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Case-parent Triad Designs

Genotypes of a case and both of his or her parents are available,
which enables the investigator to differentiate fetal genetic effects
from maternally mediated genetic effects and detect genomic
imprinting.
Pros:

o Offer robustness against a potential source of bias called

“genetic population stratification”.

e No need to recruit population contorls
Cons:

e Fathers may be hard to recruit.

e The case-parent triad design does not permit estimation of
main effects of exposures.
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Case-Mother/Control-Mother Desgins

Comparing randomly sampled mother-offspring pairs in which the
offspring is healthy (control-mother pairs) with mother-offspring
pairs in which the offspring has the condition under study
(case-mother pairs).
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Case-Mother/Control-Mother Desgins

Comparing randomly sampled mother-offspring pairs in which the
offspring is healthy (control-mother pairs) with mother-offspring
pairs in which the offspring has the condition under study
(case-mother pairs).

Idea: Control-mother pairs would help to estimate the mating
frequencies, while case-mother pairs would provide information
about the risk due to fetal genetic effect and maternal effect.



Familial Genotype Combinations

Mother’s genotypex Father's genotype | M,F,C | M,F,C Frequencies | Penatrance|M,F,C

NN x NN 000 00 p

010 (1/2)po1 P
NN x SN

011 (1/2)u01 pRy
NN x SS 021 Ho2 PR

100 (1/2)p10 pS1
SN x NN

101 (1/2)/110 pR151

110 (1/4)M11 pS1
SN x SN 111 (1/2)/111 pR151

112 (1/4)p1n pR2S1

121 (1/2)[112 PR151
SN x SS

122 (1/2)#12 pRle
SS x NN 201 1420 pR1S:

211 (1/2)/121 pR152
SS x SN

212 (1/2)pn pR2S:
S5 x SS 222 22 pR252

® Mother and father's genotype: S stands for the disease susceptibility allele, N stands for the normal allele.
® M,F,C: M, F and C denote the number of disease susceptibility alleles carried by mother, father and

child, each of which can take a value among 0, 1 or 2.
® .. is the mating frequency of the parents with genotypes M = m and F = f.

® R, is the relative risk due to the child carrying c copies of the disease susceptibility alleles; S, is the
relative risk due to the mother carrying m copies of the disease susceptibility alleles.



Case-Parent Triads — Case-Mother/Control-Mother Pairs

Mother’s genotypex Father's genotype | M,F,C | M,F,C Frequencies | Penatrance|M,F,C
NN x NN 000 1100 P
010 (1/2) 01 p
NN x SN
) 011 (/2o pR:
NN x SS 021 1402 pRy
100 (1/2)p10 pS1
SN NN 101 (1/2) 1110 pR1S,
110 (1/4)p11 pS1
SN x SN 111 (1/2)pm PRIS,
112 (1/8)pa1 pRS;
121 (1/2)p12 pR1S1
SN x 55 122 /22 PR.S;
SS x NN 201 1120 pR1S2
211 (1/2)pm pPR1S:
55 x SN 212 (1/2)pm PR:5,
5SS x SS 222 1122 pR2S>

Table: Expected frequencies of case-mother pairs

cC=0 c=1 cC=2
M=0 Blroo + (1/2)p01] BRy[(1/2)po1 + ro2] 0
M=1  BS[(1/2)p1o + (1/4)p11]  BRiS1(1/2)[p10 + par + w1zl BR2S1[(1/4)p11 + (1/2)p12]
M =2 0 BRy1S3[p20 + (1/2)p21] BRySy[p22 + (1/2)p21]




Case-Parent Triads — Case-Mother/Control-Mother Pairs

Mother’s genotypex Father's genotype | M,F,C | M,F,C Frequencies | Penatrance|M,F,C
NN x NN 000 400 p
010 (1/2)po1 [
NN x SN
011 (1/2)pio1 pR1
NN x SS 021 1402 pR1
100 (1/2)p10 pS1
SN x NN
101 (1/2)p0 PRI
110 (1/4)p11 pS:1
SN x SN 111 (@A pR1S:
112 (1/4)p1 PR2S1
121 (1/2)112 pR1S1
SN 35 122 (1/2)p0 PR2S1
S5 x NN 201 120 PRLS,
211 (1/2)p21 pR1S:
55 x SN 712 (/2 PR2S,
SSx SS 222 122 PRS2

