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. Abstract |

Objective: This paper aims to compare the performance of regression-based statistical approaches that were
currently used or advocated to adjust a treatment effect.

Methods: The six methods used to compare their relative performance were: excluding treated individuals
from data, no adjustment for treatment effect, modelling treatment as a covariate(indicator variable), non-para-
metric adjustment of treatment, adding a constant value to measurements for treated individuals, and censored
normal regression. We applied these methods to real genetic and clinical data from Yonsei cardiovascular
genome center to demonstrate a pattern of their behaviour.

Results: Two of the adjustment methods were more powerful than other methods for analysis of genetic associa-
tion with serum lipid profiles. These were: no adjustment to the observed lipid profiles in treated subjects,
non-parametric adjustment method based on averaging ordered residuals.

Conclusion: Non-parametric adjustment method based on averaging ordered residuals and no adjustment to
the observed lipid profiles in treated subjects can effectively adjust the distorting effect of lipid-lowering drug
and recover a marked loss in statistical power. Also, in genetic association studies of continuous traits that
distortion arising from a treatment effect really matters, we proposed to use the appropriate methods that
are more effective and straightforward to implement.

Keywords: quantitative trait, genetic association, treatment effect adjustment, regression,
censored regression

RARAZMSS B guto] @71 /EAe] § SAATAE A9 AFA(A000385)] 1] A&
dho} o] .

T AAAR: AEEHA] A ET A2E 134 AA g o Host o shE A g
E-mail : biostat@yuhs.ac



(1

y=Xf+ e

1. A

54

N

9Hhblood pressure)o]tt

(serum lipid profiles)

3
=

Al

®r

ol
o

)
ﬂ

offy
100

Hjo

AJ(genetic association)<

o

o] 0o]al #

|

[e]

i

fo g

[e]

UehE 2 2} (error)

el
e
Mo
\.a

o

pzel

53

)
G
Al
o

o
-

o]
o

o= A+

=

=

A 079l AT

kA,

27087

KeN
=

=2

e

o

el

ZAbslgth, webd old s

A A

tol ¥ o B

3]

k9
psl

(underlying quantitative trait)
< ol

=

Hk

3t

9

of &4
)

A Abgol

Apdelet, H Sol, ol

i

(indicator variable)= treat;

1oy,

9
pel

1) A& A

e R

3 SNP) 9

(Single nucleotide polymorphisms; ©]

428 (genotype)& THoF

1o°
B
o}J
i~
B
3
°

oF
»AO

B!
o}J
jan

i
i

[¢)

¢l(Environmental effects)S s

o

(2 F2A

o|J

il

}

A5 Og2 4 2 o]

=

=

[e)

=

A48 Az

AXEY (Multiple Linear Regression)

o F WG HEA 5] A



55

3) AA

N o] o X
o <O i
R R ELTE
a@ﬂ%ATO@Mﬂﬂwwo,_% -
Ez_a@LAOT%a.ﬂE P 5 f£oom
RN u=Ry o R 8 = = oo
%ATWL@Q%wﬂm%%%ﬂmm R . -
s Boonlw e % B | \ v o 2 =
L;Eogv@argzwmdom.mmgm 4 5w E 4 8 £ o E
7 s -~ ; = 2 i
o TN L E 2w R I N g AW B g TS o
o ol < 2= o X B s o)) o T~ i e % o
e T E<H P LT3 =¥ ea 5w T Te R 29 B
nf oo Mgy Y o= ST Mooz JIE s or T %o
R o fru%m:m%mﬂ & W 2 < =¥ Low #
T 2T S T ) - s ¥ L g BT s ®
! Js o [ f 7o) iy S
iiiﬁulirff_; $iEF fLfiEg o
8 A oo T o’ : W
é@%u%%mﬂ%,z%%&_x%WmM a T 4 & Wrmmuzrm_c & T 5 ol
WLET?mﬂ]ﬂﬂ X e T b = I % E N oo = = o -
W oz ) Rl =y = o ~ fo S B o S o=} ~a
Nlo pU B- o B o B N o . iy © Sl o)) i, o) =
p B o M A =X VI~ R < ™ h
QEO_EmToT@VJﬂﬂrL%%oTW w5 w2 T i ) L
S o iy O R e X K o ToM R - S v 2 g8 2 2} el
c o T IR TR ) B S I S g 5
oo B v o H o T o T X oz . HoAE g —~ - )
X " 5 W X Al o ey =~ 2 35 I il i B m@ .
BN e T 4 S = © = = T
Poa SEERCI o~ M o° T °
ofp A 72w = K o : ] I
b oo T S-S - K W ok - N o= .
- B W MO 2 = T W
M T nSE e O * T 2 T i
z o F o = o ¥ S oM T - M
W o g 3 W oo e Wu%ﬂr. 2 oo X 7o m.ﬂrf o T =
LEew ¥ T o uco__@u%i%% o T3 T a8 —
wp == & W F oo P g o e lly oo W Ko > E
T =) ol Qt 4 - - =g . [l s N ] a5y RN o
B s F o Ko oy E D] H._ %m & T % i MM B T i 5o T
W 7 Moo M Yomom o T W ome X2 k Yoo & T )
- o — RO £ i T T = T
< o 8B o = T X F TR 8 B D . . 5o
o) =y il B ™ iy | mo W M- it Mo g0 o
= w2 R - Ok o G X
T CEE e P B of o = 5 B oo M i 5 5
s PEwyw N DI B ¢ 3 I A e
» 0 Mo T Ko _ T —~ i i 1N A e X oS
Y oW oE ﬂ%?WWﬂﬁ_xﬂ_}% ¥ E.ﬂr%mmﬁﬂexa ]
w e Mﬂimr%r).:mw%@kw_w%wm?&mq ~ @.%%W@@M o_.ﬂur
m ol o= U B o= ~ e R © o T Zo O
= Emr%idr+¥:mrkﬁmw i th7 S o T o B o
w5 B ool re (o2 KOEF N ml o WS = e = L B iy
5o~ S B E D g MR T b owE M F o | P o, W e i 2o
£ (dmj%%__ _.Emo«_ﬂar.kﬂ%wﬂw@ o) M@@_}OL+M %@%
o0 o) ® o o B = k3 ‘:L ‘:L E B flag Eﬁa =< 1_._A|1_ T < o Of ﬂArO
T %o RO o ok o o T g Iy W = do Y =
X o) R° o 5 | 1o I —_— F - — i
LT IZT TR Hmz@zyzo R
DEE w SEFzEli <%
ZL AI = ﬂr s A_l m E _.i
Y mu X Wﬁm
0

