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ESM Methods

Time-dependent Brier Score

The formula for this score is:

1 N
Brierq) = Nz wie | i = 0)ie — Pu)*} + {I(yit = D - @ - ﬁit))z}

i=1 non-events

events

The survival function estimate, p;;, is the probability corresponding to non-events at time t.
v;¢ 1S equal to 1 if the event happened for individual i before time t, 0 otherwise.

If there has not been an event at the current evaluation time, The best model should estimate
the survival probability near one. For observations that are events, the probability estimate is
just one minus the survivor estimate. To account for censoring, each observation is weighted
Wlth Wit.

Rules on selection of variables to generate plausible models

e« The IA2A variable and the autoantibody group variable cannot appear in the
same model,

e« Age and logarithm of age cannot appear in the same model,

« BMI and z-BMI cannot appear in the same model,

« Two of the following variables cannot appear in the same model: Indexeso, AUC
C-peptide, C-peptideso Index or B2-score.



Formulas for T1D risk scores compared in this study

DPTRS = (1.569 X log (BMI) + 0.00813 X (G3o + Ggo + Goo + G120)
— 0.0848 x (Cpepzo + Cpepeo + Cpepgg + Cpepizo)
+ 0.476 X log (Cpeps) — 0.056 X age

DPTRS¢, = 1.364 x lo g(BMI)
+ (0.019 X (Ggp) — 0.311 X (Cpepgo)
+ 0.465 x log(Cpepy)) — (0.065 x age)

M;50 = 0.448 X Male + 0.631 X IA —2A — 0.0302 X age + 0.0605 X BMI
+ 1.380 X HbA;, + 0.0265 X G109 — 0.191 X Cpep;29

CPH = (HbAlc — 5.233) X 1.125 + (Gog — 107.6) X 0.0195 + (IA2 — 1.27) x 0.662)
LR = 2.048 X HbA,, + 0.034 X Gog + 0.006 X A2
Indexgo - 0.395 x log(Cpepy) + 00.0165 X Ggo — 0.3644 X Cpepe,

Cpepso — Cpepy
G30 - Gf

Index C — peptides, =

\ Cpeps

B2score = ————
Gr HbA,,

G; indicates Glucose level at time t, Cpep, indicates C-peptide level at time t, f

indicates values at fasting time. HbAlc is measured in %, Glucose (mg/dl), C-

peptide (ng/ml).

Relative importance for each variable

The partial effect of each variable was quantified by computing the proportion of
explainable log-likelihood explained by each variable, i.e. the Wald x? statistics
minus the degrees of freedom (Harrell F. Regression Modeling Strategies. Springer;
2015) between the full model and the model without the variables of interest.

The confidence intervals were generated by running bootstrap a thousand time. A
strong risk factor will contribute more, as compared with less a strong risk factor, to
the predictive ability of the model.

Pareto front

In many cases, improving one outcome (like cost) might worsen another other
(decrease predictive performance), and vice versa. The Pareto front is a concept that
helps to understand the best possible trade-offs between competing outcomes.

Key Points of the Pareto Front



« Dominated Solutions: These are predictive models where there is another
predictive model that is better in all outcomes of interest. For example, if
model A is more costly, require more time than the patient and has less
prediction performance than model B, then model A is "dominated” by model
B.

e Non-Dominated Solutions (Pareto Optimal): These are models where no other
model is better in all outcomes. Essentially, there are no other model that can
improve one outcome without worsening at least another. These points form
the Pareto front.

The Pareto front was computed with the algorithm developed by Borzsony et al.
(https://ieeexplore.ieee.org/document/914855) to identify the set of models which
had the best trade-offs between competitive performance measures (cost,
participant’s time, predictive performance at 3-year horizon as measured by ROC
AUC and Brier score for each stage).

ESM Results

Comparison of Cox proportional hazard model and survival random forest

To determine if Survival random forest models had better performances than Cox
proportional hazard models, we did a pairwise comparison by formula and by stages
of the time dependent ROC AUC at a 3-year horizon, Pvalue were obtained using the
approach developed by Blanche et al (2013). Stat Med 32(30):5381-5397.

In single autoantibody positivity, Cox proportional hazard modeling has better
performances ROC AUC at a 3-year horizon in 85 formulas. There was no significative
difference for 1590 formulas and survival random forest has better performances in
277 formulas. Further analysis showed that survival random forest only outperformed
Cox model when the variable C-peptideso Index is present in the formula (276/277). A
post hoc analysis revealed extreme outliers in the C-peptideso Index variable, see ESM
figure 8. These outliers negatively impacted the performance of the Cox model but
had little effect on the performance of survival random forests, which are inherently
less sensitive to outliers.

