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Core support including centralized genomic read mapping and genotype calling, along with variant 
quality metrics and filtering were provided by the TOPMed Informatics Research Center (3R01HL-
117626-02S1; contract HHSN268201800002I). Core support including phenotype harmonization, data 
management, sample-identity QC, and general program coordination were provided by the TOPMed Data 
Coordinating Center (R01HL-120393; U01HL-120393; contract HHSN268201800001I). We gratefully 
acknowledge the studies and participants who provided biological samples and data for TOPMed. 
 
NHLBI TOPMed: Genetics of Cardiometabolic Health in the Amish (Amish)  
The TOPMed component of the Amish Research Program was supported by NIH grants R01 HL121007, 
U01 HL072515, and R01 AG18728. Email Rhea Cosentino (rcosenti@som.umaryland.edu) for additional 
input. 
 
Genome sequencing for “NHLBI TOPMed: Whole Genome Sequencing and Related Phenotypes in the 
Genetics of Cardiometabolic Health in the Amish” (phs000956) was performed at the Broad Institute 
Genomics Platform (3R01HL121007-01S1). 
 
NHLBI TOPMed: Atherosclerosis Risk in Communities Study VTE cohort (ARIC)  
The Atherosclerosis Risk in Communities study has been funded in whole or in part with Federal funds 
from the National Heart, Lung, and Blood Institute, National Institutes of Health, Department of Health 
and Human Services (contract numbers HHSN268201700001I, HHSN268201700002I, 
HHSN268201700003I, HHSN268201700004I and HHSN268201700005I). The authors thank the staff 
and participants of the ARIC study for their important contributions. 
 
Genome sequencing for “NHLBI TOPMed: Whole Genome Sequencing and Related Phenotypes in the 
Atherosclerosis Risk in Communities Study VTE cohort” (phs001211) was performed at the Baylor 



College of Medicine Human Genome Sequencing Center (3U54HG003273-12S2, 

HHSN268201500015C). 
 
 
NHLBI TOPMed: New Approaches for Empowering Studies of Asthma in Populations of African 
Descent - Barbados Asthma Genetics Study (BAGS)  
We gratefully acknowledge the contributions of Pissamai and Trevor Maul, Paul Levett, Anselm Hennis, 
P. Michele Lashley, Raana Naidu, Malcolm Howitt and Timothy Roach, and the numerous health care 
providers, and community clinics and co-investigators who assisted in the phenotyping and collection of 
DNA samples, and the families and patients for generously donating DNA samples to the Barbados 
Asthma Genetics Study (BAGS). Funding for BAGS was provided by National Institutes of Health (NIH) 
R01HL104608, R01HL087699, and HL104608 S1. 
 
Genome sequencing for “NHLBI TOPMed: New Approaches for Empowering Studies of Asthma in 
Populations of African Descent - Barbados Asthma Genetics Study” (phs001143) was performed at 
Illumina (3R01HL104608-04S1). 
 
NHLBI TOPMed: Mount Sinai BioMe Biobank (BioMe)  
The Mount Sinai BioMe Biobank has been supported by The Andrea and Charles Bronfman 
Philanthropies and in part by Federal funds from the NHLBI and NHGRI (U01HG00638001; 
U01HG007417; X01HL134588). We thank all participants in the Mount Sinai Biobank. We also thank all 
our recruiters who have assisted and continue to assist in data collection and management and are grateful 
for the computational resources and staff expertise provided by Scientific Computing at the Icahn School 
of Medicine at Mount Sinai. 
 
Genome sequencing for “NHLBI TOPMed: Mount Sinai BioMe Biobank” (phs001644) was performed at 
the Baylor College of Medicine Human Genome Sequencing Center (HHSN268201600033I) and 
McDonnell Genome Institute (HHSN268201600037I). 
 
NHLBI TOPMed: Coronary Artery Risk Development in Young Adults (CARDIA)  
The Coronary Artery Risk Development in Young Adults Study (CARDIA) is conducted and supported 
by the National Heart, Lung, and Blood Institute (NHLBI) in collaboration with the University of 
Alabama at Birmingham (HHSN268201800005I & HHSN268201800007I), Northwestern University 
(HHSN268201800003I), University of Minnesota (HHSN268201800006I), and Kaiser Foundation 
Research Institute (HHSN268201800004I). CARDIA was also partially supported by the Intramural 
Research Program of the National Institute on Aging (NIA) and an intra‐agency agreement between NIA 
and NHLBI (AG0005).  
 
