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The DCCT-based simulation algorithm we developed is designed to mimic the structure of the
DCCT data. As described in the main paper and presented in Fig. 3, we simulate M=5 causal SNPs
and K=2 non-independent and non-competing time-to-event traits based on L=3 longitudinal traits:
two QTs as measured in DCCT (HbAlc and SBP) to preserve realistic dependencies
between/within longitudinal QTs, and one QT simulated (U) to induce unexplained dependency
between the two simulated time-to-T1DC traits. We also assume effects of sex on SBP, and effects
of T1D duration (at baseline) on both T1DC traits, as observed in the original DCCT data and
specify contemporaneous association structures for the association of HbAlc and SBP on T1DC
traits. We describe in detail the procedure followed to generate such DCCT-based simulated dataset.

Example R script is available on GitHub (https://github.com/brossardMyriam/Joint-model-for-

multiple-trait-genetics).

1. DCCT dataset used for the simulation study

We use N=667 individuals from the DCCT Conventional treatment group with longitudinal HbAlc
(¥i1) and SBP (y; ) measures as well as baseline covariates (sex and T1D duration) measured for
each individual i. We exclude all longitudinal measures prior to the 6 month-visit due to a mild non-
linear time trend observed for HbAlc (screening effect) at the beginning of the DCCT study. For a
few individuals, we replace missing measures for either HbAlc or SBP by their predicted values
from the linear mixed model ignoring the SNP variable. We use mean centered HbAlc and SBP
measures. Throughout this section, for each individual i (1 <i <N = 667), we denote y;; =
i o Vi jo o Yiin)' @ ¥iz = Vizas - Vi jo 2 Yizm,)' the vectors of longitudinal QT
measures collected in DCCT for HbAlc (y;1) and SBP (y;;) at quarterly visit times t; =

T . . .
(ti,lr s b ...,ti,ni) with ¢;1 < <t;; <+ < t;, Where n; corresponds to the last visit
number recorded for patient i,and Sex; and T1D_duration; are the baseline covariate values
measured in DCCT.
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2. Assumed underlying system model

(i) Linear mixed models

Generating linear mixed models linking each SNP to each I QT trait (I € {1,2,u})
yii(t) = Boy + bio; + (B + bipy)t + Bg.9: (Equation 1, smooth linear QT trajectory)

Yir =y () + & (Equation 2, QT measures at visits times t;)

H — T 2
with ei,l = (Si,l,l! ey gi,j,l’ - gi,ni,l) ~Nni(0’ g Ini)

Equation 2 implies that y;;~N (X; 81, Z; 1D, Z5, + 021,,,)

Observed HbAlc (y;1): We specify X;; = (1,,,t;, SNP1 = g;1,,) as the design matrix
for the fixed intercept, time slope and SNP1 effects on HbAlc denoted as B =
(ﬁojl,ﬁl,l,ﬁg,l)T, and Z;1 = (1,,,t;) as the design matrix for the random intercept and
effect of time on HbAlc, with random effects b; ; = (bi_o_l, bi,l,l) T~N,(0,D,) where D, is
a 2x2 positive definite covariance matrix. We denote 1,,, = (1, ...,1, ...,1)" as the n; -length

unit vector.

Observed SBP (y;2): We specify X;, = (1,,,t;, SNP5 = g;1,,, Sex;1,,) as the design
matrix for the fixed intercept, fixed time slope, and fixed SNP5 and sex effects on SBP
denoted as B2 = (Boz B1,2:Bg,2 Bsex2)” and Z; 5 = (1,,,t;) as the design matrix for the

random intercept and effect of time on SBP, with random effects b;, =

(bz,o,z, bi,l,z)T ~N, (0, D,) where D, is a 2x2 positive definite covariance matrix

Simulated latent QT risk factor U (y;,,): We specify X;, = (1,,,t;, SNP3 = g;1, ) as
the design matrix of the fixed intercept, fixed time slope, and SNP3 effects on latent
longitudinal QT U denoted as By, = (Bowu, Biu Bgu)’» and Z;,, = (15, t;) as the design
matrix for the random intercept and effect of time on U, with random effects b;,, =

(bio bir) T~N5(0,D,,) where D, is a 2x2 positive definite covariance matrix.
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(i) PH time-to-event models

Generating time-to-event sub-models linking SNP with direct effects and longitudinal QT
trajectory effects to each k" simulated time-to-T1DC trait (k € {1,2})
A () = 2o (t) X exp{n;p(t) + aypeyiy (B}
With:
o Aox(t) = @&t 1, where @, and &, are the shape and scale parameters of the
Weibull model.
e a, is the effect of the shared longitudinal risk factor underlying trajectory y;, (t) used

to induce unexplained dependency between the simulated time-to-T1DC traits.

Simulated time-to-DR (Ti,ll 8i,1): ni,l(t) = y.g,l SNPZl + al’lyzl(t) +
Ypurationa T1D_duration;, where yg 1, a; 1 and ypyration,1 are the effects of SNP2, y/; (¢) and
T1D_duration on DR.

Simulated time-to-DN (T3, 6;2): 1;2(t) = V42 SNP4; + ' g2 SNP5; + Yi_i a1, v (t) +
Ypuration2 T1D_duration;, where y, », y' 9,2 A1,2, U2 AN Ypyration,2 are the effects of SNP4,

SNP5, HbAlc, SBP and T1D_duration on DN.

3. Procedure for data generation under the causal genetic scenario

Given the specified parameter values for each longitudinal sub-model, 2, = (8, D;, o) with [ €
{1, 2, u} and each time-to-event sub-model, I}, = ((pk_fk,yg,k, ak,yCO,,S,k) with k € {1, 2}, as well
as specified minor allele frequencies vector p = (p4, ..., Pm, ---» ) fOr the M=5 causal SNPs, the
proposed simulation procedure proceeds in three steps. In Step 1, we first simulate the longitudinal
vector for y;,, for the N DCCT individuals. In Step 2, we simulate the R = 1000 replicates of M
genotype data based on observed/simulated longitudinal QTs for DCCT individuals. In Step 3, we
simulate R = 1000 replicates of non-independent time-to-event traits for the N DCCT individuals
using SNPs and the trajectories for observed (HbAlc, SBP) and simulated longitudinal QTs fitted
on the data from Steps 1 & 2.
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> Step 1: Simulation of y; ,,
For each DCCT individual i, we generate y; ,,~N (X iuBw Z i,uDuZ,-T_u + aﬁlni) where X; ,, and Z; ,,
are the design matrices for the fixed and random effects (as defined above in Section 2) and 2,, =

(B, Dy, 02) are the specified parameter values.

» Step 2: Simulation of the genetic data
Causal SNPs with indirect effects

We simulate genotypes for each causal SNPm (m € {1, 3, 5}) with MAF p,,, with indirect effects on
ki T1DC traits via the I intermediate QT risk factor (I € {1,2,u}) under Hardy-Weinberg and
linkage equilibrium assumptions. Particularly, we draw for each SNP and each DCCT individual i
(1 <i<N), R genotypes g; from the multinomial distribution with conditional genotype
probabilities (7ry,—o, Tg,=1,74,=2 ) calculated for individual i at each possible genotype g; € {0, 1,
2} given longitudinal values (y;;) as follows:
P(yi1, SNPm = g;)
P(yi1)
_ P(yii|SNPm = g;)P(SNPm = g;)
P(yi1)
__ PQulSNPm = g)P(SNPm = g)
Ye.=0 POVit|SNPm = g)P(SNPm = g;)

Where:

ng, = P(SNPm = g;|y;)) =

e P(SNPm = g;|y;;) denotes the conditional genotype probability for SNPm with indirect
effect induced via the I'" longitudinal QT risk factor.

e P(yiy|SNPm = g;) denotes the probability density function of multivariate normal
distribution y; ;~N(X;,81, ZiyD\Z{, + 0*1I,,,).

e Unconditional genotype probability P(SNPm = g;) is specified by minor allele frequency
of SNPm (p,,,) under Hardy-Weinberg equilibrium, with P(SNPm = 0) = (1 — p,,)?,
P(SNPm = 1) = 2p,(1 — pyy) and P(SNPm = 2) = p2,.
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Specifically, for each individual i, we calculate conditional genotype probabilities for:

e SNP1 (p,) with indirect effects on both T1DC traits via intermediate HbAlc risk factor,
given observed longitudinal HbAlc measures in DCCT (y;,) as: my, = P(SNP1 =
gilyi1).

e SNP3 (p3) with indirect effects on both T1DC traits via the shared latent longitudinal QT
risk factor U, given simulated longitudinal values for U (y;,) as: my, = P(SNP3 =
9ilYiw)-

e SNP5 (p<) with an indirect effect on DN via intermediate risk SBP factor, given observed
longitudinal SBP measures in DCCT (y;2): my, = P(SNP5 = g;|yi2).

Causal SNPs with direct effects

For SNP2 (p,) and SNP4 (p,) which have only direct effects on each k" time-to-event trait, we
simulate genotypes for each individual i by drawing R genotypes from the multinomial distribution
with genotype probabilities (mg,—o, 74,-1, T4,=2), Where under the Hardy-Weinberg Equilibrium
assumption 7y o = (1 = pm)?, Mg,=1 = 2P;m(1 —py) and my,—, = py,. As opposed to the
simulation of the SNPs with indirect effects, the simulation of SNPs with direct effects depends on
population probabilities that do not vary among individuals. Those SNPs are introduced in the time-

to-event sub-models used to generate the time-to-event traits as described below.

» Step 3: Simulation of the non-independent time-to-event traits
To generate the K=2 non-independent time-to-T1DC traits (T; , 6; , With k=1, 2), we proceed as
follows for each individual i (1 < i < N) and each data replicate r (1 <r < R):
1. We sample a censoring time C; from a Uniform distribution on [0, t,,.], where ¢,
denotes the time where the last measurement is collected for individual i.
2. For each type of event k with specified parameters I'y:

a. We compute the uncensored event times T}, by calculating the inverse of
the cumulative of the hazard function for 4; , (t) using the Brent univariate
root-finding method (Brent 1973; Crowther and Lambert 2013). Note that
each A;,(t) depends on the SNPs with direct effects simulated at Step2

and the specified longitudinal QT trajectories for observed and unobserved
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longitudinal QT; the latter is used to induce the unexplained dependency
between the two simulated time-to-event traits. Those longitudinal QT
trajectories depend on SNPs with indirect effects and baseline covariates
(for details, see assumed underlying system model in Section 2).

b. We generate the right-censored event time T; , and event indicator 6; ;, as
T;, = min(T}; ,C;) and set &; to 1 if T;, occurs before or at C; or 0

otherwise (8 = (T} < Ci)).

