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Imputation method for missing data based on measure

of property
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Abstract

How to handle missing data is a main issue in clinical trials. We impute missing data based on missing
data that follows a mechanism according to the intention-to-treat rule. However, using the right imputation
method for missing data is very important because this supposition is unclear. We suggest a new imputation
method for missing data using agreement and maintenance introduced by Kang and Kim (1997). We give an
example and adapt a Monte Carlo simulation to compare the performance between the established method
and the suggested method.
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A A Aefoluy A, o87]7], MER Aley 59 AT R8-S 5987 flste] Al
3= AE oz A, ZA o kR FAI23] 9¥3] (International Conference on Harmonization; ICH)+&=
2ol th3l Guideline ICH B9ol AlQksto] 2R3 el spoll AAAFo] ol 2ol A =S 3
Jo AW GAAPY BHG AENEL AT 94 AR, o
bR 2 oate] et A =5l 2w F @A § v 89
b abggickn el A ok (Kang, 2013).
o A _7,4——5.-/;4, © 2 Intention-To-Treat (ITT) W& ]—%— 33 Qo A=X
9ok ASA7E sk ITTH A o
'l% thAsHAl Aot AR 2 79 E‘r%“*:% 7] =
shiteltt (Kang, 2013). webA] ¢ ‘ AlgoA AEXE thEE P2
- Fast, AE5X WAl ot FA el thAslr] fske] A A (list-wise deletion), Fh
A3 (unconditional mean; UM), St t]A](hot-deck imputation by simple random sampling with
replacement) 5-°] AR 11 T}
$4 ARAAEE e BAz YA ARA o APH Yt n AHoR shieky 2
o] HAZ Alo]~E FAFNA ALJsta Ak W oRA, A EASY uf BEFAHXY ¥
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Table 2.1. Structure of reapted measure data

Time
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98 A4 T 5 9om, Age] Foldte] B2 W gl FL u) AEH AL} HAW AYHOR
FAQN A5 5ol Ao, e AR £4L o] @ 4 ATt (Kim, 2000). FFUARL 2
2A5¢ BEY AR FFROE WS /M ORA, AHgol ALt (Jost Kim, 2015), BE45
£ RAGORA AREE F7MI71E FAE 21 Uk AT gl WEAHOE AN B A
ol BEL AT Bt HE BAZ ek (Josk Kim, 2015). £ 3} oiAls BEH 3 229 2
A &3] AEAE DA WHORA (Kang, 2013), °) 8 e FohANe] 2] 22 0%
7 ez 2028 737] ogrhe £AGel gtk (Lee 5, 2012).

712 A& Aol 2 Al AL F83] sk e EARS Byt 5
A A5oA A 2 4 E4L UERE 2R AEA A (Kangd Kim, 1997)9] &
o MEE o] &% A3X HAMS Attt A=+ 3 JHA WollA] o] FH BEA
T8 Yulsty, A =& g 7HA oA ol #FX| 7t

o7 AR =L oudl= €A A4=(index of agreement) S &
stlom, Al W o] 33 ZE5 TR dethe ASA A5 SARS Bast] f8 AlA
AT &, 3 7HA oA o] 8E BZR] F A Fo] 5 wet d&FHes
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Table 2.2. Divided data

Time
N
1 2 m x;
11 12 Tim T1
x21 €22 T XT2m €2
n Tnl Tn2 te Tnm Tn
Mean CT c§ cx,
2o =
1 lf Yij > C’.-: .
zy=< YT (i=1,2,...,n) (2.2)
0, if Yij < Cj,

Z Agostiet. ol A A #5A T 19 Fhe e FEA £d v '

zi=Y my, (i=1,2...,n, j=12,...,m) (2.3)
j=1
g} 3td, 09 s 2e AEXY 5 m— a7 Eoh

2e 4Eg AR @ u, Az RE @ 03} 19 A4} NxTS

oo 09 A5 (27 28 AT LA

Uq mz(m xz)./] %kl ﬁtﬁﬂ At A4 iR AL B DX A 4(d; : index of disagreement) 2} ¥
z

X A14*(a; : index of agreement)E Z+Z}
2 .
d; = ﬁ‘ti(m_mi)y (i=1,2,...,n), (2.4)
ai=1—d;;, (i=1,2,...,n) (2.5)

s o] AAh ol zi(m — x:)9] HAhgel m?/40|BE dit 03} 054019 %S AAAm, BEA
©% ae me Zol ARGl YAET} F24F 0.50] AR, YA FL45 10] 7te @
2 7k,

