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            Abstract
Genome-wide association (GWA) studies have identified multiple loci at which common variants modestly but reproducibly influence risk of type 2 diabetes (T2D)1,2,3,4,5,6,7,8,9,10,11. Established associations to common and rare variants explain only a small proportion of the heritability of T2D. As previously published analyses had limited power to identify variants with modest effects, we carried out meta-analysis of three T2D GWA scans comprising 10,128 individuals of European descent and ∼2.2 million SNPs (directly genotyped and imputed), followed by replication testing in an independent sample with an effective sample size of up to 53,975. We detected at least six previously unknown loci with robust evidence for association, including the JAZF1 (P = 5.0 × 10−14), CDC123-CAMK1D (P = 1.2 × 10−10), TSPAN8-LGR5 (P = 1.1 × 10−9), THADA (P = 1.1 × 10−9), ADAMTS9 (P = 1.2 × 10−8) and NOTCH2 (P = 4.1 × 10−8) gene regions. Our results illustrate the value of large discovery and follow-up samples for gaining further insights into the inherited basis of T2D.
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                    Figure 1: Regional plots of six confirmed associations.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Multi-ancestry genetic study of type 2 diabetes highlights the power of diverse populations for discovery and translation
                                        
                                    

                                    
                                        Article
                                        
                                         12 May 2022
                                    

                                

                                Anubha Mahajan, Cassandra N. Spracklen, … Andrew P. Morris

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Identification of type 2 diabetes loci in 433,540 East Asian individuals
                                        
                                    

                                    
                                        Article
                                        
                                         06 May 2020
                                    

                                

                                Cassandra N. Spracklen, Momoko Horikoshi, … Xueling Sim

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Identification of genetic effects underlying type 2 diabetes in South Asian and European populations
                                        
                                    

                                    
                                        Article
                                         Open access
                                         07 April 2022
                                    

                                

                                Marie Loh, Weihua Zhang, … John C. Chambers

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Diabetes Genetics Initiative. Genome-wide association analysis identifies loci for type 2 diabetes and triglyceride levels. Science 316, 1331–1336 (2007).

	Scott, L.J. et al. A genome-wide association study of type 2 diabetes in Finns detects multiple susceptibility variants. Science 316, 1341–1345 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Wellcome Trust Case Control Consortium. Genome-wide association study of 14,000 cases of seven common diseases and 3,000 shared controls. Nature 447, 661–678 (2007).

	Zeggini, E. et al. Replication of genome-wide association signals in UK samples reveals risk loci for type 2 diabetes. Science 316, 1336–1341 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Steinthorsdottir, V. et al. A variant in CDKAL1 influences insulin response and risk of type 2 diabetes. Nat. Genet. 39, 770–775 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Sladek, R. et al. A genome-wide association study identifies novel risk loci for type 2 diabetes. Nature 445, 881–885 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Florez, J.C. et al. A 100K genome-wide association scan for diabetes and related traits in the Framingham Heart Study: replication and integration with other genome-wide datasets. Diabetes 56, 3063–3074 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Rampersaud, E. et al. Identification of novel candidate genes for type 2 diabetes from a genome-wide association scan in the Old Order Amish: evidence for replication from diabetes-related quantitative traits and from independent populations. Diabetes 56, 3053–3062 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Hanson, R.L. et al. A search for variants associated with young-onset type 2 diabetes in American Indians in a 100K genotyping array. Diabetes 56, 3045–3052 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Hayes, M.G. et al. Identification of type 2 diabetes genes in Mexican Americans through genome-wide association studies. Diabetes 56, 3033–3044 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Salonen, J. et al. Type 2 diabetes whole-genome association study in four populations: the DiaGen consortium. Am. J. Hum. Genet. 81, 338–345 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	McCarthy, M.I. & Zeggini, E. Genome-wide association scans for Type 2 diabetes: new insights into biology and therapy. Trends Pharmacol. Sci. 28, 598–601 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	International HapMap Consortium. A second generation human haplotype map of over 3.1 million SNPs. Nature 449, 851–861 (2007).

