    
                    
                        The clinical value of assessing the inter-method bias: the lesson from prostate specific antigen measurement
                    
                    

                


            
                
                    
                    
                        
                            
                            Mini Review
                        
                    
                    

                


            
                
                    
                    
                        
                            
                            Methods to reduce lipemic interference in clinical chemistry tests: a systematic review and recommendations
                        
                    
                    

                


            
                
                    
                    
                        
                            
                            Opinion Paper
                        
                    
                    

                


            
                
                    
                    
                        Troponin interference with special regard to macrocomplex formation
                    
                    

                


            
                
                    
                    
                        
                            
                            Guidelines and Recommendations from Scientific Societies
                        
                    
                    

                


            
                
                    
                    
                        Use of high-sensitivity cardiac troponins in the emergency department for the early rule-in and rule-out of acute myocardial infarction without persistent ST-segment elevation (NSTEMI) in Italy
                    
                    

                


            
                
                    
                    
                        
                            
                            Genetics and Molecular Diagnostics
                        
                    
                    

                


            
                
                    
                    
                        Effect of preexamination conditions in a centralized-testing model of non-invasive prenatal screening
                    
                    

                


            
                
                    
                    
                        
                            
                            General Clinical Chemistry and Laboratory Medicine
                        
                    
                    

                


            
                
                    
                    
                        Comparative study of human growth hormone measurements: impact on clinical interpretation
                    
                    

                


            
                
                    
                    
                        Establishing pre-analytical requirements and maximizing peptide recovery in the analytical phase for mass spectrometric quantification of amyloid-β peptides 1–42 and 1–40 in CSF
                    
                    

                


            
                
                    
                    
                        Validation of the LUMIPULSE automated immunoassay for the measurement of core AD biomarkers in cerebrospinal fluid
                    
                    

                


            
                
                    
                    
                        Targeted profiling of 24 sulfated and non-sulfated bile acids in urine using two-dimensional isotope dilution UHPLC-MS/MS
                    
                    

                


            
                
                    
                    
                        High-resolution capillary electrophoresis for the determination of carbamylated albumin
                    
                    

                


            
                
                    
                    
                        Real-time monitoring of drug laboratory test interactions: a proof of concept
                    
                    

                


            
                
                    
                    
                        Afamin predicts the prevalence and incidence of nonalcoholic fatty liver disease
                    
                    

                


            
                
                    
                    
                        
                            
                            Reference Values and Biological Variations
                        
                    
                    

                


            
                
                    
                    
                        Blood sampling frequency as a proxy for comorbidity indices when identifying patient samples for review of reference intervals
                    
                    

                


            
                
                    
                    
                        Coagulation parameters in the newborn and infant – the Copenhagen Baby Heart and COMPARE studies
                    
                    

                


            
                
                    
                    
                        
                            
                            Hematology and Coagulation
                        
                    
                    

                


            
                
                    
                    
                        Policies and practices in the field of laboratory hematology in Croatia – a current overview and call for improvement
                    
                    

                


            
                
                    
                    
                        
                            
                            Cardiovascular Diseases
                        
                    
                    

                


            
                
                    
                    
                        Evaluation of the Atellica TnIH cardiac troponin I assay and assessment of biological equivalence
                    
                    

                


            
                
                    
                    
                        
                            
                            Infectious Diseases
                        
                    
                    

                


            
                
                    
                    
                        Inadequate design of mutation detection panels prevents interpretation of variants of concern: results of an external quality assessment for SARS-CoV-2 variant detection
                    
                    

                


            
                
                    
                    
                        
                            
                            Letters to the Editors
                        
                    
                    

                


            
                
                    
                    
                        The pronounced decline of anti-SARS-CoV-2 spike trimeric IgG and RBD IgG in baseline seronegative individuals six months after BNT162b2 vaccination is consistent with the need for vaccine boosters
                    
                    

                


            
                
                    
                    
                        ACE polymorphism is a determinant for COVID-19 mortality in the post-vaccination era
                    
                    

                


            
                
                    
                    
                        A look at the precision, sensitivity and specificity of SARS-CoV-2 RT-PCR assays through a dedicated external quality assessment round
                    
                    

                


            
                
                    
                    
                        Value of hypocalcemia and thromboinflammatory biomarkers for prediction of COVID-19 severity during the second wave: were all the waves the same?
                    
