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Supplementary Table 1. Estimated power and bias for 3 exposure-enriched sampling designs and 3 methods of GXE interaction detection based on 5000 simulated datasets,
each including 5000 cases and 5000 controls from which 50% of subjects are selected for genotyping on a single marker. Exposure prevalence = 0.1; ORg = 1.0.

Scheme 1: Genotype 50% of cases and 50% of controls including all E=1 and a random sample of E=0
Scheme 2: Genotype 50% of cases and 50% of controls including all D=1/E=1, x% of D=0/E=1, and a random sample of E=0
Scheme 3: Randomly sample 50% of cases and 50% of controls for genotyping, irrespective of exposure status

Power Bias Mean squared error (MSE)
% of ORge MA, [ Joint MA, + ORye | Joint MA, + ORye ORge MA, MA, ORge MA,[ MA,
OR,y[ OR,| Scheme| MAy MA, | D=0/E=1| ORy.| CC CcO EB CC CO EB|CC CO EB CcC CO EB All All CcC CO EB All'| All
1.00 1.00 1.0 0.05 0.05 0.04 0.05/ 0.05 0.05 0.04|0.05 0.05 0.05 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.01 | 0.00{ 0.00
1.02 1.07 1.2 0.24 0.45 0.35 0.11| 0.23 0.40 0.31]0.32 048 0.40 0.00 0.00 0.00 -0.02 -0.01 0.02 0.01 0.01 | 0.01] 0.01
1 1.04 114 14 0.67 0.93 0.83 0.27| 069 092 0.83]0.83 096 0091 0.00 0.00 0.00 -0.04 -0.02 0.02 0.01 0.01 | 0.01] 0.01
1.06 1.22 1.6 0.91 1.00 0.97 0.51| 095 1.00 0.98[0.99 1.00 1.00 0.00 0.00 0.00 -0.06 -0.03 0.02 0.01 0.01 | 0.02| 0.02
1.08 1.29 18 0.99 1.00 0.99 073/ 1.00 100 1.00]1.00 100 1.00 0.00 0.00 0.00 -0.08 -0.03 0.02 0.01 0.01 | 0.03] 0.03
1.00 1.00 1.0 0.05 0.05 0.03 0.05/ 0.05 0.05 0.04|1.00 1.00 1.00 0.00 0.00 0.00 0.00 -0.81 0.03 0.01 0.02 | 0.00{ 0.00
1.02 1.07 12 0.20 0.45 0.29 0.11/ 0.18 039 0.26 | 1.00 1.00 1.00( -0.01 0.00 0.00 -0.02 -0.82 0.03 0.01 0.02 | 0.01] 0.01
1.04 1.14 50 14 0.51 0.93 0.74 0.27| 056 091 0.75]1.00 1.00 1.00 0.00 0.00 0.00 -0.04 -0.83 0.03 0.01 0.02 | 0.01] 0.01
1.06 1.22 1.6 0.80 1.00 0.91 051|088 1.00 0.95|1.00 1.00 1.00 0.00 0.00 0.00 -0.06 -0.84 0.03 0.01 0.02 | 0.02| 0.02
1.08 1.29 1.8 0.94 1.00 0.97 0.74] 098 1.00 0.99]1.00 1.00 1.00 0.00 0.00 0.00 -0.08 -0.85 0.03 0.01 0.02 | 0.03]| 0.03
1.00 1.00 1.0 0.05 0.05 0.03 0.05/ 0.05 0.05 0.04|1.00 1.00 1.00 0.00 0.00 0.00 0.00 -0.43 0.03 0.01 0.02 | 0.00{ 0.00
1.02 1.07 1.2 0.22 0.45 0.32 0.11| 021 039 0.29|1.00 1.00 1.00 0.00 0.00 0.00 -0.02 -0.44 0.02 0.01 0.02 | 0.01] 0.01
2 1.04 114 70 14 0.59 0.93 0.79 027|062 092 0.79|1.00 1.00 1.00 0.00 0.00 0.00 -0.04 -0.45 0.02 0.01 0.01 | 0.01] 0.01
1.0| 1.0 1.06 1.22 1.6 0.88 1.00 0.95 0.50( 092 1.00 0.97 | 1.00 1.00 1.00 0.00 0.00 0.00 -0.06 -0.46 0.02 0.01 0.01 | 0.02| 0.02
1.08 1.29 18 0.97 1.00 0.99 074/ 099 100 1.00]1.00 100 1.00 0.00 0.00 0.00 -0.08 -0.47 0.02 0.01 0.01 | 0.03] 0.03
1.00 1.00 1.0 0.05 0.05 0.03 0.05/ 0.04 0.04 0.04|037 036 035 0.00 0.00 0.00 0.00 -0.13 0.02 0.01 0.01 | 0.00{ 0.00
1.02 1.07 12 0.24 0.46 0.35 0.10| 0.23 0.41 0.32]0.81 087 0.84 0.00 0.00 0.00 -0.02 -0.14 0.02 0.01 0.01 | 0.00{ 0.00
1.04 1.14 90 14 0.66 0.93 0.82 0.26/ 068 0.92 0.82]0.99 1.00 1.00 0.00 0.00 0.00 -0.04 -0.15 0.02 0.01 0.01 | 0.01] 0.01
1.06 1.22 1.6 0.91 1.00 0.97 051|094 1.00 0.98]|1.00 1.00 1.00 0.00 0.00 0.00 -0.06 -0.16 0.02 0.01 0.01 | 0.02| 0.02
1.08 1.29 1.8 0.98 1.00 1.00 0.74] 1.00 1.00 1.00| 1.00 1.00 1.00 0.00 0.00 0.00 -0.07 -0.17 0.02 0.01 0.01 | 0.03]| 0.03
1.00 1.00 1.0 0.05 0.06 0.04 0.05/ 0.05 0.06 0.04|0.05 0.06 0.04 0.00 0.00 0.00 0.00 0.00 0.04 0.02 0.03 | 0.00{ 0.00
1.02 1.07 1.2 0.16 0.27 0.21 0.07| 014 023 0.17]0.17 027 021 0.00 0.00 0.00 0.00 0.00 0.04 0.02 0.02 | 0.00{ 0.00
3 1.04 114 14 0.43 0.75 0.62 0.10| 0.38 0.68 0.55|0.54 077 0.67 0.00 0.00 0.00 0.00 0.00 0.03 0.02 0.02 | 0.01] 0.01
1.06 1.22 1.6 0.71 0.96 0.87 0.17| 0.67 094 0.84|0.86 098 0.94 0.00 0.00 0.00 0.00 0.00 0.04 0.02 0.02 | 0.01] 0.01
1.08 1.29 18 0.89 1.00 0.96 0.26| 0.89 0.99 0.95]0.98 1.00 0.99 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.02 ] 0.01] 0.01
1.30 1.00 1.0 0.05 0.05 0.04 1.00| 0.98 0.99 0.98 | 0.06 0.06 0.05 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.01 | 0.00{ 0.07
1.33 1.08 12 0.25 0.47 0.36 1.00{ 1.00 1.00 1.00 [ 0.36 0.53 0.45 0.00 0.00 0.00 -0.02 -0.01 0.02 0.01 0.01 | 0.01] 0.10
1 1.35 1.17 14 0.67 0.94 0.83 1.00{ 1.00 1.00 1.00 [ 0.89 0.98 0.94 0.00 0.00 0.00 -0.04 -0.02 0.02 0.01 0.01 | 0.01] 0.12
1.38 1.25 1.6 0.92 1.00 0.97 1.00{ 1.00 1.00 1.00 [ 0.99 1.00 1.00 0.00 0.00 0.00 -0.06 -0.03 0.02 0.01 0.01 | 0.02| 0.15
1.40 1.34 1.8 0.99 1.00 1.00 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00 0.00 0.00 0.00 -0.08 -0.04 0.02 0.01 0.01 | 0.03] 0.18
1.30 1.00 1.0 0.05 0.05 0.03 099/ 099 0.99 0.99|1.00 1.00 1.00 0.00 0.00 0.00 0.00 -0.81 0.03 0.01 0.02 | 0.00{ 0.07
1.33 1.08 1.2 0.19 0.46 0.29 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00 0.00 0.00 0.00 -0.02 -0.83 0.03 0.01 0.02 | 0.01] 0.10
1.35 117 50 14 0.52 0.94 0.75 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00 0.00 0.00 0.00 -0.04 -0.83 0.03 0.01 0.02 | 0.01] 0.12
1.38 1.25 1.6 0.81 1.00 0.93 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00 0.00 0.00 0.00 -0.06 -0.84 0.03 0.01 0.02 | 0.02| 0.15
1.40 1.34 18 0.95 1.00 0.98 1.00{ 1.00 1.00 1.00(1.00 1.00 1.00| -0.01 0.00 0.00 -0.08 -0.85 0.03 0.01 0.02 | 0.03] 0.18
1.30 1.00 1.0 0.05 0.04 0.03 0.99/ 099 099 0.99|1.00 1.00 1.00( -0.01 0.00 -0.01 0.00 -0.43 0.03 0.01 0.02 | 0.00{ 0.07
1.33 1.08 12 0.23 0.46 0.33 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00 0.00 0.00 0.00 -0.02 -0.44 0.02 0.01 0.02 | 0.00{ 0.09
2 1.35 117 70 14 0.58 0.94 0.80 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00 0.00 0.00 0.00 -0.04 -0.45 0.02 0.01 0.01 | 0.01] 0.12
13|10 1.38 1.25 1.6 0.88 1.00 0.95 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00 0.00 0.00 0.00 -0.06 -0.46 0.02 0.01 0.01 | 0.02| 0.15
1.40 1.34 18 0.98 1.00 0.99 1.00{ 1.00 1.00 1.00({1.00 100 1.00 0.00 0.00 0.00 -0.08 -0.47 0.02 0.01 0.01 |0.03] 0.18
1.30 1.00 1.0 0.06 0.05 0.04 099/ 099 099 0.99]036 036 035 0.00 0.00 0.00 0.00 -0.13 0.02 0.01 0.01 | 0.00| 0.07
1.33 1.08 12 0.23 0.45 0.34 1.00{ 1.00 1.00 1.00 [ 0.85 0.90 0.88 0.00 0.00 0.00 -0.02 -0.14 0.02 0.01 0.01 | 0.00| 0.09
1.35 117 90 14 0.66 0.94 0.83 1.00{ 1.00 1.00 1.00 [ 0.99 1.00 1.00 0.00 0.00 0.00 -0.04 -0.15 0.02 0.01 0.01 | 0.01] 0.12
1.38 1.25 1.6 0.90 1.00 0.96 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00 0.00 0.00 0.00 -0.06 -0.16 0.02 0.01 0.01 | 0.02]| 0.15
1.40 1.34 1.8 0.99 1.00 0.99 1.00{ 1.00 1.00 1.00(1.00 1.00 1.00 0.00 0.00 0.00 -0.08 -0.18 0.02 0.01 0.01 |0.03] 0.18
1.30 1.00 1.0 0.06 0.05 0.04 1.00{ 0.99 0.99 0.99 [ 0.05 0.05 0.04 0.00 0.00 0.00 0.00 0.00 0.04 0.02 0.02 | 0.00{ 0.07
1.33 1.08 12 0.16 0.29 0.22 1.00{ 1.00 1.00 1.00 [ 0.19 0.29 0.23 0.00 0.00 0.00 0.00 0.00 0.04 0.02 0.02 | 0.00| 0.08
3 1.35 117 14 0.44 0.76 0.62 1.00{ 1.00 1.00 1.00 | 0.59 0.82 0.72 0.00 0.00 0.00 0.00 0.00 0.03 0.02 0.02 | 0.00{ 0.09
1.38 1.25 1.6 0.72 0.97 0.87 1.00{ 1.00 1.00 1.00 [ 0.90 0.99 0.95 0.00 0.00 0.00 0.00 0.00 0.03 0.02 0.02 | 0.01] 0.11
1.40 1.34 18 0.90 1.00 0.96 1.00{ 100 1.00 1.00({0.99 100 1.00| -0.01 0.00 -0.01 0.00 0.00 0.03 0.01 0.02 ]0.01] 0.12
1.00 1.50 1.0 0.05 0.05 0.04 0.05/ 0.05 0.06 0.05|1.00 1.00 1.00 0.00 0.00 0.00 0.00 -0.06 0.02 0.01 0.01 | 0.00{ 0.17
1.03 1.61 12 0.25 0.54 0.40 0.16/ 0.28 0.52 0.40| 1.00 1.00 1.00 0.00 0.00 0.00 -0.03 -0.08 0.02 0.01 0.01 | 0.01] 0.13
1 1.06 1.72 14 0.69 0.97 0.86 0.47| 0.80 0.98 0.91|1.00 1.00 1.00 0.00 0.00 0.00 -0.06 -0.10 0.02 0.01 0.01 | 0.02| 0.09
1.09 1.82 1.6 0.94 1.00 0.98 0.81| 098 100 0.99| 100 100 1.00 0.00 0.00 0.00 -0.08 -0.11 0.02 0.01 0.01 | 0.03] 0.06
111 1.93 1.8 0.99 1.00 1.00 095/ 1.00 100 1.00]1.00 100 1.00 0.00 0.00 0.00 -0.11 -0.12 0.02 0.01 0.01 | 0.05] 0.04
1.00 1.50 1.0 0.05 0.05 0.03 0.05/ 005 0.05 0.04| 100 1.00 1.00( -0.01 0.00 -0.01 0.00 -0.88 0.03 0.01 0.02 | 0.00| 0.17
1.03 1.61 12 0.20 0.53 0.32 0.15/ 0.24 051 0.34|1.00 1.00 1.00 0.00 0.00 0.00 -0.03 -0.89 0.03 0.01 0.02 | 0.01] 0.13
1.06 172 50 14 0.54 0.97 0.78 047/ 0.71 097 085|100 1.00 1.00( -0.01 0.00 0.00 -0.05 -0.91 0.03 0.01 0.01 | 0.02| 0.09
1.09 1.82 1.6 0.83 1.00 0.92 0.79/ 096 1.00 0.98| 1.00 1.00 1.00 0.00 0.00 0.00 -0.08 -0.92 0.03 0.01 0.02 | 0.03| 0.06
111 1.93 18 0.96 1.00 0.98 096/ 100 100 100|100 100 1.00 0.00 0.00 0.00 -0.11 -0.94 0.03 0.01 0.01 | 0.05] 0.04
1.00 1.50 1.0 0.05 0.05 0.03 0.06/ 0.05 0.05 0.04|1.00 1.00 1.00 0.00 0.00 0.00 0.00 -0.49 0.02 0.01 0.01 | 0.00{ 0.17
1.03 1.61 12 0.23 0.53 0.36 0.16/ 0.26 0.50 0.36 | 1.00 1.00 1.00 0.00 0.00 0.00 -0.03 -0.51 0.02 0.01 0.01 | 0.01] 0.13
2 1.06 1.72 70 14 0.62 0.97 0.82 0.49| 0.75 0.98 0.88 | 1.00 1.00 1.00 0.00 0.00 0.00 -0.05 -0.52 0.02 0.01 0.01 | 0.02| 0.09
10|15 1.09 1.82 1.6 0.89 1.00 0.95 0.80| 0.97 1.00 0.99| 100 1.00 1.00 0.00 0.00 0.00 -0.08 -0.54 0.02 0.01 0.01 | 0.03]| 0.06
111 1.93 1.8 0.98 1.00 0.99 096/ 1.00 1.00 1.00]1.00 1.00 1.00 0.00 0.00 0.00 -0.11 -0.55 0.02 0.01 0.01 | 0.05] 0.04
1.00 1.50 1.0 0.05 0.05 0.04 0.05/ 0.06 0.05 0.05]| 100 1.00 1.00 0.00 0.00 0.00 0.00 -0.20 0.02 0.01 0.01 | 0.00| 0.17
1.03 1.61 12 0.24 0.52 0.37 0.16/ 0.28 0.50 0.38 | 1.00 1.00 1.00 0.00 0.00 0.00 -0.03 -0.21 0.02 0.01 0.01 | 0.01] 0.13
1.06 172 90 14 0.68 0.97 0.85 0.46| 0.80 0.97 0.90| 1.00 1.00 1.00 0.00 0.00 0.00 -0.06 -0.22 0.02 0.01 0.01 | 0.02| 0.09
1.09 1.82 1.6 0.93 1.00 0.98 0.79/ 098 1.00 0.99 | 1.00 1.00 1.00 0.00 0.00 0.00 -0.08 -0.24 0.02 0.01 0.01 | 0.03| 0.06
111 1.93 18 0.99 1.00 0.99 096/ 100 100 100|100 100 1.00 0.00 0.00 0.00 -0.11 -0.25 0.02 0.01 0.01 | 0.05] 0.04
1.00 1.50 1.0 0.05 0.05 0.04 0.06/ 0.05 0.05 0.04|0.99 099 0.99 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.02 | 0.00{ 0.17
1.03 1.61 12 0.17 0.37 0.26 0.07/0.15 031 0.22| 100 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.02 | 0.00| 0.15
3 1.06 1.72 14 0.47 0.86 0.69 0.15| 045 0.82 0.65| 1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.02 | 0.01] 0.13
1.09 1.82 1.6 0.77 0.99 0.90 029/ 0.78 0.99 091|100 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.02 | 0.01] 0.11
111 1.93 1.8 0.93 1.00 0.97 0.46| 094 1.00 0.98]1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.02 | 0.01] 0.09




Supplementary Table 2. Estimated power and bias for 3 exposure-enriched sampling designs and 3 methods of GXE interaction detection based on 5000 simulated datasets,

each including 5000 cases and 5000 controls from which 50% of subjects are selected for genotyping on a single marker. Exposure prevalence = 0.3; OR g = 1.0.

