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In the appendix, we present the proofs for theorems in our paper. In section I of the “supple-

mentary material”, we report the results from our simulations exploring power and FWER when,

conditioned on the exposure, the biomarkers are correlated. In these simulations, Σ0 is block diag-

onal, with blocks of size 5 (m=110) or 20 (m=1010), and let the off-diagonal elements be either 0.5

or 0.9. In section II of the “supplementary material”, we report the results from our simulations

exploring FDR.

Appendix

Logistic vs Probit Regression

In the main paper, when dealing with a binary outcome, we purposely chose to use the probit link

instead of the logit link for one key reason. For the probit link, the following two models (equations

1 and 2) are consistent:

Y †i = γ0 + γEEi + γjMij + εY ij (1)

Y †i = γ0 + γEEi +
∑
j

γ∗jMij + ε∗Y ij (2)

with Yi = 1(Y †i > 0). In contrast, for the logistic link, the following two models (equations 3 and

equations 4) are unlikely to be consistent:

Logit(E[Yi]) = γ0 + γEEi + γjMij + εY ij (3)

Logit(E[Yi]) = γ0 + γEEi +
∑
j

γ∗jMij + ε∗Y ij (4)

If we truly believed equation 4 was true, then we could not necessary defend using equation 3,

nor could we necessarily defend that γj = 0 is equivalent to Yi ⊥⊥ Mij |Ei. However, in practice,

we expect our MCP’s to work when using logistic regression. First, we note that if the biomarker

effects (i.e. γ∗j ) are small, then equation 3 is approximately true and all is well. Second, we could

define γ†j to be the value that maximizes the log-likelihood when equation 3 is assumed to be true.
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Then, we could just redefine Hj
02 to be Hj†

02 : γ†j = 0. We admittedly did not explore the conditions

for when Hj†
02 = 0 is equivalent to Yi ⊥⊥ Mij |Ei, but note, in some sense, this equivalence is an

implied assumption when interpreting logistic parameters in practice.

Proofs of Family-Wise Error Rate and False Discovery Rate

Let ΘE = {β1, ..., βm} corresponding to equation 4 from the main paper, ΘY = {γ1, ..., γm} corre-

sponding to equation 5 or equation 8 from the main paper, and let Θ = {ΘE ,ΘY }. Let Θ̂E , Θ̂M ,

and Θ̂ be the corresponding MLE. Let σ̂2
βj be a consistent estimate of the variance var(

√
n(β̂j−βj)),

Z1j =
√
nβ̂j/σ̂βj , and P1j = Φ(−|Z1j |). Similarly, let σ̂2

γj be a consistent estimate of the variance

var(
√
n(γ̂j − γj)), Z2j =

√
nγ̂j/σ̂γj , and P2j = Φ(−|Z2j |). We define four sets of biomarkers,

ω00, ω01, ω10, ω11 where ωxy = {j : sign(|βj |) = x, sign(|γj |) = y}. We let ω·0 = ω00 ∪ ω10,

ω0· = ω00 ∪ ω01, ωØ = ω00 ∪ ω01 ∪ ω10, and Sxy = C(ωxy). Furthermore, we define a new variable

and let W=1 if P1j < t1 ∀ j ∈ ω1· and P2j < t2 ∀ j ∈ ω·1, 0 otherwise.

The key to the proof of FWER is that, asymptotically, P1j′ ⊥⊥ P2j† for j′ ∈ ω0· and j† ∈ ω·0 by

assumption A1. To see this independence, note that P1j′ ⊥⊥ P2j† if Z1j′ ⊥⊥ Z2j† . Furthermore, Z1j′

and Z2j† are, asymptotically, normal random variables so Z1j′ ⊥⊥ Z2j† if cov(Z1j′ ,Z2j†)=E[Z1j′ ×

Z2j† ]=0. Finally, we know that E[E[Z1j′ × Z2j† |M·j′ , E·]] = E[Z1j′ × 0|M·j′ , E·] by assumption 1.

Theorem 1. For MCPS(·|t1, t2, α), if A1 holds and {Mi1, ...,Mim, Yi} follow equations 4 and

either 5 or 8, then limn→∞FWER ≤ α

Proof. Clearly, Pr(W = 1)→ 1. Let α∗ = α/2.

