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Supplementary Methods

Phenotype derivation in AoURP. Using EHR data, we filtered downstream analyses to a
subset of participants that were classified as T2D cases or controls using a combination of
diagnosis codes (ICD-9-CM and ICD-10-CM), drug exposures, and LOINC codes for laboratory
test results.

Derivation of T2D cases and controls. For T2D cases, we used a previously developed
method (https://phekb.org/phenotype/type-2-diabetes-mellitus). Briefly, we considered
participants as T2D cases if they fit the following criteria: (a) at least one T2D diagnosis code
and at least one drug exposure for T2D medications, unless at least one type 1 diabetes
(T1D) diagnosis code; (b) at least one T2D diagnosis code, at least two drug exposures for
T1D and T2D medications with a T2D drug exposure occurring at least one day before T1D
drug exposure, unless at least one T1D diagnosis code; (c) at least two T2D diagnosis codes
and at least one drug exposure for T1D medication, unless at least one T1D diagnosis code;
or (d) at least one drug exposures for T2D medications and at least one abnormal laboratory
test result (random glucose, fasting glucose, or HbA1c), unless at least one T1D diagnosis
codes. For controls, we considered those participants that were free of all diabetes
diagnosis codes, including T2D, T1D, and other forms of diabetes. Additionally, we excluded
participants that matched criteria (d) from the T2D definition.

For T2D, we used diagnosis codes 250.00, 250.02, 250.20, 250.22, 250.30, 250.32,
250.40, 250.42, 250.50, 250.52, 250.60, 250.62, 250.70, 250.72, 250.80, 250.82, 250.90,
250.92 from ICD-9-CM and E11.00, E11.01, E11.21, E11.29, E11.311, E11.319, E11.36,
E11.39,E11.40,E11.51,E11.618,E11.620, E11.621, E11.622,E11.628, E11.630, E11.638,
E11.641, E11.649, E11.65, E11.69, E11.8, E11.9 from ICD-10-CM. For T2D drug exposures,
we used the following medications: acarbose, acetohexamide, albiglutide, alogliptin,
canagliflozin, chlorpropamide, colesevelam, dapagliflozin, dulaglutide, empagliflozin,
exenatide, glimepiride, glipizide, glyburide, linagliptin, liraglutide, lixisenatide, metformin,
miglitol, nateglinide, pioglitazone, repaglinide, rosiglitazone, saxagliptin, semaglutide,
sitagliptin, tolazamide, and troglitazone. Finally, we considered the following abnormal lab
results: random glucose (LOINC codes: 2339-0, 2345-7) > 200mg/dl, fasting glucose (LOINC
code: 1558-6) = 125mg/dl, and HbA1lc (LOINC codes: 4548-4, 17856-6,4549-2, 17855-8) >
6.5%. For T1D, we used diagnosis codes 250.01, 250.03, 250.11, 250.13, 250.21, 250.23,
250.31, 250.33, 250.41, 250.43, 250.51, 250.53, 250.61, 250.63, 250.71, 250.73, 250.81,
250.83, 250.91, 250.93 from ICD-9-CM and E10.10, E10.11, E10.21, E10.29, E10.311,
E10.319, E10.36, E10.39, E10.40, E10.51, E10.618, E10.620, E10.621, E10.622, E10.628,
E10.630, E10.638, E10.641, E10.649, E10.65, E10.69, E10.8, E10.9 from ICD-10-CM. For T1D
drug exposures, we used the following medications: insulin, insulin NPH, insulin aspart,
insulin degludec, insulin detemir, insulin glargine, insulin glulisine, insulin lispro, pramlintide.
For other forms of diabetes, we used diagnosis codes 249*, 648.0%, 648.8* in ICD-9-CM and
E08*, E09*, E13*, 024* in ICD-10-CM.

Derivation of cases and controls for T2D-related clinical outcomes. For each T2D-
related clinical outcome, we used previously-defined ICD-9-CM and ICD-10-CM diagnosis
codes from EHR data to identify cases and controls*. For macrovascular outcomes (CAD,
ischemic stroke, and peripheral artery disease), we defined cases and controls as
participants with and without, respectively, the relevant diagnosis codes, irrespective of T2D
status. For CAD, we used 410%, 411%*, 412*, 413* in ICD-9-CM and 120%, 121%, 122%*, 123*,
124*, 125* in ICD-10-CM. For ischemic stroke, we used 433%*, 434* in ICD-9-CM and 163* in



ICD-10-CM. For peripheral artery disease, we used 4400, 4402, 4438, 4439 in ICD-9-CM and
170.0, 170.00, 170.01, 170.2, 170.20, 170.21, 170.8, 170.80, 170.9, 170.90, 173.8, 173.9 in ICD-10-
CM. For microvascular complications (ESDN and proliferative diabetic retinopathy), we
considered only T2D cases. ESDN cases were defined with relevant diagnosis codes for both
diabetic nephropathy and end-stage kidney disease (ESKD), and ESDN controls were defined
as being free of any diagnosis code for diabetic nephropathy, defined using the AoURP
cohort builder. For ESKD, we used 403.01, 403.11, 403.91, 404.02, 404.03, 404.12, 404.13,
404.92, 404.93, 585.6 in ICD-9-CM and 112.0, 113.11, 113.2, N18.6 in ICD-10-CM. For DN, we
used E11.21 in ICD-10-CM. Proliferative diabetic retinopathy cases were defined with
relevant diagnosis codes. Proliferative diabetic retinopathy controls were defined as being
free of any diagnosis code for diabetic retinopathy. For proliferative diabetic retinopathy,
we used 362.02 in ICD-9-CM and E08.35*, E09.35*, E10.35%, E11.35%, E13.35* in ICD-10-CM.
For diabetic retinopathy, we used 362.0* in ICD-9-CM and E08.31%*, E08.32%*, E08.33%,
E08.34*, E08.35*, E09.31*, E09.32%*, E09.33%*, E09.34%*, E09.35*, E10.31*, E10.32*, E10.33%,
E10.34%*, E10.35%, E11.31*, E11.32*, E11.33%, E11.34*, E11.35%, E13.31*, E13.32%*, E13.33%,
E13.34*,E13.35* in ICD-10-CM.
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R-2011-785-018 and the Conacyt SALUD-2010-02-150352. In Canada, approval was obtained
from the Research Ethics Board from the University of Toronto (Protocol 15770).

