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ABSTRACT

Background and Objectives : Analyzing the association between multiple SNPs and the disease outcomes will
provide new insight into the disease’s etiology. However, this presents an analytic difficulty due to the large
number of SNPs and the complex relationships among them. We proposed using the mixed model approach to
identify the significant multi-locus genotypes and the high-order gene-to-gene interactions. Subjects and Methods :

We described the mixed effects model and applied this approach to real world data. For the purpose of these
analyses, we examine the association of four types of SNPs (AGT5, APOB, CETP3 and ACE6) with the lipid profiles
and the measures related with cardiovascular disease. We used data from 672 healthy individuals (283 males and
389 females) who were without cardiovascular diseases. Results = The results of our analysis suggested that there
were significant random genotype patterns and genotype groups according to the gender effect on the lipid profiles.
In other words, there was significant variability across the genotype groups because of the effect of gender on the
lipid profiles. Conclusion : The mixed model approach provided a flexible statistical framework for controlling
potential confounding variables and for identifying a significant genetic contributions that may come about
through the effects of multi-locus genotypes or through an interaction between the genotype and environmental
variables (e.g. gender) with the variations in quantitative traits (e.g. lipid profiles). There were significant genetic
contributions to the variability in the lipid profiles, and these were explained by the 4 SNPs described in our real
data. (Korean Circulation J 2006;36:229-235)
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Table 1. Distribution of lipid profiles and environmental factors
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Male Female Total

(n=283) (n=389) (n=672)
Total cholesterol ~ 207.8%40.1  209.6£37.3  208.8*38.5
Triglyceride 168.3£139.7 123511049 142.3+122.7
LDL-C 130.5£34.9 132.3+32.4 131.5+£33.5
HDL-C 45.5+10.6 51.5£12.1 489+ 11.8
Age 479+11.1 47.61+9.9 477+ 104
BMI 241=£2.7 233%£3.1 23.6£29
Current smoker 233 (82.3) 25( 6.4) 258 (38.4)
Current drinker 235 (83.0) 152 (39.1) 387 (57.6)
Exercise 123 (43.5) 113 (29.1) 236 (35.1)

Values are Mean = SD and frequencies (percent). LDL-C: low den-
sity lipoprotein-cholesterol, HDL-C: high density lipoprotein-cho-
lesterol, BMI: body mass index

Table 2. Frequency of four single nucleotide polymorphism genotypes

Frequency (%) Frequency (%) Frequency (%)

SNP  Genotype in male in female in total
(n=283) (n=389) (n=672)
AGT5 CcC 186 (65.7) 257 (66.1) 443 (65.9)
CT 89 (31.5) 122 (31.3) 211 (31.4)
TT 8( 2.8 10 ( 2.6) 18( 2.7)
APOB CcC 210 (74.2) 306 (78.7) 516 (76.8)
CT 67(23.7) 81 (20.8) 148 (22.0)
TT 6(2.1) 2(0.5) 8(1.2)
CETP3 AA 43 (15.2) 54 (13.9) 97 (14.4)
GA 142 (50.2) 181 (46.5) 323 (48.1)
GG 98 (34.6) 154 (39.6) 252 (31.5)
ACE6 DD 52 (18.4) 59 (15.2) 111 (16.5)
ID 139 (49.1) 194 (49.9) 333 (49.6)
11 92 (32.5) 136 (34.9) 228 (33.9)

SNP: single nucleotide polymorphism, AGT5: angiotensinogen
M235T, APOB: apolipoprotein B C-516T, CETP3: cholesteryl ester
transfer protein TAQI1B, ACE6: angiotensin converting enzyme Alu
I/D
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Table 3. Genotype groups with at least ten observations

Genotype group pattern Frequency
AGT5 APOB CETP3 ACE6 (%)
cC cC AA DD 11( 1.9)
cC cC AA ID 18( 3.1)
cc cC AA 11 20 ( 3.4)
cC cC GA DD 24 ( 4.1)
cC cC GA D 72 (12.3)
cC cC GA 11 62 (10.6)
cC cC GG DD 24 ( 4.1)
cc cC GG ID 70 (12.0)
cC cC GG 11 33( 5.7)
cC CT GA ID 20 ( 3.4)
cc CT GA 11 17 ( 2.9)
cC CT GG ID 33( 5.7)
cc CT GG 11 10( 1.7)
CT cC AA D 15 ( 2.6)
CT cC GA DD 14 ( 2.4)
CT cC GA ID 40 ( 6.9)
CT cC GA 11 29( 5.0)
CT cC GG DD 13(2.2)
CT cC GG D 25( 4.3)
CT cC GG 11 24 ( 4.1)
CT CT GA D 10( 1.7)

