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Section 1. SPRINT Research Group 
 
Steering Committee:  Jackson T Wright Jr (Principal Investigator, Ohio Clinic Centers Network) 
William Cushman (Principal Investigator, VA Clinic Centers Network), Suzanne Oparil (Principal 
Investigator, University of Alabama-Birmingham Clinic Centers Network), Alfred K. Cheung 
(Principal Investigator, Utah Clinic Centers Network), Michael Rocco (Principal Investigator, 
Wake Forest University Clinic Centers Network), David M. Reboussin (Principal Investigator, 
Coordinating Center), Lawrence Fine (Project Officer, NHLBI), Paul Kimmel (Project Scientist, 
NIDDK), Laurie Ryan (Project Scientist, NIA), Lenore Launer (Project Scientist, NIA), Claudia 
Moy (Project Scientist, NINDS), Paul Whelton (Chair), Karen C. Johnson (Vice-Chair) 
 
Program Office: National Institutes of Health, Bethesda, Maryland: Diane Bild (Project 
Scientist), Denise Bonds (Project Scientist), Nakela Cook (Project Scientist), Jeffrey Cutler 
(Project Scientist), Lawrence Fine (Project Officer), Peter Kaufmann (Project Scientist), Paul 
Kimmel (Project Scientist), Lenore Launer (Project Scientist), Claudia Moy (Project Scientist), 
William Riley (Project Scientist), Laurie Ryan (Project Scientist), Joni Snyder (Deputy Project 
Officer), Eser Tolunay (Project Scientist), Song Yang (Biostatistician) 
 
SPRINT Clinical Center Networks:  Case Western Reserve University, Cleveland, OH: 
Jackson T Wright Jr (CCN PI), Mahboob Rahman (CCN Co-PI), Alan J Lerner (CCN MIND PI),  
Mahboob Rahman (CCN Co-PI), Carolyn Still (CCN Project Manager, Co-I), Alan Wiggers (Co-
I), Sara Zamanian, (CCN Asst. Project Manager),  Alberta Bee (former CCN Asst. Project 
Manager), Renee Dancie (former CCN Project Manager); Memphis Veteran Affairs Medical 
Center, Memphis, TN: William Cushman (PI), Barry Wall (Co-I), Linda Nichols (MIND PI), 
Robert Burns (MIND Consultant), Jennifer Martindale-Adams (MIND Consultant), Dan Berlowitz 
(Economic & HRQL Consultant), Elizabeth Clark (CCN Coordinator), Sandy Walsh (CCN 
Coordinator) Terry Geraci (CCN Coordinator) Carol Huff (Budget Analyst), Linda Shaw (CCN 
Research Assistant). University of Alabama, Birmingham, AL: Suzanne Oparil (PI), Cora E. 
Lewis (Co-PI), Virginia Bradley (MIND Co-I), David Calhoun (Co-I), Stephen Glasser (Co-I), Kim 
Jenkins (CCN Coordinator), Tom Ramsey (CCN Coordinator); University of Utah, Salt Lake 
City, UT: Alfred K. Cheung (PI), Srinivasan Beddhu (Co-I), Gordon Chelune (MIND Co-I), 
Jeffrey Childs (Associate Director of Operations), Lisa Gren (Director of Operations), Anne 
Randall (CCN Coordinator); Wake Forest University Health Sciences, Winston-Salem, NC: 
Michael Rocco (PI), David Goff (Co-PI), Carlos Rodriguez (Co-I), Laura Coker (Co-I), Amret 
Hawfield (Co-I), Joseph Yeboah (Co-I), Lenore Crago (CCN Coordinator) John Summerson 
(CCN Coordinator), Anita Hege (MIND Coordinator). 
 
SPRINT Central Coordinating Center:  Wake Forest University Health Sciences, Winston-
Salem, NC: David Reboussin (PI), Jeff Williamson (Co-PI), Walter Ambrosius (Co-I), William 
Applegate (Co-I), Greg Evans (Co-I),  Capri Foy (Co-I), Barry Freedman (Co-I), Dalane Kitzman 
(Co-I), Claudine Legault (Co-I), Mary Lyles (Co-I), Nick Pajewski (Co-I) , Steve Rapp (Co-I), 
Scott Rushing (Co-I), Neel Shah (Co-I), Kaycee M. Sink (Co-I, Safety Officer), Mara Vitolins 
(Co-I), Lynne Wagenknecht (Co-I), Valerie Wilson (Co-I), Letitia Perdue (Project Coordinator), 
Nancy Woolard (MIND Project Coordinator), Tim Craven (Biostatistician), Katelyn Garcia 
(Biostatistician), Sarah Gaussoin (Biostatistician), Laura Lovato (Biostatistician), Jill Newman 
(Biostatistician), Bobby Amoroso (Programmer), Patty Davis (Programmer), Jason Griffin 
(Programmer), Darrin Harris (Programmer), Mark King (Programmer), Kathy Lane 
(Programmer), Wes Roberson (Programmer), Debbie Steinberg (Programmer), Donna Ashford 
(Project Manager), Phyllis Babcock (Project Manager), Dana Chamberlain (Project Manager), 
Vickie Christensen (Project Manager), Loretta Cloud (Project Manager), Christy Collins (Project 
Manager), Delilah Cook (Project Manager), Katherine Currie (Project Manager), Debbie Felton 
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(Project Manager), Stacy Harpe (Project Manager), Marjorie Howard (Project Manager), 
Michelle Lewis (Project Manager), Pamela Nance (Project Manager), Letitia Perdue (Project 
Manager), Nicole Puccinelli-Ortega (Project Manager), Laurie Russell (Project Manager), 
Jennifer Walker (Project Manager), Brenda Craven (former Project Coordinator), Candace 
Goode (Data Coordinator), Margie Troxler (Fiscal Coordinator), Janet Davis (Administrative 
Support), Sarah Hutchens (Administrative Support). WFU CC Publication Acknowledgement:  
Wake Forest University Claude D. Pepper Older Americans Independence Center (P30-
AG21332). 
 
SPRINT Central Laboratory:  University of Minnesota Advanced Research and Diagnostic 
Laboratory: Anthony A. Killeen (PI), Anna M. Lukkari (coordinator).  Acknowledgement 
statement:  This project was supported by Award Number N01-HC-95240.  The content is 
solely the responsibility of the author and does not reflect the official views of the NHLBI. 
 
SPRINT Drug Distribution Center:  VA Cooperative Studies Program Clinical Research 
Pharmacy Coordinating Center:  Robert Ringer (PI), Brandi Dillard (coordinator), Norbert 
Archibeque, (coordinator) Stuart Warren (Co-I), Mike Sather (PI), James Pontzer (programmer), 
Zach Taylor (programmer). 
 
SPRINT ECG Reading Center: Epidemiological Cardiology Research Center (EPICARE), 
Winston Salem, NC:  Elsayed Z Soliman (PI), Zhu-Ming Zhang (Co-I), Yabing Li (coordinator), 
Chuck Campbell (coordinator), Susan Hensley (coordinator), Julie Hu (coordinator), Lisa 
Keasler (coordinator), Mary Barr (coordinator), Tonya Taylor (coordinator) 
 
SPRINT MRI Reading Center:  University of Pennsylvania-Philadelphia, PA:   
R. Nick  Bryan (PI), Christos Davatzikos (Co-I), Ilya Nasarallah (Co-I), Lisa Desiderio (Project 
Manager), Mark Elliott (MRI Physicist), Ari Borthakur (MRI Physicist), Harsha Battapady (Data 
Analyst), Guray Erus ( Postdoctoral Fellow), Alex Smith (Postdoctoral Fellow), Ze Wang 
(Research Associate), Jimit Doshi (Data Analyst).  SPRINT MRI by site:  University of 
Pennsylvania-Philadelphia, PA: Raymond Townsend (Clinic PI), Debbie Cohen (Co-I), 
Yonghong Huan (Co-I), Mark Duckworth (Research Coordinator), Virginia Ford (Research 
Coordinator), Kelly Sexton (MRI Coordinator).  University Hospital Case Medical Center-
Cleveland, OH: Jackson T. Wright, Jr. (PI), Alan Lerner (Co-I), Mahboob Rahman (Co-I), 
Carolyn Still (Project Manager), Alberta Bee (Research Coordinator), Debra Lee Stokes, (MRI 
coordinator), Shonte Smith (MRI coordinator), Jeffrey Sunshine (Site Radiologist), Mark 
Clampitt (MRI Technologist).  Vanderbilt University: Seth Smith (MRI Director), Brian Welch 
(MRI Research Manager), Manus Donahue ( MRI Physicist), Alex Dagley (Researcher 
Coordinator), Dave Pennell (MRI Technologist), Chris Cannistraci (Imaging Research 
Specialist), Kristin Merkle (MRI Research Coordinator), Julie Lewis (Clinic PI) Mohammed Sika 
(Research Coordinator).  University of Miami: Clinton Wright (Co-I), Mohammad Sabati (MRI 
Director), Edward Campuzano (Chief MRI Technologist), Hector Martin (MRI Technologist), 
Andrea Roman (MRI Technologist), Jesus Cruz (MRI Technologist), Natalya Nagornaya (Site 
Radiologist).  Wake Forest University: Laura Coker (Co-I), Anita Hege (Project Coordinator), 
Joseph Maldjian (Site Radiologist), Sandra Kaminsky (MRI Technologist), Debra Fuller (MRI 
Technologist), Youngkoo Jung (MRI Physicist).  University of Alabama at Birmingham: 
Suzanne Oparil (Network PI), Beth Lewis (Co-PI), Virginia Wadley (MIND Co-I), Kim Jenkins 
(Project Coordinator), Tom Ramsey (Project Coordinator), William Evanochko (MRI Physicist), 
Glenn Roberson (Site Radiologist), Trina Corbitt (MRI Technologist), William Fisher (MRI 
Technologist), Cathy Clements (MRI Technologist).  Boston University: Daniel Weiner (Clinic 
PI), Andrew Wells (Research Coordinator), Amanda Civiletto (Research Coordinator), Gerard P. 
Aurigemma (Clinic PI), Noelle Bodkin (Research Coordinator), Alex Norbash (Co-I,) Margaret 
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Lavoye (Research Administrator), Andrew Ellison (MRI Technologist), Ronald Killiany (Imaging 
Center Director), Osama Sakai (Site Radiologist). 
 
