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Objectives: The Korean Dizziness Handicap Inventory (KDHI), which includes
25 patient-reported items, has been used to assess self-reported dizziness in
Korean patients with Parkinson disease (PD). Nevertheless, few studies have
examined the KDHI based on item-response theory within this population. The
aim of our study was to address the feasibility and clinimetric properties of the
KDHI instrument using polytomous Rasch measurement analysis.
Methods: The unidimensionality, scale targeting, separation reliability, item
difficulty (severity), and response category utility of the KDHI were statistically
assessed based on the Andrich rating scale model. The utilities of the
orderedresponse categories of the 3-point Likert scale were analyzed with
reference to the probability curves of the response categories. The separation
reliability of the KDHI was assessed based on person separation reliability (PSR),
which is used to measure the capacity to discriminate among groups of patients
with different levels of balance deficits.
Results: Principal component analyses of residuals revealed that the KDHI had
unidimensionality. The KHDI had satisfactory PSR and there were no disordered
thresholds in the 3-point rating scale. However, the KDHI showed several issues
for inappropriate scale targeting and misfit items (items 1 and 2) for Rasch model.
Conclusions: The KDHI provide unidimensional measures of imbalance symptoms in
patients with PD with adequate separation reliability. There was no statistical
evidence of disorder in polytomous rating scales. The Rasch analysis results suggest
that the KDHI is a reliable scale for measuring the imbalance symptoms in PD patients,
and identified parts for possible amendments in order to further improve the linear
metric scale.
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1}7]1<£~H(Parkinson disease)> Y=slo|mHo] o]o]A

FHAZ go] WSt Ee Ak A7 A H(degenerative
neurological disease)©]TH1-3]. TH{15H EhRfo]| A9 o] 2] ¢
(dlzzmess ° A% L ZAAESHY Q) &5 FAl(motor symptom)
ul of gl AFEAAA ], HA 7| 50| Ak, &-&-E ol ol
9] H| & ZAH(nonmotor symptom)o] &]3}o] % WHAYE
o A-tol wheh ol 2] 68%7HA] HaLE]
2 9eHeT). AARHAALE o) A9 F4e
Aol 715 8BS Aaje Wak ofujet 17 B 4e] 2
(health related quality of life)2 #s}olA H== 7| L
29 208 ZXA T 4 glon), ojo] LY B
o2 ZA} AL E =A3l= QAME A 2 % (clinical rating
scale) 9] A= T (reliability)Q} EMGE(validity) X7} @
E 1 QJth1,8-10].

h4] =& EAJ(Rasch model analysis)> & tj %
(modern test theory)2 &2 AFR|= FEFHE-S-0]Z(item
response theory)ol] 7|8kt & 9| 3R A[11,12], 7|&
9] A& o] Z(classical test theory)of Al YAFEH A 2 =
o] wol:mef Bxpo] T4 F: AtEo] AL oEA o,
AL o] S0l HA|HA] gL, thE¥ S 7] 5(polytomous
category function)o] thgt o] A|gHAo|Ud A S

HERSE 4= qlo] 2 AA A Aol A S&HL
UACH13-15]. FA7IA] oAA 7, o+ 9 A7 oot wgh
YAFA &= 2] A= Dizziness Handicap Inventory (DHI) [16]
£ 3£35}9] Vision-Related Dizziness Questionnaire [17],
Vestibular Activities and Participation Questionnaire [18],
Vestibular Screening Tool [19], Berg Balance Scale [20] 5]
o 24 HE R Baugol2e) e 4B
o] g 9 AlEE EAo] 48 HE Qo

DHI+= 1990 Jacobson} Newman [21]0]] &J3f o)A
OJgh ghA} Helo] Q1Alsh= ALl o] Fakat Agh 4
=5 3457 Sl e F 25w A71E7H HA
Aotk DHI= 27t oAy F4e=z gt 7|54
(functional) £4J, % 4] %(emotional) £/, A1A] A (physical)
E A1 9] 31 A = (subscale) 2 ©]F| A Qlom ZF FedHE 3
W AL Hug ALgstel B4 1elo] 7]<lsto] BR
a1 A patient-reported outcome)S =43ttt DHI= 2004
d Han 5{22]0] nx}-£3+4 o A X(cross-cultural tran-
slation procedure) ¥ HEFIE 7A =Tl Korean
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£ QA A F B3] oY FA4S W7k KDHI
o esl 3AH 74k o 2ol |ult A AFE W 5
ehA B4 ARSHE FAld) BaubgolRe] 72

