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ABSTRACT

Objective: To develop and examine the psychometric properties of Thai versioned Mild Behavioral Impairment
Checklist (MBI-C).

Methods: The process of translating the MBI-C into Thai involved back-translation, cross-cultural adaptation, field
testing of the pre-final version, and final adjustments. A total of 92 participants were recruited from patients attending
the psychiatric and memory clinics at Ramathibodi Hospital. A research assistant collected demographic
and MBI-C data, while attending physicians independently diagnosed MBI according to the ISTAART criteria.
The comparison of MBI-C scores was performed using the Kruskal-Wallis test. Internal consistency of the MBI-C
total and subdomain scores was assessed using Cronbach'’s alpha coefficient. The optimal cut-off point, sensitivity,
and specificity were identified using the Youden index (J). The main analyses were conducted on the total sample.
Exploratory analyses were restricted to subsamples with characteristics that might influence MBI-C performance:

those with mild cognitive impairment (MCI) and with caregivers as informants.

Results: The mean age of the MBI group (mean = 69.9, SD = 9) was significantly higher than that of the non-MBI
group (mean =64.2, SD = 8.5, p = 0.035). There was no statistically significant difference in MBI-C total scores
between the MBI and non-MBI groups (AUC = 0.61, 95% CI = 0.49 - 0.73). However, the social appropriateness
subscale exhibited a significant AUC (0.59, 95% CI = 0.53 - 0.66). Exploratory analysis in the MCI subgroup
revealed a significant AUC of the MBI-C total score (0.68, 95% CI = 0.51 - 0.86). The optimal cut-off point was 4,
with a sensitivity of 61% and a specificity of 67%. Furthermore, the analyses restricted to the caregiver-derived
data of the MCI subsample showed improved performance of MBI-C subdomains of emotional regulation, impulse

control, social appropriateness, and perception/thought content.

Conclusion: The Thai-version MBI-C has good internal consistency except for the perception/thought content
subdomain. The social appropriateness and the perception/thought content subdomains could differentiate MBI
in the total sample, although below the level of clinical usefulness. Its performance might be improved in people

with MCI, particularly when the data were collected from caregivers, warranting further investigation.
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Tnadennsasagacnereiieniiunan 6 weutull wazds
nansenusanis i an°® 41fhunnaz Mild Behavioral Impairment
(MBI) U AN waziinINaAIeTe
\edaedangednnzis (3andn Mild Behavioral Impairment
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AZLLUYE MBI-C

AzLUW MBI-C wasid1saunisAnsiuiieniunis
Atadaanuwnme (clinical diagnosis) Fufauaadlunnae 2
ﬂ@jﬁ{uwmﬁﬁ@'ﬁa MBI (MBI group) Nanuau 55 918 AZLUU
MBI-C total score 1a¥infil 10.6 (SD = 14.4) memg'u'ﬁ'
winellaRATiage MBI (non-MBI group) ANt 37 318 AZLUL
MBI-C total score 5.9 (SD = 8.2) latsviuanuLAnsing
289 MBI-C total score 1847i¢ 2 nan wud lidAMLANFNaTiY
DU ATYN9ATR (p-value = 0.073) drudaya MBI-C
score WENAIN subdomain #1497 WL MBI-C score Tufu
social appropriateness 184ng3 MBI WiniL 0.7 (SD = 1.8)
LAY non-MBI = 0.1 (SD = 0.8) %mmnsﬁqﬁu@ﬂwﬁﬁmﬁﬂﬁm

(p-value = 0.012)

ANMNADAARRINE LUADILLLAANGRY (internal consistency)

A1 Cronbach’s alpha 289uuU&aun1N MBI-C total
WAy subdomain A1 motivation, emotional regulation, impulse
control Wae social appropriateness AAudanAdaaium
%ﬂumﬁuﬁq@ﬂ'wﬁwm (range 0.79 - 0.94) uazngs MCI
(range 0.81-0.95) lummxﬁﬁ’m perception/thought content

{ Cronbach’s alpha #1 (total sample 0.48 Waz MCI 0.37)

=

n3aAsziidednsalunguiladayaangnuanduuali
189ANANHNARAAARINTE L ULEY MBI-C total kaz subdomain