Genome sequencing for “NHLBI TOPMed: Coronary Artery Risk Development in Young Adults” 
(phs001612) was performed at the Baylor College of Medicine Human Genome Sequencing Center 
(HHSN268201600033I). 
 
NHLBI TOPMed: Cleveland Clinic Atrial Fibrillation Study (CCAF)  
This study was supported by the National Institutes of Health (NIH) grants R01 HL 090620 and R01 HL 
111314, the NIH National Center for Research Resources for Case Western Reserve University and 
Cleveland Clinic Clinical and Translational Science Award UL1-RR024989, the Cleveland Clinic 
Department of Cardiovascular Medicine philanthropy research funds, and the Tomsich Atrial Fibrillation 
Research Fund. 
 
Genome sequencing for “NHLBI TOPMed: Cleveland Clinic Atrial Fibrillation Study” (phs001189) was 
performed at the Broad Institute Genomics Platform (3R01HL092577-06S1). 



 
 
NHLBI TOPMed: Cleveland Family Study - WGS Collaboration (CFS)  
The Cleveland Family Study has been supported in part by National Institutes of Health grants [R01-
HL046380, KL2-RR024990, R35-HL135818, and R01-HL113338]. 
 
Genome sequencing for “NHLBI TOPMed: Cleveland Family Study - WGS Collaboration” (phs000954) 
was performed at the Northwest Genomics Center (3R01HL098433-05S1, HHSN268201600032I). 
 
NHLBI TOPMed: Cardiovascular Health Study (CHS)  
Cardiovascular Health Study: This research was supported by contracts HHSN268201200036C, 
HHSN268200800007C, HHSN268201800001C, N01HC55222, N01HC85079, N01HC85080, 
N01HC85081, N01HC85082, N01HC85083, N01HC85086, 75N92021D00006, and grants 
R01HL105756, U01HL080295 and U01HL130114 from the National Heart, Lung, and Blood Institute 
(NHLBI), with additional contribution from the National Institute of Neurological Disorders and Stroke 
(NINDS). Additional support was provided by R01AG023629 from the National Institute on Aging 
(NIA). A full list of principal CHS investigators and institutions can be found at CHS-NHLBI.org. The 
content is solely the responsibility of the authors and does not necessarily represent the official views of 
the National Institutes of Health. 
 
Genome sequencing for “NHLBI TOPMed: Cardiovascular Health Study” (phs000954) was performed at 
the Broad Institute Genomics Platform (HHSN268201600034I) and the Baylor College of Medicine 
Human Genome Sequencing Center (HHSN268201600033I). 
 
NHLBI TOPMed: Genetic Epidemiology of COPD Study (COPDGene)  
The COPDGene project described was supported by Award Number U01 HL089897 and Award Number 
U01 HL089856 from the National Heart, Lung, and Blood Institute. The content is solely the 
responsibility of the authors and does not necessarily represent the official views of the National Heart, 
Lung, and Blood Institute or the National Institutes of Health. The COPDGene project is also supported 
by the COPD Foundation through contributions made to an Industry Advisory Board that has included 
AstraZeneca, Bayer Pharmaceuticals, Boehringer Ingelheim, Genentech, GlaxoSmithKline, Novartis, 
Pfizer, Siemens and Sunovion. A full listing of COPDGene investigators can be found at: 
http://www.copdgene.org/directory. 
 
Genome sequencing for “NHLBI TOPMed: Genetic Epidemiology of COPD Study” (phs000951) was 
performed at the Broad Institute Genomics Platform (HHSN268201500014C) and the Northwest 
Genomics Center (3R01HL089856-08S1). 
 