Multi-Ethnic Study of Atherosclerosis (MESA). Approval was obtained from Institutional
Review Boards at the University of Washington, Wake Forest School of Medicine,
Northwestern University, University of Minnesota, Columbia University, Johns Hopkins
University, Cedars-Sinai Medical Center, and the University of California at Los Angeles.

Metabolic Syndrome in Men (METSIM). Approval was granted by the Ethics Committee of
the University of Kuopio and the Kuopio University Hospital. All participants gave written
informed consent.

Mass General Brigham Biobank (MGB). The MGB Biobank protocol and informed consent
documents are reviewed annually by the Partners-MGB Institutional Review Board
(#2009P002312). All patients who participate in the MGB Biobank are consented for their
samples to be linked to their identified clinical information. They have also consented for
their information to be used for a broad range of research and for their deidentified
information to be shared outside of MGB.

Michigan Genomics Initiative (MGI). Approval was granted by the IRBMED Institutional
Review Board of the University of Michigan. All participants gave written informed consent.

VA Million Veteran Program (MVP). All participating studies were conducted in compliance
with the Declaration of Helsinki and comply with all relevant ethical and local regulatory
requirements. Specifically, the contributing genetic association studies were approved by
the Department of Veteran’s Affairs central IRB.

Nagahama Study (NAGAHAMA). Approval was granted by the ethics committees of Kyoto
University Graduate School of Medicine. Written informed consent was obtained from all
participants.

Netherlands Epidemiology of Obesity (NEO). Approval was obtained from the Medical
Ethics Committee of Leiden University Medical Center. All participants gave written
informed consent.

Nurses Health Study (NHS). Approval was obtained from the Human Research Committee at
the Brigham and Women's Hospital. All participants provided written informed consent.

NIDDM-Atherosclerosis Study Hispanic Cohorts (NIDDM). Approval was granted by Human
Subjects Protection Institutional Review Boards at the University of California at Los
Angeles, University of Southern California, City of Hope, Lundquist/LABioMed/Harbor-UCLA
and Cedars-Sinai Medical Center.

Northewestern University Genetics (NUGENE). Approval was obtained from Institutional
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Prospective Investigation of the Vasculature in Uppsala Seniors (PIVUS). Approval was
granted by the Ethics Committee of Uppsala University. All participants provided written
informed consent.

Penn Medicine BioBank (PMBB). All participating studies were conducted in compliance
with the Declaration of Helsinki and comply with all relevant ethical and local regulatory
requirements. Specifically, the contributing genetic association studies were approved by
the IRB of Perelman School of Medicine at the University of Pennsylvania (IRB protocol
#813913).

Pakistan Risk of Myocardial Infarction Study (PROMIS). The study was approved by the
Institutional Review Board of the Center for Non-Communicable Diseases Pakistan and by
regional Ethical Review Committees in the different centres across Pakistan involved in the
study. Institutional Review Boards at the National Institute of Cardiovascular Disorders,
Karachi, Punjab Institute of Cardiology, Lahore, and Tabba Heart Institute, Karachi approved
the study. All participants provided written informed consent.

Prospective Study of Pravastatin in the Elderly at Risk (PROSPER). Approval was obtained
from the Institutional Ethics Review Boards of Cork University (Ireland), Glasgow University
(UK) and Leiden University Medical Center (The Netherlands). All participants gave written
informed consent.

Sea Islands Genetic Network Reasons for Geographic and Racial Differences in Stroke
(REGARDS). The REGARDS study protocol was approved by the institutional review boards
of each participating institution, and written informed consents were obtained from all
participants.

Ragama Health Study (RHS). Approval was obtained from Institutional Review Boards at the
National Center for Global Health and the University of Kelaniya (P38/09/2006). All
participants provided written informed consent.

Rotterdam Study (RS). Approval was granted by the Institutional review Board at Erasmus
University Medical Center. All participants provided written informed consent.

Shanghai Breast Cancer Study and Shanghai Women’s Health Study (SBCS/SWHS).
Approval was obtained from Institutional review Boards at Vanderbilt University Medical
Center and Shanghai Cancer Institute. A written informed consent form was obtained from
all study participants.

Singapore Chinese Eye Study (SCES). The study adhered to the Declaration of Helsinki.
Ethical approval was obtained from the SingHealth Institutional Review Board and National
University of Singapore Institutional Review Board. Written informed consent was obtained
from all participants.



Starr County Health (SCH). All protocols were reviewed and approved by the Institutional
Committee for the Protection of Human Subjects (HSC-SPH-02-042). All participants
provided written informed consent permitting the collection and sharing of data.

Singapore Chinese Health Study (SCHS). Approval was obtained from the Institutional
Review Board at the National University of Singapore. All participants provided written
informed consent.

Slim Initiative for Genomic Medicine in the Americas (SIGMA). Approval was obtained from
the Institutional Review Board of the Instituto Nacional de Ciencas Medicas y Nutricion
Salvador Zubiran. All participants provided written informed consent.

Singapore Malay Eye Study (SIMES). The study adhered to the Declaration of Helsinki.
Ethical approval was obtained from the SingHealth Institutional Review Board and National
University of Singapore Institutional Review Board. Written informed consent was obtained
from all participants.

Singapore Indian Eye Study (SINDI). The study adhered to the Declaration of Helsinki.
Ethical approval was obtained from the SingHealth Institutional Review Board and National
University of Singapore Institutional Review Board. Written informed consent was obtained
from all participants.

Samsung Medical Center (SMC). Approval was obtained from the Institutional Review Board
of the Samsung Medical Center (No. 2004-12-005). All participants provided written
informed consent.

Seoul National University Hospital (SNUH). The Institutional Review Board of the
Biomedical Research Institute at Seoul National University Hospital approved the study
protocol (1205-130—411). Written informed consent was obtained from each participant.