A34 A5 .



56 343} - o4 - ukA

Priy; treat;) = [fa, (3 )] ™25 [1 — Fy (y)]™=e 9&& $0h 23 #4485 AdHste] 40
& 21, F ngo AT el tig S g AREE7IE Shleh Al dred R E
(likelihood function)& 7aFH Tha2 Zth Ao iAol wefste] nE T T2 <
8 " s gt dd-H "M A ] FAL8 A FellA
- l—lPTU’nWWJ =HUA[(}"E)PPEHCL[1_E-L_UI:J]EHE[ = A LB ABE A FHAke] thE A9l 14094
i=1 =1 &, G14480C, A22982Ge}t A QL EIA =7l f- 22}

o

InL. & HUZ dFe f & ve-d< daugs
(Newton-Raphson algorithm)< 3] -3t}
A AFE HHES o] &35l dH FA

A BEAS A1ss o 9ol X
3

=
43 Ads sy s AdaAEdd fAA

oA FHE FdA AEE olEsith o AR

o] A7 WA dAuAVE Sl & 421479

Aoz F4eel U, o] F BaEY 29E
A we B4 F Holn @ A olgolA

blood pressure)

3 H(diastolic

W F%7] dKsystolic
140mmHg  °l/dol Ay o]gh7]
|

gotoz ek nEdTS o r B389
th EAo A AFRE A PAL2 AP AA A
A8 22(risk factor) 0.2 g&z 3 (Ad¥E

% & Z9 2" E(Total Cholesterol, ¢]&} Tchol)

3} AE = 2 (Low-density lipoproteins, ©]3}

LDL) o], Z47}e] 44 gdo] &S vA= &
?l T A 292 d™, BMI £949
TFAART, ¢ FFE T Add
AR FAAATAE AmelM & 5 e F4d
A= Z 5170 o]27] ujFd] o] & = FAE
Agolt} nEG T AddA L] T 71|

o St H AR RFATHA A34A AlS

a4 F G-217A, A-20C, G-6A, M235T
I TH4) w3 Fe2HE Nt F
E

Gl o

o %

R A= E A

pud

ATP-binding cassette, sub—family A, memberl

FAAbe] tgA R219K, nE=AAgmd e
ZHE  diAteld  FAHYT 98E she

cholesterol ester transfer protein(CETP)¢] t}&
4 % C-239A, TaqlB, 1405V, ©] el s
A3ty #AVE dvkn H1E Apolipoprotein Al
FAAe] thE A Xmnl} Apolipoprotein A5 73
Z}el tpd A T-1331C, 18] hepatic lipase f
Azpe] VHOME F44 aler Adesgict

