







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Medicine]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature medicine

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 06 July 2020



                    Microbiome and health implications for ethnic minorities after enforced lifestyle changes

                    	David M. Keohane1,2 na1, 
	Tarini Shankar Ghosh1,3 na1, 
	Ian B. Jeffery1, 
	Michael G. Molloy1,2, 
	Paul W. O’Toole1,3 & 
	…
	Fergus Shanahan 
            ORCID: orcid.org/0000-0003-0467-09361,2 

Show authors

                    

                    
                        
    Nature Medicine

                        volume 26, pages 1089–1095 (2020)Cite this article
                    

                    
        
            	
                        6517 Accesses

                    
	
                        44 Citations

                    
	
                            182 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Medical research
	Microbiology


    


                
    
    

    
    

                
            


        
            Abstract
Modern lifestyles increase the risk of chronic diseases, in part by modifying the microbiome, but the health effects of lifestyles enforced on ethnic minorities are understudied1,2,3. Lifestyle affects the microbiome early in life, when the microbiome is assembled and the immune system is undergoing maturation4,5,6. Moreover, the influence of lifestyle has been separated from genetic and geographic factors by studies of genetically similar populations and ethnically distinct groups living in the same geographic location7,8,9,10,11. The lifestyle of Irish Travellers, an ethnically distinct subpopulation, changed with legislation in 2002 that effectively ended nomadism and altered their living conditions. Comparative metagenomics of gut microbiomes shows that Irish Travellers retain a microbiota similar to that of non-industrialized societies. Their microbiota is associated with non-dietary factors and is proportionately linked with risk of microbiome-related metabolic disease. Our findings suggest there are microbiome-related public health implications when ethnic minorities are pressured to change lifestyles.
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                    Fig. 1: Distinct microbiome composition of the Irish Travellers.[image: ]


Fig. 2: Sample-to-sample similarity network across a global gut microbiome landscape.[image: ]


Fig. 3:  The microbiota of Irish Travellers in relation to a change in living conditions from childhood to adulthood.[image: ]


Fig. 4: A non-industrialized-like microbiome correlates with Traveller lifestyle.[image: ]
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                Data availability


The sequence data for the project are publicly available through the European Nucleotide Archive (https://www.ebi.ac.uk/ena/) under accession number PRJEB36820.



Code availability


The key analysis code, commands and R data objects used in the project are deposited in the GitHub repository at https://github.com/tsg-microbiome/TravellerHealthMetAnalysis/.



References
	Shanahan, F. The gut microbiota—a clinical perspective on lessons learned. Nat. Rev. Gastroenterol. Hepatol. 9, 609–614 (2012).
Article 
    CAS 
    
                    Google Scholar 
                

	Sonnenburg, E. D. & Sonnenburg, J. L. The ancestral and industrialized gut microbiota and implications for human health. Nat. Rev. Microbiol. 17, 383–390 (2019).
Article 
    CAS 
    
                    Google Scholar 
                

	Round, J. L. & Palm, N. W. Causal effects of the microbiota on immune-mediated diseases. Sci. Immunol. 3, eaao1603 (2018).

	Yatsunenko, T. et al. Human gut microbiome viewed across age and geography. Nature 486, 222–227 (2012).
Article 
    CAS 
    
                    Google Scholar 
                

	Vangay, P. et al. US immigration westernizes the human gut microbiome. Cell 175, 962–972 (2018).
Article 
    CAS 
    
                    Google Scholar 
                

	Gensollen, T., Iyer, S. S., Kasper, D. L. & Blumberg, R. S. How colonization by microbiota in early life shapes the immune system. Science 352, 539–544 (2016).
Article 
    CAS 
    
                    Google Scholar 
                

	Goodrich, J. K., Davenport, E. R., Clark, A. G. & Ley, R. E. The relationship between the human genome and microbiome comes into view. Annu. Rev. Genet. 51, 413–433 (2017).
Article 
    CAS 
    