4. Specified parameter values

The specified parameter values for the longitudinal models (2, with [ € {1, 2, u}), and for the time-
to-event models (I'y, with k € {1, 2}), as well as for the MAFs of the M=5 causal SNPs (p) are shown
in Fig. 3, and Table S4-1. Particularly, we specify SNP effects and MAFs of genetic associations,
as well as the other parameter values in 2, I', according to the DCCT Genetics Study and the

T1DC literature, except for SBP and DN, we inflate the typical SNP effect sizes observed in the

literature in £2,, I'; to achieve power sufficient to detect SNP associations given the available
DCCT sample size. We specify the shape and scale parameters in each I'; to generate ~54% DR
and ~25% DN events, on average.

Table S4-1. Other specified parameters in the simulation study

Parameters for the longitudinal QT risk factors

Observed HbA1c! (I=1) Observed sBP*(1=2) | Simulated U (I=u)
Po (intercept) -0.07 -4.51 -0.31
S (time) 0.025 0.32 0.10
ﬁsex,l (SEX) . 6.3 .
Covariance matrix of ( 1.30 —0.16) ( 512 —3.19) ( 2.22 —0.21)
random effects —0.16 0.073 —3.19 1.30 —0.21 2.22
Residual variance 0.79 8.49 0.50

Parameters for time-to-event traits

Simulated Time-to-DR (k=1) Simulated Time-to-DN (k=2)

Baseline hazard function
(Weibull)

Shape=1.01
Scale=0.001

Shape=1.01
Scale=10"2

Yourationk (T1D_duration)

0.20

'Observed HbA1c and SBP values from DCCT have been centered at the mean for the simulation study.
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5. Procedure to simulate the SNPs under the global null genetic scenario

For the genetic scenario under the global null hypothesis, where none of the SNPs is associated with
any traits, we simulate M=5 SNPs with the exact same MAF vector p as for the causal SNPs. These
SNPs are simulated independently of the longitudinal and time-to-event traits with the same

procedure as previously described to generate the SNPs with direct effects in Step2 (see section 3).

6. Evaluation of estimation accuracy

When the underlying genetic model entails direct and indirect association with complex traits and
longitudinal QT(s) values exhibit within-subject variability, the simulation results confirm that the
proposed extended joint model for multiple longitudinal and multiple time-to-event traits that
incorporates trajectories of the QTs performs well: it reduces bias of the parameter estimates;
provides coverage probabilities close to the nominal level (95%), and gives empirical 95%
confidence intervals of the parameter estimates that are narrower around the true parameter value
for all types of SNP association, even when the analysis model is not fully specified (JM-cmp and

JM-mis versus all IM-sep and CM-obs models, see Fig S6-1, Tables S6-1 to S6-5). In particular,

the largest reduction in bias for SNP effects occurs in ygk parameters in JM-cmp/JM-mis analyses
compared to JM-sep(I=1; k=2) and JM-sep(I=2; k=2) that respectively ignore SBP and HbAlc, and
in CM-obs that ignores random variation in both QTs. Altogether, these results suggest high

confidence in the estimation accuracy of the proposed multi-trait joint model, and apply when:

(i)  two correlated time-to-event traits are analyzed jointly rather than separately in the joint
model (e.g. IM-cmp/JM-mis compared to JM-sep models for SNP2, SNP4 & SNP5);

(i) atime-to-event trait is associated with multiple intermediate longitudinal QT risk factors
that are accounted in the joint model (eg. IM-cmp/JM-mis: vs JM-sep(l=2; k=2) for direct
effect of SNP1 on time-to-DN, vs JM-sep(l=1; k=2) for direct effect of SNP4 on time-to-
DN, and vs JM-sep(I=1; k=2) for direct effect of SNP5 on time-to-DN);

(i1) a SNP has a direct effect on a time-to-event trait with a low event rate (e.g. JM-cmp/JM-mis
compared to CM-obs for time-to-DN for SNP4 & SNP5);

(iii) a SNP has an indirect effect via a longitudinal QT risk factor measured with errors (e.g. JM-
cmp/JM-mis compared to CM-obs for SNP5).
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Particularly, SNP1 and SNP5 which have indirect effects on both time-to-T1DC traits (DR, DN)
via HbAlc (SNP1), and on DN only via SBP (SNP5), where JM-sep(I=2; k=2), JM-sep(l=1; k=2)
and CM-obs exhibit large biases in yq2 ; these biases tend to be away from the null (towards the
overall SNP effects); as for example for yq. estimate for SNP5 which combines direct and indirect
effects on DN via SBP, when SBP is not accounted in the analysis model (JM-sep(I=1; k=2)), or
when random measurement errors are ignored (CM-obs). SNP4 which has a direct effect on DN,
exhibit biases in yg2 in IM-sep(l=1; k=2) and CM-obs towards the null. On the other hand, when a
SNP (such as SNP3) has an indirect effect on both T1DC traits fully explained via the unmeasured
longitudinal QT, all analyses without that QT (JM-mis, all JM-sep models or CM-obs compared to
JM-cmp) produce direct SNP3 estimates biased towards the underlying overall SNP3 effect (6, ,, =

aykPgu =0.36, Fig S6-1: Panels C and D). In this scenario, use of the frailty term in JM-mis does

not reduce this bias (JM-mis compared to JM-sep(I=1,2; k=1) and JM-sep(l1=1,2; k=2)).
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A. HbA1c B. SBP C. Time-to-DR D. Time-to-DN
| SNP1 B, = 0.7 | SNP1 SNP1 SNP1

0.9- i 04-
841 aa: 0.2- 04-
06- 39: 00- 0.0- +
0.5- 1.0- -0.2- N
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JM-cmplIM-misfJM-sep[1,2] JM-sep[3,4] JM-cmplIM-misfJM-sep[1,2] JM-sep[5] JM-cmp JM -mis  JM-s: p[1] JM-s p[ CM obs M JM-cmp JM-mis JM-sep[2JIM-s p4]JM p [5] CM- ob M
SNP4 SNP4 SNP4 SNP4,y, = 0.7
18-
0.2 4
00 00- 0.0-
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02 1%: 0.2-
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JM-cmp/IM-misiIM-sep[1,2] JM-sep[3,4] JM-cmp/IM-misiIM-sep[1,2] JM-sep[5] JM-cmp  JM-mis  JM-s: p[ﬂ] JM-si p CM obs MM I cmp JM-mis JM-sep[2]IM-se p[4]JM ep[5] CM- ob MM

Fig. S6-1. SNP effects estimated by the joint models of two longitudinal and two time-to-event traits (JM-cmp and JM-mis), the two separate
joint models for each time-to-event trait (JM-sep(I=1,2; k=1), JM-sep(I=1,2; k=2), noted as JM-sep[1] and JM-sep[2]), and the three separate
joint models for each longitudinal and each time-to-event trait (JM-sep(I=1; k=1), JM-sep(I=1; k=2), IM-sep(I=2; k=2) noted as JM-sep[3], JIM-
sep[4], IM-sep[5], respectively) for each SNP on (A) HbAlc (ﬁ;\,l), (B) SBP ([{;z), (C) Time-to-DR (¥41) and (D) Time-to-DN (y,>), assessed
using R=1000 replicates of N=667 DCCT subjects simulated under the alternative genetic scenario from Fig. 3.

For (A) and (B), estimates from JM-cmp, JM-mis, JIM-sep(I=1,2; k=1) and JM-sep(l=1,2; k=2), are based on the same longitudinal sub-model fitted jointly
for HbAlc and SBP at Stagel; while for JIM-sep[3,4] estimates are based on the same longitudinal model for HbAlc. For (C) and (D), we also compare
the estimates from the joint models with the estimates from: CM-obs which corresponds to the Cox PH frailty model for both time-to-T1DC traits adjusted
for observed longitudinal HbAlc and SBP measures; and from MM which corresponds to the marginal time-to-event models fitted separately for each
time-to-event trait and ignoring the longitudinal traits. For each longitudinal (A, B) or time-to-T1DC trait (C, D), causal SNP associations are indicated
by red boxes. For SNP3 which has indirect effects on both time-to-T1DC traits via the unmeasured longitudinal risk factor U, all models ignoring U (JM-
mis, all IM-sep models, CM-obs and MM), exhibit a biased estimate for the direct SNP3 effect on T1DC traits. For SNP5 with direct and indirect effects
on time-to-DN induced via SBP, JM-sep(l=1; k=2), CM-obs, and MM overestimate the direct SNP5 effect on DN (y, ) due to ignoring within-subject
random variability in SBP (CM-obs) or omitting SBP from the time-to-event models (JM-sep(l=1; k=2), MM).
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Table S6-1. Estimation accuracy of the parameters of interest for causal SNP1 (MAF=30%) with indirect effects on both T1DC traits induced
via HbAlc longitudinal risk factor, assessed using R=1000 replicates of N=667 DCCT subjects simulated under the alternative genetic model
from FEig. 3. As noted above, IM-cmp, JM-mis, JM-sep(I=1,2; k=1) share the same estimates at Stagel, and JM-sep(I=1; k=1) and JM-sep(I=1; k=2) also
share the same estimates for HbAlc longitudinal trait.

