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Supplementary Table S1. Demographic of participants at initial screening visit (N=48,026) 
 

 Identical Twin 

N=288 

Non-Identical 

Twin N=630 

Full Sibling 

N=47,133 

P value 

Sex: Female 158 (55.1%) 296 (47.1%) 24,525 (52.4%) 0.019 

Age at screening 

Median (IQR) 

11.0 (7.0, 16.0) 10.0 (7.0, 14.0) 11.0 (7.0, 16.0) 0.002 

Race/Ethnicity  0.043 

White  231 (84.0)% 499 (81.0%) 35,880 (78.6%)  

Hispanic 20 (7.3%) 55 (8.9%) 5,614 (12.3%)  

Black 11 (4.0%) 31 (5.0%) 1,721 (3.8%)  

Asian 3 (1.1%) 10 (1.6%) 749 (1.6%)  

Other 10 (3.6%) 21 (3.4%) 1,715 (3.8%)  

HLA DQA1*05:01 

(DR3) Present 

23 (65.7%) 11(44.0%) 794(47.2%) 0.089 

HLA 

DR4*0302Present 

19 (54.3%) 19 (76%) 1,018 (60.5%) 0.215 

HLA DQA1*05:01 

(DR3)/4*0302 

Present 

12 (4.2%) 8 (1.3%) 414 (0.9%) <0.001 

HLA DR2*0602 

Present 

0 (0%) 2 (8%) 78 (4.6%) 0.308 

Data shown as N (%) unless specified otherwise 
 
Supplementary Table S2. Characteristics of subjects followed in the monitoring phase of TrialNet Pathway to 
Prevention study (N=17,226) 
 

 ITN = 157 NTN = 283 FSN = 16,786 P value 

Age at Screening 

Median years  (IQR) 

10 (6.0, 13.0) 10 (6.0, 12.0) 9(6.0, 12.0) 0.010 

Single autoantibody 

positive subjects 

28 (17.8%) 22 (7.8%) 1,480 (8.8%) <0.001 

Multiple 

autoantibody 

positive subjects 

32 (20.4%) 18 (6.4%) 927 (5.5%) <0.001 

Follow up Time: 

Median years(IQR) 

2.04(0.87, 3.72) 1.99(1.02, 

3.28) 

2.15 (1.09, 3.99) 0.001 

Development of Type 

1 Diabetes 

31 (20%) 17 (6%) 594 (4%) <0.001 

Data shown as N (%) unless specified otherwise 
IT: Identical twin 
NT: Non-identical twin 
FS: Full Sibling 
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Supplementary Table S3. Development of autoantibodies by sibling status (N=17226).   
 

Variable Hazard Ratio (95% CI) P value 

GADA as Outcome 

Age in years at screening 1.06 (1.06, 1.07) <0.0001 

Identical Twins 3.11 (2.41, 4.03) <0.0001 

Non-Identical Twins 1.06 (0.75, 1.51) 0.729 

IA-2A as Outcome 

Age in years at screening 1.03 (1.02, 1.04) <0.0001 

Identical Twins 2.91 (2.01, 4.20) <0.0001 

Non-Identical Twins 0.87 (0.56, 1.34) 0.523 

IAA as Outcome 

Age in years at screening 0.99 (0.98, 1.00) 0.131 

Identical Twins 3.07 (1.88, 4.31) <0.0001 

Non-Identical Twins 0.78 (0.53, 1.14) 0.195 

Full siblings are the reference group 
 
 
 
 
 
Supplementary Table S4. Development of type 1 diabetes by sibling status (N=17226).   
 
 

Effect of autoantibody positivity stratified by sibling status (N=17226).   
Autoantibody negative siblings are the reference group 
Cox Proportional Hazard Models Adjusted for Age 
 

 

 

 

Variable    Hazard Ratio (95% CI) P value 

Type 1 Diabetes in Identical Twins as Outcome 

Age in years at screening 0.90 (0.83, 0.98) 0.016 

Autoantibody positive 76.92 (10.31, 500.00) <0.0001 

Type 1 Diabetes in Non-Identical Twins as Outcome 

Age in years at screening 0.97 (0.86, 1.09) 0.602 

Autoantibody positive 58.82 (16.13, 200.00) <0.0001 

Type 1 Diabetes in Full Siblings as Outcome 

Age in years at screening 0.97 (0.95, 0.98) <0.0001 

Multiple Autoantibody positive 125.00 (90.91, 142.86) <0.0001 

Single Autoantibody positive 28.57 (21.74, 38.46) <0.0001 
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Supplementary Figure S1.  Flow chart of subject selection at screening and follow up 
 
 
 
 

 

IT: identical twins 
NT: non-identical twins 
FS: full-siblings 
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Supplementary Figure S2. Correlation of proband age of onset in years in identical twins (A) and non-identical 
twins (B) 
 
 
 
 
 
 

 

 

IT: identical twins 
NT: non-identical twins 
Yr: years 
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20160601 TrialNet On-line List of Affiliate Investigators. 
 