Scheme 1: Genotype 50% of cases and 50% of controls including all E=1 and a random sample of E=0
Scheme 2: Genotype 50% of cases and 50% of controls including all D=1/E=1, x% of D=0/E=1, and a random sample of E=0
Scheme 3: Randomly sample 50% of cases and 50% of controls for genotyping, irrespective of exposure status

Power Bias Mean squared error (MSE)
% of OR;. MA, | Joint MA; + ORg,, | Joint MA, + ORg,e ORy,e MA, | MA, ORg,e MA, | MA,
OR; | OR, | Scheme| MA, | MA, | D=0/E=1| OR,,.| CC CcO EB cC CcO EB CC CO EB| CC CcO EB All All CC CO EB All All
1.00 | 1.00 10 | 005 005 0.04| 005/ 005 0.05 005|012 012 0.11f 000 0.0 0.00 | 000 | 0.00 | 0.01 0.01 0.01| 0.00( 0.00
1.06 | 1.07 12 | 033 058 047 | 051 060 0.75 068 |[0.62 076 0.70( 0.00 0.00 0.00 | -0.06 | -0.05 | 0.01 0.01 0.01| 0.02| 0.02
1 112 | 1.14 14| 079 097 090| 097 099 1.00 100|099 100 0.99( 000 0.00 000 | -0.11 | -0.12 | 0.02 0.01 0.01| 0.05| 0.5
118 | 1.22 16 | 097 100 099 | 1.00( 1.00 1.00 100 |1.00 100 1.00( 000 0.0 0.00 | -0.16 | -0.18 | 0.02 0.01 0.01| 0.1 011
124|129 18 | 100 100 1.00| 1.00/ 1.00 1.00 100 [1.00 100 1.00( 000 0.00 0.0 | -0.21 | -0.25 | 0.02 0.01 0.01| 0.18] 0.18
1.00 | 1.00 10 | 005 004 0.04| 005/ 005 0.04 004 |1.00 100 1.00( 000 0.0 0.00 | 000 | -1.25 | 0.02 0.01 0.01| 0.00( 0.00
1.06 | 1.07 12 | 031 057 044| 050 058 0.73 066 [ 1.00 1.00 1.00( 000 0.0 0.0 | -0.06 | -1.31 | 0.02 0.01 0.01| 0.02| 0.02
112 | 1.14 50 14 | 076 098 0.90| 097 099 1.00 100 |1.00 1.00 1.00f( 000 0.0 0.00 | -0.11 | -1.37 | 0.02 0.01 0.01| 0.05| 0.05
118 | 1.22 16 | 096 100 0.99| 1.00( 1.00 1.00 100 |1.00 100 1.00( 0.00 0.0 0.00 | -0.16 | -1.43 | 0.02 0.1 0.01| 0.11| 011
124|129 18 | 100 100 1.00| 1.00/ 1.00 1.00 100 [1.00 100 1.00( 000 0.00 0.0 | -0.21 | -150 | 0.02 0.01 0.01| 0.18] 0.18
1.00 | 1.00 10 | 005 005 0.04| 005/ 005 0.05 004 |1.00 100 1.00( 000 0.0 0.00 | 000 | -073 | 0.01 0.1 0.01| 0.00( 0.00
1.06 | 1.07 12 | 032 057 046 | 049 060 0.74 068 | 1.00 1.00 1.00( 000 0.0 0.0 | -0.06 | -0.78 | 0.01 0.01 0.01| 0.02| 0.02
2 112 | 114 70 14079 097 091| 097 099 1.00 100 |1.00 100 1.00( 000 0.0 0.00 | -0.11 | -0.85 | 0.01 0.01 0.01| 0.05| 0.5
10|10 118 | 1.22 16 | 097 100 099 | 1.00( 1.00 1.00 100 |1.00 100 1.00( 000 0.0 0.00 | -0.16 | -091 | 0.02 0.01 0.01| 0.11| 011
124|129 18 | 100 100 1.00| 1.00/ 1.00 1.00 100 [1.00 1.00 1.00( 000 0.00 0.0 | -0.21 | -097 | 0.02 0.01 0.01| 0.18] 0.18
1.00 | 1.00 10 | 005 005 0.04| 005/ 005 0.05 004|094 095 0.94( 000 0.00 0.00| 000 | -025 | 0.01 0.01 0.01| 0.00( 0.00
1.06 | 1.07 12 | 034 056 046 | 051 059 0.73 067 [ 1.00 1.00 1.00( 0.00 0.00 0.0 | -0.06 | -0.30 | 0.01 0.01 0.01| 0.02| 0.02
112 | 114 90 14 | 080 097 091| 097 099 1.00 100 |1.00 100 1.00( 000 0.0 0.00 | -0.11 | -0.36 | 0.01 0.01 0.01| 0.05| 0.5
1.18| 1.22 16 | 097 1.00 0.99 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.00 0.00 [ -0.16 | -0.42 0.01 0.01 0.01] 0.11| 011
1.241 1.29 18 [ 1.00 1.00 1.00]| 1.00/ 1.00 1.00 1.00 | 1.00 1.00 1.00f 0.00 0.00 0.00 | -0.21 | -0.49 0.02 0.01 0.01]| 0.18] 0.18
1.00 | 1.00 10 [ 005 0.05 0.04| 0.05| 0.05 0.05 0.05|0.05 0.04 0.04| 0.00 0.00 0.00| 0.00 0.00 0.02 0.01 0.01| 0.00| 0.00
1.06 | 1.07 12 [ 030 055 043]| 0.18| 032 053 043|035 056 046( 0.00 0.00 0.00| 0.00 0.00 0.02 0.01 0.01] 0.01| 0.01
3 112 114 14 (075 097 088 | 049| 084 098 0.92|0.89 098 0.95( 0.00 0.00 0.00| 0.00 0.00 0.02 0.01 0.01] 0.02| 0.02
1.18| 1.22 16 [ 096 100 098 | 0.81] 099 100 1.00|1.00 1.00 1.00( 0.00 0.00 0.00| 0.00 0.00 0.02 0.01 0.01] 0.03] 0.03
1.2411.29 18 | 1.00 1.00 1.00| 0.96] 1.00 1.00 1.00 ) 1.00 1.00 1.00| 0.00 0.00 0.00 | 0.00 0.00 0.02 0.01 0.01] 0.05| 0.05
1.30 | 1.00 10 [ 0.06 0.05 0.04| 0.99| 099 099 098|012 011 0.11| 0.00 0.00 0.00| 0.00 0.00 0.01 0.01 0.01] 0.00| 0.07
1.38 | 1.08 12 | 033 057 046 1.00{ 1.00 1.00 1.00 | 0.72 0.83 0.79| 0.00 0.00 0.00 [ -0.06 | -0.07 0.01 0.01 0.01] 0.02| 0.15
1 146 | 1.17 14 | 080 098 091 1.00( 1.00 1.00 1.00 ( 1.00 1.00 1.00| 0.00 0.00 0.00 | -0.11 | -0.14 0.01 0.01 0.01] 0.05| 0.24
153 | 1.25 16 | 097 1.00 0.99 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.00 0.00 [ -0.16 | -0.21 0.01 0.01 0.01] 0.11| 0.35
1.61) 1.34 18 [ 1.00 1.00 1.00]| 1.00|/ 1.00 1.00 1.00 | 1.00 1.00 1.00f 0.00 0.00 0.00 | -0.21 | -0.29 0.02 0.01 0.01] 0.19| 048
1.30 | 1.00 10 [ 005 0.05 0.03| 0.99| 099 0.99 0.9 |1.00 1.00 1.00( 0.00 0.00 0.00| 0.00 | -1.25 0.01 0.01 0.01] 0.00| 0.07
1.38 | 1.08 12 [ 030 058 045]| 1.00/ 1.00 1.00 1.00 |1.00 1.00 1.00( 0.00 0.00 0.00| -0.06 | -1.32 0.02 0.01 0.01] 0.02| 0.15
146 | 1.17 50 14 | 077 098 0.89 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.00 0.00 | -0.11 | -1.39 0.02 0.01 0.01] 0.05| 0.24
153 | 1.25 16 | 096 1.00 0.99 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.00 0.00 ( -0.16 | -1.47 0.02 0.01 0.01] 0.11| 0.35
1.61) 1.34 18 [ 1.00 1.00 1.00]| 1.00|/ 1.00 1.00 1.00 | 1.00 1.00 1.00f 0.00 0.00 0.00 | -0.21 | -1.55 0.02 0.01 0.01] 0.19| 048
1.30 | 1.00 10 [ 0.04 0.05 0.04| 0.99| 099 0.99 0.9 |100 1.00 1.00( 0.00 0.00 0.00| 0.00 | -0.73 0.01 0.01 0.01] 0.00| 0.07
1.38 | 1.08 12 | 033 058 048 1.00( 1.00 1.00 1.00 ( 1.00 1.00 1.00| 0.00 0.00 0.00 [ -0.06 | -0.79 0.01 0.01 0.01] 0.02| 0.14
2 146 | 1.17 70 14 [ 080 098 092 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.00 0.00 | -0.11 | -0.86 0.01 0.01 0.01] 0.05| 0.24
13] 1.0 153 | 1.25 16 | 098 1.00 0.99 1.00({ 1.00 1.00 1.00 ( 1.00 1.00 1.00| 0.00 0.00 0.00 | -0.16 | -0.94 0.02 0.01 0.01] 0.11| 0.35
1.61) 1.34 18 | 1.00 1.00 1.00| 1.00) 1.00 1.00 1.00 | 1.00 1.00 1.00f 0.00 0.00 0.00| -0.21 | -1.02 0.02 0.01 0.01] 0.19| 048
1.30 | 1.00 10 [ 005 0.05 0.04| 1.001 0.99 0.99 0.9 |094 094 0.94( 0.00 0.00 0.00]| 0.00 | -0.25 0.01 0.01 0.01] 0.00| 0.07
1.38 | 1.08 12 | 034 059 048 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.00 0.00 [ -0.06 | -0.31 0.01 0.01 0.01] 0.02| 0.15
146 | 1.17 90 14 [ 079 097 092 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.00 0.00 | -0.11 | -0.38 0.01 0.01 0.01] 0.05| 0.24
153 | 1.25 16 | 097 1.00 0.99 1.00({ 1.00 1.00 1.00 ( 1.00 1.00 1.00| 0.00 0.00 0.00 | -0.16 | -0.46 0.01 0.01 0.01] 0.11| 0.35
1.61) 1.34 18 [ 1.00 1.00 1.00]| 1.00/ 1.00 1.00 1.00 | 1.00 1.00 1.00f 0.00 0.00 0.00 | -0.21 | -0.54 0.02 0.01 0.01] 0.19| 048
1.30 | 1.00 10 [ 005 0.05 0.04| 0.99| 099 0.99 0.9 |0.05 005 0.04| 0.00 0.00 0.00| 0.00 0.00 0.02 0.01 0.01] 0.00| 0.07
1.38 | 1.08 12 (031 056 044| 100/ 1.00 1.00 1.00|0.40 0.60 0.51| 0.00 0.00 0.00| 0.00 0.00 0.02 0.01 0.01]| 0.01| 011
3 146 | 1.17 14 (077 098 090 | 1.00/ 1.00 1.00 1.00|0.93 0.99 0.97| 0.00 0.00 0.00| 0.00 0.00 0.02 0.01 0.01] 0.02| 0.14
153 | 1.25 16 | 097 1.00 0.99 1.00({ 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.00 0.00 | 0.00 0.00 0.02 0.01 0.01] 0.03] 0.19
1.61) 1.34 18 | 1.00 1.00 1.00| 1.00) 1.00 1.00 1.00 ) 1.00 1.00 1.00| 0.00 0.00 0.00 | 0.00 0.00 0.02 0.01 0.01] 0.05| 0.23
1.00 | 1.50 10 [ 005 0.05 0.04| 0.05| 0.05 0.05 0.04|1.00 1.00 1.00( 0.00 0.00 0.00| 0.00 | -0.47 0.02 0.01 0.01] 0.00| 0.17
1.08 | 1.61 12 (027 039 034]| 0.72| 0.74 0.79 0.77 | 1.00 1.00 1.00( 0.00 0.00 0.00| -0.07 | -0.61 0.02 0.01 0.01] 0.03] 0.07
1 1.16 | 1.72 14 | 065 0.83 0.78 1.00( 1.00 1.00 1.00 ( 1.00 1.00 1.00| 0.00 0.00 0.00 | -0.14 | -0.78 0.02 0.01 0.02| 0.09| 0.02
1.23 | 1.82 16 [ 087 096 094 | 1.00/ 1.00 1.00 1.00 | 1.00 1.00 1.00( 0.00 0.00 0.00| -0.20 | -0.97 0.02 0.02 0.02| 0.17| 0.00
1.31) 1.93 18 | 095 0.99 0.98 1.00({ 1.00 1.00 1.00 [ 1.00 1.00 1.00|-0.01 0.00 0.00 | -0.26 | -1.22 0.03 0.02 0.02| 0.29| 0.02
1.00 | 1.50 10 [ 0.05 0.05 0.04| 0.05| 0.05 0.05 0.04|1.00 1.00 1.00( 0.00 0.00 0.00| 0.00 | -1.73 0.02 0.01 0.01] 0.00| 0.17
1.08 | 1.61 12 (024 039 032]| 0.72| 0.72 0.78 0.75| 1.00 1.00 1.00( 0.00 0.00 0.00 | -0.07 | -1.86 0.02 0.01 0.01] 0.03| 0.07
1.16 | 1.72 50 14 | 063 0.83 0.76 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.00 0.00 | -0.14 | -2.03 0.02 0.01 0.02| 0.09| 0.02
1.23| 1.82 16 | 086 0.96 0.93 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.00 0.00 [ -0.20 | -2.22 0.03 0.02 0.02| 0.18| 0.00
1.31) 1.93 18 | 0.94 0.98 097 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00| -0.01 0.00 0.00 [ -0.26 | -2.47 0.03 0.02 0.02| 0.29| 0.02
1.00 | 1.50 10 [ 005 0.05 0.04| 0.04/ 0.05 0.05 0.05|1.00 1.00 1.00( 0.00 0.00 0.00| 0.00 | -1.20 0.02 0.01 0.01] 0.00| 0.17
1.08 | 1.61 12 (027 040 034]| 0731 0.72 0.79 0.76 | 1.00 1.00 1.00( 0.00 0.00 0.00 | -0.07 | -1.34 0.02 0.01 0.01] 0.03| 0.07
2 1.16 | 1.72 70 14 | 065 0.83 0.77 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.00 0.00 [ -0.14 | -1.51 0.02 0.01 0.01] 0.09| 0.02
10|15 1.23| 1.82 16 [ 087 096 094 | 1.00/ 1.00 1.00 1.00|1.00 1.00 1.00( 0.00 0.00 0.00| -0.20 | -1.70 0.02 0.02 0.02| 0.17| 0.00
1.31) 1.93 18 | 0.94 0.99 0.98 1.00({ 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.00 0.00 | -0.26 | -1.95 0.03 0.02 0.02| 0.29| 0.02
1.00 | 1.50 1.0 [ 0.05 0.05 0.04| 0.05| 0.05 0.05 0.04|1.00 1.00 1.00( 0.00 0.00 0.00| 0.00 | -0.72 0.02 0.01 0.01] 0.00| 0.17
1.08 | 1.61 12 (026 039 033]| 0.73] 0.72 0.77 0.76 | 1.00 1.00 1.00( 0.00 0.00 0.00 | -0.07 | -0.85 0.02 0.01 0.01] 0.03| 0.07
1.16 | 1.72 90 14 | 066 0.83 0.78 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.00 0.00 [ -0.14 | -1.02 0.02 0.01 0.01] 0.09| 0.02
1.23| 1.82 16 [ 088 096 094 | 1.00/ 1.00 1.00 1.00 |1.00 1.00 1.00( 0.00 0.00 0.00| -0.20 | -1.21 0.02 0.02 0.02| 0.17| 0.00
1.31) 1.93 18 | 0.95 0.99 0.98 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.00 0.00 | -0.26 | -1.46 0.03 0.02 0.02| 0.29| 0.02
1.00 | 1.50 10 [ 005 0.05 0.03| 0.04] 0.04 0.04 0.04|1.00 1.00 1.00( 0.00 0.00 0.00| 0.00 0.00 0.02 0.01 0.01] 0.00| 0.17
1.08 | 1.61 12 (032 059 046 | 0.25| 041 062 0.53|1.00 1.00 1.00( 0.00 0.00 0.00| 0.00 0.00 0.02 0.01 0.01] 0.01| 0.11
3 1.16 | 1.72 14 (078 098 091]| 0.70| 0.92 0.99 0.6 | 1.00 1.00 1.00( 0.00 0.00 0.00| 0.00 0.00 0.01 0.01 0.01] 0.02| 0.07
1.23| 1.82 16 [ 097 100 099 | 0.95| 1.00 1.00 1.00| 1.00 1.00 1.00( 0.00 0.00 0.00 | 0.00 0.00 0.01 0.01 0.01] 0.05| 0.04
1.31) 1.93 18 | 1.00 1.00 1.00| 1.00) 1.00 1.00 1.00) 1.00 1.00 1.00| 0.00 0.00 0.00| 0.00 0.00 0.02 0.01 0.01] 0.08] 0.02




Supplementary Table 3. Estimated power and bias for 3 exposure-enriched sampling designs and 3 methods of GXE interaction detection based on 5000 simulated datasets, each
including 2000 cases and 2000 controls from which 50% of subjects are selected for genotyping on a single marker. Exposure prevalence = 0.1; OR g, = 1.0.