 
SPRINT Sub-Committee Chairs: Ancillary Science: Alfred Cheung, Design and Analysis: 
Walter Ambrosius, Economic Evaluation/Health Related Quality of Life: Dan Berlowitz, 
Intervention: William Cushman, Measurements, Procedures and Quality Control: Beth 
Lewis, Mortality and Morbidity: Suzanne Oparil, Presentations and Publications: Jackson T. 
Wright, Jr., Recruitment, Retention and Adherence: David Goff, Safety: Kaycee Sink, 
SPRINT MIND: Jeff Williamson. 
 
SPRINT Clinical Outcome Adjudicators: Suzanne Oparil, Cora Beth Lewis, Stephen Glasser, 
Udayan Bhatt, Edward Horwitz, Sankar Navaneethan, Michael Rocco, Amret Hawfield, Carlos 
Rodriguez, Matt Diamond, Gabe Contreras, Joseph Yeboah, Joseph Brent Muhlestein, Jamie 
Dwyer, Daniel Weiner, Debra Simmons, Michel Chonchol, Holly Kramer, Jeffrey Bates, Karen 
Servilla, Yelena Slinin, Kent Kirchner, Paolo Fanti, Clinton Wright, Alexander Auchus, Alan 
Lerner, Amer Malik, Negar Asdaghi, Dalane Kitzman, Barry Freedman, Vasillios 
Papademetriou, Shakaib Rehman, Arlene Chapman. 
 
