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Validation on Adult Fall Assessment Tools: Focusing on Hospitalized
Patients in a General Hospital

Kim, Hayng Suk" - Choi, Eun Hee?

DHead Nurse, Inje University Sanggye Paik Hospital, Seoul, Korea
DProfessor, Department of Nursing, Korean Bible University, Seoul, Korea

Purpose: This study was conducted to verify fall predictive power and reasonable fall risk assessment tool by a
comparative analysis of the sensitivity, specificity, positive forecast and negative forecast of each tool by applying Morse
Fall Scale (MFS), Johns Hopkins Fall Risk Assessment Tool (JHFRAT), and Fall Assessment Scale-Korean version
(FAS-K) through electronic medical records to adult patients hospitalized in a general hospital in Korea. Methods: We
performed a retrospective evaluation study from January to December 2018, 123 fall groups experiencing falls during
hospitalization and 123 non-falls groups were selected. Data presented a reasonable assessment tool that predicts and
distinguishes fall high-risk patients through area comparison based on the ROC curve for each tool. Results: In the ROC
curve analysis by fall risk assessment group, the AUC of MFS is shown to be .706 (good), JHFRAT is shown to be .649
(sufficient) and FAS-K is shown to be .804 (very good). FAS-K at a cut-off score of 4, sensitivity, specificity, and positive
and negative prediction values were 83.7%, 60.2%, 67.8%, and 78.7%, respectively. Conclusion: Based on the above
findings, it is believed that the FAS-K was presented as a suitable and reasonable tool for predicting falls for adult patients
in general hospitals.

Key Words: Inpatients; Falls; Risk assessment; Validity
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3.874, d21¥ 1,000¥% 0.55A4 2.2 H 1 EIchChoi, Ko,
Yoo, & Kim, 2017). &1} 2] 27| ol A HITsHA] oF2- 94t
WA 1=2HE(25~96%) o S T 7] Aol & AL RithE o
WS A0 2 AZHETH(Cho, Boo, Lee, & Dykes, 2018).

e o 27| BoA A5 wAetE oA (adverse
event) 59| PR AR 8H210] 30~51 %= =4, @4, W&
22 A A 3Tl tfd Tl B, o2 Y
A Astet 22 FAIA ] &7 & = A (Choi &
Lee etal., 2017; Healey et al., 2008). £3] 0| & 3~10%+= 42}
3t Zof| e} AshH APY o2 o]o]R] 7] = Stk (Coussement et
al., 2008; DiBardino, Cohen, & Didwania, 2012).

o] s ¥ 7|7t AR EHL A E & T Y
Hu-g o] AR m, o2 I FA| 2 450 2 0]of A (Berg-
land & Wyller, 2004; Jung & Lee, 2019) Y 3x}-o] YAFS
el A8 g Ssith oS 919 HEARE UAFE §
o) A2 o714 91 o 3k 4 gl BA|R l4]5ka by
Y 91 8 Qle Slsfof ek WA S A adl
il e&zlo] QlAstaL 2 ds] Pejsh= Ao R E FEF
o5k 4= Q1.2 B 2 (Oliver, Healey, & Haines, 2010) YA
oAst7] flaiAe 1 AP NS HEs] gt A2 58
gk A o]t}

FEO| a7 o Ae T A E el
sk G717 S A1 B A E TS Aok
AF9IT APSETE QAR b s Q1Y Bhe] 54
Ape) Q1 Do) o) WA 5& nfal A Al
o] £ 35}ch(Perell et al., 2001). HAF 19 SR}l A
AL SAE FEstA sk, G A9 SRl A=
O AHUS 243t FHfsto] Yok aeZ o2 s
of 3t} (Haines, Hill, Walsh, & Osborne, 2007).

ojgRt PAAH AR =T = I LY H SRE HES
U= A F =9 BTt YSH E7E A85he] 9 L'
RS A Z A S5z A o] YA Z5o Aozt &
tH(Ang, Mordiffi, Wong, Devi, & Evans, 2007; Oliver et
al, 2010). = &) 27| oA ARESEAL Qls R A
T HRE oA e =2 AP Aol A divdAtet
YR A2 G EZAE Yehd Aoz HuEy ¢
of =59 Bl A3S Yutstst=t] Agto] Yth(Ang et
al., 2007). 3FA|RE ) AAE WFste] SN E AR =7 E
Akt ol&o] o] 8¢t =99 =55 I Z S
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T2 HP A ARG gk S S YoM F2 ARshe
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S AP ET= Morse SIS A= (Morse Fall
Scale, MFS) 2} 2AFTIAH Y Y AP EH(Johns Hop-
kins Fall Risk Assess ment Tool, JHFRAT) 2 WUERGTHChoi
& Lee et al., 2017).