Scheme 1: Genotype 50% of cases and 50% of controls including all E=1 and a random sample of E=0

Scheme 2: Genotype 50% of cases and 50% of controls including all D=1/E=1, x% of D=0/E=1, and a random sample of E=0

Scheme 3: Randomly sample 50% of cases and 50% of controls for genotyping, irrespective of exposure status

Power Bias Mean squared error (MSE)

% of OR;,e MA,| Joint MA, + ORg,. | Joint MA, + OR,. ORy, MA, [ MA, ORy,e MA,| MA,

OR; | OR. [ Scheme| MA,| MA,| D=0/E=1| OR,.| CC CO EB CcC Cco EB [ CC CO EB| CC CO EB| All | Al |CC CO EB| All | All
1.00{ 1.00 1.0 [0.06 0.05 0.04|0.05| 0.05 0.5 0.05|0.06 0.05 0.05|0.00 0.00 0.00| 0.00| 0.00 {0.05 0.03 0.04| 0.01| 0.01
1.02| 1.06 12 (0.3 0.21 0.16/0.06| 0.12 0.19 0.14 | 0.16 0.23 0.19| 0.00 0.00 0.00|-0.02|-0.01{0.05 0.03 0.03| 0.01| 0.01

1 [1.03|1.13 14 (032 058 0.46(0.14| 0.32 055 044|043 0.63 0.54|0.00 0.00 0.00|-0.04|-0.02({0.05 0.02 0.03| 0.02| 0.02
1.05|1.19 16 [0.56 0.88 0.75[0.24| 0.58 0.86 0.75 | 0.75 0.92 0.85| 0.00 0.00 0.00|-0.06|-0.03({0.05 0.02 0.03| 0.02| 0.02
1.07]1.25 1.8 [0.76 0.98 0.89/0.38| 0.81 0.98 0.91 | 0.93 0.99 0.97| 0.00 0.00 0.00|-0.08|-0.03]/0.05 0.02 0.03| 0.03| 0.03
1.00{ 1.00 1.0 [0.05 0.05 0.03[0.05| 0.05 0.05 0.04|1.00 1.00 1.00|-0.01 0.00 0.00| 0.00 |-0.81{0.08 0.03 0.04| 0.01| 0.01
1.02| 1.06 12 (0.10 0.22 0.13[0.06| 0.10 0.8 0.11 | 1.00 1.00 1.00|-0.01 0.00 -0.01|-0.02|-0.82({0.08 0.03 0.05| 0.01| 0.01
1.03|1.13 50 14 (024 059 0.39(0.14| 0.26 055 0.38 | 1.00 1.00 1.00|-0.01 0.00 0.00|-0.04|-0.83({0.07 0.02 0.04| 0.01| 0.01
1.05|1.19 16 (044 0.87 0.67|0.24| 048 086 0.67 | 1.00 1.00 1.00|-0.01 0.00 -0.01|-0.06|-0.84(0.07 0.02 0.04| 0.02| 0.02
1.07]1.25 1.8 [0.60 0.98 0.83/0.39] 0.70 0.98 0.86 | 1.00 1.00 1.00|-0.01 0.00 -0.01|-0.08|-0.85/0.07 0.02 0.04| 0.03| 0.03

1.00{ 1.00 1.0 [0.05 0.05 0.03[0.05| 0.05 0.05 0.04|0.89 0.89 0.89|0.00 0.00 0.00| 0.00|-0.43(0.06 0.03 0.04| 0.01| 0.01
1.02| 1.06 12 (0.10 0.21 0.15[/0.07| 0.10 0.8 0.13 | 0.97 0.98 0.97| 0.00 0.00 0.00|-0.02|-0.44({0.06 0.03 0.04| 0.01| 0.01

2 103|113 70 14 (028 059 0.43[0.13| 0.29 055 041|100 1.00 1.00| 0.00 0.00 0.00|-0.04|-0.45(0.06 0.02 0.04| 0.01| 0.01
10|10 1.05|1.19 16 (051 0.87 0.70(0.24| 0.54 0.86 0.71 | 1.00 1.00 1.00|-0.01 0.00 0.00|-0.06|-0.46({0.06 0.02 0.04| 0.02| 0.02
1.07]1.25 1.8 [0.69 0.98 0.86/0.38| 0.76 0.97 0.88 | 1.00 1.00 1.00|-0.01 0.00 0.00|-0.08|-0.47|0.06 0.02 0.04| 0.03| 0.03
1.00{ 1.00 1.0 [0.05 0.05 0.04| 0.05| 0.05 0.05 0.04|0.18 0.17 0.16| 0.00 0.00 0.00| 0.00|-0.13({0.06 0.03 0.04| 0.01| 0.01
1.02| 1.06 12 (012 0.21 0.15[/0.07| 0.11 0.18 0.13 | 0.41 047 0.44|0.00 0.00 0.00|-0.02|-0.14{0.05 0.02 0.03| 0.01| 0.01
1.03|1.13 90 14 (032 0.60 0.46(0.13| 0.32 054 043|074 0.84 0.80|-0.01 0.00 0.00|-0.04|-0.15(0.06 0.02 0.04| 0.01| 0.01
1.05(1.19 1.6 |0.53 0.87 0.73| 0.23( 0.57 0.86 0.72 [ 0.93 0.98 0.96| 0.00 0.00 0.00|-0.06|-0.16{0.05 0.02 0.03| 0.02| 0.02
1.07]1.25 1.8 10.74 0.98 0.89| 0.37f 0.79 098 091 [ 099 1.00 0.99(-0.01 0.00 0.00[-0.07|-0.17{0.05 0.02 0.03| 0.03] 0.03
1.00( 1.00 1.0 |0.06 0.05 0.04| 0.05( 0.05 0.05 0.05 | 0.05 0.05 0.04| 0.00 0.01 0.00| 0.00| 0.00{0.10 0.05 0.07| 0.01| 0.01
1.02| 1.06 1.2 |0.09 0.14 0.11| 0.06f 0.08 0.12 0.09 | 0.10 0.13 0.11| 0.00 0.00 0.00 | 0.00 | 0.00|0.09 0.05 0.06| 0.01| 0.01

3 1.03|1.13 1.4 ]10.21 0.39 0.29/0.07( 0.18 0.32 0.24 | 0.24 0.38 0.29(-0.01 0.00 0.00 | 0.00 | 0.00|0.09 0.04 0.06| 0.01| 0.01
1.05(1.19 1.6 |0.36 0.67 0.53| 0.10( 0.31 059 0.6 | 0.46 0.69 0.59(-0.01 0.00 -0.01| 0.00 | 0.00|0.09 0.04 0.06| 0.01| 0.01
1.07]1.25 1.8 |0.52 0.86 0.72| 0.14| 0.48 0.81 0.66 | 0.68 0.88 0.80(-0.01 0.00 -0.01| 0.00 | 0.00[0.09 0.04 0.05] 0.01] 0.01
1.30( 0.99 1.0 |0.05 0.05 0.04| 0.82 0.05 0.05 0.04 [ 0.98 0.98 0.98| 0.00 0.00 0.00 | 0.00|-0.06({0.05 0.03 0.03| 0.01| 0.08
1.32| 1.06 1.2 |0.13 0.25 0.17|0.91f 0.13 0.22 0.16 | 1.00 1.00 1.00| 0.01 0.00 0.00 |-0.03|-0.08(0.05 0.02 0.03| 0.01| 0.10

1 1.35(1.13 1.4 10.34 0.68 0.53| 0.96( 0.40 0.67 0.54 | 1.00 1.00 1.00| 0.00 0.00 0.00 |-0.05|-0.10{0.05 0.02 0.03| 0.01| 0.12
137|121 1.6 |0.59 0.94 0.80|0.99( 0.72 095 0.85 | 1.00 1.00 1.00| 0.00 0.00 0.00|-0.08|-0.11{0.05 0.02 0.03| 0.02| 0.15
1.39/1.28 1.8 10.79 0.99 0.91|0.99f 092 1.00 0.97 [ 1.00 1.00 1.00| 0.00 0.00 0.00[-0.11|-0.13[0.05 0.02 0.03| 0.03] 0.18
1.30( 0.99 1.0 |0.05 0.04 0.03|0.81f 0.72 0.72 0.72 | 1.00 1.00 1.00| 0.00 0.00 0.00 | 0.00|-0.81{0.08 0.03 0.05| 0.01| 0.08
1.32| 1.06 1.2 |0.11 0.22 0.13|0.91| 0.86 0.89 0.87 | 1.00 1.00 1.00(-0.01 0.00 -0.01|-0.02|-0.82(0.07 0.02 0.04| 0.01| 0.10
1.35(1.13 50 1.4 10.24 0.61 0.40|0.96( 096 098 097 | 1.00 1.00 1.00| 0.00 0.00 0.00|-0.04|-0.83(/0.07 0.02 0.04| 0.01]| 0.12
137|121 1.6 |0.43 0.89 0.67|0.99( 0.99 1.00 0.99 [ 1.00 1.00 1.00(-0.01 0.00 0.00|-0.06|-0.85(0.07 0.02 0.04| 0.02| 0.15
1.39/1.28 1.8 |0.61 0.98 0.83] 0.99 1.00 1.00 1.00 [ 1.00 1.00 1.00[-0.01 0.00 -0.01[-0.08|-0.86(0.07 0.02 0.04| 0.03] 0.18

1.30( 0.99 1.0 |0.05 0.04 0.03|0.82( 0.74 0.73 0.73 | 0.89 0.89 0.89| 0.00 0.00 0.00 | 0.00|-0.43]/0.06 0.03 0.04| 0.01| 0.08
1.32|1.06 1.2 |0.11 0.21 0.14|0.91| 0.86 0.89 0.87 [ 0.98 0.99 0.99( 0.00 0.00 0.00|-0.02|-0.44(0.06 0.02 0.04| 0.01| 0.10

2 1.35(1.13 70 1.4 10.28 0.60 0.43|0.96( 096 098 097 | 1.00 1.00 1.00| 0.00 0.00 0.00|-0.04|-0.45(0.06 0.02 0.04| 0.01]| 0.12
13] 1.0 137(1.21 1.6 |0.50 0.88 0.71| 0.98( 0.99 1.00 0.99 [ 1.00 1.00 1.00(-0.01 0.00 0.00 |-0.06|-0.46(0.06 0.02 0.03| 0.02| 0.15
1.39/1.28 1.8 10.70 0.98 0.87| 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00[-0.01 0.00 0.00[-0.08]-0.47[0.06 0.02 0.03| 0.03] 0.18

1.30( 0.99 1.0 |0.05 0.05 0.04|0.81 0.73 0.73 0.72 | 0.17 0.17 0.16| 0.00 0.00 0.00 | 0.00|-0.13|{0.05 0.03 0.03| 0.01| 0.08
1.32|1.06 1.2 |0.12 0.20 0.15|0.91| 0.88 0.89 0.88 | 0.47 0.53 0.49| 0.00 0.00 0.00|-0.02|-0.14|0.05 0.02 0.03| 0.01| 0.10
1.35(1.13 90 1.4 ]10.32 0.61 0.47|0.96( 096 098 097 (080 0.89 0.85(-0.01 0.00 0.00|-0.04|-0.15(0.05 0.02 0.03| 0.01| 0.12
137(1.21 1.6 |0.53 0.89 0.74| 0.99( 0.99 1.00 0.99 [ 0.96 0.99 0.98| 0.00 0.00 0.00|-0.06|-0.17|0.05 0.02 0.03| 0.02| 0.15
1.39/1.28 1.8 |0.74 0.98 0.89| 1.00{ 1.00 1.00 1.00 [ 0.99 1.00 1.00| 0.00 0.00 0.00[-0.08]-0.17[0.05 0.02 0.03| 0.03] 0.18
1.30( 0.99 1.0 |0.05 0.05 0.04| 0.82( 0.74 0.74 0.73 | 0.05 0.05 0.04| 0.00 0.00 0.00| 0.00| 0.00|0.10 0.05 0.06| 0.01| 0.08
1.32|1.06 1.2 |0.09 0.14 0.10| 0.86( 0.81 0.83 0.82 | 0.10 0.13 0.10(-0.01 0.00 0.00 | 0.00 | 0.00|0.10 0.05 0.06| 0.01| 0.09

3 1.35(1.13 1.4 10.20 0.39 0.29/0.91f 0.89 093 0091 | 0.27 0.42 0.34(-0.01 0.00 0.00| 0.00| 0.00|0.09 0.04 0.06| 0.01]| 0.10
137(1.21 1.6 |0.38 0.67 0.53|0.94 094 098 096 | 051 0.73 0.63|-0.01 0.00 -0.01| 0.00 | 0.00|0.09 0.04 0.05| 0.01]| 0.11
1.39/1.28 1.8 |0.52 0.87 0.72| 0.95[ 0.97 099 0.99 [ 0.73 0.91 0.84| 0.00 0.00 0.00| 0.00| 0.00[0.08 0.04 0.05]0.01] 0.12
0.99( 1.50 1.0 |0.06 0.05 0.04| 0.05( 0.73 0.72 0.72 | 0.07 0.06 0.06| 0.00 0.00 0.00| 0.00| 0.00|0.05 0.02 0.03| 0.01]| 0.17
1.02|1.59 1.2 |0.13 0.21 0.16/ 0.09( 0.87 0.89 0.88 | 0.18 0.25 0.21| 0.00 0.00 0.00 |-0.02|-0.01{0.05 0.02 0.03| 0.01| 0.13

1 1.04|1.69 1.4 ]10.32 0.59 0.46|0.22( 096 098 097 | 051 0.68 0.60| 0.00 0.00 0.00 |-0.04|-0.02({0.05 0.02 0.03| 0.02| 0.09
1.07(1.78 1.6 |0.56 0.89 0.76| 0.43( 0.99 1.00 0.99 [ 0.83 0.96 0.90( 0.00 0.00 0.00 |-0.06|-0.03(0.05 0.02 0.03| 0.04| 0.07
1.09]1.88 1.8 |0.77 0.98 0.90| 0.64 1.00 1.00 1.00 [ 0.96 1.00 0.98| 0.00 0.00 0.00[-0.08|-0.04[0.05 0.02 0.03| 0.05| 0.05
0.99( 1.50 1.0 |0.05 0.05 0.03| 0.05( 0.05 0.05 0.04 [ 1.00 1.00 1.00| 0.00 0.00 0.00 | 0.00|-0.88(0.07 0.02 0.04| 0.01| 0.17
1.02|1.59 1.2 |0.12 0.26 0.16/ 0.09 0.13 0.23 0.15 | 1.00 1.00 1.00(-0.01 0.00 -0.01|-0.03|-0.89(0.07 0.02 0.04| 0.01| 0.13
1.04|1.69 50 1.4 10.25 0.69 0.44|0.23( 0.33 0.68 0.48 | 1.00 1.00 1.00| 0.00 0.00 0.00|-0.06|-0.91|0.07 0.02 0.04| 0.02| 0.10
1.07(1.78 1.6 |0.44 0.93 0.71|0.42( 061 095 0.78 | 1.00 1.00 1.00(-0.01 0.00 -0.01|-0.08|-0.93(0.07 0.02 0.04| 0.04| 0.07
1.09]1.88 1.8 |0.63 0.99 0.84| 0.64 0.84 1.00 0.93 [ 1.00 1.00 1.00| 0.00 0.00 0.00[-0.11|-0.94[0.07 0.02 0.04| 0.05| 0.05
0.99( 1.50 1.0 |0.05 0.05 0.03| 0.04f 0.05 0.05 0.04 [ 1.00 1.00 1.00| 0.00 0.00 0.00| 0.00|-0.50{0.06 0.02 0.04| 0.01| 0.17
1.02|1.59 1.2 |0.11 0.26 0.16/ 0.09 0.13 0.24 0.16 | 1.00 1.00 1.00| 0.00 0.00 0.00 |-0.03|-0.51{0.06 0.02 0.03| 0.01| 0.13