SPRINT Clinical Centers by Network: OHIO Network: Cleveland Clinic Foundation-
Cleveland, OH: George Thomas (PI), (Co-PI), Martin Schreiber, Jr (Co-I), Sankar Dass 
Navaneethan (Co-I), John Hickner (Co-I), Michael Lioudis (Co-I), Michelle Lard (Co-I), Susan 
Marczewski (former coordinator), Jennifer Maraschky (coordinator), Martha Colman (former 
coordinator) Andrea Aaby (coordinator), Stacey Payne (coordinator), Melanie Ramos, 
(coordinator), Carol Horner (former coordinator).  Louis Stokes Cleveland VA Medical Center-
Cleveland, OH: Mahboob Rahman (PI), Paul Drawz (Co-I), , Pratibha P. Raghavendra (Co-I), 
Scott Ober (Co-I), Ronda Mourad (Co-I), Muralidhar Pallaki (Co-I), Peter Russo (Co-I), Pratibha 
Raghavendra, Co-I), Pual Fantauzzo (Co-I), Lisa Tucker (coordinator), Bill Schwing 
(coordinator).  MetroHealth Medical Center-Cleveland, OH: John R. Sedor (PI), Edward J. 
Horwitz (Co-PI), Jeffrey R. Schellling (Co-I), John F. O’Toole (Co-I), Lisa Humbert (coordinator), 
Wendy Tutolo (coordinator).  North East Ohio Neighborhood Health Center-Cleveland, OH: 
Suzanne White (PI), Alishea Gay (Former Co-I), Walter Clark, Jr (former PI), Robin Hughes 
(coordinator).  University Hospital Case Medical Center-Cleveland, OH: Jackson T. Wright, 
Jr. (PI), Mirela Dobre (CoPI), Carolyn H. Still (Co-I), Alberta Bee (coordinator), Monique 
Williams (coordinator).  The Ohio State University Medical Center, Division of Nephrology 
and Hypertension-Columbus, OH:  Udayan Bhatt (PI), Lee Hebert (former PI) Anil Agarwal 
(Co-PI), Melissa Brown Murphy (coordinator), Nicole Ford (former coordinator), Cynthia Stratton 
(coordinator), Jody Baxter (former coordinator), Alicia A. Lykins (former coordinator), Alison 
McKinley Neal (former coordinator) Leena Hirmath (former coordinator).  The Ohio State 
University Medical Center, Division of Endocrine, Diabetes, and Metabolism-Columbus, 
OH:  Osei Kwame (PI), Kyaw Soe (Co-I), William F. Miser (former Co-PI), Colleen Sagrilla 
(coordinator), Jan Johnston (coordinator), Amber Anaya (coordinator), Ashley Mintos 
(coordinator), Angel A. Howell (coordinator),  Kelly Rogers (former coordinator), Sara Taylor 
(former Co-I).  University Hospitals Landerbrook Health Center-Mayfield Height, OH:  
Donald Ebersbacher (PI), Lucy Long (coordinator), Beth Bednarchik (coordinator).  University 
Hospitals Glenridge Office Park-North Royalton, OH: Alan Wiggers (PI), Lucy Long 
(coordinator).  University Hospitals Suburban Health-Cleveland, OH: Adrian Schnall (PI), 
Jonathan Smith (coordinator), Lori Peysha (coordinator), Lori Peysha (coordinator), Beth 
Bednarchik (coordinator), Lisa Leach (coordinator), Megan Tribout (coordinator).  University 
Hospitals Otis Moss Jr. Health Center-Cleveland, OH: Carla Harwell (PI), Pinkie Ellington 
(coordinator).  SUNY Downstate Medical Center, New York: Mary Ann Banerji (PI), Pranav 
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Ghody (Co-I),   Melissa Vahídeh Rambaud (coordinator).  University of Pennsylvania-
Philadelphia, PA:  Raymond Townsend (PI), Debbie Cohen (Co-I), Yonghong Huan (Co-I), 
Mark Duckworth (former coordinator), Virginia Ford (coordinator), Juliet Leshner (coordinator), 
Ann Davison (coordinator), Sarah Vander Veen (coordinator).  Temple University-
Philadelphia, PA: Crystal A Gadegbeku (PI), Avi Gillespie (Co-I), Anuradha Paranjape (Co-I), 
Sandra Amoroso (coordinator), Zoe Pfeffer (coordinator), Sally B. Quinn (coordinator).   Tulane 
University-New Orleans, LA: Jiang He (PI), Jing Chen (Co-I), Eva Lustigova (coordinator), Erin 
Malone (coordinator).  Ochsner Clinic Foundation-New Orleans, LA:  Marie Krousel-Wood 
(PI), Richard Deichmann (Co-I), Patricia Ronney (Co-I), Susan Muery (coordinator), Donnalee 
Trapani (coordinator).  CWRU CCN Publication Acknowledgements: CWRU: This publication 
was made possible by the Clinical and Translational Science Collaborative of Cleveland, 
UL1TR000439 from the National Center for Advancing Translational Sciences (NCATS) 
component of the National Institutes of Health and NIH roadmap for Medical Research. Its 
contents are solely the responsibility of the authors and do not necessarily represent the official 
views of the NIH.  OSU: The project described was supported by Award 
Number UL1RR025755 from the National Center for Research Resources. The content is solely 
the responsibility of the authors and does not necessarily represent the official views of the 
National Center for Research Resources or the National Institutes of Health.  U Penn: The 
project described was supported by the National Center for Research Resources, Grant 
UL1RR024134, and is now at the National Center for Advancing Translational Sciences, Grant 
UL1TR000003. The content is solely the responsibility of the authors and does not necessarily 
represent the official views of the NIH.  SOUTHEAST Network:   Georgia Regents University, 
Augusta, GA: Matt Diamond (PI), Laura Mulloy (PI), Marcella Hodges (coordinator), Michelle 
Collins (coordinator), Charlene Weathers (coordinator), Heather Anderson (former coordinator), 
Emily Stone (former coordinator), Walida Walker (former coordinator).  Carolinas Medical 
Center, Charlotte, NC: Andrew McWilliams (PI), Michael Dulin (Co-I), Lindsay Kuhn (Co-PI), 
Susan Standridge (coordinator), Lindsay Lowe (coordinator), Kelly Everett (coordinator), Kelry 
Preston (former coordinator), Susan Norton (former coordinator), Silena Gaines (former 
coordinator).  University of South Carolina, Columbia, SC: Ali A. Rizvi (PI), Andrew W. Sides 
(Co-PI), Diamond Herbert (coordinator), Matthew M. Hix (coordinator), Melanie Whitmire (former 
coordinator (former coordinator), Brittany Arnold (former coordinator), Philip Hutchinson (former 
coordinator), Joseph Espiritu (former coordinator).  Duke University, Durham, NC: Mark 
Feinglos (PI), Eugene Kovalik (Co-PI), Georgianne Gedon-Lipscomb (coordinator), Kathryn 
Evans (coordinator), Connie Thacker (coordinator), Ronna Zimmer (coordinator), Mary Furst 
(coordinator), MaryAnn Mason (former coordinator). East Carolina University, Greenville, NC: 
James Powell (PI), Paul Bolin (Co-PI), Junhong Zhang (Co-PI), Mary Pinion (coordinator), Gail 
Davis (coordinator), Winifred Bryant (former coordinator), Presley Phelps (former coordinator), 
Connie Garris-Sutton (former coordinator), Beatrice Atkinson (former coordinator).  University 
of Miami, Miami, FL: Gabriele Contreras (PI), Maritza Suarez (Co-PI), Ivonne Schulman (Co-
PI), Don Koggan (coordinator), Jackie Vassallo (coordinator), Gloria Peruyera (former 
coordinator).  Wake Forest Nephrology, Winston Salem, NC: Michael Rocco (PI), Amret 
Hawfield (Co-PI), Cassandra Bethea (coordinator), Sheri Mayer (coordinator), Laura Gilliam 
(former coordinator).  Wake Forest Downtown Health Plaza, Winston Salem, NC: Carolyn 
Pedley (PI), Geraldine Zurek (coordinator), Miriam Baird (coordinator), Mary Martha Smoak 
(former coordinator).  Wake Forest Geriatrics, Winston Salem, NC: Julie Williams (PI), 
Samantha Rogers (Co-PI), Lindsay Gordon (coordinator), Erin Kennedy (coordinator), Beverly 
Belle (coordinator), Jessica McCorkle-Doomy (former coordinator), Jonathan Adams (former 
coordinator), Dana Chamberlain (former coordinator).  University of South Florida, Tampa, 
FL: Ramon Lopez (PI), Juris Janavs (coordinator).  Emory University, Atlanta, GA: Frederic 
Rahbari-Oskoui (PI), Arlene Chapman (former PI), Allen Dollar (former Co-PI), Olubunmi 
Williams (coordinator), Yoosun Han (former coordinator).  The Mayo Clinic Jacksonville, 
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Jacksonville, FL: William Haley (PI), Peter Fitzpatrick (Co-PI), Joseph Blackshear (Co-PI), 
Brian Shapiro (Co-PI), Anna Harrell (coordinator), Arta Palaj (coordinator), Katelyn Henderson 
(coordinator), Ashley Johnson (former coordinator), Heath Gonzalez (former coordinator), 
Jermaine Robinson (former coordinator).  Miami VA, Miami, FL: Leonardo Tamariz (PI), Ivonne 
Schulman (Co-PI), Jennifer Denizard (coordinator), Rody Barakat (former coordinator), Dhurga 
Krishnamoorthy (former coordinator).  Pennington Biomedical Research, Baton Rouge, LA: 
Frank Greenway (PI), Ron Monce (Co-I), Timothy Church (former PI), Chelsea Hendrick 
(coordinator), Aimee Yoches (coordinator), Leighanne Sones (coordinator), Markee Baltazar 
(former coordinator).  Morehouse School of Medicine, Atlanta, GA: Priscilla Pemu (PI), 
Connie Jones (coordinator), Derrick Akpalu (coordinator).  UTAH Network:  Boston University 
Medical Center, Boston MA:  Laura Dember (PI), Denise Soares (coordinator).  Henry Ford 
Hospital, Detroit MI:  Jerry Yee (PI), Kausik Umanath (Co-PI), Naima Ogletree (Sub-I), 
Schawana Thaxton (Sub-I), Karen Campana (coordinator), Dayna Sheldon (coordinator), Krista 
MacArthur (coordinator).  Intermountain Health Care, Salt Lake City UT:  J. Brent Muhlestein 
(PI), Nathan Allred (Co-I), Brian Clements (Co-I), Ritesh Dhar (Co-I), Kent Meredith (Co-I), Viet 
Le (Co-I), Edward Miner (Co-I), James Orford (Co-I), Erik R. Riessen (Co-I), Becca Ballantyne 
(coordinator), Ben Chisum (coordinator), Kevin Johnson (coordinator), Dixie Peeler 
(coordinator).  Stanford University, Palo Alto CA:   Glenn Chertow (PI), Manju Tamura (Co-
PI), Tara Chang (Co-I), Kevin Erickson (Co-I), Jenny Shen (Co-I), Randall S. Stafford (Co-I), 
Gregory Zaharchuk (Co-I), Margareth Del Cid (coordinator), Michelle Dentinger (coordinator), 
Jennifer Sabino (coordinator), Rukmani Sahay (coordinator), Ekaterina (Katie) Telminova 
(coordinator).  Tufts Medical Center, Boston MA:  Daniel E. Weiner (PI), Mark Sarnak (Co-I), 
Lily Chan (coordinator), Amanda Civiletto (coordinator), Alyson Heath (coordinator), Amy Kantor 
(coordinator), Priyanka Jain (coordinator), Bethany Kirkpatrick (coordinator), Andrew Well 
(coordinator), Barry Yuen (coordinator). University of Colorado, Denver, Denver CO:  Michel 
Chonchol (PI), Beverly Farmer (coordinator), Heather Farmer (coordinator), Carol Greenwald 
(coordinator), Mikaela Malaczewski (coordinator).  University of Illinois, Chicago, Chicago IL:  
James Lash (PI), Anna Porter (Co-I), Ana Ricardo (Co-I), Robert T. Rosman (Co-I), Janet 
Cohan (coordinator), Nieves Lopez Barrera (coordinator), Daniel Meslar (coordinator), Patricia 
Meslar (coordinator).  University of Pittsburgh, Pittsburgh PA:  Margaret (Molly) Conroy (PI), 
Mark Unruh (PI), Rachel Hess (Co-PI), Manisha Jhamb (Co-I), Holly Thomas (Co-I), Pam Fazio 
(coordinator), Elle Klixbull (coordinator), Melissa Komlos-Weimer (coordinator),  LeeAnne 
Mandich (coordinator), Tina Vita (coordinator).  University of Texas Southwestern, Dallas TX:  
Robert Toto (PI), Peter Van Buren (Co-I), Julia Inrig (Co-I), Martha Cruz (coordinator), Tammy 
Lightfoot (coordinator), Nancy Wang (coordinator), Lori Webster (coordinator).  University of 
Utah, Salt Lake City UT:  Srinivasan Beddhu (PI), Kalani Raphael (Co-I), Barry Stults (Co-I), 
Tahir Zaman (Co-I), Debra Simmons (Co-I), Tooran Lavasani (nurse practitioner), Rebecca 
Filipowicz (Sr. research analyst), Guo Wei (Sr research analyst), Gracie Mary Miller 
(coordinator), Jenice Harerra (coordinator), Jeff Christensen (Clinical research assistant), Ajay 
Giri (Clinical research assistant), Xiaorui Chen (graduate research assistant), Natalie Anderton 
(graduate research assistant), Arianna Jensen (undergraduate research assistant).  Vanderbilt 
University, Nashville TN:  Julia Lewis (PI), Anna Burgner (Co-I), Jamie P. Dwyer (Co-I), 
Gerald Schulman (Co-I), Terri Herrud (coordinator), Ewanda Leavell (coordinator), Tiffany 
McCray (coordinator), Edwina McNeil-Simaan (coordinator), Munmun Poudel (coordinator), 
Malia Reed (coordinator), Mohammed Sika (coordinator), Delia Woods (coordinator), Janice L. 
Zirkenbach (coordinator).  George Washington University, Washington DC:  Dominic S. Raj 
(PI), Scott Cohen (Co-I), Samir Patel (Co-I), Manuel Velasquez (Co-I), Roshni S. Bastian 
(coordinator), Maria Wing (coordinator) Akshay Roy-Chaudhury (Coordinator).  University of 
California, Davis, Sacramento CA:  Thomas Depner (PI), Lorien Dalyrymple (Co-I), George 
Kaysen (Co-I), Susan Anderson (coordinator).  Salt Lake City VA, Salt Lake City UT:  
Srinivasan Beddhu (PI), John Nord (Co-I), Debra Simmons (Co-I), Gracie Mary Miller 
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(coordinator), Jenice Harerra (coordinator), Ajay Giri (Clinical research assistant). Veterans 
Medical Research Foundation, San Diego CA:  Joachim H. Ix (PI), Leonard Goldenstein (Co-
PI), Cynthia M. Miracle (Co-I), Nketi Forbang (coordinator), Maja Mircic (coordinator), Brenda 
Thomas (coordinator), Tiffany Tran (coordinator).  UCLA, Los Angeles CA:  Anjay Rastogi (PI), 
Mihae Kim (Sub-PI), Mohamad Rashid (Co-PI), Bianca Lizarraga (coordinator), Amy Hocza 
(coordinator), Kristine Sarmosyan (coordinator), Jason Norris (coordinator), Tushar Sharma 
(coordinator), Amanda Chioy (coordinator), Eric Bernard (coordinator), Eleanore Cabrera 
(coordinator), Christina Lopez (coordinator), Susana Nunez (coordinator), Joseph Riad 
(coordinator), Suzanne Schweitzer (coordinator), Siran Sirop (coordinator), Sarah Thomas 
(coordinator), Lauren Wada (coordinator).  Loyola University Medical Center, Chicago IL:  
Holly Kramer (PI), Vinod Bansal (Co-PI), Corliss E. Taylor (coordinator).  University of Florida, 
Gainesville FL:  Mark S. Segal (PI), Karen L. Hall (Co-I), Amir Kazory (Co-I), Lesa Gilbert 
(coordinator), Linda Owens (coordinator), Danielle Poulton (coordinator), Elaine Whidden 
(coordinator).  University of Michigan, Ann Arbor MI:  Caroline Blaum (PI), Jocelyn (Jo) 
Wiggins (PI), Tanya Gure (Co-I), Linda Nyquist (Co-I), Eileen Robinson (coordinator).  UTAH 
CCN Publication Acknowledgments:  Boston: The trial was supported by a CTSA grant UL1 
RR025771.  Stanford:  Spectrum is part of the Clinical and Translational Science Award 
(CTSA) program, funded by the National Center for Advancing Translational Sciences (Grant: 
UL1 TR000093) at the National Institutes of Health (NIH). All publications resulting from the use 
of Spectrum resources must cite this grant number.  Tufts:  The project described was 
supported by the National Center for Research Resources Grant Number UL1RR025752 and 
the National Center for Advancing Translational Sciences, national Institutes of Health, Grant 
Numbers UL1 TR000073 and UL1 TR001064.  The content is solely the responsibility of the 
authors and does not necessarily represent the official views of the NIH.  University of Illinois:  
The project described was supported by Grant number UL1TR000050, Clinical Interface Core.  
UT Southwestern:  The current CTSA grant number is 9U54TR000017-06.  University of Texas 
Southwestern Clinical and Translational Alliance for Research.  University of Utah:  CTSA 
Grant number is UL1TR000105-05.  Center for Clinical and Translational Science.  Vanderbilt 
University: Research reported in this publication was supported by the National Center for 
Advancing Translational Sciences of the National Institute of Health under Award Number UL1 
TR000445.  The content is solely the responsibility of the authors and does not necessarily 
represent the official views of the National Institutes of Health.  Vanderbilt Institute for Clinical 
and Translational Research (VICTR).  University of CA, Davis:  CTSA Grant number UL1 
TR000002.  National Center for Advancing Translational Sciences.  University of Florida:  This 
work is supported in part by the NIH/NCATS Clinical and Translational Science Award to the 
University of Florida, Award Number UL1 TR000064; UF Clinical Research Center (UF CRC).  
University of Michigan:  This work is supported in part by the Michigan Institute for Clinical 
and Health Research, Award Number UL1TR000433.   
UAB Network:  Athens Internal Medicine, Athens, AL: Nauman Qureshi (PI), Karen 
Ferguson (coordinator), Sumrah Haider (coordinator), Mandy James (coordinator), Christy  
Jones (coordinator), Kim Renfroe (coordinator), April Seay (coordinator), Carrie Weigart 
(coordinator).  UAB - The Chronic Kidney Disease Clinic, Birmingham, AL: Denyse 
Thornley-Brown (PI), Dana Rizik (Co-I), Bari Cotton (coordinator),  Meredith Fitz-Gerald 
(coordinator), Tiffany Grimes (coordinator), Carolyn Johnson (coordinator), Sara Kennedy 
(coordinator), Chanel  Mason (coordinator),  Lesa Rosato-Burson (coordinator), Robin 
Willingham (coordinator).  UAB - Vascular Biology and Hypertension Clinic, Birmingham, 
AL: David Calhoun (PI), Eric Judd (Co-I), Tonya Breaux-Shropshire (coordinator), Felice Cook 
(coordinator), Julia Medina (coordinator).  Nephrology Associates, P.C., Birmingham, AL: 
James Lewis (PI), Roman Brantley (Co-I), John Brouilette (Co-I), Jeffrey Glaze (Co-I), 
Stephanie Hall (Co-I), Nancy Hiott (Co-I), David Tharpe (Co-I), Spencer Boddy (coordinator), 
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Section 2.   Inclusion and Exclusion Criteria 
    
a) Inclusion Criteria 
 
1. At least 50 years old 

 
2. Systolic blood pressure  

SBP: 130 – 180 mm Hg on 0 or 1 medication 
SBP: 130 – 170 mm Hg on up to 2 medications 
SBP: 130 – 160 mm Hg on up to 3 medications 
SBP: 130 – 150 mm Hg on up to 4 medications 