2.2. X Al

iR AWAZE AR whet 22 e ASHCE e AEE AR & o) SARS d5Hor de
AEE Uehle AATT 19 AR 5500 whe fAR] HEE &7] Al 7HsE jE w8 A4 A

4=(m; : index of maintenance)+=
m—1
> I(ijg1, xij) - j 1, if a=b=1,
j=1

m; =

(t=1,2,...,n), I(a,b) =< -1, if a=b=0, (2.6)

m .
0, if b

s o] BTt o) mit Aol EFO whet 09 G ALH O Bo| AASF 1o 7Y A
H, 19 gg 9%A O ol M 19 ke ke ZeTh
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Table 2.3. Measure of osmotic pressure

N Time
1 2 3 4

1 183.0 249.0 345.5 449.5

2 160.5 244.5 348.5 424.5

3 149.5 254.5 353.0 c

4 a 243.0 339.5 462.5

5 208.0 248.5 350.0 448.0

6 182.5 245.5 350.5 443.5

7 184.0 250.0 b 446.0

8 192.0 251.5 342.5 452.0

9 181.5 251.5 344.0 479.0

10 174.5 254.0 345.0 d

11 213.5 235.5 341.0 454.0
2.3. EMA&
A=t FA=ZE AA 2 Y 54e Uehle A5 AeE AW gt (Kang?t Kim, 1997).
=z, 7 Ale) A BEe] BE §AEE Yt #4 A59 RS Yeple 92 257} 7

& <
MAY EAS AH3ta JJonZ F 245 #F3 EA X (measure of property; p;)+=

I(@ijr1, i) -]

m b
2
9} 2ol Aejsit). olu] ZF ALY A=t E45 SR Foigke] 1o 717 AW, AJF o] ZFo|

et 19 grol A% o Pol Ue4E Fol 2, 09 gol AL o Po] Ue5E 29 S 7
Ak,

(i=1,2,...,n) (2.7)
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o83 AFA A2 thy dAE weth

Step 1: Z250] AlA 3ujtoll A WA F¢ s AHS A53ES] B ©
A& o]8sto] thAlgtt.
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Step 3: (t — 1) ARoIAS] RS SHEE o) gstol 22 AL 7V he SHEE 2 A
o) BT olg3te] AXAT BA

Step 4: ¢ A1 olF 2o WAR A AE ARE Tkl B 29} 32 Bt A2AE oA
Bk W AZe) WA AR SHER A A SHEE 2 AN 27 014 73
2 3P AN BEAY FFL olgste] A,



Imputation method for missing data based on measure of property

Table 2.4. Value of index and measure of property, before time 3

467

Time
N ] 2 a; m; Di
1 1 1 1 1 1
2 0 0 1 -1 -1
3 0 1 0.5 0 0
4 1 0 0.5 0 0
5 1 1 1 1 1
6 0 0 1 -1 -1
7 1 1 1 1 1
8 1 1 1 1 1
9 0 1 0.5 0 0
10 0 1 0.5 0 0
11 1 0 0.5 0 0
Table 2.5. Value of index and measure of property, before time 4
N Time a; m; Di
1 2 3
1 1 1 0 0.55 0.3 0.165
2 0 0 1 0.55 —0.3 —0.165
3 0 1 1 0.55 0.6 0.33
4 1 0 0 0.55 —0.6 —0.33
5 1 1 1 1 1 1
6 0 0 1 0.55 —-0.3 —0.165
7 1 1 1 1 1 1
8 1 1 0 0.55 0.3 0.165
9 0 1 0 0.55 0 0
10 0 1 0 0.55 0 0
11 1 0 0 0.55 —0.6 —0.33
2.5. HMIAI=ZE 0188t oAl
$47] o8, AZk] Aol WE 4RSS WskE 11We APAE Ao =49 A=
(Kang®} Kim, 1997) ¢4 A& AEXE WA £ At S 48313 2.3).