Trait Parameter Estimation criteria IM-cmp | JM-mis | IM-sep(1=1,2; k=1) | IM-sep(I=1; k=1) CM-obs®
Mean Bias -0.051 -0.047
Empirical Variance 0.005 0.005
o By = 0.7 MSE 0.007 0.007
Coverage! 0.933 0.941
95% CI? [0.52;0.78] [0.52;0.79] :
Mean Bias -0.006 -0.016 -0.032 -0.033 -0.079
o = 0.2 Empirical Variance 0.002 0.002 0.002 0.002 0.001
(|—1|'l;A1c .I:1) MSE 0.002 0.002 0.003 0.003 0.008
’ Coverage! 0.955 0.944 0.901 0.902 0.414
Time-to-DR 95% CI? [0.11;0.28] | [0.10;0.27] [0.09;0.25] [0.09;0.25] [0.05;0.19]
(k=1) Mean Bias -0.014 -0.021 -0.031 -0.031 -0.062
Ug11 = 0.14 Empirical Variance 0.001 0.001 0.001 0.001 0.001
(Bg11 = MSE 0.001 0.001 0.002 0.002 0.004
a1,1B8g,) Coverage! 0.929 0.908 0.814 0.824 0.331
95% CI? [0.07;0.19] | [0.06;0.18] [0.05;0.16] [0.05;0.16] [0.03;0.13]
Parameter Estimation criteria JM-cmp JM-mis JM-sep(I=1,2; k=2) | IM-sep(l=1; k=2) CM-obs®
Mean Bias 0.002 0.001 -0.018 -0.097 -0.109
o = 0.2 Empirical Variance 0 0 0.004 0.002 0.002
(|—1|'t2)A1c .I:1) MSE 0 0 0.005 0.012 0.014
Time-to-DN ’ Coverage! 0.945 0.951 0.951 0.695 0.331
(k=2) 95% CI? [0.07;0.35] | [0.06;0.34] [0.05;0.31] [0.01;0.20] [0.03;0.13]
Mean Bias -0.003 -0.011 -0.022 -0.073 -0.081
Ug1,2 = 0.14 Empirical Variance 0.002 0.002 0.002 0.001 0.001
(Mgr2 = MSE 0.002 0.002 0.003 0.006 0.008
ay2f4,2) Coverage! 0.955 0.945 0.926 0.563 0.438
95% CI? [0.04;0.23] | [0.03;0.22] [0.03;0.21] [0.003;0.13] [-0.003;0.19]

1Coverage probability, calculated as the proportion of replicates with 95% Confidence Intervals covering the specified parameter value.
295% Confidence Interval of the effect calculated using the mean and sd from the empirical distribution of the estimates over the R=1000 replicates.
$Assessement of estimation accuracy for [T, 1 in CM-obs is based on a7 from CM-obs and E; ; from the bivariate linear mixed fitted for HbAlc and

SBP independently of CM-obs.
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Table S6-2. Estimation accuracy of the parameters of interest for SNP2 (MAF=10%) having a direct association on DR, assessed using R=1000
replicates of N=667 DCCT subjects simulated under the alternative genetic model from Fig. 3

Trait Parameter | Estimation criteria | JM-cmp JM-mis | IJM-sep(I=1,2; k=1) | IM-sep(I=1; k=1) | CM-obs MM
Mean Bias 0.003 -0.023 -0.099 -0.099 -0.077 -0.115
Variance 0.014 0.018 0.015 0.015 0.016 0.014
Yg1 =0.8 | MSE 0.014 0.019 0.024 0.024 0.022 0.027
Coverage' 0.952 0.951 0.873 0.871 0.908 0.841
Time-to-DR 95% CI2 [0.57;1.04] | [0.51;1.04] [0.46;0.94] [0.46;0.94] [0.48;0.97] | [0.45;0.92]
(k=1) Mean Bias 0.003 -0.009 -0.026 -0.026 -0.071
Variance 0.002 0.002 0.001 0.001 0.001
a;1 =02 | MSE 0.002 0.002 0.002 0.002 0.006
Coverage? 0.953 0.959 0.927 0.924 0.484
95% CI2 [0.12;0.28] | [0.11;0.27] [0.10;0.25] [0.10;0.25] [0.06;0.19]

1Coverage probability, calculated as the proportion of replicates with 95% Confidence Intervals covering the specified parameter value.
2959% Confidence Interval of the effect calculated using the mean and sd from the empirical distribution of the estimates over the R=1000 replicates.
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Table S6-3. Estimation accuracy of the overall effects of SNP3 (MAF=40%) with indirect effects on T1DC traits induced via U,

assessed using R=1000 replicates of N=667 DCCT subjects simulated under the alternative genetic model from Fig. 3

Traits | Parameters Evaluation criteria JM-cmp JM-mis | IM-sep(I=1,2; k=1) | IM-sep(I=1; k=1) CM-obs MM
Mean Bias 0.001 0.299 0.274 0.274 0.28 0.267
Variance 0.008 0.008 0.007 0.007 0.007 0.007
Yg1 =0 MSE 0.008 0.097 0.082 0.082 0.086 0.078
Coverage? 0.953 0.101 0.103 0.343 0.107 0.125
tTi”[‘)eF; 95% CI2 [-0.17;0.17] | [0.12;0.48] [0.11;0.44] [0.11;0.44] [0.11;0.44] [0.10;0.43]
(ok-:1) Mean Bias -0.006 -0.016 -0.03 -0.03 -0.074
Variance 0.002 0.002 0.002 0.002 0.001
a;, =0.2 MSE 0.002 0.002 0.002 0.002 0.007
Coverage! 0.95 0.944 0.899 0.897 0.107
95% CI? [0.11;0.28] | [0.10;0.27] [0.09;0.25] [0.11;0.44] [0.06;0.19] :
Parameters Estimation criteria JM-cmp JM-mis | IM-sep(I=1,2; k=2) | IM-sep(I=1; k=2) | IM-sep(I=2; k=2) CM-obs MM
Mean Bias 0.004 0.305 0.291 0.197 0.282 0.228 0.195
Variance 0.02 0.021 0.019 0.015 0.019 0.014 0.015
Yg2 =0 MSE 0.02 0.114 0.104 0.054 0.099 0.066 0.054
Coverage! 0.962 0.416 0.423 0.622 0.785 0.518 0.674
95% CI? [-0.27;0.28] | [0.02;0.59] [0.02;0.56] [-0.05;0.44] [0.01;0.55] [-0.01;0.46] | [-0.05;0.44]
) Mean Bias 0.01 -0.002 -0.015 -0.098 -0.104
tTO”B?\I Variance 0.005 0.005 0.004 0.002 0.002
(k=2) | %12 = 0.2 MSE 0.005 0.005 0.004 0.012 0.013
Coverage! 0.955 0.954 0.955 0.351 0
95% CI? [0.08;0.34] | [0.06;0.33] [0.06;0.31] [-0.05;0.44] . [0.06;0.09]
Mean Bias 0.002 0.001 -0.011 -0.014 -0.128
Variance 0 0 0 0 0
a,, =02 MSE 0 0 0 0 0.016
Coverage! 0.965 0.963 0.871 0.806 0.46
95% CI? [0.17;0.23] | [0.17;0.23] [0.16;0.21] [0.16;0.21] [0.01;0.18]

1Coverage probability, calculated as the proportion of replicates with 95% Confidence Intervals covering the specified parameter value.
295% Confidence Interval of the effect calculated using the mean and sd from the empirical distribution of the estimates over the R=1000 replicates.
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Table S6-4. Estimation accuracy of the parameters of interest in the time-to-event sub-model for SNP4 (MAF=30%) having a direct
association on DN, assessed using R=1000 replicates of N=667 DCCT subjects simulated under the alternative genetic model from Fig. 3

Trait Parameters (I:Er\ﬁelggtlon JM-cmp JM-mis IM-sep(I=1,2; k=2) | JM-sep(I=1; k=2) | JM-sep(I=2; k=2) | CM-obs MM
Mean Bias -0.014 -0.028 -0.076 -0.281 -0.088 -0.216 -0.283
Variance 0.016 0.019 0.017 0.014 0.017 0.012 0.014
Yg2 = 0.7 MSE 0.016 0.02 0.023 0.093 0.025 0.059 0.094
Coverage! 0.944 0.943 0.892 0.344 0.88 0.501 0.337
95% CI? [0.44;0.93] | [0.40;0.94] [0.37;0.88] [0.19;0.65] [0.36;0.87] [0.27;0.70] | [0.18;0.65]
Mean Bias 0.022 0.007 -0.008 -0.096 -0.102
) Variance 0.005 0.005 0.004 0.002 0.002
g'['\?%;g) a, =02 | MSE 0.005 0.005 0.004 0.011 0.012
Coverage? 0.937 0.954 0.959 0.684 0.464
95% CI? [0.09;0.36] | [0.07;0.34] [0.07;0.32] [0.02;0.19] : [0.01;0.19]
Mean Bias 0.013 0.01 -0.005 -0.008 -0.126
Variance 0 0 0 0 0
a,, =02 | MSE 0 0 0 0 0.016
Coverage' 0.903 0.939 0.943 0.919 0
95% CI? [0.19;0.24] | [0.18;0.24] [0.17;0.22] [0.17;0.22] [0.06;0.09]

1Coverage probability, calculated as the proportion of replicates with 95% Confidence Intervals covermg the specified parameter value.
295% Confidence Interval of the effect, calculated using the mean and sd from the empirical distribution of the estimates over the R=1000 replicates.
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Table S6-5. Estimation accuracy of parameters of interest for SNP5 (MAF=20%) with a direct effect and an indirect effect on Time-to-DN

induced via SBP, assessed using R=1000 replicates of N=667 DCCT subjects simulated under the alternative genetic model from Fig. 3