 
3. There are no diastolic blood pressure (DBP) inclusion criteria, since risk is more related to 

SBP than DBP in the age and risk population anticipated for SPRINT.  If a screenee is 
otherwise eligible for SPRINT but presents with a treated BP and/or number of medications 
that fall outside the SPRINT inclusion criteria, BP-lowering medications may be adjusted 
prior to the randomization visit to determine whether, with such adjustments, the screenee 
will meet eligibility criteria for SPRINT. A screenee who presents on no BP medications 
should have documentation of SBP ≥130 mm Hg on 2 visits within 3 months prior to the 
randomization visit in order to be eligible for the trial. 
 

4. Risk (one or more of the following): 
a) Presence of clinical* or subclinical** cardiovascular disease other than stroke 
b) CKD, defined as eGFR   20 – 59 ml/min/1.73m2 based on the 4-variable Modification 

of Diet in Renal Disease (MDRD) equation and latest lab value, within the past 6 
months. (If the serum creatinine is unstable within the last 6 months, enrollment into 
SPRINT could be delayed until the serum creatinine has been stabilized and the 
eGFR is still within the allowed range.) 

c) Framingham Risk Score for 10-year CVD risk ≥ 15% based on laboratory work done 
within the past 12 months for lipids  

d) Age ≥ 75 years. 
 
* Clinical CVD (other than stroke) 

a) Previous myocardial infarction (MI), percutaneous coronary intervention (PCI), 
coronary artery bypass grafting (CABG), carotid endarterectomy (CE), carotid 
stenting  

b) Peripheral artery disease (PAD) with revascularization 
c) Acute coronary syndrome with or without resting ECG change, ECG changes on 

a graded exercise test (GXT), or positive cardiac imaging study  
d) At least a 50% diameter stenosis of a coronary, carotid, or lower extremity artery 
e) Abdominal aortic aneurysm (AAA) ≥5 cm with or without repair 

 
** Subclinical CVD 

a) Coronary artery calcium score ≥ 400 Agatston units within the past 2 years. 
b) Ankle brachial index (ABI) ≤0.90 within the past 2 years. 
c) Left ventricular hypertrophy (LVH) by ECG (based on computer reading), 

echocardiogram report, or other cardiac imaging procedure report within the past 
2 years. 

 
b) Exclusion Criteria 
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1. An indication for a specific BP lowering medication (e.g., beta-blocker following acute 

myocardial infarction) that the person is not taking and the person has not been 
documented to be intolerant of the medication class. (If a screenee has a non-hypertension 
indication for a BP-lowering medication (e.g., beta-blocker post-MI, renin angiotensin 
system (RAS) blocker for CVD prevention, or alpha blocker for benign prostatic hypertrophy 
(BPH)), the screenee should be on the appropriate dose of such medication before 
assessing whether he/she meets the SPRINT inclusion criteria.  If the investigator believes 
that a potential participant has such an indication but is not receiving appropriate treatment, 
he/she should encourage the potential participant’s primary care provider to consider 
placing the patient on the appropriate therapy prior to proceeding with the screening 
process.) 

2. Known secondary cause of hypertension that causes concern regarding safety of the 
protocol. 

3. One minute standing SBP < 110 mm Hg.  Not applicable if unable to stand due to 
wheelchair use. 

4. Proteinuria in the following ranges (based on a measurement within the past 6 months) 
(a) 24 hour urinary protein excretion ≥1 g/day, or  
(b) If measurement (a) is not available, then 24 hour urinary albumin excretion ≥ 600 

mg/day, or  
(c) If measurements (a) or (b) are not available, then spot urine protein/creatinine ratio ≥ 

1 g/g creatinine, or 
(d) If measurements (a), (b), or (c) are not available, then spot urine albumin/creatinine 

ratio ≥ 600 mg/g creatinine, or  

(e) If measurements (a), (b), (c), or (d) are not available, then urine dipstick  2+ protein 
5. Arm circumference too large or small to allow accurate blood pressure measurement with 

available devices 

6. Diabetes mellitus.  Participants taking medications for diabetes at any time in the last 12 
months are excluded.   Participants are also excluded if there is documentation of: FPG at 
or above 126 mg/dL, A1C ≥6.5 percent, a two-hour value in an OGTT (2-h PG) at or above 
200 mg/dL or a random plasma glucose concentration ≥200 mg/dL.  The diagnosis of 
diabetes must be confirmed on a subsequent day by repeat measurement, repeating the 
same test for confirmation. However, if two different tests (eg, FPG and A1C) are available 
and are concordant for the diagnosis of diabetes, additional testing is not needed. If two 
different tests are discordant, the test that is diagnostic of diabetes should be repeated to 
confirm the diagnosis.  

7. History of stroke (not CE or stenting) 
8. Diagnosis of polycystic kidney disease 
9. Glomerulonephritis treated with or likely to be treated with immunosuppressive therapy 
10. eGFR <   20 ml/min /1.73m2 or end-stage renal disease (ESRD)  
11. Cardiovascular event or procedure (as defined above as clinical CVD for study entry) or 

hospitalization for unstable angina within last 3 months 
12. Symptomatic heart failure within the past 6 months or left ventricular ejection fraction (by 

any method) < 35% 
13.    A medical condition likely to limit survival to less than 3 years, or a cancer diagnosed and 

treated within the past two years that, in the judgment of clinical study staff, would 
compromise a participant’s ability to comply with the protocol and complete the trial.  
Exceptions to the exclusion for diagnosed cancer would include, for example, non-
melanoma skin cancer, early-stage prostate cancer, localized breast cancer. 

14. Any factors judged by the clinic team to be likely to limit adherence to interventions.  For 
example, 
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(a) Active alcohol or substance abuse within the last 12 months  
(b) Plans to move outside the clinic catchment area in the next 2 years without the ability 

to transfer to another SPRINT site, or plans to be out of the study area for more than 
3 months in the year following enrollment. 

(c) Significant history of poor compliance with medications or attendance at clinic visits  
(d) Significant concerns about participation in the study from spouse, significant other, or 

family members 
(e) Lack of support from primary health care provider 
(f) Residence too far from the study clinic site such that transportation is a barrier 

including persons who require transportation assistance provided by the SPRINT 
clinic funds for screening or randomization visits  

(g) Residence in a nursing home. Persons residing in an assisted living or retirement 
community are eligible if they meet the other criteria. 

(h) Clinical diagnosis of dementia, treatment with medications for dementia, or in the 
judgment of the clinician cognitively unable to follow the protocol 

(i) Other medical, psychiatric, or behavioral factors that in the judgment of the Principal 
Investigator may interfere with study participation or the ability to follow the 
intervention protocol 

15. Failure to obtain informed consent from participant  
16. Currently participating in another clinical trial (intervention study). Note: Patient must wait 

until the completion of his/her activities or the completion of the other trial before being 
screened for SPRINT. 

17. Living in the same household as an already randomized SPRINT participant 
18. Any organ transplant 
19. Unintentional weight loss > 10% in last 6 months 
20. Pregnancy, currently trying to become pregnant, or of child-bearing potential and not using 

birth control 
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Section 3. Definition of Study Outcomes 
 
The primary outcome measure for SPRINT will be major CVD events, defined as the composite 
endpoint comprised of the first occurrence of a myocardial infarction (MI), non-MI acute 
coronary syndrome (non-MI ACS), stroke, heart failure (HF), or death attributable to 
cardiovascular disease (CVD). 
 
MI DEFINITION: Generally defined as death of part of the myocardium due to an occlusion of a 
coronary artery from any cause, including spasm, embolus, thrombus or rupture of a plaque.  
The definition includes MI that occurred during surgery/procedure and MI aborted by 
thrombolytic therapy or procedure, as well as due to demand ischemia (1,2).  MI will be 
ascertained both from adjudication of hospital records for clinical events and also from the 
finding of new significant Q waves from the standardized interpretation of the study visit-
obtained ECG (silent or unrecognized MI).   
 
Table 1.  SPRINT Classification of MI (1) 

  
 Positive biomarker findings 

 

  
Cardiac symptoms or signs present 

 

 
Cardiac symptoms or signs absent 

ECG 
Findings** 

 
Diagnostic

+ 
 

Equivocal
+ 

 
Missing

+
  

 
Normal

+ 
 

Diagnostic 
 

Equivocal 
 

Missing 
 

Normal 

Evolving 
diagnostic 

Def Def Def Def Def Def Def Def 

Positive Def Prob Prob No Def Prob Poss No 
 

Nonspecific        Def Poss No No Def* Poss No No 
 

Negative for 
evolving 
ischemia 

Def Poss No No Def* No No No 

*In absence of diagnostic troponin, downgrade to possible.   
**Def = Definite indicates definite MI; Prob = Probable, probable MI; Poss = Possible, possible 
MI; and No, no MI. Classification of case is at highest level allowed by combinations of 3 
characteristics (cardiac signs and symptoms, ECG findings, biomarkers). 
 