separation reliability), T
KDHI #3514 2h4] &
AJ(item polarity) % 37
7

—~

Ji

3

24 %44:% *1533}04 %El Al
o ity) 4,
& A3 (Rasch model fit), =
dAE Lo ozt $HHF 7]5(response category
function)®] A HAdS Hrlsto] HHHEY A4 FH EA

& AR s

JH

1. thed

o] H3FA AT 20161 109EE 20184 69747 EY
A7 atol] ste] = o1& W2y A 7)E
(UK Parkinson's Diseases Society Brain Bank Criteria)o]] w2}
EdrA 171" (idiopathic Parkinson disease) &2 Z ikl
ARWL BAE Ao sgith 24 Hate] B e
AEZHE o] dTtof gt A5 F9(informed consent)
£ Astelon] A5 8-S olsfstar AT rofof Akt
Ho2 FoR AR o stk BA AHIA F
Hoz azAAA L o)) o3t ofAgo] FukE AL
FrgaTo| e AL AT A Aelsisr

2. g
AT oAt #Afe Tl &F Y AP E U 4
&2 2313 ml71S&Y W72 T (Unified Parkinson's Disease

Rating Scale; UPDRS) W &ollof 2 & (Hoehn-Yahr stage;
H-Y stage)E AF&-5to] H71elgar xR AuEA 9] 917
75& gty 7ho) A A4 e A Korean Mini-Mental State
Examination) & £33l =43}gth g714H 3x19) oA
S/l disfiAl= A SRt A dA Tk A of
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2 ZAFO] G-F(existence of subjective dizziness symptom)
SIS, olof 258 FO% FHE B oA
2] &= (the Korean version of Dizziness Handicap Inventory)
Kpgatol AAZS] BrhE AT, AT vlot
o|, KDHI= 77t 7|52 EA(1053)), AAH EA9E
), A S0 oH9l dder FiE F 252
e TAHL 7 gt grhnore 04, Vb
(sometimes)’ = 274, ‘FAH(yes) 2 4702 AHEc) wat
4] KDHI®] <=9 He= wpaba] A 04 21 100
A7HA ERE Qarh wees FA ARk oY
o QI A B AT A} S8 Aom el
A= &A= o tfsle] 241 IBM SPSS version 18.0 (IBM
corporation, Armonk, NY, USA) 7] & 731-& Al&-5}0]
BAol ATEY S40) 7)4H FA BHE
RH A4 ol gl e A% U T 248 Ul
At WA A2 = (internal reliability)?] S4-& YA AA|
KDHI H%xof tfsle] ZEH}E o A<4(Cronbach o coef-
ficient) & ~Fobal, Ztzre] k=R E3-AA A
(item-total correlation)Z AF&3}9ich A 28}3 o A2 4
£ 070 o4, BIUA AT AS
VA AL YA LS YHSIER B - 3
tH22,23]. 4~ Elg=(convergent validity)2] &4 —‘H‘SH
Ae %}ZH THA XY S f-ofl w2k KDHI 4=
Z9] Zpo)7} Ql=%] Mann-Whitney 74 £3}o] &ols}
fow A 9] 2 p<0.05Y W Fou|Tk Ao
2 wesielt
So2 Bk 2o T KDHI HEo| o4 24
EXN BXLS 93| Winsteps version 4.0.1 (Winsteps Inc.,
Chicago, IL, USA) %74] ZR2 WL ALEEL] g BALS
tH1024]. ©4 7+ 8k2}o] KDHI AFo] gjsf 2t
AE B X (principal component analysis of residual)ol] whek
A 7hAol AeheA) SIS, A 24
A% el ZHom AYEHe
explained by Rasch measure)o] 50% o]Aro|al, 4] 291
Asjd A WA EE F WA wA B D8y
(eigenvalue)©] 3.0 B+ 7o HAH T UL S
A Aok Ao m AT 4= ATH15,24]. A 22 A=)
I=(person separation reliability) W thAFRF 2] ] 4>(person
separation index)E Z3|| U2 A2 X (internal reliability)S
7kt ofiel, oA o) Aot 08 o)atolwAl oAt
Ab 22 Ap7E 2.0 oY A9 & 7hHs(acceptable)t A
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O 2 WHSHH10,13]. 2 w@F59 @4 Y ATk
(Rasch model fit)= Z}z}9] KDHI £ =2 &g 4
(infit) ¥ AT A4 (outfit) ] HFA}5ZF2Hmean square