	Marchini, J., Howie, B., Myers, S., McVean, G. & Donnelly, P. A new multipoint method for genome-wide association studies by imputation of genotypes. Nat. Genet. 39, 906–913 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Freedman, M.L. et al. Assessing the impact of population stratification on genetic association studies. Nat. Genet. 36, 388–393 (2004).
Article 
    CAS 
    
                    Google Scholar 
                

	Nakajima, T., Fujino, S., Nakanishi, G., Kim, Y.S. & Jetten, A.M. TIP27: a novel repressor of the nuclear orphan receptor TAK1/TR4. Nucleic Acids Res. 32, 4194–4204 (2004).
Article 
    CAS 
    
                    Google Scholar 
                

	Collins, L.L. et al. Growth retardation and abnormal maternal behavior in mice lacking testicular orphan nuclear receptor 4. Proc. Natl. Acad. Sci. USA 101, 15058–15063 (2004).
Article 
    CAS 
    
                    Google Scholar 
                

	Thomas, G. et al. Multiple loci identified in a genome-wide association study of prostate cancer. Nat. Genet. 40, 310–315 (2008).
Article 
    CAS 
    
                    Google Scholar 
                

	Gudmundsson, J. et al. Two variants on chromosome 17 confer prostate cancer risk, and the one in TCF2 protects against type 2 diabetes. Nat. Genet. 39, 977–983 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Winckler, W. et al. Evaluation of common variants in the six known maturity-onset diabetes of the young (MODY) genes for association with type 2 diabetes. Diabetes 56, 685–693 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Bieganowski, P., Shilinski, K., Tsichlis, P.N. & Brenner, C. Cdc123 and checkpoint forkhead associated with RING proteins control the cell cycle by controlling eIF2γ abundance. J. Biol. Chem. 273, 44656–44666 (2004).
Article 
    
                    Google Scholar 
                

	Drieschner, N. et al. Evidence for a 3p25 breakpoint hot spot region in thyroid tumors of follicular origin. Thyroid 16, 1091–1096 (2006).
Article 
    CAS 
    
                    Google Scholar 
                

	Drieschner, N. et al. A domain of the thyroid adenoma associated gene (THADA) conserved in vertebrates becomes destroyed by chromosomal rearrangements observed in thyroid adenomas. Gene 403, 110–117 (2007).
Article 
    CAS 
    
                    Google Scholar 
                

	Lammert, E., Brown, J. & Melton, D.A. Notch gene expression during pancreatic organogenesis. Mech. Dev. 94, 199–203 (2000).
Article 
    CAS 
    
                    Google Scholar 
                

	Higgins, J.P., Thompson, S.G., Deeks, J.J. & Altman, D.G. Measuring inconsistency in meta-analyses. Br. Med. J. 327, 557–560 (2003).
Article 
    
                    Google Scholar 
                

	Risch, N. & Merikangas, K. The future of genetic studies of complex human diseases. Science 273, 1516–1517 (1996).
Article 
    CAS 
    