COPDGene® Investigators – Core Units: Administrative Center: James D. Crapo, MD (PI); Edwin K. 
Silverman, MD, PhD (PI); Barry J. Make, MD; Elizabeth A. Regan, MD, PhD. Genetic Analysis Center: 
Terri Beaty, PhD; Ferdouse Begum, PhD; Peter J. Castaldi, MD, MSc; Michael Cho, MD; Dawn L. 
DeMeo, MD, MPH; Adel R. Boueiz, MD; Marilyn G. Foreman, MD, MS; Eitan Halper-Stromberg; 
Lystra P. Hayden, MD, MMSc; Craig P. Hersh, MD, MPH; Jacqueline Hetmanski, MS, MPH; Brian D. 
Hobbs, MD; John E. Hokanson, MPH, PhD; Nan Laird, PhD; Christoph Lange, PhD; Sharon M. Lutz, 
PhD; Merry-Lynn McDonald, PhD; Margaret M. Parker, PhD; Dmitry Prokopenko, Ph.D; Dandi Qiao, 
PhD; Elizabeth A. Regan, MD, PhD; Phuwanat Sakornsakolpat, MD; Edwin K. Silverman, MD, PhD; 
Emily S. Wan, MD; Sungho Won, PhD. Imaging Center: Juan Pablo Centeno; Jean-Paul Charbonnier, 
PhD; Harvey O. Coxson, PhD; Craig J. Galban, PhD; MeiLan K. Han, MD, MS; Eric A. Hoffman, 
Stephen Humphries, PhD; Francine L. Jacobson, MD, MPH; Philip F. Judy, PhD; Ella A. Kazerooni, 
MD; Alex Kluiber; David A. Lynch, MB; Pietro Nardelli, PhD; John D. Newell, Jr., MD; Aleena Notary; 
Andrea Oh, MD; Elizabeth A. Regan, MD, PhD; James C. Ross, PhD; Raul San Jose Estepar, PhD; Joyce 
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Schroeder, MD; Jered Sieren; Berend C. Stoel, PhD; Juerg Tschirren, PhD; Edwin Van Beek, MD, PhD; 
Bram van Ginneken, PhD; Eva van Rikxoort, PhD; Gonzalo Vegas Sanchez-Ferrero, PhD; Lucas Veitel; 
George R. Washko, MD; Carla G. Wilson, MS; PFT QA Center, Salt Lake City, UT: Robert Jensen, 
PhD. Data Coordinating Center and Biostatistics, National Jewish Health, Denver, CO: Douglas 
Everett, PhD; Jim Crooks, PhD; Katherine Pratte, PhD; Matt Strand, PhD; Carla G. Wilson, MS. 
Epidemiology Core, University of Colorado Anschutz Medical Campus, Aurora, CO: John E. 
Hokanson, MPH, PhD; Gregory Kinney, MPH, PhD; Sharon M. Lutz, PhD; Kendra A. Young, PhD. 
Mortality Adjudication Core: Surya P. Bhatt, MD; Jessica Bon, MD; Alejandro A. Diaz, MD, MPH; 
MeiLan K. Han, MD, MS; Barry Make, MD; Susan Murray, ScD; Elizabeth Regan, MD; Xavier Soler, 
MD; Carla G. Wilson, MS. Biomarker Core: Russell P. Bowler, MD, PhD; Katerina Kechris, PhD; 
Farnoush Banaei-Kashani, Ph.D. COPDGene® Investigators – Clinical Centers: Ann Arbor VA: 
Jeffrey L. Curtis, MD; Perry G. Pernicano, MD. Baylor College of Medicine, Houston, TX: Nicola 
Hanania, MD, MS; Mustafa Atik, MD; Aladin Boriek, PhD; Kalpatha Guntupalli, MD; Elizabeth Guy, 
MD; Amit Parulekar, MD. Brigham and Women’s Hospital, Boston, MA: Dawn L. DeMeo, MD, MPH; 