FWER ≤

E[
∑
j∈ωØ

1(P1j < min(t1, α
∗/S2), P2j < min(t2, α

∗/S1))] =

E[
∑
j∈ωØ

1(P1j < min(t1, α
∗/S2), P2j < min(t2, α

∗/S1))|W = 1]PW+

E[
∑
j∈ωØ

1(P1j < min(t1, α
∗/S2), P2j < min(t2, α

∗/S1))|W 6= 1]QW
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with PW ≡ 1−QW ≡ Pr(W = 1). Therefore, for n large enough

FWER <

E[
∑
j∈ωØ

1(P1j < min(t1, α
∗/S2), P2j < min(t2, α

∗/S1))|W = 1] + ε

Next, we split FWER1 ≡ E[
∑
j∈ωØ

1(P1j < min(t1, α
∗/S2), P2j < min(t2, α

∗/S1))|W = 1] into

three components

FWER1 =

E[
∑
j∈ω01

1(P1j < min(t1, α
∗/S2), P2j < min(t2, α

∗/S1))|W = 1]+

E[
∑
j∈ω10

1(P1j < min(t1, α
∗/S2), P2j < min(t2, α

∗/S1))|W = 1]+

E[
∑
j∈ω00

1(P1j < min(t1, α
∗/S2), P2j < min(t2, α

∗/S1))|W = 1]

For set ω01 (and similarly for ω10),

E[
∑
j∈ω01

1(P1j < min(t1, α
∗/S2), P2j < min(t2, α

∗/S1))|W = 1] ≤

E[
∑
j∈ω01

1(P1j < α∗/S2)|W = 1]→ E[S01α
∗/S2|W = 1]

For set ω00,

E[
∑
j∈ω00

1(P1j < min(t1, α
∗/S2)1(P2j < min(t2, α

∗/S1))|W = 1] ≤

E[
∑

j∈ω00,P2j<t2

1(P1j < α∗/S2)|W = 1]→

E[(S2 − S01)α∗/S2|W = 1]

The final convergence in each step relies on P1j′ ⊥⊥ P2j† for j′ ∈ ω0· and j† ∈ ω·0 and n being large
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enough so that the p-values for all non-null hypotheses are below the stated threshold. Combined, we

see that FWER ≤ E[S01α
∗/S2 +S10α

∗/S1 +(S2−S01)α∗/S2|W = 1] ≤ 2α∗ = α so FWER < α+ε.

For discussing FDR, we require an assumption of conditional independence, which results in,

asymptotically, P1j′ ⊥⊥ P2j† for j′ ∈ ω0· and j† ∈ ω·0. In practice, we have found that this procedure

is robust to deviations from this assumption.

Assumption A2: Mij′ ⊥⊥Mj† |Ei ∀ j′, j† ∈ {1, ...,m}

It is straight forward to show that assumption A2 implies that, aymptotically,

P1j ⊥⊥ {P11, ..., P1(j−1), P1(j+1), ..., P1m}|E,S2 and P2j ⊥⊥ {P21, ..., P2(j−1), P2(j+1), ..., P2m}|E,S1.

Theorem 2. For MCPD(·|t1, t2, α), if assumption A2 holds, limn→∞FDR ≤ α.

Proof. The MCPD procedure is equivalent to the following two-step procedure, with MCPD(·|α) =

{j : Rj = 1}.

Step 1: Compute R = max{r :
∑
j∈ωS1∩ωS2

1[(P1j , P2j) ≤ ( rα/2S2
, rα/2S1

)] = r}

Step 2: Define Rj = I[(P1j , P2j) ≤ (Rα/2
S2

, Rα/2
S1

), j ∈ ωS1 ∩ ωS2 ]

We need only show that
∑
j∈ωØ

E[Rj/max(R, 1)] ≤ α.

Let us start by defining T ji and C
(j)
r .