Table: Expected frequencies of control-mother pairs

cC=0 Cc=1 C=2
M=0 B’ (1 — p)[roo + (1/2)p01] B'(1 — pR1)[(1/2)p01 + o2 0
M=1  B'(L-pS)[(1/2)u10 + (1/4)pu]  B'(1 = pRiS1)(1/2)[n10 + pa1 + 2]l B' (1 — pRaS1)[(1/4)p11 + (1/2)p12]
M=2 0 B'(1 — pR1S2)[p20 + (1/2)u21] B'(1 — pR2S») (k22 + (1/2)p21]




Case-Parent Triads — Case-Mother/Control-Mother Pairs

Mother’s genotypex Father's genotype | M,F,C | M,F,C Frequencies | Penatrance|M,F,C
NN x NN 000 1100 P
010 (1/2) 01 p
NN x SN
) 011 (/2o pR:
NN x SS 021 1402 pRy
100 (1/2)p10 pS1
SN NN 101 (1/2) 1110 pR1S,
110 (1/4)p11 pS1
SN x SN 111 (1/2)pm PRIS,
112 (1/8)pa1 pRS;
121 (1/2)p12 pR1S1
SN x 55 122 /22 PR.S;
SS x NN 201 1120 pR1S2
211 (1/2)pm pPR1S:
55 x SN 212 (1/2)pm PR:5,
5SS x SS 222 1122 pR2S>

Table: Approximate expected frequencies of control-mother pairs when prevalence is

small (Table 1 in the paper)

c=0

c=1

M
M
M

0
1
2

oo + (1/2)po1
(1/2)p10 + (1/4) p11

0

(1/2)po1 + Koz
(1/2)[p10 + p11 + p12]
w20 + (1/2)p21

(1/4) 11 + (1/2)pa2
p22 + (1/2)p21
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Logistic and Log-linear Regression

Cc=1 c=2

c=0
0
BRyS1[(1/4)pa1 + (1/2)p12]
BRaSa[n22 + (1/2)p21]

BR1[(1/2)p01 + poz)

Bluoo + (1/2)p01]
BRyS1(1/2)[p10 + pa1 + 2]

0
1 BSi[(1/2)p0 + (1/4)p11]
2

0 BR1S2[ 120 + (1/2)p1]
c=o0 c=1 c=2
M =0 oo + (1/2)no1 (1/2)no1 + Ho2 Y
M=1  (1/2uo+ 1/ (/w0 + par + w12l (/41 + (1/2)p12
M=2 0 p20 + (1/2)p21 p22 + (1/2)p21

Logistic Regression: Model 7 counts Np,c1 out of the Npme = Nipeo + Nme1
E(chl)_ Pr(M,C|D:1)XN_I

Pr(D = 1|M, C)P(M, C)/P(D = 1
0

)

| _— 7 = =
& E(Nmeo) 2 Pr(M,C|D = 0) x N
g _Pr(D=1IM.C)  P(D=0),
= lo .
g1 P (D=1M,C) P(D=1)
= p+ Bile=1) + Balic=2) + M lim=1) + 12/(m=2)

Log-linear Regression: Model 14 counts Npco and Npci.

log[E(Nmca)] = Ome + d X [0 + Bilic=1) + Balic=2) + 11 l(m=1) + V2l(m=2)]

B1 = log(R1), B2 = log(R2), 71 = log(51), 72 = log(S2)

€ Pr(D = 0|M, C)P(M, C)/P(D

6

)
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Three Constraints

Table: Approximate expected frequencies of control-mother pairs when prevalence is
small (Table 1 in the paper)

C=0 CcC=1 CcC=2
M=0 koo + (1/2)po1 (1/2)por + Koz 0
M=1 (1/2uo+ (1/4)p1n  (1/)[p10 + p11 + p12]  (1/4p1r + (1/2)p12
M =2 0 w20 + (1/2)p21 w22 + (1/2)p21

® Mendelian inheritance:
Nm=1,c=1,d=0) = Nim=1,c=0,d=0) T N(m=1,c=2,d=0)
® Mating symmetry: pip,r = fifm

N(m=1,c=0,d=0) = N(m=0,c=1,d=0) = N(m=1,c=2,d=0) — N(m=2,c=1,d=0)

® Allaelic exchangeability: (111 = 4p02 = 4p20
Nm=1,c=0,d=0) — N(M=0,c=1,d=0) = N(m=1,c=2,d=0) — N(m=2,c=1,d=0) =0
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Simulation