A WA WAz 252 adl A% AE 3

o]-gato] ZF A HES ci(= 182.9), ci(=
A A, EARE v 2ol
e 19 e Zty gom
A DAZ AR 4olA LY
T ¢ (= 182.9), ¢3 (= 247.9), ¢ (=
=& F3t} (Table 2.5).

247.9)2

A b(= yr3) =

345.9)2

EAT p3 0.33202 R AR} o35 WA AAY EAE 0.1659) 7FF A g
A o(= ys4) T (y1a + ysa)/2 = 450.750. 2 HAISHAL, SAE poot pro 022
B2 A2 d(yi04)E you = 479.00.2 YA S

vigel A BT A3
182.9) oA & 3t} -‘,:— WA DA 2 AA 304 BAE 2= b

31t} (Table 2.6).

Tl AR E o]
T3t} (Table 2.4). Al WA GAZ pro] 54
= (y13 + ys3 + ys3)/3 = 346.02.2
S ¢, dE tAIBH] A8l AR 374A] Y] AR E 085t 7
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Table 2.6. After all missing values are imputed

Time
N
1 2 3 4
1 183.0 249.0 345.5 449.5
2 160.5 244.5 348.5 424.5
3 149.5 254.5 353.0 c = 450.75
4 a= 1829 243.0 339.5 462.5
5 208.0 248.5 350.0 448.0
6 182.5 245.5 350.5 443.5
7 184.0 250.0 b =346.0 446.0
8 192.0 251.5 342.5 452.0
9 181.5 251.5 344.0 479.0
10 174.5 254.0 345.0 d=479.0
11 213.5 235.5 341.0 454.0
Table 3.1. Basic Statistics about original data
Data Mean + STD Min ~ Max p-value
A 20.42 + 10.35 7.55 ~ 39.25 0.0035
B 0.78 4+ 0.24 0.41 ~ 1.22 0.0347
C 25.85 + 22.66 2.55 ~ 71.00 0.0762
D 0.75 + 0.22 0.11 ~ 1.20 0.1376

a

3. QoA 9 Ay}

A et HHY Al sS 71E a A FaiAE, shd i<l vlastr] 9]8ke] Monte Carlo 2.9

qge AT

117he] 70 (n = 1)) Thel 78] WEER(m = 1) 8 ARE Bl 479 247 OE p @S 2 Hold

Ag dojZ FEaTt olufl HlolE e 7| ZFAHT p-3h-2 Table 3.13} 2t}

479 A== p-gro] 72k 0.0035, 0.0347, 0.0762, 0.1376.°.2 a7} 0.052 w] 712} 2 e oj B u)w

g+ J=E 35Tt A% B D+ Hdd AT 242 0.78, 0.24, 0.75, 0.222 Fro| Zow, X}

B A9} CE F73 EEAXV) 242 20.42, 10.35, 25.85, 22.66 2.2 2 3+ 7HATH

HAJAYEE 7HA st 5%, 10%S] 2SS 242 A8 A7 T FFAE, 3Hd oAl Altdske W

2 252 AT =8 18 F A5 AL tEHOE ARS-3= Markov Chain Monte

Carlo W2 71402 o]235+9tt. Markov Chain Monte Carlo HE AHAMRZ o] <1 3)3517]

Ao F23 2 vhEE ANE WE F AR/ AT ATREE MECGE ARl ol 2
Foto] I A s e UHE F A s T2 RE 79 FAHXE

o]&ste] ASXE HASE= HHoltt (Lee, 2008). 25 thAlst A5 E ©]-8319] repeated

ANOVA HAE AASH= 34& 1,0008] ¥H-&313 T

GAHE ML) A2 A4 AAEe) AR AT 717 olRol W hAlE Aze) AR AN} o

252} -2 H]&(rate of rejected or accepted; RRA), tHAIE A5 2] p-gd YAE Q] p-3k 7F Abo]

