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            Abstract
Objective: The study was designed to evaluate the vitamin D status in women of different physiological status of two socio-economic groups in Bangladesh.
Design: A cross-sectional study, using serum 25-hydroxyvitamin D (25-OHD), calcium, phosphorus and alkaline phosphatase activity.
Setting: Two regions of Bangladesh. The Dhaka city area and west region of Nandail (Betagair Union), Mymensingh.
Subjects: Representative subjects of two groups (low socio-economic group=group L, n=99; and high socio-economic group=group H, n=90) of Bangladeshi women aged 16–40 y. About 87% of the subjects were housewives and the rest, 13%, were distributed among other different professions. Each group comprised of three sub-groups (non-pregnant non-lactating=1, pregnant=2, and lactating=3).
Results: The influence of socio-economic status and physiological status on serum 25-OHD concentration (P=0.038, P=0.015, respectively), serum calcium concentration (P<0.001, P<0.001, respectively) and alkaline phosphatase activity (P<0.001, P<0.001, respectively) were observed. The distribution of serum 25-OHD concentration in both groups was shifted overall toward the lower limit of the normal range. Seventeen percent of women in group L and 12% of women in group H had serum 25-OHD concentration <25 nmol/l. Hypovitaminosis D (serum 25-OHD concentration ≤ 37.5 nmol/l) was observed in 50% of subjects in group L and 38% of subjects in group H, respectively. The prevalence of hypovitaminosis was higher in lactating subjects of the groups L and H (63 and 46%, respectively) than in the other sub-groups in the same group.
Conclusions: The results of the study suggested that women in Bangladesh were at risk of hypovitaminosis D and lactation was an additional risk factor in low income groups. The situation may increase the risk of bone loss.
Sponsorship: The study was supported by the Academy of Finland, University of Helsinki and NorFa, Norway.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 12 print issues and online access
$259.00 per year
only $21.58 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1[image: ]


Figure 2[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Vitamin D Deficiency and Associated Risk Factors in Women from Riyadh, Saudi Arabia
                                        
                                    

                                    
                                        Article
                                         Open access
                                         30 December 2019
                                    

                                

                                Nora A. AlFaris, Nora M. AlKehayez, … Ebtisam S. AlMudawah

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Vitamin D status in non-pregnant women of reproductive age: a study in Southern Thailand
                                        
                                    

                                    
                                        Article
                                         Open access
                                         14 September 2023
                                    

                                

                                Somchit Jaruratanasirikul, Sasivara Boonrusmee, … Hutcha Sriplung

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Prevalence and risk factors of hypovitaminosis D in pregnant Spanish women
                                        
                                    

                                    
                                        Article
                                         Open access
                                         25 September 2020
                                    

                                

                                Andrés Díaz-López, Cristina Jardí, … Victoria Arija

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Aguirre C, Depix MS, Pumarino H . 1996 Determination of 25-OHD serum levels and its seasonal variations in healthy young people Rev. Med. Chile 124: 675–679
CAS 
    PubMed 
    
                    Google Scholar 
                

	Alfaham M, Woodhead S, Pask G, Davies D . 1995 Vitamin D deficiency: a concern in pregnant Asian women Br. J. Nutr. 73: 881–887
Article 
    CAS 
    
                    Google Scholar 
                

	Atiq M, Suria A, Nizami SQ, Ahmed I . 1998 Vitamin D status of breastfed Pakistani infants Acta Paediatr. 87: 726–727
Article 
    
                    Google Scholar 
                

	Berlin T, Björkhem I . 1988 Effect of calcium intake on serum levels of 25-hydroxyvitaminD3 Eur. J. Cli. Invest. 18: 52–55
Article 
    CAS 
    
                    Google Scholar 
                

	Bhattacharyya AK . 1992 Nutritional rickets in the tropics World Rev. Nutr. Diet. 67: 140–197
Article 
    CAS 
    
                    Google Scholar 
                

	Brooke OG, Brown IRF, Bone CDM, Carter ND, Cleeve HJW, Maxwell JD, Robinson VP, Winder SM . 1980 Vitamin D supplements in pregnant Asian women: effects on calcium status and fetal growth Br. Med. J. 280: 751–754
Article 
    CAS 
    
