







    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]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 06 May 2020



                    Statin therapy is associated with lower prevalence of gut microbiota dysbiosis

                    	Sara Vieira-Silva 
            ORCID: orcid.org/0000-0002-4616-76021,2 na1, 
	Gwen Falony1,2 na1, 
	Eugeni Belda3,4 na1, 
	Trine Nielsen 
            ORCID: orcid.org/0000-0002-2066-78955, 
	Judith Aron-Wisnewsky3,6, 
	Rima Chakaroun7, 
	Sofia K. Forslund8,9,10,11, 
	Karen Assmann3, 
	Mireia Valles-Colomer1,2, 
	Thi Thuy Duyen Nguyen1,2, 
	Sebastian Proost 
            ORCID: orcid.org/0000-0002-6792-94421,2, 
	Edi Prifti 
            ORCID: orcid.org/0000-0001-8861-13053,4,12, 
	Valentina Tremaroli13, 
	Nicolas Pons14, 
	Emmanuelle Le Chatelier14, 
	Fabrizio Andreelli3,15, 
	Jean-Phillippe Bastard16,17, 
	Luis Pedro Coelho 
            ORCID: orcid.org/0000-0002-9280-78859,18, 
	Nathalie Galleron14, 
	Tue H. Hansen5, 
	Jean-Sébastien Hulot19,20,21, 
	Christian Lewinter22, 
	Helle K. Pedersen5, 
	Benoit Quinquis14, 
	Christine Rouault3, 
	Hugo Roume14, 
	Joe-Elie Salem19, 
	Nadja B. Søndertoft 
            ORCID: orcid.org/0000-0001-6350-81175, 
	Sothea Touch3, 
	MetaCardis Consortium, 
	Marc-Emmanuel Dumas 
            ORCID: orcid.org/0000-0001-9523-702423,24, 
	Stanislav Dusko Ehrlich 
            ORCID: orcid.org/0000-0002-7563-404614, 
	Pilar Galan 
            ORCID: orcid.org/0000-0003-1706-310725, 
	Jens P. Gøtze26, 
	Torben Hansen 
            ORCID: orcid.org/0000-0001-8748-38315, 
	Jens J. Holst 
            ORCID: orcid.org/0000-0001-6853-38055, 
	Lars Køber22, 
	Ivica Letunic 
            ORCID: orcid.org/0000-0003-3560-428827, 
	Jens Nielsen 
            ORCID: orcid.org/0000-0002-9955-600328, 
	Jean-Michel Oppert6, 
	Michael Stumvoll7,29, 
	Henrik Vestergaard 
            ORCID: orcid.org/0000-0003-3090-269X5, 
	Jean-Daniel Zucker3,4,12, 
	Peer Bork 
            ORCID: orcid.org/0000-0002-2627-833X9,30,31, 
	Oluf Pedersen 
            ORCID: orcid.org/0000-0002-3321-39725, 
	Fredrik Bäckhed5,13, 
	Karine Clément 
            ORCID: orcid.org/0000-0002-2489-33553,6 na2 & 
	…
	Jeroen Raes 
            ORCID: orcid.org/0000-0002-1337-041X1,2 na2 

Show authors

                    

                    
                        
    Nature

                        volume 581, pages 310–315 (2020)Cite this article
                    

                    
        
            	
                        27k Accesses

                    
	
                        256 Citations

                    
	
                            409 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Clinical microbiology
	Metabolic syndrome
	Metagenomics
	Microbiome
	Obesity


    


                
    
    

    
    

                
            