9] AlF3H(sum of square of p-value’s difference; SSP)& T3} Zo] Aot on, P80z At

3} Al HF 2 A (normalized root mean squared error; NRMSE)-S o] &3}tk Z=X A9

A4S &7 f8) dASHA 2 ASARY AR ARE FUkele] BoAE AAE 2+ Tables 3.2-
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Table 3.2. Rate of rejected or accepted (RRA, a = 0.05)

Data Missing Mean® Hotdeck? MCMC*e Subject® Missing®
A 5% 1.000 0.991 0.898 0.998 0.777
10% 1.000 0.912 0.743 0.988 0.471
B 5% 0.897 0.620 0.703 0.813 0.539
10% 0.872 0.427 0.541 0.819 0.284
c 5% 0.699 0.835 0.747 0.733 0.740
10% 0.476 0.778 0.678 0.515 0.743
D 5% 0.931 0.965 0.903 0.881 0.829
10% 0.805 0.952 0.812 0.736 0.856

a: unconditional mean, b: Hot-Deck, ¢: Markov Chain Monte Carlo, d: suggest method, e: missing data.

3.42 stk

(A28 7 7149 ) thAld A5 7E 71438 Sl (i o] FeE 23]

= 3.1
RRA 1000 ; (3.1)
1000
SSP =" (px —p)°, (3.2)
k=1
n m 2 2
NRMSE = Z m” (wy — zy)” (3.3)
xmaz T Tmi i=1 j=1

A7, pre SRR AR p-3k, pe AAEY p-F, vgE AAR, o' SR, M A5A £,
Tmax e FAA F AN, onine FEX T HEFolth RRAE 1 3] 245 82 23 24E =
2% FE°] =52 9rlstr, SSP+ 1 gol ASE tiAld As59 ARRY FAFC) vsEE o
v)gity. S NRMSE+ 1 gte] 2255 958 dAd A5 ghe] visd= ovjsith

Table 3.2& A Akzo] w2 RRAS yehd Zolth. ¢4 A2 AdA 5%2=Y wl Markov
Chain Monte Carlo7} 0.898% 7Pg 22 7218 71z o, 3td A= 09128 1 HE o)} =3t
Ak #H o] 0.998, FE Aol 1.00022 AR 43 AdsS BoH, 53] HFHAH
o] - 438t A5E Btk 10%25Y wf =3 22 A9E 4& 5 Atk A8 BoA 5% 25
A wj std thA| 2} Markov Chain Monte Carlo”} Z+ZF 0.620, 0.703 2.2 Z}% s 7HxeH, Zﬂ o3k
= I FRoA g o] 22 0.813, 0.897& 2 k2 AT &, o] A% m3 AF AT} 7P 48
5 BRI, p-ghe] 0.0035¢1 Aok 2] gty A7} 7}3} e Ass W 10%7§é%1

B e 23E 2 5 Ak

A5 ColA 5% A5 uf FFA | Albehes o] 742} 0.699, 0.733 22 w9 22 e 7hxTh
L3l Markov Chain Monte Carlo: 0.747& 7FH 22 A oAz} & x}ol7} Qo] 2L 22 7HA Y. 3t
2%k gtd A 7F 0.8352 M 5% Al e2 HA 2 A p-gho] 0.05ETh 22 799} gho] Aol
st A9 Btk 10% 259 uf =3 22 AHE 4S5 & Atk A= DA 5% 25 Y of Al<tbst
= " o] 0.8812 7H 2 32 71 2, Markov Chain Monte Carlo7} 0.9032.2 1 H & o]glt}.
Tt *’é‘ A g A7 242 0.931, 0.9652 AREACE BE thAye] e 45 ot
10% 25 Y o 3td A7} 0.9528 7P & 3 7HRlem, Zﬂ"iﬁh We] 0.736 22 7MY 22 3he
7MA 5% A= wje} & A3=E 7 A9, Markov Chain Monte Carlo2} o thA s o] Z+2+ 0.812,
0.805% T}E A= B Yt}

Table 3.3& thAllel Aol We SSPE e Eolth $41 AR AdH 5% A% o) BaohA

b oox e
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Table 3.3. Sum of square of p-value’s difference (SSP)

Data Missing Mean® Hotdeck? MCMC*® Subject? Missing®
A 5% 0.0030 0.1347 8.5929 0.0314 7.6975
10% 0.0060 1.4048 24.2627 0.5889 56.8484

B 5% 0.2401 2.6608 7.8780 1.0075 22.0930
10% 0.4628 11.3326 15.4880 1.5115 78.7400

C 5% 0.9926 4.4582 28.1816 4.7000 51.5374
10% 1.9639 12.5369 47.9938 4.9482 133.2092

D 5% 2.2311 9.4418 14.6309 4.5542 39.5102
10% 5.0762 25.3667 24.7022 8.4723 92.7700

a: unconditional mean, b: Hot-Deck, ¢: Markov Chain Monte Carlo, d: suggest method, e: missing data.