Biomarker criteria (1-3): 
+Diagnostic = At least 1 positive biomarker (at least 1 value at least twice the upper limit of 
normal) in an adequate set of biomarkers showing a rising or falling pattern in the setting of 
clinical cardiac ischemia and the absence of noncardiac causes of biomarker elevation.  An 
adequate set is at least 2 measurements of the same marker taken at least 6 hours apart. 
Equivocal = Present but not diagnostic.  Missing = Not available for the time of the event.  
Normal = Normal.  Troponin will take precedence over CK-MB, and CK-MB will take precedence 
over CK if both are available. Enzymes following CPR are non-interpretable; cardiac ablation, 
pacing and defibrillator shocks are causes of myocardial injury not related to ischemia (2).   
 
The 2003 AHA Scientific Statement (1) and the Universal Definition (4) define positive 
biomarkers as “the 99th percentile of the distribution in healthy populations, or the lowest level at 
which a 10% coefficient of variation can be demonstrated for that laboratory” assay. 
 
Cardiac symptoms and signs 
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Cardiac symptoms. Cardiac symptoms include symptoms suggestive of an ischemic cause 
and include (but are not limited to) acute chest, neck, jaw, arm pain, or epigastric pain, or 
discomfort or pressure without apparent non-cardiac cause. More general, atypical symptoms, 
such as fatigue, nausea, vomiting, diaphoresis, faintness, and back pain, should not be used.   
 
Cardiac signs.  These can be used for determination of MI, and include acute HF or 
cardiogenic shock in the absence of non-CHD causes. These can be especially helpful when 
the patient is unable to provide a history on presentation.   
 
ECG Criteria 
 
Evolving: evolution of a new diagnostic Q wave; OR equivocal Q wave and evolution of major 
ST depression or elevation or T wave inversion 
Positive: evolving ST elevation alone; OR evolving equivocal Q wave and evolving ST or T 
wave depression or inversion; OR new left bundle branch block 
Nonspecific: evolving minor Q wave alone or evolving non-ST elevation non-Q wave pattern 
(including evolving ST depression alone) 
Negative for evolving ischemia:  Normal ECG(s), or findings other than those described in the 
above categories 
 
Aborted MI 
Aborted MI is defined as positive signs/symptoms and positive ECG, but enzymes remain below 
the upper limit of normal and the participant received emergent treatment for cardiac ischemia 
(thrombolytic or revascularization).   
 
Procedure Related MI 
For PTCA, levels of CK- MB or troponin above 3 times the ULN within 48 hours of the 
procedure will be characterized as positive (4). Similarly for CABG, levels of troponin or MB 
above 5 times the ULN within 48 hours of the procedure will be categorized as positive.  Total 
CK will not be used for post-CABG enzymes (4).    
 
A revascularization procedure performed for the treatment of acute ischemia (e.g., angioplasty 
following the presentation of acute coronary syndrome/MI) should not be considered as 
procedure-related (1); however, the occurrence of a second MI with the revascularization 
procedure will be recorded.  The procedure-related MI category is intended to identify MIs that 
occurred only after the procedure, and were not already in evolution.  
 
NON-MI ACS Definition: Defined as hospitalization for evaluation and treatment of an 
accelerating or new symptom pattern consistent with coronary artery insufficiency without 
meeting the definition of MI, but requiring evaluation to rule-out MI on clinical 
presentation.  Non-MI ACS will also require objective findings of coronary ischemia. 
 
Non MI ACS will be defined by one of 3 clinical presentations: 

1. New cardiac symptoms and positive ECG findings with normal biomarkers not meeting 
criteria for MI, or  

2. A changing symptom pattern and positive ECG findings with normal biomarkers not 
meeting criteria for MI, or  

3. New or changing cardiac symptoms with normal biomarkers and ECGs but with further 
confirmatory evidence of CAD (eg 70% cross-sectional obstruction in at least one major 
coronary artery or branch on angiography at or near the time of admission, treatment with 
revascularization; prior documented CAD – prior CABG, PTCA, etc- positive exercise test 
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at or near the time of admission, perfusion defect documented on stress scintigraphy or 
echo).  Stress testing within approximately one month prior to admission or occurring 
during admission will be accepted as related to a particular hospital admission for 
possible non-MI ACS. 

 
Non-MI ACS requires an unscheduled admission that must have begun within 24 hours of 
the most recent symptoms.  Escalation of pharmacotherapy such as intravenous nitrates or 
increasing dosages of β-blockers, should be considered supportive but not diagnostic of non-MI 
ACS.   
 
STROKE DEFINITION:  Stroke is generally defined as neurological deficit of cerebrovascular 
cause that persists beyond 24 hours or is interrupted by death within 24 hours (5).  Stroke will 
be classified as brain infarction, subarachnoid hemorrhage, intraparenchymal hemorrhage, 
other hemorrhage, other type, or unknown type.   
 
Brain infarction (ischemic stroke) is defined as a new lesion detected by computed tomography 
or magnetic resonance imaging or, in the absence of a new lesion on available imaging, clinical 
findings consistent with the occurrence of stroke that lasted for more than 24 hours (6).   Brain 
infarctions will be further sub-typed large artery atherosclerosis, cardio-aortic embolism, small 
artery occlusion, other causes, and undetermined causes (7, 8).   
 
Strokes following invasive cardiovascular interventions will also be classified as such. Strokes 
after cardiovascular invasive interventions will be defined as those associated with the 
intervention within 7 days. Stroke post non-cardiovascular surgery will be defined as occurring 
within 7 days of non-cardiovascular surgery or other invasive procedure  
 
Case definitions are based on the World Health Organization definition of stroke, and the 
updated definition of TIA that is imaging, rather than time, based (9).  
  
Stroke is defined as a rapid onset of focal neurological symptoms, headache, or meningismus 

AND 
Deficit not due to closed head injury, intracranial neoplasm, coma due to metabolic disorders 
or disorders of fluid or electrolyte balance, peripheral neuropathy, or central nervous system 
infections (encephalitis or meningitis – subacute bacterial endocarditis would be counted as 
stroke), or other non-vascular cause 

 
AND 

Lesion on brain imaging consistent with symptoms 
OR 
Evidence of central or branch retinal artery occlusion 
OR 
Death within 24 hours without resolution of symptoms 
 

Subarachnoid Hemorrhage (SAH) 
Sudden onset of severe headache, meningismus, depressed consciousness or coma, or 
focal neurological symptoms 

AND 
Bloody spinal fluid within a few minutes or hours of onset 
OR 
Xanthochromic spinal fluid after 12 hours 
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OR 
CT or MRI findings indicating a blood clot in the Sylvian fissure, between the 
frontal    lobes, in the basal cisterns, or in a ventricle (without associated 
intraparenchymal hematoma)  
AND 
SAH is spontaneous and did not occur as a result of trauma or other process. 
 
OR 
Angiographic identification of a saccular aneurysm as a source of bleeding WITH  
bloody or xanthochromic spinal fluid 
OR 
Surgical or autopsy evidence of saccular aneurysm in the appropriate clinical setting or 
with evidence of SAH 

 
Intraparenchymal Hemorrhage (IPH): A focal collection of blood within the brain parenchyma or 
ventricular system that is not cause by trauma (10). 

 
Sudden onset of focal neurological symptoms or coma 

AND 
An area of increased density indicative of IPH identified by CT or MRI 
OR 
Demonstration of an IPH at autopsy or, surgery 
OR 
Cerebral angiographic, surgical, or autopsy evidence of a vascular mass without 
evidence of aneurysm or arteriovenous malformation 

 
Other Hemorrhage (OH): subdural and epidural hematomas are not considered strokes (10). 
Insufficient data to classify SAH or IPH 

AND 
Imaging shows blood in the parenchyma, subarachnoid space, ventricle, or any 
combination of the above 
OR 
Bloody (nontraumatic) or xanthochromic spinal fluid 
OR 
Surgical or autopsy evidence of blood in the parenchyma, subarachnoid space, 
ventricle, or any combination 
 

Brain Infarction (INF): An episode of neurological dysfunction caused by focal cerebral or retinal 
infarction. 

 
Not meeting criteria for SAH, IPH, or OH 

AND 

Sudden onset of focal neurological symptoms or coma leading to death or lasting > 24 hours 

AND 
Consistent imaging findings (i.e. no SAH, IPH), or clinically consistent lesion compatible with 
infarction or hemorrhagic infarction 
OR 
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Autopsy or surgical evidence of a nonhemorrhagic (ischemic) infarct of the brain (cerebral 
thrombosis or cerebral embolism) 

 
Brain Infarct Subtypes 

Large artery atherosclerosis 

Evident 

Either occlusive, or stenotic vascular disease judged to be due to atherosclerosis in the 
clinically-relevant extracranial or intracranial arteries 

[50% diameter reduction or <50% diameter reduction with plaque ulceration or 
thrombosis, or plaque with <50% diameter reduction that is seated at the site of the 
origin of the penetrating artery supplying the region of an acute lacunar infarct] 

AND 

The absence of acute infarction in vascular territories other than the stenotic or occluded 
artery 

Probable 

Prior history of one or more transient monocular blindness (TMB), TIA, or stroke in the 
territory of index artery affected by atherosclerosis within the month preceding the index 
stroke 

OR 

Evidence of thrombosis, near-occlusive stenosis, or non-chronic complete occlusion 
judged to be due to atherosclerosis in the clinically-relevant extracranial or intracranial 
arteries (except for the vertebral arteries) 

OR 

The presence of ipsilateral and unilateral acute internal watershed infarctions or multiple, 
temporally separate, infarctions exclusively within the territory of the affected artery 

Possible 

The presence of an atherosclerotic plaque protruding into the lumen and causing mild 
stenosis (<50%) in the absence of any detectable plaque ulceration or thrombosis in a 
clinically-relevant extracranial or intracranial artery and prior history of two or more TMB, 
TIA, or stroke from the territory of index artery affected by atherosclerosis, at least one 
event within the last month 

Cardio-aortic embolism 

Evident 

The presence of a high-risk cardiac source of cerebral embolism (left atrial or ventricular 
thrombus, atrial fibrillation, sick sinus, atrial flutter, recent MI, rheumatic aortic or mitral 
disease, prosthetic valve, chronic MI plus EF<28%, symptomatic CHF with EF<30%, 
dilated cardio myopathy, non-bacterial endocarditis, SBE, papillary elastoma, myxoma)  

Probable 

Evidence of systemic embolism 

OR 
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The presence of multiple temporally related acute infarctions within both right and left 
anterior, or both anterior and posterior, circulations in the absence of non-embolic 
occlusion or near occlusive stenosis of all relevant vessels 

AND 

Other diseases that can cause multifocal ischemic brain injury such as vasculitides, 
vasculopathies, and haemostatic or hemodynamic disturbances must not be present 

Possible 
The presence of a cardiac condition with low or uncertain primary risk of cerebral 
embolism (mitral calcification, PFO, PFO/ASA, left ventricular aneurysm without 
thrombus, left atrial smoke, aortic athero, other arrhythmias) 
 

Small artery occlusion 

Evident 

Imaging evidence of a single and clinically relevant acute infarction less than 20 mm in 
greatest diameter within the territory of basal or brainstem penetrating arteries 

AND 

Absence of any focal other pathology in the parent artery at the site of the origin of the 
penetrating artery (focal atheroma, parent vessel dissection, vasculitis, vasospasm, etc.) 