        
            Abstract
Microbiome community typing analyses have recently identified the Bacteroides2 (Bact2) enterotype, an intestinal microbiota configuration that is associated with systemic inflammation and has a high prevalence in loose stools in humans1,2. Bact2 is characterized by a high proportion of Bacteroides, a low proportion of Faecalibacterium and low microbial cell densities1,2, and its prevalence varies from 13% in a general population cohort to as high as 78% in patients with inflammatory bowel disease2. Reported changes in stool consistency3 and inflammation status4 during the progression towards obesity and metabolic comorbidities led us to propose that these developments might similarly correlate with an increased prevalence of the potentially dysbiotic Bact2 enterotype. Here, by exploring obesity-associated microbiota alterations in the quantitative faecal metagenomes of the cross-sectional MetaCardis Body Mass Index Spectrum cohort (n = 888), we identify statin therapy as a key covariate of microbiome diversification. By focusing on a subcohort of participants that are not medicated with statins, we find that the prevalence of Bact2 correlates with body mass index, increasing from 3.90% in lean or overweight participants to 17.73% in obese participants. Systemic inflammation levels in Bact2-enterotyped individuals are higher than predicted on the basis of their obesity status, indicative of Bact2 as a dysbiotic microbiome constellation. We also observe that obesity-associated microbiota dysbiosis is negatively associated with statin treatment, resulting in a lower Bact2 prevalence of 5.88% in statin-medicated obese participants. This finding is validated in both the accompanying MetaCardis cardiovascular disease dataset (n = 282) and the independent Flemish Gut Flora Project population cohort (n = 2,345). The potential benefits of statins in this context will require further evaluation in a prospective clinical trial to ascertain whether the effect is reproducible in a randomized population and before considering their application as microbiota-modulating therapeutics.
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                    Fig. 1: Microbiome variation in the non-statin-medicated BMIS cohort.[image: ]


Fig. 2: Characterization of enterotypes and variation in prevalence with BMI in the non-statin-medicated BMIS cohort.[image: ]


Fig. 3: Association between the prevalence of the Bact2 enterotype, obesity and statin intake.[image: ]
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                Data availability

              
              Raw amplicon sequencing data used in this study have been deposited in the EMBL-EBI European Nucleotide Archive (ENA) under accession number PRJEB37249. The metadata and processed microbiome data required for the reanalysis of results presented in the manuscript are respectively provided as Supplementary Table 2 and available for download at http://raeslab.org/software/BMIS/. For clinical cohort-related questions, contact K.C.
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Extended data figures and tables

Extended Data Fig. 1 Microbiome variation in the BMIS cohort (n = 888 participants).
a, Percentage of subjects in the BMIS cohort taking medication of the stated drug classes. ACE inhibitors, angiotensin converting enzyme inhibitors; ARB, angiotensin II receptor blockers; ASA, acetylsalicylic acid; PPI, proton-pump inhibitors. b, Best model explaining inter-individual microbiome variation based on obesity-defining and metabolic-syndrome-defining variables as well as on most frequently disclosed therapeutics (taken by more than 10% of participants; Supplementary Table 4). Explanatory power of the included variables are reported for the variables taken individually (black bars; n = 888 biologically independent samples, univariate dbRDA)) or in a multivariate model (grey bars; n = 888 biologically independent samples, multivariate dbRDA). c, Principal coordinates analysis of inter-individual differences (genus level Bray–Curtis dissimilarity) in the microbiome profiles of the BMIS cohort (n = 888 biologically independent samples, data points coloured by enterotypes (Extended Data Fig. 4)) with the rest of the MetaCardis dataset in the background (n = 1,134, grey dots). Full and open circles corresponding to statin-medicated (Stat(+)) and non-statin-medicated participants (Stat(−)), respectively. Arrows represent the effect sizes of a post hoc fit of significant microbiome covariates identified in the multivariate model in b. d, Same principal coordinates analysis as in c, with the statin intake variable split into the separate statin classes (n = 888 biologically independent samples, simvastatin (n = 51), atorvastatin (n = 33) and other statins (n = 22); Supplementary Table 4). In c, d, the body of the box plot represents the first and third quartiles of the distribution, the line represents the median, and the whiskers extend from the quartiles to the last data point within 1.5× the interquartile range (IQR), with outliers beyond.


Extended Data Fig. 2 The association of BMI, fat mass percentage and serum fasting triglyceride levels with faecal microbial gene richness and faecal microbial load in the non-statin-medicated BMIS cohort (n = 782 participants).
All three covariates were found to be associated with both microbiome gene richness (n = 711 biologically independent samples, Spearman’s ρ = −0.45 to −0.26, Padj = 4.0 × 10−39 to 1.6 × 10−13), a proxy for microbial biodiversity previously suggested as a marker of metabolic health in obese individuals8, and faecal microbial load (n = 711 biologically independent samples, Spearman’s ρ = −0.17 to −0.13, Padj = 4.1 × 10−6 to 3.1 × 10−4; Supplementary Table 7). Adjustment for multiple testing (Padj) was performed using the Benjamini–Hochberg method. Least square linear regression lines (dashed line) with 95% confidence interval (grey shading) are provided for visual representation of the non-parametric testing provided in Supplementary Table 7. Data points are coloured by enterotype classification.