                    Google Scholar 
                

	Brunvand L, Haug E . 1993 Vitamin D deficiency amongst Pakistani women in Oslo Acta Obstet. Gynecol. Scand. 72: 264–268
Article 
    CAS 
    
                    Google Scholar 
                

	Brunvand L, Shah SS, Bergstrom S, Haug E . 1998 Vitamin D deficiency in pregnancy is not associated with obstructed labor Acta Obstet. Gynecol. Scand. 77: 303–306
Article 
    CAS 
    
                    Google Scholar 
                

	Burnand B, Sloutskis D, Gianoli F, Cornuz J, Rickenbach M, Paccaud F, Burckhardt P . 1992 Serum 25-hydroxyvitamin D: distribution and determinants in the Swiss population Am. J. Clin. Nutr. 56: 537–542
Article 
    CAS 
    
                    Google Scholar 
                

	Chailurkit LO, Rajatanavin R, Teerarungsikul K, Ongphiphadhanakul B, Puavilai G . 1996 Serum vitamin D, parathyroid hormone and biochemical markers of bone turnover in normal Thai subjects J. Med. Assoc. Thai. 79: 499–504
CAS 
    PubMed 
    
                    Google Scholar 
                

	Chapuy MC, Arlot ME, Duboeuf F, Brun J, Crouzet B, Arnaud S . 1992 Vitamin D3 and calcium to prevent hip fractures in elderly women New Engl. J. Med. 327: 1637–1642
Article 
    CAS 
    
                    Google Scholar 
                

	Clements MR, Johnson L, Fraser DR . 1987 A new mechanism for induced vitamin D deficiency in calcium deprivation Nature 325: 62–65
Article 
    CAS 
    
                    Google Scholar 
                

	Dubbelman R, Jonxis JHP, Muskiet FAJ, Saleh AEC . 1993 Age-dependent vitamin D status and vertebral condition of white women living in Curacao (The Netherlands Antilles) as compared with their counterparts in The Netherlands Am. J. Clin. Nutr. 58: 106–109
Article 
    CAS 
    
                    Google Scholar 
                

	El-Sonbaty MR, A-Ghaffar N . 1996 Vitamin D deficiency in veiled Kuwaiti women Eur. J. Clin. Nutr. 50: 315–318
CAS 
    PubMed 
    
                    Google Scholar 
                

	Falch JA, Steihaug S . 2000 Vitamin D deficiency in Pakistani premenopausal women living in Norway is not associated with evidence of reduced skeletal strength Scand. J. Clin. Lab. Invest. 60: 103–109
Article 
    CAS 
    
                    Google Scholar 
                

	Fonseca V, Agnew JE, Nag D, Dandona P . 1988 Bone density and cortical thickness in nutritional vitamin D deficiency: effect of secondary hyperparathyroidism Ann. Clin. Biochem. 25: 271–274
Article 
    
                    Google Scholar 
                

	Gibson RS . 1990 Principles of Nutritional Assessment. Oxford University Press: New York

                    Google Scholar 
                

	Gibson RS, Bindra GS, Nizan P, Draper HH . 1987 The vitamin D status of East Indian Punjabi immigrants to Canada Br. J. Nutr. 58: 23–29
Article 
    CAS 
    
                    Google Scholar 
                

	Henriksen C, Brunvand L, Stoltenberg C, Trygg K, Haug E, Pedersen JI . 1995 Diet and vitamin D status among pregnant Pakistani women in Oslo Eur. J. Clin. Nutr. 49: 211–218
CAS 
    PubMed 
    
                    Google Scholar 
                

	Holmberg L, Larsson A . 1980 Seasonal variation of vitamin D3 and 25-hydroxyvitamin D3 in human serum Clin. Chim. Acta 100: 173–174
Article 
    CAS 
    
                    Google Scholar 
                

	Hutchinson G, Hall A . 1984 The transmission of ultra-violet light through fabrics and its potential role in the cutaenous synthesis of vitamin D Hum. Nutr. Appl. Nutr. 38A: 298–302

                    Google Scholar 
                

	Islam MZ, Lamberg-Allardt C, Salamatullah Q, Bhuyan AH . 2001 Nutritional intake of premenopausal Bangladeshi women of two socio-economic groups in two regions with special reference to calcium (unpublished).