Table 3.4. Normalized root mean squared error (NRMSE)

Data Missing Mean® Hotdeck? MCMCe Subject?
A 5% 3.60 3.97 1.25 2.14
10% 1.14 1.02 0.50 0.78
B 5% 5.19 1.58 4.57 0.01
10% 2.95 0.68 0.53 0.93
C 5% 10.56 4.35 1.36 2.44
10% 1.47 1.08 0.47 1.01
D 5% 6.88 1.41 1.15 3.12
10% 1.90 0.66 0.54 0.75

a: unconditional mean, b: Hot-Deck, ¢: Markov Chain Monte Carlo, d: suggest method.

0] 0.00322 7 & 7S R Th T3 Aloels W, ke oiR) 7} Zh2 0.0314, 0.13472 22 gk
2 7FAtk SFA9F Markov Chain Monte Carlo— 8.5929=% wj$ 2 7k MR Th é, Markov Chain
Monte Carlo7} 7} VHE A5 o, FghAgo] 7 43 A s S e & &
Atk 10% A& w] =3 22 Z:iﬂra AL 5 gtk 2= BollA F@thAIE el 0.2401§ 7Hg &
2 7S 7HR o, Alorst= Wby =S 1.0075E 2R 2+ 7R sEA R gkel oA 9F Markov Chain
Monte Carlo7} Z+7} 2.6608, 7.8780 2.8 2t2 Ad] vl 3+ tix|e] gho] 343 AXES & 4 Yt}
10% 2= uf =3 22 2345 48 J9ith

Zt5 CollM BFhAIE ol 0992602 7P 2Zh2 7S 7hxlon, AlQtehs Who] 4.700002 1 FHE
oldtt. E=3t sk tjA| 2} Markov Chain Monte Carlo7} Z}2} 4.4582, 28.1816 2.2 A& A, B9} 22
FAHS HYrh 10% 229 of BFWAH ] 1.96392 7P Z9kow, Markov Chain Monte Carlo7}
4799382 7P 2 s 7HA 5% ESH 22 ZAA4E HAAT, Adshke WHI shd ofA vy 2
4.9482, 12.5369% T2 ZAFE HYrt. A8 DA 5%22Y u FFhAYo] 2.231102 7 =
L 7r2 JtH o, Alekeh= W o) 4.55428 1 HE otk =3 e th A2} Markov Chain Monte
Carlo7} 742} 9.4418, 14.63092 m¢ = Z+e 7HAth 10% 22 Y uf FFA o] 5.07622 7 2
2 @S 7HRe, Adshe WHo] 8472302 1 FHE olof, 5%ASY wiet 22 AFE HAAT,
Markov Chain Monte Carlo®} 3t thA| 7} Z+2; 24.7022, 25.36672 t}2 AFS Bt