In stage 1, Cox has better performances in 218 formulas. There was no significative
difference for 1590 formulas and survival random forest has better performances in
144 formulas.

In stage 2, Cox has better performances in 115 formulas. There was no significative
difference for 1590 formulas and survival random forest has better performances in
247 formulas. As in single autoantibody positivity, further analysis showed that survival
random forest only outperformed Cox model when the variable C-peptideso Index is
present in the formula (198/247).

Conclusion: Except when C-peptideso Index is present the performance of Cox model
is equal or better than survival random forest.


https://ieeexplore.ieee.org/document/914855

ESM Tables



Single autoantibody Stage 1 Stage 2 Overall
TiD T1D free TiD T1D free TiD T1D free TiD T1D free
(N=369)  (N=1638) | (N=528) (N=823) | (N=414) (N=195) | (N=1311) (N =2656)
Gender
168 251 344 197 89 616 1341
Female @5.50) 90BOSAM) | 4750y (a18%) | (47.6%)  (45.6%) | (47.0%) (50.5%)
201 . 277 479 217 106 695 1315
Male a5y 0GAEN) | mos0y  (58.2%) | (52.4%)  (54.4%) | (53.0%) (49.5%)
Age
14.7 8.67 133
Mean(SD) | i3e  102(37) | gol  128(e54) | 118067 oy | 113(980) 168(127)
Median [1068 13.0[1.00, | 7.00[1.00, 10.0[L00, | 9.00[1.00, 11.0[L.00, | 8.00[1.00, 12.0[L.00,
[Min, Max] ol 51.0] 42.0] 51.0] 45.0] 45.0] 45.0] 51.0]
GRS?2
13.8 13.9 137
Mean(SD) | T3  124233) | g%y 13492 | 41@e) o | 1397 128(229)
Median [(15‘32 12.7[4.40, | 140[8.29, 135[5.84, | 14.1[8.35, 13.9[8.08, | 14.0[6.94,  13.1[4.40,
[Min, Max] o 18.3] 18.5] 18.5] 18.5] 17.6] 18.5] 18.5]
IA2A
N 76 . 410 505 345 133 831 725
Positive 20.6%) 8703 | 77700 (61.4%) | (833%)  (68.2%) | (63.4%) (27.3%)
. 203 1551 118 318 62 480 1931
Negative (79.4%)  (94.7%) @23%)  38.6%) | 2167%) 3180y | (36.6%) (72.7%)
BMI
20.8 18.4 20.2
Mean(SD) | @9 223(675) | 50 199651 | 198657 Zeo | 195(57) 214(643)
Median [ig'g 21.0[8.70, | 17.1[120, 18.4[8.24, | 18.0[12.4, 17.7[126, | 17.5[12.0, 19.8[8.24,
[Min, Max] el 56.1] 42.6] 53.6] 42.1] 43.7] 54.6] 56.1]
AUC C-
peptide
(nm/L)
Mean (sD) | 274 2.28 3.16
(141)  337(156) | (1.06)  2.85(L24) | 253 (1.26)  (1.44) | 2.49(1.24) 3.20 (1.48)
Vedian 2.36 2.03 2.63 2.26 2.99
i Masg [0.625,  3.09[0.401, | [0.569, [0.407, [0.252, [0.728, | 2.20[0.252, 2.94[0.401,
' 9.36] 16.8] 9.09] 8.02] 9.42] 10.2] 9.42] 16.8]
AUC
glucose
(mg/dL)
vean(sp) | 131 113 138
292)  112(205) | (149) 107(148) | 152(231)  (1.83) | 13.0(2.76) 11.3(2.02)