Probable 

The presence of stereotypic lacunar transient ischemic attacks within the last week 

OR 

The presence of a lacunar syndrome (pure motor, pure sensory, sensorimotor, ataxic 
hemiparesis, dysarthria-clumsy hand) 

Possible 

Presenting with a classical lacunar syndrome in the absence of imaging that is sensitive 
enough to detect small infarctions 

Other uncommon etiology 

Evident 

The presence of a specific disease process that involves clinically-appropriate brain 
arteries 

Probable 

A specific disease process that has occurred in clear and close temporal or spatial 
relationship to the onset of brain infarction such as arterial dissection, cardiac or arterial 
surgery, and cardiovascular interventions 

Possible 

Evidence for an evident other cause in the absence of complete diagnostic investigation 
for mechanisms listed above 

Undertermined Cause 

Unknown 

Cryptogenic embolism: 
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Angiographic evidence of abrupt cut-off consistent with a blood clot within 
otherwise angiographically normal appearing intracranial arteries 

OR  

Imaging evidence of complete recanalization of previously occluded artery 

OR 

Presence of multiple acute infarctions that have occurred closely-related in time 
without detectable abnormality in the relevant vessels 
 

Other cryptogenic 
Those not fulfilling the criteria for cryptogenic embolism 
 

Incomplete evaluation 
The absence of diagnostic tests that, up to the examiner`s judgment, their 
presence would have been essential to uncover the underlying etiology 
 

Unclassified 
The presence of more than one possible or evident mechanism where there is either 
probable evidence for each, or no probable evidence to be able to establish a single 
cause 

 
Other Stroke (OS) 

Not meeting criteria for SAH, IPH, OH, or INF (e.g. cerebral sinus thrombosis 
with IPH, dissection) 
 

Unknown Stroke Type (UNK) 
Insufficient data to classify as SAH, IPH, OH, INF, or OS (e.g. no data available) 
 

HEART FAILURE DEFINITION: Defined as hospitalization, or emergency department visit 
requiring treatment with infusion therapy, for a clinical syndrome that presents with multiple 
signs and symptoms consistent with cardiac decompensation/inadequate cardiac pump 
function.  Adjudication will use the ARIC study adjudication system (11).  The SPRINT HF 
outcome will include definite or possible acute decompensation, including HF with preserved left 
ventricular ejection fraction as well as HF with reduced ejection fraction.  HF cases may also be 
adjudicated as chronic stable HF but this is not considered a SPRINT outcome.  No 
identification of HF should rely on a single piece of data such as the presence of dyspnea or of 
edema, a low ejection fraction, or an increased brain naturetic peptide (BNP) value. 
 
In order to consider an ED only visit as either definite or possible decompensated HF, the 
medical record must contain specific, clear, and unequivocal documentation that IV therapy was 
administered, regardless of the strength of the history, physical exam, and evaluations.  
Intravenous therapy must consist of a loop diuretic or an inotropic agent. 
 
Right sided heart failure due to lung disease with no component of left sided heart failure is very 
unlikely to respond to SPRINT interventions. Right sided heart failure will not be considered a 
SPRINT outcome and will not be adjudicated as such. 
 
Evidence of signs and symptoms that may indicate new or decompensated heart failure include 
evidence of increasing or new onset shortness of breath, increasing or new onset edema, 
increasing or new onset paroxysmal nocturnal dyspnea, increasing or new onset orthopnea, 
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increasing or new onset hypoxia; and evidence in the doctor’s notes that the reason for this 
hospitalization, or ED visit, was heart failure.  Avoid assigning a classification of definite or 
possible decompensated heart failure if the symptoms include edema without respiratory 
symptoms unless there is other compelling evidence of heart failure. 
 
Definite decompensated heart failure, i.e., decompensation clearly present based on 
available data (satisfies criteria for decompensation).  

 
Possible decompensated heart failure, i.e., decompensation possibly but not definitively 
present.  A typical case of “possible” rather than “definite” would be due to the presence of co-
morbidity that could account for the acute symptoms (COPD exacerbation, for example). In 
general, prefer “possible” whenever the evidence for decompensation (symptoms, signs, 
imaging) is subtle.   

 
Chronic stable heart failure i.e., no decompensation but participant has chronic heart failure. 
“Stable” also denotes “compensated” heart failure (not necessarily asymptomatic, but that 
patient’s chronic HF symptoms are controlled with therapy and there is no evidence of 
augmentation of therapy for worsening HF during the hospitalization.) Note: This includes 
participants with asymptomatic LV dysfunction (evidence of LV systolic dysfunction, i.e., EF < 
50%, and no heart failure symptoms).  

 
HF unlikely should generally be chosen if the patient is on chronic dialysis and symptoms are 
due to inadequate dialysis with no evidence of cardiac systolic or diastolic dysfunction or history 
of clinical heart failure.  Patients with ESRD on dialysis may be classified as “possible 
decompensated HF” (or possibly “definite”) when there is appropriate supporting evidence for 
heart failure and the primary cause of the exacerbation is unlikely due to inadequate or missed 
dialysis.  Patients with ESRD and low LVEF who had inadequate dialysis as the cause of 
volume overload should be classified as HF unlikely.   
 
DEATH DEFINITIONS: Causes of death include: 

 Underlying cause of death is the disease or injury that initiated the event resulting in death 

 Contributory causes of death include other conditions that contributed to the fatal process, 
but were not the underlying cause. 

 Immediate cause of death is the final disease or condition resulting in death and if different 
from the underlying cause is not recorded. 

 
 In SPRINT the adjudicator will only record the main underlying cause of death. 
 
SPRINT-related outcomes 
Definite CVD death events will be defined based on temporal relationship to a documented 
event (e.g., hospitalization for MI or for stroke), or postmortem findings of an acute CVD event.  
Probable coronary heart disease (CHD) death (1) will be defined based on autopsy findings 
consistent with chronic CHD, prior history of CHD or documented symptoms consistent with 
CHD prior to death, and the absence of another likely cause of death.  Possible fatal CHD will 
be adjudicated based on death certificate information consistent with an underlying CHD cause 
and no evidence of a non-coronary cause.   
 
Case classification of fatal CHD events for hospitalized patients (1): 
 
Definite fatal MI 

 1.  Death within 28 days of hospital admission in definite MI cases  
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 2.  Postmortem findings consistent with MI within 28 days 
Probable fatal MI 

 1.  Death within 28 days of hospital admission in cases defined in probable MI cases 
 2.  Death within 6 hours of hospital admission with cardiac symptoms and/or signs.  

Other confirmatory data (biomarkers, ECG) are absent or not diagnostic. 
Possible fatal coronary event 

 1.  Death within 28 days of hospital admission for possible MI, unstable angina or 
chronic stable angina 

 2.  Postmortem findings show old infarct and/or >50% atherosclerotic narrowing of 
coronary arteries. 

  
Case classification of  out-of-hospital CHD death (1): 
 
Definite fatal MI:  

1.  Documented definite or probable MI in the previous 28 days and  
2.  No evidence of a noncoronary cause of death, or  
3.  Autopsy evidence of recent coronary occlusion or MI <28 days old. 

Definite fatal CHD:  
1.  A history of CHD and/or documented cardiac pain within 72 hours before death 

and  
2.  No evidence of a noncoronary cause of death, or  
3.  Autopsy evidence of chronic CHD, including coronary atherosclerosis and 
myocardial scarring. 

Possible fatal CHD:  
An ICD code (underlying cause) for CHD death (ICD 9*: 410 to 414, 427.5, 429.2; 
ICD 10: I20 to 25 and I46) and no evidence of a noncoronary cause of death 

 
Stroke:  Death occurring or following cases meeting criteria for stroke.   
 
Sudden cardiac death: death occurring within 1 hour of onset of symptoms, and suggestive of 

an arrhythmic event   
* Sudden cardiac death must occur within one hour of symptom onset of a cardiac etiology 
and witnessed loss of consciousness with no other lethal non-atherosclerotic cause.  Do not 
select this choice for unwitnessed deaths. 

 
CHF:  Death due to clinical, radiologic, or postmortem evidence of CHF without clinical or 

postmortem evidence of an acute ischemic event (cardiogenic shock included) 
 
Not cardiac but other cardiovascular (e.g. ruptured aortic aneurysm): this category is intended 

for classifications of cardiovascular diseases for which hypertension is a risk factor that are 
not included in other causes listed above.  It includes death due to ruptured thoracic or 
abdominal aortic aneurysm, and intestinal ischemia due to rupture of atherosclerotic plaque 
or due to cardioembolic phenomena (e.g. atrial fibrillation).  This classification can be 
selected for participants who die of complications of attempted surgical repair of an 
aneurysm that did not rupture.  Do not select this criterion for pulmonary embolism.  Do not 
select this choice for an acute traumatic rupture of an otherwise normal artery (no aneurysm 
found), or for complications of arteritis due to known inflammatory conditions.  Prefer 
definitive evidence, such as CT scan showing a ruptured aortic aneurysm, of the presence 
of this condition.     
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Death from kidney disease: In the absence of other causes, death within 30 days of withdrawal 
from chronic dialysis, death from hyperkalemia, death in ESRD patient in whom dialysis not 
initiated.   