Fix prevalence at 5% 15%

4 risk settings, same as in the paper

Ry R> S1 S,

T 1 1 1 (Nul)

2 3 1 1 (There is fetal genetic effect (smaller), but no maternal effect)
1 3 1 1 (There is fetal genetic effect (larger), but no maternal effect)
1 3 2 2 (There are both fetal genetic and maternal effects)

9 disease allele frequencies 0.1 to 0.9 by 0.1

Constraints satisfied (generate a population in HWE) and
constraints not satisfied (disturb the HWE by introducing
inbreeding factor)



Power

Constraints are not satisfied, prevalence=0.05

Logistic Regression

Log-linear Regression

p setting_l setting2 setting.3 setting 4 p  setting_l setting2 setting.3 setting 4
0.1  0.061 0.665 0.174 0.798 0.1 0351 0.117 0.000 0.000
0.2  0.053 0.803 0.488 0.983 0.2  0.449 0.978 0.415 0.956
0.3  0.050 0.822 0.814 0.999 03  0.489 0.980 0.722 0.993
0.4  0.063 0.819 0.939 1.000 0.4 0507 0.981 0.902 0.997
0.5  0.047 0.771 0.981 1.000 0.5  0.520 0.977 0.962 1.000
06  0.063 0.688 0.984 1.000 0.6 0507 0.942 0.986 0.999
0.7  0.053 0.521 0.984 0.997 0.7 0510 0.846 0.980 0.991
0.8  0.056 0.383 0.937 0.991 0.8  0.440 0.701 0.940 0.979
09 0.061 0.196 0.700 0.838 09 0.363 0.379 0.741 0.792
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Power

Constraints are not satisfied, prevalence=0.05

Log-linear Regression without Constraint

p  setting.l setting.2 setting-3 setting_4

0.1  0.060 0.660 0.174 0.794
0.2  0.053 0.803 0.488 0.983
0.3  0.050 0.822 0.814 0.999
04 0.063 0.819 0.939 1.000
0.5  0.047 0.771 0.981 1.000
0.6  0.063 0.688 0.984 1.000
0.7 0.053 0.521 0.984 0.997
0.8  0.056 0.383 0.936 0.979
0.9 0.056 0.187 0.642 0.767

10/19



Bias: Logistic Regression(Prevalence=0.05)

p setting biasRl  bias.R2 bias.S1  biasS2
01 1 051%  —4.68% —0.95% 0.59%
01 2 473% _ 17.91% 151% _ 3.76%
01 3 133%  34.68% —091% 045%
01 4 164% 42.62% 6.30%  8.04%
02 1 201% —442% 171% —0.56%
02 2 701% _ 12.15% 2.33% _ 2.48%
02 3 138%  17.25% —1.86% —0.42%
02 4 262% 21.35% 4.46%  6.19%
03 1 —007% —308% 166% _2.08%
032 221% _ 750%  223% _ 2.63%
03 3 211% _ 1044% —2.30% —145%
03 4 129% 15.08% 2.36% _ 2.40%
04 1 020% —181% 1.22% 199%
04 2 151% _ 5.14% —042% 2.53%
04 3 097% 550% —016% 2.10%
04 4 032% _ 1560% 267% _ 4.68%
05 1 077% _ 2.48% —0.73% —1.16%
05 2 394% _ 694% —0.25% 2.00%
05 3 028% 735% —331% -120%
05 4 175%  11.89% 591%  4.64%
06 1 252% _ 185% _ 053% —195%
062 549%  11.28% —1.29% —321%
06 3 234% _ 7.17%  022% _ 0.05%
06 4 —230% 815% 6.04% 517%
07 1 015% —086% —334% —2.01%
072 157% _ 2.65%  053%  1.68%
07 3 223%  7.49%  124% _ 281%
07 4 1.07% _ 10.20% 518% _ 2.90%
08 1 281% —333% —081% —150%
082 868% _ 7.92% —2.81% 0.39%
08 3 565%  5.61%  6.63%  540%
08 4 046% _ 7.25%  8.13% _ 7.10%
09 1 13.76%  15.13% —0.48% —1.50%
09 2 —1031% 4.78% _7.83% _ 4.05%
09 3 7.00% _ 1640% 1.76% _ 2.88%
09 4 8.00% 1133% 26.74% 25.29%
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Bias: Log-linear Regression(Prevalence=0.05)

