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            Abstract
Metabolic syndrome is characterized by a constellation of comorbidities that predispose individuals to an increased risk of developing cardiovascular pathologies as well as type 2 diabetes mellitus1. The gut microbiota is a new key contributor involved in the onset of obesity-related disorders2. In humans, studies have provided evidence for a negative correlation between Akkermansia muciniphila abundance and overweight, obesity, untreated type 2 diabetes mellitus or hypertension3,4,5,6,7,8. Since the administration of A. muciniphila has never been investigated in humans, we conducted a randomized, double-blind, placebo-controlled pilot study in overweight/obese insulin-resistant volunteers; 40 were enrolled and 32 completed the trial. The primary end points were safety, tolerability and metabolic parameters (that is, insulin resistance, circulating lipids, visceral adiposity and body mass). Secondary outcomes were gut barrier function (that is, plasma lipopolysaccharides) and gut microbiota composition. In this single-center study, we demonstrated that daily oral supplementation of 1010 A. muciniphila bacteria either live or pasteurized for three months was safe and well tolerated. Compared to placebo, pasteurized A. muciniphila improved insulin sensitivity (+28.62 ± 7.02%, P = 0.002), and reduced insulinemia (−34.08 ± 7.12%, P = 0.006) and plasma total cholesterol (−8.68 ± 2.38%, P = 0.02). Pasteurized A. muciniphila supplementation slightly decreased body weight (−2.27 ± 0.92 kg, P = 0.091) compared to the placebo group, and fat mass (−1.37 ± 0.82 kg, P = 0.092) and hip circumference (−2.63 ± 1.14 cm, P = 0.091) compared to baseline. After three months of supplementation, A. muciniphila reduced the levels of the relevant blood markers for liver dysfunction and inflammation while the overall gut microbiome structure was unaffected. In conclusion, this proof-of-concept study (clinical trial no. NCT02637115) shows that the intervention was safe and well tolerated and that supplementation with A. muciniphila improves several metabolic parameters.
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                    Fig. 1: Changes in parameters related to glucose metabolism and WBC.[image: ]


Fig. 2: Changes in parameters related to lipid metabolism.[image: ]


Fig. 3: Changes in hepatic and general enzymes.[image: ]


Fig. 4: Changes in anthropometric parameters.[image: ]
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Extended data

Extended Data Fig. 1 Flow chart of the interventional study.
Diagram of the participant selection procedure, which includes the following information: number of individuals enrolled at each step of the study progress; number of individuals included in the final analysis; details of the events that led to a reduction in group size.


Extended Data Fig. 2 Changes in inflammatory parameters and GLP-1.
a, Soluble CD40 Ligand. b, Growth-related oncogene (CXCL1). c, MCP1. d, GLP-1. Differential values (mean difference and mean difference from placebo) are expressed as the mean + s.e.m., either as raw data or as percentages. The bars represent the mean change from baseline value per group, with their s.e.m. Mann–Whitney U-tests or unpaired t-tests were performed to compare the differential values of both treated groups versus the placebo group (intergroup changes), according to the distribution. The respective P values are shown in the table below each plot. The lines represent the raw values before and after 3 months of supplementation. The distribution of values within each group for each timing is illustrated by a box-and-whisker plot. In the box plots, the line in the middle of the box is plotted at the median, and the inferior and superior limits of the box correspond to the 25th and the 75th percentiles respectively. Matched-pairs Wilcoxon signed-rank tests or paired t-tests were performed to verify changes from baseline (intragroup changes), according to the distribution; when drawn, the capped line above the group concerned shows the corresponding P value. Changes between 0 and 3 months across the 3 groups were analyzed with Kruskal–Wallis or one-way ANOVA tests according to the distribution; group-wise comparisons were performed using Bonferroni’s and Tukey’s corrections for multiple testing, respectively. Placebo group, n = 11; pasteurized bacteria group, n = 12; live bacteria group, n = 9 for all parameters except for growth-related oncogene: placebo group, n = 7; pasteurized bacteria group, n = 10; live bacteria group, n = 8. All tests were two-tailed.