&
(il
[
ox
rob
ol
T
z 1
tio
)
oo
o
ol
N
o
:(‘:g
>

3
Y. = By + Byage; + B.bmi; + Bysmoke, + B,drink,

+ Beexercise; + .Gy + PGy + € (23

o~ = = = o=~ & =] O 1 o =
AqngtﬂT = H%T-sg tt]_’_o ;6017364“._'_7 ok

AE o1

[ean=]

, ZojXR SNPE: A A|H<=(indicator
5

variable) & 7 ¢]3slo] R3] 23A|ZITE SNPY

2ol o) ANMEE EAT & Atk oE =
of, ¥ 7ol ol AR allele) G AR T4 w0}

%0,
rir
wm
Z,
o)
lo,
oM
o
o

AR Al 7HIGG, GA,



¥H PAo| F44 $AY ATNN AR THE RAS) AT BASH ol v

57

ANl FAAFo] GG A5 Hx WIF=E 3.4 1
Aettd GARl F5-E Uedle BTE | AAY

A¢E YEillE WFE 2 el F Qlth BE s Asty 28t
A o= SAS ver 9.1(SAS institute, Cary, NC) SHAl B8 ofFo mE 344
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Table 1. Environmental factors and quantitative traits of coronary artery disease subjects

male female

Untreated(n=383) Treated(n=383)  All(n=766) Untreated(n=118) Treated(n=121)  All(n=239)
variable Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
Age 58.08+9.45 55.41+8.95 56.74+9.29 60.45+9.30 60.90+8.77 60.68+9.02
BMI 24.70+2.85 25.14+2.54 24.92+2.711 24.97+3.13 25.21+2.86 25.09+2.99
N(%) N(%) N(%) N(%) N(%) N(%)
Smoke
no 63(16.45) 47(12.27) 110(14.36) 109(92.37) 110(90.91) 219(91.63)
ves 320(83.55) 336(87.73) 656(85.64) 9(7.63) 11(9.09) 20(8.37)
Drink
no 87(22.72) 107(27.94) 194(25.33) 88(74.58) 96(79.34) 184(76.99)
yes 296(77.28) 276(72.06) 572(74.67) 30(25.42) 25(20.66) 55(23.01)
Exercise
no 173(45.29) 160(41.78) 333(43.53) 77(65.25) 71(58.68) 148(61.92)
ves 209(54.71) 223(58.22) 432(56.47) 41(34.75) 50(41.32) 91(38.08)
Traits Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
Tchol 192.07+35.77  171.07£38.00  181.56+38.35 199.58+31.36  17859+4227  189.00+38.64
LDL 121.58+31.56 99.31£3452  110.32+£34.90 126.38+¢29.07  103.39+36.85  114.73+35.11

SD: Standard deviation, Tchol: Total cholesterol, LDL: Low-density lipoproteins
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Table 2. Environmental factors and quantitative traits of hypertension subjects

male female

Untreated(n=746) Treated(n=90) All(n=836) Untreated(n=838) Treated(n=109) All(n=947)

variable Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
Age 53.03+12.07 55.17+11.35  53.26+12.00 56.24+10.66 59.54+7.96 56.62+10.43
BMI 25.20+2.99 25.48+2.75 25.23£2.97 24.89+3.10 25.34+3.09 24.94+£3.10
N(%) N(%) N(%) N(%) N(%) N(%)
Smoke
no 189(25.34) 22(24.44) 211(25.24) 796(95.10) 107(98.17) 903(95.45)
ves 557(74.66) 68(75.56) 625(74.76) 41(4.90) 2(1.83) 43(4.55)
Drink
no 124(16.62) 17(18.89) 141(16.87) 606(72.32) 91(83.49) 697(73.60)
yes 622(83.38) 73(81.11) 695(83.13) 232(27.68) 18(16.51) 250(26.40)
Exercise
no 302(40.48) 42(47.19) 344(41.20) 421(50.60) 55(50.46) 476(50.58)
yes 444(59.52) 47(52.81) 491(58.80) 411(49.40) 54(49.54) 465(49.42)
Traits Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
Tchol 198.22+37.86  184.45+40.92 196.76£38.41  210.44+40.30 193944483  208.53+41.17
LDL 122.5+34.39 104753673 1205743506  132.65+35.10  115.33+4045 130.61£36.18