Trait | Parameter cI;Er\;?elriZtlon JM-cmp JM-mis IM-sep(I=1,2; k=2) | IM-sep(I=2; k=2) | CM-obs® MM
Mean Bias 0.046 0.039
SBp Variance 0.208 0.208
(1=2) Bg2 =7 MSE 0.210 0.209
Coverage? 0.99 0.999
95% CI? [6.15;7.94] [6.15;7.95] : :
Mean Bias -0.020 -0.009 -0.036 -0.029 0.505 0.762
Variance 0.024 0.028 0.026 0.026 0.023 0.022
Vg2 = 0.4 MSE 0.025 0.029 0.027 0.027 0.278 0.602
Coverage! 0.941 0.948 0.894 0.980 0.04 0.01
95% CI? [0.07;0.69] [0.06;0.72] [0.05;0.68] [0.05;0.69] [0.61;1.20] | [0.88;1.45]
Mean Bias -0.008 -0.010 -0.023 -0.026 -0.138
Variance <0.001 <0.001 <0.001 <0.001 <0.001
a,, =0.2 MSE <0.001 <0.001 0.001 0.001 0.019
Time- Coverage? 0.912 0.911 0.570 0.482 0
to-DN 95% CI? [0.16;0.22] [0.16;0.22] [0.15;0.23] [0.15;0.2] [0.05;0.08]
(k=2) Mean Bias -0.051 -0.059 -0.155 -0.176 -0.965
— 14 Variance 0.018 0.019 1.542 0.015 0.003
Hg22 - MSE 0.02 0.022 1.566 0.046 0.933
(o22 = ®22P02) "oy eragel 0.971 0.963 0.54 0.719 <0.001
95% CI? [1.09;1.61] [1.07;1.61] [1.00;1.49] [-0.07;0.42] [0.33;0.54]
Mean Bias -0.074 -0.071 -0.194 -0.205 -0.462
0,, =18 Variance 0.031 0.035 0.029 -0.556 0.023
(022 = Hg22 +Vg2) | MSE 0.037 0.04 0.067 0.071 0.236
95% CI? [1.38;2.08] [1.36;2.10] [1.27;1.95] [1.26;1.93] [1.04;1.64]

1Coverage probability, calculated as the proportion of replicates with 95% Confidence Intervals covering the specified parameter value.
295% Confidence Interval of the effect calculated using the mean and sd from the empirical distribution of the estimates over the R=1000 replicates.

3For CM-obs, estimation accuracy for Ug,2,2 and 6, 5, are based on ﬁ’g} from the bivariate longitudinal sub-model for HbAlc and SBP fitted
independently of CM-obs.
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7. Single parameter test validity for each of fq1and yqk assessed under the global null genetic scenario
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Fig. S7-1 Quantile-quantile plots of the P-values from the Wald tests for each SNP effect in longitudinal (fg, , upper) and time-to-event sub-
models (ygx, bottom) of the complete joint model (JM-cmp), assessed using R=1000 replicates of N=667 DCCT subjects simulated under the
global null genetic scenario. For each trait, SNP association P-values obtained for all M=5 SNPs and all replicates are pooled, yielding R=5000
replicates per plot.
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Table S7-2. Empirical type-1 errors for hypothesis tests of each of gy and yx based on the complete joint model (JM-
cmp) and the other compared models, assessed using R=1000 replicates of N=667 DCCT subjects, with SNPs
simulated under the global null genetic simulation scenario.

P*=0.05 threshold (5%0) P*=0.01 threshold (1%0)
Null SNPs Models Po.1=0 Pa.2=0 Y91=0 792=0 P9.1=0 f9.2=0 Yo1=0 792=0
(HbAlc) (SBP) (DR) (DN) | (HbAlc) (SBP) (DR) (DN)
JM-cmp 5.2 5.8 4.4 4.8 1.5 1.1 0.9 0.8
JM-mis 5.2 5.8 3.6 4.9 1.5 1.1 1.1 0.8
JM-sep(l=1,2; k=1) 5.2 5.8 3.8 . 1.5 1.1 1.1 .
SNP1 JM-sep(I=1,2; k=2) 5.2 5.8 . 5.2 1.5 1.1 . 1.1
(MAF=30%) JM-sep(I=1; k=1) 5.6 . 4.0 . 1.3 . 0.9 .
JM-sep(I=1; k=2) 5.6 . . 4.6 1.3 . . 0.5
IM-sep(I=2; k=2) . 5.9 . 4.6 . 1.2 . 1.1
CM-obs . . 2.9 4.8 . . 1.0 0.8
MM . . 4.3 4.8 . . 1.3 0.7
JM-cmp 5.5 6.0 5.8 3.9 1.0 1.2 0.9 0.8
JM-mis 5.5 6.0 45 3.8 1.0 1.2 0.9
JM-sep(l=1,2; k=1) 5.5 6.0 5.0 . 1.0 1.2 1.0 .
SNP2 JM-sep(1=1,2; k=2) 5.5 6.0 . 44 1.0 1.2 . 0.9
(MAF=10%) JM-sep(l=1; k=1) 5.0 . 5.0 . 14 . 1.0 .
JM-sep(I=1; k=2) 5.0 . . 5.1 1.4 . . 1.1
JM-sep(I=2; k=2) . 6.7 . 4.9 . 1.1 . 1.0
CM-obs . . 45 4.1 . . 0.7 0.8
MM . . 4.8 4.9 . . 0.7 1.3
JM-cmp 4.0 6.7 4.3 45 0.9 1.1 0.8 13
JM-mis 4.0 6.7 4.6 3.9 0.9 1.1 0.6 0.9
JM-sep(l=1,2; k=1) 4.0 6.7 4.7 . 0.9 1.1 0.8 .
SNP3 JM-sep(l=1,2; k=2) 4.0 6.7 . 4.4 0.9 1.1 . 1.0
(MAF=40%) JM-sep(I=1; k=1) 4.1 . 4.6 . 1.2 . 0.9 .
JM-sep(I=1; k=2) 4.1 . . 4.6 1.2 . . 0.7
JM-sep(l=2; k=2) . 6.5 . 4.8 . 0.9 . 1.3
CM-obs . . 4.2 4.3 . . 0.8 0.9
MM . . 4.7 4.8 . . 0.9 0.8
JM-cmp 4.8 6.3 3.9 4.9 1.1 1.2 0.6 0.8
JM-mis 4.8 6.3 4.9 4.7 1.1 1.2 0.3 0.9
JM-sep(1=1,2; k=1) 4.8 6.3 4.9 . 1.1 1.2 0.7 .
SNP4 JM-sep(l=1,2; k=2) 4.8 6.3 . 5.1 1.1 1.2 . 1.0
(MAF=30%) JM-sep(I=1; k=1) 5.0 . 4.6 . 1.0 . 04 .
JM-sep(I=1; k=2) 5.0 . . 5.0 1.0 . . 1.0
JM-sep(I=2; k=2) . 5.6 . 4.8 . 1.1 . 0.9
CM-obs . . 4.8 4.8 . . 0.2 0.5
MM . . 5.1 5.1 . . 0.2 1.0
JM-cmp 5.0 5.5 4.7 5.6 1.1 1.4 1.0 0.8
JM-mis 5.0 5.5 4.6 45 1.1 14 0.8 0.9
JM-sep(l=1,2; k=1) 5.0 5.5 5.2 . 1.1 14 1.1 .
SNPS IM-sep(1=1,2; k=2) 5.0 5.5 . 5.0 1.1 1.4 . 1.2
(MAF=20%) JM-sep(l=1; k=1) 5.1 . 5.3 . 1.0 . 1.2 .
JM-sep(l=1; k=2) 5.1 . . 4.9 1.0 . . 0.9
IM-sep(I=2; k=2) . 5.6 . 5.4 . 1.3 . 1.6
CM-obs . . 4.6 4.1 . . 0.8 0.7
MM 4.7 4.1 1.3 0.8

Type-1 errors are shown in percentage (%) and are computed for each SNP and each genetic association parameter as the proportion of
replicates that reject the null hypothesis at significance threshold P*. Departure from nominal Type-1 error for null parameters is shown
in red. Asymptotic 95% confidence intervals at P*=5%: [3.649;6.351], P*=1%: [0.383;1.617]. This table is an extended version of Table
2 to include type-1 errors for CM-obs and MM.
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8. Empirical type-1 errors & powers of single parameter tests for each of fq1and yqx
assessed under the alternative genetic scenario

Table S8-1. Empirical type-1 errors & powers for hypothesis tests of each of 3 and vy« based on the complete joint
model (JM-cmp) and all the other compared models, assessed using R=1000 replicates of N=667 DCCT subjects,
with SNPs simulated under the alternative genetic scenario from Fig. 3.

P*=0.05 threshold (5%) P*=0.01 threshold (1%) P*=0.001 threshold (0.1%)
Causal SNPs | Models Par Pa.2 Yo.1 Y92 Por Pa.2 Y91 Y92 P a2 Yg.1 9.2
HbAlc | SBP | DR | DN | HbAlc | SBP | DR | DN | HbAlc | SBP | DR | DN
SNPL IM-cmp 100 51 | 41 | 54 100 07 [ 07 [ 13 100 0 0 [ o1
(MAF IM-mis 100 51 | 42 | 46 100 07 | 05 1 100 0 0 | 02

=30%) IM-sep(1=1,2; k=1) 100 51 | 47 . 100 07 | 03 . 100 0 0 .
IM-sep(1=1,2; k=2) 100 5.1 . 4.6 100 0.7 . 1.1 100 0 . 03

By1=07 [IM-sep(i=L; k=1) 100 . 4.6 . 100 . 0.6 . 100 . 0 .
Bys =0 IM-sep(I=1; k=2) 100 . . 5.7 100 . . 1.1 100 . . 0.1
Vor =0 IM-sep(1=2; k=2) . 5.2 . | 112 . 0.9 . 3.2 . 0 . 0.8
Yoy =0 CM-obs . . 64 | 57 . . 07 | 15 . . 01 | 03
' MM . . | 204 ] 87 . . 8 3.1 . . 12 | 0.3
NP2 IM-cmp 6.6 54 | 100 | 3.9 1.3 12 | 100 | 1.4 0 02 | 998 | 05
(MAE IM-mis 6.6 54 | 100 | 46 1.3 12 | 997 | 10 0 02 | 988 | 03

=10%) IM-sep(1=1,2; k=1) 6.6 54 | 100 . 13 12 | 996 . 0 02 | 986 | .
IM-sep(1=1,2; k=2) 6.6 5.4 . 5.2 1.3 1.2 . 1.4 0 0.2 . 0.4

By1 =0 IM-sep(I=1; k=1) 6.1 . 100 . 16 . | 99.6 . 0 98.7 | .
By =0 IM-sep(I=1; k=2) 6.1 . . 4.6 16 . 1.0 0 . . 0.2
Yy1=0.8 | IM-sep(l=2;k=2) . 5.2 . 4.7 . 14 . 1.3 . 0.3 . 0.4