Extended Data Fig. 3 Changes in fecal microbiome.
a, Akkermansia muciniphila abundance in feces evaluated by quantitative PCR. Differential values (mean difference and mean difference from placebo) are expressed as the mean ± s.e.m. as raw data. The bars represent the mean change from baseline value per group, with their s.e.m. Mann–Whitney U-tests were performed to compare the differential values of both treated groups versus the placebo group (intergroup changes) according to the distribution. The respective P values are shown in the table below each plot. The lines represent the raw values before and after 3 months of supplementation. The distribution of values within each group for each timing is illustrated by a box-and-whisker plot. In the box plots, the line in the middle of the box is plotted at the median, and the inferior and superior limits of the box correspond to the 25th and the 75th percentiles, respectively. Matched-pairs Wilcoxon signed-rank tests were performed to verify changes from baseline (intragroup changes) according to the distribution. When the difference is significant, a capped line is marked above the group concerned with the corresponding P value. Kruskal–Wallis analyses were used to compare changes between 0 and 3 months across the 3 groups according to the distribution. Placebo group, n = 11; pasteurized bacteria group, n = 12; live bacteria, n = 9. All tests were two-tailed. *P < 0.05. b, Visualization of participants’ fecal microbiota composition at baseline and end point of the intervention. Fecal microbiota dissimilarity between samples is represented by principal coordinates analysis (genus-level Aitchison distance), with six sample groups corresponding to the three different treatment arms at baseline or at end point represented by confidence ellipses (80% confidence interval). Intervention effects are symbolized by the colored arrows, with direction and length corresponding to the shift in group centroid coordinates from baseline to end point for each treatment arm (rescaled ×4 and re-centered at the baseline global centroid). Placebo group, n = 11; pasteurized bacteria group, n = 12; live bacteria, n = 9.





Supplementary information
Supplementary Information
Supplementary Tables 1–5


Reporting Summary




Rights and permissions
Reprints and permissions


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



Cite this article
Depommier, C., Everard, A., Druart, C. et al. Supplementation with Akkermansia muciniphila in overweight and obese human volunteers: a proof-of-concept exploratory study.
                    Nat Med 25, 1096–1103 (2019). https://doi.org/10.1038/s41591-019-0495-2
Download citation
	Received: 02 October 2018

	Accepted: 22 May 2019

	Published: 01 July 2019

	Issue Date: July 2019

	DOI: https://doi.org/10.1038/s41591-019-0495-2


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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Integrative metagenomic analysis reveals distinct gut microbial signatures related to obesity
                                    
                                

                            
                                
                                    	Xinliang Hu
	Chong Yu
	Hongxia Bao


                                
                                BMC Microbiology (2024)

                            
	
                            
                                
                                    
                                        Amorphous silica nanoparticles and the human gut microbiota: a relationship with multiple implications
                                    
                                

                            
                                
                                    	Massimiliano G. Bianchi
	Martina Chiu
	Ovidio Bussolati


                                
                                Journal of Nanobiotechnology (2024)

                            
	
                            
                                
                                    
                                        16S rRNA sequencing analysis of the oral and fecal microbiota in colorectal cancer positives versus colorectal cancer negatives in Iranian population
                                    
                                

                            
                                
                                    	Sama Rezasoltani
	Mehdi Azizmohammad Looha
	Mohammad Mehdi Feizabadi


                                
                                Gut Pathogens (2024)

                            
	
                            
                                
                                    
                                        The gut-liver axis in hepatobiliary diseases
                                    
                                

                            
                                
                                    	Masataka Ichikawa
	Haruka Okada
	Takanori Kanai


                                
                                Inflammation and Regeneration (2024)

                            
	
                            
                                
                                    
                                        Metabolic and fecal microbial changes in adult fetal growth restricted mice
                                    
                                

                            
                                
                                    	Stephanie P. Gilley
	Miguel A. Zarate
	Kartik Shankar


                                
                                Pediatric Research (2024)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                        
                            
                                Focus

                                
                                    Focus on cardiometabolic disease
                                

                            
                        

                    
                    
                        
                            
    
        
            
                
                    Bacteria to alleviate metabolic syndrome
                

                
	Fernando F. Anhê
	Jonathan D. Schertzer
	André Marette



                
    
        
            Nature Medicine
        
        News & Views
        
        
            01 Jul 2019
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Nature Medicine Classic Collection
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    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


    





        
    
        
            

            
                
                    Nature Medicine (Nat Med)
                
                
    
    
        ISSN 1546-170X (online)
    
    


                
    
    
        ISSN 1078-8956 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	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 Korea
	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




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing: Translational Research]
                    Sign up for the Nature Briefing: Translational Research newsletter — top stories in biotechnology, drug discovery and pharma.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get what matters in translational research, free to your inbox weekly.
            Sign up for Nature Briefing: Translational Research
            
        


    









    [image: ]







[image: ]