TrialNet Affiliates: Aberdeen, Scotland: A. Mayo, J. Paxton, V. Thompson; Ajo, AZ- L. Volin;Akron, OH-C. 
Fenton, L. Carr, E. Lemon, M Swank; Albany, NY-M.K. Luidens, M. Salgam, V. Sharma; Albuquerque, NM-D. 
Schade, C. King; Ames, IA-R. Carano, J. Heiden;Anchorage, AK-N.D Means, L. Holman;Ann Arbor, MI-I. 
Thomas, D. Madrigal, T. Muth, C.L. Martin, C. Plunkett, C. Ramm, R.J. Auchus; Asheville, NC- W. Lane, E. 
Avots, M. Buford, C. Hale, J. Hoyle, B. Lane; Atlanta, GA-A. Muir, S. Shuler, N. Raviele, E. Ivie, M. Jenkins, K. 
Lindsley, I. Hansen, D.O. Fadoju, E.I. Felner,B. Bode, R. Hosey, J. Sax; Auckland, NZ-C. Jefferies, S. 
Mannering, R. Prentis; Augusta, GA- J.X. She, M. Stachura, D. Hopkins, J. Williams, L. Steed, E. Asatapova; 
Austin, TX-S. Nunez, S. Knight, P. Dixon; Bakersfield, CA- J. Ching;Baltimore, MD-T. Donner, S. Longnecker, K. 
Abel, K. Arcara, S. Blackman, L. Clark, D. Cooke, L. Plotnick, P.A. Levin, L. Bromberger, K. Klein;Bangor, ME- K. 
Sadurska, C. Allen, D. Michaud, H. Snodgrass; Bartlett, TN- G. Burghen, S. Chatha, C. Clark; Baton Rouge, LA- 
J. Silverberg, C. Wittmer, J. Gardner, C. LeBoeuf; Belfast, Ireland-P. Bell, O. McGlore, H. Tennet, N. Alba; 
Bend, OR- M. Carroll, L. Baert, H. Beaton, E. Cordell, A. Haynes, C. Reed, K. Lichter, P. McCarthy, S. McCarthy, 
T. Monchamp, J. Roach, S. Manies; Billings, MT-F. Gunville, L. Marosok, T. Nelson, K. Ackerman, J. Rudolph, 
M. Stewart; Birmingham, AL-K. McCormick, S. May, T. Falls; Birmingham, UK-T. Barrett, K. Dale, L. Makusha, 
C. McTernana, K. Penny-Thomas, K. Sullivan, P. Narendran, J. Robbie, D. Smith; Boise, ID-R. Christensen, B. 
Koehler, C. Royal, T. Arthur, H. Houser, J. Renaldi, S. Watsen;Bonita, CA-P. Wu, L. Lyons, B. House, J. 
Yu;Bournemouth, UK-H. Holt, M. Nation, C. Vickers, R. Watling;Bronx, NY-R. Heptulla, J. Trast, C. Agarwal, D.J. 
Newell, R. Katikaneni;Brunley, UK-C. Gardner, A. Del Rio, A. Logan, H. Collier, C. Rishton, G. Whalley, A. Ali, S. 
Ramtoola;Buffalo, NY-T. Quattrin, L. Mastrandea, A.J. House, M. Ecker; Calgary, AB-C. Huang, C. Gougeon, J. 
Ho, D. Pacuad;Cambridge, UK-D. Dunger, J. May, C. O’Brien, C. Acerini, B. Salgin, A. Thankamony, R. 
Williams;Chapel Hill, NC- J. Buse, G. Fuller, M. Duclos, J. Tricome, H. Brown, D. Pittard; Charleston, SC-D. 
Bowlby, A. Blue, T. Headley;Charleston, WV-S. Bendre, K. Lewis, K. Sutphin;Charlottesville, VA-C. Soloranzo, 
J. Puskaric, H. Madison;Chattanooga, TN-M. Rincon, M. Carlucci, R. Shridharani, B. Rusk, E. Tessman, D.M. 
Huffman, H. Abrams, B. Biederman, M.D. Jones, V. Leathers;Chicago, IL-W. Brickman, P. Petrie, D. 
Zimmerman, J. Howard, L. Miller, R. Alemzadeh, D.V. Mihailescu, R. Melgozza-Walker, N. Abdulla, C. Boucher-
Berry, D. Ize-Ludlow, R. Levy, C. Swenson Brousell;Christchurch, NZ-R. Scott, H. Heenan, H. Lunt, D. Kendall, 
