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Abstract

We discussed how to handle missing binary data clinical trials. Patterns of occurring missing data are
discussed and introduce missing binary data imputation methods that include the modified method. A
simulation is performed by modifying actual data for each method. The condition of this simulation is
controlled by a response rate and a missing value rate. We list the simulation results for each method and
discussed them at the end of this paper.
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HAEE AL et olF ICH E9 guidelined|l e 44ARY 23 4% 282 A% o
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TS EEsH HH vla s ARfde 471 A% 2ESe] 7Eolddl viske AR W E 29
@ 7Fsdel Atk (Parkt Lee, 1995). 7Hd A9 F7oll met k=A% 7o 3¢ FASE &8
24°] PPSE 8 24 ET § EaAointa dejA vk 5, FASO| 45 53 dojXl ofae 2
71e A 21 B} ZopAl= Aol drk= Aotk (ICH E9, 1998). PPSE &3 #42 fj¢t Wit =
Fa S g rietA H=dl, PPSe A7 ds 2 A tidAsolnR Aot 235 HojE 7|3
7H Y w5 7] dlEeltt (Kang, 2013). ©l= E37} §le o ofEel diste] rash fart v
A Ha I g FAFEol B85 Avhd AES 2AT 5 vk a2 EE QAAR-CAAE 2
SEko] T A T2 Al At AS3he] e AT AR TS THA A F42 AARHE &
Al 2279 28 & 5 vk (Kwak, 2005). ©]2]3F o5 vzl ICHAIN = AL A3 244 =
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missing completely at random; MCAR) %} ‘¢ ZZX](missing at random; MAR)'Z g
(Rubin, 1987; Littlez} Rubin, 2002). Th2ojlAl A Qo] A=x], 9o Z=x], v|Ye B2=X

= A3 A E AT

(

ko

N
;\1 xg
le mln
30, @
e
B
u
[
ik

le

2o e g

1ok JIN-

2

zr
4

,
Ps3

= = )
ox Y X
0
b

(MY, 0) = f(M]0). (2.1)

ojuf, AT A7 Yol dFo] AT Mo FaAdS & 5 vk AE S0, 7l te 4
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F(MY,0) = f(M][Yobs, 0). (2:2)
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2.1. 2FAIYI2A (complete case analysis; listwise deletion analysis)
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2.3. gt Al (Hot-Deck imputation)

19623 u]= CPSolA =58 & AL S tigt 253 tAlske o 22 AMESH HHe=
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22 o §-83H o8 Bk (Kim, 2000).
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ln( T >:,80+ﬁ0:v1+~-+/3pxp. (2.3)
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2.5. Propensity score matching imputation

PEAFANE HE A 2 27000 7], BRA, 9% 2 W, A9 2 48X 59 /A5
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Table 3.1. 2X2 contingency table for origin

543

23/ A18%4 A, n(%) A A4 3
ke 67(59.82) 84(54.19) 151(56.55)
w34 45(40.18) 71(45.81) 116(43.45)

LA 112 155 267

Table 3.2. Simulation result of imputation for 10% missing dataset from Table 3.1

A& ORF} oA

o ol =] 5 o] 1
E(OR) ]g%Rf . i,?] gl jﬂ M%R;yf T, ORel A 43
' - - 77+ Zo] Aol
HA A 24 1.2624  [1.2554, 1.2694] 0.0040 1.3760 0.0857
B3 oA 1.2624  [1.2554, 1.2694] 0.0040 1.2952 0.0050
3l oA 1.2712  [1.2615, 1.2810] 0.0128 1.3053 0.0150
7 o= 1.2601  [1.2535, 1.2667] 0.0016 1.2927 0.0024
PSM (margin = 0.01)  1.2657  [1.2568, 1.2747] 0.0073 1.2996 0.0094
PSM (margin = 0.05) 1.2669  [1.2583, 1.2755] 0.0084 1.3006 0.0104
PSM (margin = 0.10)  1.2637  [1.2547, 1.2726] 0.0052 1.2971 0.0068

PSM = propensity score matching.