Alejandro A. Diaz, MD, MPH; Lystra P. Hayden, MD; Brian D. Hobbs, MD; Craig Hersh, MD, MPH; 
Francine L. Jacobson, MD, MPH; George Washko, MD. Columbia University, New York, NY: R. 
Graham Barr, MD, DrPH; John Austin, MD; Belinda D’Souza, MD; Byron Thomashow, MD. Duke 
University Medical Center, Durham, NC: Neil MacIntyre, Jr., MD; H. Page McAdams, MD; Lacey 
Washington, MD. Grady Memorial Hospital, Atlanta, GA: Eric Flenaugh, MD; Silanth Terpenning, MD. 
HealthPartners Research Institute, Minneapolis, MN: Charlene McEvoy, MD, MPH; Joseph Tashjian, 
MD. Johns Hopkins University, Baltimore, MD: Robert Wise, MD; Robert Brown, MD; Nadia N. 
Hansel, MD, MPH; Karen Horton, MD; Allison Lambert, MD, MHS; Nirupama Putcha, MD, MHS. 
Lundquist Institute for Biomedical Innovationat Harbor UCLA Medical Center, Torrance, CA: 
Richard Casaburi, PhD, MD; Alessandra Adami, PhD; Matthew Budoff, MD; Hans Fischer, MD; Janos 
Porszasz, MD, PhD; Harry Rossiter, PhD; William Stringer, MD. Michael E. DeBakey VAMC, Houston, 
TX: Amir Sharafkhaneh, MD, PhD; Charlie Lan, DO. Minneapolis VA: Christine Wendt, MD; Brian 
Bell, MD; Ken M. Kunisaki, MD, MS. National Jewish Health, Denver, CO: Russell Bowler, MD, PhD; 
David A. Lynch, MB. Reliant Medical Group, Worcester, MA: Richard Rosiello, MD; David Pace, MD. 
Temple University, Philadelphia, PA: Gerard Criner, MD; David Ciccolella, MD; Francis Cordova, MD; 
Chandra Dass, MD; Gilbert D’Alonzo, DO; Parag Desai, MD; Michael Jacobs, PharmD; Steven Kelsen, 
MD, PhD; Victor Kim, MD; A. James Mamary, MD; Nathaniel Marchetti, DO; Aditi Satti, MD; Kartik 
Shenoy, MD; Robert M. Steiner, MD; Alex Swift, MD; Irene Swift, MD; Maria Elena Vega-Sanchez, 
MD. University of Alabama, Birmingham, AL: Mark Dransfield, MD; William Bailey, MD; Surya P. 
Bhatt, MD; Anand Iyer, MD; Hrudaya Nath, MD; J. Michael Wells, MD. University of California, San 
Diego, CA: Douglas Conrad, MD; Xavier Soler, MD, PhD; Andrew Yen, MD. University of Iowa, Iowa 
City, IA: Alejandro P. Comellas, MD; Karin F. Hoth, PhD; John Newell, Jr., MD; Brad Thompson, MD. 
University of Michigan, Ann Arbor, MI: MeiLan K. Han, MD MS; Ella Kazerooni, MD MS; Wassim 
Labaki, MD MS; Craig Galban, PhD; Dharshan Vummidi, MD. University of Minnesota, Minneapolis, 
MN: Joanne Billings, MD; Abbie Begnaud, MD; Tadashi Allen, MD. University of Pittsburgh, 
Pittsburgh, PA: Frank Sciurba, MD; Jessica Bon, MD; Divay Chandra, MD, MSc; Joel Weissfeld, MD, 
MPH . University of Texas Health, San Antonio, San Antonio, TX: Antonio Anzueto, MD; Sandra 
Adams, MD; Diego Maselli-Caceres, MD; Mario E. Ruiz, MD; Harjinder Singh. 
 