p setting biasRl  biasR2  biasS1  biasS2
01 1 19.80%  —63.53% —18.40%  51.12%
01 2 2354% 5531% —1645% 56.63%
013 2002% _—5501% —19.15% 63.35%
01 4 2039% —5200% —18.10% 7552%
0.2 1 21.03% —37.10% —20.70%  30.40%
02 2 2474% _31.95% —1064% 39.11%
02 3 23.25% _—3097% —21.51% _ 3640%
0.2 4 19.72% —29.45% —19.24%  47.50%
03 1 2350% 2063% —2137% 1853%
03 2 2621% _18.35% 21.23% 24.04%
03 3 23.00% 18.12% —24.02% 20.14%
03 4 27.03% —1525% —2351% 27.81%
0.4 1 28.23% —9.27% —24.28% 9.41%

04 2 31.34% _ 138% 2432% 13.01%
04 3 2556% _ 802% —24.00% 11.56%
04 4 3260% _ —2.04% _—24.98% _18.06%
0.5 1 34.16% 0.71% —27.57% —0.59%
05 2 3884% _ 5.05% _ 26.83% 3.4%%

05 3 3450%  5.02% _ 28.22% _150%

05 4 3813% _ 8.39% _ 26.17% _ 6.12%

0.6 1 43.42% 10.23% —30.02% —8.59%
06 2 4751% _ 18.06% _3007% 6.02%
06 3 4521% _ 1654% 3140% 5.13%
06 4 4503% _ 1046% _—2038% _ 038%

0.7 1 58.06% 28.44% —36.95% —18.28%
07 2 5461% _ 2684% 33.13% —13.11%
07 3 6200% _ 3124% _3484% —1355%
07 4 6470% _ 3806% —3256% —951%
0.8 1 80.66% 48.38% —40.74% —24.36%
08 2 0614% _ 6431% 38.31% —21.84%
08 3 07.06% _ 6401% —3651% —10.88%
08 4 10441% _ 71237% —3554% —15.80%
00 1 22758% 160.92% —47.39% —34.08%
09 2 396603% 34062.1% 30 —B31%
00 3 389185% 336255% —30.73%
00 4  479802% 441258% —3455% —10.45%
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Bias: LL without Constraint(Prevalence=0.05)

p setting biasRL  bias.R2  biasS1  bias.S2
01 1 051% —17.83% —0.96% 0.65%
01 2 472%  17.91% _ 156% _ 3.03%
01 3 132% _ 34.68% —088% 047%
01 4 165% 4251%  6.30%  8.13%
02 1 202% —440% 171% —055%
02 2 401%  1219%  2.33% _ 2.46%
02 3 138%  17.21% —185% —0.44%
02 4 262% 2135% 445%  6.76%
03 1 —007% —309% 166%  2.09%
03 2 220% _ 749% _ 2.23% _ 2.63%
03 3 211% _ 1044% —231% —146%
03 4 129% 15.06% 237% 241%
04 1 021% -18% 122% 1.99%
04 2 150%  513% —042% 2.54%
04 3 —097% 55% —014% 2.10%
04 4 032%  1558%  2.67% _ 4.69%
05 1 076%  2.48% —0.72% —116%
05 2 395%  694% —026% 2.09%
05 3 028% 7.34% —3.32% -—118%
05 4 174%  11.90%  5.92%  4.65%
06 1 252%  1.85% _ 0.52% —196%
06 2 550% _ 1130% —128% —3.28%
06 3 236%  7.19% _ 021%  0.04%
06 4 —230% 814% _ 6.00% 5.15%
07 1 016% —082% —3.30% —2.0%%
072 160% _ 265%  052% _ 1.68%
07 3 223%  744%  1.22%  2.84%
07 4 107% _ 10.18% _ 5.18%  287%
08 1 —281% —332% —077% -162%
082 853% _ 7.88%  —2.79% 0.42%
08 3 638%  578%  6.61%  539%
08 4 092%  7.07% _ 7.99%  71.42%
09 1 1721% 2052% —049% —154%
00 2  18550% 168.09% 7.72%  3.07%
09 3 221.32% 23752% 1.78% 2.92%
09 4  14267% 164.84% 26.78% 25.64%
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Power