                    Google Scholar 
                

	Lin, S., Chakravarti, A. & Cutler, D.J. Exhaustive allelic transmission disequilibrium tests as a new approach to genome-wide association studies. Nat. Genet. 36, 1181–1188 (2004).
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
UK: Collection of the UK type 2 diabetes cases was supported by Diabetes UK, BDA Research and the UK Medical Research Council (Biomedical Collections Strategic Grant G0000649). The UK Type 2 Diabetes Genetics Consortium collection was supported by the Wellcome Trust (Biomedical Collections Grant GR072960). The GWA genotyping was supported by the Wellcome Trust (076113), and the replication genotyping was supported by the European Commission (EURODIA LSHG-CT-2004- 518153), MRC (Project Grant G0601261), Wellcome Trust, Peninsula Medical School and Diabetes UK. E.Z. is a Wellcome Trust Research Career Development Fellow. We acknowledge the contribution of M. Sampson and our team of research nurses. We acknowledge the efforts of J. Collier, P. Robinson, S. Asquith and others at KBiosciences for their rapid and accurate large-scale genotyping.
DGI: We thank the study participants who made this research possible. We thank colleagues in the Broad Genetic Analysis and Biological Samples Platforms for their expertise and contributions to genotyping, data and sample management, and analysis. The initial GWAS genotyping was supported by Novartis (to D.A.); support for additional analysis and genotyping in this report was provided by funding from the Broad Institute of Harvard and MIT, by the Richard and Susan Smith Family Foundation/American Diabetes Association Pinnacle Program Project Award (to D.A.), and by a Freedom to Discovery award of the Foundation of Bristol Myers Squibb (to D.A.). P.I.W.dB., M.J.D. and D.A. acknowledge support from US National Institutes of Health/National Heart, Lung, and Blood Institute grant (U01 HG004171). D.A. was a Burroughs Wellcome Fund Clinical Scholar in Translational Research and is a Distinguished Clinical Scholar of the Doris Duke Charitable Foundation. L.G., T.T., B.I. and M.R.T. and the Botnia Study are principally supported by the Sigrid Juselius Foundation, the Finnish Diabetes Research Foundation, The Folkhalsan Research Foundation and Clinical Research Institute HUCH Ltd; work in Malmö, Sweden was also funded by a Linné grant from the Swedish Research Council (349-2006-237). We thank the Botnia and Skara research teams for clinical contributions, and colleagues at MGH, Harvard, Broad, Novartis and Lund for helpful discussions throughout the course of this work.
FUSION: We thank the Finnish citizens who generously participated in this study and R.Welch for bioinformatics support. Support for this research was provided by US National Institutes of Health grants DK062370 (M.B.), DK072193 (K.L.M.), HL084729 (G.R.A.), HG002651 (G.R.A.) and U54 DA021519; National Human Genome Research Institute intramural project number 1 Z01 HG000024 (F.S.C.); and a postdoctoral fellowship award from the American Diabetes Association (C.J.W.). Genome-wide genotyping was performed by the Johns Hopkins University Genetic Resources Core Facility (GRCF) SNP Center at the Center for Inherited Disease Research (CIDR) with support from CIDR NIH Contract Number N01-HG-65403 and the GRCF SNP Center.
deCODE: We thank the Icelandic study participants whose contribution made this work possible. We also thank the nurses at Noatun (deCODE's sample recruitment center) and personnel at the deCODE core facilities.
KORA study: We thank C. Gieger and G. Fischer for expert data handling. The MONICA/KORA Augsburg studies were financed by the GSF-National Research Center for Environment and Health, Neuherberg, Germany and supported by grants from the German Federal Ministry of Education and Research (BMBF). Part of this work was financed by the German National Genome Research Network (NGFN). Our research was also supported within the Munich Center of Health Sciences (MC Health) as part of LMUinnovativ. We thank all members of field staffs who were involved in the planning and conduct of the MONICA/KORA Augsburg studies.
Danish study: This work was supported by the European Union (EUGENE2, grant no. LSHM-CT-2004-512013), Lundbeck Foundation centre of Applied Medical Genomics in Personalized Disease Prediction, Prevention and Care and The Danish Medical Research Council.
HUNT: The Nord-Trøndelag Health Study (The HUNT Study) is a collaboration between The HUNT Research Centre, Faculty of Medicine, Norwegian University of Science and Technology (NTNU), The National Institute of Public Health, The National Screening Service of Norway and The Nord-Trøndelag County Council.
NHS: The Nurses' Health Study is funded by National Cancer Institute grant CA87969. L.Q. is supported by an American Heart Association Scientist Development Grant. F.B.H. is supported by NIH grants DK58845 and U01 HG004399.
GEM Consortium: We thank all study participants. The work on the Cambridgeshire case-control, Ely, ADDITION and EPIC-Norfolk studies was funded by support from the Wellcome Trust and MRC. The Norfolk Diabetes study is funded by the MRC with support from NHS Research & Development and the Wellcome Trust. We are grateful to S. Griffin, MRC Epidemiology Unit, for assistance with the ADDITION study and M. Sampson and E. Young for help with the Norfolk Diabetes Study. We thank S. Bumpstead, W.E. Bottomley and A. Chaney for rapid and accurate genotyping and J. Ghori for assay design and informatics support. We are grateful to P. Deloukas for overall genotyping support. F.P. and I.B. are funded by the Wellcome Trust.
METSIM: The METSIM study has received grant support from the Academy of Finland (no. 124243).