	Jacques PF, Felson DT, Tucker KL, Mahnken B, Wilson PW, Rosenberg IH, Rush D . 1997 Plasma 25-hydroxyvitamin D and its determinants in an elderly population sample Am. J. Clin. Nutr. 66: 929–936
Article 
    CAS 
    
                    Google Scholar 
                

	Kokkonen J, Koivisto M, Kirkinen P . 1982 Vitamin D and pregnancy Finn. Med. J. 37: 940–943

                    Google Scholar 
                

	Kuoppala T, Tuimala R, Parviainen M . 1986 Serum levels of vitamin D metabolites, calcium, phosphorus, magnesium and alkaline phosphatase in Finnish women throughout pregnancy and in cord serum at delivery Hum. Nutr. Clin. Nutr. 40: 287–293
CAS 
    PubMed 
    
                    Google Scholar 
                

	Lamberg-Allardt C . 1984 Vitamin D intake, sunlight exposure and 25-hydroxy-vitamin D levels in the elderly during one year Ann. Nutr. Metab. 28: 144–150
Article 
    CAS 
    
                    Google Scholar 
                

	Lamberg-Allardt C, Larjosto M, Schultz E . 1984 25-Hydroxyvitamin D concentrations in maternal and cord blood at delivery and in maternal blood during lactation in Finland Hum. Nutr. Clin. Nutr. 38C: 261–268
CAS 
    
                    Google Scholar 
                

	Lamberg-Allardt C, Kärkkäinen M, Seppänen R, Briström H . 1993 Low serum 25-hydroxyvitamin D concentrations and secondary hyperthyroidism in middle-aged white strict vegetarians Am. J. Clin. Nutr. 58: 684–689
Article 
    CAS 
    
                    Google Scholar 
                

	Lawson DEM, Cole TJ, Salem SI, Galal OM, El-Meligy R, Abdel-Azim S, Paul AA, El-Husseini S . 1987 Aetiology of rickets in Egyptian children Hum. Nutr. Clin. Nutr. 41C: 199–208

                    Google Scholar 
                

	Lips P, Hackeng WHL, Jongen MJM, Ginkel van FC, Netelenbos JC . 1983 Seasonal variation in serum concentrations of para-thyroid hormone in elderly people J. Clin. Endocrinol. Metab. 57: 204–206
Article 
    CAS 
    
                    Google Scholar 
                

	Liu BA, Gordon M, Labranche JM, Murry TM, Vieth R, Shear NH . 1997 Seasonal prevalence of vitamin D deficiency in institutionalized older adults J. Am. Geriat. Soc. 45: 598–603
Article 
    CAS 
    
                    Google Scholar 
                

	Matsuoka LY, Wortsman J, Haddad JG, Kolm P, Hollis BW . 1991 Racial pigmentation and the cutaneous synthesis of vitamin D Arch. Dermatol. 127: 536–538
Article 
    CAS 
    
                    Google Scholar 
                

	Meulmeester JF, van den Berg H, Wedel M, Boshuis PG, Hulshof KFAM, Luyken R . 1990 Vitamin D status, parathyroid hormone and sunlight in Turkish, Moroccan and Caucasian children in The Netherlands Eur. J. Clin. Nutr. 44: 461–470
CAS 
    PubMed 
    
                    Google Scholar 
                

	Ministry of Health and Family Welfare . 1995 Bangladesh Country Paper on Nutrition Ministry of Health and Family Welfare: Dhaka

                    Google Scholar 
                

	Munro BH . 1993 Selected nonparametric techniques In Statistical Methods for Health Care Research, ed. BH Munro & EB 81–98 Lippincott: Philadelphia

                    Google Scholar 
                

	Okonofua F, Menon RK, Houlder S, Thomas M, Robinson D, O'Brien S, Dandona P . 1987 Calcium, vitamin D and parathyroid hormone relationships in pregnant Caucasian and Asian women and their neonates Ann. Clin. Biochem. 24: 22–28
Article 
    CAS 
    
                    Google Scholar 
                

	Olveri MB, Mautalen C, Bustamante L, Garcia VG . 1994 Serum levels of 25-hydroxyvitamin D in a year of residence on the Antarctic continent Eur. J. Clin. Nutr. 48: 397–401