T ji = max{
(
∑
k 6=j 1[P2k < t2] + 1)P1i

α/2
,

(
∑
k 6=j 1[P1k < t1] + 1)P2i

α/2
} (5)

if (P1i, P2i) < (t1, t2), ∞ & otherwise. Order and relabel the T ji s so T j2 ≤ ... ≤ T jm and define

C(j)
r = {[T j1 , . . . , T

j
j−1, T

j
j+1, . . . , T

j
m] : T jr ≤ r and T jk > k for k > r}
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Assume that βj = 0.Then

E[
Rj

max(R, 1)
|S2, E, P2j ] =

m∑
r=1

1

r
P [P1j < min(

rα/2

S2
, t1), P2j < min(

rα/2

S1
, t2), C(j)

r |S2, E, P2j ]

≤
m∑
r=1

1

r
P [P1j < min(

rα/2

S2
, t1), C(j)

r |S2, E, P2j ]1[P2j ≤ t2]

≈
m∑
r=1

1

r

rα/2

S2
P [C(j)

r |S2, E, P2j ]1[P2j ≤ t2]

=
α/2

S2
(

m∑
r=1

P [C(j)
r |S2, E, P2j ])1[P2j ≤ t2]

=
α/2

S2
1[P2j ≤ t2]

where the approximation uses the independence of P1j and {C(j)
r , S2, E, P2j} which holds by as-

sumption A2 and can be made precise by the Berry-Esseen theorem. Similarly, we can show that

for γj = 0

E[
Rj

max(R, 1)
|S1, E, P1j ] ≈

α/2

S1
1[P1j ≤ t1]

Therefore

∑
j∈ωØ

E[
Rj

max(R, 1)
] =

∑
j∈ω0·

E[
Rj

max(R, 1)
] +

∑
j∈ω10

E[
Rj

max(R, 1)
] ≤

α

2
E[

∑
j∈ω0·

1[P2j ≤ t2]

S2
] +

α

2
E[

∑
j∈ω10

1[P1j ≤ t1]

S1
] ≤ α
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1 Supplementary Material: FWER and Power

m00 m10 m01 m11 MCPB MCPP MCPS MCPWY
S MCPMV

S

110 0 0 0 0.00 0.03 0.01 0.02 0.01
95 15 0 0 0.00 0.04 0.02 0.02 0.02
70 40 0 0 0.01 0.08 0.02 0.02 0.02
95 0 15 0 0.01 0.06 0.02 0.02 0.03
80 15 15 0 0.01 0.04 0.02 0.02 0.03
55 40 15 0 0.01 0.04 0.02 0.03 0.04
1010 0 0 0 0.00 0.02 0.00 0.00 0.00
995 15 0 0 0.00 0.04 0.01 0.01 0.01
700 310 0 0 0.01 0.05 0.02 0.02 0.03
995 0 15 0 0.00 0.05 0.00 0.01 0.02
980 15 15 0 0.00 0.02 0.01 0.01 0.02
685 310 15 0 0.00 0.05 0.01 0.02 0.05

Table 1: FWER for continuous outcomes with correlation = 0.5. We compared the performance
of five multiple comparison procedures: MCPB , MCPP , MCPS , MCPWY

S , and MCPMV
S using

simulations when the outcome is continuous. The first four columns show the number (m00) of
biomarkers associated with neither exposure nor outcome, the number (m10) associated with only
the exposure, the number (m01) associated with only the outcome, and the number (m11) associated
with both exposure and outcome. The remaining columns show the FWER, defined to be the mean
proportion of simulations with at least one biomarker identified as a mediatior, when α = 0.05.
Details of the simulation can be found in the methods section.
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m00 m10 m01 m11 MCPB MCPP MCPS MCPWY
S MCPMV

S

100 0 0 10 0.69 0.78 0.82 0.82 0.85
85 15 0 10 0.69 0.76 0.81 0.82 0.85
60 40 0 10 0.68 0.73 0.80 0.80 0.84
85 0 15 10 0.68 0.72 0.72 0.72 0.78
70 15 15 10 0.68 0.71 0.72 0.72 0.79
45 40 15 10 0.68 0.69 0.70 0.70 0.78
1000 0 0 10 0.28 0.69 0.61 0.61 0.78
985 15 0 10 0.28 0.60 0.58 0.58 0.76
690 310 0 10 0.27 0.35 0.45 0.46 0.68
985 0 15 10 0.27 0.56 0.49 0.49 0.77
970 15 15 10 0.27 0.53 0.45 0.46 0.75
675 310 15 10 0.27 0.34 0.36 0.37 0.75