Author information
Author notes	Richard M Watanabe: The full list of authors and affiliations appears at the end of this paper.

	Eleftheria Zeggini, Laura J Scott, Richa Saxena, Benjamin F Voight and David Altshuler: These authors contributed equally to this work.

	Membership of the Wellcome Trust Case Control Consortium is provided in the Supplementary Note.

	Mark I McCarthy, Michael Boehnke and David Altshuler: These authors contributed equally to this work.


Authors and Affiliations
	Wellcome Trust Centre for Human Genetics, University of Oxford, Oxford, UK
Eleftheria Zeggini, Katherine S Elliott, Cecilia M Lindgren, Inga Prokopenko, Nigel W Rayner, Nicholas J Timpson & Mark I McCarthy

	Department of Biostatistics and Center for Statistical Genetics, University of Michigan, Ann Arbor, 48109, Michigan, USA
Laura J Scott, Tianle Hu, Gonçalo R Abecasis, Chia-Jen Ding, William L Duren, Anne U Jackson, Yun Li, Heather M Stringham, Cristen J Willer & Michael Boehnke

	Broad Institute of Harvard and Massachusetts Institute of Technology (MIT), Cambridge, 02142, Massachusetts, USA
Richa Saxena, Benjamin F Voight, Paul IW de Bakker, Kristin Ardlie, Noël P Burtt, Mark J Daly, Lauren Gianniny, Candace Guiducci, Finny G Kuruvilla & David Altshuler

	Center for Human Genetic Research, Massachusetts General Hospital, Boston, 02114, Massachusetts, USA
Richa Saxena, Benjamin F Voight, Mark J Daly, Finny G Kuruvilla & David Altshuler

	Department of Medicine, Massachusetts General Hospital, Boston, 02114, Massachusetts, USA
Richa Saxena, Benjamin F Voight & Mark J Daly

	Department of Molecular Biology, Massachusetts General Hospital, Boston, 02114, Massachusetts, USA
Richa Saxena, Finny G Kuruvilla & David Altshuler

	Department of Medicine, Harvard Medical School, Boston, 02115, Massachusetts, USA
Richa Saxena, Benjamin F Voight, Paul IW de Bakker, Mark J Daly & David Altshuler

	Department of Genetics, Harvard Medical School, Boston, 02115, Massachusetts, USA
Richa Saxena & David Altshuler

	Department of Statistics, University of Oxford, Oxford, OX1 3TG, UK
Jonathan L Marchini

	Division of Genetics, Brigham and Women's Hospital, Harvard-Partners Center for Genetics and Genomics, Boston, 02115, Massachusetts, USA
Paul IW de Bakker

	Department of Clinical Sciences, Diabetes and Endocrinology Research Unit, University Hospital Malmö, Lund University, Malmö, S-205 02, Sweden
Peter Almgren, Valeriya Lyssenko, Peter Nilsson, Marketa Sjögren & Leif Groop

	Steno Diabetes Center, Copenhagen, DK-2820, Denmark
Gitte Andersen, Knut Borch-Johnsen, Niels Grarup, Torben Hansen & Oluf Pedersen

	Skaraborg Institute, Skövde, S-541 30, Sweden
Kristina Bengtsson Boström

	Department of Physiology and Biophysics, Keck School of Medicine, University of Southern California, Los Angeles, 90033, California, USA
Richard N Bergman