12U} MFS®} JHFRAT-S Q4273 2} oA hol ufe} e
ol gt Wolt b2 et S A Bk gt
2917 B8 BEske o Be 7o) Bas. 1Hn
2 oo BEst 4B E AL A ETAAE 2
Wlo) A 918 B A Ts Eote] U
g st Pl SAE S o e A ET AA Y =
A2 A& ol tigt 7 Ad o] B 238lth(Kim et al., 2008).
olg|gt o] = 15 Il T HY Y SAteA A7t
R AP =T N g/ o] LESHA A7) of ghom,
Z| 2 3= A S AP =L (Fall Assessment Scale-Korean
version, FAS-K)7} 7§@t = i th(Choi, Ko, Hong, & Kim,
2019). FAS-K+ a3 9 9 9ol A dsh= B
of QI olat 4ol TS Ao 2 HapH ole AN d2e
T E 22 =12 FF A (Choi et al., 2019). o] 7}
E FAS-KE thofet 8783 443l o eRol| A 285t
7] $el A= BHg = A 5ol BastH, E3] sl A 71 wol
AREElRE A A =9l MFS$} JHFRATSH| B &
Hn7t s Ao g ALz Hr)
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o v
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o Y2 H A5 IS ALA SRS Aot YA
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2. 37 =N

2 A9 542 MFS$} JHFRAT % FAS-K G491 At
A=TE ST Gebgsol JLst A St A -85t
o] Ajj & A (cut-off point)& &It & 7 = o] Rzt
o} Bolr, FANEE, SAASEE v - A5t g
E2 YIS A= E RIEkIA) gkt A F Q) B
ohea 2t
ATk vt dubEl EA 2 3 RS
=
* MFSQ}JHFRAT % FAS-K 7} et SAdatk v+t
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FHANSES} SHASE 9 S v w5t
* Receiver Operating Characteristics(ROC) T+41-&
© 2 Ad3 A (cut-off point)S Eel5}tar, ZA15}
4 Joulng B9 A 198 WS 15T 4 9

Y e AYETE AA

SIS e g2 AR 7]|E (Electronic Medical
Record, EMR)& E 2 YAFO]HE X A8 A2 S 475t
S3FA BR)-t| 2 A7+ A| (case-control study)o|T}.

2. ALY

2 A A= SAlofl 2743 U7 50084 o)
HeolA 20199 10 21456 20209 39 31Y7kA] A A}<]
B7]2(EMR) 93He S 20189 19 1QHE 20189 129
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292 3} AFHSIUo] B HE B 1239 47
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EFF w7} 2 B B (matching) §H123%-S 4178
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3. epET

1) Morse 3 AP =

MFSE W3 i 8919 EAFFE Fse =
TEIFES LA B Y, oA A A, HYPR =T
T ARg-o R, Huarola ] E= §|utd Y (heparin cap),
Hagel(Eedol/ol%), Al 5 63EFoR FA= o
et A G ol glod 07, Sl 7% 253, ol
o] §l= 7% 03, =73+ 154, Y RZ7] 72| A<
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AT e 7 ERSTh =N YA RS MESE] AAI 4
£ 453 o]AH(Morse, Morse, & Tylko, 1989) 0. 2 Z=43}31 Q)
Ak, SRS S QA o] SAlel wet 2R 22
AAYSE A Hotel 8ol ES ATeloTh. MFSS] EiE
AFo| A W= 55.0~83.0% L} E-0] &= 55.8~90.1%, WA o=
T10.3~30.8%, S 2T 81.0~99.3% 2 ThoFalA H1E Y
t}(Park & Kim, 2016; Kim et al., 2011; Morse et al., 1989). &=
TARE-S ffsto] =Y FA A A =t ARGl gt 521
& wre.