J. Willis, B. Darlow;Cincinnati, OH-N. Crimmins, D. Edler, T. Weis, C. Schultz;Cleveland, OH-D. Rogers, D. 
Latham, C. Mawhorter, C. Switzer, W. Spencer, P. Konstantnopoulus, S. Broder, J. Klein;Colombia, MO-B. 
Bachrach, M. Gardner, D. Eichelberger;Columbia, SC-L. Knight, L. Szadek, G. Welnick, B. 
Thompson;Colombus, OH-R. Hoffman, A. Revell, J. Cherko, K. Carter, E. Gilson, J. Haines, G. Arthur, B. Bowen, 
W.B. Zipf, P. Graves, R.A. Lozano, D. Seiple, K. Spicer;Concord, CA-A. Chang, J. Fregosi, J Harbinson, C. 
Paulson, S. Stalters, P. Wright, D. Zlock;Cooperstown, NY-A.E. Freeth, J. Victory;Crystal Lake, IL- H. 
Maheshwari, A. Maheshwari, T. Holmstrom, J. Bueno;Danbury, CT-R. Arguello, J. Ahern, L. Noreika, V. Watson, 
S. Hourse;Dayton, OH-P. Breyer, C. Kissel, Y. Nicholson, M. Pfeifer, S. Almazan;Denver, CO-J. Bajaj, M. Quinn, 
K. Funk, J. McCance, E. Moreno, R. Veintimilla, A. Wells;Des Moines, IA-J. Cook, S. Trunnel;Detroit, MI-D. 
Transue, J. Surhigh, D. Bezzaire, K. Moltz, E. Zacharski; Downers Grove, IL- J. Henske, S. Desai, K. Frizelis, F. 
Khan;Duluth, MN-R. Sjoberg, K. Allen;Dunedin, NZ-P.P Manning, G. Hendry, B. Taylor, S. Jones;Edmonton, 
AB-R. Couch, R. Danchak,D. Lieberman; El Paso, TX- W. Strader, M.E. Bencomo; Escondido, CA- T. Bailey, L. 
Bedolla, C. Roldan;Exeter, UK-C. Moudiotis, B. Vaidya, C. Anning, S. Bunce, S. Estcourt, E. Folland, E. Gordon, 
C. Harrill, J. Ireland, J. Piper, L. Scaife, K. Sutton, S. Wilkins, M. Costelloe, J. Palmer;Fargo, ND- L. Casas, C. 
Miller, M. Burgard, C. Erickson, J. Hallanger-Johnson; Florence, SC-P. Clark, W. Taylor; Florissant, MO- J. 
Galgani; Fresno, CA- S. Banerjee, C. Banda, D. McEowen, R. Kinman;Garran, Australia-A. Lafferty, S. Gillett, C. 
Nolan, M. Pathak;Grand Folks, ND-L. Sondrol, T. Hjelle, S. Hafner, J. Kotrba, R. Hendrickson;Grand Rapids, 
MI-A.P. Cemeroglu, T. Symington, M. Daniel, Y. Appiagyei-Dankah, D.C. Postellon, M.S. Racine, L. Kleis; 
Greenville, NC- K. Barnes, S.E. Godwin, H. McCullough, K. Shaheen, G. Buck, L. Noel, M.L. Warren;Greenville, 
SC- S. Weber, S.M. Parker, I. Gillespie, B.A. Nelson, C. Frost, J. Amrhein, E.C. Moreland, A. Hayes, J. Peggram; 
Hackensack, NJ- J. Aisenberg, M.E Riordan, J. Zasa;Halifax, NS- E. Cummings, K. Scott, T. Pinto, A. 
Mokashi;Hamilton, ON- K. McAssey, E. Helden;Harrogate, UK- P. Hammond, L. Dinning, S. Rahman, S. Ray; 
Hartford CT- C. Dimicri, S. Guppy, H. Nielsen; Henderson, NV- C.K. Vogel, C. Ariza, L. Morales;Hershey, PA- 
Y.T. Chang, R.A. Gabbay, L. Ambrocio, L. Manley;Hollywood, FL- R. Nemery, W. Charlton, P. Smith, L. Kerr, B. 
Steindel-Kopp, M. Alamaguer;Honolulu, HI- E. Tabisola-Nuesca, A. Pendersen, N. Larson, H. Cooper-Olviver, D. 
