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Discriminant Modeling for Pattern Identification Using the
Korean Standard PI for Stroke-lIl

Byoung Kab Kang, Mi Mi Ko, Ju Ah Lee, Tae Yong Park, Yong Gyu Park'«

Brain Disease Research Center, Korea Institute of Oriental Medicine.
1 : Department of Biostatistics, The Catholic University of Korea, Graduate School.

In this paper, when a physician make a diagnosis of the pattern identification (PI) in Korean stroke patients, the
development methods of the Pl classification function is considered by diagnostic questionnaire of the PI for stroke
patients. Clinical data collected from 1,502 stroke patients who was identically diagnosed for the Pl subtypes
diagnosed by two physicians with more than 3 years experiences in 13 oriental medical hospitals. In order to develop
the classification function into Pl using Korean Stroke Syndrome Differentiation Standard was consist of the 44 items
(Fire heat(19), Qi deficiency(11), Yin deficiency(7), Dampness-phlegm(7)). Using the 44 items, we took diagnostic and
prediction accuracy rate through of discriminant model. The overall diagnostic and prediction accuracy rate of the PI
subtypes for discriminant model was 74.37%, 70.88% respectively.

Key words : Stroke, discriminant model, pattern identification(Pl), diagnostic accuracy, prediction accuracy
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%] ) 53 e 57 S EE, 57, 918, 719, Table 1. The Korean Standard pattern identification for Stroke-lIl
£33 WEE AR AL F NS vFoR wEol7l Zd7] I35 aEs &35 L
~ 1. (@A) ZSlo] 1. (@A) Z0| 1 (HA)HZH0| 1. (HAH)AZ0|
£ X|(case report form, CRF)E A}-&-3}e] 20061d 11€ 5 2010 ApusiCh =eig oL 3|X|oF ol £ ol
N - 2] = 21 = - 2. &xp7t 7|20 Wt 71 24 ZC 2271 |/ 2. Hz|7} duis
929714 Aot 3 - QA A 57) - SoPLgmel T ZEH FRLES 2 e
EEE e = Bt Sk Y Z s Y =AUk 3. Al m2stn t|&stct 3. A|FHo| 3. 30| g0
A, St S, SAMI, Tt Jl20| gitt 3 BA9 o7 A%l LjEA M2 2#S
A, Foddn S, Al EE 4. 2A271 80| FJ} ACH 4. 40 Zo @S Aofsic),
. _ o . olm Lspy 4. %0 salct 4. 7150
4, AUt g3t Y, A bl Y, A3dstn é&dgw mﬁmgéﬁ 5gmn%q_gga£qgm
P X AR Boo| A =25 oAk = 5 5 &S & MXoH M2|7t ofX[@Ct 6. (MANZEHA = =Zo| Ut
ik - AFEH Y 137) HYdA =3 E YAARE o] &5A x= o) o/ 5, (MANHIHA 7. (A7) =Ef 5. Tietsla 2ol
o FAE AR 225570 F A AEl 3d oA FFA Aot 6. (MZI)2HEY LM =EREZ (2
i ) ) 6 4EHd 7 (W)Y EEE
w7t 2910] #Ate] S T YA R MTE HASA, 7. (M7l 6. ZZ0| LIA
AE7L 201e) WF Awo] AXshE 47} WE(NH, &8, S, 8 &= B8 e
3)o] et 1,5027) BEHZ AFLEAT AT hAe] S 9. (RI)Ra{oy 2290|712