Tl UM AEa A UAUNNTIAIILYNAN Aawandlumianen 3

ROC Curve Waz A1 Area under the curve

rm*’ime:ﬁmwﬁﬂiuﬂ@:uééqumiﬁﬂm‘ﬁwm
(n = 92) Wui1 AN Area Under the Curve (AUC) 189AZILUU
MBI-C total WinfL 0.61 (95% CI = 0.49 - 0.73) Alsliiifid ity
ynsadA ieAiAszsiuenny subdomain WLdn A1 AUC social
appropriateness WinfiL 0.59 (95% Cl = 0.53 - 0.66) LAZAN1
perception/thought content Wimw 0.57 (95% Cl = 0.50 - 0.64)
(gﬂ‘ﬁl 1a-b) luanusiiAn AUC 28 MBI-C score 11 motivation,
emotion regulation Lag impulse control TdTiTagn Ay n19adia
(mm\i‘ﬁ' 3)

NM9ALAPIANEN393TUNgN MCI (n = 40) WUFIAN
AUC 1129AZ 11U MBI-C total tvi1711 0.68 (95% Cl = 0.51 - 0.86)

A1 emotional regulation L¥inriu 0.67 (95% Cl = 0.51 - 0.82)
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#1u impulse control WL 0.67 (95% CI = 0.51 - 0.84) LAy
#1u social appropriateness WinriL 0.64 (95% CI = 0.56 - 0.73)
Tael ROC curve lussianslugiil 1c - f luangil AUC 189

MBI-C score A1 motivation Lag perception/thought content
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© o MBI total @ _ Emotion regulation
= (MCI subsample) S (MCI subsample)
wn w
r\_ - ~ 4
= &
= =
Can 2 3.
& @ =
o =
= =
Sl T T T T S S T T T T
0.00 025 050 075 1.00 000 025 050 075 1.00
1 - Specificity 1 - Specificity
Area under ROC curve = 0.6815 Area under ROC curve = 0.67
) _ Impulse control () _  Social appropriateness
= (MCI subsample = (MCI subsample)
R 2
=° z <
= 2
283 2 3
&° 3 °
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B ~
=] o
> o
S S
(=]

0

0.00 025 050 075 1.00
1 - Specificity
Area under ROC curve = 0.64

0.00 025 050 075 1.00
1 - Specificity
Area under ROC curve = 0.67

gﬂﬁ 1 Receiver operating characteristic (ROC) curve 184
MBI-C ifn AUC firfedndnynieadin

(a) #1u Social appropriateness slué'l,%"]ﬁ"nﬁﬁ'ﬂ%\mum (b) AN
Perception/thoughtContentlué'l,%i"sﬁﬁﬂ%wum (c) MBI total score
lunga MCI (d) #nu Emotion regulation lungs MCI (e) #int Impulse
control lungs MCI (f) #1% Social appropriateness lungu MCI
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A9 1 ANHUEUBINGNARENN