Yor =0 CM-obs . . 100 | 45 . . 997 ] 14 . . | 986 ] 0
: MM . . 100 | 4.4 . . | 997 | 08 . . | 983 ] 03
SNP3 IM-cmp 4.5 46 | 47 | 38 1 07 [ 10 [ 15 0 0 0 | o1
(MAF IM-mis 4.5 46 | 89.9 | 584 1 07 | 740 | 318 0 0 | 447 ] 103

=40%) IM-sep(1=1,2; k=1) 4.5 4.6 | 89.7 . 1 0.7 | 744 . 0 . 45.6 .
IM-sep(1=1,2; k=2) 4.5 4.6 . | 577 1 0.7 . 31.0 0 0 . [ 116

Pg1 =0 IM-sep(I=1; k=1) 4.8 . |87 ] . 1.2 . | 735 . 0 444 | .
Bg2 =0 IM-sep(I=1; k=2) 4.8 . . | 330 1.2 . . 116 0 . . 2.6
Bgu =0.8 [ jM-sep(I=2; k=2) . 4.4 . | 564 . 0.8 . 30.6 . 0 . [ 104
Yg1 =0 CM-obs . . | 89.3 | 482 . . | 730 ] 217 . . | 441 621
Yg2 =0 MM . . | 875 | 32,6 . . | 719 123 . . | 428 ] 26
IM-cmp 5.4 4.8 [ 6.0 | 100 1.4 1 15 | 99.9 0.3 0 0 [ 983
(S,\';'Z‘l‘: IM-mis 54 | 48 | 54 | 100 | 14 1 1 | 995 | 03 0 | 01 | 948

=30%) IM-sep(1=1,2; k=1) 5.4 48 | 51 . 1.4 1 | 09 . 0.3 0 0.2 .
IM-sep(I1=1,2; k=2) 5.4 4.8 .| 99.9 1.4 1 . 98.5 0.3 0 . | 935

Byi =0 IM-sep(I=1; k=1) 6.1 . 5.1 . 0.9 . 1 . 0.2 . 0.2 .
Byz =0 IM-sep(I=1; k=2) 6.1 . . | 93.9 0.9 . . 81.2 0.2 . . | 571
Yor =0 IM-sep(1=2; k=2) . 4.8 . | 99.9 . 1 . 98.2 . 0 . | 92.6
Y,s=0.7 | CM-obs . . 46 | 98.9 . . 1.0 | 96.0 . . 0.1 | 831
' MM . . 50 | 94.1 . . 1.1 | 806 . . 0.2 | 565
SNPS IM-cmp 2.8 100 | 55 | 664 1.1 100 | 1.1 | 432 0 100 | 0.1 | 205
(MAF IM-mis 2.8 100 | 46 | 645 11 100 | 0.6 | 404 0 100 | o [175

=20%) IM-sep(1=1,2; k=1) 2.8 100 | 4.8 . 1.1 100 | 0.8 . 0 100 | © .
IM-sep(1=1,2; k=2) 2.8 100 .| 63.2 1.1 100 . 40.2 0 100 . | 183

By1 =0 IM-sep(I=1; k=1) 2.8 . 4.6 . 0.8 . 0.8 . 0 0 .
Byr=7 IM-sep(I=1; k=2) 2.8 . . 100 0.8 . . 100 0 . . 100
Yor =0 IM-sep(1=2; k=2) . 100 .| 64.9 . 100 . 43.4 . 100 . | 1901
Y, =04 |CM-obs . . 4.8 | 100 . . 0.6 | 99.9 . . 0 | 99.7
' MM 52 | 100 0.8 | 100.0 0.1 | 100

Type-1 errors & powers are shown in percentage (%) and are computed for each SNP and each genetic association parameter as the proportion
of replicates that reject the null hypothesis at significance threshold P*. Power for parameters under the generating model scenarios of SNP
association, as simulated in Fig 3, are shown in bold. Departure from nominal Type-1 errors for null parameters is shown in red. Asymptotic
95% confidence intervals at P*=5%: [3.649;6.351], P*=1%: [0.383;1.617], P*=0.1%: [0;0.295]. SNP1, SNP3 and SNP5 have indirect effects
on T1DC traits, such that their associations with the T1DC traits are detectable with the marginal Cox PH time-to-event trait model (MM).
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File S2. DCCT-based simulation study
Fig S8-1. Empirical type-1 errors (SNP1, SNP3) and powers (SNP2, SNP4, SNP5) for hypothesis tests of each of yqk based on the complete joint

model (JM-cmp) and the other compared models, assessed using R=1000 replicates of N=667 DCCT subjects, with SNPs simulated under the
alternative scenario from Fig. 3.
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Vertical red lines correspond to the 95% binomial proportion confidence interval calculated using the following formula: g + 1.96 % /q(l ch , Where q
corresponds to the empirical type -1 error (SNP1, SNP3) or power (SNP2, SNP4, SNP5).
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9. Evaluation of the accuracy of the procedure for classification of SNP
association

In sections 9.1 and 9.2, we find that the bootstrap correlation values p;;, between Egj pand yg are
low for each QT/TTE trait pair (I; k) under the global null genetic scenario for all joint model
analyses (means across replicates |p’fk| < 0.05) which is in agreement with the expected null
correlation under the global null genetic scenario (as discussed in the Manuscript). Those p;}, also
tend to be low under the alternative genetic scenario, particularly for the joint models (section 9.2
and Tables 3-7). In section 9.2, we also describe the calculation of the expected classification
frequencies (considering p; ;) for each category of association, and we confirm the accuracy of the
classification procedure under the global null genetic scenario (as judged by empirical classification
frequencies being close to the expected frequencies). Finally, in section 9.3, we show that increasing
p1x has only little effect on the expected classification frequencies under both (null and alternative)

genetic simulation scenarios.

9.1 Distribution of pix under the global null and genetic alternative simulation
scenarios

The bootstrap correlation values p;;, between Eg\, and ¥ obtained in JM-cmp under the global
null and alternative genetic scenarios tend to be distributed around 0, as illustrated for the examples
of SNP1 (Eig S9.1-1) and SNP5 (Eig S9.1-2). The means of p;, across replicates tend to be low for
all the joint models fitted under the global null genetic scenario (Table S9.2-2) and under the

alternative scenarios (Tables 3-8) which agree with the theorical expectation.
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Fig S9.1-1. lllustration of the bootstrap correlation values p;, obtained in JM-cmp for SNP1 across
replicates simulated under the global null (left panel) and alternative (right panel) genetic
simulation scenarios.
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Fig S9.1-2. lllustration of the bootstrap correlation values p;, obtained in JM-cmp for SNP5 across
replicates simulated under the global null (left panel) and alternative (right panel) genetic
simulation scenarios.
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9.2 Approach to assess accuracy of the procedure for classification of direct and/or
indirect SNP association

To assess the accuracy of the procedure from Table 1 for classification of SNP association, we

compare the empirical classification frequencies (from simulation studies) to the expected

classification frequencies; the later are calculated under the assumption thatZT,, = (ZEI =

T — . ..
B, / a’ﬁ;l ,Z’y;k =V /a’y;k) constructed from S, and y, , estimated from the joint model (or
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other compared models) and their bootstrap standard errors (aﬁ;l and @), asymptotically follows

a bivariate normal distribution under the large sample theory,ie:

Where:

Zy~Ny(E|2,) H)

. E[z,]= (E [Z/;g‘l] E [Zyg‘k])T, and

. H=(

Pk

Pik 1 ) with pl,k = Cor (Zﬁg,l’ZVg,k) = O-ﬁg,lyg,k/ (O-ﬁg,l X ayg,k)’

where OB gV gk correspond to the covariance between S, ; and y .

Particularly, we calculate the bivariate normal probability (p;) that Z;, belongs to the region(s) of

integration defined in Table $9.2-1 for each category of association, where each p; is defined as:

with:

ap bz
pf :f j- f(Zg:pl,k)dZ
aq bq

1

——exp
2m ,(1_Pl,k2)

and —o0 < Zp | < 400, —0 <7, < +oo

%((Zﬁg,l)z +(Zyg,k)2 _ZkaZBg,lZYg,k)

1-py?

f(Zg:pl,k) =

a,,a, € R(a; < ay)andby, b, € R(b; < b,) correspond to the integrand limits
for, respectively, Zg,, and Zy,, 8 defined in Table S9.2-1.
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Table S9.2-1. Calculation of the expected classification frequencies for each category of SNP association at significance level
P*=0.05 (corresponding to a critical value |Z,| = 1.96), and assuming Z,~N(E[Z,], H)

Calculated bivariate normal integral for the probability

Expected

. that Z, belongs to each region of integration using the L
CEICR IRy Hypothesis . . . 4 g g g_ g classification
of SN_P _ tested Regions of integration R package mvtnorm (Genz et al. 2021): frequency? at desired
association pmvnorm(mean= E[Z,], corr=H, level
lower=(as, b1), upper=(ay, b,)
Zﬁg,z < —Z, pi=pmvnorm(mean= E[Z 4], corr=H,
. B,i#0AND | &—Zy<Z,  <Z, lower=(-Inf,—Z,), upper=(-Z, Z,))
Indirect 9 = — — — Pi=pi + Pi2
Yok =0 Zﬁg,z >Z, pr=pmvnorm(mean= E[Z 4], corr=H,
&—Z,<2, , <74 lower=(Z,, —Z,), upper=(+Inf, Z,))
—Z, < Zﬁg,z <Z, poi=pmvnorm(mean= E[Z ], corr=H,
_ B, =0AND |&Z,  <-Z, lower=(—Z, —Inf), upper=(Z,, —Z,))
Direct 9. 4. — — — Po= o Pp1 t Po2
Yok * 0 ~Zog < Zp,, < Zg Poz=pmvnorm(mean= E[Z 4],corr=H,
&Zy. . > Za lower=(—Zy, Z,), upper=(Z,, +Inf))
Zg, < —Zg Poi= pmvnorm(mean= E[Z 4], corr=H,
&Zygk < —Z, lower=(-Inf, -Inf), upper=(—Z,, —Z,))
Zﬁg,z > Z, Porz=pmvnorm(mean= E[Z 4], corr=H,
. &Z, >7 lower=(Z,, Z,), upper=(+Inf,+Inf
Direct & .Bg,l + 0 AND Ygk a ( a a) pp ( ))) Po&i=PoiL + Poizt
Indirect Yoi * 0 Zg, < —Zq Pois= pmvnorm(mean= E[Z 4], corr=H, Poiz+ Pou
&Zy, . > Zq lower=(-Inf, Z,),
upper=(—Zy, +Inf)))
Zﬁg,z >Z, Pois=pmvnorm(mean= E[Z 4], corr=H,
&Zygk < —Z, lower=(Z,,-Inf), upper=(+Inf, —Z,))
Not Direct By1 =0 AND —Z, < ZBAg,z <Z, pn= pmvnorm(mean= E[Z 4], corr=H,
& Not ' - lower=(—Z,, —Z,), upper=(Z,, Z PN
indirect Yok = 0 & -7, < ZVg,k <Z, (—Za ), upper=(Z, Z,))

'We calculated the expected classification frequencies under the assumption that pl+pD+pD&I+pN=1.
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Table 59.2-2. Means of bootstrap standard errors for g,; and y 4, and their correlation, and SNP association classification frequencies based

on the complete joint model and the other compared models at significance threshold P*=0.05, assessed using R=1000 replicates of N=667
DCCT subjects, with SNPs simulated under the global null genetic scenario

Mean Bootstrap SE’s

and Correlation?