 
It is important to rule out other causes of death.  For example, if a patient has terminal 
cancer and decides to withdraw from dialysis, the cause of death should be classified as 
death from malignancy, rather than uremia.      

 
Death related to dialysis:  Death related to the dialysis procedure, not the result of impaired 

kidney function.  Examples are intradialytic hemolysis or air embolism as a result of 
extracorporeal circuit malfunctioning, and sepsis as a result of infected hemodialysis 
catheters or peritoneal dialysis catheters.   

 
Adjudicators will also use specific information available to them in the case to record whether 

deaths occurred in relationship to an invasive procedure. There are two categories of 
intervention related events:   

 
Death after invasive cardiovascular intervention.  Death within 28 days of cardiovascular 
surgery or within 7 days of cardiac cath, arrhythmia ablation, angioplasty, atherectomy, stent 
deployment, or other invasive coronary vascular intervention.   Cardiovascular procedures 
include PAD procedures, including amputation for ischemia. 

 
Non-SPRINT related outcomes:  Require documentation of a specific underlying cause in 

medical records and/or autopsy.  Categories include: 
 
Other cardiac/non-ischemic (eg, myocarditis) 
Cancer  
Accident/injury/homicide 
Other non-cardiac, non-stroke death: requires evidence of a non-coronary and non-stroke cause 

of death exclusive of categories above. Deaths included in this category include those due 
to specific pulmonary diseases (eg, COPD), infection (eg, sepsis, pneumonia), and 
gastrointestinal disease (eg, gastrointestinal hemorrhage, pancreatitis). 

Unclassifiable: insufficient information to determine whether the death was a CHD death (at any 
certainty level) or a non-cardiac death.  Includes other ill-defined and unknown cause of 
morbidity and mortality and no evidence of a non-coronary cause 

 

END STAGE RENAL DISEASE DEFINITION:   One of the clinical outcomes of interest in 
SPRINT is the initiation of renal replacement therapy for ESRD.  In order to meet criteria for 
SPRINT, a participant must have been on chronic dialysis for at least 3 months and/or received 
a renal transplant.  The adjudicator will examine medical records to confirm whether the 
participant was currently on dialysis (any modality(ies)), and had received RRT for at least 3 
months continuously, and if so, enter the date of initiation of dialysis (date of first treatment).  
The adjudicator will also confirm whether the participant received a transplant, and if so, the 
date of the transplant.  Acute dialysis for management of acute kidney injury will not be 
considered a SPRINT ESRD outcome. 
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Figure S1.  Treatment Algorithm for Intensive Group (Goal SBP < 120 mm Hg). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* May begin with a single agent for participants 75 years old or older with SBP < 140 on 0-1 meds at 
study entry.   A second medication should be added at the 1 Month visit if participant is asymptomatic 
and SBP > 130.   
** May use loop diuretic for participants with advanced CKD 
† Unless side effects warrant change in therapy 
†† Consider consulting with the Clinical Center Network before adding a fifth anti-hypertensive 
medication 
‡ Or until clinical decision made that therapy should not be increased further 

Yes 

 

No 

Yes 

No 

No 

Start Here: At randomization visit, begin with 2 

or 3 drug therapy* using a combination of a 

thiazide-type** diuretic, and/or an ACEI or ARB 

(but not both) and/or a CCB 

Is SBP >120 

mm Hg at 

this visit? 

Is this a 

milepost 

visit? 

Monitor as Designated 

Through Follow-up 

You must: 

A) Add Therapy Not 
Already in Use†† 

AND 

B) See participant monthly 
until SBP <120 mm Hg‡ 

You must: 

A) Titrate or Add Therapy 
Not Already in Use†† 

AND 

B) See participant monthly 
until SBP <120 mm Hg‡ 

 

Continue therapy† 

Include β –blocker or other agents as appropriate 

for compelling indication 

Is DBP >100 mm 

Hg at this visit or is 

DBP > 90 mm Hg 

on last two visits? 

You must: 

Titrate or Add Therapy Not 
Already in Use†† 
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No 

 

Yes 

Start Here: Convert to SPRINT medication, if 

indicated; randomization visit is first visit that 

should be considered in 2-visit criteria 

Is SBP >160 mm Hg at 

this visit or > 140 mm 

Hg on 2 consecutive 

protocol visits? 

 

Is DBP >100 mm Hg at 

this visit or > 90 mm 

Hg on 2 consecutive 

protocol visits? 

 

Monitor as Designated 

Through Follow-up 

Step down 

Titrate or Add Therapy Not 

Already in Use** 

Schedule 1 month PRN visit 

when SBP >160 mm Hg  

Continue therapy* 

No 

No 

Yes 

Is SBP <130 mm Hg at 

this visit or < 135 mm 

Hg on 2 consecutive 

protocol visits? 

 

Titrate or Add Therapy Not 

Already in Use** 

Yes 

Figure S2.  Treatment Algorithm for Standard Group (Goal SBP < 140 mm Hg). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Include β –blocker or other agents as appropriate for compelling indications 
* Unless side effects warrant change in therapy 
** Consider consulting with the Clinical Center Network before adding a fifth anti-hypertensive 
medication 
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Figure S3.  Group Sequential Boundaries and Interim Testing 

 
 
 

Stage Date Time 
Time 
scale Z score Bounds 

One-sided 
nominal 
alpha for 

bound 

Cumulative 
stopping 

probability 
under null 

1 Oct 2013 0.12 110/917 1.08 ±5.956 <.0001 <.0001 

2 Mar 2014 0.219 201/917 1.219 ±4.402 <.0001 <.0001 

3 Oct 2014 0.297 272/917 1.405 ±3.681 0.0001 0.0002 

4 Mar 2015 0.407 373/917 3.413 ±3.217 0.0006 0.0014 

5 Aug 2015 0.539 494/917 3.936 ±2.819 0.0024 0.0053 
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Figure S4.  Diastolic Blood Pressure.   Error bars represent 95% confidence intervals. 
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Figure S5. Forest Plot of Total Mortality by Subgroups.  Overall event rates and percentages are reported for each subgroup by 
treatment.  Estimated hazard ratios and 95% confidence intervals were estimated separately within subgroups.  Unadjusted p-values 
for the tests of the interactions between treatment and the subgroups are reported in the right-most column.  The solid line for a 
hazard ratio equal to 1 represents no effect and the dashed line indicates the overall effect.  The box sizes are proportional to the 
precision of the estimates.  HR denotes hazard ratio, Int P denotes interaction P value, CKD denotes chronic kidney disease, CVD 
denotes cardiovascular disease, and SBP denotes systolic blood pressure.  Note that the ‘No Prior CKD’ group includes some 
participants with unknown CKD status at baseline, and African-American includes Hispanic African-Americans and African-American 
as part of a multiracial identification     * P=0.34 after Hommel adjustment for multiple comparisons. 
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Table S1.  SPRINT Formulary  

Class Drug Available Strengths 
Usual Dose 
Range / day 

Usual Daily 
Frequency 

Diuretic Chlorthalidone 25mg 12.5-25 mg 1 

Furosemide 20mg, 40mg, 80mg 20-80 mg 2 

Spironolactone 25mg 25-50 mg 1 

Triamterene/HCTZ 75/50mg 
37.5/25 mg – 

75/50 mg 1 

Amiloride 5mg 5-10 mg 1-2 

Ace Inhibitor 
Lisinopril 

5mg, 10mg 20mg, 
40mg 5-40 mg 1 

Angiotensin 
Receptor 
Blocker Losartan  25mg, 50mg, 100mg 25 – 100 mg 1-2 

 Azilsartan 40mg, 80mg 40-80 mg 1 

 
Azilsartan/ chlorthalidone 40/12.5mg, 40/25mg 

40/12.5 – 
40/25 mg 1 

Calcium 
Channel 
Blockers 

Diltiazem 
120mg, 180mg,       
240mg, 300mg 120-540 mg 1 

Amlodipine 2.5mg, 5mg, 10mg 2.5-10 mg 1 

Beta Blockers Metoprolol Tartate 25mg, 50mg, 100mg 50-200 mg 1-2 

Atenolol  25mg, 50mg, 100mg 25-100 mg 1 

Atenolol/ Chlorthalidone 50/25mg 50/25 mg 1 

Vasodilators Hydralazine 25mg, 50mg, 100mg 50-200 mg 2 

Minoxidil 2.5mg, 10mg 2.5-80 mg 1-2 

Alpha 2 Agonist Guanfacine 1mg, 2mg 0.5-2 mg 1 

Alpha Blockers Doxazosin 1mg, 2mg, 4mg, 8mg 1-16 mg 1 

Potassium 
Supplements KCL tablets 20mEq 20-80 mEq 1-2 

 KCL oral solution (10%) 20mEq/15ml 20-80 mEq 1-2 

     

 
Additional medications are included in a restricted use formulary (below).  These medications 
will be provided by the study and but may be prescribed for individual participants only after 
consultation with and approval from a designated representative for each CCN. 