Chan, D. Fitz-Patrick, T. Carreira, Y. Park, R. Ruhaak; Idaho Falls, ID- D. Liljenquist, G. Browning, T. 
Coughenour, M.B. Sulk;Iowa City, IA- E. Tsalikan, M. Tansey, J. Cabbage;Jackson, MS- N. Dixit, S. Pasha, M. 
King, K. Adcock, H. Atterberry;Jacksonville, FL- L. Fox, K. Englert, N. Mauras, J. Permuy, K. Sikes;Joliet, IL- T. 
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Berhe, B. Guendling, L. McLennan, L. Paganessi, C. Murphy;Kalamazoo, MI- M.B. Draznin, M. Kamboj, S. 
Sheppard;Kalispell, MT- V. Lewis, L. Coates;Kansas City, MO- W. Moore, G. Babar, J. Bedard, D. Brenson-
Hughes, J. Cernich, M. Clements, R. Duprau, S. Goodman, L. Hester, L. Huerta-Saenz, A. Karmazin, T. Letjen, S. 
Raman; Kingsport, TN- D. Morin, W. Bestermann, E.J. Morawski, J.L. White, A. Brockmyer, R. Bays, S. 
Campbell, A. Stapleton, N. Stone, A. Donoho, H. Everett. H. Hensley, M. Johnson, C. Marshall, N. Skirvin, P. 
Taylor, R. Williams, L. Ray, C. Wolverton;Knoxville, TN- D.A. Nickels, C. Dothard;Lake Success, NY- P.W. 
Speiser, M. Pellizzari, L. Bokor; Las Vegas, NV- K. Izuora, S. Abdelnour, P. Cummings, S. Paynor, M. Leahy, M. 
Riedl, S. Shockley, R. Saad, T. Briones;Lebanon, NH- S. Casella, C. Herz, K. Walsh;Leichester, UK- J. 
Greening, F. Hay, S. Hunt, N. Sikotra, L. Simons;Lexington, KY- D.G. Karounos, R. Oremus, L. Dye, L. Myers, 
D. Ballard, W. Miers, R. Sparks;Little Rock, AR- K.M. Thraikill, K. Edwards, J. Fowlkes, S. Kemp, A. Morales, L. 
Holland, L. Johnson;Liverpool, UK- P. Paul, A. Ghatak, K. Phelen, H. Leyland, T. Henderson;Livingston, NJ- D. 
Brenner, E. Oppenheimer, I. Mamkin, C. Moniz;London, ON- C. Clarson, M. Lovell;Los Angeles, CA- A. Peters, 
V. Ruelas, D. Borut, D. Burt, M. Jordan, S. Castilla, P. Flores, M. Ruiz, L. Hanson, J. Green-Blair, R.J. 
Sheridan;Lousiville, KY- K.A. Wintergerst, G. Pierce, A. Omoruyi, M. Foster, S. Kingery;Lubbock, TX- A. 
Lunsford, I. Cervantes, T. Parker, P. Price, J. Urben;Manchester, UK- I. Doughty, H. Haydock, V. 
Parker;Melbourne, Australia- P. Bergman, S. Duncum, C. Rodda;Memphis, TN- A.D. Thomas, R. Ferry, D. 
McCommon, J. Cockroft; Mesa, AZ- A. Perelman, R. Calendo; Miami, FL- C. Barrera, E. Arce-Nunez, Y. 
Martinez, M. De la Portilla, I. Cardenas, L. Garrido, M. Villar;Milan, Italy- R. Lorini, E. Calandra, G. D’Annuzio, K. 
Perri, N. Minuto, C. Rebora, R. Callegari;Milwaukee, WI- O. Ali, J. Kramer, B. Auble, S. Cabrera, P. Donohoue, 
R. Fiallo-Scharer, M. Hessner, P. Wolfgram, A. Kansra, N. Bettin, R. McCuller, A. Miller;Mineola, NY- S. 
Accacha, J. Corrigan, E. Fiore, R.L. Levine, T.A. Mahoney;Montreal, QC- C. Polychronakos, V. 
Gagne;Morristown, NJ- H. Starkman, M. Fox, D. Chin, F. Melchionne, L.A. Silverman;New Brunswick, NJ- I. 
Marshall, L. Cerracchio, J. Cruz, A. Viswanathan, J. Wilson;New Orleans, LA- S. Chalew, S. Valley, S. Layburn, 