Table 2: Power for continuous outcomes with correlation = 0.5. We compared the performance
of five multiple comparison procedures: MCPB , MCPP , MCPS , MCPWY

S , and MCPMV
S using

simulations when the outcome is continuous. The first four columns show the number (m00) of
biomarkers associated with neither exposure nor outcome, the number (m10) associated with only
the exposure, the number (m01) associated with only the outcome, and the number (m11) associated
with both exposure and outcome. The remaining columns show the power, defined to be the mean
proportion of true mediators identified, when α = 0.05. Details of the simulation can be found in
the methods section.
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m00 m10 m01 m11 MCPB MCPP MCPS MCPWY
S MCPMV

S

110 0 0 0 0.00 0.02 0.00 0.11 0.01
95 15 0 0 0.00 0.04 0.01 0.02 0.01
70 40 0 0 0.01 0.08 0.01 0.03 0.01
95 0 15 0 0.01 0.06 0.02 0.03 0.03
80 15 15 0 0.01 0.04 0.01 0.02 0.03
55 40 15 0 0.02 0.04 0.03 0.04 0.03
1010 0 0 0 0.00 0.02 0.00 0.00 0.00
995 15 0 0 0.00 0.04 0.01 0.01 0.01
700 310 0 0 0.00 0.04 0.01 0.03 0.01
995 0 15 0 0.00 0.06 0.00 0.02 0.02
980 15 15 0 0.00 0.05 0.00 0.02 0.03
685 310 15 0 0.01 0.06 0.02 0.04 0.03

Table 3: FWER for continuous outcomes with correlation = 0.9. We compared the performance
of five multiple comparison procedures: MCPB , MCPP , MCPS , MCPWY

S , and MCPMV
S using

simulations when the outcome is continuous. The first four columns show the number (m00) of
biomarkers associated with neither exposure nor outcome, the number (m10) associated with only
the exposure, the number (m01) associated with only the outcome, and the number (m11) associated
with both exposure and outcome. The remaining columns show the FWER, defined to be the mean
proportion of simulations with at least one biomarker identified as a mediatior, when α = 0.05.
Details of the simulation can be found in the methods section.
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m00 m10 m01 m11 MCPB MCPP MCPS MCPWY
S MCPMV

S

100 0 0 10 0.72 0.84 0.84 0.84 0.85
85 15 0 10 0.72 0.84 0.84 0.84 0.85
60 40 0 10 0.71 0.83 0.83 0.84 0.85
85 0 15 10 0.71 0.84 0.84 0.84 0.85
70 15 15 10 0.71 0.84 0.84 0.84 0.85
45 40 15 10 0.71 0.83 0.83 0.83 0.84
1000 0 0 10 0.28 0.69 0.62 0.68 0.81
985 15 0 10 0.28 0.60 0.58 0.63 0.78
690 310 0 10 0.27 0.43 0.45 0.54 0.69
985 0 15 10 0.27 0.49 0.45 0.56 0.76
970 15 15 10 0.28 0.49 0.42 0.52 0.76
675 310 15 10 0.26 0.39 0.32 0.45 0.76

Table 4: Power for continuous outcomes with correlation = 0.9. We compared the performance
of five multiple comparison procedures: MCPB , MCPP , MCPS , MCPWY

S , and MCPMV
S using

simulations when the outcome is continuous. The first four columns show the number (m00) of
biomarkers associated with neither exposure nor outcome, the number (m10) associated with only
the exposure, the number (m01) associated with only the outcome, and the number (m11) associated
with both exposure and outcome. The remaining columns show the power, defined to be the mean
proportion of true mediators identified, when α = 0.05. Details of the simulation can be found in
the methods section.
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m00 m10 m01 m11 MCPB MCPP MCPS MCPWY
S MCPMV