                    Google Scholar 
                

	Rab SM . 1976 Occult osteomalacia amongst healthy and pregnant women in Pakistan Lancet ii: 1211–1213
Article 
    
                    Google Scholar 
                

	Salamone LM, Dallal GE, Zantos D, Makrauer F, Dawson-Hughes B . 1993 Contributions of vitamin D intake and seasonal sunlight exposure to plasma 25-hydroxyvitamin D concentration in elderly women Am. J. Clin. Nutr. 58: 80–86
Article 
    
                    Google Scholar 
                

	Scharla SH, Scheidt-Nave C, Leidig G, Woitge H, Wuster C, Seibel MJ, Ziegler R . 1996 Lower serum 25-hydroxyvitamin D is associated with increased bone resorption markers and lower bone density at the proximal femur in normal females: a population-based study Exp. Clin. Endocrinol. Diabet. 104: 289–292
Article 
    CAS 
    
                    Google Scholar 
                

	Shatrugana V, Soundarajan N, Sundaraiah P, Raman L . 1990 Back-pain, the feminine affliction Economic and Political Weekly 28: 2–6

                    Google Scholar 
                

	Specker BL . 1994 Do North American women need supplemental vitamin D during pregnancy or lactation? Am. J. Clin. Nutr. 59: S484–S491
Article 
    
                    Google Scholar 
                

	Specker B, Ho M, Oestreich A . 1992 Prospective study of vitamin D supplementation and rickets in China J. Pediatr. 120: 733–739
Article 
    CAS 
    
                    Google Scholar 
                

	Stata Statistical Software . 1997 Release 5.0. Stata Press: College Station, TX

                    Google Scholar 
                

	Thomas MK, Lloyd-Jones DM, Thadhani RI, Shaw AC, Deraska DJ, Kitcch BT, Vamvakas EC, Dick IM, Prince RL, Finkelstein JS . 1998 Hypovitaminosis D in medical inpatients New Engl. J. Med. 338: 777–783
Article 
    CAS 
    
                    Google Scholar 
                

	Tsai KS, Wahner HW, Offord KP, Melton LJ, Kumar R, Riggs BL . 1987 Effect of aging on vitamin D stores and bone density in women Calcif. Tssue. Int. 40: 241–243
Article 
    CAS 
    
                    Google Scholar 
                

	Tsai KS, Chen JS, Hwang KM, Chieng PU, Su CT . 1991 Age-related changes in vitamin D metabolites, osteocalcin, alkaline phosphatase and parathyrin in normal Chinese women in Taipei J. Formosan. Med. Assoc. 90: 1033–1037
CAS 
    PubMed 
    
                    Google Scholar 
                

	van den Berg H . 1993 Flair concerted action No 10 Staus papers. Vitamin D Int. J. Vit. Nutr. Res. 63: 257–259
CAS 
    
                    Google Scholar 
                

	van der Wielen RPJ, Lowik MR, van der Berg H . 1995 Serum vitamin D concentrations among elderly people in Europe Lancet 346: 207–210
Article 
    
                    Google Scholar 
                

	Webb AR, Kline L, Holick MF . 1988 Influence of season and latitude on the cutaeneous synthesis of vitamin D3: exposure to winter sunlight in Boston and Edmonton will not promote vitamin D3 synthesis in human skin J. Clin. Endocrinol. Metab. 67: 373–378
Article 
    CAS 
    
                    Google Scholar 
                

	Webb AR, Pilbeam C, Hanafin N, Holick MF . 1990 An evaluation of the relative contributions of exposure to sunlight and of diet to the circulating concentrations of 25-hydroxyvitamin D in an elderly nursing home population in Boston Am. J. Clin. Nutr. 51: 1075–1081
Article 
    CAS 
    
                    Google Scholar 
                

	Zeghoud F, Vervel C, Guillozo H, Walrant-Debray O, Boutignon H, Garabedian M . 1997 Subclinical vitamin D deficiency in neonates: definition and response to vitamin D supplements Am. J. Clin. Nutr. 65: 771–778
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
The authors are grateful to Marika Hollmén, laboratory assistant, Division of Nutrition, University of Helsinki, for excellent technical assistance. The authors also express their sincere appreciation to the field workers, nurses and participants of this study. The study was funded by the Academy of Finland, University of Helsinki and NorFa, Norway.