o _ AR 10, (247) 424 e a2)7t
A 5 Fo JAAEE SR, B A7 dxdoEd 11, (2 Z)x| saict,
T4 7198 4191 9191 3] (1:0910/02-004-02) ¥ 7 el ojgt v 7
o YgAT AN £ sl AP dos N8| gaizo Sdol o FEMg
BHO SHE9 SHEXRL 0|2 10. =54
XEZ oI5t &{d A9 1. +EMd
ddNezE e X[EO|CL 12, AHAO| TE
2 ARNZE 2 AYNZE i - A
AR @ =0 = ury Q) o] 3 Al A S 7|5159 X|Ze} AN oz 13. 7%
49 ASIEE T W8 VI ol @42 189 Wi el gelze A0l 14 (M) g
A A% 747 Brain CT. ®+ MRLE] Wil 39)7F Ixehe Zzoz NE ool 15 (LF) e
I e . _ EECIEINE  seimn 16 (MF) MA
FTEAE oz HAIEHATE Brain CT. =+ MRI 4 H &2 78" 78|13 X|EI} 5
W 297k VERA) ehtiebs QS ERE AS(F ki, &= i P e
Py S)de AETtE F9E T FFold ddHH QEkF 0|, 19, () Aroy
g A= AT T3 2 ATe AEA ZAPTAS A
S3mg P3AQ gALBel b BAE e stk Ze ¥}
o, o g Q1% FFHA, FFARJA AEZAL o]Fo] A £
g @A AP ALdstdn L BAAEsh 7R e v
A=t 137] I ol 2006'd 9L HE 20109 297HA)
3. A2 W3 AE QAR ANA 9 FFTHAEIE 2919 HE ko] X3}
zx wzo AWy 98 FASE A= 72 A o) A T F 1,502/ dAAEE ) HFoE Fslslo] 80:20 HIEE
S45 4Fe Aol wel e 120, 290, ohitky  BAE AR WE ARE G WY BEE $230)
2 s 718F, $89F5, 29%, 3EF5 vl HES v 36.09%Z 71 =11, 349%, 718%, §9% £22 YEve A
MEE 3w, §9Y FIUS EFE ML TASE wlels: T & T AtHTable 2.
1, §%: 7, $3: 7, 89: 19) A% Egds=z agg?
(Table 1) Table 2. Distribution of modeling and test data
Q ) — —
deficiency Dampness—phlegm Yin deficiency Fire-heat Total
4 EA BA Modeling data 251(20.86)  434(36.08) 166(1380)  352(29.26) 1,203
. s 5= Test data  62(20.74) 108(36.12) 41(1371)  88(20.43) 299
Z 1,5027) JdAABE 4 HEo 2 Z3}5le] §80:20 HISE
© W hHs 5 3tehel & Total 313(20.84)  542(36.09) 207(13.78)  440(29.29) 1502
AL A5} A58 A8E Yrih £48 A8 1,203 o
AAEE HEARAS T3 FF HE AR AEs A 2. 2Z8ale] W= ourx EX
ARSI en, 238 A8 20070 dAARE WS A $EL FFRAY Qi SHe BHAR 120048 FHO2 ¥
ol Hrtel ALESl LEFES FAHIAT LEFE FAHL Asteeh. AA BAe B ol 662 UERET, S5Z0)
H2XE HolHE o] &3l= WHE A&ttt AdygdEL & ok 70N 2 7HA Bgton, 782, 292 9= £02 o7}
H2Re WA B (crossvalidation) 44 A THA N go ne o & ggin gue) RxE AN B A (6247,
2 2L A5oAM 2 wisd AR £7E A el 51.87%)% o4 9] vl && w&slgoh WEE Yy Ry 3k
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& 342701, 76.70%)°] oAddl H] s
(86%8, 34.26%), =315 (73", 43.98%),

o2 ool Al wisl i?ﬂ Uetus A
A #Ae] A AR (Body Mass Index: BMI)
T3, 9524713 LT (24.26)0] 3 F(2
279)8d  Addez =A  Jewoh *
Infarction: CI)& ZA #ate] 73.98%H o™, 5H5(80.18%)°]
744 wokon, S8=(6747%)0] 7HE BA UEhth AN 3
2} % TOAST(Trial of Org 10172 in Acute Stroke Treatment)
E+= SVOZ} 537 (4. 64%)2§ 7}74 Bow, LAA, CE, SUE,
SOE 2.2 UrE}‘/lE]—(Hi 2] 307
o