                    Google Scholar 
                

	He, Y. et al. Regional variation limits applications of healthy gut microbiome reference ranges and disease models. Nat. Med. 24, 1532–1535 (2018).
Article 
    CAS 
    
                    Google Scholar 
                

	Jha, A. R. et al. Gut microbiome transition across a lifestyle gradient in Himalaya. PLoS Biol. 16, e2005396 (2018).
Article 
    
                    Google Scholar 
                

	Deschasaux, M. et al. Depicting the composition of gut microbiota in a population with varied ethnic origins but shared geography. Nat. Med. 24, 1526–1531 (2018).
Article 
    CAS 
    
                    Google Scholar 
                

	Clemente, J. C. et al. The microbiome of uncontacted Amerindians. Sci. Adv. 1, e1500183 (2015).

	Gilbert, E., Carmi, S., Ennis, S., Wilson, J. F. & Cavalleri, G. L. Genomic insights into the population structure and history of the Irish Travellers. Sci. Rep. 7, 42187 (2017).
Article 
    CAS 
    
                    Google Scholar 
                

	McCann, M., O’Siochain, S. & Ruane, J. E. Irish Travellers: Culture and Ethnicity (Institute of Irish Studies, 1994).

	Housing (Miscellaneous Provisions) Act, 2002. No. 9, s. 24 http://www.irishstatutebook.ie/eli/2002/act/9/section/24/enacted/en/html (Stationery Office, 2002)

	Abdalla, S. et al. Social inequalities in health expectancy and the contribution of mortality and morbidity: the case of Irish Travellers. J. Public Health. 35, 533–540 (2013).
Article 
    
                    Google Scholar 
                

	Abdalla, S. All-Ireland Traveller Health Study: Our Goals. Demography & Vital Statistics (Technical Report 2, Part A) https://assets.gov.ie/18862/9a9cb0f00071438dbaf49370ce6062c4.pdf (School of Public Health and Population Science, University College Dublin, 2010).

	Downes, M., Canty, M. J. & More, S. J. Demography of the pet dog and cat population on the island of Ireland and human factors influencing pet ownership. Prev. Vet. Med. 92, 140–149 (2009).
Article 
    
                    Google Scholar 
                

	Irish Central Statistics Office. Census of Population 2016—Results Profile 8: Irish Travellers, Ethnicity and Religion https://www.cso.ie/en/csolatestnews/presspages/2017/census2016profile8-irishtravellersethnicityandreligion (2016).

	Claesson, M. J. et al. Gut microbiota composition correlates with diet and health in the elderly. Nature 488, 178–184 (2012).
Article 
    CAS 
    
                    Google Scholar 
                

	Barton, W. et al. The microbiome of professional athletes differs from that of more sedentary subjects in composition and particularly at the functional metabolic level. Gut 67, 625–633 (2018).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Cronin, O. et al. A prospective metagenomic and metabolomic analysis of the impact of exercise and/or whey protein supplementation on the gut microbiome of sedentary adults. mSystems 3, e00044-18 (2018).
Article 
    
                    Google Scholar 
                

	Pasolli, E. et al. Accessible, curated metagenomic data through ExperimentHub. Nat. Methods 14, 1023–1024 (2017).
Article 
    CAS 
    
                    Google Scholar 
                

	Liu, W. et al. Unique features of ethnic Mongolian gut microbiome revealed by metagenomic analysis. Sci. Rep. 6, 34826 (2016).
Article 
    CAS 
    
                    Google Scholar 
                

	De Filippo, C. et al. Impact of diet in shaping gut microbiota revealed by a comparative study in children from Europe and rural Africa. Proc. Natl Acad. Sci. USA 107, 14691–14696 (2010).
Article 
    
                    Google Scholar 
                

	Janeiro, M. H., Ramirez, M. J., Milagro, F. I., Martinez, J. A. & Solas, M. Implication of trimethylamine-N-oxide (TMAO) in disease: potential biomarker or new therapeutic target. Nutrients 10, 1398 (2018).