Table 3.4+ A ] 2FF o W2 NRMSEES Vel H, $4 A48 AoA 5% 232 vl Markov Chain
Monte Carlo7} 1.252 7P 22 & 7HRem, Aldshe= HHo] 2,142 1 FE olon 22 7S
ARk FuAHT std giAle 47 3.60, 3.97=2 47t 2 S 7HEY 10% 2549 Wl Markov
Chain Monte Carlo7} 0.502.2 7} &2 kS 7R o v, A oksl= vbHo] 0.78%2 1 HE olo] 5% 2
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9 uet 2 A5 EAAT, g tiAe} FaiAY el 242 1.02, 1142 o2 Z23E HAth &,
Markov Chain Monte Carlo7} Q289 74 A 382 7Rt A8 BoA] 5% 2= o] A ¢tst
= WHol 0.01% wi-¢ 22 S 7HHlon, 3 A7t 1682 22 3 713tk AR Adks 2
Markov Chain Monte Carlo”} 4.572 2 Zt2 7H3on, FFhAHel 5.198 7F 2 =2 7HR T
10% 229 uj Markov Chain Monte Carlo7} 0.5322 7b3 22 7S 7hpon, 3t thae} Aot
3= ol 242 0.68, 09322 HE old 5% ZAS5Y ue) ml¢ thE 23S HAA T FFAE-
2952 7P 2 3 7HA 22 AFE Bk &, BadiAlg el 98} 7P Aol gk 7HRTh
A5 ColA 5% Z2=Y uwf Markov Chain Monte Carlo7} 1.362.2 7Pg ZH& 7+S 7R o, Aot
3= vy sk A7) 242 244, 4.352 1 HE o)tk FFUAHE 1056202 YA} v
£ Aot I MR 10%ZES5E of =3 22 AAE I& = Adth A= DA 5% EESE o
Markov Chain Monte Carlo2} 3+e] thA| 7} 242} 1.15, 1.41 2 wj¢ 22 2k 7t ow, A oksl= 2
0] 3.128 I HE o|grt FFWAHL 6.888 2 S 7R 10% 22 Y of =3 2 A9E &
T ATt

| Qs HPs AS5AE hAlshe ol wet 4237 v 5 71wl thAlg

= ostar, olg Fdto] 25X S thA

St A2 S Aldsklnh. =3 2old3de B9 25 A& AT & RRA, SSP, NRMSEE
= J

RTA
2 A5 olA 5% A5 Y uf B ohA 2 thE th A ol ¥]3] NRMSEZ}
AA T BA 2 RRASH SSP7} mj$ £2 AFE 1A o= RoAdor £ AAAANE HAA
Tk ARES} Aoldt ghe FAToZA HAY Eq“j)r e A3s 249 £ Aok 3y ALl
Markov Chain Monte Carlow= Attjz2 o2 RRAZ} ZFgkon, SSP7F 2 2 7HAch £3] akd tiA)
+ SSPS} NRMSE] H]8) RRAZ 703 vhibA p-gb2 27h71% 4 2} 2 qlalch o
L ol AIB ol A] SkE 7} 9l Al ko] tha] AR AFE 23S 4 gl Aokst HPHS RRA, SSP 1

_’ﬂl

gko

232 NRMSE BF $23] Alojgdoza £33 gidse 29t £33 10% 25 u] d9A) 28 4
IE deorA ZBHLE p-ghol 0.0SE\:} A2 A7 Ak ol #3 A s& 7

p-3ko] 0.05K T} & 250X 5% A= uf] HF WA HT} Markov Chain Monte Carlo+= p-Zte] 0.055
e w22 BEe Hilon], 53] p-gho] 0.05HTH 22 Akgl Hls] FahAIMe] RRAS]
grol wie ZolAle BG5S HArh = 3HH thAle= RRAZE w9 $okARE o Wk SSPet
NRMSEZ} E&3] AlojSA] ot p-ghe S7HAI7IE A%l Tl Zﬂo]'a H]'Hq% FaehAl e
TREZRA 2 RRAZE vk S & 5= IStk =3E SSPO gho] FathAl vitet e Hol o
< 235 Hth kA% NRMSEZF Hof 3.122 k& thAlHel vls| S&3] Z1]°19~i"1 HA 2l
EAE TR0 Bkt dSS Btk 10%25Y w 3d A€} Markov Chain Monte Carlos=
SSP7} wi-¢- =n], RE A RRAZE o] 9] the zkgol vlsl Wkt 53] Bty Al st
el RRAZE v sEoket.
deAoz Aldsks Wl p-gtol 0.05HT Fg o 7P F2 RES How, ol d/FAIRE
A ol WAeH=s S =22 (dropout missing) 9] HA$ANME §8 2oz AZEch 3k NRMSES
&l ohe tiARCl Bls AL SA4e e AAA =

AR
SSPE F&3] AlofstA] ol ol EES H3lth o= 7 AlHe Had e

:L
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