12.7

[,\'/\I’i'ﬁd;\jgx] (743,  110[6.37, | 11.2[7.63, 10.7[477, | 14.8[9.89, 13.7[8.99, | 12.7[7.43, 11.0[4.77,
' 24.7] 21.1] 15.2] 14.3] 25.6] 20.2] 25.6] 21.1]
Indexso
0.693 0.328 0.512 -0.0943 1.39 0.570 -0.190
Mean (SD) | (1 14 (1.13) (0.847) (0.968) (0.995) o) | 08405 47y
Median 077 0201 | 0606[  0.0395[ |150[419, 0676[ | 0908[  -0.0623[
[Min, Max] 28, 852,267] | 510,237 4.96,2.14] | 395 403,309 | 510 455 852, 3.09]
4.55]
C-
peptideso
Index
Mean (sD) | 0053 0.106 0.0561 0.0907 0.0384 0.0538 0.0498 0.0972
(0.0414)  (0.357) | (0.0541)  (0.203) | (0.0556)  (0.0671) | (0.0519) (0.303)
. 0.0430 [- | 00453  0.0695[- | 00293  0.0433[ | 0.0389[- ]
[,\'/\I’i'ﬁd,'\‘;l‘gx] 0.0144, 40'1(;78102[1] 0.0561, 0.960, 0.0500, 0.319, 0.0561, 40'1%72152[1]
' 0.337] A7, 12. 0.910] 5.25] 1.00] 0.734] 1.00] 17, 12.
Beta2 score
2.50 242 2.65 2.35 251 2.72
Mean (SD) | (gg15 279(0664) | (4560 (0.620) (0.616) ©0666) | 242059%) s
Median [02é4721 2.73[0.633, | 2.33[131, 2.57[L12, | 2.27[118, 2.48[L25, | 2.34[0.871, 2.67 [0.633,
[Min, Max] n 5.92] 4.86] 4.79] 4.87] 5.00] 5.51] 5.92]
HbA,,
(mmol/mol)
33.3 321 32,6
Mean(sD) | She 32049 | %3 si7een |ssween (350 | 38194 319(337)
Median éig 322[180, | 32.2[22.4, 32.2[213, | 34.4[18.0, 32.2[24.6, | 33.3[180, 322 [18.0,
[Min, Max] o 54.1] 45.4] 46.5] 59.6] 51.9] 59.6] 54.1]
HbA,, %)
5.20 5.00 5.05 5.29 5.13 5.07
Mean(SD) | 5377y 508(0314) | (304 (0.293) (0.385) ©0317) | >180361) 4 30g)
Median [i'ig 510[3.80, | 510[4.20, 5.10[4.10, | 530[3.80, 5.10[4.40, | 5.20[3.80, 5.10 [3.80,
[Min, Max] oo, 7.10] 6.30] 6.40] 7.60] 6.90] 7.60] 7.10]

ESM Table 1. Characteristic of the cohorts by stages (single autoantibody positivity,
stage 1 [multiple autoantibodies without dysglycemia] and stage 2 [multiple
autoantibodies with dysglycemia]) and overall.




Cost categories Unit cost Source
DIRECT COSTS

Physician time $66.08/visit CMS, HCPCS code # 99213

Assistant time $19.84/h Bureau of Labor Statistics

Oral Glucose Tolerance Test $12.87 Medicare, HCPCS code #

(OGTT); three specimens 82951

(includes glucose)

Blood glucose, each additional ~ $3.92 Medicare, HCPCS code #

beyond 3 specimens in OGTT 82952

Hemoglobin A1C $9.71 Medicare, HCPCS code #
83036

C-peptide $20.81 Medicare, HCPCS # 84681

INDIRECT COSTS
Patient/participant’s time $14.88/h half the mean hourly wage

in 2022, Bureau of Labor
Statistics adjusted to
inflation as of 2024

Travel cost $12.40/ Zhang et al. (2003) adjusted
average trip to inflation as of 2024
ESM Table 2. Cost estimation of each unit included in acquisition of variable
information.



Sector

Type of Impact
(Add additional domains, as
relevant)

Notes on Sources (if quantified),
Likely Magnitude & Impact (if not)

Medical
Costs

Paid by third-party payers/
Paid by patients out-of-pocket

Direct costs were calculated using
Medicare reimbursement rates as it is a
measure of central tendency on the
private market and included costs of the
test and healthcare provider time we
used Medicare as it cost diagnostic
laboratory tests (CDLTs) based off the
weighted median of private payor rates
(fee schedule)

Large impact

Health-
Related
Costs

Patient time costs + travel

Indirect costs were calculated using
wage data from the US Bureau of Labor
Statistics and accounted for the value of
the participants’ time, which was
calculated as the lost wages of the
participant or the parent/guardian who
must accompany pediatric participants
Small impact

