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            Abstract
Polygenic risk scores (PRS) summarize genetic liability to a disease at the individual level, and the aim is to use them as biomarkers of disease and poor outcomes in real-world clinical practice. To date, few studies have assessed the prognostic value of PRS relative to standards of care. Schizophrenia (SCZ), the archetypal psychotic illness, is an ideal test case for this because the predictive power of the SCZ PRS exceeds that of most other common diseases. Here, we analyzed clinical and genetic data from two multi-ethnic cohorts totaling 8,541 adults with SCZ and related psychotic disorders, to assess whether the SCZ PRS improves the prediction of poor outcomes relative to clinical features captured in a standard psychiatric interview. For all outcomes investigated, the SCZ PRS did not improve the performance of predictive models, an observation that was generally robust to divergent case ascertainment strategies and the ancestral background of the study participants.
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                    Fig. 1: Performance of models for BioMe datasets and GPC.[image: ]
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                Data availability

              
              BioMe data, including both clinical (extracted via NLP) and genetic (PRS and ancestry PCs) features, are available at https://github.com/landiisotta/prs_psychosis/tree/master/data. GPC clinical phenotypic data have been deposited in and will be accessible via the NIMH Repository & Genomics Resource at nimhgenetics.org under Study 76. GPC genotyping and sequencing data have been deposited to dbGaP with accession codes phs001020.v2.p1 and phs002041.v1.p1.

            

Code availability

              
              Code for data preprocessing and modeling of both BioMe and GPC datasets is available at https://github.com/landiisotta/prs_psychosis.
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Extended data

Extended Data Fig. 1 Grid-search for regularization parameter selection within repeated cross-validation framework.
Plots in each row display training and validation F2 scores for the prediction of different outcomes with regularization parameter C varying from 0.001 to 100. Plots in each column refer to different features included in the model, that is, clinical (a), (f), (k); clinical and genetic (b), (g), (l); clinical and binarized genetic (c), (h), (m); genetic (d), (i), (n); and binarized genetic (e), (j), (o). The dot marks the model with the highest validation score. In each plot, data is presented as mean values of n = 300 independent scores derived from subsets of n = 179 (BioMe) and n = 1,816 (GPC) observations in validation and n = 358 (BioMe) and n = 3,632 (GPC) observations in training. Validation scores are presented as mean values ± SD.


Extended Data Fig. 2 Models’ performance for BioMe and Genomic Psychiatry Cohort (GPC) datasets with different feature configurations.
Average F2 scores in predicting different outcomes are displayed in panels (a), (c), and (e). Averages are computed on n = 300 independent scores from validation on subsets of n = 179 (BioMe) and n = 1,816 (GPC) observations. Boxplots’ center: median and mean; bound of box: 25th (Q1) and 75th (Q3) percentiles; minimum: Q1-1.5*(Q3-Q1); maximum: Q3+1.5*(Q3-Q1). Exact p-values from two-sided t-tests with Benjamini-Hochberg correction are displayed for significant comparisons. Validation scores for clinical, clinical and genetic, and clinical and binarized genetic are the same reported in manuscript’s Fig. 1 and replicated here to ease comparisons. Panels (b), (d), and (f) display precision-recall curves for linear regression models with different outcomes evaluated on test sets. Performance of random classifiers is displayed as reference.


Extended Data Fig. 3 Prediction performance for BioMe and Genomic Psychiatry Cohort (GPC) cohorts restricted to individuals of African (AFR) ancestry.
Training and validation F2 estimates for varying regularization parameters (C) are displayed within the ‘Cross-validated grid-search’ frame for each outcome and feature configuration of interest [that is, clinical, clinical and genetic (all), and clinical and binarized genetic (all binary)]. Data are presented as mean values for training and mean values ± SD for validation. Averages are computed on n = 300 independent scores derived from subsets of n = 82 (BioMe) and n = 822 (GPC) observations for validation and n = 164 (BioMe) and n = 1,644 (GPC) observations for training. The dot corresponds to the highest F2 score during validation. The best model, with related parameter C, is then trained on the entire training set and evaluated on the test set. The F2 validation score distributions obtained are enclosed in the ‘Performance evaluation’ frame. Boxplots’ center: median and mean; bound of box: 25th (Q1) and 75th (Q3) percentiles; minimum: Q1-1.5*(Q3-Q1); maximum: Q3+1.5*(Q3-Q1). Exact p-values from two-sided pairwise t-tests with Benjamini-Hochberg correction are displayed for significant comparisons. Precision-recall curves obtained from the models evaluated on test sets are reported on the right.