	Ghosh, T. S., Das, M., Jeffery, I. B. & O’Toole, P. W. Adjusting for age improves identification of gut microbiome alterations in multiple diseases. eLife 9, e50240 (2020).
Article 
    
                    Google Scholar 
                

	Rath, S., Heidrich, B., Pieper, D. H. & Vital, M. Uncovering the trimethylamine-producing bacteria of the human gut microbiota. Microbiome 5, 54 (2017).
Article 
    
                    Google Scholar 
                

	Romano, K. A., Vivas, E. I., Amador-Noguez, D. & Rey, F. E. Intestinal microbiota composition modulates choline bioavailability from diet and accumulation of the proatherogenic metabolite trimethylamine-N-oxide. mBio 6, e02481-14 (2015).
Article 
    
                    Google Scholar 
                

	Ramezani, A. et al. Gut colonization with methanogenic archaea lowers plasma trimethylamine-N-oxide concentrations in apolipoprotein E–/– mice. Sci. Rep. 8, 14752 (2018).
Article 
    
                    Google Scholar 
                

	Watson, D., Kenny, O. & McGinnity, F. A Social Portrait of Travellers in Ireland (Research Series no. 56) https://www.esri.ie/system/files/publications/RS56.pdf (Economic and Social Research Institute, 2017).

	Abdalla, S. All-Ireland Traveller Health Study. Summary of Findings https://www.ucd.ie/t4cms/AITHS_SUMMARY.pdf (School of Public Health and Population Science, University College Dublin, 2010).

	McCormick, P. & Manning, D. Chronic inflammatory bowel disease and the ‘over-clean’ environment: rarity in the Irish ‘Traveller’ community. Ir. Med. J. 94, 203–204 (2001).
CAS 
    PubMed 
    
                    Google Scholar 
                

	Willett, W. C. et al. Reproducibility and validity of a semiquantitative food frequency questionnaire. Am. J. Epidemiol. 122, 51–65 (1985).
Article 
    CAS 
    
                    Google Scholar 
                

	Drescher, L. S., Thiele, S. & Mensink, G. B. A new index to measure healthy food diversity better reflects a healthy diet than traditional measures. J. Nutr. 137, 647–651 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Topp, C. W., Ostergaard, S. D., Sondergaard, S. & Bech, P. The WHO-5 Well-Being Index: a systematic review of the literature. Psychother. Psychosom. 84, 167–176 (2015).
Article 
    
                    Google Scholar 
                

	Bolger, A. M., Lohse, M. & Usadel, B. Trimmomatic: a flexible trimmer for Illumina sequence data. Bioinformatics 30, 2114–2120 (2014).
Article 
    CAS 
    
                    Google Scholar 
                

	Langmead, B. & Salzberg, S. L. Fast gapped-read alignment with Bowtie 2. Nat. Methods 9, 357–359 (2012).
Article 
    CAS 
    
                    Google Scholar 
                

	Truong, D. T. et al. MetaPhlAn2 for enhanced metagenomic taxonomic profiling. Nat. Methods 12, 902–903 (2015).
Article 
    CAS 
    
                    Google Scholar 
                

	Franzosa, E. A. et al. Species-level functional profiling of metagenomes and metatranscriptomes. Nat. Methods 15, 962–968 (2018).
Article 
    CAS 
    
                    Google Scholar 
                

	Shannon, P. et al. Cytoscape: a software environment for integrated models of biomolecular interaction networks. Genome Res. 13, 2498–2504 (2003).
Article 
    CAS 
    
                    Google Scholar 
                

	Brito, I. L. et al. Mobile genes in the human microbiome are structured from global to individual scales. Nature 535, 435–439 (2016).
Article 
    CAS 
    