	Genome Technology Branch, National Human Genome Research Institute, Bethesda, 20892, Maryland, USA
Lori L Bonnycastle, Peter S Chines, Parimal Deodhar, Michael R Erdos, Kari Kubalanza, Mario A Morken, Narisu Narisu, Matthew Rees, Amy J Swift & Francis S Collins

	Faculty of Health Science, University of Aarhus, Aarhus, DK-8000, Denmark
Knut Borch-Johnsen, Anelli Sandbæk & Oluf Pedersen

	Diabetes and Metabolism Disease Area, Novartis Institutes for BioMedical Research, 100 Technology Square, Cambridge, 02139, Massachusetts, USA
Hong Chen, Thomas E Hughes & Jeffrey J Roix

	Division of Medicine and Therapeutics, Diabetes Research Group, Ninewells Hospital and Medical School, Dundee, DD1 9SY, UK
Alex S F Doney & Andrew D Morris

	Genetics of Complex Traits, Institute of Biomedical and Clinical Science, Peninsula Medical School, Magdalen Road, Exeter, EX1 2LU, UK
Timothy M Frayling, Rachel M Freathy, Hana Lango, John R B Perry, Michael N Weedon & Andrew T Hattersley

	Diabetes Genetics, Institute of Biomedical and Clinical Science, Peninsula Medical School, Barrack Road, Exeter, EX2 5DW, UK
Timothy M Frayling, Rachel M Freathy, Hana Lango, John R B Perry, Beverley Shields, Michael N Weedon & Andrew T Hattersley

	Gesellschaft für Strahlenforschung-National Research Center for Environment and Health, Institute of Epidemiology, Neuherberg, D-85764, Germany
Harald Grallert, Christa Meisinger & Thomas Illig

	Oxford Centre for Diabetes, Endocrinology and Metabolism, University of Oxford, Oxford, OX3 7LJ, UK
Christopher J Groves, Cecilia M Lindgren, Katharine R Owen, Inga Prokopenko, Nigel W Rayner & Mark I McCarthy

	Institute for Clinical Diabetes Research, German Diabetes Center, Leibniz Institute at Heinrich Heine University, Düsseldorf, D-40225, Germany
Christian Herder

	Centre for Diabetes and Metabolic Medicine, Barts and The London, Royal London Hospital, Whitechapel, E1 1BB, London, UK
Graham A Hitman

	Malmska Municipal Health Center and Hospital, Jakobstad, FIN-68601, Finland
Bo Isomaa

	Folkhälsan Research Center, Helsinki, FIN-00014, Finland
Bo Isomaa & Tiinamaija Tuomi

	Research Centre for Prevention and Health, Glostrup University Hospital, Glostrup, DK-2600, Denmark
Torben Jørgensen

	deCODE genetics, Sturlugata 8, Reykjavik, IS-101, Iceland
Augustine Kong, Valgerdur Steinthorsdottir, Gudmar Thorleifsson, Unnur Thorsteinsdottir & Kari Stefansson

	Department of Medicine, University of Kuopio and Kuopio University Hospital, Kuopio, 70210, Finland
Johanna Kuusisto & Markku Laakso

	MRC Epidemiology Unit, Institute of Metabolic Science, Addenbrooke's Hospital, Cambridge, CB2 0QQ, UK
Claudia Langenberg & Nicholas J Wareham

	Department of General Practice, University of Aarhus, Aarhus, DK-8000, Denmark
Torsten Lauritzen

	Department of Genetics, University of North Carolina, Chapel Hill, 27599, North Carolina, USA
Amanda F Marvelle, Karen L Mohlke & Li Qin

	Department of Public Health and General Practice, HUNT Research Centre, Faculty of Medicine, Norwegian University of Science and Technology (NTNU), Verdal, 7650, Norway
Kristian Midthjell, Carl Platou & Kristian Hveem