Expected? and Empricial®
classification frequencies (%

SNPs Trait pairs Compared Models — — P R oret Dir_ect 2 ot Dirt_ect 2
Byt Yok Lk Indirect Not Indirect
Expected? 4.75 4.75 0.25 90.25
JM-cmp 0.006 0.007 | -0.001 49 41 0.3 90.7
JM-mis 0.006 0.009 | -0.002 49 3.3 0.3 91.5
gg'?klfg‘l)/ IM-sep(I=1,2; k=1) 0.006 | 0.007 |-0.002 4.9 35 03 91.3
JM-sep(I=1; k=1) 0.006 0.007 | -0.004 54 3.8 0.2 90.6
CM-obs 0.006 0.008 | 0.039 5 2.7 0.2 92.1
JM-cmp 0.006 0.018 | -0.013 49 45 0.3 90.3
N JM-mis 0.006 0.020 | -0.012 4.8 45 0.4 90.3
(S,\')'ZL%%) gm(l:cg‘l)/ IM-sep(1=1,2; k=2) 0.006 | 0018 |-0.010 48 48 0.4 90
IM-sep(I=1; k=2) 0.006 | 0016 |0.008 5.2 4.2 0.4 90.2
CM-obs 0.006 0.014 | 0.022 4.8 4.4 0.4 90.4
JM-cmp 0.217 0.018 | -0.026 54 4.4 0.4 89.8
SBP(I=2)/ JM-mis 0.217 0.020 | -0.021 5.2 4.3 0.6 89.9
NG IM-sep(I=1,2; k=2) 0217 | 0018 |-0.018 523 47 05 89.5
IM-sep(1=2; k=2) 0216 | 0017 |-0.016 55 42 0.4 89.9
CM-obs 0.217 0.014 | 0.320 5 4 0.8 90.2
JM-cmp 0.014 0.018 | -0.005 55 5.8 0 88.7
JM-mis 0.014 0.021 | -0.007 55 45 0 90
gg'?klfg‘l)/ IM-sep(I=1,2; k=1) 0014 | 0017 |-0.007 5.4 49 0 89.6
IM-sep(I=1; k=1) 0.014 | 0017 |-0.004 4.9 4.9 0 90.1
CM-obs 0.014 0.019 | 0.033 55 45 0 90
(Sl\’>||/|:|2:=10%) JM-CFT_HZ) 0.014 0.043 | -0.017 55 3.9 0 90.6
HbA1c(I=1)/ JM-mis 0.014 0.048 | -0.017 55 3.8 0 90.7
ON(2) IM-sep(I=1,2; k=2) 0.014 | 0.042 |-0016 5.4 43 0 90.3
IM-sep(I=1; k=2) 0014 | 0039 | 0.004 4.9 5 0.1 90
CM-obs 0.014 0.035 | 0.017 55 4.1 0 90.4
SBP(I=2)/ IM-cmp 0508 | 0043 |-0.019 5 3.0 0 90.1
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DN(k=2) IM-mis 0.508 0.048 | -0.013 5.9 36 0.2 90.3
IM-sep(I=1,2; k=2) 0.508 0.042 | -0.009 5.8 4.2 0.2 89.8

IM-sep(I=2; k=2) 0.508 0.042 | -0.004 6.3 45 0.4 88.8

CM-obs 0.508 0.035 | 0.324 5.8 3.9 0.2 90.1

IM-cmp 0.005 0.006 | -0.005 3.8 4.1 0.2 91.9

IM-mis 0.005 0.008 | -0.006 38 44 0.2 91.6
gg’?klfg‘l)/ IM-sep(I=1,2; k=1) 0.005 0.006 | -0.006 3.9 46 0.1 91.4
IM-sep(I=1; k=1) 0.005 0.006 | -0.004 4.0 45 0.1 91.4

CM-obs 0.005 0.007 | 0.035 3.9 4.1 0.1 91.9

IM-cmp 0.005 0.015 | -0.009 36 4.1 0.2 92.1

IM-mis 0.005 0.017 | -0.009 38 4.2 0.1 91.9
(8323;:40%) ng'?;fg‘l)/ IM-sep(I=1,2; k=2) 0.005 0.015 | -0.008 38 4.2 0.2 91.8
IM-sep(I=1; k=2) 0.005 0.014 | 0.008 3.9 44 0.2 915

CM-obs 0.005 0.007 | 0.024 3.9 4.2 0.2 91.7

IM-cmp 0.188 0.015 | -0.028 6.4 4.2 0.3 89.1

.y IM-mis 0.188 0017 |-0.022 6.2 41 0.3 89.4
g'?\ﬁﬁz‘zz)) IM-sep(1=1,2; k=2) 0.188 0.015 |-0.017 6.4 41 0.3 89.2
IM-sep(I=2; k=2) 0.188 0.015 |-0.016 6.1 44 0.4 89.1

CM-obs 0.188 0.012 | 0.320 6 36 0.3 90.1

IM-cmp 0.006 0.007 | -0.002 4.7 3.8 0.1 91.4

IM-mis 0.006 0.009 | -0.004 47 48 0.1 90.4
gg'?klfg‘l)/ IM-sep(I=1,2; k=1) 0.006 0.007 | -0.005 45 46 0.3 90.6
IM-sep(I=1; k=1) 0.006 0.007 | -0.007 47 43 0.3 90.7

CM-obs 0.006 0.008 | 0.036 47 47 0.1 905

IM-cmp 0.006 0.018 | -0.012 4.5 4.6 0.3 90.6

IM-mis 0.006 0.020 | -0.012 45 44 0.3 90.8
(SI\')'ZL?)O%) gm(l:g‘l)/ IM-sep(I=1,2; k=2) 0.006 0.018 | -0.012 45 48 0.3 90.4
IM-sep(I=1; k=2) 0.006 0.016 | 0.007 5 5 0 90

CM-obs 0.006 0.014 | 0.020 48 48 0 90.4

IM-cmp 0.216 0.018 | -0.027 6.1 4.7 0.2 89

SBP(1=2) IM-mis 0.216 0.020 | -0.022 6 44 0.3 89.3
DN(2] IM-sep(1=1,2; k=2) 0.216 0.018 | -0.018 5.8 46 0.3 89.3
IM-sep(1=2; k=2) 0.215 0.017 | -0.009 5.3 45 0.3 89.9

CM-obs 0.216 0.014 |0.323 5.7 4.2 0.6 89.5
HbALc(I=1)/ | JM-cmp 0.008 0.010 | -0.004 4.9 4.6 0.1 90.4
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DR(k=1) JM-mis 0.008 0.012 | -0.004 4.6 4.2 0.4 90.8

JM-sep(l=1,2; k=1) 0.008 0.009 | -0.005 4.7 4.9 0.3 90.1
JM-sep(l=1; k=1) 0.008 0.009 | -0.003 4.7 4.9 0.4 90

CM-obs 0.008 0.010 | 0.036 4.7 4.3 0.3 90.7

JM-cmp 0.008 0.023 | -0.011 4.9 5.5 0.1 89.5

HbAlc(I=1)/ JM-mis S 0.008 0.026 | -0.010 4.9 4.4 0.1 90.6

SNP5 DN(k=2) JM-sep(l=1,2; k=2) 0.008 0.023 | -0.010 4.9 4.9 0.1 90.1

(MAF=20%) JM-sep(l=1; k=2) 0.008 0.021 | 0.007 4.8 4.6 0.3 90.3
CM-obs 0.008 0.019 | 0.022 4.9 4 0.1 91

JM-cmp 0.285 0.023 | -0.020 5.5 5.6 0 88.9

SBP(I=2)/ JM-mis 0.285 0.026 | -0.014 5.3 4.3 0.2 90.2

DN(k=2) JM-sep(l=1,2; k=2) 0.285 0.023 | -0.011 5.2 4.7 0.3 89.8

JM-sep(l=2; k=2) 0.283 0.023 | -0.007 5.4 5.2 0.2 89.2

CM-obs 0.285 0.019 | 0.326 5.2 3.8 0.3 90.7

Mean Bootstrap SE’s Ty and Oy i for respectively B, and y, ., and their correlation p, , over the R=1000 replicates generated under the global null genetic
scenario.