[e}

, 44.93%)
T AT
23972 e}
9t 718E
74 M (Cerebral

rzi r-1> o o)y

2.
)

2=t}
H

ysl
H
i

ol 1809 (51.14%) 2.2 7+ A A &
A & H 667“%5544%)7} 3+
i, grdsol 1474

2 7% 4 L}awaable 5

Table 3. General characteristic of each pattern identification for
stroke patients

Total defigi)elncy Dagﬂlperzlerﬁs defizilgncy Fire-heat
Total number 1,203 251 434 166 352
( nf\é’;ni(ys”m 66.60+11.44 674041142 66.56+11.15 60.94+11.66 66.02+11.84
Gender, male 624(51.87) 86(3426) 1954493 73(4398)  270(76.70)
PG 2397:3.10 2279:305 2471305 2299290 2426201
lﬁgfcﬁ’lroar'] 89073.98) 177(7052) 348(80.18) 112(67.47) 253(71.88)
TOAST*
LAA  230(19.12) 36(1434) 80(1843) 32(1928)  82(2330)
CE 61607 135.18) 18415 10602  20(569)
SVO 53744640 1144542 229(5276) 62(37.35)  132(37.50)
SOE 17041 50199 6138  3(18) 3085
SUE 45374 9350 15346  5301)  16(455)
Family history
Stroke  307(2552)  60(2390) 118(27.19) 33(19.88)  96(27.27)
Hypertension 234(19.45)  37(1474)  91(2097)  32(19.28)  74(21.02)
Hyperlipidemia  10(0.83) 2(0.80) 3(0.69) 2(1.20) 3(0.85)
Dbelc 1251030 166637)  48(11.06)  21(1265)  40(1130
Heart disease  39(3.24) 4(1.59) 16(3.69) 7(4.22) 12(3.41)
Smoking  750062.34) 173(6892) 294(67.74) 1036205 180(51.14)
Drinking  667(55.44) 151(60.16) 276(6350) 93(56.02)  147(41.76)

«TOAST classification includes LAA (large artery atherosclerosis), CE (cardiogenic
embolism), SVO (small vessel occlusion), SOE (stroke of other determined etiology), and
SUE (stroke of undetermined etiology).

3. A=y FI3WF AT IS o] &3 B M

28 1A (discriminant analysis)o] & F@z7ke] 2olE 4
sted AHEEE o e AZ dEE e EHSE)
S-SR ALde FoE s JIEH(FEF WH)E A
I YE UHEAEE g R JUte] £ A #g 3
A 7 MAE B Jdd ERsted e A 2RVE
of A B IEwsd e FxE4, 2al ol wE FFT