2 1.04|1.69 70 1.4 10.30 0.69 0.49|0.22( 0.37 0.68 0.52 [ 1.00 1.00 1.00| 0.00 0.00 0.00 |-0.06|-0.53(|0.06 0.02 0.03| 0.02| 0.10
10|15 1.07(1.78 1.6 |0.52 0.93 0.75| 0.42 0.66 094 0.82 | 1.00 1.00 1.00| 0.00 0.00 0.00 |-0.08|-0.54(0.06 0.02 0.03| 0.03| 0.07
1.09]1.88 1.8 10.73 0.99 0.89| 0.64 0.88 0.99 0.95 | 1.00 1.00 1.00| 0.00 0.00 0.00[-0.11|-0.56(0.06 0.02 0.03| 0.05| 0.05
0.99( 1.50 1.0 |0.05 0.05 0.04| 0.05( 0.05 0.04 0.04 [ 1.00 1.00 1.00| 0.00 0.00 0.00 | 0.00|-0.20{0.05 0.02 0.03| 0.01| 0.17
1.02|1.59 1.2 |0.13 0.25 0.17| 0.09( 0.14 0.23 0.17 | 1.00 1.00 1.00(-0.01 0.00 0.00 |-0.03|-0.21{0.05 0.02 0.03| 0.01| 0.13
1.04|1.69 90 1.4 ]0.33 0.68 0.51| 0.22 0.39 0.67 0.53 [ 1.00 1.00 1.00| 0.00 0.00 0.00 |-0.05|-0.22(0.05 0.02 0.03| 0.02| 0.10
1.07(1.78 1.6 |0.58 0.93 0.79| 0.42( 0.70 094 0.85 | 1.00 1.00 1.00| 0.00 0.00 0.00 |-0.08|-0.24(0.05 0.02 0.03| 0.04| 0.07
1.09]1.88 1.8 10.78 0.99 0.91| 0.64 091 1.00 0.96 [ 1.00 1.00 1.00(-0.01 0.00 0.00[-0.11|-0.25[0.05 0.02 0.03| 0.05| 0.05
0.99( 1.50 1.0 |0.05 0.05 0.03| 0.05( 0.05 0.04 0.04 [ 0.76 0.75 0.75(-0.01 0.00 0.00 | 0.00 | 0.00|0.08 0.03 0.05| 0.01| 0.17
1.02|1.59 1.2 |0.09 0.17 0.11| 0.06( 0.09 0.14 0.10 [ 0.89 0.91 0.90| 0.00 0.00 0.00 | 0.00 | 0.00|0.08 0.03 0.05| 0.01| 0.15

3 1.04|1.69 1.4 10.22 0.50 0.34| 0.09 0.21 0.43 0.30 | 0.97 0.99 0.98(-0.01 0.00 -0.01| 0.00 | 0.00|0.08 0.03 0.05| 0.01| 0.13
1.07(1.78 1.6 |0.40 0.78 0.60| 0.14 0.39 0.74 0.56 | 1.00 1.00 1.00(-0.01 0.00 -0.01| 0.00|-0.01{0.08 0.03 0.05| 0.02| 0.11
1.09]1.88 1.8 |0.57 0.93 0.78| 0.21| 0.58 0.92 0.78 | 1.00 1.00 1.00(-0.01 0.00 -0.01| 0.00 | 0.00[0.08 0.03 0.05| 0.02] 0.10




Supplementary Table 4. Estimated power and bias for 3 exposure-enriched sampling designs and 3 methods of GXE interaction detection based on 5000 simulated datasets, each
including 5000 cases and 5000 controls from which 50% of subjects are selected for genotyping on a single marker. Exposure prevalence = 0.1; OR 4, = 0.8.

Scheme 1: Genotype 50% of cases and 50% of controls including all E=1 and a random sample of E=0
Scheme 2: Genotype 50% of cases and 50% of controls including all D=1/E=1, x% of D=0/E=1, and a random sample of E=0
Scheme 3: Randomly sample 50% of cases and 50% of controls for genotyping, irrespective of exposure status

Power Bias Mean squared error (MSE)

% of OR;,e MA,| Joint MA, + ORg,. | Joint MA, + OR,. ORy, MA, [ MA, ORy,e MA,| MA,

OR; | OR. [ Scheme| MA,| MA,| D=0/E=1| OR,.| CC CO EB CcC Cco EB [ CC CO EB| CC CO EB| All | All |CC CO EB]| All | All
1.00{ 1.00 1.0 [0.05 0.54 0.10({0.05| 0.05 0.44 0.08 | 0.06 0.46 0.09| 0.00 0.22 0.07( 0.00 | 0.00 | 0.02 0.06 0.03| 0.00( 0.00
1.02| 1.06 12 [0.23 0.07 0.12({0.09| 0.22 0.10 0.13|0.28 0.16 0.20| 0.00 0.22 0.06(-0.02|-0.01|0.02 0.06 0.02| 0.00( 0.00

1 [1.03|1.13 14 (064 021 0.44(0.22| 0.63 0.29 047 |0.78 050 0.66| 0.00 0.22 0.06(-0.03|-0.02|0.02 0.06 0.02| 0.01| 0.01
1.05|1.19 16 [0.90 0.73 0.83 0.43| 0.92 0.80 0.87 | 0.98 0.94 0.96| 0.00 0.22 0.06(-0.05|-0.02|0.02 0.06 0.02| 0.01| 0.01
1.07]1.25 1.8 [0.99 0.97 0.98/0.63] 0.99 0.99 0.99 | 1.00 1.00 1.00| 0.00 0.22 0.06|-0.07|-0.03|0.02 0.06 0.02] 0.02| 0.02

1.00{ 1.00 1.0 [0.05 055 0.13[0.06| 0.07 0.46 0.12 | 1.00 1.00 1.00| 0.00 0.22 0.07( 0.02 |-0.81|0.03 0.06 0.03| 0.00( 0.00
1.02| 1.06 1.2 [0.18 0.06 0.09(0.06| 0.15 0.06 0.08 | 1.00 1.00 1.00| 0.00 0.22 0.06( 0.01 |-0.82|0.03 0.06 0.03| 0.00( 0.00
1.03|1.13 50 14 [0.51 0.23 0.33(0.13| 047 0.23 0.30|1.00 1.00 1.00|-0.01 0.22 0.06(-0.01|-0.83|0.03 0.06 0.03| 0.01| 0.01
1.05|1.19 16 [0.78 0.73 0.71 0.28/ 0.78 0.74 0.71 | 1.00 1.00 1.00| 0.00 0.22 0.06(-0.03|-0.84|0.03 0.06 0.03| 0.01| 0.01
1.07]1.25 1.8 [0.94 0.97 0.95/0.49| 0.96 0.98 0.96 | 1.00 1.00 1.00|-0.01 0.22 0.06|-0.05|-0.84]|0.03 0.06 0.03] 0.02| 0.02

1.00{ 1.00 1.0 [0.05 057 0.10{0.05| 0.05 0.47 0.10 | 1.00 1.00 1.00| 0.00 0.23 0.07( 0.01 |-0.43|0.03 0.06 0.03| 0.00( 0.00
1.02| 1.06 1.2 [0.20 0.06 0.09(0.07| 0.16 0.07 0.09 | 1.00 1.00 1.00| 0.00 0.22 0.06( 0.00 |-0.44|0.03 0.06 0.03| 0.00( 0.00

2 103|113 70 14 [055 0.21 0.37(0.16/ 053 0.25 0.38 | 1.00 1.00 1.00| 0.00 0.22 0.06(-0.02|-0.44|0.03 0.06 0.03| 0.01| 0.01
10|10 1.05|1.19 16 [0.86 0.72 0.78(/0.33| 0.87 0.75 0.79 | 1.00 1.00 1.00| 0.00 0.22 0.06(-0.04|-0.45|0.03 0.06 0.03| 0.01( 0.01
1.07]1.25 1.8 [0.97 0.97 0.97/0.55| 0.98 0.98 0.98 | 1.00 1.00 1.00| 0.00 0.22 0.06|-0.05|-0.46]|0.02 0.06 0.03] 0.02| 0.02

1.00{ 1.00 1.0 [0.05 0.55 0.10({ 0.05| 0.05 0.45 0.09 | 0.36 0.70 0.39| 0.00 0.23 0.06( 0.00 |-0.13|0.02 0.06 0.03| 0.00( 0.00
1.02| 1.06 12 [0.22 0.06 0.11|0.08/ 0.20 0.09 0.12|0.78 0.70 0.73| 0.00 0.23 0.06(-0.01|-0.14|0.02 0.06 0.03| 0.00( 0.00
1.03|1.13 90 14 [0.62 0.20 0.42(0.20| 0.61 0.29 0.46 | 0.98 0.94 0.97| 0.00 0.23 0.06(-0.03|-0.15/0.02 0.06 0.03| 0.01| 0.01
1.05(1.19 1.6 |0.90 0.72 0.82| 0.38( 091 0.78 0.85 | 1.00 1.00 1.00| 0.00 0.22 0.06(-0.05|-0.16{0.02 0.06 0.03| 0.01| 0.01
1.07]1.25 1.8 10.98 0.97 0.98| 0.60( 0.99 0.99 0.99 | 1.00 1.00 1.00| 0.00 0.22 0.06{-0.06]-0.16{0.02 0.06 0.02| 0.02] 0.02

1.00( 1.00 1.0 |0.05 0.35 0.10| 0.05 0.05 0.27 0.08 | 0.05 0.27 0.08| 0.00 0.22 0.08| 0.00 | 0.00 | 0.04 0.07 0.04| 0.00| 0.00
1.02| 1.06 1.2 |0.15 0.06 0.07| 0.06f 0.12 0.06 0.07 [ 0.16 0.09 0.10| 0.00 0.22 0.08| 0.00 | 0.00 | 0.04 0.07 0.04| 0.00| 0.00

3 1.03|1.13 1.4 1042 0.15 0.25/0.09( 0.35 0.15 0.23 | 0.48 0.27 0.36| 0.00 0.22 0.07| 0.00 | 0.00 [ 0.04 0.07 0.04| 0.00| 0.00
1.05(1.19 1.6 |0.69 0.49 0.57|0.14 0.64 047 052 | 0.80 0.68 0.73| 0.00 0.22 0.07| 0.00 | 0.00 | 0.04 0.07 0.04| 0.01]| 0.01
1.07]1.25 1.8 10.88 0.84 0.86| 0.21 0.85 0.81 0.81 | 0.96 0.94 0.95| 0.00 0.22 0.07[ 0.00 | 0.00 [0.04 0.07 0.04] 0.01] 0.01
1.30( 0.99 1.0 |0.05 0.58 0.09| 0.99 0.99 1.00 0.99 [ 0.06 0.50 0.09| 0.00 0.22 0.06{ 0.00 | 0.00 |0.02 0.06 0.02| 0.00| 0.07
1.32| 1.06 1.2 |0.24 0.07 0.11 1.00( 1.00 1.00 1.00 [ 0.29 0.15 0.19| 0.00 0.22 0.06{-0.02|-0.01{0.02 0.06 0.03| 0.00| 0.09

1 1.35(1.13 1.4 |0.65 0.22 0.46| 1.00( 1.00 1.00 1.00 [ 0.80 0.55 0.70| 0.00 0.22 0.06{-0.04|-0.02{0.02 0.06 0.02| 0.01]| 0.11
137|121 1.6 |0.91 0.74 0.84| 1.00( 1.00 1.00 1.00 [ 0.99 0.96 0.97| 0.00 0.22 0.06(-0.05|-0.03|0.02 0.06 0.02| 0.01| 0.14
1.39/1.28 1.8 10.99 0.98 0.99| 1.00{ 1.00 1.00 1.00 | 1.00 1.00 1.00| 0.00 0.22 0.05[-0.07|-0.04]{0.02 0.06 0.02| 0.02] 0.16

1.30( 0.99 1.0 |0.05 0.60 0.13|0.99( 097 099 097 | 1.00 1.00 1.00| 0.00 0.23 0.07| 0.02 |-0.81|0.03 0.06 0.03| 0.00| 0.06
1.32| 1.06 1.2 |0.18 0.07 0.09| 1.00( 1.00 0.99 1.00 [ 1.00 1.00 1.00| 0.00 0.22 0.06| 0.00 |-0.82|0.03 0.06 0.03| 0.00| 0.08
1.35(1.13 50 1.4 10.50 0.22 0.31 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.22 0.06{-0.01|-0.83|0.03 0.06 0.03| 0.01]| 0.10
137|121 1.6 |0.80 0.75 0.72| 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.22 0.06{-0.03|-0.84|0.03 0.06 0.03| 0.01]| 0.12
1.39/1.28 1.8 10.94 0.98 0.96/ 1.00( 1.00 1.00 1.00 | 1.00 1.00 1.00| 0.00 0.22 0.06{-0.05|-0.85[0.03 0.06 0.03| 0.02] 0.14

1.30( 0.99 1.0 |0.05 0.58 0.11| 0.99( 0.98 099 0.98 [ 1.00 1.00 1.00| 0.00 0.23 0.07| 0.01|-0.43|0.03 0.06 0.03| 0.00| 0.06
1.32|1.06 1.2 |0.21 0.07 0.10| 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.22 0.06| 0.00 | -0.44|0.03 0.06 0.03| 0.00| 0.08

2 1.35(1.13 70 1.4 10.58 0.21 0.39| 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00(-0.01 0.22 0.06|-0.02|-0.45(0.02 0.06 0.03| 0.01]| 0.10
13] 1.0 137(1.21 1.6 |0.86 0.75 0.80| 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.22 0.06(-0.04|-0.46(0.02 0.06 0.03| 0.01]| 0.13
1.39/1.28 1.8 10.97 0.97 0.97|1.00f 1.00 1.00 1.00 | 1.00 1.00 1.00| 0.00 0.22 0.06[-0.05|-0.46(0.02 0.06 0.03| 0.02] 0.15

1.30( 0.99 1.0 |0.05 0.58 0.10| 0.99f 0.98 1.00 0.99 | 0.29 0.67 0.32| 0.00 0.22 0.06| 0.00 | -0.13|0.02 0.06 0.03| 0.00| 0.07
1.32|1.06 1.2 |0.22 0.07 0.10| 1.00( 1.00 1.00 1.00 [ 0.76 0.68 0.70| 0.00 0.22 0.06(-0.01|-0.14{0.02 0.06 0.03| 0.00| 0.09
1.35(1.13 90 1.4 |0.62 0.22 0.44| 1.00( 1.00 1.00 1.00 [ 0.98 0.95 0.97| 0.00 0.22 0.06{-0.03|-0.15(/0.02 0.06 0.02| 0.01| 0.11
137(1.21 1.6 |0.90 0.74 0.83| 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 0.23 0.06{-0.05|-0.16{0.02 0.06 0.03| 0.01]| 0.13
1.39/1.28 1.8 10.98 0.98 0.98| 1.00( 1.00 1.00 1.00 | 1.00 1.00 1.00[-0.01 0.22 0.05[-0.06|-0.17{0.02 0.06 0.02| 0.02]| 0.16

1.30( 0.99 1.0 |0.05 0.37 0.10/ 0.99 0.99 1.00 0.99 | 0.05 0.29 0.09| 0.00 0.23 0.08| 0.00 | 0.00 | 0.04 0.07 0.04| 0.00| 0.07
1.32|1.06 1.2 |0.15 0.05 0.07| 1.00( 1.00 0.99 0.99 | 0.15 0.08 0.09| 0.00 0.22 0.08| 0.00 | 0.00 |0.04 0.07 0.04| 0.00| 0.08

3 1.35(1.13 1.4 |0.42 0.15 0.25| 1.00( 1.00 1.00 1.00 [ 0.50 0.29 0.38|-0.01 0.22 0.07| 0.00 | 0.00 | 0.04 0.07 0.04| 0.00| 0.09
137(1.21 1.6 |0.70 0.52 0.60| 1.00( 1.00 1.00 1.00 [ 0.84 0.73 0.78|-0.01 0.22 0.07| 0.00 | 0.00 | 0.04 0.07 0.04| 0.01]| 0.10
1.39/1.28 1.8 10.88 0.86 0.86| 1.00( 1.00 1.00 1.00 | 0.97 0.96 0.97| 0.00 0.22 0.07| 0.00 | 0.00 [0.03 0.06 0.04| 0.01] 0.11
0.99( 1.50 1.0 |0.05 0.66 0.09| 0.06( 0.06 0.57 0.10 [ 1.00 1.00 1.00| 0.00 0.22 0.06| 0.01|-0.06|/0.02 0.06 0.02| 0.00| 0.18
1.02|1.59 1.2 |0.26 0.07 0.13| 0.08( 0.22 0.08 0.12 | 1.00 1.00 1.00| 0.00 0.22 0.06{-0.01|-0.08(0.02 0.06 0.02| 0.00| 0.14