NHLBI TOPMed: The Genetic Epidemiology of Asthma in Costa Rica - Asthma in Costa Rica 
cohort (CRA)  
Genome sequencing for “NHLBI TOPMed: The Genetic Epidemiology of Asthma in Costa Rica - 
Asthma in Costa Rica cohort” (phs000988) was performed at the Northwest Genomics Center 
(3R37HL066289-13S1, HHSN268201600032I). 
 
NHLBI TOPMed: Diabetes Heart Study (DHS)  



This work was supported by R01 HL92301, R01 HL67348, R01 NS058700, R01 AR48797, R01 
DK071891, R01 AG058921, the General Clinical Research Center of the Wake Forest University School 
of Medicine (M01 RR07122, F32 HL085989), the American Diabetes Association, and a pilot grant from 
the Claude Pepper Older Americans Independence Center of Wake Forest University Health Sciences 
(P60 AG10484). 
 
Genome sequencing for “NHLBI TOPMed: Diabetes Heart Study” (phs001412) was performed at the 
Broad Institute Genomics Platform (HHSN268201500014C). 
 
NHLBI TOPMed: Framingham Heart Study (FHS)  
The Framingham Heart Study (FHS) acknowledges the support of contracts NO1-HC-25195, 
HHSN268201500001I and 75N92019D00031 from the National Heart, Lung and Blood Institute and 
grant supplement R01 HL092577-06S1 for this research. We also acknowledge the dedication of the FHS 
study participants without whom this research would not be possible. Dr. Vasan is supported in part by 
the Evans Medical Foundation and the Jay and Louis Coffman Endowment from the Department of 
Medicine, Boston University School of Medicine. 
 
Genome sequencing for “NHLBI TOPMed: Whole Genome Sequencing and Related Phenotypes in the 
Framingham Heart Study” (phs000974.v1.p1) was performed at the Broad Institute Genomics Platform 
(3R01HL092577-06S1, 3U54HG003067-12S2). 
 
The Johns Hopkins Genetic Study of Atherosclerosis Risk (GeneSTAR) was supported by grants 
from the National Institutes of Health through the National Heart, Lung, and Blood Institute (HL49762, 
HL071025, U01HL72518, HL087698, HL092165, HL099747, K23HL105897, HL112064) and the 
National Institute of Nursing Research (NR0224103), by a grant from the National Center for Research 
Resources (M01-RR000052) to the Johns Hopkins General Clinical Research Center, and by a grant from 
the National Center for Research Resources and the National Center for Advancing Translational 
Sciences (UL1 RR 025005) to the Johns Hopkins Institute for Clinical and Translational Research. 
 
Genome sequencing for “The Johns Hopkins Genetic Study of Atherosclerosis Risk” (phs001218) was 
performed at Psomagen (3R01HL112064-04S1) and Illumina (R01HL112064), and the Broad Institute 
Genomics Platform (HHSN268201500014C). 
 
NHLBI TOPMed: Genetic Epidemiology Network of Arteriopathy (GENOA)  
Support for GENOA was provided by the National Heart, Lung and Blood Institute (U01 HL054457, U01 
HL054464, U01 HL054481, R01 HL119443, and R01 HL087660) of the National Institutes of Health. 
WGS for “NHLBI TOPMed: Genetic Epidemiology Network of Arteriopathy” (phs001345) was 
performed at the Mayo Clinic Genotyping Core, the DNA Sequencing and Gene Analysis Center at the 
University of Washington (3R01HL055673-18S1), and the Broad Institute (HHSN268201500014C) for 
their genotyping and sequencing services. We would like to thank the GENOA participants. 
 
NHLBI TOPMed: Genetic Epidemiology Network of Salt Sensitivity (GenSalt)  
The Genetic Epidemiology Network of Salt-Sensitivity (GenSalt) was supported by research grants 
(U01HL072507, R01HL087263, and R01HL090682) from the National Heart, Lung and Blood Institute, 
National Institutes of Health, Bethesda, MD. 
 
Genome sequencing for “NHLBI TOPMed: Genetic Epidemiology Network of Salt Sensitivity” 
(phs001217) was performed at the Baylor College of Medicine Human Genome Sequencing Center 
(HHSN268201500015C). 
 
NHLBI TOPMed: Hispanic Community Health Study - Study of Latinos (HCHS_SOL)  



The Hispanic Community Health Study/Study of Latinos is a collaborative study supported by contracts 
from the National Heart, Lung, and Blood Institute (NHLBI) to the University of North Carolina 
(HHSN268201300001I / N01-HC-65233), University of Miami (HHSN268201300004I / N01-HC-
65234), Albert Einstein College of Medicine (HHSN268201300002I / N01-HC-65235), University of 
Illinois at Chicago – HHSN268201300003I / N01-HC-65236 Northwestern Univ), and San Diego State 
University (HHSN268201300005I / N01-HC-65237). The following Institutes/Centers/Offices have 
contributed to the HCHS/SOL through a transfer of funds to the NHLBI: National Institute on Minority 
Health and Health Disparities, National Institute on Deafness and Other Communication Disorders, 
National Institute of Dental and Craniofacial Research, National Institute of Diabetes and Digestive and 
Kidney Diseases, National Institute of Neurological Disorders and Stroke, NIH Institution-Office of 
Dietary Supplements. All HCHS/SOL participants provided informed consent, and the study was 
approved by the Institutional Review Board of local field centers, coordinating center and laboratories. 
 