Constraints are not satisfied, prevalence=0.15

Logistic Regression

Log-linear Regression

p setting_l setting2 setting.3 setting 4 p  setting_l setting2 setting.3 setting 4
0.1  0.061 0.759 0.217 0.935 0.1 0351 0.944 0.208 0.859
0.2  0.053 0.884 0.597 0.998 0.2  0.449 0.987 0.470 0.986
0.3  0.050 0.894 0.883 1.000 03  0.489 0.986 0.785 0.999
0.4  0.063 0.888 0.967 1.000 0.4 0507 0.987 0.936 1.000
0.5  0.047 0.824 0.988 1.000 0.5  0.520 0.986 0.983 1.000
06  0.063 0.746 0.991 1.000 0.6 0507 0.948 0.988 1.000
0.7  0.053 0.584 0.992 1.000 0.7 0510 0.873 0.985 0.999
0.8  0.056 0.428 0.964 0.997 0.8  0.440 0.722 0.959 0.992
09 0.061 0.228 0.763 0.916 09 0.363 0.418 0.782 0.843
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Power

Constraints are not satisfied, prevalence=0.15

Log-linear Regression without Constraint

p  setting.l setting.2 setting-3 setting_4

0.1  0.060 0.758 0.216 0.935
0.2  0.053 0.884 0.597 0.998
0.3  0.050 0.894 0.883 1.000
04 0.063 0.888 0.967 1.000
0.5 0.047 0.824 0.988 1.000
0.6  0.063 0.746 0.991 1.000
0.7 0.053 0.584 0.992 1.000
0.8  0.056 0.428 0.964 0.991
0.9 0.056 0.215 0.698 0.841
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Bias: Logistic Regression(Prevalence=0.15)

p setting biasRL  bias.R2  biasS1  biasS2
01 1 051%  —4.68% —0.95%  0.59%
01 2 1808% 51.13%  117% _0.23%
01 3 050%  77.22% —2.25% 2.35%
01 4 087% 2221E9% 1938% 23.67%
02 1 201% —442% 171% —0.56%
02 2 1330% 3459%  217% _ 4.02%
02 3 150%  43.06% —051% —242%
02 4 341% 117.11% 13.87% 1569%
03 1 —007% —3.08% _166% _ 2.08%
032 852% _ 25471% _ 182%  2.71%
03 3 182%  29.12% —1.95% —145%
03 4 —1.14% 69.94%  9.06% 11.36%
04 1 020% -181% 1.22% 199%
04 2 712% _ 18.78% _ —0.16% 1.90%
04 3 059% 17.44% —023% 0.10%
04 4 038% 5451%  9.02% 10.05%
05 1 077% _ 248% _ —0.73% —1.16%
05 2 922%  1757% —0.30%  2.06%
05 3 0.19%  18.16% —340% —0.76%
05 4 115%  38.40%  10.67% 8.82%
06 1 252%  185% _ 053% —1.95%
06 2 864% _ 1689% —1.39% —2.64%
06 3  —1.05% 1311% —263% 0.16%
06 4  —236% 2944%  8.11%  807%
07 1 015% —086% —334% —2.07%
072 3.98% _ 9.82% _ 0.06% _ 1.44%
07 3 211% _ 1456% _ 125% _ 3.80%
07 4 0.04% _ 26.17% _ 7.96% _ 6.63%
08 1 281% —333% 081% —150%
08 2 1286% 1692% —3.29% 1.20%
08 3 644%  10.76% _ 620% _ 4.21%
08 4 —156% 2220% 1058% 11.24%
09 1 13.76% 1513% —048% —1.50%
00 2  1411% 2088%  437%  526%
09 3 4144%  66.56%  8.62%  461%
09 4  1076% 3911% 2041% 2551%
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Bias: Log-linear Regression(Prevalence=0.15)

p setting biasRl  biasR2  biasS1  biasS2
01 1 19.80%  —63.53% —18.40%  51.12%
01 2 3240% _5345% —1137% 68.63%
013 1842% _—5381% —20.18% 7538%
01 4 2626% _—40.56% —13.04% 113.91%
0.2 1 21.03% —37.10% —20.70%  30.40%
02 2 3068% _2645% —16.38% 49.58%
02 3 2321% _2644% —21.80% 4581%
02 4 2368% —12.39% —16.75% B83.04%
03 1 2350% 20.63% —2131% 1853%
03 2 3143% 1233% —1801% 31.38%
03 3 2236% _13.65% —2450% 28.63%
03 4 2938% _ 1.40% _ —2155% 5224%
0.4 1 28.23% —9.27% —24.28% 9.41%