2) EAFNAHY A9 AR ET

JHFRATS] FARHE-S A, 317 GA4 e, g,
Eojorz ol A4, B} A=A 2] %, 715 AR 2, <
Aol 25 5 5 7] FEo2 FAE ] 9lr. AF-L 60~
6947} 178, 70~79A]7} 27, 804] o3& 30 0 = 2 AL,
7 7ol 219 A 6719 ol 9ot 57, gl 0L
Zgghc}. W) Aol Aol glow 27, 219 ()L Bk
()7} 910 27, 218k () 2} Wl () B A T 90
4 o% 2T B4t ArHES 28R /uhebd
A4, G A, FREWA, o|xeA, 5, WgksAl, 1A
A, FHAAORE 5 A 11913 oF2 Sof7h 1ol 34, 27
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ws}o] et 1717 550] WolA e 17, 542 ol
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(Poe, Cvach, Dawson, Straus, & Hill, 2007). =704 €]
A7k AXE AR 143801908 1) DAE 620%, Sol=
69.5%, FAAZSE 33.6%, 2439Z= 86.0% = LFEFGTHPoe,
Cvach, Gartrelu, Radzik, & Joy, 2005). =7 A 9]5}¢]
NS AR A =t ARGl it 5Qle Bt

3) SR A A ET

FAS-K= 319 (TH65A] o]4), Ul A 22 671 o] H4F
B E AL VI S 9B, A Aol (AI7E B, AR
of Tt Ad = o] YIAY BEeHA| P), AT A5 (T
PR E3, 24, B BE 5), Bl Aol
Qo ojs) HEo Aodn A, BT 2840,
YR Y QL 2ol 2k
3, QAT RS == Z]-oH(A]E:]X]—oH A2 A of], 2
22, 2R ) ek Aol LAt SE(E
) A%, 244171 o] LR ] 1] ol FHEHA,
F2A, FHAA|, FLEUA|, oA, FFE DA 5), vl
L Aol (OFke, Tk, Rk, AF, AW, HALF), S}
A Bzte|o] B3] vta) 7t 2 4= 9= AHH|(Intravenous line,
2% i, B E line 5)) 147] HE-0.2 745 o] ek,
FASKe] B4 220 27 08o] 4 21 143 0]s, lrhs
14, gtt= 03 & a}__ ol By & o]8gsle] A3t
o WA HRE 2447 0-3 0l A Aol
2L, 4~147 0 Y 5 AJo] =802 gGrlsitl FASK
9] UARR-Fof 2 2 (Area Under Curve, AUC)

& 7570130, 19 BAYSTE 42z sl o v
853, Eo|= 494, FA &% 085, SA]d|& = 9842 e
d&281 Bl eyl 52 =72 YERGTHChoi, Ko, Lee, &
Park, 2020). =7 AR5 915+ =t/ A APl A] = A
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B 7o) ARSI AT A4 ol
A 771 S (EMR) @3l tidt 53 713 24 <
]3] (Institute Review Board, IRB) 4] 9] %9

20199 10 2192€ 20209 3 31A7H4] 5747 28
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T A2E FEIE EEARSLE FA715A
£ 0]-g3}o] MFSS} JHFRAT % FAS-KS] A5 2 of ko]
FUsP A GG LS THTA A vz
AR5 010N B 71202 24| N =S 913) AT
A 1910] 2t B A9 E RS AR F HSE Tt

1% 7P 2 ARRSE FE5e] vl nEAst At

5. 22X 1

G PrhE ] 7] 2782419191 8] (IRB Nor
2019-09-030-001) 591 4, 3l HHoe HE2 ZHR}9]
571 2(EMR) Bl it 20 e ke Ayttt 44
B AR Q78 A 0 2eF A5, X 57|82
LA Qb AR L R 2 9ol Qg Rl Bt
A58 425 patet @ xm B3] IR 2]
1S FEE S UE LE AL 7|22 Ak

52 Qste] EAuet 4%
’*Pﬁ}s’it} Age) 2 kAol
B 7|52 At
& o) 67} 52 A1) 30 5

B o191 ol ALYl T A A
25 A A 1620 theh ol A1 w5t ARHEA
L gTHOR AAY Aol

|

6. AIZEN

A EH A7 EA-L SPSS/WIN 25.0 = 2 71337} MedCalc
22738 o) gsio] HTEAIIct
- ST U S as WA ot
=214 o5} xP-test, t-testS 0136}951@
« MFSS} ]HFRAT FAS-KO| =78 UAFZ 3 B[ UAFLO]
o AZ-L ttestS o] 34T
* MFS¢} JHFRAT, FAS-Ke}e] AF#+aA|E Pearson’s
correlation coefficient2 2435} ¢
o AE A=Y B W (sensitivity) 2 &
O] = (specificity), YA A& = (positive predictive value),
w43