ESM Table 3. Impact inventory table adapted from Sanders et al. 2016 JAMA




GRS2 + AB-group + gender + age + BMI + Indexgy + AUC-glucose + Hbaic4  0.82 0.76 0.72 0.08 0.15 0.22 231.27 165
IA-2A + gender + age + Indexgy + AUC-glucose + Hbalc4  0.81 0.76 0.72 0.08 0.15 0.21 193.92 165
GRS2 + AB-group + gender + age + AUC-glucose + Hbaic4  0.82 0.76 0.69 0.08 0.15 022 189.65 165
GRS2 + IA-2A + gender + age + BMI + Indexg, + Hbalc4  0.81 0.74 0.72 0.08 0.16 0.22 183.3 105
IA-2A + gender + age + AUC-glucose + Hbaic4{ 0.81 0.76 0.69 0.09 0.15 0.22 152.3 165
IA-2A + gender + age + Indexg; + AUC-glucose + z-BMI4  0.81 0.76 0.7 0.08 0.15 0.22 184.21 165
IA-2A + gender + age + BMI + Indexg + Hbalc{  0.79 0.75 0.72 0.08 0.16 0.22 145.95 105
IA-2A + gender + age + Indexg + z-BMI + Hbalcq 079 0.75 0.71 0.08 0.16 0.22 145.95 105
Rank
|A-2A + gender + age + BMI + Indexgo{ ~ 0.79 074 07 0.08 0.16 022 13624 105 Best model
IA-2A + gender + age + Indexgo + z-BMI4{  0.78 0.74 0.69 0.08 0.16 022 136.24 105
CPH + GRS2 0.83 0.71 0.68 0.09 0.16 0.23 125.17 135
Worst model
CPH+4 082 0.71 0.68 0.09 0.16 0.23 87.82 135
DPTRSg, + Hbaic 4 0.77 0.71 0.71 0.09 0.16 0.22 128.61 105
IA-2A + gender + age + C-peptide-index-30 + Hbaic{ 0.72 0.75 0.67 0.1 0.16 0.23 136.05 75
DPTRSgq 4 0.76 0.69 0.68 0.09 0.17 0.22 118.9 105
GRS2 + AB-group + gender + age + Hbaicq4 0.73 0.73 0.66 0.1 0.16 0.23 94.16 10
IA-2A + gender + age + Hbaic4 0.72 0.74 0.67 0.1 0.16 0.23 56.81 10
GRS2 + AB-group + gender + age + BMI4  0.68 0.7 0.59 0.11 0.17 0.24 54.7 10
AB-group + gender + age + BMI4 062 0.71 0.61 0.11 0.17 0.24 17.35 10
AU'CSO AUICS, AU'CSZ Bnérso BrlérS; Bnérs? C(I)st Tlrlne

ESM Table 4. Performance of predictive models belonging to the Pareto front across
multiple metrics to predict risk at a 3-year horizon. The colour legend indicates for
each metric the rank of the model compared to the other models - white indicates
that the model was for a given metric among the worst and blue indicates that the
model was among the best. Black lines have been added to separate the different

clusters.



DPTRS + GRS2 + Hbaic 0.8 0.73 0.73 0.08 0.16 0.21 272.21 165
DPTRS A 0.77 0.72 0.72 0.09 0.16 0.21 225.15 165
Mi204 0.78 0.72 0.72 0.09 0.16 0.22 139.2 165
Indexg, + Hbaic 4 0.77 0.68 0.7 0.09 017 0.22 128.61 105
Rank
Best model
DPTRSg 4 0.76 0.69 0.68 0.09 0.17 0.22 1189 105
Worst model
LR 0.79 0.66 0.68 0.09 0.17 0.23 87.82 135
CPHA 0.82 0.71 0.68 0.09 0.16 0.23 87.82 135
IA2 + Sex + age + Hba1ic 0.72 0.74 0.67 0.1 0.16 0.23 56.81 10
IA2 + Sex + age + z-BMI 4 0.61 0.71 0.6 0.11 0.17 0.24 17.35 10
T T T T T T T T
AUCsg AUCs; AUCs; Briergg Brierg;, Briers; Cost Time

ESM Table 5. Performance of predictive models of interest across multiple metrics to
predict risk at a 3-year horizon. The colour legend indicates for each metric the rank

of the model compared to the other models - white indicates that the model was for a
given metric among the worst and blue indicates that the model was among the best.