Taiwan Metabochip Consortium Zhonghua (TAICHI-G). Approval was granted by
Institutional Review Boards at Stanford University School of Medicine, Hudson-Alpha
Biotechnology Institute, Lundquist/LABioMed/Harbor-UCLA, Cedars-Sinai Medical Center,
Taichung Veterans General Hospital, Taipei Veterans General Hospital, National Health
Research Institute, Tri-Service General Hospital, and National Taiwan University Hospital.

Taiwan Type 2 Diabetes (TWT2D). Approval was obtained from Institutional Review Boards
at China Medical University Hospital, Chia-Yi Christian Hospital, and National Taiwan
University Hospital.

Danish T2D Case-Control Study (UCPH). The studies included in the Danish T2D Case-
Control Study (UCPH) were conducted in accordance with the Declaration of Helsinki Il and
were approved by the local Ethical Committees of Copenhagen County, the Capital Region
of Denmark, or the Region of Southern Denmark.

UK Biobank (UKBB). Approval was obtained from the North West Centre for Research Ethics
Committee (11/NW/0382).



Uppsala Longitudinal Study of Adult Men (ULSAM). Approval was granted by the Ethics
Committee of Uppsala University. All participants provided written informed consent.

Wake Forest School of Medicine (WFSM). Approval was granted by the Institutional Review
Board at Wake Forest School of Medicine. All participants provided written informed
consent.

Women'’s Health Initiative (WHI). Approval was granted by the Institutional review Board at
the Fred Hutchinson Cancer Research Centre in accordance with the US Department of
Health and Human Services regulations at 45 CFR 46 (approval number IR# 3467-EXT). All
participants provided written informed consent. Additional written consent to review
medical records was obtained. The Fred Hutchinson Cancer Research Centre has an
approved FWA on file with the Office for Human Research Protections under assurance
number 0001920.

Wellcome Trust Case Control Consortium (WTCCC). Approval for the study was obtained
from Peterborough & Fenland Local Research Ethics Committee, National Research Ethics
Service, Leeds (East) Research Ethics Committee, South West Multicentre Research Ethics
Committee, Tayside Committee on Medical Research Ethics and Oxford Tropical Research
Ethics Committee.
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VA Palo Alto Health Care System, 3801 Miranda Avenue, Palo Alto, CA 94304
o MVP Boston Coordinating Center, Boston - J. Michael Gaziano, M.D., M.P.H.
VA Boston Healthcare System, 150 S. Huntington Avenue, Boston, MA 02130
o MVP Information Center, Canandaigua — Brady Stephens, M.S.
Canandaigua VA Medical Center, 400 Fort Hill Avenue, Canandaigua, NY
14424

Current MVP Local Site Investigators

e Atlanta VA Medical Center (Peter Wilson, M.D.)
1670 Clairmont Road, Decatur, GA 30033

e Bay Pines VA Healthcare System (Rachel McArdle, Ph.D.)
10,000 Bay Pines Blvd Bay Pines, FL 33744

e Birmingham VA Medical Center (Louis Dellitalia, M.D.)
700 S. 19th Street, Birmingham AL 35233

e Central Western Massachusetts Healthcare System (Kristin Mattocks, Ph.D., M.P.H.)
421 North Main Street, Leeds, MA 01053

e Cincinnati VA Medical Center (John Harley, M.D., Ph.D.)
3200 Vine Street, Cincinnati, OH 45220

e Clement ). Zablocki VA Medical Center (Jeffrey Whittle, M.D., M.P.H.)
5000 West National Avenue, Milwaukee, WI 53295



VA Northeast Ohio Healthcare System (Frank Jacono, M.D.)
10701 East Boulevard, Cleveland, OH 44106

Durham VA Medical Center (Jean Beckham, Ph.D.)

508 Fulton Street, Durham, NC 27705

Edith Nourse Rogers Memorial Veterans Hospital (John Wells., Ph.D.)
200 Springs Road, Bedford, MA 01730

Edward Hines, Jr. VA Medical Center (Salvador Gutierrez, M.D.)
5000 South 5th Avenue, Hines, IL 60141

Veterans Health Care System of the Ozarks (Kathrina Alexander, M.D.)
1100 North College Avenue, Fayetteville, AR 72703

Fargo VA Health Care System (Kimberly Hammer, Ph.D.)

2101 N. Elm, Fargo, ND 58102

VA Health Care Upstate New York (James Norton, Ph.D.)

113 Holland Avenue, Albany, NY 12208

New Mexico VA Health Care System (Gerardo Villareal, M.D.)
1501 San Pedro Drive, S.E. Albuquerque, NM 87108

VA Boston Healthcare System (Scott Kinlay, M.B.B.S., Ph.D.)
150 S. Huntington Avenue, Boston, MA 02130

VA Western New York Healthcare System (Junzhe Xu, M.D.)
3495 Bailey Avenue, Buffalo, NY 14215-1199

Ralph H. Johnson VA Medical Center (Mark Hamner, M.D.)

109 Bee Street, Mental Health Research, Charleston, SC 29401
Columbia VA Health Care System (Roy Mathew, M.D.)

6439 Garners Ferry Road, Columbia, SC 29209

VA North Texas Health Care System (Sujata Bhushan, M.D.)
4500 S. Lancaster Road, Dallas, TX 75216

Hampton VA Medical Center (Pran Iruvanti, D.O., Ph.D.)

100 Emancipation Drive, Hampton, VA 23667

Richmond VA Medical Center (Michael Godschalk, M.D.)

1201 Broad Rock Blvd., Richmond, VA 23249

lowa City VA Health Care System (Zuhair Ballas, M.D.)

601 Highway 6 West, lowa City, |IA 52246-2208

Eastern Oklahoma VA Health Care System (River Smith, Ph.D.)
1011 Honor Heights Drive, Muskogee, OK 74401

James A. Haley Veterans’ Hospital (Stephen Mastorides, M.D.)
13000 Bruce B. Downs Blvd, Tampa, FL 33612

James H. Quillen VA Medical Center (Jonathan Moorman, M.D., Ph.D.)
Corner of Lamont & Veterans Way, Mountain Home, TN 37684
John D. Dingell VA Medical Center (Saib Gappy, M.D.)