£ AbEste], Bt A A7 0.5 mgkol AW LSS
2k B 8 wFo] 2l Bl AgshAl 3 Ao
2 e 13,14]. 8 SA(item polarity)2] 7 H-
274 AFIA|9(point-measure correlation)7} 0.3 oA} 739>
Ao A2 Byt B3 Uo|E WS Slelo] BB
g} E3LI (patient-item distribution map; Wright map)S T A|
om, 3MA-Ft 2 A HyH(mean logit)2] 2fo]2 FH
i A(scale targeting)S B 7}5¢icH11]. KDHIQ] 34
= A=l 3 S50 152 el
S & (Andrich rating scale model)of] W2 -SHHE
(probability curves of the response categories)o]| 4]
QA7 BxA e FrlekeA SIsi, W
zd @y =3

i.,l'.
;59‘ [‘-{]I
l:1~1

A 2 m
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oo o Mo off o
ol B o o W HI
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A} 4(patient count), Z](average

Table 1. Clinimetric validation-related statistics based on the classi-
cal test theory in the patients with Parkinson disease

KDHI item MeantSD  Item-total correlation
KDHI item 1 (P0O1) 0.48+0.62 0.641
KDHI item 2 (E02) 0.55+0.69 0.676
KDHI item 3 (F03) 0.61+0.8 0.737
KDHI item 4 (P04) 0.4+0.61 0.766
KDHI item 5 (F05) 0.53+0.72 0.808
KDHI item 6 (F06) 0 .4+0.71 0.777
KDHI item 7 (F07) 0.45+0.69 0.745
KDHI item 8 (F08) 0.55+0.69 0.807
KDHI item 9 (E09) 0.48+0.74 0.772
KDHI item 10 (E10) 0.37+£0.63 0.825
KDHI item 11 (P11) 0.48+0.74 0.736
KDHI item 12 (F12) 0.53+0.76 0.751
KDHI item 13 (P13) 0.26+0.6 0.766
KDHI item 14 (F14) 0.65+0.81 0.875
KDHI item 15 (E15) 0.34+£0.63 0.605
KDHI item 16 (F16) 0.39+0.64 0.817
KDHI item 17 (P17) 0.4+0.69 0.699
KDHI item 18 (E18) 0.45+0.65 0.780
KDHI item 19 (F19) 0.44+0.74 0.791
KDHI item 20 (E20) 0.31+0.62 0.779
KDHI item 21 (E21) 0.63+0.77 0.741
KDHI item 22 (E22) 0.48+0.74 0.729
KDHI item 23 (E23) 0.66+0.81 0.840
KDHI item 24 (F24) 0.6+0.78 0.875
KDHI item 25 (P25) 0.48+0.74 0.717
KDHI total score 1.94+13.83  Cronbach 0=0.973

KDHI, Korean Dizziness Handicap Inventory; SD, standard
deviation.
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measure), TAE A X|(step calibration) L 2| A} H A} 2 11.94+13.830] 31, A|F —‘7'—1",} Ao HHFe 27 715
SHAE AFEsth 4 Aade fed S &4 Tt 2] 540l 5.15+6.16, A4 5AJ0] 4.27+5.05, A1A 4 E4
109 olAtoln], WY B 344 9 WA 2ANA 2 2523370/ 30ck

AR r Frtetal A%t BAASATE 2.0 EA A A HA o 2o whE WA AlFE B4 T=
e Ul 7 SHUF V0] AT A0 BUY 4 9T W, ABIES o A% 09132 0709 713K o] £Fe
[24,25]. T, BEAR AHRS 7257 B3 Wa 0.605-0.8759] ¥