S

110 0 0 0 0.00 0.03 0.02 0.04 0.02
95 15 0 0 0.00 0.03 0.03 0.03 0.03
70 40 0 0 0.01 0.06 0.02 0.02 0.02
95 0 15 0 0.01 0.06 0.01 0.02 0.03
80 15 15 0 0.01 0.05 0.03 0.03 0.05
55 40 15 0 0.01 0.05 0.02 0.03 0.04
1010 0 0 0 0.00 0.02 0.00 0.00 0.00
995 15 0 0 0.00 0.05 0.00 0.01 0.01
700 310 0 0 0.01 0.04 0.02 0.02 0.02
995 0 15 0 0.00 0.05 0.00 0.00 0.01
980 15 15 0 0.00 0.05 0.01 0.01 0.01
685 310 15 0 0.01 0.07 0.02 0.02 0.04

Table 5: FWER for binary outcomes with correlation = 0.5. We compared the performance of
five multiple comparison procedures: MCPB , MCPP , MCPS , MCPWY

S , and MCPMV
S using

simulations when the outcome is continuous. The first four columns show the number (m00) of
biomarkers associated with neither exposure nor outcome, the number (m10) associated with only
the exposure, the number (m01) associated with only the outcome, and the number (m11) associated
with both exposure and outcome. The remaining columns show the FWER, defined to be the mean
proportion of simulations with at least one biomarker identified as a mediatior, when α = 0.05.
Details of the simulation can be found in the methods section.
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m00 m10 m01 m11 MCPB MCPP MCPS MCPWY
S MCPMV

S

100 0 0 10 0.49 0.65 0.69 0.70 0.80
85 15 0 10 0.50 0.57 0.64 0.65 0.79
60 40 0 10 0.51 0.51 0.59 0.60 0.77
85 0 15 10 0.49 0.60 0.62 0.62 0.78
70 15 15 10 0.49 0.54 0.57 0.57 0.77
45 40 15 10 0.49 0.49 0.53 0.54 0.77
1000 0 0 10 0.10 0.48 0.35 0.36 0.45
985 15 0 10 0.10 0.37 0.31 0.32 0.41
690 310 0 10 0.10 0.14 0.18 0.19 0.23
985 0 15 10 0.10 0.42 0.30 0.31 0.60
970 15 15 10 0.10 0.34 0.27 0.28 0.59
675 310 15 10 0.10 0.15 0.16 0.17 0.39

Table 6: Power for binary outcomes with correlation = 0.5. We compared the performance of
five multiple comparison procedures: MCPB , MCPP , MCPS , MCPWY

S , and MCPMV
S using

simulations when the outcome is continuous. The first four columns show the number (m00) of
biomarkers associated with neither exposure nor outcome, the number (m10) associated with only
the exposure, the number (m01) associated with only the outcome, and the number (m11) associated
with both exposure and outcome. The remaining columns show the power, defined to be the mean
proportion of true mediators identified, when α = 0.05. Details of the simulation can be found in
the methods section.
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m00 m10 m01 m11 MCPB MCPP MCPS MCPWY
S MCPMV

S

110 0 0 0 0.00 0.02 0.00 0.11 0.01
95 15 0 0 0.00 0.05 0.01 0.01 0.01
70 40 0 0 0.01 0.07 0.02 0.03 0.02
95 0 15 0 0.01 0.06 0.02 0.03 0.03
80 15 15 0 0.01 0.04 0.03 0.04 0.02
55 40 15 0 0.01 0.03 0.01 0.02 0.03
1010 0 0 0 0.00 0.02 0.00 0.00 0.00
995 15 0 0 0.00 0.05 0.01 0.02 0.00
700 310 0 0 0.01 0.03 0.01 0.01 0.01
995 0 15 0 0.00 0.04 0.00 0.01 0.01
980 15 15 0 0.00 0.04 0.01 0.02 0.02
685 310 15 0 0.00 0.06 0.01 0.01 0.01

Table 7: FWER for binary outcomes with correlation = 0.9. We compared the performance of
five multiple comparison procedures: MCPB , MCPP , MCPS , MCPWY

S , and MCPMV
S using

simulations when the outcome is continuous. The first four columns show the number (m00) of
biomarkers associated with neither exposure nor outcome, the number (m10) associated with only
the exposure, the number (m01) associated with only the outcome, and the number (m11) associated
with both exposure and outcome. The remaining columns show the FWER, defined to be the mean
proportion of simulations with at least one biomarker identified as a mediatior, when α = 0.05.
Details of the simulation can be found in the methods section.