1 1.04|1.69 1.4 |0.68 0.25 0.50| 0.27f 0.70 0.37 0.56 | 1.00 1.00 1.00| 0.00 0.22 0.05(-0.04|-0.09(0.02 0.06 0.02| 0.01]| 0.11
1.07(1.78 1.6 |0.93 0.80 0.87|0.59 0.96 090 0.93 | 1.00 1.00 1.00| 0.00 0.22 0.06(-0.06|-0.10{0.02 0.06 0.02| 0.02| 0.08
1.09]1.88 1.8 10.99 0.99 0.99/0.83| 1.00 1.00 1.00 | 1.00 1.00 1.00| 0.00 0.22 0.05[-0.09]-0.12{0.02 0.06 0.02| 0.03] 0.06

0.99( 1.50 1.0 |0.05 0.67 0.13| 0.11| 0.08 0.60 0.15 | 1.00 1.00 1.00| 0.00 0.23 0.07| 0.03 |-0.88(0.03 0.06 0.03| 0.01| 0.20
1.02|1.59 1.2 |0.19 0.08 0.09| 0.05( 0.14 0.07 0.07 | 1.00 1.00 1.00| 0.00 0.22 0.06| 0.01|-0.89(0.03 0.06 0.03| 0.00| 0.16
1.04|1.69 50 1.4 051 0.25 0.32| 0.17f 0.50 0.28 0.35 | 1.00 1.00 1.00| 0.00 0.22 0.06{-0.02|-0.90({0.03 0.06 0.03| 0.01| 0.12
1.07(1.78 1.6 |0.82 0.81 0.77|0.44 0.86 0.86 0.83 [ 1.00 1.00 1.00|-0.01 0.22 0.06|-0.04|-0.92|0.03 0.06 0.03| 0.01| 0.09
1.09]1.88 1.8 |0.95 0.99 0.97|0.73] 0.98 1.00 0.99 | 1.00 1.00 1.00| 0.00 0.22 0.06{-0.06|-0.93(/0.03 0.06 0.03| 0.03] 0.07

0.99( 1.50 1.0 |0.05 0.67 0.12| 0.09 0.07 059 0.13 [ 1.00 1.00 1.00| 0.00 0.22 0.06| 0.02 | -0.49(0.02 0.06 0.03| 0.00| 0.19
1.02|1.59 1.2 |0.23 0.07 0.11| 0.06 0.18 0.07 0.10 | 1.00 1.00 1.00| 0.00 0.22 0.06| 0.00 | -0.51|{0.02 0.06 0.03| 0.00| 0.15

2 1.04|1.69 70 1.4 |0.60 0.26 0.41| 0.20( 0.60 0.32 0.44 | 1.00 1.00 1.00| 0.00 0.22 0.06{-0.03|-0.52|0.02 0.06 0.03| 0.01| 0.12
10|15 1.07(1.78 1.6 |0.88 0.81 0.82| 0.49( 092 0.88 0.88 | 1.00 1.00 1.00| 0.00 0.22 0.06|-0.05|-0.53|0.02 0.06 0.03| 0.02| 0.09
1.09]1.88 1.8 10.98 0.99 0.98| 0.78 0.99 1.00 0.99 | 1.00 1.00 1.00| 0.00 0.22 0.06{-0.07|-0.55[0.02 0.06 0.03| 0.03]| 0.06

0.99( 1.50 1.0 |0.05 0.65 0.11| 0.07f 0.06 0.56 0.11 | 1.00 1.00 1.00| 0.00 0.22 0.06| 0.01|-0.20{0.02 0.06 0.02| 0.00| 0.19
1.02|1.59 1.2 |0.24 0.07 0.12| 0.08 0.21 0.08 0.11 | 1.00 1.00 1.00| 0.00 0.23 0.06{-0.01|-0.21|{0.02 0.06 0.02| 0.00| 0.15
1.04|1.69 90 1.4 |0.66 0.25 0.46|0.24 0.66 0.34 0.51 [ 1.00 1.00 1.00| 0.00 0.22 0.06(-0.03|-0.22|0.02 0.06 0.02| 0.01| 0.11
1.07(1.78 1.6 |0.91 0.80 0.86| 0.55[ 0.95 0.89 0.92 [ 1.00 1.00 1.00| 0.00 0.23 0.06(-0.06|-0.23|0.02 0.06 0.02| 0.02| 0.08
1.09]1.88 1.8 10.99 0.99 0.99/0.81 1.00 1.00 1.00 | 1.00 1.00 1.00| 0.00 0.22 0.06{-0.08|-0.25(/0.02 0.06 0.02| 0.03] 0.06

0.99( 1.50 1.0 |0.05 0.45 0.11| 0.05( 0.05 0.37 0.10 [ 0.99 1.00 0.99| 0.00 0.23 0.08| 0.00 | 0.00 | 0.04 0.07 0.04| 0.00| 0.18
1.02|1.59 1.2 |0.17 0.07 0.07| 0.06( 0.13 0.07 0.08 [ 1.00 1.00 1.00| 0.00 0.22 0.07| 0.00 | 0.00 |0.03 0.06 0.04| 0.00| 0.15

3 1.04|1.69 1.4 |0.45 0.18 0.29| 0.10f 0.41 0.19 0.26 | 1.00 1.00 1.00| 0.00 0.22 0.07| 0.00 | 0.00 |0.03 0.06 0.03| 0.01| 0.14
1.07(1.78 1.6 |0.75 0.62 0.66| 0.19 0.72 0.61 0.63 | 1.00 1.00 1.00| 0.00 0.22 0.06| 0.00 | 0.00 [0.03 0.06 0.03| 0.01]| 0.12
1.09]1.88 1.8 10.92 0.93 0.91|0.31| 0.92 093 0.90 | 1.00 1.00 1.00| 0.00 0.22 0.06{ 0.00| 0.00[0.03 0.06 0.03]| 0.01] 0.11




Supplementary Table 5. Estimated power and bias for 3 exposure-enriched sampling designs and 3 methods of GXE interaction detection based on 5000 simulated datasets, each
including 5000 cases and 5000 controls from which 50% of subjects are selected for genotyping on a single marker. Exposure prevalence = 0.1; OR g = 1.1.

Scheme 1: Genotype 50% of cases and 50% of controls including all E=1 and a random sample of E=0

Scheme 2: Genotype 50% of cases and 50% of controls including all D=1/E=1, x% of D=0/E=1, and a random sample of E=0

Scheme 3: Randomly sample 50% of cases and 50% of controls for genotyping, irrespective of exposure status

Power Bias Mean squared error (MSE)

% of OR;,e MA,| Joint MA, + ORg,. | Joint MA, + OR,. ORy, MA, [ MA, ORe MA,| MA,

OR; | OR. [ Scheme| MA,| MA,| D=0/E=1| OR,.| CC CO EB CcC Cco EB [ CC CO EB|CC CO EB| All | Al |[CC CO EB| All | All
1.00{ 1.00 1.0 [0.05 0.16 0.07(0.05| 0.05 0.12 0.06 | 0.05 0.14 0.08| 0.00 -0.10 -0.04{ 0.00 | 0.00|0.02 0.02 0.02| 0.00{ 0.00
1.02|1.08 12 [0.25 0.79 0.46(0.11| 0.24 0.74 042|033 0.77 0.50| 0.00 -0.10 -0.04(-0.02(-0.01|0.02 0.02 0.02| 0.01| 0.01

1 [1.04]|115 14 (066 0.99 0.820.29| 0.70 0.99 0.83 | 0.85 0.99 0.92| 0.00 -0.09 -0.04(-0.04-0.02|0.02 0.02 0.02| 0.01| 0.01
1.06|1.23 16 (091 1.00 0.95(0.53| 0.95 1.00 0.97|0.99 1.00 1.00| 0.00 -0.09 -0.04(-0.06-0.03|0.02 0.02 0.02| 0.02| 0.02
1.08]1.30 1.8 [0.99 1.00 0.99/0.79] 1.00 1.00 1.00 | 1.00 1.00 1.00]| 0.00 -0.10 -0.04|-0.08|-0.04|0.02 0.02 0.02] 0.03| 0.03

1.00{ 1.00 1.0 [0.05 0.16 0.07(0.05| 0.05 0.12 0.06 | 1.00 1.00 1.00| 0.00 -0.09 -0.03(-0.01(-0.81|0.03 0.02 0.02| 0.00( 0.00
1.02|1.08 12 [0.18 0.79 0.42(0.14| 0.21 074 042|100 1.00 1.00| 0.00 -0.09 -0.04(-0.03(-0.82|0.03 0.02 0.02| 0.01| 0.01
1.04|1.15 50 14 |0.53 0.99 0.72(0.35| 0.63 0.99 0.79 | 1.00 1.00 1.00| 0.00 -0.10 -0.04(-0.05(-0.83|0.03 0.02 0.02| 0.01| 0.01
1.06|1.23 16 [(0.81 1.00 0.89(0.61| 0.91 1.00 0.95 | 1.00 1.00 1.00| 0.00 -0.09 -0.04(-0.07|-0.84|0.03 0.02 0.02| 0.02| 0.02
1.08]1.30 1.8 [0.95 1.00 0.97/0.83| 0.99 1.00 0.99 | 1.00 1.00 1.00]|-0.01 -0.09 -0.04|-0.09-0.85|0.03 0.02 0.02] 0.03| 0.03

1.00{ 1.00 1.0 [0.05 0.15 0.07(0.05| 0.05 0.13 0.07 | 1.00 1.00 1.00| 0.00 -0.10 -0.04(-0.01-0.43|0.02 0.02 0.02| 0.00{ 0.00
1.02|1.08 12 [0.22 0.79 045(0.13| 0.22 0.74 042|100 1.00 1.00| 0.00 -0.10 -0.04(-0.03(-0.44|0.02 0.02 0.02| 0.01| 0.01

2 104|115 70 14 |0.59 1.00 0.770.32| 0.66 0.99 0.80 | 1.00 1.00 1.00| 0.00 -0.10 -0.04(-0.05(-0.45/0.02 0.02 0.02| 0.01| 0.01
10|10 1.06|1.23 16 [0.87 1.00 0.93(0.58| 0.93 1.00 0.96 | 1.00 1.00 1.00| 0.00 -0.09 -0.04(-0.07-0.46/0.02 0.02 0.02| 0.02| 0.02
1.08]1.30 1.8 [0.98 1.00 0.99/0.81| 0.99 1.00 1.00 | 1.00 1.00 1.00| 0.00 -0.09 -0.04|-0.09]-0.47]|0.02 0.02 0.02] 0.03| 0.03

1.00{ 1.00 1.0 [0.05 0.16 0.07(0.05| 0.05 0.12 0.06 | 0.34 042 0.36| 0.00 -0.09 -0.04{ 0.00 |-0.13|0.02 0.02 0.02| 0.00{ 0.00
1.02|1.08 12 [0.23 0.80 0.45(0.12| 0.23 0.73 043 |0.82 0.96 0.87|0.00 -0.09 -0.04(-0.02(-0.14|0.02 0.02 0.02| 0.01| 0.01
1.04|1.15 90 14 |0.65 0.99 0.80(0.30| 0.68 0.99 0.82 | 0.99 1.00 0.99| 0.00 -0.10 -0.04(-0.04-0.15/0.02 0.02 0.02| 0.01| 0.01
1.06(1.23 1.6 |0.91 1.00 0.95|0.57( 095 1.00 097 | 1.00 1.00 1.00| 0.00 -0.09 -0.04|-0.06|-0.16({0.02 0.02 0.02| 0.02| 0.02

1.08] 1.30 1.8 10.98 1.00 0.99| 0.80( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.09 -0.04[-0.08]-0.17[0.02 0.02 0.02| 0.03] 0.03

1.00( 1.00 1.0 |0.05 0.11 0.06| 0.05( 0.05 0.09 0.06 [ 0.05 0.09 0.06| 0.00 -0.09 -0.04| 0.00 | 0.00|0.04 0.03 0.03| 0.00| 0.00
1.02|1.08 1.2 |0.16 0.56 0.32| 0.06( 0.13 0.47 0.27 [ 0.17 0.51 0.31| 0.00 -0.10 -0.04| 0.00 | 0.00 [0.04 0.03 0.03| 0.00| 0.00

3 1.04|1.15 1.4 |0.44 0.93 0.66/ 0.11f 0.39 0.89 0.62 [ 0.56 0.92 0.72| 0.00 -0.10 -0.04| 0.00 | 0.00 [0.04 0.03 0.03| 0.01| 0.01
1.06(1.23 1.6 |0.73 0.99 0.86| 0.18( 0.70 099 0.84 | 0.87 1.00 0.94(-0.01 -0.10 -0.05| 0.00 | 0.00 [ 0.04 0.02 0.03| 0.01| 0.01
1.08] 1.30 1.8 10.90 1.00 0.95|0.28( 0.90 1.00 0.95 | 0.98 1.00 0.99[-0.01 -0.10 -0.04| 0.00 | 0.00[0.03 0.02 0.03| 0.01] 0.01
1.30(1.01 1.0 |0.05 0.16 0.07| 0.99 0.99 099 099 | 0.06 0.13 0.07| 0.00 -0.10 -0.04| 0.00 | 0.00 [0.02 0.02 0.02| 0.00| 0.07
1.33|1.10 1.2 |0.24 0.80 0.45|1.00( 1.00 1.00 1.00 [ 0.41 0.82 0.57| 0.00 -0.09 -0.04|-0.02|-0.01{0.02 0.02 0.02| 0.01| 0.10

1 1.35(1.18 1.4 |0.67 0.99 0.81]| 1.00( 1.00 1.00 1.00 [ 0.91 1.00 0.95| 0.00 -0.10 -0.04|-0.04|-0.02{0.02 0.02 0.02| 0.01| 0.12
1.38(1.27 1.6 |0.92 1.00 0.96/ 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04|-0.06|-0.03({0.02 0.02 0.02| 0.02| 0.15
1.41]1.36 1.8 10.99 1.00 1.00/ 1.00{ 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.09 -0.04[-0.08]-0.05[0.02 0.02 0.02| 0.03] 0.18
1.30(1.01 1.0 |0.05 0.15 0.06/ 1.00( 0.99 099 0.99 | 1.00 1.00 1.00| 0.00 -0.09 -0.04|-0.01|-0.81{0.03 0.02 0.02| 0.00| 0.08
1.33|1.10 1.2 |0.18 0.80 0.42|1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.09 -0.03|-0.03|-0.82(0.03 0.02 0.02| 0.01| 0.10
1.35(1.18 50 1.4 10.53 0.99 0.72| 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04|-0.05|-0.84(0.03 0.02 0.02| 0.01| 0.13
1.38(1.27 1.6 |0.81 1.00 0.89| 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04|-0.07|-0.85(0.03 0.02 0.02| 0.02| 0.16
1.41]1.36 1.8 10.95 1.00 0.97|1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04[-0.09(-0.86(0.03 0.02 0.02| 0.03] 0.19
1.30(1.01 1.0 |0.05 0.16 0.07| 1.00( 0.99 1.00 0.99 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04|-0.01|-0.43(/0.02 0.02 0.02| 0.00| 0.08
1.33|1.10 1.2 |0.22 0.80 0.44|1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.09 -0.04|-0.03|-0.44(0.02 0.02 0.02| 0.01| 0.10

2 1.35(1.18 70 1.4 |0.60 0.99 0.77| 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.09 -0.04|-0.05|-0.45(0.02 0.02 0.02| 0.01]| 0.13
13] 1.0 1.38(1.27 1.6 |0.88 1.00 0.94| 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04|-0.07|-0.47(0.02 0.02 0.02| 0.02| 0.16
1.41]1.36 1.8 10.97 1.00 0.99| 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04[-0.09]-0.48(0.02 0.02 0.02| 0.03] 0.19
1.30(1.01 1.0 |0.05 0.17 0.07| 1.00( 0.99 0.99 099 | 0.39 0.47 0.40| 0.00 -0.09 -0.04| 0.00|-0.13({0.02 0.02 0.02| 0.00| 0.07
1.33|1.10 1.2 |0.24 0.81 0.46|1.00( 1.00 1.00 1.00 | 0.88 0.98 0.92| 0.00 -0.10 -0.04|-0.02|-0.14{0.02 0.02 0.02| 0.01| 0.10
1.35(1.18 90 1.4 |0.65 0.99 0.80| 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04|-0.04|-0.15(0.02 0.02 0.02| 0.01| 0.12
1.38(1.27 1.6 |0.91 1.00 0.96/ 1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04|-0.06|-0.16(0.02 0.02 0.02| 0.02| 0.15
1.41]1.36 1.8 10.99 1.00 0.99|1.00( 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04[-0.08]-0.18(0.02 0.02 0.02| 0.03] 0.18
1.30(1.01 1.0 |0.05 0.11 0.06/ 0.99 0.99 099 0.99 | 0.05 0.09 0.06| 0.00 -0.09 -0.04| 0.00 | 0.00|0.04 0.03 0.03| 0.00| 0.07
1.33|1.10 1.2 |0.17 0.57 0.34| 1.00( 1.00 1.00 1.00 [ 0.22 0.55 0.35| 0.00 -0.10 -0.04| 0.00 | 0.00 [0.04 0.03 0.03| 0.00| 0.08