Table 3.3. Simulation result of imputation for 30% missing dataset from Table 3.1

A ORF thA)

<) o]\ k) 7 o] 3

FOR) i 2] ORel 4 Aol A3l paae OF 3E 42

- ° - CoT T2+ Aol Aol
A AL 4 1.2732  [1.2602, 1.2862] 0.0147 1.5957 0.3054
B4 A 1.2732  [1.2602, 1.2862] 0.0147 1.3089 0.0186
el o)) 1.2878  [1.2698, 1.3059) 0.0294 1.3268 0.0366
37 oA 1.2590  [1.2462, 1.2718] 0.0005 1.2938 0.0035
PSM (margin = 0.01)  1.2692  [1.2527, 1.2858] 0.0108 1.3067 0.0165
PSM (margin = 0.05) 1.2702  [1.2533, 1.2871] 0.0118 1.3078 0.0175
PSM (margin = 0.10)  1.2722  [1.2560, 1.2884] 0.0137 1.3097 0.0195

PSM = propensity score matching.

A8 A 53 oI, FAF A 13 o, A4 A 7 %
=
o

PH AP WFEY BE Z

o] EAldhe WA F 267HoE P 1127, oA 15503
2x2 2&FEE Table 3.19] ATt FlolAlE AR A3 p-valuex 0.3599F LFERLIL, 2H]|

, =5 dA 57 9%, EuroQoL:

° . . =
S baseline characteristic2 2 53

ok rr K

1.2585, 2219 95% AlF 3}3ka} A 0.7691, 2.0593 22 VEGTE E 285 37 oA AH3)
Hog mol S A3Pst A}E Table 3.22} Table 3.3¢1 A|ASH T

T A8 F 10%E 49 FE3te] &S AT 273 AAE 2 ATELSE 1,0008] 29
AT A3 BF At A3 Agith 3E oA 229 A9 9 dataolAe] L=u|&} xpo]7h
0.01282 74 2 A3= Yebdich vhd 98 e =n)et tA] 2289 B AFFET Do) Xpol= oA
A A 0] 0.0857% 7% 2 A YERta 39 thAlel Al 0.00242 718 FA UERGTE Propensity
score matching ¥} oAl marging 0.01, 0.05, 0.102.2 223t ATo|= & o7t YA %9k
t}.
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Table 3.4. 2Xx2 contingency table for original data related with osteoporosis

87/ A, n(%) i 4 gl
% 171(96.61) 172(87.76) 343(91.96)
3 6(3.39) 24(12.24) 30(8.04)
A 177 196 373

Table 3.5. Simulation result of imputation for 10% missing dataset from Table 3.4

o1\ b 2
F(OR)®) 95% 92 ORz oj#l  ORel gz oo OR Al

] I
PO cige, 2ie) orel we Aol as 7a g Ol B O
A ArE B4 10660 [4.0179, 4.1159] 0.0902 9.4327 1.0469
F A 4.0669  [4.0179, 4.1159] 0.0902 8.7989 0.4130
el oA 4.1813  [4.1192, 4.2433] 0.2045 9.2264 0.8405
39 A 4.0683  [4.0193, 4.1173] 0.0915 8.7963 0.4105
PSM (margin = 0.01) 4.0853  [4.0243, 4.1463] 0.1085 8.9135 0.5276
PSM (margin = 0.05) 4.1669  [4.1064, 4.2274] 0.1902 9.1535 0.7677
PSM (margin = 0.10)  4.1547  [4.0908, 4.2187] 0.1780 9.1440 0.7581

PSM = propensity score matching.

Table 3.20] AAE o] AFoA YWz AL SAsty 2= A ¥ 30%= 2AT A=
Table 3.3l A|A8FSAT).

Ful AR 5 30%E 49 FEI A5S A 280 ANE 7 tAME2Z 1,0008] 29
Adst A3 B fAGE 23S 4o}t gd oA e=u|e] A 9 datao]Ae] L=n]|e} Aolrt
0.0204% 7} ZT o] Dww k2] 10% A= o8 mo] A Axte] AKX} 28] oA} =713 C)
vy 9E ¢ =u|9} tha] S =u]e] HF AFH 7 do| xpol A Al# Ao 0.30548 7 A
e, 39 tiAlelA 0.0035% 743 ZHA] Yebgt.