2\We calculated the expected classification frequencies for each category of association as the probability to classify a SNP association as direct, indirect, direct and

— —— — T - Pt -
indirect, or not direct and not indirect under the assumption that Z,= (ZBQ'I,Z ) , constructed from the SNP effect estimates (5,, and ¥, ) and their

Ygk
bootstrap standard errors (a];; , and a/y;) as Z};l = ﬁTng / aj;; , and Zygr = m/ a/y; from JM-cmp, asymptotically follows a bivariate normal distribution, that

NS . . | A
is Z,~N,(E[Z,4], H), where E[Z 4] is the vector of expectations, and H = (sz 1 )Wlth pix = Cor (Zﬁg,vzyg,k) = 08, vgi/ (g X Oy,,)@nd ag ., the

bootstrap covariance between S, and y ;. Under the global null hypothesis, we assumed E [Z g] = (0,0)" and g1 = OBV ok / (OB, X Ty gy where True g,
and True yg . are the SNP effect parameter values specified to simulate the SNP association being tested, and a@ o ‘7/yg\kv and cr% » correspond to the average

of the bootstrap variances and covariances from JM-cmp over the R=1000 replicates generated under the global null genetic scenario. When p; ; <0.4, we found
negligible effect of p, ,, on the classification frequencies under the null genetic scenario (see Table S9.3-1).

SEmpirical classification frequencies (shown as a percentage, %) for each SNP association under the global null genetic simulation scenario at significance P* for
Bg, and v, i hypothesis tests. We calculated the empirical classification frequencies for each category of association, as the proportion of replicates using the
procedure described in Table 1 at P* = P; = P = 0.05. The results for the correct classification category under the global null genetic simulation scenario are
shown in bold.
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9.3 Assessment of sensitivity of the expected classification frequencies to increasing o«

We investigate the effect of increasing p, , on the expected classification frequencies. We recalculate the expected
classification frequencies as described in 9.2, but with p;, varying from 0 (no dependence) to 1 (complete
dependence). Under the global null genetic hypothesis, when p, , < 0.4 the expected classification frequencies
show minor changes (Table $9.3-1), and no change for any p; values under the alternate genetic simulation
scenario (as illustrated for the examples of SNP1 and SNP5 in Tables S9.3-2 and S9.3-3).
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Table 59.3-1. Effect of increasing correlation p;; between genetic 8,; andy 4, on the expected classification frequencies at P*=0.05

under the global null genetic scenario

Pk

Expected! classification frequencies (%) under the global null genetic scenario
at significance threshold P*=0.05

Indirect Direct Indirect & Direct Not Direct & Not Direct

0 (Complete independence) 4.75 4.75 0.25 90.25
0.05 4.74 4.74 0.26 90.26
0.1 4,72 4,72 0.28 90.28
0.15 4.69 4.69 0.31 90.31
0.2 4.64 4.64 0.36 90.36
0.25 4.59 4.59 0.41 90.41
0.3 4.51 4.51 0.49 90.49
0.35 4.43 4.43 0.57 90.57
0.4 4.32 4.32 0.68 90.68
0.45 4.21 4.21 0.79 90.79
0.5 4.07 4.07 0.93 90.93
0.55 3.92 3.92 1.08 91.08
0.6 3.75 3.75 1.25 91.25
0.65 3.56 3.56 1.44 91.44
0.7 3.35 3.35 1.65 91.65
0.75 3.1 3.1 1.9 91.9
0.8 2.81 2.81 2.19 92.19
0.85 2.46 2.46 2.54 92.54
0.9 2.04 2.04 2.96 92.96
0.95 1.46 1.46 3.54 93.54
1 (Complete dependence) 0 0 5 95

LAssuming Z,~N,(E[Z 4], H), and under the global null genetic hypothesis E[Z,] = (0,0)T,

and p; j varying from 0 (complete independence) to 1 (complete dependence).
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Table 59.3-2. Effect of increasing correlationp, ; between genetic effects B, ; and y 4 ; on the expected classification frequencies at P*=0.05
under the alternative genetic scenario, for the example of SNP1 association with HbAlc/DR

Expected classification frequencies (%) for SNP1 association with HbA1c/DR?!

Correlation

P11 Indirect Direct Indirect & Direct Not Direct & Not Direct
0 (Complete independence) 95 3.32E-12 5 6.31E-11
0.05 95 4.30E-12 5 6.21E-11
0.1 95 7.33E-12 5 5.91E-11
0.15 95 1.25E-11 5 5.39E-11
0.2 95 1.99E-11 5 4.65E-11
0.25 95 2.90E-11 5 3.74E-11
0.3 95 3.89E-11 5 2.75E-11
0.35 95 4.84E-11 5 1.80E-11
0.4 95 5.61E-11 5 1.03E-11
0.45 95 6.15E-11 5 4.93E-12
0.5 95 6.45E-11 5 1.88E-12
0.55 95 6.59E-11 5 5.33E-13
0.6 95 6.63E-11 5 8.88E-14
0.65 95 6.64E-11 5 0

0.7 95 6.64E-11 5 -1.11E-14
0.75 95 6.64E-11 5 -1.11E-14
0.8 95 6.64E-11 5 -1.11E-14
0.85 95 6.64E-11 5 -1.11E-14
0.9 95 6.64E-11 5 -1.11E-14
0.95 95 6.64E-11 5 0

1 (Complete dependence) 95 6.64E-11 5 0

[l - - - - T
LAssuming Z,~N,(E[Z,), H), with under the alternative genetic hypothesis £[Z,] = (0.7/@;1 ) 0) , where g3 correspond to the bootstrap standard error for

Bg,1 in IM-cmp, and p, , varies from 0 (complete independence) to 1 (complete dependence). The correct SNP association category as simulated in Fig 3 is shown in

bold.
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Table 59.3-3. Effect of increasing correlationp, , between genetic effects B 4, andy 4, on the expected classification frequencies at P*=0.05

under the alternative genetic scenario, for the example of SNP5 direct & indirect association with SBP/DN

Correlation Expected classification frequencies® (%) for SNP5 association with SBP/DN
P22 Indirect Direct Direct & Indirect Not Direct & Not Direct
0 (Complete independence) 28.77 1.79E-24 71.23 0
0.05 28.77 1.44E-23 71.23 0
0.1 28.77 9.15E-23 71.23 0
0.15 28.77 4.68E-22 71.23 0
0.2 28.77 1.97E-21 71.23 0
0.25 28.77 6.90E-21 71.23 0
0.3 28.77 2.03E-20 71.23 0
0.35 28.77 5.06E-20 71.23 0
0.4 28.77 1.07E-19 71.23 0
0.45 28.77 1.92E-19 71.23 0
0.5 28.77 2.93E-19 71.23 0
0.55 28.77 3.86E-19 71.23 0
0.6 28.77 4.47E-19 71.23 0
0.65 28.77 4.74E-19 71.23 0
0.7 28.77 4.80E-19 71.23 0
0.75 28.77 4.81E-19 71.23 0
0.8 28.77 4.81E-19 71.23 0
0.85 28.77 4.81E-19 71.23 0
0.9 28.77 4.81E-19 71.23 0
0.95 28.77 4.81E-19 71.23 0
1 (Complete dependence) 28.77 4.81E-19 71.23 0

_ T
LAssuming Z,~N,(E[Z 4], H), with under the alternative genetic hypothesis E[Z ;] = (7/@;, 0.4/@;) , where o - corresponds to the bootstrap standard

error for ﬁzz in JM-cmp, and p, , varies from O (complete independence) to 1 (complete dependence). The correct SNP association category as simulated in Fig. 3 is

shown in bold.
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10. Empirical classification frequencies for each SNP association under the global null
genetic scenario

Fig. S10-1. Empirical classification frequencies of each SNP as direct and/or indirect association with each
time-to-T1DC trait (DR, DN) through each observed longitudinal QT (HbAlc, SBP), assessed using R=1000
replicates of N=667 DCCT subjects simulated under the global null genetic scenario.

As explained in Materials and Methods, joint models are fitted separately for each SNP, and the SNP association
is tested with each of the longitudinal traits (HbAlc, SBP) and each of the time-to-T1DC traits (time-to-DR, time-
to-DN). IM-sep(L=2, K=1) refers to the two separate joint models of two longitudinal with one time-to-event trait
(ie IM-sep(1=1,2; k=1) and JIM-sep(I=1,2; k=2)); while IM-sep(L=1, K=1) refers to the three separate joint models
of one longitudinal with one time-to-event traits (ie JM-sep(I=1; k=1), IM-sep(I=1; k=2), IM-sep(l=2; k=2)). For
each classification frequency (noted as CF), we calculate the 95% binomial proportion confidence interval as

—

CF +1.96 x fCF(lR_CF), where R = 1000 replicates). Classification frequencies for the category of direct and

indirect SNP association appears conservative because the hypothesis testing procedure requires the joint
significance of the two SNP effects, 5,; and y, .

(See plots on pages 33-35)
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11. Empirical classification frequencies for each SNP association under the alternative simulation scenario

Table S11-1. Empirical classification frequencies (shown as a percentage, %) for each SNP association assessed using R=1000 replicates of
N=667 DCCT subjects, with SNPs simulated under the alternative simulation scenario from FEig. 3. Classification rates under the correct scenarios
of SNP association, as simulated in Fig. 3 are shown in bold.