                    Google Scholar 
                

	Smits, S. A. et al. Seasonal cycling in the gut microbiome of the Hadza hunter-gatherers of Tanzania. Science 357, 802–806 (2017).
Article 
    CAS 
    
                    Google Scholar 
                

	Obregon-Tito, A. J. et al. Subsistence strategies in traditional societies distinguish gut microbiomes. Nat. Commun. 6, 6505 (2015).
Article 
    CAS 
    
                    Google Scholar 
                

	Rampelli, S. et al. Metagenome sequencing of the Hadza hunter-gatherer gut microbiota. Curr. Biol. 25, 1682–1693 (2015).
Article 
    CAS 
    
                    Google Scholar 
                

	Noronha, A. et al. The Virtual Metabolic Human Database: integrating human and gut microbiome metabolism with nutrition and disease. Nucleic Acids Res. 47, D614–D624 (2019).
Article 
    CAS 
    
                    Google Scholar 
                

	Sung, J. et al. Global metabolic interaction network of the human gut microbiota for context-specific community-scale analysis. Nat. Commun. 8, 15393 (2017).
Article 
    CAS 
    
                    Google Scholar 
                

	Goodrich, J. K. et al. Genetic determinants of the gut microbiome in UK twins. Cell Host Microbe 19, 731–743 (2016).
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We are deeply grateful to the Irish Traveller community. We are also grateful to B. O’Donoghue, C. Bernard and the members of the Traveller Visibility Group Health Unit in Cork city and K. McDonagh and members of the Travellers of North Cork (TNC) organization. We also thank A. Moloney of APC Microbiome Ireland for laboratory support and clinical nurses K. Power, C. Tobin and M. Daly, as well as L. Horgan and staff of the Irish Centre for Arthritis Research and Education (ICARE) Bone Densitometry Unit in Cork University Hospital. The guiding assistance of J. Sheehan is also acknowledged. The authors are supported in part by Science Foundation Ireland (SFI) in the form of a research center grant (no. 12/RC/2273) to APC Microbiome Ireland and by ICARE.


Author information
Author notes	These authors contributed equally: David M. Keohane, Tarini Shankar Ghosh.


Authors and Affiliations
	APC Microbiome Ireland, University College Cork, Cork, Ireland
David M. Keohane, Tarini Shankar Ghosh, Ian B. Jeffery, Michael G. Molloy, Paul W. O’Toole & Fergus Shanahan

	Department of Medicine, University College Cork, Cork, Ireland
David M. Keohane, Michael G. Molloy & Fergus Shanahan

	School of Microbiology, University College Cork, Cork, Ireland
Tarini Shankar Ghosh & Paul W. O’Toole


Authors	David M. KeohaneView author publications
You can also search for this author in
                        PubMed Google Scholar



	Tarini Shankar GhoshView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ian B. JefferyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Michael G. MolloyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Paul W. O’TooleView author publications
You can also search for this author in
                        PubMed Google Scholar



	Fergus ShanahanView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
D.M.K. and T.S.G. contributed equally in writing the manuscript, securing the clinical material (D.M.K.) and performing bioinformatic analyses (T.S.G.). I.B.J., M.G.M., P.W.O. and F.S. each participated in the study design, planning, interpretation and writing.
Corresponding author
Correspondence to
                Fergus Shanahan.


Ethics declarations


Competing interests

F.S. is a cofounder and shareholder of three campus companies: Alimentary Health, Tucana Health (now named 4D Pharma Cork) and Atlantia Food Clinical Trials. P.W.O. is a cofounder and shareholder of 4D Pharma Cork.




Additional information
Peer review information Alison Farrell was the primary editor on this article and managed its editorial process and peer review in collaboration with the rest of the editorial team.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Extended data

Extended Data Fig. 1 Characteristics of the study population.
Characteristics of the Irish Travellers (n = 118; for whom microbiome data was available) including change in living conditions (childhood to adulthood).