3 1.35(1.18 1.4 10.43 0.94 0.66/ 1.00( 1.00 1.00 1.00 [ 0.63 0.95 0.78| 0.00 -0.10 -0.04| 0.00 | 0.00 [0.04 0.03 0.03| 0.01| 0.10
1.38(1.27 1.6 |0.72 1.00 0.87| 1.00( 1.00 1.00 1.00 [ 0.93 1.00 0.97| 0.00 -0.10 -0.04| 0.00 | 0.00 |[0.03 0.02 0.02| 0.01| 0.11
1.41]1.36 1.8 |0.90 1.00 0.95|1.00( 1.00 1.00 1.00 [ 0.99 1.00 1.00| 0.00 -0.10 -0.04| 0.00| 0.00[0.03 0.02 0.02| 0.01] 0.12
1.00( 1.50 1.0 |0.04 0.19 0.07| 0.05( 0.05 0.15 0.07 [ 1.00 1.00 1.00| 0.00 -0.09 -0.04| 0.00|-0.07{0.02 0.02 0.01| 0.00| 0.16
1.03|1.61 1.2 |0.27 0.88 0.49|0.21f 0.33 0.85 0.52 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04|-0.03|-0.08(0.02 0.02 0.02| 0.01| 0.12

1 1.06(1.73 1.4 10.72 1.00 0.84| 0.56( 0.85 1.00 0.92 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04|-0.06|-0.10{0.02 0.02 0.01| 0.02| 0.08
1.091.84 1.6 |0.94 1.00 0.97|0.87( 099 1.00 1.00 | 1.00 1.00 1.00| 0.00 -0.10 -0.04|-0.09|-0.11{0.02 0.02 0.01| 0.04| 0.05

1.12]| 1.96 1.8 10.99 1.00 1.00/0.98 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.09 -0.04[-0.12]-0.13[0.02 0.02 0.01| 0.06| 0.03

1.00( 1.50 1.0 |0.05 0.18 0.08| 0.06( 0.05 0.15 0.07 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04|-0.01|-0.87(0.03 0.02 0.02| 0.00| 0.15
1.03|1.61 1.2 |0.19 0.88 0.44|0.25( 0.32 0.86 0.52 | 1.00 1.00 1.00| 0.01 -0.10 -0.03|-0.04|-0.89(0.03 0.02 0.02| 0.01| 0.11
1.06(1.73 50 1.4 10.54 1.00 0.73| 0.63( 0.79 1.00 0.88 [ 1.00 1.00 1.00| 0.00 -0.09 -0.03|-0.07|-0.91{0.03 0.02 0.02| 0.02| 0.08
1.09(1.84 1.6 |0.83 1.00 0.89| 0.89( 0.98 1.00 0.99 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04|-0.10|-0.93(0.03 0.02 0.02| 0.04| 0.05

112 1.96 1.8 |0.96 1.00 0.98| 0.99f 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04[-0.12|-0.94[0.03 0.02 0.02| 0.06| 0.03

1.00( 1.50 1.0 |0.05 0.18 0.08| 0.05( 0.05 0.14 0.07 | 1.00 1.00 1.00| 0.00 -0.09 -0.04|-0.01|-0.49(0.02 0.02 0.02| 0.00| 0.16
1.03|1.61 1.2 |0.22 0.88 0.47|0.24 0.32 0.86 0.52 [ 1.00 1.00 1.00| 0.00 -0.09 -0.04|-0.04|-0.51{0.02 0.02 0.02| 0.01| 0.11

2 1.06(1.73 70 1.4 |0.63 1.00 0.78| 0.60( 0.82 1.00 0.90 [ 1.00 1.00 1.00| 0.00 -0.09 -0.04|-0.07|-0.53(0.02 0.02 0.02| 0.02| 0.08
10|15 1.09(1.84 1.6 |0.89 1.00 0.94| 0.89( 0.98 1.00 0.99 [ 1.00 1.00 1.00| 0.00 -0.09 -0.04|-0.09|-0.54({0.02 0.02 0.02| 0.04| 0.05
1.12]| 1.96 1.8 10.98 1.00 0.99/0.98 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.09 -0.04[-0.12|-0.56(0.02 0.02 0.02| 0.06| 0.03

1.00( 1.50 1.0 |0.04 0.18 0.08/ 0.05( 0.05 0.14 0.07 | 1.00 1.00 1.00| 0.00 -0.09 -0.04|-0.01|-0.20{0.02 0.02 0.02| 0.00| 0.16
1.03|1.61 1.2 |0.27 0.88 0.50| 0.23( 0.33 0.86 0.53 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04|-0.03|-0.21{0.02 0.02 0.02| 0.01| 0.12
1.061.73 90 1.4 |0.68 1.00 0.81| 0.57( 0.84 1.00 0.91 | 1.00 1.00 1.00| 0.00 -0.10 -0.04|-0.06|-0.23(0.02 0.02 0.02| 0.02| 0.08
1.09(1.84 1.6 |0.93 1.00 0.96/ 0.88( 0.99 1.00 0.99 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04|-0.09|-0.24{0.02 0.02 0.01| 0.04| 0.05

1.12]| 1.96 1.8 |0.99 1.00 1.00/ 0.98 1.00 1.00 1.00 [ 1.00 1.00 1.00| 0.00 -0.10 -0.04[-0.12|-0.26{0.02 0.02 0.02| 0.06| 0.03

1.00( 1.50 1.0 |0.05 0.13 0.06/ 0.05( 0.05 0.10 0.06 [ 0.99 0.99 0.99| 0.00 -0.10 -0.04| 0.00 | 0.00 [0.03 0.02 0.02| 0.00| 0.16
1.03|1.61 1.2 |0.18 0.69 0.39| 0.09 0.17 0.61 0.34 [ 1.00 1.00 1.00(-0.01 -0.10 -0.04| 0.00 | 0.00 [0.03 0.02 0.02| 0.00| 0.14

3 1.06(1.73 1.4 |0.47 0.97 0.69| 0.19( 0.47 096 0.69 [ 1.00 1.00 1.00| 0.00 -0.09 -0.04| 0.00| 0.00|0.03 0.02 0.02| 0.01| 0.12
1.09(1.84 1.6 |0.77 1.00 0.88/0.33( 0.81 1.00 0.90 [ 1.00 1.00 1.00| 0.00 -0.09 -0.04| 0.00| 0.00|0.03 0.02 0.02| 0.01| 0.10
1.12]| 1.96 1.8 10.93 1.00 0.96| 0.53| 0.96 1.00 0.98 | 1.00 1.00 1.00| 0.00 -0.10 -0.04{ 0.00 | 0.00{0.03 0.02 0.02| 0.02] 0.09




Supplementary Table 6. Estimated power and bias for 3 exposure-enriched sampling designs with exposure misclassification. applied based on 5000
3 methods of GXE interaction detection are simulated datasets, each including 5000 cases and 5000 controls from which 50% are selected for genotyping
at a single marker. Exposure prevalence = 0.1; OR, = 1.0; OR, = 1.0; OR, = 1.0. Sensitivity (SE) of exposure measurement = Specificity (SP) of
exposure measurement = 0.8.

Scheme 1: Genotype 50% of cases and 50% of controls including all E=1 and a random sample of E=0
Scheme 2: Genotype 50% of cases and 50% of controls including all D=1/E=1, 50% of D=0/E=1, and a random sample of E=0
Scheme 3: Randomly sample 50% of cases and 50% of controls for genotyping, irrespective of exposure status

Power Bias Mean squared error (MSE)
ORgy,e MA, | Joint MA; + ORg, | Joint MA, + OR, ORge MA; | MA, ORgye MA, | MA,
Scheme | MA; | MA; |ORy,f] CC CO EB CC CO EB|CC CO EB| CC CO EB All All CC CO EB | All | All
1.00| 1.00| 1.0 [ 0.05 0.05 0.04 | 0.07[0.05 0.05 0.04|0.09 0.09 0.08| 0.00 000 0.00| 0.00 | 0.00 0.02 0.01 0.01| 0.00{ 0.00
1.02|1.07| 1.2 | 008 010 0.08 | 0.110.09 0.11 0.09 |0.14 0.16 0.14| 013 013 0.13| -0.01 | 0.04 0.03 0.02 0.03| 0.01f 0.01
1 104|114 14 | 015 024 019 | 022(023 031 027|027 035 030 023 023 0.23| -0.03 | 0.07 0.07 0.06 0.06] 0.01| 0.01
106 | 1.22| 1.6 | 0.25 047 038 | 041|047 0.62 055|047 061 054 | 031 032 032 -0.04 | 0.10 012 011 0.1 0.01f 0.01
1.08[1.29| 1.8 | 040 0.68 056 | 0.61[0.72 0.85 0.79 |0.68 0.83 0.77 | 0.39 039 0.39 | -0.05 | 0.13 0.17 016 0.6 0.02| 0.02
1.00 | 1.00| 1.0 | 0.06 0.05 0.04 | 0.07[0.08 0.07 0.07 |1.00 1.00 1.00| 0.00 0.00 0.00| 000 | -1.13 | 0.02 0.01 0.01| 0.00| 0.00
102 |1.07| 1.2 | 009 011 008 | 012012 013 011|100 1.00 1.00| 013 013 0.13| -0.01 | -1.09 | 0.03 0.02 0.03| 0.01| 0.01
2 104|1.14| 1.4 | 014 024 017 | 023/ 025 0.33 0.28 100 1.00 1.00| 023 023 0.23| -0.03 | -1.05 | 0.07 0.06 0.06| 0.01| 0.01
106 | 1.22| 1.6 | 023 045 033 | 041|047 062 053|100 1.00 1.00| 032 032 0.32| -0.04 | -1.03 | 012 0.11 0.11| 0.01]| 0.01
108|129 1.8 | 036 0.67 052 | 0.60(0.70 0.84 0.77 |1.00 1.00 1.00| 0.39 039 0.39 | -0.05 | -099 | 017 0.16 0.16] 0.02| 0.02
1.00| 1.00| 1.0 | 0.06 0.05 0.04 | 0.05/0.05 0.05 0.05|0.05 0.05 0.05| 0.00 0.00 0.00| 0.00 | 0.00 0.02 0.01 0.01| 0.00{ 0.00
1.02 | 1.07| 1.2 | 007 0.09 0.07 | 0.06]0.07 0.09 0.07 |0.06 008 007 013 013 0.13| 0.00 | 0.05 0.03 0.03 0.03| 0.00{ 0.00
3 1.04 | 1.14| 14 | 012 021 015| 0.11|0.14 021 0.16 {013 0.20 0.15| 0.23 0.23 0.23 | 0.00 | 0.10 0.07 0.06 0.07| 0.01f 0.01
1.06 | 1.22| 1.6 | 0.22 040 031| 0.17/0.25 040 0.33 (0.24 0.39 031|032 032 032 0.00 | 0.14 0.12 011 0.11] 0.01f 0.01
108[1.29] 1.8 | 031 058 046 | 0.26{0.40 0.61 0.51]0.38 059 0.49| 039 039 0.39 | 000 | 017 017 0.6 0.16] 0.01] 0.01




Supplementary Table 7. Estimated power and bias for Scheme 1 with exposure misclassification. 3 methods of GxE interaction detection are applied based
on 5000 simulated datasets, each including 5000 cases and 5000 controls from which 50% are selected for genotyping at a single marker. Exposure prevalence
=0.1; OR, = 1.0; OR, = 1.0; OR, = 1.0. Scheme 1: Genotype 50% of cases and 50% of controls including all E=1 and a random sample of E=0.

Power Bias Mean squared error (MSE)