                    

                


            
                
                    
                    
                        Metagenomic next-generation sequencing (mNGS) confirmed a critical case of severe fever with thrombocytopenia syndrome virus (SFTSV)
                    
                    

                


            
                
                    
                    
                        Biotin interference: evaluation of an updated thyroglobulin electrochemiluminescent immunoassay
                    
                    

                


            
                
                    
                    
                        Evaluation of the Beckman Coulter Access Procalcitonin Assay: analytical and clinical performance
                    
                    

                


            
                
                    
                    
                        Analytical performance evaluation of the new sST2 turbidimetric assay implemented in laboratory automation systems
                    
                    

                


            
                
                    
                    
                        Pre-analytical recommendations and reference values for circulating calprotectin are sample type and assay dependent
                    
                    

                


            
                
                    
                    
                        
                            
                            Congress Abstracts
                        
                    
                    

                


            
                
                    
                    
                        Annual Meeting of the Royal Belgian Society of Laboratory Medicine: “Women’s health: from puberty to menopause”
                    
                    

                


            
        
    




                                
                            
                    


                

            
        


        





        
    

    



        
        
    
    

    









    
        
            
            
                
                
                    
    
        Subjects

    

                    
                        
                            
                                	Architecture and Design
	Arts
	Asian and Pacific Studies
	Business and Economics
	Chemistry
	Classical and Ancient Near Eastern Studies
	Computer Sciences
	Cultural Studies
	Engineering
	General Interest


                            

                        
                            
                                	Geosciences
	History
	Industrial Chemistry
	Islamic and Middle Eastern Studies
	Jewish Studies
	Law
	Library and Information Science, Book Studies
	Life Sciences
	Linguistics and Semiotics
	Literary Studies


                            

                        
                            
                                	Materials Sciences
	Mathematics
	Medicine
	Music
	Pharmacy
	Philosophy
	Physics
	Social Sciences
	Sports and Recreation
	Theology and Religion


                            

                        
                    

                

                
                
                    
                        
                        
                            
    
        Services

    

                            	For Journal Authors
	For Book Authors
	For Librarians
	Rights & Permissions


                        

                        
                        
                            
    
        Publications

    

                            	Publication types
	Open Access


                        

                        
                        
                            
    
        About

    

                            	Contact
	Career
	About De Gruyter
	Partnerships
	Press
	FAQs


                        

                    


                    
                    
                        
                            Social

                            	
                
                    
                            
                                
                            
                        
                    Facebook
                
            
	
                
                    
                            
                                
                            
                        
                    Instagram
                
            
	
                
                    
                            
                                
                            
                        
                    LinkedIn
                
            
	
                
                    
                            
                                
                            
                        
                    Twitter
                
            
	
                
                    
                            
                                
                            
                        
                    YouTube
                
            


                        

                        
                            

                            
                                
                                    
                                    
                                        Winner of the OpenAthens
Best Publisher UX Award 2022
                                    
                                
                            

                        

                    

                    
                    
                        
                            

                            	
                
                    
                            
                                
                            
                        
                    Facebook
                
            
	
                
                    
                            
                                
                            
                        
                    Instagram
                
            
	
                
                    
                            
                                
                            
                        
                    LinkedIn
                
            
	
                
                    
                            
                                
                            
                        
                    Twitter
                
            
	
                
                    
                            
                                
                            
                        
                    YouTube
                
            


                            
                                
                                    
                                    
                                        Winner of the OpenAthens
Best Publisher UX Award 2022
                                    
                                
                            

                        

                    

                

                
                    

                

            

            
            
                
                    	Help/FAQ
	Privacy policy
	Cookie Policy
	Accessibility
	Terms & Conditions
	Legal Notice


                

                
                    © Walter de Gruyter GmbH 2024

                

                
                
                    

                

            

        

    


    





    Downloaded on 8.3.2024 from https://www.degruyter.com/document/doi/10.1515/cclm-2021-0979/pdf




    
    
        
    

    
    
    
    

    

    

    
    
    
    

    
    
        
            
        
    
    
        
    

        
    

    
        
    

    

