Technical Appendix

1 Data and Notations

There are m subjects in the dataset.

y;1; is the jth BMI-z score for the ith subject obtained at time ¢;1;, where t;11 < ... < t;1p,,
and 1 < j < n;i. yio; is the jth HbAlc value for the ith subject obtained at time t;2;, where

tior < ... <1i2n; and 1 <j < ny.
z; is the n -dimensional vector of covariates for subject i.

There are ng discrete states under consideration. The relationship between these states can
be described by a directed graph (V,E), where the vertices set V consists of all the ng states,
and the edge set £ consists of all possible transitions between the states. More specifically,
if we number the states by 1,2,...,ns, then V.= {1,... ns}, and for s1,s2 € V, the ordered
pair (s1,s2) is in E if and only if subjects can transition from s; to se. For simplicity we
will restrict our discussions on cases where there are no cycles in the directed graph (V,E)

although the proposed method can be extended to such cases.

Let n;(t) be the right-continuous process denoting the state occupied by the ith subject at
time ¢, and n;(t) = 0 if the ith subject has not entered the study or is censored due to

lost-to-follow-up.

For (s1,s2) € E, we let T 5,5, denote the observed times when subject i transitions from
state s1 to sg, and Tj 5, s, is 0o if the ith subject was not observed to make a transition from
51 to sa. Tj 5,5, can be uniquely defined since there are no cycles in the directed graph. We
let d; s, s, = 1 if the ith subject is observed to transition from s; to sy and 0 otherwise. As
usual survival models, if we let E; and C; denote the entry time and censoring times, and

T*

is1—ys, denote the true transition time from state s to sg, then T; s, 5, and d; 5,5, can be
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explicitly written as

* : *
jji,sl—>32 lf EZ < 1},81—)82 S CZ
E,sl—>82 =
%) otherwise
: *
1 ifE; < Ti,sl—>32 <@
(57:,81*)82 = .

0 otherwise

2 Model

2.1 Longitudinal Model

We let m;1(t) and mga(t) be the underlying smoothed trajectories for BMI-z scores and HbAlc

values. Then following longitudinal model is assumed

Yikj = Mik(Ling) + €ikj (1)
max(t) = pr(t) + v (t) (2)
= ago + agit + agat® + Yiko + Yikrt + Yirat? (3)

where m;i(ti;) is a Gaussian process that can be decomposed into the sums of the mean function
ug(t) and the variation from the mean v(t), p(t) and v(t) can both be modeled by quadratic
)T

functions agg + a1t + agot? and Yo + Yik1t + ’7¢k2t2, Yit = (Ykios Vi1, Yi2)  are independent with

multivariate N(0,X,), and €;; are independent with univariate N(0,0%) distribution.

2.2 Survival Model

We will let

hiasl‘)SZ (t) = }lﬁ%P {Ti,slﬁsz € (ta t+ dt”ni(t) = 31} /dt

be the cause-specific hazard of transitioning from s; to sy for subject i. h; s, s, (t) is quantified by

the following proportional hazards model

Bisssroa () = hos, (1) exp { oy + BTI04(1) + 721} (4)
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where as, s, is a constant parameter that controls the rate of transitioning from s; to s2, 3 is a
2-dimensional regression coefficient for m;(¢) and -« is a n,-dimensional regression coefficient for z;.

By this formulation, the log hazard ratio of transitioning to s}, versus ss is

log{hi,sl—mg (t)/hi751—>52 (t)} = Qg s, = Msy—sa-

3 Cohorts

Four different cohorts are studied in four separate analyses.

e The first analysis focused on the cohort of subjects who went through the state of MIAA
positive (only). Those subjects are followed until entering one of the next states or censored:
“MIAA & GADA” | “MIAA & TA2A”, “MIAA & ZNTS8”, “3AB & more” or “T'1D”. The

corresponding directed graph is presented in Figure Al.

e The second analysis focused on the cohort of subjects who went through the state of GADA
positive (only). Those subjects are followed until entering one of the next states or censored:
“MIAA & GADA”, “GADA & TA2A”, “GADA & ZNT8”, “3AB & more” or “T1D”. The

corresponding directed graph is presented in Figure A2.

e The third analysis focused on the cohort of subjects who went through the state of “MIAA &
GADA?”. Those subjects are followed until entering one of the next states or censored: “MIAA
& GADA & TA2A”, “MIAA & GADA & ZNT8”, “MIAA & GADA & ZNTS8 & TA2A” or
“T1D”. The corresponding directed graph is presented in Figure A3.

e The last analysis focused on the cohort of subjects who went through the state of “MIAA
& GADA & ZNTS8”. Those subjects are followed until entering one of the next states or
censored: “MIAA & GADA & TA2A”, “MIAA & GADA & ZNT8”, “MIAA & GADA &
ZNTS8 & TA2A” or “T1D”. The corresponding directed graph is presented in Figure A4.
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Figure Al: The directed graph considered for the MIAA cohort.
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Figure A2: The directed graph considered for the GADA cohort.
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Figure A3: The directed graph considered for the GADA & MIAA cohort.
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Figure A4: The directed graph considered for the GADA & MIAA & ZNTS8 cohort.
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