Extended Data Fig. 3 Association between the variation in quantitative butyrate production potential and the BMI, fat mass percentage and triglycerides levels of participants, or the enterotype classification of the samples, in the non-statin-medicated BMIS cohort (n = 782 participants).
Quantitative functional microbiome profiles were constructed by multiplication of relative proportions to an indexing factor proportional to the microbial load of the samples. The module ‘butyrate production II’ describes butyrate production from the butyryl-CoA–acetate CoA-transferase pathway—the most common among colon bacteria. a–d, The abundance of the butyrate production II module was negatively correlated with BMI (n = 771 biologically independent samples, Spearman’s ρ = −0.27, Padj = 3.1 × 10−13) (a), fat mass percentage (n = 771 biologically independent samples, Spearman’s ρ = −0.21, Padj = 6.0 × 10−8) (b) and tryglyceride levels (n = 771 biologically independent samples, Spearman’s ρ = −0.20, Padj = 6.4 × 10−8) (c), and significantly decreased in the Bact2 enterotype compared with the others (Bact2 <  Prev < Bact1 = Rum; n = 771 biologically independent samples, Kruskal–Wallis Padj = 4.71 × 10−35; different letters denote enterotypes with a significant pairwise difference (post hoc Dunn tests provided in Supplementary Table 10) (d). The body of the box plot represents the first and third quartiles of the distribution, the line represents the median, and the whiskers extend from the quartiles to the last data point within 1.5× IQR, with outliers beyond. In a–d, adjustment for multiple testing (Padj) was performed using the Benjamini–Hochberg method.


Extended Data Fig. 4 Enterotyping of the MetaCardis dataset (n = 2,022 biologically independent samples).
a, Principal coordinates visualization of the four enterotypes resulting from community typing was performed using DMM52 on genus-level faecal microbiome profiles. b, Information criteria (minimum Laplace) used to determine the optimal number of clusters (enterotypes) for the MetaCardis dataset (n = 2,022 biologically independent samples) DMM-based community typing. c, Average relative composition of the enterotypes for key genera, used to label the enterotypes Bacteroides1 (Bact1; high percentages of Bacteroides and Faecalibacterium), Bacteroides2 (Bact2; high percentages of Bacteroides and low percentages of Faecalibacterium), Prevotella (Prev; high percentages of Prevotella) and Ruminococcaceae (Rum; low percentages of Bacteroides and Prevotella), on the basis of their respective genus-level proportional abundance profiles.


Extended Data Fig. 5 Increased quantitative abundance of Eggerthella in the Bact2 enterotype of the non-statin-medicated BMIS cohort.
a, Difference in quantitative Eggerthella abundances between enterotypes (Prev = Rum < Bact1 < Bact2; n = 771 biologically independent samples, Kruskal–Wallis Padj = 4.10 × 10−47; different letters denote enterotypes with a significant pairwise difference (post hoc Dunn tests provided in Supplementary Table 10)). Adjustment for multiple testing (Padj) was performed using the Benjamini–Hochberg method. b, Difference in the proportion of Eggerthella (normalized by the sample total microbial load) between enterotypes, showing a comparable trend to that seen in a (n = 771 biologically independent samples). The body of the box plot represents the first and third quartiles of the distribution, the line represents the median, and the whiskers extend from the quartiles to the last data point within 1.5× IQR, with outliers beyond.


Extended Data Fig. 6 Species dominating the Bacteroides fraction in the different enterotypes of the non-statin-medicated BMIS cohort.
The top associations with the Bact2 enterotype—with the proportions they contribute to the total fraction shown in the ring chart—were the depletion in B. caccae (n = 768 biologically independent samples, Kruskal–Wallis, Padj = 1.3 × 10−15) and B. cellulosilyticus (n = 768 biologically independent samples, Kruskal–Wallis, Padj = 5.3 × 10−13) when compared with the Rum, Prev and Bact1 enterotypes, and the enrichment in B. fragilis (n = 768 biologically independent samples, Kruskal–Wallis, Padj = 3.5 × 10−11; Supplementary Table 11). Species were defined by species-level annotation of metagenomic species, and their proportional abundances were defined relative to the genus abundance. Samples for which the genus had a low total abundance (below the 20% quantile for all species belonging to the top 10 genera) were excluded from the analysis (n = 768 biologically independent samples were included). Adjustment for multiple testing (Padj) was performed using the Benjamini–Hochberg method.