Author information
Author notes	MZ Islam and C Lamberg-Allardt: Guarantors: MZ Islam and C Lamberg-Allardt.

	MZ Islam, C Lamberg-Allardt, M Kärkkäinen, T Outila, Q Salamatullah and AA Shamim: Contributors: MZI and CL-A designed the study and are the guarantors for the integrity of the article as a whole. MZI was the principal investigator in the study. He managed the field study including data collection, blood sample collection and laboratory analyses. He prepared the first draft and final version of the manuscript as well as performing statistical analyses together with MK and CL-A. TO provided expertise in the assessment of vitamin D status. QS and AAS provided proper guidance with expertise during field work of this study.


Authors and Affiliations
	Division of Nutrition, Department of Applied Chemistry and Microbiology, University of Helsinki, Finland
MZ Islam, C Lamberg-Allardt, M Kärkkäinen & T Outila

	Institute of Nutrition and Food Science, University of Dhaka, Dhaka, Bangladesh
Q Salamatullah & AA Shamim


Authors	MZ IslamView author publications
You can also search for this author in
                        PubMed Google Scholar



	C Lamberg-AllardtView author publications
You can also search for this author in
                        PubMed Google Scholar



	M KärkkäinenView author publications
You can also search for this author in
                        PubMed Google Scholar



	T OutilaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Q SalamatullahView author publications
You can also search for this author in
                        PubMed Google Scholar



	AA ShamimView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                C Lamberg-Allardt.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Islam, M., Lamberg-Allardt, C., Kärkkäinen, M. et al. Vitamin D deficiency: a concern in premenopausal Bangladeshi women of two socio-economic groups in rural and urban region.
                    Eur J Clin Nutr 56, 51–56 (2002). https://doi.org/10.1038/sj.ejcn.1601284
Download citation
	Received: 20 February 2001

	Revised: 31 May 2001

	Accepted: 06 June 2001

	Published: 05 February 2002

	Issue Date: 01 January 2002

	DOI: https://doi.org/10.1038/sj.ejcn.1601284


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
	Bangladesh
	socio-economic groups
	vitamin D deficiency
	women







            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Prevalence of hypovitaminosis D among children and adolescents of Kabul: a descriptive cross-sectional study
                                    
                                

                            
                                
                                    	Mohammad Sharif Sediqi
	Abdul Rasheed Mansoor
	Mohmand Mangal


                                
                                BMC Pediatrics (2023)

                            
	
                            
                                
                                    
                                        High prevalence of vitamin D deficiency among the South Asian adults: a systematic review and meta-analysis
                                    
                                

                            
                                
                                    	Mahbubul H. Siddiqee
	Badhan Bhattacharjee
	Mohammad MeshbahurRahman


                                
                                BMC Public Health (2021)

                            
	
                            
                                
                                    
                                        Determination of serum 25-hydroxyvitamin D status among population in southern China by a high accuracy LC-MS/MS method traced to reference measurement procedure
                                    
                                

                            
                                
                                    	Zhiliang Cai
	Qiaoxuan Zhang
	Xianzhang Huang


                                
                                Nutrition & Metabolism (2020)

                            
	
                            
                                
                                    
                                        Is vitamin D deficiency a public health concern for low middle income countries? A systematic literature review
                                    
                                

                            
                                
                                    	Kevin D. Cashman
	Tony Sheehy
	Colette M. O’Neill


                                
                                European Journal of Nutrition (2019)

                            
	
                            
                                
                                    
                                        Vitamin D and fetal–neonatal calcium homeostasis: findings from a randomized controlled trial of high-dose antenatal vitamin D supplementation
                                    
                                

                            
                                
                                    	Jennifer Harrington
	Nandita Perumal
	Daniel E. Roth


                                
                                Pediatric Research (2014)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Information
                                
                            
	
                                
                                    Open Access Fees and Funding
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    For Advertisers
                                
                            
	
                                
                                    Subscribe
                                
                            
	
                                
                                    Free Access Articles
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors & Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    European Journal of Clinical Nutrition (Eur J Clin Nutr)
                
                
    
    
        ISSN 1476-5640 (online)
    
    


                
    
    
        ISSN 0954-3007 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	protocols.io
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    











    [image: ]







[image: ]