13



m00 m10 m01 m11 MCPB MCPP MCPS MCPWY
S MCPMV

S

100 0 0 10 0.69 0.79 0.82 0.83 0.85
85 15 0 10 0.69 0.77 0.82 0.83 0.85
60 40 0 10 0.68 0.74 0.80 0.81 0.85
85 0 15 10 0.68 0.78 0.83 0.83 0.85
70 15 15 10 0.68 0.76 0.82 0.82 0.85
45 40 15 10 0.68 0.75 0.80 0.81 0.84
1000 0 0 10 0.11 0.48 0.36 0.43 0.48
985 15 0 10 0.10 0.37 0.32 0.37 0.43
690 310 0 10 0.10 0.20 0.18 0.25 0.23
985 0 15 10 0.10 0.36 0.27 0.36 0.62
970 15 15 10 0.11 0.33 0.24 0.31 0.60
675 310 15 10 0.11 0.21 0.14 0.22 0.42

Table 8: Power for binary outcomes with correlation = 0.9. We compared the performance of
five multiple comparison procedures: MCPB , MCPP , MCPS , MCPWY

S , and MCPMV
S using

simulations when the outcome is continuous. The first four columns show the number (m00) of
biomarkers associated with neither exposure nor outcome, the number (m10) associated with only
the exposure, the number (m01) associated with only the outcome, and the number (m11) associated
with both exposure and outcome. The remaining columns show the power, defined to be the mean
proportion of true mediators identified, when α = 0.05. Details of the simulation can be found in
the methods section.
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2 Supplementary Material: FDR

m00 m10 m01 m11 MCPD MCPMV
D

100 0 0 10 0.01 0.00
85 15 0 10 0.05 0.02
60 40 0 10 0.08 0.04
85 0 15 10 0.04 0.03
70 15 15 10 0.07 0.03
45 40 15 10 0.11 0.03
1000 0 0 10 0.05 0.02
985 15 0 10 0.07 0.03
690 310 0 10 0.09 0.08
985 0 15 10 0.08 0.03
970 15 15 10 0.10 0.04
675 310 15 10 0.12 0.04

Table 9: FDR for continuous outcomes with correlation = 0. We compared the performance of
two multiple comparison procedures: MCPD, and MCPMV

D using simulations when the outcome
is continuous and the conditional correlation between metabolites in the same block is 0. The first
four columns show the number (m00) of biomarkers associated with neither exposure or outcome,
the number (m10) associated with only the exposure, the number (m01) associated with only the
outcome, and the number (m11) associated with both exposure and outcome. The remaining
columns show the FDR when α = 0.2. Details of the simulation can be found in the methods
section.
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m00 m10 m01 m11 MCPD MCPMV
D

100 0 0 10 0.01 0.01
85 15 0 10 0.05 0.03
60 40 0 10 0.07 0.04
85 0 15 10 0.03 0.03
70 15 15 10 0.07 0.04
45 40 15 10 0.10 0.04
1000 0 0 10 0.06 0.04
985 15 0 10 0.06 0.04
690 310 0 10 0.10 0.11
985 0 15 10 0.08 0.05
970 15 15 10 0.10 0.05
675 310 15 10 0.12 0.09

Table 10: FDR for binary outcomes with correlation = 0. We compared the performance of
two multiple comparison procedures: MCPD and MCPMV

D using simulations when the outcome
is binary and the conditional correlation between metabolites in the same block is 0. The first
four columns show the number (m00) of biomarkers associated with neither exposure or outcome,
the number (m10) associated with only the exposure, the number (m01) associated with only the
outcome, and the number (m11) associated with both exposure and outcome. The remaining
columns show the FDR when α = 0.2. Details of the simulation can be found in the methods
section.
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m00 m10 m01 m11 MCPD MCPMV
D