Extended Data Fig. 7 Systemic inflammation and its relation to enterotypes and to BMI in the non-statin-medicated BMIS cohort.
a, Individuals with faecal samples enterotyped as Bact2 displayed more pronounced systemic inflammation levels as assessed through fasting serum hsCRP concentrations when compared with participants classified as Rum, Prev and Bact1 (n = 763 biologically independent samples, Kruskal–Wallis P = 1.37 × 10−10; Rum = Bact1 < Prev < Bact2; different letters denote enterotypes with a significant pairwise difference (post hoc Dunn tests provided in Supplementary Table 13)). The body of the box plot represents the first and third quartiles of the distribution, the line represents the median, and the whiskers extend from the quartiles to the last data point within 1.5× IQR, with outliers beyond. b, Linear model of the correlation between host systemic inflammation (hsCRP concentration, log10-transformed) and BMI, fitted by least squares regression (n = 763 biologically independent samples; estimated intercept = −0.8681, estimated slope = 0.0379, R2 = 0.47, P = 1.5 × 10−108).


Extended Data Fig. 8 Control for the effect of additional medication taken by obese statin-medicated or non-statin-medicated individuals of the BMIS cohort (n = 888 participants) on the association between reduced Bact2 prevalence and statin intake.
a, List of drugs taken by non-statin-medicated and statin-medicated obese BMIS participants separated into 5 groups: those reporting no (co-)medication (beyond statin intake) (+0), and those reporting one (+1), two (+2), three (+3) and more than three (more) (co-)medications. The size and colour of the dots represent the fraction of the non-statin-medicated or statin-medicated obese BMIS participants falling within that group. b, Difference in prevalence of the Bact2 enterotype in statin-medicated compared with non-statin-medicated obese BMIS participants, with decreasing co-medication threshold for inclusion of participants. For ‘all’, the total number of statin-medicated and non-statin-medicated obese BMIS participants were included (n = 474 biologically independent samples); then only subjects reporting three or fewer (≤3; n = 419), two or fewer (≤2; n = 369), one or fewer (≤1; n = 296) or no (0; n = 226) (co-)medications were included. The relative risk and respective significance level associated with the prevalence of the Bact2 enterotype given statin intake is provided above the bar plots (Fisher’s exact test, two-sided, *P < 0.05, relative risk = P(Bact2|Statin = Yes)/P(Bact2|Statin = No)).


Extended Data Fig. 9 Variation in prevalence of the Bact2 enterotype with BMI and statin intake in the BMIS discovery cohort, and in the FGFP and CVD validation cohorts.
a–c, Variation in the prevalence of the Bact2 enterotype with BMI for statin-medicated and non-statin-medicated individuals, showing the significant effect (represented by the range bar with an asterisk; Supplementary Table 16) of statin intake given individuals’ BMI, in the BMIS obese participants (n = 474 biologically independent samples, multivariate binomial logistic regression, Statin | BMI, relative risk = 0.34, *Padj = 0.025) (a); the FGFP cohort, a population-level recruitment with a much narrower BMI range than the BMIS cohort (n = 2,345 biologically independent samples, multivariate binomial logistic regression, Statin | BMI, relative risk = 0.72, *Padj = 0.045) (b) and the MetaCardis CVD cohort (n = 271 biologically independent samples, excluding 11 individuals for which BMI was not known, multivariate binomial logistic regression, Statin | BMI, relative risk = 0.29, *Padj = 0.021) (c). In a–c, the fit lines were obtained by multinomial logistic regression of enterotypes as predicted by BMI, for statin-medicated and non-statin-medicated individuals separately, with the shaded area corresponding to the 95% confidence intervals for the Bact2 regression. Adjustment for multiple testing (Padj) was performed using the Benjamini–Hochberg method.


Extended Data Fig. 10 Probability of carrying a Bact2 enterotype microbiota as a function of CRP levels and statin intake in the obese BMIS cohort.
Association between systemic inflammation (measured by hsCRP levels) and having a faecal microbiota of the Bact2 enterotype, according to statin medication status. Binomial logistic regression (lines with 95% confidence intervals as shaded area) was performed for statin-medicated and non-statin-medicated individuals separately (n = 462 biologically independent samples).
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