ORyse MAy| Joint MA;+ ORy. | Joint MA, + ORy,, ORy,e MA, | MA, ORy,e MA;| MA,

MA; MA.|SP SE ORy.| CC CO EB CC CO EB| CC CO EB |CC CO EB| All | Al |[CC CO EB| All| Al
1.00 1.00(06 0.6 1.0 [0.05 0.05 0.04| 0.05| 0.05 0.05 0.04 | 0.26 0.26 0.25 [0.00 0.00 0.00| 0.00 | 0.00 | 0.03 0.01 0.02| 0.00| 0.00
1.02 1.07 1.2 |0.05 0.05 0.04| 0.07| 0.07 0.07 0.06 | 0.26 0.26 0.25 |0.17 0.17 0.17|-0.01| 0.05|0.05 0.04 0.04| 0.00| 0.00
1.04 114 14 |0.05 0.06 0.04| 0.13| 0.12 0.12 0.11| 028 0.28 0.28 [0.31 0.31 0.31|-0.01| 0.10|0.12 0.11 0.11] 0.01| 0.01
1.06 1.22 1.6 |0.06 0.06 0.05|0.26 0.21 0.21 0.20 | 0.30 0.31 0.30 [0.43 0.43 0.43|-0.02| 0.14 |0.21 0.20 0.20| 0.01| 0.01
1.08 1.29 1.8 |0.06 0.08 0.06| 0.40| 0.33 0.34 0.33| 0.31 0.33 0.31 |0.53 0.53 0.53|-0.02| 0.18 | 0.30 0.29 0.30| 0.01| 0.01
1.00 1.00(0.6 0.8 1.0 [0.05 0.05 0.04| 0.05| 0.05 0.05 0.04 | 0.32 0.32 0.31 (0.00 0.00 0.00| 0.00 | 0.00 |0.03 0.02 0.02| 0.00| 0.00
1.02 1.07 1.2 |0.05 0.06 0.04| 0.09/ 0.08 0.08 0.08 | 0.34 0.34 0.34 |0.15 0.15 0.15|-0.01| 0.02 | 0.06 0.04 0.05| 0.00| 0.00
1.04 114 14 |0.06 0.07 0.06| 0.19| 0.16 0.17 0.16 | 041 0.40 0.40 [0.29 0.28 0.28|-0.03| 0.03 |0.11 0.10 0.10| 0.01| 0.01
1.06 1.22 1.6 |0.07 0.09 0.07| 0.37| 0.30 0.32 0.30 | 0.47 0.48 0.47 |0.39 0.39 0.39|-0.04| 0.04 |0.18 0.17 0.17| 0.01| 0.01
1.08 1.29 1.8 |0.08 0.11 0.09) 0.57| 049 051 050 055 0.56 0.55|0.48 0.48 0.48]-0.05]| 0.05|0.27 0.25 0.25] 0.02| 0.02
1.00 1.00(06 1.0 1.0 [0.05 0.05 0.04| 0.05| 0.05 0.05 0.04 | 041 0.41 0.41 (0.01 0.00 0.00| 0.00 | 0.00 | 0.05 0.02 0.03| 0.00| 0.00
1.02 1.07 1.2 |0.05 0.05 0.04| 0.10( 0.09 0.09 0.08 | 0.43 0.44 0.43 |0.14 0.14 0.14|-0.02|-0.04|0.07 0.05 0.05| 0.01| 0.01
1.04 114 14 |0.06 0.07 0.06| 0.27| 0.21 021 0.20 | 055 0.55 0.54 |[0.25 0.25 0.25|-0.04|-0.11|0.12 0.09 0.10| 0.01| 0.01
1.06 1.22 1.6 |0.08 0.10 0.08| 0.50( 042 044 043 | 066 0.68 0.67 [0.35 0.34 0.35|-0.06|-0.18|0.18 0.15 0.16| 0.02| 0.02
1.08 1.29 1.8 |0.09 0.12 0.10)| 0.74| 0.67 0.68 0.67 | 0.81 0.82 0.81 |0.43 0.43 0.43]|-0.08]|-0.30{0.25 0.22 0.23| 0.03] 0.03
1.00 1.00(0.8 0.6 1.0 [0.05 0.05 0.04| 0.05| 0.05 0.05 0.04 | 0.09 0.09 0.08 [0.00 0.00 0.00| 0.00| 0.00|0.01 0.01 0.01| 0.00| 0.00
1.02 1.07 1.2 |0.07 0.08 0.06| 0.08/ 0.08 0.09 0.08 | 0.12 0.13 0.12 [0.14 0.14 0.14|-0.01| 0.05|0.03 0.03 0.03| 0.00| 0.00
1.04 114 14 |0.10 0.15 0.11)| 0.18( 0.17 0.20 0.7 | 0.17 0.20 0.18 |0.26 0.26 0.26|-0.02| 0.09 | 0.08 0.07 0.08| 0.01| 0.01
1.06 1.22 1.6 |0.16 0.26 0.20| 0.32| 0.33 041 0.36 | 027 0.35 0.31 |0.36 0.36 0.36|-0.03| 0.13|0.14 0.14 0.14| 0.01| 0.01
1.08 1.29 1.8 |0.22 0.40 0.31) 0.49| 050 0.62 0.57 | 040 0.52 0.46 |0.45 0.45 0.45]|-0.03] 0.17 {0.21 0.21 0.21] 0.02| 0.02
1.00 1.00/0.8 0.8 1.0 [0.05 0.05 0.04| 0.05| 0.05 0.05 0.04 | 0.09 0.09 0.08 (0.00 0.00 0.00| 0.00| 0.00|0.01 0.01 0.01| 0.00| 0.00
1.02 1.07 1.2 |0.08 0.10 0.08| 0.10( 0.09 0.11 0.09 | 0.14 0.16 0.14 |0.13 0.13 0.13|-0.01| 0.04 | 0.03 0.02 0.03| 0.00| 0.00
1.04 1.14 14 ]0.15 0.24 0.19(0.21| 0.23 0.31 0.27 | 0.27 0.35 0.30 |0.23 0.23 0.23|-0.03| 0.07 [ 0.07 0.06 0.06| 0.01| 0.01
1.06 1.22 1.6 |0.25 0.47 0.38| 0.39| 047 0.62 055| 047 0.61 0.54 |0.31 0.32 0.32|-0.04| 0.10{0.11 0.11 0.11] 0.01| 0.01
1.08 1.29 1.8 |0.40 0.68 0.56| 0.61| 0.72 0.85 0.79 | 0.68 0.83 0.77 |0.39 0.39 0.39]|-0.05]| 0.13|0.16 0.16 0.16] 0.02| 0.02
1.00 1.00{0.8 1.0 1.0 [0.05 0.05 0.04| 0.05| 0.05 0.05 0.05| 0.11 0.11 0.10 (0.00 0.00 0.00| 0.00 | 0.00 | 0.01 0.01 0.01| 0.00| 0.00
1.02 1.07 1.2 |0.09 0.14 0.11f{0.11| 012 0.16 0.13| 019 021 0.19|0.11 0.11 0.11(-0.02| 0.03 [0.03 0.02 0.02| 0.01| 0.01
1.04 114 14 |0.20 0.37 0.28| 0.26( 0.32 045 0.39 | 040 0.51 0.45 [0.20 0.20 0.20|-0.04| 0.05|0.06 0.05 0.05| 0.01| 0.01
1.06 1.22 1.6 |0.38 0.65 0.53| 0.52| 0.63 0.79 0.72 | 067 0.81 0.75|0.28 0.27 0.28|-0.06| 0.07 | 0.09 0.08 0.09| 0.02| 0.02
1.08 1.29 1.8 |0.57 0.85 0.74| 0.74| 0.86 0.96 0.92| 0.88 0.96 0.92 |0.33 0.34 0.34]|-0.08] 0.09 {0.13 0.12 0.12] 0.03] 0.03
1.00 1.00{1.0 0.6 1.0 [0.04 0.05 0.04| 0.05| 0.05 0.05 0.04 | 0.05 0.05 0.05|0.00 0.00 0.00| 0.00 | 0.00|{0.03 0.02 0.02| 0.00| 0.00
1.02 1.07 1.2 |0.17 0.30 0.23| 0.09| 0.15 0.25 0.20 | 0.20 0.30 0.24 |[0.00 0.01 0.01|-0.01| 0.00 | 0.03 0.02 0.02| 0.00| 0.00
1.04 1.14 14 045 0.77 0.64(0.18| 0.46 0.74 061 | 058 0.80 0.71)0.01 0.02 0.01(-0.02( 0.00 {0.03 0.01 0.02| 0.01| 0.01
1.06 1.22 1.6 |0.73 0.97 0.88| 0.34| 0.77 0.97 0.89 | 0.89 0.99 0.95 |0.03 0.03 0.03|-0.03| 0.00 |0.03 0.01 0.02| 0.01| 0.01
1.08 1.29 1.8 |0.91 1.00 0.97) 0.54| 0.95 1.00 0.98| 099 1.00 0.99 |0.03 0.03 0.03]|-0.04]|-0.01{0.03 0.01 0.02| 0.02] 0.02
1.00 1.00{1.0 0.8 1.0 [0.05 0.05 0.04| 0.06 0.05 0.05 0.04 | 0.06 0.06 0.05 |0.00 0.00 0.00| 0.00 | 0.00 |0.03 0.01 0.02| 0.00| 0.00
1.02 1.07 1.2 |0.21 0.37 0.29| 0.09 0.20 0.32 0.24 | 025 0.38 0.31 [0.01 0.01 0.01|-0.02| 0.00 |0.03 0.01 0.02| 0.00| 0.00
1.04 114 14 |0.57 0.89 0.76| 0.23| 0.57 0.86 0.74 | 0.74 0.92 0.85 |0.01 0.00 0.00|-0.03|-0.01|{0.02 0.01 0.02| 0.01| 0.01
1.06 1.22 1.6 |0.85 0.99 0.94| 0.41| 0.89 0.99 0.95| 097 1.00 0.99 [0.01 0.01 0.01|-0.05|-0.02|0.02 0.01 0.02| 0.01| 0.01
1.08 1.29 1.8 |0.96 1.00 0.99| 0.64| 0.98 1.00 0.99 | 1.00 1.00 1.00 |0.02 0.02 0.02]|-0.06]-0.02|{0.03 0.01 0.02| 0.02] 0.02
1.00 1.00{1.0 1.0 1.0 [0.05 0.05 0.04| 0.05| 0.04 0.05 0.04 | 0.06 0.06 0.06 [0.00 0.00 0.00| 0.00 | 0.00|{0.02 0.01 0.01| 0.00| 0.00
1.02 1.07 1.2 |0.24 045 0.35| 0.10( 0.23 041 0.32| 032 0.48 0.40 [0.00 0.00 0.00|-0.02|-0.01|0.02 0.01 0.01| 0.00| 0.00
1.04 1.14 14 |0.65 0.94 0.83| 0.26( 0.68 0.92 0.83 | 0.83 0.96 0.91 [0.00 0.00 0.00|-0.04|-0.02|0.02 0.01 0.01| 0.01| 0.01
1.06 1.22 16 |0.91 1.00 0.97| 0.51| 0.94 1.00 0.98 | 099 1.00 1.00 [0.00 0.00 0.00|-0.06|-0.03|0.02 0.01 0.01| 0.02| 0.02
1.08 1.29 1.8 |0.99 1.00 1.00) 0.75/ 1.00 1.00 1.00| 1.00 1.00 1.00 |0.00 0.00 0.00]-0.08]-0.03|0.02 0.01 0.01] 0.03] 0.03




Supplementary Table 8. Estimated power and bias for Scheme 2 with exposure misclassification. 3 methods of GXE interaction detection are applied based

on 5000 simulated datasets, each including 5000 cases and 5000 controls from which 50% are selected for genotyping at a single marker. Exposure prevalence
=0.1; ORge = 1.0; ORy = 1.0; OR, = 1.0. Scheme 2: Genotype 50% of cases and 50% of controls including all D=1/E=1, 50% of D=0/E=1, and a
random sample of E=0.

Power Bias Mean squared error (MSE)

ORye MAy| Joint MA; + ORg,. | Joint MA, + ORg,, ORy,e MA; | MA, ORgy,e MA;| MA,

MA; MA,|SP SE ORy [ CC CO EB CC CO EB|CC CO EB|CC CO EB| AIl| Al|CC CO EB| Al | Al
1.00 1.00{0.6 0.6 1.0 |0.05 0.05 0.04| 0.07( 0.07 0.06 0.06 | 1.00 1.00 1.00 | 0.00 0.00 0.00| 0.00 |-1.98|0.02 0.01 0.02| 0.00| 0.00
1.02 1.07 1.2 [0.06 0.05 0.05(0.09| 0.09 0.08 0.08| 1.00 1.00 1.00|0.17 0.17 0.17|-0.01|-1.94|0.05 0.04 0.04| 0.00( 0.00
1.04 114 1.4 [0.06 0.05 0.05(0.16| 0.14 0.13 0.13| 1.00 1.00 1.00|0.30 0.30 0.30|-0.01|-1.89/0.12 0.11 0.11]| 0.01| 0.01
1.06 1.22 1.6 [0.07 0.06 0.06(0.28| 0.23 0.22 0.21| 1.00 1.00 1.00 | 0.43 0.43 0.43|-0.02|-1.85/0.20 0.20 0.20| 0.01 0.01
1.08 1.29 1.8 [0.08 0.08 0.07|0.41| 0.35 035 0.34| 1.00 1.00 1.00|0.53 0.53 0.53|-0.02]|-1.81)|0.31 0.30 0.30| 0.01f 0.01
1.00 1.00{0.6 0.8 1.0 |0.06 0.05 0.05| 0.06( 0.07 0.07 0.06 | 1.00 1.00 1.00 | 0.00 0.00 0.00 | 0.00 |-2.24|0.02 0.02 0.02| 0.00| 0.00
1.02 1.07 1.2 [0.06 0.05 0.05(0.10| 0.09 0.09 0.08| 1.00 1.00 1.00|0.15 0.15 0.15|-0.01|-2.22|0.05 0.04 0.04| 0.00( 0.00
1.04 114 1.4 [0.07 0.06 0.06( 0.22| 0.17 0.18 0.17 | 1.00 1.00 1.00 | 0.28 0.28 0.28|-0.02|-2.21|0.10 0.10 0.10| 0.01 0.01
1.06 1.22 1.6 (0.08 0.09 0.08(0.36| 0.32 0.33 0.32| 1.00 1.00 1.00|0.39 0.39 0.39|-0.04|-2.20/0.18 0.17 0.17| 0.01 0.01
1.08 1.29 1.8 [0.12 0.12 0.11| 0.57| 0.52 053 0.52 | 1.00 1.00 1.00 | 0.48 0.48 0.48|-0.05|-2.20|0.26 0.25 0.25| 0.02 0.02
1.00 1.00{0.6 1.0 1.0 |0.05 0.05 0.05| 0.07| 0.06 0.06 0.06 | 1.00 1.00 1.00 | 0.00 0.00 0.00 | 0.00 |-2.62|0.03 0.03 0.03| 0.00| 0.00
1.02 1.07 1.2 [0.06 0.05 0.05(0.13| 0.11 011 0.1 1.00 1.00 1.00|0.14 0.14 0.14|-0.02|-2.67|0.05 0.05 0.05| 0.01| 0.01
1.04 114 1.4 [0.07 0.07 0.07| 0.28| 0.23 0.23 0.23 | 1.00 1.00 1.00|0.25 0.25 0.25|-0.04|-2.73|0.10 0.09 0.09| 0.01 0.01
1.06 1.22 1.6 (0.10 0.10 0.10( 0.51| 0.46 0.45 045 | 1.00 1.00 1.00 | 0.34 0.34 0.34|-0.06|-2.80|0.16 0.15 0.15| 0.02 0.02
1.08 1.29 1.8 [0.12 0.13 0.12| 0.73| 0.68 0.68 0.68 | 1.00 1.00 1.00 | 0.43 0.42 0.42|-0.08]|-2.89|0.23 0.22 0.22| 0.03[ 0.03
1.00 1.00(0.8 0.6 1.0 |0.06 0.05 0.04| 0.07( 0.07 0.06 0.06 | 1.00 1.00 1.00 [ 0.00 0.00 0.00| 0.00|-1.07|0.02 0.01 0.01| 0.00| 0.00
1.02 1.07 1.2 [0.07 0.07 0.05(0.09| 0.10 0.10 0.09 | 1.00 1.00 1.00|0.15 0.14 0.14|-0.01|-1.02|0.04 0.03 0.03| 0.00( 0.00
1.04 1.14 14 (0.09 0.15 0.10( 0.18| 0.18 0.22 0.18 | 1.00 1.00 1.00 | 0.26 0.26 0.26 |-0.02|-0.98/0.09 0.08 0.08| 0.01 0.01
1.06 1.22 16 (0.14 0.26 0.18( 0.32| 0.33 041 0.36 | 1.00 1.00 1.00|0.36 0.36 0.36|-0.03|-0.94|0.15 0.14 0.14| 0.01 0.01
1.08 1.29 1.8 [0.20 0.40 0.28| 0.49| 0.51 0.63 0.57 | 1.00 1.00 1.00 | 0.45 0.45 0.45]-0.04|-0.90|0.22 0.21 0.21]| 0.02 0.02
1.00 1.00(0.8 0.8 1.0 |0.06 0.05 0.04| 0.07( 0.08 0.07 0.07| 1.00 1.00 1.00 [ 0.00 0.00 0.00| 0.00|-1.13|0.02 0.01 0.01| 0.00| 0.00
1.02 1.07 12 (0.09 0.11 0.08(0.11| 0.12 013 0.1 | 1.00 1.00 1.00|0.13 0.13 0.13|-0.01|-1.09/0.03 0.02 0.03| 0.01 0.01
1.04 1.14 14 (0.14 0.24 0.17(0.22| 0.25 033 0.28 | 1.00 1.00 1.00|0.23 0.23 0.23|-0.03|-1.05/0.07 0.06 0.06| 0.01 0.01
1.06 1.22 1.6 |0.23 0.45 0.33| 0.41| 047 062 053 | 1.00 1.00 1.00|0.32 0.32 0.32|-0.04(-1.03[0.12 0.11 0.11| 0.01| 0.01
1.08 1.29 1.8 [0.36 0.67 0.52| 0.61| 0.70 0.84 0.77 | 1.00 1.00 1.00|0.39 0.39 0.39]|-0.05|-0.99|0.17 0.16 0.16]| 0.02 0.02
1.00 1.00{0.8 1.0 1.0 |0.06 0.05 0.04| 0.08( 0.07 0.06 0.06 | 1.00 1.00 1.00 [ 0.00 0.00 0.00| 0.00|-1.19]0.02 0.01 0.01| 0.00| 0.00
1.02 1.07 1.2 10.09 0.13 0.10| 0.12| 0.14 0.17 0.14| 1.00 100 1.00|0.11 0.11 0.11|-0.02(-1.16(0.03 0.02 0.02| 0.01| 0.01
1.04 1.14 14 (0.20 0.36 0.26( 0.28| 0.33 0.45 0.38 | 1.00 1.00 1.00 | 0.20 0.20 0.20|-0.04|-1.14|0.06 0.05 0.05| 0.01 0.01
1.06 1.22 16 [0.35 0.65 0.51| 0.51| 0.62 0.77 0.70 [ 1.00 1.00 1.00 | 0.27 0.27 0.27 |-0.06|-1.12|0.09 0.08 0.08| 0.02 0.02
1.08 1.29 1.8 [0.51 0.84 0.69/0.72| 0.86 095 091 | 1.00 1.00 1.00|0.34 0.34 0.34]-0.08/-1.10|0.13 0.12 0.12]| 0.03| 0.03
1.00 1.00(1.0 0.6 1.0 |0.05 0.06 0.04| 0.08( 0.07 0.07 0.06 | 1.00 1.00 1.00 [ 0.00 0.00 0.00| 0.00|-0.76|0.05 0.02 0.03| 0.00| 0.00
1.02 1.07 12 (0.13 0.30 0.18( 0.10| 0.15 0.28 0.19 | 1.00 1.00 1.00|0.01 0.01 0.01|-0.01|-0.76/0.05 0.02 0.03| 0.01 0.01
1.04 1.14 14 [0.32 0.76 0.53( 0.20| 0.38 0.74 054 | 1.00 1.00 1.00|0.02 0.02 0.02|-0.02|-0.77|0.05 0.01 0.03| 0.01 0.01
1.06 1.22 16 [0.58 0.97 0.79( 0.36| 0.66 097 0.83| 1.00 1.00 1.00 | 0.02 0.03 0.02|-0.03|-0.77|0.05 0.01 0.03| 0.01 0.01
1.08 1.29 1.8 [0.76 1.00 0.90| 0.55| 0.86 1.00 0.94 | 1.00 1.00 1.00 | 0.03 0.03 0.03]|-0.04|-0.77|0.05 0.01 0.03]| 0.02 0.02
1.00 1.00({1.0 0.8 1.0 |0.06 0.05 0.04| 0.08( 0.07 0.07 0.06 | 1.00 1.00 1.00 [ 0.00 0.00 0.00| 0.00|-0.79|0.04 0.01 0.02| 0.00| 0.00
1.02 1.07 12 (0.15 0.37 0.23( 0.12| 0.17 035 0.23| 1.00 1.00 1.00|0.01 0.01 0.01|-0.01|-0.79/0.04 0.01 0.02| 0.01 0.01
1.04 1.14 14 (042 0.88 0.66( 0.24| 0.48 085 0.67 | 1.00 1.00 1.00|0.00 0.01 0.01|-0.03|-0.79/0.04 0.01 0.02| 0.01 0.01
1.06 1.22 16 [0.71 0.99 0.87(0.44| 0.80 099 091 | 1.00 1.00 1.00|0.01 0.01 0.01|-0.04|-0.80/0.04 0.01 0.02| 0.02 0.02
1.08 1.29 1.8 [0.87 1.00 0.94| 0.63| 0.95 1.00 0.98| 1.00 1.00 1.00 | 0.02 0.02 0.02]-0.06|-0.81|0.04 0.01 0.02]| 0.02 0.02
1.00 1.00{1.0 1.0 1.0 |0.05 0.05 0.03| 0.07( 0.07 0.07 0.06 | 1.00 1.00 1.00 [ 0.00 0.00 0.00| 0.00|-0.81|0.03 0.01 0.02| 0.00| 0.00
1.02 1.07 1.2 (0.20 0.45 0.29( 0.13| 0.22 043 0.29 | 1.00 1.00 1.00 | 0.00 0.00 0.00|-0.02|-0.82|0.03 0.01 0.02| 0.01 0.01
1.04 1.14 14 (052 0.92 0.73( 0.29| 0.58 092 0.76 | 1.00 1.00 1.00 | 0.00 0.00 0.00|-0.04|-0.83|0.03 0.01 0.02| 0.01 0.01
1.06 1.22 16 (0.81 1.00 0.91|0.51| 0.88 1.00 0.95| 1.00 1.00 1.00 |-0.01 0.00 -0.01|-0.06|-0.84|0.03 0.01 0.02| 0.02 0.02
1.08 1.29 1.8 [0.94 1.00 0.97|0.72| 0.98 1.00 0.99 | 1.00 1.00 1.00 | 0.00 0.00 0.00]-0.08]|-0.85|0.03 0.01 0.02]| 0.03| 0.03




Supplementary Table 9. Estimated power and bias for Scheme 3 with exposure misclassification. 3 methods of GxE interaction detection are applied based
on 5000 simulated datasets, each including 5000 cases and 5000 controls from which 50% are selected for genotyping at a single marker. Exposure prevalence
=0.1; ORy = 1.0; OR, = 1.0; OR, = 1.0. Scheme 3: Randomly sample 50% of cases and 50% of controls for genotyping, irrespective of exposure status.