4646 John R Street, Detroit, M| 48201

Louisville VA Medical Center (Jon Klein, M.D., Ph.D.)

800 Zorn Avenue, Louisville, KY 40206

Manchester VA Medical Center (Nora Ratcliffe, M.D.)

718 Smyth Road, Manchester, NH 03104

Miami VA Health Care System (Ana Palacio, M.D., M.P.H.)
1201 NW 16th Street, 11 GRC, Miami FL 33125



Michael E. DeBakey VA Medical Center (Olaoluwa Okusaga, M.D.)
2002 Holcombe Blvd, Houston, TX 77030

Minneapolis VA Health Care System (Maureen Murdoch, M.D., M.P.H.)
One Veterans Drive, Minneapolis, MN 55417

N. FL/S. GA Veterans Health System (Peruvemba Sriram, M.D.)
1601 SW Archer Road, Gainesville, FL 32608

Northport VA Medical Center (Shing Shing Yeh, Ph.D., M.D.)

79 Middleville Road, Northport, NY 11768

Overton Brooks VA Medical Center (Neeraj Tandon, M.D.)

510 East Stoner Ave, Shreveport, LA 71101

Philadelphia VA Medical Center (Darshana Jhala, M.D.)

3900 Woodland Avenue, Philadelphia, PA 19104

Phoenix VA Health Care System (Samuel Aguayo, M.D.)

650 E. Indian School Road, Phoenix, AZ 85012

Portland VA Medical Center (David Cohen, M.D.)

3710 SW U.S. Veterans Hospital Road, Portland, OR 97239
Providence VA Medical Center (Satish Sharma, M.D.)

830 Chalkstone Avenue, Providence, Rl 02908

Richard Roudebush VA Medical Center (Suthat Liangpunsakul, M.D., M.P.H.)
1481 West 10th Street, Indianapolis, IN 46202

Salem VA Medical Center (Kris Ann Oursler, M.D.)

1970 Roanoke Blvd, Salem, VA 24153

San Francisco VA Health Care System (Mary Whooley, M.D.)

4150 Clement Street, San Francisco, CA 94121

South Texas Veterans Health Care System (Sunil Ahuja, M.D.)

7400 Merton Minter Boulevard, San Antonio, TX 78229

Southeast Louisiana Veterans Health Care System (Joseph Constans, Ph.D.)
2400 Canal Street, New Orleans, LA 70119

Southern Arizona VA Health Care System (Paul Meyer, M.D., Ph.D.)
3601 S 6th Avenue, Tucson, AZ 85723

Sioux Falls VA Health Care System (Jennifer Greco, M.D.)

2501 W 22nd Street, Sioux Falls, SD 57105

St. Louis VA Health Care System (Michael Rauchman, M.D.)

915 North Grand Blvd, St. Louis, MO 63106

Syracuse VA Medical Center (Richard Servatius, Ph.D.)

800 Irving Avenue, Syracuse, NY 13210

VA Eastern Kansas Health Care System (Melinda Gaddy, Ph.D.)
4101 S 4th Street Trafficway, Leavenworth, KS 66048

VA Greater Los Angeles Health Care System (Agnes Wallbom, M.D., M.S.)
11301 Wilshire Blvd, Los Angeles, CA 90073

VA Long Beach Healthcare System (Timothy Morgan, M.D.)

5901 East 7th Street Long Beach, CA 90822

VA Maine Healthcare System (Todd Stapley, D.O.)

1 VA Center, Augusta, ME 04330

VA New York Harbor Healthcare System (Peter Liang, M.D., M.P.H.)
423 East 23rd Street, New York, NY 10010



VA Pacific Islands Health Care System (Daryl Fujii, Ph.D.)

459 Patterson Rd, Honolulu, HI 96819

VA Palo Alto Health Care System (Philip Tsao, Ph.D.)

3801 Miranda Avenue, Palo Alto, CA 94304-1290

VA Pittsburgh Health Care System (Patrick Strollo, Jr., M.D.)
University Drive, Pittsburgh, PA 15240

VA Puget Sound Health Care System (Edward Boyko, M.D.)

1660 S. Columbian Way, Seattle, WA 98108-1597

VA Salt Lake City Health Care System (Jessica Walsh, M.D.)

500 Foothill Drive, Salt Lake City, UT 84148

VA San Diego Healthcare System (Samir Gupta, M.D., M.S.C.S.)

3350 La Jolla Village Drive, San Diego, CA 92161

VA Sierra Nevada Health Care System (Mostaqul Hug, Pharm.D., Ph.D.)
975 Kirman Avenue, Reno, NV 89502

VA Southern Nevada Healthcare System (Joseph Fayad, M.D.)

6900 North Pecos Road, North Las Vegas, NV 89086

VA Tennessee Valley Healthcare System (Adriana Hung, M.D., M.P.H.)
1310 24th Avenue, South Nashville, TN 37212

Washington DC VA Medical Center (Jack Lichy, M.D., Ph.D.)

50 Irving St, Washington, D. C. 20422

W.G. (Bill) Hefner VA Medical Center (Robin Hurley, M.D.)

1601 Brenner Ave, Salisbury, NC 28144

White River Junction VA Medical Center (Brooks Robey, M.D.)

163 Veterans Drive, White River Junction, VT 05009

William S. Middleton Memorial Veterans Hospital (Prakash Balasubramanian, M.D.)
2500 Overlook Terrace, Madison, WI 53705



Contributors to AMED GRIFIN Diabetes Initiative Japan

Ken Suzuki. Centre for Genetics and Genomics Versus Arthritis, Centre for Musculoskeletal
Research, Division of Musculoskeletal and Dermatological Sciences, University of
Manchester, Manchester, UK. Department of Diabetes and Metabolic Diseases, Graduate
School of Medicine, The University of Tokyo, Tokyo, Japan. Department of Statistical
Genetics, Osaka University, Graduate School of Medicine, Suita, Japan.

Kyoto Sonehara. Department of Statistical Genetics, Osaka University Graduate School of
Medicine, Suita, Japan. Integrated Frontier Research for Medical Science Division, Institute
for Open and Transdisciplinary Research Initiatives, Osaka University, Suita, Japan.