ESM Figures

n = 4377 TrialNet Pathway to Prevention
participants who had been genotyped using
the lllumina T1DExomeChip array

n=4022

excluded 355 participants who had been
diagnosed with diabetes or who, on their
baseline OGTT had hyperglycemia, defined as
fasting plasma glucose >7.0 mmol/L (>126
mg/dL) or 2-h plasma glucose 211.1 mmol/L
(>200 m&/dL), or hemoglobin Alc (HbAlc) 26.5%

n=3967

Exclude 55 participants with incomplete data
because of Hbalc (18), OGTT missing (35) or
BMI (2)

Training dataset
Observation entering
TrialNet before 2012-09-
01
n= 1943

Validation dataset
Observation entering
TrialNet after 2012-09-01
n=2024

ESM Figure 1. Flowchart of cohort selections and split sample approach
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ESM Figure 2: Time dependent ROC AUC and Brier score at a 5-year horizon. Each
dot represents a Cox proportional hazard model with a different formula. The color
scale indicates the class of the variables included in the model. Classic model
previously described in the literature are labelled.
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ESM Figure 3: Variable importance by type 1 diabetes stages in a model including
GRS2, Indexso, age, autoantibody group and z-BMI. Indexso is consistently the most
important variable while GRS2 is only important at Stage O (i.e., single autoantibody
positivity).
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ESM Figure 4: Comparison of model performance with and without GRS2 including in
the model formula when comparing time-dependent ROC AUC and Brier score at a 3-
year horizon. At stage 0, there is generally a clear improvement by including GRS2
into the model. This effect can be observed for the classic models too. At stages 1 and
2, there is little to no improvement by including GRS2 into the model.
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ESM Figure 5: Comparison of model performance with and without GRS2 including
into the model when comparing time dependent ROC AUC and Brier score at 7 a year-
horizon. At stage 0, there is generally a clear improvement by including GRS2 into the
model. This effect can be observed for the classic models too. At stages 1 and 2, there
is little to no improvement by including GRS2 into the model.
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ESM Figure 6: Time-dependent ROC AUC and Brier score at a 5-year horizon. Each
dot represents a Cox proportional hazard model with a different formula. The color
scale indicates the cost of each model. Classic models previously described in the
literature are labelled.
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ESM Figure 7: Time-dependent ROC AUC and Brier score at a 5-year horizon. Each
dot represents a Cox proportional hazard model with a different formula. The color
scale indicates the patient time needed to inform each model. Classic models
previously described in the literature are labelled.
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ESM Figure 8: histogram of the C-peptideso Index, one can observe the presence of
extreme values which decrease the performance of the Cox proportional hazard
model.



Type 1 Diabetes TrialNet Study Group
Personnel as of 4/28/2023.

Steering Committee: Kevan Herold (Yale University), Mark Anderson (University of
California, San Francisco), Mark A. Atkinson (University of Florida), Todd Brusko
(University of Florida), Jane Buckner (Benaroya Research Institute), Mark Clements
(The Children’s Mercy Hospital), Peter G. Colman (Walter & Eliza Hall Institute of
Medical Research), Mark Daniels (Children’s Hospital of Orange County), Linda
DiMeglio (Indiana University), Carmella Evans-Molina (Indiana University), Jason
Gaglia (Joslin Diabetes Center), Stephen E. Gitelman (University of California, San
Francisco), Robin Goland (Columbia University), Peter Gottlieb (Barbara Davis
Center for Childhood Diabetes), Michael Haller (University of Florida), Carla J.
Greenbaum (Benaroya Research Institute), Martin Hessner (Medical College of
Wisconsin), Jeffrey P. Krischer (University of South Florida), Megan Levings
(University of British Columbia), Ingrid Libman (University of Pittsburgh), Peter
Linsley (Benaroya Research Institute), Alice Long (Benaroya Research Institute),
Sandra Lord (Benaroya Research Institute), Wayne Moore (The Children’s Mercy
Hospital), Antoinette Moran (University of Minnesota), Andrew Muir (Emory
Children’s Center), Priya Pralahad (Stanford University), William Russell (Vanderbilt
Eskind Diabetes Clinic), Jennifer Sherr (Yale University), Lisa Spain (National
Institute of Diabetes and Digestive and Kidney Diseases [NIDDK]), Andrea Steck
(Barbara Davis Center for Childhood Diabetes), John Wentworth (Walter & Eliza Hall
Institute of Medical Research), Diane Wherrett (University of Toronto), Perrin White
(University of Texas Southwestern), Darrell M. Wilson (Stanford University), William
Winter (University of Florida).
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