W3 #EE 5AH NS FEHeR 2gsta o
HEIE #=A HHE X' g L)
b X"~ <constant>4 3o o3 Jeg LRI AF
o 25 b X' %S 248 Bk 1gEE 2o REE 2
£ A9 $2e oY UEe 2E B 1 A% 24
o] Ut #xe) Mws) gk AL ofwd. 2t WEelA A
Ho BEAGT FRH AL FAo] AT Ao Y WE
< Adsted T8 AR F4o] vEd A9 WErt &
e AL Ausa, 5O AL AP WEoR 198 54
o] Hofx7] g Fde] e ALY RErt AL ARZ 3
et & =fdAe AT Fe)el AL T HE @
2 1 ARY S e 349 W7 & RS YER
I, BAAFT S5O AL B WET} e AL e
4. ARATERE WF A0S W WFe] FAE B4
1,203 ] do]Elol| thal 447) FE& o] &3} 47) HZFol e
HEAFE =E3H%THTable 4)
Table 4. Linear discriminant function for pattern identification.
) Qi Dampness Yin o
Variable deficiency -phlegm deficiency Fire-heat
Constant -41.27 -41.57 -40.93 -41.67
eddened comnNEEXOL 9 27 3 s
surging pulse(2Zl-=04) 6.39 6.74 6.18 7.96
strong pulse(24Zl-52{0H) 0.98 0.89 0.68 1.22
yellow fur(&dXI-&Hef) 1.43 1.81 1.06 1.72
headache like flush(t{2|7} YLt=
2 20| of=ch -2.30 -2.27 -2.22 -2.04
heat vexation and aversion to
heat(E0f HZ0| LIHM H2 0.77 0.54 0.75 1.65
Ag #ofsich
red tongue(MZI-MEE) 0.80 0.92 1.21 1.52
heat vexati the chest(7}&
ol oo e el 230 241 237 226
rapid pulse(2HEI-AtOH) -0.91 -0.44 -0.50 -0.42
vexation and insomnia(Et gt
of0]LIN ARIZ|7F BISCH 1.45 1.34 1.60 1.53
blood-shot eyes(Z&) 0.49 0.66 0.83 1.48
aphtha or tongue sore(72Ad A1 &} 2.76 2.42 2.49 2.96
vexing heat in the
extremities(+= ) .74 1.95 161 1.82
turbid urine(2:2A40| ZIstCh 0.83 0.66 0.99 0.51
thirst(ZE0| LM =5 B0l
ot = 1.67 1.90 1.58 1.61
wheezing in throat with
sputum(&tAte] S0l 7tef 5.02 551 5.12 5.26
Be 227 SO
fetid mouth odor(%%) 0.68 1.25 0.47 1.19
thick fur(&ZI-FEl) -1.58 -1.26 -1.51 -1.19
heat in the palms and
soles(EA|24) 0.46 0.37 1.04 0.69
pale face and red
zygomatic-site(@=20| S|x|2t 1.62 2.00 391 2.07
o F2{7F FHCOH
bare and red tongue like _ B _
mirror(Ad K-t A1) 0.11 0.30 0.63 0.29
tidal fever(Exg) 482 473 5.00 439
dry mouth(g/0] Of2c}) 1.00 0.86 1.32 1.09
night sweating(=3 =0 =2
ato| saich) 2.98 2.62 3.08 2.77
dry fur(&Zl-Z=El) -0.27 -0.51 0.61 0.06
thin(*| & 0| AZ=stCh) 0.49 0.24 0.77 0.30
fine pulse(24ZI-A|2H) 6.91 5.25 7.07 5.28
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H 3|
pale comperon =01 374 293 285 264
weak pulse(2HZI-52210H) 1.23 0.64 0.65 0.68
look powerless & lazy(EHAt7}
Jl20] gio] Holc 4.38 360 3.49 350
pale tongue(&dZI-EheH) 0.25 0.29 0.12 0.06
reluctance to speak(Z22|7} &0 _ _ _
P e 099 1.66 137 145
slow pulse(24XI-X|2H) -0.24 0.13 -0.21 -0.22
feel powerless & lazy(&] Al _ _ _
e ol ieh 017 028 010 06
reversal cold of the
extremities(T=52'd) 268 247 239 251
drowsiness like to lie(&t2 Z
el L 202 188 207 170
teeth-marked tongue(X|Z0| AUCH  0.82 0.29 0.33 0.26
sallow complexion(Z=0| F& |
e s 197 328 245 219
darkish lexion(ot F2{7t
A ey 5.64 6.09 564 512
enlarged tongue(Ad ZI-HHCiAd) 0.35 0.28 0.20 0.10
slippery pulse(2HXI-£toH) 6.45 8.67 6.56 7.02
heavy(*|&0| b|&3}CH -0.36 0.29 -0.37 -0.28
dizziness with nausea(Z0|
o SmA ol oixecy 12 167 126 140
white fur(A1ZI-8HEY) 1.95 2.31 1.36 1.83