	Population Pharmacogenetics Group, Biomedical Research Centre, Ninewells Hospital and Medical School, Dundee, DD1 9SY, UK
Colin NA Palmer

	Metabolic Disease Group, Wellcome Trust Sanger Institute, Hinxton, CB10 1SA, Cambridge, UK
Felicity Payne & Inês Barroso

	Department of Cancer Research and Molecular Medicine, Norwegian University of Science and Technology (NTNU), Levanger, N-7600, Norway
Elin Pettersen

	Departments of Nutrition and Epidemiology, Harvard School of Public Health, Boston, 02115, Massachusetts, USA
Lu Qi & Frank B Hu

	Department of Medicine, Channing Laboratory, Brigham and Women's Hospital and Harvard Medical School, Boston, 02115, Massachusetts, USA
Lu Qi & Frank B Hu

	The MRC Centre for Causal Analyses in Translational Epidemiology, Bristol University, Canynge Hall, Whiteladies Road, Bristol, BS2 8PR, UK
Nicholas J Timpson

	Department of Medicine, Helsinki University Hospital, University of Helsinki, Helsinki, FIN-00300, Finland
Tiinamaija Tuomi & Leif Groop

	Department of Epidemiology and Health Promotion, Diabetes Unit, National Public Health Institute, Helsinki, 00300, Finland
Jaakko Tuomilehto

	Department of Public Health, University of Helsinki, Helsinki, 00014, Finland
Jaakko Tuomilehto

	South Ostrobothnia Central Hospital, Seinäjoki, 60220, Finland
Jaakko Tuomilehto

	Diabetes Research Group, School of Clinical Medical Sciences, Newcastle University, Framlington Place, Newcastle upon Tyne, NE2 4HH, UK
Mark Walker

	Department of Preventative Medicine, Keck School of Medicine, University of Southern California, Los Angeles, 90033, California, USA
Richard M Watanabe

	Diabetes Unit, Massachusetts General Hospital, Boston, 02114, Massachusetts, USA
David Altshuler


Authors	Eleftheria ZegginiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Laura J ScottView author publications
You can also search for this author in
                        PubMed Google Scholar



	Richa SaxenaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Benjamin F VoightView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jonathan L MarchiniView author publications
You can also search for this author in
                        PubMed Google Scholar



	Tianle HuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Paul IW de BakkerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gonçalo R AbecasisView author publications
You can also search for this author in
                        PubMed Google Scholar



	Peter AlmgrenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gitte AndersenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kristin ArdlieView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kristina Bengtsson BoströmView author publications
You can also search for this author in
                        PubMed Google Scholar



	Richard N BergmanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lori L BonnycastleView author publications
You can also search for this author in
                        PubMed Google Scholar



	Knut Borch-JohnsenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Noël P BurttView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hong ChenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Peter S ChinesView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mark J DalyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Parimal DeodharView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chia-Jen DingView author publications
You can also search for this author in
                        PubMed Google Scholar



	Alex S F DoneyView author publications
You can also search for this author in
                        PubMed Google Scholar



	William L DurenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Katherine S ElliottView author publications
You can also search for this author in
                        PubMed Google Scholar



	Michael R ErdosView author publications
You can also search for this author in
                        PubMed Google Scholar



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



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



	Lauren GianninyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Harald GrallertView author publications
You can also search for this author in
                        PubMed Google Scholar



	Niels GrarupView author publications
You can also search for this author in
                        PubMed Google Scholar



	Christopher J GrovesView author publications
You can also search for this author in
                        PubMed Google Scholar



	Candace GuiducciView author publications
You can also search for this author in
                        PubMed Google Scholar



	Torben HansenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Christian HerderView author publications
You can also search for this author in
                        PubMed Google Scholar



	Graham A HitmanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Thomas E HughesView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bo IsomaaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Anne U JacksonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Torben JørgensenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Augustine KongView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kari KubalanzaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Finny G KuruvillaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Johanna KuusistoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Claudia LangenbergView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hana LangoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Torsten LauritzenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yun LiView author publications
You can also search for this author in
                        PubMed Google Scholar



