All equation references in this eAppendix refer to equations in the main
manuscript.

eAppendix A: Asymptotic bias under data gen-
erating models (5), (8), (9) and (10)

Preliminaries
Identity link
Suppose that data consist of n sibling-pairs. Define X; = (X; + Xj»)/2

and C = (Ci + Ci2)/2. The conditional maximum likelihood estimator
(ﬁzde, Zde) solves the equation system

Z Si,ide(éidea 5z‘de) = 07
1=1
where
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It follows from standard theory that (Bide, &de) converges to (3*,0%), defined
as the solution to

E{Siiae(B",0%)} =0

Logit link

The conditional maximum likelihood estimator (Bide,&de) solves the equa-
tion system

n
Z Si,logit(ﬂlogita 5logit) - 07
=1



where
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It follows from standard theory that (Blogit, 5logit) converges to (*,d%), de-
fined as the solution to

E{Sz‘,logit(ﬁ*a 5*)|Y;1 7é YZQ} =0.

Carry over from X;; to Y,

Identity link

Define Q; = (X1, Xi2, Ci1, Cia, U;). Under the causal diagram in Figure 1C)
and model (5) with g(-) = identity we have that

E(Y1|Q:) = o+ Xy +0ChH
E(Y|Qi) a; + BXio + X1 + 0C0 + 1.

It follows that

E{S;iae(B7,67)|Qi}
1 ( X1 — Xop

2\ Cyq—Ciy ) {(BXi1 +6C;H — B Xy — 6°Cy)

— (BXiz + X1 + 6Cs + b — " X9 — 6" Cip) }.
When (8*,0%) = (8 — v/2,0) this expression simplifies to
1/ Xg—X;
B ( Cor — C ) {=7(Xa + Xiz)/2 — 4},
which has conditional mean equal to
0
0 )

given U;, under the symmetry condition in (6).



Logit link

We give a simulated example where Blogit does not converge to f — /2 un-
der the causal diagram in Figure 1C) and model (5). In this example we
generated 10000 samples consisting of 10000 pairs each from the model

U ~ N(0,1)
Xa|U; ~ Ber{expit(U;)}
Yiu|Xia, Ui ~ Ber{expit(U; + 6Xi1)}
Xio|U; ~  Ber{expit(U;)}
Yio| Xig, Xi, Ui~ Ber{expit(U; + BXiz + vXu + 1)},

with 8 =1, v = 0.5, ¢¥ = 2, and no non-shared confounders. For each sample
we Calculated 610th The mean (over the 10000 samples) of Bloglt was 0.62,
which is not equal to 8 — /2 = 0.75.

Carry over from X;; to Y;» and from X;; to Y;

Identity link

Under the causal diagram in Figure 1D) and model (8) with g(-) = iden-
tity we have that

E(K”Ql) = o+ ﬁXz] + ’)/Xij/ + 6CZJ
It follows that

E{Siiae(87,07)|Qi}
=3 ( C'i _ C-; > {(BXn +7Xip +0C; — Xy — 6°Cir)
— (BXiz + 9 Xi1 + 6Ci — 8" X2 — 67 Ciz) }.

When (8*,0%) = (8 — v, d) this expression equals

(o)

Logit link



Under the causal diagram in Figure 1D) and model (8) with ¢(-) = logit
we have that

E(Yy|Qi, Y # Y) = Pr(Yy; = 1]Qi)Pr(Yi; = 0/Q;)

Pr(Y;; = 1|Q;)Pr(Yie = 0|Q;) + Pr(Yi; = 0|Q;)Pr(Yie = 1|1Qy)
eﬂX”-i-’yX”/-‘r(SC’”

eBXin+7Xio+6Cn 4 eBXiz+yXi1+6Cia
It follows that
E{Si10git(B%,0%)|Qi, Yir # Yin}
2 ( Xz] ) ( eﬁXij+’YX¢j/+5Cij e,@*Xi]'-Hs*Cij >