AU (Saeaz) AU (5a8a)
daya (N = 92) MBI Non-MBI ~ p-value daya (N = 92) MBI Non-MBI ~ Pp-value
(N = 55) (N = 37) (N = 55) (N = 37)
811248, mean (SD) 69.85 (9.00) 64.24 (8.51) 0.035' nsvinaulutlaqiii
WA 37 (67.27) 24 (64.86) 0.811 e 13(23.64) 11(29.73) 0-514
SALINNIANE WNEDYAANN I ULAD 42 (76.36) 26 (70.27)
Wy Invizegandn 8(14.55)  7(18.92) {satlszansanianie
yoynes 20(36.36) 14 (37.84) laduluaengs 25 (45.45)  21(56.76)  0.288
tag./dag./enfseynn 5(9.09) 6(16.22) (g4 ANNAUIATRES 22 (40) 14 (37.84)  0.835
W5 7(12.73)  5(13.51) ST Tt 13 (23.64)  5(13.51)  0.230
SPEAEY 12(21.82)  4(10.81) Tsaviala 6 (10.91) 2 (5.41) 0.358
TailA S 3 (5.45) 1(2.7) lsAnaenlanAgNeY/ 2 (3.64) 4(10.81) 0172
ADNUNINANTE BNNGA/LNG
T 8(14.55  4(10.81) TsAnninudu 3 (5.45) 1(2.70) 0526
S 4(7.27) 1(2.70) Teatlszansianieanior 0.105
0.180 < .
ANTA 36 (65.45) 21 (56.76) I?ﬂéﬁNLﬂ?W 11 (73.33) 7 (58.33)
T@ﬂ 6 (10.91) 11 (29.73) I?ﬂaﬁlhﬂ‘ﬂ 0 (0.00) 3 (25.00)
MR A AT UNTNANSE 1(1.82) 0(0) Terenaundutlstsaw 1(6.67) 1(8.33)
- ansuniaasda/lulnans
BDVTIN p
. B 3(20.00) 0 (00.00)
§UsNINNT 17 (30.91) 16 (43.24) ~
L Tdflsannanieunaslspamng 13 (23.64) 4 (10.81)  0.120
genadausia 17 (30.91) 10 (27.03) ;
§ . 0.198 Ui 1(1.82) 1(2.7) 0.852
NUNULITEN L@ N 13 (23.64) 4(10.81) )
o4 ANA 7(12.73)  4(10.81)  0.961
B1ANBU) 8(14.55)  7(18.92)
» N MClI 28 (50.91)  12(32.43)  0.800
gileanAuaiu
- dayaliangguanan 15(227)  7(18.92)  0.357
AN/NTIUUATYN/TANU 21(38.18) 11 (29.73)
STREGIY 9(16.36)  12(32.43)
gn/mMaU 11(2000)  4(1081)  §4a,
anil/n3sen 9(16.36)  6(16.22)
AULARY 5 (9.09) 4(10.81)

ﬁl’]'i’]xﬁﬁ 2 MBI-C score with clinician-diagnosed MBI and non-MBI

Clinical Diagnosis

MBI response (score) MBI (n = 55) Non-MBI (n = 37) p-value
Mean (SD) Median (IQR) Mean (SD) Median (IQR)

Total (34) 10.6 (14.4) 5(1-15) 5.9(8.2) 2(0-6) 0.073
Motivation (5) 2.9 (4.4) 1(0-3) 2.0 (3.5) 2(0-8) 0.148
Emotional regulation (5) 3.1(4.3) 1(0-5) 1.9 (3.3) 0(0-2) 0.089
Impulse control (12) 3.5(5.2) 1(0-5) 1.7 (2.3) 1(0-3) 0.226
Social appropriateness (5) 0.7 (1.8) 0(0-0) 0.1(0.8) 0(0-0) 0.012*
Perception or thought content (5) 0.5(1.3) 0(0-0) 0.1 (0.3) 0(0-0) 0.061

MBI = Mild Behavioral Impairment
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Annzitayanliangguananianiznguiilenal MCI (h = 12)

WU AN AUC 289 MBI-C total Winnid score 0.76 (95% Cl =

'
1 o o o g

0.40 - 1.00) %Iq”luuuﬂmmymmﬁﬁ 20U subdomain 716N
AUC HtladnAtyn 9aiia 16n #nw emotional regulation JAn
AUC winfiu 0.91 (95% CI = 0.72 - 1.00) #1u impulse control
Winfiu 0.85 (95% Cl = 0.62 - 1.00) A1 social appropriateness
Winfiu 0.72 (95% Cl = 0.55 - 0.89) WazANL perception/thought
content 0.78 (95% CI = 0.61 - 0.95) (A"31471 3)

Fi’\'iﬂﬁ'mﬁmmmu (optimal cut-off point) AN sensitivity Wag
specificity

zﬁ’w?umjuQ’a‘qumiﬁﬂm%\mmwudﬁ A1 optimal
cut-off point ﬁlslﬁﬂ"l Youden index J 498A1849 subdomain AU
social appropriateness infiu 1 (sensitivity 22%, specificity
97%, LR+ 8.07, LR-0.8) LAZAL perception/thought content
winfiu 2 (sensitivity 15%, specificity 100%, LR+ undefined,
LR- 0.85) #unax MCI A1 optimal cut-off point 284 total
score WAL 4 (sensitivity 61%, specificity 67%, LR+ 1.82,
LR- 0.59) a2 subdomain A1 emotional regulation Winfiu 4
(sensitivity 46%, specificity 92%, LR+ 5.57, LR- 0.58) /i
impulse control 1WA 5 (sensitivity 36%, specificity 92%,
LR+ 4.29, LR-0.7) LAZANY social appropriateness Wiy 1
(sensitivity 29%, specificity 100%, LR+ undefined, LR- 0.71)
ANATNNTTRNATRsEe MBI-C Tunnssnuungilas MBI