100 0 0 10 0.01 0.00
85 15 0 10 0.04 0.01
60 40 0 10 0.08 0.02
85 0 15 10 0.07 0.03
70 15 15 10 0.10 0.03
45 40 15 10 0.13 0.03
1000 0 0 10 0.05 0.01
985 15 0 10 0.07 0.02
690 310 0 10 0.09 0.06
985 0 15 10 0.09 0.04
970 15 15 10 0.11 0.04
675 310 15 10 0.12 0.04

Table 11: FDR for continuous outcomes with correlation = 0.5. We compared the performance of
two multiple comparison procedures: MCPD and MCPMV

D using simulations when the outcome is
continuous and the conditional correlation between metabolites in the same block is 0.5. The first
four columns show the number (m00) of biomarkers associated with neither exposure or outcome,
the number (m10) associated with only the exposure, the number (m01) associated with only the
outcome, and the number (m11) associated with both exposure and outcome. The remaining
columns show the FDR when α = 0.2. Details of the simulation can be found in the methods
section.
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m00 m10 m01 m11 MCPD MCPMV
D

100 0 0 10 0.01 0.00
85 15 0 10 0.04 0.01
60 40 0 10 0.08 0.04
85 0 15 10 0.06 0.02
70 15 15 10 0.09 0.03
45 40 15 10 0.12 0.03
1000 0 0 10 0.06 0.02
985 15 0 10 0.07 0.03
690 310 0 10 0.08 0.08
985 0 15 10 0.08 0.04
970 15 15 10 0.10 0.05
675 310 15 10 0.11 0.07

Table 12: FDR for continuous outcomes with correlation = 0.5. We compared the performance of
two multiple comparison procedures: MCPD and MCPMV

D using simulations when the outcome
is binary and the conditional correlation between metabolites in the same block is 0.5. The first
four columns show the number (m00) of biomarkers associated with neither exposure or outcome,
the number (m10) associated with only the exposure, the number (m01) associated with only the
outcome, and the number (m11) associated with both exposure and outcome. The remaining
columns show the FDR when α = 0.2. Details of the simulation can be found in the methods
section.
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m00 m10 m01 m11 MCPD MCPMV
D

100 0 0 10 0.01 0.00
85 15 0 10 0.04 0.00
60 40 0 10 0.07 0.00
85 0 15 10 0.01 0.00
70 15 15 10 0.04 0.00
45 40 15 10 0.07 0.00
1000 0 0 10 0.03 0.01
985 15 0 10 0.06 0.01
690 310 0 10 0.07 0.02
985 0 15 10 0.08 0.04
970 15 15 10 0.10 0.03
675 310 15 10 0.12 0.04

Table 13: FDR for continuous outcomes with correlation = 0.9. We compared the performance of
two multiple comparison procedures: MCPD and MCPMV

D using simulations when the outcome is
continuous and the conditional correlation between metabolites in the same block is 0.9. The first
four columns show the number (m00) of biomarkers associated with neither exposure or outcome,
the number (m10) associated with only the exposure, the number (m01) associated with only the
outcome, and the number (m11) associated with both exposure and outcome. The remaining
columns show the FDR when α = 0.2. Details of the simulation can be found in the methods
section.
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m00 m10 m01 m11 MCPD MCPMV
D

100 0 0 10 0.01 0.00
85 15 0 10 0.04 0.00
60 40 0 10 0.07 0.01
85 0 15 10 0.01 0.00
70 15 15 10 0.03 0.00
45 40 15 10 0.08 0.00
1000 0 0 10 0.04 0.01
985 15 0 10 0.06 0.01
690 310 0 10 0.06 0.02
985 0 15 10 0.07 0.04
970 15 15 10 0.09 0.05
675 310 15 10 0.10 0.05

Table 14: FDR for binary outcomes with correlation = 0.9. We compared the performance of
two multiple comparison procedures: MCPD and MCPMV

D using simulations when the outcome
is binary and the conditional correlation between metabolites in the same block is 0.9. The first
four columns show the number (m00) of biomarkers associated with neither exposure or outcome,
the number (m10) associated with only the exposure, the number (m01) associated with only the
outcome, and the number (m11) associated with both exposure and outcome. The remaining
columns show the FDR when α = 0.2. Details of the simulation can be found in the methods
section.
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