— Cij eBXiu+t7Xia+6Cu 4 eBXi2+7Xiu+6C:2 e Xu+6"Cin | eB* Xiz+6*Clia
‘7:
2 XZ] eBXij_'YXij'f‘(SCij eﬁ*Xij"’(S*C@'j
B Z Cij eBXii—rXu+6Ci 4 eBXia—vXia+6Ci2 eB* Xa+6"Cin | eBf* Xiz+6*Clia :
Jj=1

When (5*,6%) = (8 — 7, ) this expression equals
0
0 )

Carry over from Y;; to Y
Identity link

Under the causal diagram in Figure 1E) and model (9) with g(-) = iden-
tity we have that

E(Ya|lQ:) = o+ X +Cq
E(Y;2|Qz') = E{E(Yi2|Y217Qi)’Qi}
= FE(o;+ BXie +7Ya +6Cin +¢|Qy)
= o+ X+ 7y(ou + X +0Ci) + .
It follows that
E{S;iae(8",07)|Qi}
I Xq—X, . .
=3 ( Ciy — Cf > [(BXi +0C; — 8" Xy — 6°Ci)
—{Xip +y(cvi + Xy +6Ci) + ¢ — 8" Xio — 6" Cia }].
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When (8*,0%) = (8 — 8v/2,6 — d/2) this expression simplifies to

% < )C{Z - ) {=67(Xa + Xi2) /2 = 07(Cia + Ci2) 2 = yai = ¥},

which has conditional mean equal to

0

0 7
given U;, under the symmetry condition in (6).
Logit link

We first show that Blogit converges to 0 if there are no non-shared confounders
(Cy; is the empty set) and § = 0. Under the causal diagram in Figure 1E)
and model (9) with g(-) = identity we then have that

Pr(Yi; = 1]/Qi)Pr(Yiz = 0]Q;)
Q,)Pr(Yis = 0|Q;) + Pr(Y;; = 0|Q;)Pr(Yie = 1|Q))
ﬁ!weaﬁ
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E(Yn|Qi,Ya #Ya) = Pr(Y = 1

Pr(Y, = 1]Qi)Pr(Yi = 0(Qs)
Pr(Yiy = 0]Q)Pr(Yie = 1|Q;) + Pr(Yir = 1/Q;)Pr(Yi2 = 0|Q;)
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It follows that

B Xi1 B Xiz
E{Si,logzt( )‘Qla il 7£ Y;Z} X’Ll ( i €B*Xi1 + eﬂ*Xz‘z) +XZ2 (1 - ‘/; - eﬁ*Xil I eﬁ*xm) :

When * = 0 this expression simplifies to

(X — Xig)(Vi = 1/2),



which has conditional mean equal to 0, given U;, under the symmetry con-
dition in (6).

We next give a simulated example where Blogit does not converge to 0 in
the presence of non-shared confounders. In this example we generated 10000
samples consisting of 10000 pairs each from the model

U ~ N(0,1)
Cij ~ N(0, 1)
Xi|Cij, Ui~ N{abs(U; + C;),0.01}
Yi|Xi1, Cir, U; ~ Ber{expit(U; + fXi1 +Ci1)}
Yio| Xio, Yi1, Ui~ Ber{expit(U; + 8 X + 7Y + 0Ci + 1)},

with § =0,0 =1, v =1, ¥ = 2, and no non-shared confounders. For each
sample we calculated Bloglt The mean (over the 10000 samples) of @ogzt was
0.05.

Carry over from Y;; to X,

Identity link

In the absence of non-shared confounders, Bide is equal to

> (X — Xio) (Y — Yia)
> (X — Xig)? ’

which converges to

E{<X’Ll - X’LQ)(}/:LI - }/;2)} o E{(le - XlQ)-E(Kl - S/;;2|Xi17Xi27 UZ)}
E{(Xin — Xi2)?} a E{(Xin — Xi2)?} '

Under model (10) we have that Y;; = a; + B(c; +€;1) + €52, Xio = o +v{c; +
Bai+ein) +ent+es and Yio = o+ Blag +y{ai + B(os +€1) + €} + €3] 4 €ia
Plugging these into the RHS of the equation above, and assuming that a;,
€i1, €2, €3 and €;4 are independent with mean 0 and variance 1, gives the
expression in (11).