Shinichi Namba. Department of Statistical Genetics, Osaka University, Graduate School of
Medicine, Suita, Japan.

Kenichi Yamamoto. Department of Statistical Genetics, Osaka University Graduate School of
Medicine, Suita, Japan. Department of Pediatrics, Osaka University Graduate School of
Medicine, Suita, Japan. Laboratory of Statistical Immunology, Immunology Frontier Research
Center (WPI-IFReC), Osaka University, Suita, Japan.

Nobuhiro Shojima. Department of Diabetes and Metabolic Diseases, Graduate School of
Medicine, The University of Tokyo, Tokyo, Japan.

Momoko Horikoshi. Laboratory for Genomics of Diabetes and Metabolism, RIKEN Center for
Integrative Medical Sciences, Kanagawa, Japan.

Shiro Maeda. Department of Advanced Genomic and Laboratory Medicine, Graduate School
of Medicine, University of the Ryukyus, Okinawa, Japan. Division of Clinical Laboratory and
Blood Transfusion, University of the Ryukyus Hospital, Okinawa, Japan Laboratory for
Genomics of Diabetes and Metabolism, RIKEN Center for Integrative Medical Sciences,
Kanagawa, Japan.

Koichi Matsuda. Department of Computational Biology and Medical Sciences, Graduate
School of Frontier Sciences, The University of Tokyo, Tokyo, Japan

Yukinori Okada. Department of Statistical Genetics, Osaka University Graduate School of
Medicine, Suita, Japan. Department of Genome Informatics, Graduate School of Medicine,
the University of Tokyo, Tokyo, Japan. Laboratory for Systems Genetics, RIKEN Center for
Integrative Medical Sciences, Kanagawa, Japan. Laboratory of Statistical Immunology,
Immunology Frontier Research Center (WPI-IFReC), Osaka University, Suita, Japan.

Toshimasa Yamauchi. Department of Diabetes and Metabolic Diseases, Graduate School of
Medicine, The University of Tokyo, Tokyo, Japan.

Takashi Kadowaki. Department of Diabetes and Metabolic Diseases, Graduate School of
Medicine, The University of Tokyo, Tokyo, Japan. Toranomon Hospital, Tokyo, Japan.



Contributors to Biobank Japan Project

Koichi Matsuda. Laboratory of Genome Technology, Human Genome Center, Institute of
Medical Science, The University of Tokyo, Tokyo, Japan. Laboratory of Clinical Genome
Sequencing, Graduate School of Frontier Sciences, The University of Tokyo, Tokyo, Japan.

Yuji Yamanashi. Division of Genetics, The Institute of Medical Science, The University of
Tokyo, Tokyo, Japan.

Yoichi Furukawa. Division of Clinical Genome Research, Institute of Medical Science, The
University of Tokyo, Tokyo, Japan.

Takayuki Morisaki. Division of Molecular Pathology, IMSUT Hospital Department of Internal
Medicine, Institute of Medical Science, The University of Tokyo, Tokyo, Japan.

Yoshinori Murakami. Department of Cancer Biology, Institute of Medical Science, The
University of Tokyo, Tokyo, Japan.

Yoichiro Kamatani. Laboratory of Complex Trait Genomics, Graduate School of Frontier
Sciences, The University of Tokyo, Tokyo, Japan. Laboratory of Clinical Genome Sequencing,

Graduate School of Frontier Sciences, The University of Tokyo, Tokyo, Japan.

Kaori Muto. Department of Public Policy, Institute of Medical Science, The University of
Tokyo, Tokyo, Japan.

Akiko Nagai. Department of Public Policy, Institute of Medical Science, The University of
Tokyo, Tokyo, Japan.

Wataru Obara. Department of Urology, Iwate Medical University, lwate, Japan.

Ken Yamaji. Department of Internal Medicine and Rheumatology, Juntendo University
Graduate School of Medicine, Tokyo, Japan.

Kazuhisa Takahashi. Department of Respiratory Medicine, Juntendo University Graduate
School of Medicine, Tokyo, Japan.

Satoshi Asai. Division of Pharmacology, Department of Biomedical Science, Nihon University
School of Medicine, Tokyo, Japan. Division of Genomic Epidemiology and Clinical Trials,

Clinical Trials Research Center, Nihon University. School of Medicine, Tokyo, Japan.

Yasuo Takahashi. Division of Genomic Epidemiology and Clinical Trials, Clinical Trials
Research Center, Nihon University School of Medicine, Tokyo, Japan.

Takao Suzuki. Tokushukai Group, Tokyo, Japan.

Nobuaki Sinozaki. Tokushukai Group, Tokyo, Japan.



Hiroki Yamaguchi. Department of Hematology, Nippon Medical School, Tokyo, Japan.
Shiro Minami. Department of Bioregulation, Nippon Medical School, Kawasaki, Japan.

Shigeo Murayama. Tokyo Metropolitan Geriatric Hospital and Institute of Gerontology,
Tokyo, Japan.

Kozo Yoshimori. Fukujuji Hospital, Japan Anti-Tuberculosis Association, Tokyo, Japan.

Satoshi Nagayama. The Cancer Institute Hospital of the Japanese Foundation for Cancer
Research, Tokyo, Japan.

Daisuke Obata. Center for Clinical Research and Advanced Medicine, Shiga University of
Medical Science, Shiga, Japan.

Masahiko Higashiyama. Department of General Thoracic Surgery, Osaka International
Cancer Institute, Osaka, Japan.

Akihide Masumoto. lizuka Hospital, Fukuoka, Japan.

Yukihiro Koretsune. National Hospital Organization Osaka National Hospital, Osaka, Japan.



Penn Medicine BioBank Banner Author List and Contribution Statements

PMBB Leadership Team
Daniel J. Rader, M.D., Marylyn D. Ritchie, Ph.D., Michael D. Feldman M.D.

Contribution: All authors contributed to securing funding, study design and oversight. All
authors reviewed the final version of the manuscript.