Extended Data Fig. 2 Dietary patterns of Irish Travellers as compared to other Irish Cohorts.
a, Heatmap displaying median ranked consumption frequencies of various macro- and micro- food categories for the Irish Travellers and previously published cohorts of Young (n = 49) and Elderly (n = 192) Irish controls. For each group, the values in each cell indicates the corrected P-values obtained for each food category, when consumption frequencies of this food category within the group is compared with individuals belonging to all other groups. Two-sided Mann-Whitney Tests were used for this purpose and the final p-values were corrected using the Benjamini-Hochberg procedure. Only those cases with corrected p-values < 0.1 are shown. b, Principal Coordinate Analysis (PCoA) plot displaying the macronutrient based dietary profiles of the indicated groups and showing the association of specific dietary nutrients within each group. Elderly Irish community and Elderly Irish longstay refer to community and longstay (nursing home) dwelling elderly controls. The Irish Traveller cohort is indicated in red. c, Boxplot showing the Healthy Food Diversity (HFD) index values for the various Irish cohorts, namely Elderly Irish community (n = 111), elderly Irish ongstay (n = 53), Young Irish (n = 85) and Travellers (n = 131). Only those individuals with complete dietary records were included. Boxes within the boxplots denote the inter-quartile range (with the median indicated in bold) and the upper and lower whiskers extend to values that are either +1.5 X interquartile range from the third quartile (upper whisker) or to -1.5 X interquartile range from the first quartile (lower whisker). For the pairwise across group comparisons, the indicated p-values were obtained using post-hoc Dunns’ test after correction using Benjamini-Hochberg for multiple comparisons. d, PERMANOVA analysis of the dietary profiles in the three sub-groups of Irish Travellers (Group sizes for Non-industrialized-like: 37, Intermediate:39, Industrialized-like: 41) showing the similarity of diet across the three Traveller sub-groups. The p-value and R-squared of the analysis are also indicated.


Extended Data Fig. 3 Lower Variations of the dietary patterns within the Traveller sub-groups as compared to other Irish groups.
a, Heatmap showing the ranked median consumption levels of the five major food groups across the six Irish population groups, namely Traveller groups with a non-industrialized-like (n = 37), intermediate (n = 39) and industrialized-like (n = 41) microbiome, along with Young Non-traveller Irish (n = 85), Elderly Irish community (n = 111) and Elderly Irish Longstay (n = 53). Only those individuals with complete dietary records were included for this analysis. P-values are indicated (within the cells) for those scenarios where in the consumption of a major food group is significantly higher in a given population group with respect to all other groups. The p-values were computed using two-sided Mann–Whitney Tests corrected using Benjamini-Hochberg procedure. This heatmap shows that the variance among the Travellers is low and the main split in diet is between the Travellers and the other non-Traveller Irish. b, Boxplots showing the variation of Healthy Food Diversity index values across the six population groups. Significant P-values of the across-group pairwise comparisons (performed using the post-hoc Dunns test (two-sided) with Benjamini-Hochberg corrected FDR) are indicated. (NI-Like = Travellers with a Non-Industrialized-Like microbiome, I-Like = Travellers with an Industrialized-Like microbiome). Boxes within the boxplots denote the inter-quartile range (with the median indicated in bold) and the upper and lower whiskers extend to values that are either +1.5 X interquartile range from the third quartile (upper whisker) or to -1.5 X interquartile range from the first quartile (lower whisker).


Extended Data Fig. 4 Differentially abundant taxa shared by subsets of Irish Travellers with global industrialized or non-industrialized cohorts.
The heatmap shows taxon differences between the global non-industrialized societies (Fijian, Hadza and Peruvian) and the industrialized non-Traveller Irish population. The Irish Travellers are in the middle of this spectrum (arranged in the same order as the heatmap of Fig. 1d), and their pattern of sharing taxa with the other populations defines 3 groups of listed species.
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