Genome sequencing for “NHLBI TOPMed: Hispanic Community Health Study - Study of Latinos” 
(phs001395) was performed at the Baylor College of Medicine Human Genome Sequencing Center 
(HHSN268201600033I). 
 
NHLBI TOPMed: Heart and Vascular Health Study (HVH)  
The Heart and Vascular Health Study was supported by grants HL068986, HL085251, HL095080, and 
HL073410 from the National Heart, Lung, and Blood Institute. 
 
Genome sequencing for “NHLBI TOPMed: Heart and Vascular Health Study” (phs000993) was 
performed at the Broad Institute Genomics Platform (3R01HL092577-06S1) and the Baylor College of 
Medicine Human Genome Sequencing Center (3U54HG003273-12S2 / HHSN268201500015C). 
 
NHLBI TOPMed: Hypertension Genetic Epidemiology Network (HyperGEN)  
The HyperGEN Study is part of the National Heart, Lung, and Blood Institute (NHLBI) Family Blood 
Pressure Program; collection of the data represented here was supported by grants U01 HL054472 (MN 
Lab), U01 HL054473 (DCC), U01 HL054495 (AL FC), and U01 HL054509 (NC FC). The HyperGEN: 
Genetics of Left Ventricular Hypertrophy Study was supported by NHLBI grant R01 HL055673 with 
whole-genome sequencing made possible by supplement -18S1. 
 
Genome sequencing for “NHLBI TOPMed: Hypertension Genetic Epidemiology Network” (phs001293) 
was performed at the Northwest Genomics Center (3R01HL055673-18S1). 
 
NHLBI TOPMed: Jackson Heart Study (JHS)  
The Jackson Heart Study (JHS) is supported and conducted in collaboration with Jackson State University 
(HHSN268201800013I), Tougaloo College (HHSN268201800014I), the Mississippi State Department of 
Health (HHSN268201800015I) and the University of Mississippi Medical Center (HHSN268201800010I, 
HHSN268201800011I and HHSN268201800012I) contracts from the National Heart, Lung, and Blood 
Institute (NHLBI) and the National Institute on Minority Health and Health Disparities (NIMHD). The 
authors also wish to thank the staffs and participants of the JHS. The views expressed in this manuscript 
are those of the authors and do not necessarily represent the views of the National Heart, Lung, and Blood 
Institute; the National Institutes of Health; or the U.S. Department of Health and Human Services. 
 
Genome sequencing for “NHLBI TOPMed: The Jackson Heart Study” (phs000964.v1.p1) was performed 
at the Northwest Genomics Center (HHSN268201100037C). 
 
NHLBI TOPMed: Lung Tissue Research Consortium (LTRC)  
 



Genome sequencing for “NHLBI TOPMed: Lung Tissue Research Consortium” (phs000964.v1.p1) was 
performed at the Broad Institute Genomics Platform (HHSN268201600034I). 
 
NHLBI TOPMed: Mayo Clinic Venous Thromboembolism Study (Mayo_VTE)  
Funded, in part, by grants from the National Institutes of Health, National Heart, Lung and Blood Institute 
(HL66216 and HL83141). the National Human Genome Research Institute (HG04735, HG06379), and 
research support provided by Mayo Foundation. 
 
Genome sequencing for “NHLBI TOPMed: Mayo Clinic Venous Thromboembolism Study” (phs001402) 
was performed at the Baylor College of Medicine Human Genome Sequencing Center (3U54HG003273-
12S2 / HHSN268201500015C). 
 
NHLBI TOPMed: Multi-Ethnic Study of Atherosclerosis (MESA)  
The Multi-Ethnic Study of Atherosclerosis is a National Heart, Lung and Blood Institute-sponsored, 
population-based investigation of subclinical cardiovascular disease and its progression1. A total of 6,814 
individuals, aged 45 to 84 years, were recruited from six US communities (Baltimore City and County, 
MD; Chicago, IL; Forsyth County, NC; Los Angeles County, CA; New York, NY; and St. Paul, MN) 
between July 2000 and August 2002. Participants were excluded if they had physician-diagnosed 
cardiovascular disease prior to enrollment, including angina, myocardial infarction, heart failure, stroke or 
TIA, resuscitated cardiac arrest or a cardiovascular intervention (e.g., CABG, angioplasty, valve 
replacement, or pacemaker/defibrillator placement). Pre-specified recruitment plans identified four 
racial/ethnic groups (White European-American, African-American, Hispanic-American, and Chinese-
American) for enrollment, with targeted oversampling of minority groups to enhance statistical power. 
 