Patient Recruitment and Regulatory Oversight
JoEllen Weaver, Nawar Naseer, Ph.D., M.P.H., Afiya Poindexter, Ashlei Brock, Khadijah Hu-
Sain, Yi-An Ko

Contributions: JW manages patient recruitment and regulatory oversight of study. N.N.
manages participant engagement, assists with regulatory oversight, and researcher access.
A.P., A.B., K.H., Y.K. perform recruitment and enroliment of study participants.

Lab Operations
JoEllen Weaver, Meghan Livingstone, Fred Vadivieso, Ashley Kloter, Stephanie
DerOhannessian, Teo Tran, Linda Morrel, Ned Haubein, Joseph Dunn

Contribution: J.W., M.L., F.V,, S.D. conduct oversight of lab operations. M.L., F.V., AK,, S.D.,
T.T., L.M. perform sample processing. N.H., J.D. are responsible for sample tracking and the
laboratory information management system.

Clinical Informatics
Anurag Verma, Ph.D., Colleen Morse, M.S., Marjorie Risman, M.S., Renae Judy, B.S.

Contribution: All authors contributed to the development and validation of clinical
phenotypes used to identify study subjects and (when applicable) controls.

Genome Informatics
Anurag Verma Ph.D., Shefali S. Verma, Ph.D., Yuki Bradford, M.S., Scott Dudek, M.S.,
Theodore Drivas, M.D., PH.D.

Contribution: A.V., S.S.V. are responsible for the analysis, design, and infrastructure needed
to quality control genotype and exome data. Y.B. performs the analysis. T.D. and A.V.
provides variant and gene annotations and their functional interpretation of variants.



Regeneron Genetics Center Banner Author List and Contribution Statements

RGC Management and Leadership Team

Goncalo Abecasis, D.Phil., Aris Baras, M.D., Michael Cantor, M.D., Giovanni Coppola, M.D.,
Andrew Deubler, Aris Economides, Ph.D., Luca A. Lotta, M.D., Ph.D., John D. Overton, Ph.D.,
Jeffrey G. Reid, Ph.D., Katherine Siminovitch, M.D., Alan Shuldiner, M.D.

Sequencing and Lab Operations

Christina Beechert, Caitlin Forsythe, M.S., Erin D. Fuller, Zhenhua Gu, M.S., Michael Lattari,
Alexander Lopez, M.S., John D. Overton, Ph.D., Maria Sotiropoulos Padilla, M.S., Manasi
Pradhan, M.S., Kia Manoochehri, B.S., Thomas D. Schleicher, M.S., Louis Widom, Sarah E.
Wolf, M.S., Ricardo H. Ulloa, B.S.

Clinical Informatics
Amelia Averitt, Ph.D., Nilanjana Banerjee, Ph.D., Michael Cantor, M.D., Dadong Li, Ph.D.,
Sameer Malhotra, M.D., Deepika Sharma, M.H.l., Jeffrey Staples, Ph.D.

Genome Informatics

Xiaodong Bai, Ph.D., Suganthi Balasubramanian, Ph.D., Suying Bao, Ph.D., Boris Boutkov,
Ph.D., Siying Chen, Ph.D., Gisu Eom, B.S., Lukas Habegger, Ph.D., Alicia Hawes, B.S., Shareef
Khalid, Olga Krasheninina, M.S., Rouel Lanche, B.S., Adam J. Mansfield, B.A., Evan K.
Maxwell, Ph.D., George Mitra, B.A., Mona Nafde, M.S., Sean O’Keeffe, Ph.D., Max Orelus,
B.B.A., Razvan Panea, Ph.D., Tommy Polanco, B.A., Ayesha Rasool, M.S., Jeffrey G. Reid,
Ph.D., William Salerno, Ph.D., Jeffrey C. Staples, Ph.D., Kathie Sun, Ph.D.

Analytical Genomics and Data Science

Goncalo Abecasis, D.Phil., Joshua Backman, Ph.D., Amy Damask, Ph.D., Lee Dobbyn, Ph.D.,
Manuel Allen Revez Ferreira, Ph.D., Arkopravo Ghosh, M.S., Christopher Gillies, Ph.D.,
Lauren Gurski, B.S., Eric Jorgenson, Ph.D., Hyun Min Kang, Ph.D., Michael Kessler, Ph.D.,
Jack Kosmicki, Ph.D., Alexander Li, Ph.D., Nan Lin, Ph.D., Daren Liu, M.S., Adam Locke, Ph.D.,
Jonathan Marchini, Ph.D., Anthony Marcketta, M.S., Joelle Mbatchou, Ph.D., Arden Moscati,
Ph.D., Charles Paulding, Ph.D., Carlo Sidore, Ph.D., Eli Stahl, Ph.D., Kyoko Watanabe, Ph.D.,
Bin Ye, Ph.D., Blair Zhang, Ph.D., Andrey Ziyatdinov, Ph.D.

Therapeutic Area Genetics

Ariane Ayer, B.S., Aysegul Guvenek, Ph.D., George Hindy, Ph.D., Giovanni Coppola, M.D., Jan
Freudenberg, M.D., Jonas Bovijn M.D., Katherine Siminovitch, M.D., Kavita Praveen, Ph.D.,
Luca A. Lotta, M.D., Manav Kapoor, Ph.D., Mary Haas, Ph.D., Moeen Riaz, Ph.D., Niek
Verweij, Ph.D., Olukayode Sosina, Ph.D., Parsa Akbari, Ph.D., Priyanka Nakka, Ph.D., Sahar
Gelfman, Ph.D., Sujit Gokhale, B.E., Tanima De, Ph.D., Veera Rajagopal, Ph.D., Alan
Shuldiner, M.D., Bin Ye, Ph.D., Gannie Tzoneva, Ph.D., Juan Rodriguez-Flores, Ph.D.