24 A& = (negative predictive value)E H]1L -

C 2GS AR BIPESE N E0R SR
|

HlGAo] gt of| & 8-& v wstr] Y5t B o2 ROC
4L E3 41 3} 'H & (Area Under the Curve, AUC)



£ SPSS/WIN 25.0 2 73S o] 8510] HAaIgTh o
F 3 H]AR S F8}7] 18 A H4 (cut-off score)
7t 7% o)A AN B RS} ol {48 1
alol 14 2 PR S AARSE AT

o,

v

o

Byt o), A Lo A= et 2}
o7t At e A2 IR} 767 (61.8%), AR} 477
(38.2%) 01 AL, v A A& FR} 76 (61.8%), oA} 47
75(38.2%) 01 3t W] Bt A2 70.54| = 704 o}o]
56.8% AL, A Bt AHL 70.84|= 70A4] o)l
59.4%F ARt T 9] Z &2 o= WA 697 (55.3%),
QA 5474 (43.9%) 2.2 UL, vl do] M aih= W
A 69%8(56.1%), 2] THA| 5478 (43.9%) 22 rebgth WA
LY T ZEZ T 13 57 (46.3%), 23 639 (51.2%), 3 3
§(25%) 2 e, gt eSS 19 617
(49.6%), 27 6178 (49.6%), 3 174 (0.8%) 2.2 VeIt YAt
T JAA 2L QT 65 (52.8%), T4 58 (47.2%)°] %)
3, v JYHE 2= 9 578 (46.3%), S5 66
(53.7%)°] itk Ao YA = 5375 (43.1%), EA
0] 169 (13.0%), 5= X} 5474 (43.9%) ©. 2 Vyep 11, H]HAF
o] QlUuPH L T 1 627(50.4%), B o] 6% (4.9%), H= X}
557 (44.7%) 2.2 UEbith. Yo e o= Bt 2814
O] AL, ]/ ALY 4= Bt 20.5U o] YTk (Table 1).

2. A YRte Y87l ME=FE XI0| H[

SPAESI AP =T AT AR b0 B vl
G U A 7HA ARSI AP ET R YA 4Tt 6
o3k E5tTHp <.001). MFSS] S B4t 58377,
HAEY B 4626002 BAR R T 2 7ol fofe
Z}o|(t=-5.81, p <.001)7} It} JHFRATS] YAl B33
-
=

EA o= 95t Zpo](t=-3.71, p<.001)7} 9t} FASK
o A BRASE 6394, WA BRASE 42780
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3. LAMSIE AFRET Zi0) ARE)

FAS-K9} MFS 7+0] AFakA| 4= 2H2 67 (p <.001), FAS-K}
JHFRAT 7}o] AAA| 4= 32 .85 (p<.001), MFS&} JHFRAT
7b0] ABASE 69 (< 001)2 BE BAHORE GO F
o] A7} LERETHTable 3).

4. NEETFE UZE, S0/, FEUEE, SYUHSEY
ROC H|

MFSQ} JHFRAT % FAS-KE 2t = HE FAHTE 274
3}7] €38 ROC I+-A1-S E4% 2 3} MFS2] AUCE 7062
T2 o] %5 3Hgood) A0 2 Uehth JHFRATS AUCE
6492 W o] 2H3}(sufficient) A 02 UEGIL, FAS-K
9] AUCE 8042 vERY B o] ufl-$- s dH(very good)
Aoz Yeytth(Figure 1). ZF =418 2 ROC £41& g3 9l
Aol Bol& Ao M5 ZASIIS W 4 =79 BAA
== MFSE=5080]1L, JHFRAT:= 1374, FAS-K= 440 2 1}
Epitth. MES9| 79 =7 AAZ7} AJA R A d 4 45
A2 AL 9= 65.9%, E0| = 63.4%, FAGZE .64.3%, &
AASE 65.0%2 UEFaL, & Ao A AREd A2
50491 AL 9= 63,4%, E0|% 71.5%, FA9Z%= 69.0%,
S 9E % 66.2% 2 UEgTH JHFRATE] ¢ =774 A
AR AAGE BAE S 143090 H ¢ 1A= 545%, So]=
71.5%, FARAGNZE 65.7%, SA9ESE 61.1% 2 VeI, 2
Aol Al AbEE A A F Q1 135 Q1 739 vIAE 61.0%, Fol
T 65.0%, FAAZE 63.6%, SAANZE 62.5%2 LFeRT.
FAS-K9] 7= =708 AAA7 AAIRE BA 9 2 A
Toll A A AR B 4o 1= 83.7%, 50|
T 60.2%, FAdZE 67.8%, SAAZ% 78.7% 2 JEFGTH
(Table 4).
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£ AT AL QubEE] AU A2 B