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



	Valeriya LyssenkoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Amanda F MarvelleView author publications
You can also search for this author in
                        PubMed Google Scholar



	Christa MeisingerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kristian MidthjellView author publications
You can also search for this author in
                        PubMed Google Scholar



	Karen L MohlkeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mario A MorkenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Andrew D MorrisView author publications
You can also search for this author in
                        PubMed Google Scholar



	Narisu NarisuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Peter NilssonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Katharine R OwenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Colin NA PalmerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Felicity PayneView author publications
You can also search for this author in
                        PubMed Google Scholar



	John R B PerryView author publications
You can also search for this author in
                        PubMed Google Scholar



	Elin PettersenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Carl PlatouView author publications
You can also search for this author in
                        PubMed Google Scholar



	Inga ProkopenkoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Lu QiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Li QinView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nigel W RaynerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Matthew ReesView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jeffrey J RoixView author publications
You can also search for this author in
                        PubMed Google Scholar



	Anelli SandbækView author publications
You can also search for this author in
                        PubMed Google Scholar



	Beverley ShieldsView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marketa SjögrenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Valgerdur SteinthorsdottirView author publications
You can also search for this author in
                        PubMed Google Scholar



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



	Amy J SwiftView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gudmar ThorleifssonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Unnur ThorsteinsdottirView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nicholas J TimpsonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Tiinamaija TuomiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jaakko TuomilehtoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mark WalkerView author publications
You can also search for this author in
                        PubMed Google Scholar



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



	Michael N WeedonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Cristen J WillerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Thomas IlligView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kristian HveemView author publications
You can also search for this author in
                        PubMed Google Scholar



	Frank B HuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Markku LaaksoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kari StefanssonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Oluf PedersenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Nicholas J WarehamView author publications
You can also search for this author in
                        PubMed Google Scholar



	Inês BarrosoView author publications
You can also search for this author in
                        PubMed Google Scholar



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



	Francis S CollinsView author publications
You can also search for this author in
                        PubMed Google Scholar



	Leif GroopView author publications
You can also search for this author in
                        PubMed Google Scholar



	Mark I McCarthyView author publications
You can also search for this author in
                        PubMed Google Scholar



	Michael BoehnkeView author publications
You can also search for this author in
                        PubMed Google Scholar



	David AltshulerView author publications
You can also search for this author in
                        PubMed Google Scholar





Consortia
Wellcome Trust Case Control Consortium

Contributions
Writing team and project management: L.J.S., E.Z., R.S., B.F.V., D.A., M.B. & M.I.M. Study design: R.S., B.F.V., E.Z., L.J.S., T.E.H., F.B.H., J.J.R., H.C., K.S., O.P., T.I., K.H., M.L., A.T.H., I.B., N.J.W., F.S.C., L.G., D.A., M.I.M. & M.B. Analysis: K.S.E., R.M.F., H.L., C.M.L., J.R.B.P., I.P., N.W.R., N.J.T., M.N.W., J.L.M. & E.Z. (UK), P.S.C., C.-J.D., W.L.D., T. Hu, A.U.J., Y.L., H.M.S., C.J.W., G.R.A. & L.J.S. (FUSION), R.S., B.F.V., P.I.W.dB., F.G.K., P.A. & M.J.D. (DGI), U.T. & A.K. (deCODE), N.G., G.A., T.H. & O.P. (Danish), K.M. (HUNT), L. Qi (NHS), C.L. (GEM Consortium), M.L. (Metsim). Clinical samples and genotyping: WTCCC, A.S.F.D., T.M.F., C.J.G., G.A.H., K.R.O., C.N.A.P., B.S., M.W., A.D.M., A.T.H. & M.I.M. (UK), L.L.B., P.D., M.R.E., K.K., M.A.M., N.N., M.R., A.J.S., R.N.B., K.L.M., J.T., A.F.M., L. Qin & R.M.W. (FUSION), K.A., K.B.B., N.P.B., L. Gianniny, C.G., B.I., V.L., P.N., M.S., T.T. & L. Groop (DGI), V.S., G.T. & K.S. (deCODE), H.G., C.H., C.M. & T.I. (KORA), G.A., N.G., T.H., T.J., T.L., A.S., K.B.-J. & O.P. (Danish), K.M., E.P., C.P. & K.H. (HUNT), F.B.H. (NHS), F.P., I.B. & N.J.W. (GEM Consortium), J.K. (METSIM).
Corresponding authors
Correspondence to
                Mark I McCarthy, Michael Boehnke or David Altshuler.