Research Program Management and Strategic Initiatives
Esteban Chen, M.S., Marcus B. Jones, Ph.D., Michelle G. LeBlanc, Ph.D., Jason Mighty, Ph.D.,
Lyndon J. Mitnaul, Ph.D., Nirupama Nishtala, Ph.D., Nadia Rana, Ph.D., Jaimee Hernandez



Contributors to eMERGE Consortium

Debra Abrams3, Samuel E Adunyah?, Ladia Albertson-Junkans®, Berta Almoguera®, Darren C
Ames’, Paul Appelbaum?, Samuel Aronson®, Sharon Aufox'°, Lawrence J Babb'!, Adithya
Balasubramanian®*?, Hana Bangash'?, Melissa Basford!4, Lisa Bastarache'®, Samantha
Baxter!!, Meckenzie Behr3, Barbara Benoit'®, Elizabeth Bhoj?, Suzette J Bielinski'’, Sarah T
Bland®®, Carrie Blout*®, Kenneth Borthwick?!®, Erwin P Bottinger?®, Mark Bowser??, Harrison
Brand??, Murray Brilliant?3, Wendy Brodeur?*, Pedro Caraballo?®, David Carrell®, Andrew
Carroll?5, Lisa Castillo?’, Victor Castro?®, Gauthami Chandanavellil, Theodore Chiang®®, Rex L
Chisholm?3°, Kurt D Christensen3!, Wendy Chung??, Christopher G Chute33, Brittany City4,
Beth L Cobb34, John J Connolly3, Paul Crane®, Katherine Crew?3¢, David R Crosslin®’, Jyoti
Dayal38, Mariza De Andrade?’, Jessica De la Cruz'*?, Josh C Denny3°, Shawn Denson'?, Tim
DeSmet!!, Ozan Dikilitas!?, Michael J Dinsmore!?, Sheila Dodge'?, Phil Dunlea!?, Todd L
Edwards??, Christine M Eng!?, David Fasel*!, Alex Fedotov*?, Qiping Feng*?, Mark Fleharty'?,
Andrea Foster®2, Robert Freimuth®*, Christopher Friedrich!, Stephanie M Fullerton®®, Birgit
Funke?®, Stacey Gabriel?*, Vivian Gainer*’, Ali Gharavi*®, Richard A Gibbs'*2, Andrew M
Glazer®, Joseph T Glessner®?, Jessica Goehringer®!, Adam S Gordon>?>3, Chet Graham>?,
Robert C Green>?, Justin H Gundelach?'?, Heather S Hain>®, Hakon Hakonarson>’, Maegan V
Harden??, John Harley>®, Margaret Harr>°, Andrea Hartzler®®, M Geoffrey Hayes®?, Scott
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Howell'*, George Hripcsak*'-®®, Jianhong Hu?, Elizabeth Duffy Hynes??, Gail P Jarvik®>%, Joy C
Jayaseelan?, Yunyun Jiang¥!?, Yoonjung Yoonie Joo®®, Sheethal Jose38, Navya Shilpa
Josyula®, Anne E Justice’®, Sara E Kalla', Divya Kalra?, Elizabeth W Karlson’?, Brendan J
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Lennon?*, Kathleen A Leppig®’, Nancy D Leslie®8, Rongling Li®, Wayne H Liang®®, Chiao-Feng
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Supplementary Figure 1. Axes of genetic variation separating GWAS of T2D across ancestry groups.
The first three axes of genetic variation (PC 1, PC 2 and PC 3) from multi-dimensional scaling of the
Euclidean distance matrix between populations are sufficient to separate five ancestry groups: African
(AFR), East Asian (EAS), European (EUR), Hispanic (HIS), and South Asian (SAS).
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Supplementary Figure 2. Manhattan plot of genome-wide T2D association from multi-ancestry meta-regression (MR-MEGA) of up to 428,452 T2D
cases and 2,107,149 controls across multiple ancestry groups. Each point represents a SNV passing quality control in the multi-ancestry meta-
regression, plotted with their association p-value (on a -log,, scale, truncated at 300) as a function of genomic position (NCBI build 37). Genome-wide
significance (P<5x108) is highlighted by the dashed horizontal red line.
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Supplementary Figure 3. Distribution of risk allele frequency and odds-ratio at index SNVs for distinct
T2D association signals. Each point corresponds to an index SNV, plotted according to the mean risk
allele frequency across GWAS (on the x-axis) and the odds-ratio from fixed-effects meta-analysis (on
the y-axis). Index SNVs highlighted in blue map to previously reported loci for T2D susceptibility. Index
SNVs highlighted in red do not map to previously reported loci for T2D susceptibility.
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Supplementary Figure 4. Ancestry-correlated heterogeneity is driven by differences in allelic effect sizes between African, East Asian, and European
ancestry groups. In the bottom left panel, index SNVs with significant evidence (P,;<3.9x10->, Bonferroni correction for 1,289 signals) for ancestry-
correlated heterogeneity are plotted according to their association (Z-score) with the first two axes of genetic variation. The first axis represents
differences in allelic effect sizes between GWAS of African and East Asian ancestry (AFR-EAS axis), whilst the second axis represents differences in effect
size between GWAS of African and European ancestry (AFR-EUR axis). The forest plots present examples of ancestry-correlated heterogeneity at index
SNVs. In each forest plot, the allelic log-odds ratio (OR) from each ancestry group-specific fixed-effects meta-analysis is given by the black tick mark, the
95% confidence interval is given by the horizontal line, and the weight (inverse-variance) of each ancestry group by the grey box. AFR: African ancestry
group. EAS: East Asian ancestry group. EUR: European ancestry group. HIS: Hispanic ancestry group. SAS: South Asian ancestry group.
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Supplementary Figure 5. Distribution of study-level mean BMI in control individuals across
ancestry groups. Each box and whisker plot presents the median (back horizontal line), upper and
lower quartiles (extremes of coloured boxes), minimum and maximum (excluding outliers,
extremes of black vertical line), and outliers (more than 1.5x inter-quartile range, black dots). AFR:
African ancestry group. EAS: East Asian ancestry group. EUR: European ancestry group. HIS:
Hispanic ancestry group. SAS: South Asian ancestry group.
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Supplementary Figure 6. Comparison of association evidence at 1,289 T2D signals between
multi-ancestry meta-regression and meta-regression of GWAS from East Asian and European
ancestry groups. Each point corresponds to an index SNV, plotted according to the -log,, P-value
(cut-off at 300 for ease of presentation) for the multi-ancestry meta-regression on the x-axis and
the East Asian and European ancestry meta-regression on the y-axis. The dashed horizontal and
vertical lines define genome-wide significance (P<5x10-8). T2D signals represented by index SNVs
above the dotted y=x line show stronger evidence of association in the multi-ancestry meta-
regression than in the meta-regression of GWAS from East Asian and European ancestry groups.
EAS: East Asian ancestry group. EUR: European ancestry group.
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Supplementary Figure 7. Cluster-specific associations of index SNVs with defining cardiometabolic phenotypes. Each bar presents -log,, P-value for
association, with effect direction aligned to the T2D risk allele. FG: fasting glucose. Fl: fasting insulin. PI: proinsulin. BMI: body mass index. WHR: waist-
hip ratio. LDL: low-density lipoprotein cholesterol. HDL: high-density lipoprotein cholesterol. TG: triglycerides. *Trait adjusted for BMI.