RIS 2T 5 Gk BT B HAE AHETS

21517 913l MFSeF JHERAT Bl FAS-KE W/t vl
oA & LA 285t BFFEES Bl A ek 3
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Table 1. General Characteristics of the Participants

(N=246)

Total Non-fall Fall
Characteristic Categories (n=246) (n=123) (n=123) X (p)
n (%) or M£SD n (%) or M£SD n (%) or M£SD
Age (year) 19~39 7(2.8) 2(1.6) 5(4.1) 4.08 (.395)
40~49 11 (4.5) 5(4.1) 6(4.9)
50~59 25 (10.2) 10 (8.1) 15 (12.2)
60~69 60 (24.3) 33 (26.8) 27 (22.0)
70~79 81 (33.0) 47 (38.2) 34 (27.6)
>80 62 (25.2) 26 (21.2) 36 (29.2)
70.6£13.5 70.8+11.9 70.5%+15.0
Gender Male 152 (61.8) 76 (61.8) 76 (61.8) 0.01 (1.000)
Female 94 (38.2) 47 (38.2) 47 (38.2)
Department Medical unit 137 (55.7) 69 (56.1) 69 (56.1) 0.01 (1.000)
Surgical unit 109 (44.3) 54 (43.9) 54 (43.9)
Occupation No 194 (78.9) 96 (78.0) 8 (79.7) 0.02 (.876)
Yes 52 (21.1) 27 (22.0) 5 (20.3)
Education Non response 67 (27.2) 31(25.2) 6 (29.3) 2.26 (.688)
< Elementary school 58 (23.6) 32 (26.0) 6 (21.1)
Middle school 39 (15.9) 21(17.1) 8 (14.6)
High school 44 (17.9) 23 (18.7) 21 (17.1)
> College 38 (15.4) 16 (13.0) 2 (17.9)
Admission route OPD 122 (49.6) 57 (46.3) 5 (52.8) 1.04 (.372)
ER 124 (50.4) 66 (53.7) 8 (47.2)
Admission method Walking 115 (46.8) 62 (50.4) 3 (43.1) 5.26 (.072)
Wheelchair 22 (8.9) 6 (4.9) 6 (13.0)
Strecher car 109 (44.3) 55 (44.7) 54 (43.9)
Severity classification ' Class I 118 (48.0) 61 (49.6) 57 (46.3) -0.71 (.473)
Class II 124 (50.4) 61 (49.6) 63 (51.2)
Class III 4 (1.6) 1 (0.8) 3(2.5)
Length of stay (days) 24.31+26.0 20.5+18.0 28.1+31.7 -2.31 (.022)

TSeverity Classification=patient classification system (PCS) in general nursing units; Class I (12~17 point), Class II (18~29 point), Class IIT

(30~41 point); M=Mean; ; OPD=outpatient department, SD=Standard deviation.

Table 2. Difference of Score between the Fall and Non-fall Groups according to MFS, JHFRAT and FAS-K (N=246)
Total (n=246) Non-fall (n=123) Fall (n=123)
Tools (score range) t(p)
M+SD M+SD M+£SD
MEFS (0~125) 52.32+17.42 46.26+15.59 58.37+17.10 -5.81 (<.001)
JHFRAT (0~35) 13.70£5.55 12.42+5.41 14.98+5.42 -3.71 (<.001)
FAS-K (0~14) 5.33+£2.05 4.27+1.44 6.391+2.03 -9.46 (<.001)
FAS-K=Fall Assessment Scale Korea; JHFRAT=Johns Hopkins Hospital Fall Risk Assessment Tool; M=Mean; MFS=Morse Fall Scale;
SD=Standard deviation.
Table 3. Correlation among MFS, JHFRAT and FAS-K (N=246)
MFS JHFRAT FAS-K
Variables
r(p) r(p) r(p)
MFS 1
JHFRAT .69 (<.001) 1
FAS-K .67 (<.001) .85 (<.001) 1

FAS-K=Fall Assessment Scale Korea; JHFRAT=]Johns Hopkins Hospital Fall Risk Assessment Tool; MFS=Morse Fall Scale.
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Figure 1. Receiver operating characteristic curve for the fall risk assessment tool.
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Table 4. Comparison of Sensitivity, Specificity, PPV, NPV, and AUC for the Fall Risk Assessment Tool (N=246)
Tool Scores Sensitivity (%) Specificity (%) PPV (%) NPV (%)
MFS 40 87.0 415 59.8 76.1