AGTS5: angiotensinogen M235T, APOB: apolipoprotein B C-516T,
CETP3: cholesteryl ester transfer protein TAQ1B, ACE6: angio-

tensin converting enzyme Alu I/D

Table 4. Significance of random effects in mixed model analysis*

otk old Hom 7h EF AFFEER ol HuAol
Ak A% HdeES ElsiEd WA, & ELHE

oA (CC, CC, AA, ID), (CC, CC, GG, ID), (CT, CC, GG,
me] 7, Adyte] wazkgo] izt fAs F827t
—5.8(p=0.021), —4.7(p=0.029), —3.2(p=0.024)2A FA}
od F ZE2HE $A7E 6 2 A3 BRAES Holal
AR, EF FHF(CT, CT, AA, ID)o|A = witho] gk
2 Ho|1l Q1) 2™ (coefficient estimate=6.7, p=0,019),
(CC, CT, GA, IolM= Aol wE Zfol= XN =22
Aol TEHAo] AL A THcoefficient estimate=3.1,
p=0.033), SAJAHlo| A= (CC, CC, AA, ID), (CC, CC, GA,
), (CC, CT, GG, ID), (CC, CT, GG, I)E°A] nT2-&
of thet S|AHAS FAHA7F 42t —26.1(p=0.034), —34.3
(p=0.007), —25.9(p=0,028), —41.3(p=0.017) 224 FA}of|
Al S A7 B R A} IS Holal jlglomn,
(CC, CC, AA, II), (CT, CT, AA, ID) 9 (CT, CT, GG, ID)
ol Lof wHithe] Aol FoJskAl EAstAL ATt
(coefficient estimate=54.3, 43.1, 58.5, p=0.004, 0,016,
0.006). HDL-ZHAH|E|4 = (CC, CC, GG, 1)<} (CT,
CC, GA, I)OIN 83 eke] axjol that 7% 374
2|7} Z¥2F 0.8(p=0.026), 0.9(p=0.019)2A] JHe] /gl
o] xEZQl HelAo]l EAstAL e, EI At
WA= SHAG FA7E -1.7(p=0.024)2F —1.9(p=
0.020) 2] Aol 4] HDL-ZH|AEE =27} o W2 Azt

TS Hola

B AP 8% AA%Eel 2o s P gt
A RS BT GlolA, olel o] S
WEAG W B RO WEAGL HLHO
o
=

Q
M
>

Ol
i
ottt
o
o
op
o
M
T
Mo
i
>
1o
]
& %
ox
o2 o
jint3
[e]
0
of %
0 G r
-
s M3
L=

J
o 1
il
of T
o
o
N
S
ass
rr
ot
=
T
= D
8
=4
o
o
B
[N
g
(il
filo
ooan bod

4~

210 ol 2

f
i3
o
u)
A
ol

L]

1o ox

ko
|
B
b
2
o
ot
>
[
o
I
pock
i

Variance-covariance estimates (SE) of random effects

Lipid profiles

Genotype group P P Genotype group X sex P
Total cholesterol 15.9 ( 8.1) 0.024" 42.4( 20.2) 0.018" 13( 0.7 0.036"
Triglyceride 7.2( 8.4) 0.196 1780.3 (774.1) 0.0117 -531.2 (183.4) 0.004 T
LDL-C 1.4 (31.4) 0.482 4.9) 0.491 -0.2( 25.1) 0.992
HDL-C 2.8 ( 1.6) 0.043 7 4.9) 0.072 41( 2.3) 0.0377

*: analysis was performed including variables of fixed effects (age, BMI, current smoker, current drinker, exercise), T: p<0.05. SE: standard
error, LDL-C: low density lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol



Table 5. Specific genotype patterns with significant random effects
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Genotype group pattern

G G Ok 5 o Lipid profile Genotype* P Interaction by sex ' P
CC CcC AA ID TC -24 0.305 -5.8 0.021
TG 13.9 0.399 -26.1 0.034
CC CC AA 11 TG -26.3 0.101 54.3 0.004
CcC CcC GA I TG 314 0.147 -34.3 0.007
CC CcC GG ID TC -1.1 0.369 -4.7 0.029
CcC CcC GG I HDL 0.8 0.026 -1.7 0.024
CC CT GA 11 TC 3.1 0.033 1.8 0.401
CC CT GG ID TG 12.2 0.361 -259 0.028
CC CT GG 11 TG 1.1 0.960 -41.3 0.017
CT CT AA ID TC 2.6 0.283 6.7 0.019
TG -16.9 0.261 43.1 0.016
CT CC GA ID HDL 0.9 0.019 -1.9 0.020
CT CC GG 11 TC 0.6 0.871 -3.2 0.024
CT CT GG ID TG -24.2 0.128 58.5 0.006

% estimates of regression coefficients of random genotype pattern effects, T : estimates of regression coefficients of random genotype pattern
by sex (reference group: female) effects. AGT5: angiotensinogen M235T, APOB: apolipoprotein B C-516T, CETP3: cholesteryl ester transfer
protein TAQ1B, ACE6: angiotensin converting enzyme Alu I/D, TC: total cholesterol, TG: triglyceride, HDL: high density lipoprotein-

cholesterol
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