SD: Standard deviation, Tchol: Total cholesterol, LDL: Low-density lipoproteins
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Table 3. Median p-value of regression coefficients of genotype in coronary artery disease subjects

exclude no adjustment indicator non-parametric add a constant censorgd
regression
male
Tchol
genetic 05233 0.5964 0.5998 0.4908 0.6038 0.5385
(01978, 0.7740) (0.3236 , 0.8103) (0.3359 , 0.7110) (0.2960 , 0.8060) (0.3346 , 0.7154) (0.2582 ,0.8154)
geneticrenvir 515 0.6723 05763 0.4925 0.5730 0.5886
onmental
(0.2459, 0.6150) (0.3565 , 0.8633) (0.3793 , 0.7270) (0.3307 , 0.7639) (0.3764 , 0.7248) (0.3029 ,0.7011)
LDL
genetic 0.4948 0.6328 05188 0.5339 05325 0.5893
(0.2532, 0.6167) (0.2315 , 0.6845) (0.2132 , 0.7737) (0.2749 , 0.7595) (0.2164 , 0.7612) (0.2467 ,0.7653)
geneticrenvir 5 o5 0.6590 0.4097 05072 0.4351 0.4798
onmental
(0.2876, 0.5989) (0.2095 , 0.7727) (0.2310 , 0.7985) (0.2460 , 0.7137) (0.2302 , 0.7987) (0.1982 ,0.7466)
female
Tchol
genetic 0.5598 0.5555 0.6066 0.6439 0.5874 0.6700
(04484, 0.7700) (0.3737 , 0.8606) (0.3553 , 0.8805) (0.3233 , 0.7607) (0.4322 , 0.8084) (0.3195 ,0.7766)
geneticrenvir g 6oz 05111 0.5552 0.5666 0.5559 05316
onmental
(03654, 0.7816) (0.2037 , 0.7501) (0.2963 , 0.7570) (0.3947 , 0.7232) (0.3115 , 0.7663) (0.4124 ,0.6979)
LDL
genetic 0.6898 0.6573 0.7205 0.6221 0.7351 0.6769
(04887, 0.8367) (0.4272 , 0.8943) (0.4806 , 0.8860) (0.3487 , 0.8530) (05135 , 0.8737) (0.3763 ,0.8791)
geneticrenvir ) o507 0.5826 0.6124 0,539 0.6666 06193
onmental

(04642, 0.8626) (0.4158 , 0.8899) (0.4330 , 0.9095) (0.3609 , 0.8744) (0.4935 , 0.8795) (0.3879 ,0.9085)

Tchol: Total cholesterol, LDL: Low-density lipoproteins, Numbers in parentheses are inter quartile range
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Table 4. Median p-value of regression coefficients of genotype in hypertension subjects

censored re-

exclude no adjustment indicator non-parametric add a constant .
gression
male
Tchol
genetic 0.3112 0.3001 0.3155 0.3891 0.3013 0.3752
(0.1715 , 0.5532) (0.2051 ,0.5984) (0.2189 , 0.5463) (0.1998 , 0.6559) (0.2138 , 0.5230) (0.1974 ,0.6521)
geneticrenvi- 0.2895 0.2951 0.3002 0.3588 0.2937 0.3268
ronmental
(0.1416 , 0.5968) (0.1908 ,0.5575) (0.2109 , 0.5628) (0.1621 , 0.6676) (0.2035 , 0.5441) (0.1619 ,0.6046)
LDL
genetic 0.3681 0.3832 04613 0.549 0.4407 0.499
(01691 , 0.7333) (0.1986 ,0.6516) (0.2156 , 0.6659) (0.2572 , 0.7364) (0.2158 , 0.6617) (0.2641 ,0.7257)
geneticrenvi- 0.3488 0.3528 0.3766 0.4707 0.3583 0.4061
ronmental
(01868 , 0.6528) (0.1694 ,0.6441) (0.1955 , 0.7297) (0.2414 , 0.7470) (0.1952 , 0.7136) (0.2549 ,0.7328)
female
Tchol
genetic 06528 0.5464 0.5449 0.4322 0.5082 0.4418
(0.2482 , 0.8077) (0.1886 ,0.7264) (0.1954 , 0.7251) (0.2883 , 0.7231) (0.3357 , 0.6732) (0.3371 ,0.7016)
geneticrenvi= 0.3654 0.3528 0.3553 0.3609 0.3583 0.3763
ronmental
(02614 , 0.8377) (0.1700 ,0.8485) (0.1747 , 0.8193) (0.3081 , 0.7253) (0.2441 , 0.7453) (0.3624 ,0.6476)
LDL
genetic 0.5869 0.4598 0.4965 0.4632 0.4844 0.4539
(0.2061 , 0.7739) (0.0774 ,0.7042) (0.0851 , 0.7257) (0.3047 , 0.6010) (0.1335 , 0.7742) (0.2497 ,0.6941)
geneticrenvi- 0.4801 0.3938 0.4375 04516 05128 0.4682
ronmental

(0.1585 , 0.7990) (0.0622 ,0.6830) (0.0676 , 0.7344) (0.2807 , 0.6416) (0.1002 , 0.8093) (0.2525 ,0.7610)

Tchol: Total cholesterol, LDL: Low-density lipoproteins, Numbers in parentheses are inter quartile range
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