Extended Data Fig. 4 Prediction performance for BioMe and Genomic Psychiatry Cohort (GPC) cohorts restricted to individuals of admixed American (AMR) ancestry.
Training and validation F2 estimates for varying regularization parameters (C) are displayed within the ‘Cross-validated grid-search’ frame for each outcome and feature configuration of interest [that is, clinical, clinical and genetic (all), and clinical and binarized genetic (all binary)]. Data are presented as mean values for training and mean values ± SD for validation. Averages are computed on n = 300 independent scores derived from subsets of n = 74 (BioMe) and n = 144 (GPC) observations for validation and n = 148 (BioMe) and n = 290 (GPC) observations for training. The dot corresponds to the highest F2 score during validation. The best model, with related parameter C, is then trained on the entire training set and evaluated on the test set. The F2 validation score distributions obtained are enclosed in the ‘Performance evaluation’ frame. Boxplots’ center: median and mean; bound of box: 25th (Q1) and 75th (Q3) percentiles; minimum: Q1-1.5*(Q3-Q1); maximum: Q3+1.5*(Q3-Q1). Exact p-values from two-sided pairwise t-tests with Benjamini-Hochberg correction are displayed for significant comparisons. Precision-recall curves obtained from the models evaluated on test sets are reported on the right.


Extended Data Fig. 5 Prediction performance for BioMe and Genomic Psychiatry Cohort (GPC) cohorts restricted to individuals of European (EUR) ancestry.
Training and validation F2 estimates for varying regularization parameters (C) are displayed within the ‘Cross-validated grid-search’ frame for each outcome and feature configuration of interest [that is, clinical, clinical and genetic (all), and clinical and binarized genetic (all binary)]. Data are presented as mean values for training and mean values ± SD for validation. Averages are computed on n = 300 independent scores derived from subsets of n = 23 (BioMe) and n = 850 (GPC) observations for validation and n = 46 (BioMe) and n = 1,698 (GPC) observations for training. The dot corresponds to the highest F2 score during validation. The best model, with related parameter C, is then trained on the entire training set and evaluated on the test set. The F2 validation score distributions obtained are enclosed in the ‘Performance evaluation’ frame. Boxplots’ center: median and mean; bound of box: 25th (Q1) and 75th (Q3) percentiles; minimum: Q1-1.5*(Q3-Q1); maximum: Q3+1.5*(Q3-Q1). Exact p-values from two-sided pairwise t-tests with Benjamini-Hochberg correction are displayed for significant comparisons. Precision-recall curves obtained from the models evaluated on test sets are reported on the right.


Extended Data Fig. 6 Sensitivity power analysis.
Range of effect sizes and corresponding power for t-test model comparisons are displayed for validation (a) and test sets (b). Alpha level is set at 0.05 and sample size varies according to the cohort considered.





Supplementary information
Supplementary Information
Supplementary Tables 1-9


Reporting Summary




Rights and permissions
Reprints and permissions


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



Cite this article
Landi, I., Kaji, D.A., Cotter, L. et al. Prognostic value of polygenic risk scores for adults with psychosis.
                    Nat Med 27, 1576–1581 (2021). https://doi.org/10.1038/s41591-021-01475-7
Download citation
	Received: 06 March 2021

	Accepted: 22 July 2021

	Published: 06 September 2021

	Issue Date: September 2021

	DOI: https://doi.org/10.1038/s41591-021-01475-7


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

                
                    	
                            
                                
                                    
                                        Identification of schizophrenia symptom-related gene modules by postmortem brain transcriptome analysis
                                    
                                

                            
                                
                                    	Kazusa Miyahara
	Mizuki Hino
	Yasuto Kunii


                                
                                Translational Psychiatry (2023)

                            
	
                            
                                
                                    
                                        The molecular pathology of schizophrenia: an overview of existing knowledge and new directions for future research
                                    
                                

                            
                                
                                    	Takumi Nakamura
	Atsushi Takata


                                
                                Molecular Psychiatry (2023)

                            
	
                            
                                
                                    
                                        The genetic architecture of schizophrenia: review of large-scale genetic studies
                                    
                                

                            
                                
                                    	Hidekazu Kato
	Hiroki Kimura
	Norio Ozaki


                                
                                Journal of Human Genetics (2023)

                            
	
                            
                                
                                    
                                        Genetics of bipolar disorder: insights into its complex architecture and biology from common and rare variants
                                    
                                

                            
                                
                                    	Tomonori Hara
	Yuji Owada
	Atsushi Takata


                                
                                Journal of Human Genetics (2023)

                            
	
                            
                                
                                    
                                        Addressing the ethical and societal challenges posed by genome-wide association studies of behavioral and brain-related traits
                                    
                                

                            
                                
                                    	Matthieu C. de Hemptinne
	Danielle Posthuma


                                
                                Nature Neuroscience (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Polygenic risk scores do not add value for predicting schizophrenia outcomes
                

                
	Shari Wiseman



                
    
        
            Nature Neuroscience
        
        Research Highlight
        
        
            28 Oct 2021
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


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

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