Table 5. Classification of pattern identification using discriminant
function

pattern identification by discriminant function

Qi Dampness Yin Fire-h Total
deficiency -phlegm deficiency eat
Qi 177 38 20 16 051
deficiency  70.52 15.14 7.97 6.37
Dampnes 30 355 6 43 434
Acourac S-Phlegm 691 8180 138 991
y rate Yin 25 17 95 29 166
N(%) deficiency  15.06 10.24 57.23 17.47
_ 14 50 21 267
Fireheal 395 1420 597 7585 °%
Total 246 460 142 355 1203
Eror rates 02048 0.0 o4z77 02t O8O
pattern 0.758 0.743
identificatio Accuracy rates 0.7052 0.8180 0.5723 5 1
n by Qi 45 9 7 | &
gﬂ”gﬂ deficiency 7258 1452 129 161
P Dampnes 4 90 5 9 108
Predictio S-Phlegm 370 8333 463 833
n rate Yin 10 8 17 6 41
N(%) deficiency  24.39 19.51 4146 1463
) 4 14 10 60
Fre-heal 45 1591 1136 818 o0
Total 63 121 39 76 299
Eor rates 02742 04667 0sgss 0518 029
Accuracy rates 07258 08333 04tap 0001 0708
4. ERFP g 74
gaE Nz dojxe WIAYE ERIAE U 2o
(Table 5). ¥7]4 78 & -E (diagnosis accuracy rate)o] 2 &5
Fol A9 FEFE(correct rate) T 22 NILE, & Eof A
A wgo] g AE g4 BRI, 2 AE 7S
2 EFde 8-S gudit oA ‘Q‘i}@,ii HE8(%)
2 Yeldo vl 2 @ EF & (error rate)S, A A WFo] 3tdl
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(discriminant analysis model).2
L 7431% = ure}»h:} 28 7o
2 ooz M) A
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FAE7 291 4 e Aol Yx
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2P A JFEL 75%2 etk 28y, AF) F
7F UF gol 94 AEvtse] HES Addte Aol tig 23
T g 9#d 299 AV A& & den, FAF U
(Stepwise method)ell 2J3] =& ¥ 337) AXE o] &3ty THE
ERF Ve A JEEo] 74% 2 JEPGEA T, 3 AR}

M He WFE 3Y ARS BT TPRA Rae B

e
=

RS o] &3t At AEgES Eole A& I A7
= RAole AV Atk M 2 SAARAAN A= S H oA
BE oA BEA o AdoMe S FE BT Aol
th o] & A7) fAE FHE dFAEE B WEH A
o BAE A AW § gl RYE vEE AFE A
& AFgsop & Aoty =3, A FFES FAFAI77] YA
WSy A9E SAARES FUietd A 5] F4E £
€ Utk AW, A FE| F7 A=st w9 FFoln,
F7HE FRAARE A3 FREE AR o] "olA 1, ¢
4 AE7HEY] ASS 3 SRR A dig Ao
"old 4 gle EAl-e] ok

2 wwolde ety SAART o83t AERYS
Msk Zo] AR AHHh FF WEH dBde] e 4,
o], dAsty A, A4 JRE 1 AERY QLS 5
3 A E 2 oS F3E S AT AT BLEUE A
=290

el =

2 =2dAMe A% 137 s 53 FF A o
o AFAEE FHAT dEtH EAS aeste] S
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AW aiE BAS B8 BAHCE o3 Ag B4 Ay
oA ¥ AR F A7A FLET Adee ARE
E M) ARE ZEIUT TEE 4 AR THEN
Gy FF WS EZTEE T, T 150279 A9 HoE A
U470 AX(EHAF)Y FRE o] &3l WSS HS)o] Fs)
Ae 545 288 o, 45309y 28 2y =5& o
54 2 AERENS H L4319

Ndd #ERYe o A TESL d3AHTES 47
74.31%} 70.88% 2 YElgTh B =FME el A &R
71E N SEEHI, V)Y I9AEEY 45485 v
w3 B, vse A4S Yerdth AT, =7 A e
AR ERFYUDAA AT FHAR(GINE 2ot 4
S SHARES °]&3t parsimony FFEH | 3 E&ZH 0|,
A B Anvo g ©3H SAXNEGINER wHEo7 wE
BHAV)NAH ARt Fosda duEe SAARES £33
7 23 BAHS 4t

B oEfoA i fEegs A4 Jddge &4t
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