Class Drug Available Strengths 

Usual Dose 
Range in 
mg/day 

Usual Daily 
Frequency 

Ace Inhibitor Lisinopril/HCTZ 20/12.5 mg, 20/25mg 10-40 / 12.5-50 1 

Adrenergic inhibitor Reserpine 0.1mg, 0.25mg 0.1-0.25 1 

Alpha 2 Agonist Clonidine patch 0.1mg, 0.2mg, 0.3mg 0.1-0.3 1 wkly 

Beta blocker 
Metoprolol ER 

25mg, 50mg, 100 mg, 
200 mg 

50-200 1 

Diuretic Amiloride/HCTZ 5/50mg 5/50 1 

Thiazide diuretic HCTZ 12.5, 25 mg 12.5 – 50 1 

Angiotensin 
Receptor Blocker Valsartan  80mg, 160mg, 320mg 

80-320 1-2 
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Table S2. Utilization of Antihypertensive Medication Classes at Most Recent Visit 
 

 
Intensive 
(N=4678) 

Standard 
(N=4683) 

Number of agents   

Average 2.7 (1.2) 1.8 (1.1) 

0 125 (2.7) 530 (11.3) 

1 493 (10.5) 1455 (31.1) 

2 1429 (30.5) 1559 (33.3) 

3 1486 (31.8) 807 (17.2) 

4+ 1137 (24.3) 323 (6.9) 

ACE-I or angiotensin II antagonist 3580 (76.7) 2582 (55.2) 

ACE inhibitors 1729 (37.0) 1320 (28.2) 

Angiotensin II antagonists 1854 (39.7) 1264 (27.0) 

Renin inhibitors 1 (0.0) 1 (0.0) 

Diuretics 3127 (67.0) 2006 (42.9) 

Thiazide-type diuretics 2562 (54.9) 1557 (33.3) 

Aldosterone receptor blockers 405 (8.7) 185 (4.0) 

Other potassium-sparing diuretics 144 (3.1) 119 (2.5) 

Alpha-1 blockers 482 (10.3) 258 (5.5) 

Beta blockers 1919 (41.1) 1440 (30.8) 

With intrinsic sympathomimetic activity 0 (0.0) 0 (0.0) 

Without intrinsic sympathomimetic activity 1919 (41.1) 1440 (30.8) 

Central alpha-2 agonists or other centrally acting drugs 107 (2.3) 44 (0.9) 

Calcium channel blockers 2667 (57.1) 1654 (35.4) 

Dihydropyridines 2465 (52.8) 1463 (31.3) 

Non-dihydropyridines 218 (4.7) 199 (4.3) 

Direct vasodilators 340 (7.3) 110 (2.4) 
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Table S3. Causes of Death 
 

Cause of death Overall Intensive Standard 

CVD Death 102 37 65 

__CHD Death 50 18 32 

__Stroke 17 8 9 

__Sudden cardiac death 13 2 11 

__CHF 17 8 9 

__Not cardiac but other cardiovascular 5 1 4 

Non-CVD Death 192 90 102 

__Death from kidney disease 2 1 1 

__Death related to dialysis procedure 1 0 1 

__Other cardiac/non-ischemic  2 0 2 

__Cancer 101 49 52 

__Accident/Injury/Suicide/Homocide 14 4 10 

__Other noncardiac, nonstroke death 72 36 36 

Undetermined 71 28 43 

__Unclassifiable 35 13 22 

__Not yet adjudicated 36 15 21 

Total 365 155 210 
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          Table S4.   MedDRA Coding of Preferred Terms Occurring in at least 1% of Serious Adverse Events* 

 Intensive (N=4678) Standard (N=4683) Ratio 

Preferred Name 
Number of 

Events 

Participants 
With Events 

(N) 

Participants 
With Events 

(%) 
Number of 

Events 

Participants 
With Events 

(N) 

Participants 
With Events 

(%) Int/Std 

Chest pain 237 198 4.2 229 191 4.1 1.04 

Tachyarrhythmia  191 141 3 230 176 3.8 0.80 

Other ischaemic heart disease  210 170 3.6 206 182 3.9 0.94 

Death  155 155 3.3 210 210 4.5 0.74 

Knee arthroplasty 152 138 2.9 134 119 2.5 1.16 

Ischaemic cerebrovascular conditions  128 109 2.3 144 121 2.6 0.90 

Pneumonia 120 100 2.1 132 114 2.4 0.88 

Cardiac failure  82 58 1.2 146 98 2.1 0.59 

Myocardial infarction  71 70 1.5 117 106 2.3 0.66 

Chronic obstructive pulmonary disease 74 42 0.9 112 64 1.4 0.66 

Hip arthroplasty 75 67 1.4 87 81 1.7 0.83 

Hypertension  60 58 1.2 82 69 1.5 0.84 

Urinary tract infection 50 48 1 61 47 1 1.02 

Dyspnoea 55 48 1 46 45 1 1.07 

Dehydration 54 51 1.1 43 41 0.9 1.25 

Cellulitis 59 40 0.9 34 30 0.6 1.33 

Sepsis 37 36 0.8 42 40 0.9 0.90 

Spinal fusion surgery 49 46 1 30 30 0.6 1.53 

Cardiac pacemaker insertion 35 33 0.7 39 39 0.8 0.85 

Spinal laminectomy 36 36 0.8 38 32 0.7 1.13 

Pulmonary embolism 36 34 0.7 33 32 0.7 1.06 

Dizziness 37 34 0.7 30 25 0.5 1.36 

Pulmonary embolism 34 32 0.7 32 31 0.7 1.03 

 
* MedDRA denotes Medical Dictionary for Regulatory Activities.  Conditions of Interest are not included.   
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Table S5.   Serious Adverse Events and Conditions of Interest Classified as Possibly or 
Definitely Related to the Intervention. 
 

 Intensive 
(N=4678) 

Standard 
(N=4683) 

 

 
no. of patients 

(%) 
no. of patients 

(%) 
Hazard Ratio  

(P Value) 

 
Serious Adverse Events1 

220 (4.7) 118 (2.5) 1.88 (<0.001) 

    

Conditions of Interest    

   SAE Only    

      Hypotension 83 (1.8) 37 (0.8) 2.52 (<0.001) 

      Syncope 64 (1.4) 28 (0.6) 2.15 (0.006) 

      Bradycardia 34 (0.7) 24 (0.5) 1.28 (0.44) 

      Electrolyte abnormality 69 (1.5) 48 (1.0) 1.58 (0.05) 

      Injurious fall2 19 (0.4) 13 (0.3) 1.99 (0.21) 

      Acute Kidney Injury or Acute Renal 
Failure3  

88 (1.9) 34 (0.7) 3.14 (<0.001) 

    

   ER Visit or SAE    

      Hypotension 125 (2.7) 58 (1.2) 2.24 (<0.001) 

      Syncope 94 (2.0) 44 (0.9) 2.13 (0.005) 

      Bradycardia 51 (1.1) 29 (0.6) 1.68 (0.05) 

      Electrolyte abnormality 93 (2.0) 62 (1.3) 1.61 (0.02) 

      Injurious fall2 36 (0.8) 23 (0.5) 2.22 (0.05) 

      Acute Kidney Injury or Acute Renal 
Failure3  

96 (2.1) 36 (0.8) 3.13 (<0.001) 

1. Defined as an event that was fatal or life threatening, resulting in significant or persistent 
disability, requiring or prolonging a hospitalization, or was an important medical event that the 
investigator judged to be a significant hazard or harm to the participant that may have required 
medical or surgical intervention to prevent one of the other events listed above. 

2. An Injurious fall was defined as a fall that resulted in evaluation in an emergency department 
or resulted in hospitalization.   

3. Acute Kidney Injury and Acute renal failure were coded if the diagnosis was listed in the 
hospital discharge summary and was felt to be one of the top 3 reasons for admission or 
continued hospitalization. A few cases of AKI were noted in an emergency department if the 
participant presented for one of the other conditions of interest. 
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Table S6.   Serious Adverse Events, Conditions of Interest, and Monitored Clinical Measures in 
Participants Over 75. 
 

 Intensive 
(N=1317) 

Standard 
(N=1319) 

 

 
no. of patients 

(%) 
no. of patients 

(%) 

Hazard Ratio  
(P Value) 

 
Serious Adverse Events1 640 (48.6) 638 (48.4) 1.00 (0.93) 

    

Conditions of Interest    

   SAE Only    

      Hypotension 36 (2.7) 24 (1.8) 1.49 (0.13) 

      Syncope 46 (3.5) 37 (2.8) 1.24 (0.33) 

      Bradycardia 41 (3.1) 43 (3.3) 0.94 (0.79) 

      Electrolyte abnormality 58 (4.4) 41 (3.1) 1.40 (0.10) 

      Injurious fall2 70 (5.3) 79 (6.0) 0.88 (0.42) 

      Acute Kidney Injury or Acute Renal 
Failure3  

75 (5.7) 54 (4.1) 1.38 (0.07) 

    

   ER Visit or SAE    

      Hypotension 49 (3.7) 35 (2.7) 1.40 (0.13) 

      Syncope 64 (4.9) 50 (3.8) 1.28 (0.19) 

      Bradycardia 49 (3.7) 50 (3.8) 0.97 (0.87) 

      Electrolyte abnormality 66 (5.0) 48 (3.6) 1.37 (0.01) 

      Injurious fall2 158 (12.0) 193 (14.6) 0.79 (0.03) 

      Acute Kidney Injury or Acute Renal 
Failure3  

78 (5.9) 55 (4.2) 1.42 (0.05) 

    

Monitored Clinical Events    

   Laboratory Measures4    

         Sodium <130 mmol/L 66 (5.0) 44 (3.3) 1.50 (0.04) 

         Sodium >150 mmol/L 1 (0.1) 0 (0.0) --   (0.50) 

         Potassium <3.0 mmol/L 17 (1.3) 11 (0.8) 1.53 (0.27) 

         Potassium >5.5 mmol/L 68 (5.2) 65 (4.9) 1.04 (0.81) 

   Signs and Symptoms    

         Orthostatic hypotension5 277 (21.0) 288 (21.8) 0.95 (0.53) 

         Orthostatic hypotension with 
dizziness 

25 (1.9) 17 (1.3) 1.26 (0.26) 

 
1. Defined as an event that was fatal or life threatening, resulting in significant or persistent 
disability, requiring or prolonging a hospitalization, or was an important medical event that the 
investigator judged to be a significant hazard or harm to the participant that may have required 
medical or surgical intervention to prevent one of the other events listed above. 
 
2. An Injurious fall was defined as a fall that resulted in evaluation in an emergency department 
or resulted in hospitalization.   
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3. Acute Kidney Injury and Acute renal failure were coded if the diagnosis was listed in the 
hospital discharge summary and was felt to be one of the top 3 reasons for admission or 
continued hospitalization. A few cases of AKI were noted in an emergency department if the 
participant presented for one of the other conditions of interest. 
 
4. Detected on routine or PRN SPRINT labs; routine labs drawn quarterly for first year, then q 6 
months; numbers represent the number (%) of participants having 1 or more alert value. 
 
5. Defined as drop in systolic BP ≥20 mmHg or drop in diastolic ≥10 mmHg 1 minute after 
standing.  Standing blood pressures were measured at screening, baseline, 1, 6, and 12 months 
and yearly thereafter. Participants were asked if they felt dizzy at the time the orthostatic 
measure was taken.  
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