12D

0.03- g
*kk
0.02- KK
© 3k
D E 3 SO0, %k
m
) IIII
0.00-
o o L = Q > >
T T E & £ £ £ §
— % @ > o Q o °
) O © = ¥o) Q S o
O v o c @) 1
© > o S S
(o] - —
i Q (@)] 7)) '8 g
3 m © — o
3 o 3 o
k=) Q Q
D S =
od v o
= 2
=
Cluster

Supplementary Figure 8. Cluster-specific associations of index SNVs with T2D. The height of each
bar corresponds to the log-odds ratio (beta), and the grey bar shows the 95% confidence interval.
*P<0.05, nominal association. **P<0.0063, Bonferroni correction for eight clusters.
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Supplementary Figure 9. Cluster-specific associations of T2D risk alleles at index SNVs with insulin-related endophenotypes. Measures of insulin
secretion and insulin sensitivity were derived from hyperinsulinemic-euglycemic clamp assessments and oral glucose tolerance tests in up to 1,316
Mexican American participants without diabetes. Homeostatic model assessment measures of beta-cell function (HOMA-B) and insulin resistance
(HOMA-IR) were obtained from 36,466 non-diabetic individuals of European ancestry. Each point corresponds to the cluster-specific mean Z-score for
each trait, and grey bars represent 95% confidence intervals. The liver/lipid metabolism cluster has been removed for ease of presentation.



GDM PCOS

2.5- 1 0.75-
Xk
2.0-
kx %% 0.50-
1.5- *
© *k b S
ﬁ 0.25-
T “ II
0.5- II 0.00- “Il
0.0-
-0.25-
T & Y B ¢ > > T o Y 8 o > >
+ © E v E § § + ~ E < £ § §
= T 9 %" S w o = o Y % S o
g © 8 ¢ 8 8 % g © 3 5 T § 3
© > o © > Mm
© 2 = o> = © o = > =
— Q (@) w0 '8 i 1) [@)) wn '8
a2 @ 3 = Q g2 9 5 = Q
=) o . 5 o .
S Q S Q
wn G ) [(v]
& @ & o
= =
Cluster

Supplementary Figure 10. Cluster-specific associations of T2D risk alleles at index SNVs with insulin
resistance-related disorders. Association with gestational diabetes mellitus (GDM) was assessed in
5,485 cases and 347,856 female controls of diverse ancestry. Association with polycystic ovary syndrome
(PCOS) was assessed in 10,074 cases and 103,164 female controls of European ancestry. The height of
each bar corresponds to the mean Z-score, and the grey bar shows the 95% confidence interval. The
liver/lipid metabolism cluster has been removed for ease of presentation. *P<0.05, nominal association.

**pP<0.0063, Bonferroni correction for eight clusters.
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Supplementary Figure 11. Cluster-specific associations of index SNVs with the first two axes of
genetic variation. Each point corresponds to a cluster, plotted according to the mean Z-score for
association with the first two axes of genetic variation (PC1 and PC2) on the x-axis and y-axis,
respectively. Grey bars correspond to 95% confidence intervals. The liver/lipid metabolism cluster has
been removed for ease of presentation.
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Supplementary Figure 12. Association of overall T2D GRS and cluster-specific
components of partitioned GRS with coronary artery disease across multiple ancestry
groups. In each forest plot, the log-odds ratio (log-OR) of the standardised GRS for each
ancestry is presented, together with the 95% confidence interval (horizontal bar) and
weight (inverse variance, size of grey box). The grey diamond corresponds to the fixed-
effects estimate of the log-OR of the GRS across ancestry groups (upper/lower points of
diamond) and corresponding 95% confidence interval (left/right points of diamond).
Analyses were conducted in all participants, with adjustment for T2D status. AFR:
African ancestry group. EAS: East Asian ancestry group. EUR: European ancestry group.
HIS: Hispanic ancestry group.
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Supplementary Figure 13. Associations of the overall GRS and cluster-specific partitioned GRS with coronary artery disease (CAD) in up to
137,559 individuals across diverse ancestry groups. The panel summarizes the associations the overall GRS and each cluster-specific component of
the partitioned GRS with CAD, with and without adjustment for a multi-ancestry CAD GRS. The height of each bar corresponds to the log-odds ratio
(beta) per standard deviation of the GRS, and the grey bar shows the 95% confidence interval. Analyses were undertaken in all individuals, with
adjustment for T2D status. *P<0.05, nominal association. **P<0.0063, Bonferroni correction for eight clusters.
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Supplementary Figure 14. Association of overall T2D GRS and cluster-specific
components of partitioned GRS with end-stage diabetic nephropathy across multiple
ancestry groups. In each forest plot, the log-odds ratio (log-OR) of the standardised GRS
for each ancestry is presented, together with the 95% confidence interval (horizontal
bar) and weight (inverse variance, size of grey box). The grey diamond corresponds to

the fixed-effects estimate of the log-OR of the GRS across ancestry groups (upper/lower

points of diamond) and corresponding 95% confidence interval (left/right points of
diamond). Analyses were conducted in individuals with T2D only. AFR: African ancestry

group. EAS: East Asian ancestry group. EUR: European ancestry group. HIS: Hispanic
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