Ethics declarations

              
                Competing interests

                G.T., V.S., A.K., K.S. and U.T. are employees at deCODE genetics, and own stock or stock options in the company. J.J.R., T.E.H. and H.C. are employees and shareholders of Novartis Institute of Biomedical Research, Inc. O.P. K.B.-J., G.A., N.G. and T.H. are employees of the Steno Diabetes Center, a hospital providing health service for the public health care system but owned by Novo Nordisk A/S, Bagsværd, Denmark. O.P., K.B.-J., N.G. and T.H. hold equity in Novo Nordisk A/S. I.B. holds equity in GlaxoSmithKline and Incyte.

              
            

Supplementary information

Supplementary Text and Figures
Supplementary Methods, Supplementary Figures 1–4, Supplementary Tables 1–4 and 6–10 , Supplementary Note (PDF 1512 kb)


Supplementary Table 5
Details of stage 1, 2, 3 and meta-analysis results for the set of SNPs followed-up after stage 1 meta-analysis (XLS 70 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Zeggini, E., Scott, L., Saxena, R. et al. Meta-analysis of genome-wide association data and large-scale replication identifies additional susceptibility loci for type 2 diabetes.
                    Nat Genet 40, 638–645 (2008). https://doi.org/10.1038/ng.120
Download citation
	Received: 18 December 2007

	Accepted: 12 February 2008

	Published: 30 March 2008

	Issue Date: May 2008

	DOI: https://doi.org/10.1038/ng.120


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

                
                    	
                            
                                
                                    
                                        A genomics perspective of personalized prevention and management of obesity
                                    
                                

                            
                                
                                    	Kalliopi K. Gkouskou
	Maria G. Grammatikopoulou
	Aristides G. Eliopoulos


                                
                                Human Genomics (2024)

                            
	
                            
                                
                                    
                                        Molecular Mechanisms in the Etiology of Polycystic Ovary Syndrome (PCOS): A Multifaceted Hypothesis Towards the Disease with Potential Therapeutics
                                    
                                

                            
                                
                                    	Khair Ul Nisa
	Najeebul Tarfeen
	Bashir Ahmad Ganai


                                
                                Indian Journal of Clinical Biochemistry (2024)

                            
	
                            
                                
                                    
                                        THADA inhibition in mice protects against type 2 diabetes mellitus by improving pancreatic β-cell function and preserving β-cell mass
                                    
                                

                            
                                
                                    	Yuqing Zhang
	Shan Han
	Han Zhao


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        Tetraspanin-8 sequesters syntaxin-2 to control biphasic release propensity of mucin granules
                                    
                                

                            
                                
                                    	José Wojnacki
	Agustin Leonardo Lujan
	Vivek Malhotra


                                
                                Nature Communications (2023)

                            
	
                            
                                
                                    
                                        CaMK1D signalling in AgRP neurons promotes ghrelin-mediated food intake
                                    
                                

                            
                                
                                    	Karl Vivot
	Gergö Meszaros
	Romeo Ricci


                                
                                Nature Metabolism (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

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


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    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 Genetics (Nat Genet)
                
                
    
    
        ISSN 1546-1718 (online)
    
    


                
    
    
        ISSN 1061-4036 (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: ]