Whole genome sequencing (WGS) for the Trans-Omics in Precision Medicine (TOPMed) program was 
supported by the National Heart, Lung and Blood Institute (NHLBI). WGS for “NHLBI TOPMed: Multi-
Ethnic Study of Atherosclerosis (MESA)” (phs001416.v3.p1) was performed at the Broad Institute of 
MIT and Harvard (3U54HG003067-13S1). Centralized read mapping and genotype calling, along with 
variant quality metrics and filtering were provided by the TOPMed Informatics Research Center 
(3R01HL-117626-02S1). Phenotype harmonization, data management, sample-identity QC, and general 
study coordination, were provided by the TOPMed Data Coordinating Center (3R01HL-120393-02S1), 
and TOPMed MESA Multi-Omics (HHSN2682015000031/HSN26800004). The MESA projects are 
conducted and supported by the National Heart, Lung, and Blood Institute (NHLBI) in collaboration with 
MESA investigators. Support for the Multi-Ethnic Study of Atherosclerosis (MESA) projects are 
conducted and supported by the National Heart, Lung, and Blood Institute (NHLBI) in collaboration with 
MESA investigators. Support for MESA is provided by contracts 75N92020D00001, 
HHSN268201500003I, N01-HC-95159, 75N92020D00005, N01-HC-95160, 75N92020D00002, N01-
HC-95161, 75N92020D00003, N01-HC-95162, 75N92020D00006, N01-HC-95163, 75N92020D00004, 
N01-HC-95164, 75N92020D00007, N01-HC-95165, N01-HC-95166, N01-HC-95167, N01-HC-95168, 
N01-HC-95169, UL1-TR-000040, UL1-TR-001079, UL1-TR-001420, UL1TR001881, DK063491, and 
R01HL105756. The authors thank the other investigators, the staff, and the participants of the MESA 
study for their valuable contributions.  A full list of participating MESA investigators and institutes can 
be found at http://www.mesa-nhlbi.org. 
 
NHLBI TOPMed: Massachusetts General Hospital Atrial Fibrillation Study (MGH_AF)  
Genome sequencing for “NHLBI TOPMed: Massachusetts General Hospital Atrial Fibrillation Study” 
(phs001062) was performed at the Broad Institute Genomics Platform (3U54HG003067-12S2 / 
3U54HG003067-13S1; 3U54HG003067-12S2 / 3U54HG003067-13S1; 3UM1HG008895-01S2, 
3R01HL092577-06S1). 
 
NHLBI TOPMed: Outcome Modifying Genes in Sickle Cell Disease (OMG_SCD)  

http://www.mesa-nhlbi.org/


The OMG-SCD study was administrated by Marilyn J. Telen, M.D. and Allison E. Ashley-Koch, Ph.D. 
from Duke University Medical Center and collection of the data set was supported by grants HL068959 
and HL079915 from the National Heart, Lung, and Blood Institute (NHLBI) of the National Institute of 
Health (NIH). 
 
Genome sequencing for “NHLBI TOPMed: Outcome Modifying Genes in Sickle Cell Disease” 
(phs001608) was performed at the Baylor College of Medicine Human Genome Sequencing Center 
(HHSN268201600033I, HHSN268201500015C). 
 
NHLBI TOPMed: Partners Healthcare Biorepository (Partners)  
Genome sequencing for “NHLBI TOPMed: Partners Healthcare Biorepository” (phs001024) was 
performed at the Broad Institute Genomics Platform (3R01HL092577-06S1). 
 
NHLBI TOPMed: Whole Genome Sequencing to Identify Causal Genetic Variants Influencing 
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Genome sequencing for “NHLBI TOPMed: Women's Genome Health Study” (phs001040) was 
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