45 65.9 63.4 64.3 65.0
50 63.4 71.5 69.0 66.2
55 56.1 75.6 69.7 63.3
60 30.9 87.8 71.7 56.0
AUC=.706, 95% Confidence interval=.641 to .771, p<.001
JHFRAT 11 71.5 48.0 579 62.8
12 65.9 57.7 60.9 62.8
13 61.0 65.0 63.6 62.5
14 54.5 71.5 65.7 61.1
15 51.2 76.4 68.5 61.0
AUC=.649, 95% Confidence interval=.580 to .718, p<.001
FAS-K 2 96.7 8.1 51.3 714
3 91.9 325 57.7 80.0
4 83.7 60.2 67.8 78.7
5 69.1 81.3 78.7 725
6 455 93.5 87.5 63.2

AUC=.804, 95% Confidence interval=.748 to .859, p<.001

AUC=area under curve; FAS-K=Fall Assessment Scale Korea; JHFRAT=Johns Hopkins Hospital Fall Risk Assessment Tool; MFS=Morse Fall

Scale; NPV=negative predictive value; PPV=positive predictive value.
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60.7%, Choi2} Ko 5(2017)2] d-12] 704 o114 54.6% 2+ -F-Af
Tt o= 754 o] =9l Sixbe YT T GFe = 2l
A & A 7ol thE AR ET AT A o2 Fot
U F AT P SR EA F dH ol =I5 I
o] Bths Choi®} Ko 5(2017)9] Aok §A13 A3kE viet
Witk 2, 128 Aol 2 3RS u] X 91 8.9)(Cho &
Lee, 2017) 0.2 119 Sx} 91 A] Ao} HE A ol A HAdof|
thet 182 A BT AR R AT A el Aol 54
F5o] Wag Aoz A

2 A7AN PEE HAb 61.8%, A= 38.2% 2 HAt
7}H1.68) ) Bok=d), thE dtol A WR17}54.0~68.3 % (Choi,
Koetal,, 2017; Kang & Song, 2015; Cho & Lee, 2017; Yoon et
al, 2018)5 AHA|5t AF+A e} fFAFSHE oW, A7 1.26H]
Wokthal B3t Choi®} Lee 5(2017)9] A2 0ete th=
A Urebgth AT o] A oARtE T B B2 A2 & I
T71Zbel = A St A HlEo] 3k, EAF A7 47t
Sxpuct BEHA AT FFE v HE Aoleh AR

MFS¢} JHFRAT % FAS-K&] S/t ot v PAad9] 49
H| W5k o) 27 A A 2 {23 2fo| & vk o, Y
A A7 F2 5 AAR 9o R 7ol o
Eh= A3 A (Choi et al, 2020; Kim et al, 2011)2] 2 7}
A5}, B Aol A MFSe] thAbe] B o 5647
0 Kim 5(2011)¢] 69.04 K T}= 34 Wekon, Kangd}
Song (2015)] 60,8 1tk of7} YISk}, gt B A ATl A
MFS Y4l & AA-G= 508 0.2 =77l A7 A4
3}t 45% (Morse et al., 1989) Rt} =11, YAFE of ulat JAt
DYFFoZ A FA -4 5078 (Beack & Jeong, 2012;
Kim et al, 2011)3} 5-AFSHA| LrERStT).

2 Aol A JHFRATE] W Bt dlae 1498802
Kim £(2011)9] 15387 £ 2427} AAIet 147}
£ AR, KangT Song (2015)¢] 11.84, Choi &
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JHFRAT Holl& AAAT= 13822 Yehal, Kangd
Song (2015)9] Aol M BAHETE 11H L2 5HF= 3+ 1
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AAGGNA A ol Eelo] Yk ATE et diET
£ A §37] A PR RS B4l B A
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02 o] ML NEE =F2A B/l
o= THA B A58l Aolet & 4= Qi
2 Ao A ARSI A AP =TS BHE =S o]
WEAE7] fJste] =y AR A|AGE B A G40k 2
Ao P A= ROC JA1S S8l 71 A-et
U, Bole, FANSE, S4dSE=SE L2453t
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LreRd Park ¥} Kim (2016)] Ao} fALgH A ato|ch. whzha]
ST 2§ A 2} kAl B A 83 48 Aotel 483
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ROC (Receiver Operating Characteristic) 2412 T+ 9
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