Propensity score matching ¥'Hol| A margin©] 0.01, 0.05, 0.102.82 AZLE 0 =u]o] 2AX= A=A}
2o ezu9} Aol7t AN E ARolYL, AR L=ulg) U exne] B A# T Ao Ao] T
Z7hehe 3418 uglh

-

3.2. YIZE0| o0f| Y2 B
0114 FUAFGFRA A2 Amol sl 604 vete] Bt 5 B3 f905(34/ 580
2 BR)E WSUSE R, JUS SY 1FOR Tk 3149 Fuy AR} pAAAE w A4

, O13AES A 7 04—‘?'—, 5‘-% A 78 A, A 75“—'1 A v"rtﬂ o
o

U

o] BE gro] EA8hE thdAE £ 373og JA 1779, o4 19680] L 2x2
o

Fro)AE AR A p-value: 0.00172 JERGI, S =0]= 3.9767, 2209 95% Al 318ty A3t
1.5859, 9.9718 2 2 L}EFITH

H A E 3704 Ag3t o r ro A¥L 133 A= thS Table 3.59 Table 3.69] A3}k
oﬂq_
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Table 3.6. Simulation result of imputation for 30% missing dataset from Table 3.4

] K kU >
E(OR)9 95% Q¥ ORZ} Wil  ORe H7 2 ORZ} oA

[e) 3
PO cippe, 2m) - orel me Aol as wu g Ot B O
&A Al B4 4.4374  [4.3083, 4.5666] 0.4607 13.8511 5.4653
F7 A 4.4374  [4.3083, 4.5666] 0.4607 10.6916 2.3058
el A 4.6350  [4.4685, 4.8015] 0.6582 11.9374 3.5516
37 A 4.4533  [4.3230, 4.5836] 0.4766 10.7137 2.3278
PSM (margin = 0.01)  4.5989  [4.4380, 4.7598] 0.6221 11.6752 3.2893
PSM (margin = 0.05) 4.7357  [4.5674, 4.9039] 0.7589 12.2253 3.8395
PSM (margin = 0.10)  4.6317  [4.4611, 4.8022] 0.6549 11.9917 3.6059

PSM = propensity score matching.

=t AR T 10%E 949 iiﬁ}oq 2= AASET 27 AAE Z dAYHeE 1,0008] 29
N3 Ax) e o)A L =u)e] AL YE datac Al ©=u|9}k 2ol 7t 0.2045 % 7 AT A A
A, B A elA 0.09022 yEbsttt. 37 thAl 3 0.091524 diEo s ZA bt
HhH PR o =nje} oA e =u)e] FF A3 Do Aol e A B4 o] 1.0469% 71 =A
b, 39 thAlel A 0.41052 78 27 vebgt.

Propensity score matching ® 4] margino] 0.01% 7o ¥} 0.059} 0.109 A 2=u] 4]
o YAE e=n|eke] o7} o Za, g8 e=n|s} 1:Hxﬂ =n)e] W7 AlF 27 Bo] o] w3k AF
Hoz v A VeRT

ZoEE A E 30%S Yo &3] AES AT 278 AAE Z gAY o E 1,0003] Fo
A&st A3} propensity score matching®] margin = 0.050] 2]t @ =H] FA X2} UE datacl| A2
LZH|Zke] Aol 7} 0.75802 7 Z1al &b Abel 24, B thAMelA 0.46072 7P ZA vebs
o), ule QR 9 =ujol oA 9xule] WF A7 do] Hol= AR giAM 37 tixHe] zhzt
2.3058, 2.3278E 7} 2okl A Al BAWA] 5.46532.8 7 A e

Propensity score matching *J§ o4 margin®] W3}ol| whe A= FAFSHA VebstTt.

)

E

¢

2x2 BemoA =17} 0.59] 7172 S 10%2] 22 2 2 UiA & Azpu| oA 2 el A
2 Zol7t ittt A5 wlgo] 30% Y o, 34 il o] thE Wil vlsl thazte] He ) g
319131 propensity score matching WHH O A margino] F71sE A&7} Aastes &S 2T
2x2 FEFAAN =u7}F 00l 7HE A 10%9] A5 84 2 | & AFA= 3E ALk
propensity score matching e AET7} t}E ol vl F4ASIATE o}wt propensity score

matching ¥WHolA marging 0.012 TS wE= 37 A} FASE AL 4 Q)
Hgo] 30% ¢ Wl ZE APl 25E 10% 24w A3 vjs) ofa BAEs 29E E‘ii_’
propensity score matching 2] margin®] WH3}o] W2 HET zo]= I A] Loyrt.

E =70 A" dFs AA A5 IRE et 7] wigel o9} 22 B
AZF A 4 Aot wEkA oS g2 X}EE g2tz e] Bo] AFE EAY 54 2 g o
A A sE B&E 9} baseline characteristice &-23lo] 71 AFE & Q7 vt 2837 dAAF
o] A H-E o] o]FojA 7] wiEell RHESA AR TF AEs o)A, o8 13 vHESA o2 AR
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