A. Lala, P. Clesi, M. Genet, G. Uwaifo, A. Charron, T. Allerton, W. Cefalu, L. Melendez-Ramirez, R. Richards, C. 
Alleyn, E. Gustafson, M. Lizanna; New Port Richey, FL- J. Wahlen, S. Aleiwe, M. Hansen, H. Wahlen;New York, 
NY- C.J. Levy, A. Bonaccorso, R. Rapaport, Y. Tomer, D. Chia, M. Goldis, L. Iazzetti, M. Klein, C. Levister, L. 
Waldman, E. Wallach, M.O. Regelmann, Z. Antal, M. Aranda, C. Reynholds;Newcastle Upon Tyne, UK- N. 
Leech, D. Wake, C. Owens, M. Burns, J. Wotherspoon, A. Murray, K. Short, G. Curry, S. Kelsey, J. Lawson, J. 
Porter, S. Stevens, E. Thomson, S. Winship, L. Wynn;Newton, NZ- E. Wiltshire, J. Krebs, P. Cresswell, H. 
Faherty, C. Ross;Norfolk, VA- A. Vinik, P. Barlow, M. Bourcier, M.L. Nevoret;North Adelaide, Australia- J. 
Couper, S. Beresford;Norwich, UK- N. Thalagne, H. Roper, J. Gibbons, J. Hill, S. Balleaut, C. Brennan, J. Ellis-
Gage, L. Fear, T. Gray, L. Jones, C. McNerney, L. Pointer, N. Price, K. Few, D. Tomlinson;Nottingham, UK- L. 
Denvir, J. Drew, T. Randell, P. Mansell, S.A Bell, S. Butler, Y. Hooton, H. Navarra, A. Roper, G. Babington, L. 
Crate, H. Cripps, A. Ledlie, C. Moulds, R. Norton, B. Petrova, O. Silkstone, C. Smith; Oak Lawn, IL- K. Ghai, M. 
Murray, V. Viswanathan, M. Henegan, O. Kawadry;Oakland, CA- J.A. Olson, L. Patterson, T. Ahmad, B. 
Flores;Oklahoma City, OK- D. Domek, S. Domek, K. Copeland, M. George, J. Less, T. Davis, M. Short;Olympia 
Fields, IL- A. Dwarakanathan, P. O’Donnell;Omaha, NE- B. Boerner, L. Larson, M. Phillips, M. Rendell, K. 
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Forghani, R. Quintana, C. Reh, A. Bhangoo;Orlando, FL- P. Desrosiers, L. Ireland, T. Misla, C. Torres, S. Wells, 
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ON- M. Lawson, B. Bradley, J. Courtney, C. Richardson, C. Watson, E. Keely, D. DeCurtis; Palm Beach 
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Aguirre-Castaneda, V. Benavides Lopez, D. Hemp, S. Allen, J. Stear;Perth, Australia- E. Davis, T. Jones, A. 
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P. Bononi, M. Sperl;Plymouth, UK- A. Millward, M. Eaton, L. Dean;Portland, ME- J. Olshan, H. Renna, C. 
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Schubert;Richmond, VA- G. Francis, S. Hagan, T. Le, M. Penn, E. Wickham; Rio Piedras, PR- C. Leyva, K. 
Rivera, J. Padilla, I. Rodriguez;Rochester, NY- N. Jospe, J. Czyzyk, B. Johnson;Sacramento, CA- U. Nadgir, N. 
Marlen, G. Prakasam, C. Rieger, N. Glaser, E.C. Heiser, B. Harris;Salt Lake City, UT C. Foster, H. Slater, K. 
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Brisbane, Australia- A. Cotterill, J. Kirby, M. Harris, A. Schmidt; Spokane, WA- C. Kishiyama, C. Flores, J. 
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