Power Bias Mean squared error (MSE)

ORge MA;| Joint MA, + ORye Joint MA, + OR,e ORge MA, [ MA, ORge MA,| MA,

MA, MA.|SP SE OR,.|CC CO EB CcC (e{0] EB CcC (e{0] EB |CC CO EB| All | Al |CC CO EB| All | Al
1.00 1.00(06 0.6 1.0 [0.05 0.05 0.04| 0.05( 0.05 0.05 0.04 [ 0.04 0.04 0.03 [0.00 0.00 0.00( 0.00| 0.00|0.01 0.01 0.01| 0.00| 0.00
1.02 1.07 1.2 |0.06 0.05 0.04| 0.06/ 0.06 0.06 0.06 | 0.05 0.06 0.05|0.17 0.17 0.17| 0.00 | 0.06 | 0.04 0.04 0.04( 0.00| 0.00
1.04 114 14 |0.06 0.07 0.06| 0.10/ 0.09 0.10 0.09 | 0.06 0.07 0.06 |0.30 0.31 0.31| 0.00| 0.12|0.11 0.10 0.10( 0.00{ 0.00
1.06 1.22 1.6 |0.07 0.08 0.07| 0.17| 0.15 0.16 0.14 | 0.07 0.08 0.07 [0.42 0.43 0.43| 0.00 | 0.18|0.20 0.19 0.19| 0.01| 0.01
1.08 1.29 1.8 |0.07 0.10 0.07| 0.27| 0.22 0.24 0.22 | 0.07 0.09 0.07 [0.53 0.53 0.53| 0.00 | 0.23 |0.30 0.29 0.29]| 0.01] 0.01
1.00 1.00{0.6 0.8 1.0 [0.06 0.05 0.04| 0.05( 0.05 0.05 0.04 | 0.05 0.05 0.04 [{0.00 0.00 0.00( 0.00| 0.00|0.01 0.01 0.01| 0.00| 0.00
1.02 1.07 1.2 |0.06 0.07 0.05| 0.06/ 0.07 0.07 0.06 | 0.06 0.06 0.05|0.15 0.15 0.15| 0.00 | 0.06 | 0.04 0.03 0.03| 0.00| 0.00
1.04 114 14 |0.07 0.11 0.08)| 0.10( 0.10 0.13 0.10| 0.08 0.10 0.08 |0.28 0.28 0.28| 0.00 | 0.12 | 0.09 0.09 0.09( 0.00{ 0.00
1.06 1.22 1.6 |0.11 0.17 0.13| 0.17| 0.18 0.22 0.9 | 0.11 0.15 0.13 [0.39 0.39 0.39| 0.00 | 0.17 |0.16 0.16 0.16| 0.01| 0.01
1.08 1.29 1.8 |0.15 0.26 0.20) 0.26] 0.29 0.37 032 0.18 0.25 0.20 |0.48 0.48 0.48| 0.00 | 0.21 |0.24 0.24 0.24| 0.01] 0.01
1.00 1.00(06 1.0 1.0 [0.05 0.05 0.04| 0.05( 0.05 0.05 0.04 [ 0.05 0.05 0.05[0.00 0.00 0.00( 0.00| 0.00|0.01 0.01 0.01| 0.00| 0.00
1.02 1.07 1.2 |0.06 0.07 0.06| 0.06/ 0.06 0.07 0.06 | 0.06 0.07 0.06 |0.14 0.14 0.14| 0.00 | 0.05 | 0.03 0.03 0.03| 0.00{ 0.00
1.04 114 14 |0.11 0.18 0.14| 0.10| 0.13 0.18 0.15| 0.11 0.16 0.13 [0.25 0.25 0.25| 0.00 | 0.10 | 0.08 0.07 0.07| 0.01| 0.01
1.06 1.22 1.6 |0.18 0.32 0.24| 0.17| 0.22 033 0.27 | 020 0.31 0.24 [0.35 0.35 0.35| 0.00 | 0.15|0.13 0.13 0.13]| 0.01| 0.01
1.08 1.29 1.8 |0.28 0.49 0.39| 0.27| 0.39 055 047 033 050 042 |0.43 0.43 0.43|0.00] 0.19]0.20 0.19 0.19| 0.01] 0.01
1.00 1.00{0.8 0.6 1.0 [0.05 0.05 0.04| 0.05( 0.05 0.05 0.04 [ 0.05 0.05 0.04 [0.00 0.00 0.00( 0.00 | 0.00|0.02 0.01 0.01| 0.00| 0.00
1.02 1.07 1.2 |0.06 0.07 0.05| 0.06/ 0.06 0.07 0.06 | 0.06 0.07 0.05|0.14 0.14 0.14| 0.00 | 0.05 | 0.04 0.03 0.03( 0.00{ 0.00
1.04 114 14 |0.08 0.12 0.09| 0.10( 0.10 0.14 0.11| 009 0.11 0.09 |0.26 0.26 0.26| 0.00 | 0.11 | 0.09 0.08 0.08( 0.00| 0.00
1.06 1.22 16 |0.12 0.21 0.16(0.18/ 0.19 0.26 0.21 | 013 0.20 0.16 |0.36 0.36 0.36| 0.00 | 0.15 [ 0.15 0.14 0.14| 0.01| 0.01
1.08 1.29 1.8 |0.17 0.32 0.24| 0.26/ 0.29 041 0.35| 020 0.31 0.25 |0.45 0.45 0.45| 0.00] 0.20|0.22 0.21 0.21]| 0.01] 0.01
1.00 1.00{0.8 0.8 1.0 [0.06 0.05 0.04| 0.05( 0.05 0.05 0.05| 0.05 0.05 0.05[0.00 0.00 0.00( 0.00| 0.00|0.02 0.01 0.01| 0.00| 0.00
1.02 1.07 1.2 |0.07 0.09 0.07| 0.06/ 0.07 0.09 0.07| 0.06 0.08 0.07 |0.13 0.13 0.13| 0.00 | 0.05|0.03 0.03 0.03( 0.00{ 0.00
1.04 1.14 14 |0.12 0.21 0.15(0.11| 0.14 0.21 0.16 | 013 0.20 0.15|0.23 0.23 0.23| 0.00 | 0.10 [ 0.07 0.06 0.07| 0.01| 0.01
1.06 1.22 16 |0.22 0.40 0.31| 0.17| 0.25 040 0.33| 024 039 0.31 |0.32 0.32 0.32| 0.00| 0.14|0.12 0.11 0.11] 0.01| 0.01
1.08 1.29 1.8 |0.31 0.58 0.46) 0.26/ 040 0.61 0.51 | 0.38 059 0.49 |0.39 0.39 0.39| 0.00] 0.17|0.17 0.16 0.16| 0.01] 0.01
1.00 1.00{0.8 1.0 1.0 [0.05 0.05 0.04| 0.06 0.05 0.05 0.04 [ 0.05 0.05 0.04 [0.00 0.00 0.00( 0.00 | 0.00|0.02 0.01 0.01| 0.00| 0.00
1.02 1.07 1.2 |0.08 0.11 0.08| 0.06/ 0.07 0.11 0.09 | 0.08 0.11 0.09 |0.12 0.11 0.12| 0.00 | 0.04 | 0.03 0.02 0.02( 0.00{ 0.00
1.04 114 14 |0.17 0.31 0.23| 0.10| 0.17 0.28 0.22 | 0.19 0.31 0.25 [0.20 0.20 0.20| 0.00 | 0.08 | 0.06 0.05 0.05| 0.01| 0.01
1.06 1.22 1.6 |0.31 0.58 0.45|0.17| 0.33 055 045| 037 058 0.48 [0.28 0.28 0.28| 0.00 | 0.12 |0.09 0.09 0.09| 0.01| 0.01
1.08 1.29 1.8 |0.50 0.80 0.68| 0.26| 0.54 0.80 0.69 | 0.61 0.83 0.74 |0.34 0.34 0.34| 0.00] 0.16 |0.13 0.12 0.12| 0.01] 0.01
1.00 1.00{1.0 0.6 1.0 [0.05 0.05 0.04| 0.05( 0.05 0.05 0.04 [ 0.06 0.05 0.04 {0.00 0.00 0.00( 0.00 | 0.00 |0.06 0.03 0.04| 0.00| 0.00
1.02 1.07 1.2 |0.11 0.18 0.13| 0.06/ 0.11 0.16 0.12| 012 0.17 0.13 |0.01 0.01 0.01| 0.00 | 0.00 | 0.06 0.03 0.04| 0.00| 0.00
1.04 1.14 14 |0.26 0.51 0.38| 0.10| 0.24 045 0.34| 031 0.52 0.42 |0.02 0.02 0.02| 0.00 | 0.00 | 0.06 0.03 0.04( 0.00| 0.00
1.06 1.22 16 |0.48 0.81 0.67| 0.16| 047 0.78 0.63 | 061 0.84 0.74 [0.02 0.03 0.02| 0.00 | 0.01 |0.06 0.03 0.04| 0.01| 0.01
1.08 1.29 1.8 |0.66 0.95 0.84| 0.26| 0.68 0.94 0.84 | 0.82 0.97 0.92 |0.04 0.04 0.04| 0.00 | 0.01 |0.06 0.02 0.04| 0.01] 0.01
1.00 1.00{1.0 0.8 1.0 [0.05 0.05 0.04| 0.05( 0.05 0.04 0.04 [ 0.05 0.05 0.04 [0.00 0.01 0.00( 0.00 | 0.00|0.05 0.02 0.03| 0.00| 0.00
1.02 1.07 1.2 |0.13 0.23 0.17| 0.06/ 0.12 0.18 0.14 | 014 0.21 0.17 |0.00 0.01 0.00| 0.00 | 0.00 | 0.05 0.02 0.03( 0.00{ 0.00
1.04 114 14 |0.35 0.64 0.51| 0.11| 0.32 0.57 044 | 043 064 0.54 [0.01 0.01 0.01| 0.00 | 0.00 | 0.04 0.02 0.03| 0.01| 0.01
1.06 1.22 1.6 |0.60 0.91 0.79| 0.17| 0.59 0.89 0.76 | 0.75 0.93 0.87 [0.01 0.01 0.01| 0.00 | 0.00 | 0.04 0.02 0.03| 0.01| 0.01
1.08 1.29 1.8 |0.82 0.99 0.92| 0.26| 0.80 0.98 0.92| 094 1.00 0.98 |0.01 0.02 0.01| 0.00 | 0.01|0.04 0.02 0.03| 0.01] 0.01
1.00 1.00{1.0 1.0 1.0 [0.05 0.05 0.04| 0.05( 0.05 0.05 0.04 [ 0.04 0.05 0.04 {0.00 0.00 0.00( 0.00 | 0.00 |0.04 0.02 0.03| 0.00| 0.00
1.02 1.07 1.2 |0.16 0.28 0.21| 0.07| 0.14 0.22 0.17| 018 0.26 0.21 |0.00 0.00 0.00| 0.00 | 0.00 | 0.04 0.02 0.02( 0.00| 0.00
1.04 1.14 14 |0.43 0.75 0.62| 0.10| 0.38 0.68 0.54 | 054 0.77 0.67 |0.00 0.00 0.00| 0.00 | 0.00 | 0.03 0.02 0.02( 0.00{ 0.00
1.06 1.22 1.6 |0.72 0.96 0.87| 0.16| 0.68 0.94 0.84 | 0.86 0.98 0.93 [0.00 0.00 0.00| 0.00 | 0.00 | 0.04 0.02 0.02| 0.01| 0.01
1.08 1.29 1.8 |0.90 1.00 0.96| 0.27| 0.88 1.00 0.96 | 0.98 1.00 0.99 |0.00 0.00 0.00| 0.00 | 0.00|0.03 0.02 0.02]| 0.01] 0.01
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Figure 1. Power comparison of three exposure-biased sampling designs with a violation of G-E independence and exposure
(sensitivity = 0.8; specificity = 0.8). Each row represents one of three tests: GXE interaction (ORgxe), joint marginal G and
(MAg + ORgxe), or joint marginalE and GXE interaction (MAe + ORg*e). Each column designates one of three different approaches
the GxE interaction parameter (CC = case-control, CO = case-only, EB = Empirical Bayes). Based on 5000 simulated datasets, 2500
genotype information on 1 marker, ORg=ORe=1, a D=0/E=1 subsampling rate of 0.5 for Scheme 2, and ORge=0.8. Scheme 1:
Genotype 50% of cases and 50% of controls including all E=1 and a random sample of E=0. Scheme 2: Genotype 50% of cases and 50% of controls
D=1/E=1, 50% of D=0/E=1, and a random sample of E=0. Scheme 3: Randomly sample 50% of cases and 50% of controls for genotyping,
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Supplementary Figure 1. Power comparison of three exposure-biased sampling designs with a violation of G-E independence and exposure misclassification (sensitivity = 0.8; specificity = 0.8). Each row represents one of three tests: GxE interaction (ORgxe), joint marginal G and G-E interaction (MAg + ORgxe), or joint marginalE and GxE interaction (MAe + ORg*e). Each column designates one of three different approaches for estimating the GxE interaction parameter (CC = case-control, CO = case-only, EB = Empirical Bayes). Based on 5000 simulated datasets, 2500 cases and 2500 controls, genotype information on 1 marker, ORg=ORe=1, a D=0/E=1 subsampling rate of 0.5 for Scheme 2, and ORge=0.8. Scheme 1: Genotype 50% of cases and 50% of controls including all E=1 and a random sample of E=0. Scheme 2: Genotype 50% of cases and 50% of controls including all D=1/E=1, 50% of D=0/E=1, and a random sample of E=0. Scheme 3: Randomly sample 50% of cases and 50% of controls for genotyping, irrespective of exposure status.
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Supplementary  Figure 2. Power comparison of three exposure-biased sampling designs with a violation of G-E independence and exposure
misclassification (sensitivity = 0.8; specificity = 0.8). Each row represents one of three tests: GxE interaction (ORg*e), joint marginal G and
GxXE interaction (MAg + ORg*e), or joint marginal E and G-E interaction (MAe + ORg*e). Each column designates one of three different approaches
estimating the G-E interaction parameter (CC =case-control, CO = case-only, EB = Empirical Bayes). Based on 5000 simulated datasets, 2500
cases and 2500 controls, genotype information on 1 marker, ORg=0ORe=1, a D=0/E=1 subsampling rate of 0.5 for Scheme 2, and ORge=1.1. Scheme 1:
Genotype 50% of cases and 50% of controls including all E=1 and a random sample of E=0. Scheme 2: Genotype 50% of cases and 50% of controls
including all D=1/E=1, 50% of D=0/E=1, and a random sample of E=0. Scheme 3: Randomly sample 50% of cases and 50% of controls for genotyping,
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Supplementary Figure 2. Power comparison of three exposure-biased sampling designs with a violation of G-E independence and exposure misclassification (sensitivity = 0.8; specificity = 0.8). Each row represents one of three tests: GxE interaction (ORg*e), joint marginal G and GxE interaction (MAg + ORg*e), or joint marginal E and G-E interaction (MAe + ORg*e). Each column designates one of three different approaches for estimating the G-E interaction parameter (CC =case-control, CO = case-only, EB = Empirical Bayes). Based on 5000 simulated datasets, 2500 cases and 2500 controls, genotype information on 1 marker, ORg=ORe=1, a D=0/E=1 subsampling rate of 0.5 for Scheme 2, and ORge=1.1. Scheme 1: Genotype 50% of cases and 50% of controls including all E=1 and a random sample of E=0. Scheme 2: Genotype 50% of cases and 50% of controls including all D=1/E=1, 50% of D=0/E=1, and a random sample of E=0. Scheme 3: Randomly sample 50% of cases and 50% of controls for genotyping, irrespective of exposure status.
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