9% BE 59 Sl A A2 0408 2351 9rHTable

z 3 ). @A ARsHe oA oY 4o $50t sl
H2o SYHPAS Bk o), FrAl oA FAk]
A7 7% D Alg) T)ze] AR % 0290 BAEE S ASo) Mamn-Whitney 4ol T2 KDHI 447} B

< =
SR G A} 369, oAl 2678)7) o] AGLQ] thAto] Eglon, AHOZ o5 FTHMann-Whitney U=103.5, p <0.000).
arel =2 g0

5
G FolH FBA oj(We Wud I 303 UEOoE 2gulgole] ueh KDHIZ Brlstch
(48 4%)0l9lT). S0 Had Eg% 66.10+8.344|(H 7 KDHI®] 2553 A E Z3tste] a4 712 93t

FRHGOH FULH $F B SRS Y W A FHE BAS SASAS o e 2] o8] A
S0k A 197072, UPDRS 25 54 $E A4E B BAS s55%gton, o4 AL ALl 3 1A U
18.94+841019/ck. A4 h4 BAe] KDHI 3789 B 5 WA 9% Bake] mggtol 242} 295 W 2.800]014 @

Table 2. Difficulty estimates for each item of the Korean Dizziness Handicap Inventory with fit statistics and point measure correlation
in the patients with Parkinson disease

Point measure correlation

KDHI item Difficulty SE Infit MnSq Outfit MnSq
Observed Expected
KDHI item 1 (PO1) -0.07 0.29 1.24 2.36 0.66 0.74
KDHI item 2 (E02) 0.4 0.28 1.24 1.85 0.69 0.76
KDHI item 3 (F03) -0.71 0.28 1.24 1.09 0.75 0.78
KDHI item 4 (P04) 0.38 0.31 0.84 0.92 0.73 0.71
KDHI item 5 (FO05) -0.32 0.29 0.84 1.13 0.77 0.75
KDHI item 6 (F06) 0.38 0.31 1.07 0.74 0.71 0.71
KDHI item 7 (F07) 0.11 0.3 1.07 1.05 0.71 0.73
KDHI item 8 (FO08) 0.4 0.28 0.76 0.72 0.80 0.76
KDHI item 9 (E09) -0.07 0.29 1.06 0.81 0.74 0.74
KDHI item 10 (E10) 0.57 0.31 0.68 0.81 0.74 0.69
KDHI item 11 (P11) -0.07 0.29 1.21 1.18 0.71 0.74
KDHI item 12 (F12) -0.32 0.29 1.15 1.04 0.74 0.75
KDHI item 13 (P13) 1.34 0.35 0.85 0.47 0.66 0.63
KDHI item 14 (F14) -0.86 0.28 0.64 0.57 0.84 0.78
KDHI item 15 (E15) 0.77 0.32 1.61 1.39 0.60 0.68
KDHI item 16 (F16) 0.47 0.31 0.73 0.78 0.74 0.7
KDHI item 17 (P17) 0.38 0.31 1.29 1.03 0.68 0.71
KDHI item 18 (E18) 0.11 0.3 0.84 0.65 0.77 0.73
KDHI item 19 (F19) 0.2 0.3 1.04 0.88 0.72 0.72
KDHI item 20 (E20) 0.99 0.33 0.84 0.63 0.69 0.66
KDHI item 21 (E21) -0.79 0.28 1.12 1.00 0.77 0.78
KDHI item 22 (E22) -0.07 0.29 1.24 1.14 0.71 0.74
KDHI item 23 (E23) -0.94 0.27 0.73 0.62 0.83 0.79
KDHI item 24 (F24) -0.63 0.28 0.6 0.50 0.84 0.77
KDHI item 25 (P25) -0.07 0.29 1.29 1.13 0.70 0.74

KDHI, Korean Dizziness Handicap Inventory; SE, standard error; MnSq, mean-square.
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Table 3. Threshold ordering test statistics for the Korean Dizziness Handicap Inventory

Response category Count (%)

Average measure

Step calibration Outfit MnSq

Category 0, no 1,007 (65) -2.37 None 0.94
Category 1, sometime 346 (22) -0.52 -0.96 0.91
Category 2, yes 197 (13) 1.39 0.96 1.14
MnSq, mean-square.
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