04 2 3476% _ 206% —2223% 18.28%
04 3 2402% _ 418% —2550% 17.36%
04 4 3480% _ 12.39% _ —23.64% 37.34%
0.5 1 34.16% 0.71% —27.57% —0.59%
05 2 4156% _ 0.11% __2500% _ 7.62%

05 3 3400% _ 1040% _28.74% _ 653%

05 4 3003% _ 2151% _—2530% 1947%
0.6 1 43.42% 10.23% —30.02% —8.59%
06 2 5061% _ 2155% 20.14% 361%
06 3 41.10% _ 19.02% _32.06% 4.16%
06 4 4571% _ 2084% _—28.80% 10.63%
0.7 1 58.06% 28.44% —36.95% —18.28%
07 2 5880% _ 3060% —3341% —11.49%
07 3 61.30% _ 3521% 34690% —1118%
07 4 6442% _ 4881% —3234% —443%
0.8 1 80.66% 48.38% —40.74% —24.36%
08 2 07.00% _ 674%% _38.11% —21.1%%
08 3 0650% _ 6821% 37.20% —17.10%
08 4 10207% _ 83.05% —35.18% —1045%
00 1 22758% 160.92% —47.39% —34.08%
09 2 3917690% 32108.0% —42.21% —26.62%
00 3 30202.1% 36477.0% —4158% —21.19%
00 4  428014% 436508% —33.49% —13.71%
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Bias: LL without Constraint(Prevalence=0.15)

p setting biasRL  bias.R2  biasS1  bias.S2
01 1 051% —17.83% —0.96% 0.65%
01 2 1807% 50.07% 118% _ 0.22%
01 3 050%  77.20% —2.24% 2.42%
01 4 086% 141567% 19.38% 23.63%
02 1 202% —440% 171% —055%
02 2 1330% 3454% 217% _ 4.03%
02 3 151%  43.01% —0571% —241%
02 4 3.42% 11697% 13.87% 15.69%
03 1 —007% —309% 166%  2.09%
032 852% _ 2548%  1.80% _ 2.72%
03 3 182%  29.11% —197% —1.45%
03 4 116% 69.96% 9.07% 1134%
04 1 021% -182% 122% 1.99%
04 2 712% _ 18.76% —0.16% 1.89%
04 3 —061% 1743% —0.23% 0.69%
04 4 039% 5452% 9.02% 10.03%
05 1 076%  2.48% —0.72% —116%
05 2 924% _ 1751% _—0.28% 2.04%
05 3 020%  18.16% —3.41% —0.15%
05 4 115%  38.39% 1067% 8.81%
06 1 252%  1.85% _ 0.52% —196%
06 2 8.66% _ 1689% —140% —2.63%
06 3 -103% 13.06% —2.63% 0.15%
06 4 —236% 2042% 8.67% _ 8.08%
07 1 016% —082% —3.30% —2.0%%
07 2 396%  9.83% _ 0.09%  145%
07 3 213%  1458%  1.26%  3.19%
07 4 001% _ 26.16%  7.93% _ 6.60%
08 1 —281% —332% —077% -162%
08 2 1000% 1685% —331% 125%
08 3 7.02% _ 1082% _ 6.19%  4.22%
08 4 —149% 22.44%  10.60% 11.06%
09 1 1721% 2052% —049% —154%
00 2 20119% 192.46% 4.46% _ 5.00%
09 3  256.76% 357.00%  8.70%  481%
09 4  14586% 20629% 29.54% 25.43%
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Conclusion

In the paper “Making the Most of
Case-Mother/Control-Mother Studies”, the authors compared
the approximated power of the likelihood ratio test of

Ho:Ri =Ry =51=5,=1vs. H;: At least one of the 4
parameters is not 1, when the 3 constraints are satisfied.
They conclude that the log-linear model outperforms the
logistic model in terms of the power and the flexibility to
accomodate the 3 constraints.

We'd rather advocate to use the logistic model for
case-mother/control-mother studies, since the logistic model
has the robustness to the invalidation of the mating symmetry
assumption.

Though we get different conclusion toward the analysis plan,
case-mother/control mother designs have obvious advantage
over case-parent traid designs.
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