P*=0.05 threshold

P*=0.01 threshold

P*=0.001 threshold

Causal Genetic Trait Not Not Not
SNPs from Parameter - Models . . Direct & | Direct & . Direct & | Direct & . . Direct & | Direct &
Fig. 3 Values pairs Indirect'} Direct Indirect Not Indirect Rlicet Indirect Not Indivect'} Direct Indirect Not
Indirect Indirect Indirect
IM-cmp 95.9 0 41 0 99.3 0 0.7 0 99.9 0 0.1 0
. =07 ('?(E W IM-mis 95.8 0 42 0 99.5 0 05 0 100 0 0 0
o1 Nbate | IMsep(=12;k=1) | 95.3 0 47 0 99.7 0 0.3 0 100 0 0 0
Y1 = (=1) IM-sep (I=1; k=1) | 954 0 46 0 99.4 0 0.6 0 100 0 0 0
CM-obs 93.6 0 6.4 0 99.3 0 07 0 99.9 0 01 0
N IM-cmp 94.6 0 54 0 98.7 0 13 0 99.9 0 0.1 0
IM-mis 954 0 46 0 99.0 0 1.0 0 99.8 0 0.2 0
(S|\I>|IZ}:=30% | B o ‘=°(')7 g‘gi)l/c IM-sep(=1.2:k=2) | 954 | 0 46 0 89 | 0 11 0 997 | o0 0.3 0
92 (=1) IM-sep(I=1; k=2) 94.3 0 57 0 98.9 0 11 0 99.9 0 0.1 0
CM-obs 943 0 57 0 985 0 15 0 99.7 0 03 0
IM-cmp 5 53 0.1 89.6 07 13 0 98.0 0 0.1 0 99.9
8. =0 ('?(';‘2)/ IM-mis 5.1 46 0 903 07 1.0 0 983 0 0.2 0 99.8
92— | sap IM-sep(I=1,2:k=2) | 5.1 46 0 903 07 11 0 982 0 03 0 99.7
Yo2 = 1=2) IM-sep(1=2; k=2) 43 10.3 0.9 845 0.9 32 0 95.9 01 0.8 0 99.1
CM-obs 45 5.1 06 89.8 07 15 0 97.8 0 0.3 0 99.7
IM-cmp 0 93.4 6.6 0 0 98.7 13 0 0 99.8 0 0.2
8. =0 ('?(El)/ IM-mis 0 93.4 6.6 0 0 98.4 13 03 0 98.8 0 12
908 | Homle  |IMesep(I=1.2; k=1) 0 934 6.6 0 0 98.3 13 04 0 986 0 1.4
Yg1 =0 (=1) IM-sep(I=1; k=1) 0 93.9 6.1 0 0 98 16 0.4 0 987 0 13
CM-obs 0 93.4 6.6 0 0 98.4 13 03 0 986 0 1.4
IM-cmp 6.4 37 0.2 89.7 13 14 0 973 0 05 0 99.5
NP2 g =0 ('?(’;‘2)/ IM-mis 63 | 43 0.3 89.1 13 | 10 0 97.7 0 0.3 0 99.7
(MAF=10%) yg' "o | Hbac [IM-sep(=12k=2) | 62 48 04 88.6 13 14 0 973 0 0.4 0 99.6
9.2 (=1) IM-sep(I=1; k=2) 6.1 46 0 893 16 1 0 974 0 0.2 0 99.8
CM-obs 6.6 45 0 88.9 13 14 0 973 0 0 0 100.0
IM-cmp 5.4 3.9 0 90.7 12 14 0 974 0.2 05 0 99.3
P '?('2'2 ;[ IM-mis 54 46 0 90.0 12 1.0 0 978 0.2 03 0 99.5
S gép) IM-sep(=1,2: k=2) | 5.3 51 0.1 895 1.2 14 0 974 0.2 0.4 0 99.4
Vo2 = 1=2) IM-sep(I=2; k=2) 5.0 45 0.2 903 14 13 0 973 03 0.4 0 99.3
CM-obs 5.0 41 0.4 905 1.2 14 0 974 0.2 0 0 99.8
SNP3 5 -0 |DR IM-cmp 43 45 0.2 91.0 1.0 1 0 98.0 0 0 0 100.0
(MAF=40%) | P9t (k=1) IM-mis 07 | 861 38 9.4 03 733 07 25.7 0 447 0 55.3
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Bou=0.8 | HbALC | IM-sep(i=12:k=1) | 0.6 | 858 3.9 9.7 03 | 737 0.7 2523 0 45.6 0 54.4
Y1 =0 | (IF1) IM-sep(I=1; k=1) 0.5 85.4 4.3 9.8 0.5 72.8 0.7 26 0 44.4 0 55.6
CM-obs 07 | 855 3.8 10.0 03 | 723 0.7 26.7 0 44.1 0 55.9
IM-cmp 45 3.8 0 917 1.0 15 0 975 0 0.1 0 99.9
Bg1 =0 '?(’j' IM-mis 1.7 | 556 2.8 39.9 07 | 315 0.3 675 0 103 0 89.7
Bou=0.8 ﬁgi){c M-sep(i=1.2:k=2) | 1.6 | 548 2.9 40.7 0.8 | 308 0.2 68.2 0 116 0 88.4
Ya2=0 | (=) IM-sep(I=L; k=2) 32 | 314 16 63.8 11 | 115 0.1 873 0 26 0 97.4
CM-obs 23 | 460 22 495 09 | 216 0.1 774 0 6.1 0 93.9
IM-cmp 4.4 36 0.2 918 0.7 15 0 97.8 0 0.1 0 99.9
By2=0 | DN IM-mis 18 | 556 28 39.8 06 | 317 0.1 67.6 0 103 0 89.7
Bou=08 (S"E;Fz,)’ M-sep(I=1,2:k=2) | 1.8 | 549 28 405 06 | 309 0.1 68.4 0 116 0 88.4
Ya2=0 | (22) IM-sep(I=2: k=2) 18 | 538 26 418 0.7 | 305 0.1 68.7 0 104 0 89.6
CM-obs 14 | 450 3.2 50.4 06 | 216 0.1 7.7 0 6.1 0 93.9
IM-cmp 4.9 55 0.5 89.1 14 15 0 97.1 0.3 0 0 99.7
8. =0 ('?(F:‘l)/ IM-mis 50 | 50 | 04 89.6 14 | 10 0 97.6 03 | o1 0 99.6
9”0 | Hbare  |[IM-sep=L2ik=1) | 51 4.8 0.3 89.8 14 0.9 0 97.7 0.3 0.2 0 99.5
Vo1 = (121) IM-sep(I=1; k=1) 5.7 4.7 0.4 89.2 0.9 1.0 0 98.1 0.2 0.2 0 99.6
CM-obs 5.0 4.2 0.4 90.4 1.4 1.0 0 97.6 0.3 0.1 0 99.6
IM-cmp 0 94.6 5.4 0 0 985 14 0.1 0 98.0 0.3 17
. B =0 ('?(';‘2)/ IM-mis 0 94.6 5.4 0 0 98.1 1.4 0.5 0 945 0.3 5.2
MAF=30%) | 7. 0= 0.7 | Hoate | IMsep(=1.2k=2) [0 94.5 5.4 0.1 0 97.1 14 15 0 93.2 0.3 6.5
92 (=1) IM-sep(I=L; k=2) 03 | 881 5.8 5.8 01 | 804 0.8 18.7 0 56.9 0.2 42.9
CM-obs 0 935 5.4 11 01 | 947 13 3.9 0 82.8 0.3 16.9
IM-cmp 0 95.2 4.8 0 0 98.9 1 0.1 0 98.3 0 1.7
8. =0 ('?(’;'2) ;[ IMemis 0 95.2 4.8 0 0 98.5 1 0.5 0 94.8 0 5.2
920 | sap IM-sep(I=1,2:k=2) | 0 95.1 4.8 0.1 0 975 1 15 0 935 0 6.5
Vg2 =0 1=2) IM-sep(1=2; k=2) 0 95.1 4.8 0.1 0 97.2 1 18 0 92.6 0 7.4
CM-obs 01 | 942 4.7 1.0 02 | 952 0.8 3.8 0 83.1 0 16.9
IM-cmp 2.4 5.1 0.4 92.1 11 11 0 97.8 0 0.1 0 99.9
B =0 (?21) ;[ Mmis 24 | 42 0.4 93.0 10 | 05 0.1 98.4 0 0 0 100
970 | Home |IM-sep(=L2:k=1) | 2.4 4.4 0.4 92.8 1.0 0.7 0.1 98.2 0 0 0 100
Vo1 = (1) IM-sep(I=L; k=1) 26 4.4 0.2 928 0.8 0.8 0 98.4 0 0 0 100
CM-obs 2.4 4.4 0.4 92.8 1.0 0.5 0.1 98.4 0 0 0 100
IM-cmp 11 | 647 17 25 09 | 430 0.2 55.9 0 205 0 795
SNPS 8. =0 ('?(';'2) ;[ IMemis 08 | 625 2.0 34.7 08 | 401 0.3 58.8 0 175 0 825
MAr=20%) | 70— 0.4 | Hoate | Msep(=12k=2) |12 [Te16 16 35.6 08 | 399 0.3 59.0 0 183 0 8L7
R IM-sep(I=1; k=2) 0 97.2 2.8 0 0 99.2 0.8 0 0 100 0 0
CM-obs 0 97.2 2.8 0 0 98.8 11 0.1 0 99.7 0 0.3
IM-cmp 336 0 66.4 0 56.8 0 432 0 795 0 205 0
g, =7 ('?(’;‘2) ;[ IM-mis 355 | 0 64.5 0 596 | 0 404 0 825 | 0 175 0
2 e | Sar IM-sep(I=1,2; k=2) | 36.8 0 63.2 0 50.8 0 40.2 0 8L7 0 183 0
Vg2 =5 1-2) IM-sep(I=2: k=2) 35.1 0 64.9 0 56.6 0 434 0 80.9 0 19.1 0
CM-obs 0 0 100 0 0.1 0 99.9 0 0.3 0 99.7 0
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Fig. S11-1 Empirical classification frequencies of each SNP as direct and/or indirect association with each
time-to-T1DC trait (DR, DN) through each observed longitudinal trait (HbAlc, SBP), assessed using
R=1000 replicates of N=667 DCCT subjects simulated under the alternative genetic scenario from Fig. 3.

Panels with underlying causal associations are indicated by red boxes for each SNP; other associations represent
misclassified associations. As explained in Materials and Methods, joint models are fitted separately for each
SNP, and the SNP association is tested with each of the longitudinal traits (HbAlc, SBP) and each of the time-
to-T1DC traits (time-to-DR, time-to-DN). For each classification frequency (noted as CR), we calculate the 95%

binomial proportion confidence interval as CR + 1.96 x /%_CR), where R = 1000 replicates).

JM-sep(L=2; K=1) denotes the two separate joint models fitted for the two longitudinal QTs (HbAlc, SBP) with
one time-to-event trait (ie JIM-sep(I=1,2; k=1) and JIM-sep(1=1,2; k=2)); while IM-sep(L=1; K=1) denotes the three
separate joint models fitted respectively for each trait pair HbAlc/DR (JM-sep(l=1; k=1)), HbAlc/DN (JM-
sep(l=1; k=2)), SBP/DN (JM-sep(I=1; k=1)) trait pairs.

(See plots on pages 39-41)
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