Even though it is difficult to avoid bias under this type of carryover
effect, it is possible to construct a valid test of the null hypothesis. To see
this, consider removing the arrows from from X;; to Y;; and from X to Y,
in Figure 1F), so that the null hypothesis holds. Then, consider a relabelling
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of the variables in Figure 1F), so that X;; and X, are relabelled as Y;; and
Yo, respectively, and Y;; and Y;, are relabelled as X;; and X5, respectively.
After these manipulations, the causal diagram in Figure 1F) has the same
structure as the causal diagram in Figure 1C). In Section ‘Carryover from
X1 to Yo' we considered the data generating model in (5), which may be
plausible under the causal diagram in Figure 1C), and we showed that this
model can be fitted without bias. Thus, to test the null hypothesis in Figure
1F) we may swap the exposure and outcome, fit the model in (5), and test
whether the obtained estimate of 3 is equal to 0. Under the null hypothesis
we would expect this estimate to converge to 0, and thus it provides a valid
test. We emphasize that when the null hypothesis doesn’t hold, the obtained
estimate has no simple interpretation as an exposure effect in Figure 1F).

eAppendix B: Robustness of model (1) to mis-
specification of the intercept

Under models (5) and (9), with g(-) = identity, we have that
E(Y;|Xij, Cij, Us) = iy + BXi5 + 0Cy,

where a1 = Q4. Under model (5), Qg = Q; + ’)/E(Xil’Xig,Cig, Uz) = o +
’)/E(X21|Uz)7 whereas under model (9), Qo = Q; + ’)/E(YZJXZQ,CZ%UJ =
a; +vE(Yi1|U;). Thus, the carryover effects in Figures 1C) and 1E) can be
viewed as making the intercept in model (1) both family- and sibling-specific.
It follows that

E{Si (8", 67)|Q:}
_ % ( )o(l B éfz ) ({1 + BXin + 6Cin — B* Xir — 6°Cr)
— (g + BXig + 6Ci2 — B* Xig — 0°Cia) }.

When (5*%,60%) = (/3,6) this expression simplifies to

1/ Xin— X,
5 ( Cz . Cz ) (ail - ai2)7

which has conditional mean equal to

(o)

7



given U;, under the symmetry condition in (6).

eAppendix C: Identifiability problem of model
(8)

Under model (8), the conditional maximum likelihood estimator ( Bides Vides &-de)
solves the equation system

Z Si,ide(Bidea PA}/idea 8ide) = 07
=1

where
. . 2 [ Xy-X . .
Siide(Bide, Vide, Oide) = Z Xijr — {Q (Yij = BiaeXij — Vide Xijr — 0iaeCij)
J=1 Cij — C;
1 Xi1 — X2 . )
= 5 Xio — Xt | {(Ya — BiaeXi1 — YideXi2 — 0iaeCin)
Ci1 — C;

- (5/12 - BideXiQ - ;YideXil - 5ialec'i2>}~

It is easy to see that the first two equations are identical, and thus the
equation system has no unique solution.

eAppendix D: The bidirectional design in the
presence of carryover from X;; to Y.

Identity link

Define Q; = (X;1 = 1,X;n = 0,C;1,Cy0,U;). Under the causal diagram
in Figure 1C) and model (5) with ¢(-) = identity we have that
E(YalQi) = ai+B+Cq



It follows that
E{Siae(B",07)|Qi}

- % ( C, i C. ) {(B+0C;H — 5" —6Ci) — (y+ICn+1¢ —6"Ci)}.

When (5*,0%) = (8 — v — 1, 0) this expression equals

0

0 |
Define Q; = (X;1 = 0, X0 = 1,Ci1,Cio, U;). Under the causal diagram in
Figure 1C) and model (5) with g(-) = identity we have that

E(YalQi) = a;i+Cy
E(Y|Q:) = a;j+ B+ 6Cn + .
It follows that
E{S;iae(B7,67)|Qi}
= % ( C, __1@. > {(6Cs — 8"C) — (B + 6Cin + b — 5" — §*C)}.

When (5*,0%) = (5 + 1, d) this expression equals

(o)