o o

fapiinpzuuuiu Wufonandluniasd 4

Fewanimmzinguitlddesyaandgua s optimal
cut-off point U84 subdomain emotional regulation iNAL 6
(sensitivity 53%, specificity 86%, LR+ 3.73, LR- 0.54) LAz
AU perception/thought content WL 1 (sensitivity 40%,

specificity 100%, LR+ undefined, LR- 0.6) daungutiae MCI

|
all

miﬁ‘ﬁ@gmmé@,m Y optimal cut-off point 2489 subdomain
$11 emotional regulation Winfiu 5 (sensitivity 89%, specificity
100%, LR+ undefined, LR- 0.11) A1 impulse control L
2 (sensitivity 89%, specificity 67%, LR+ 2.67, LR- 0.17) A1
social appropriateness Winfiu 2 (sensitivity 44%, specificity
100%, LR+ undefined, LR- 0.56) LazAU perception/thought
content Winfu 1 (sensitivity 56%, specificity 100%, LR+
undefined, LR- 0.44) (m?%‘iﬁl 4)
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301sad
m@ﬁﬂmﬁﬁﬁmqﬂ@xmVﬂumﬁfﬁwm MBI-C a1y
nmlng wazdssiiuauantiilunisdnnsesiaaifsauiney
Aunnsafiadanioz MBI Tasunnd anuanisAnEInLG
ANANHADAAREINETULRIMLLAANTEY MBI-C Tnasan way
subdomain daulunjaglunmusiAeud19a anidusiu
perception/thought content %qmmﬁqmmﬂﬁmﬁummL%@
wazmsfuilunsazduiilisdudeafiasaniu ludauemna
WANF9229 MBI-C score Tmmi‘ﬁagmmmﬁuﬁqaﬂnq%\mm

WLd1A1 MBI-C total score 784Ny MBI Huualtiugandings

'
o aa |

non-MBI waslafanausiitusfoyneaia Tenenndesiy
Na ROC analysis finidn MBI-C total score HAN AUC 0.61
TnefiAneaua19199 95% CI 1 0.49 ﬂq%'jﬁmﬂﬂ@;uﬁfmﬂwﬁ
PNARNEL D1ANLAN AUC ﬁﬁﬁﬁdqﬁmmmﬁmﬁ (95% Cl
ldipsan 0.5)

dlenaniseiusiay subdomain nudn social

¥

appropriateness LuAULALANNGN MBI HA1gan3ngs

o o aa

non-MBI aginalile g A un9aia waziA1 AUC Nlaasan 0.5

14
£

tsidnennislugnuiionadaglunissiuunann: MBI 14Andn
ﬂ’]?'éjm Elummx‘ﬁlﬁ?\"lu emotional regulation Wa¥ perception/
thought content ﬁLLmTﬁmmmuuuﬁ@mrjﬂuﬂ@ju MBI
uifazlaifannsladfyneada usd AUC Svevdsai

0.49 Uaz 0.50 MNAIFL AtiuaRUdMINNgNFAaE I TuA

5

i enanuUAn AUC ﬁﬁﬁmﬁwﬁmmmﬁﬁmn%ﬂﬁ
lefiansnnmanulauazanusmnzreaiesdiedl
WUI1 subdomain A4 social appropriateness Whagy
perception/thought content HANANNIZAINGN 90% Wi
A latsranns 15-20% it Taeanizdau social
appropriateness NN 1 ALY TITAN Likelihood Ratio+
(LR+) ﬁ@u‘i’h\i@\‘i (8.07) da1fli moderate evidence 189719
MBI miﬁnmﬁ'r:humwud’]mwﬂ;mmmaz MBI az434n
ungu MCI audaanguiia cognitive risk waziiazgalungs
cognitively healthy Gaa1adiaanugngaia 28% ' iagann
AN nsnlunnIwensal (predictability) ediriesile
%LLﬂaﬁummmmﬁﬂmmqu&uj Tudszangding wanin
wisasileillUldfnnsaslunguilszanaiil cognitive risk/
problems azillanangignnagauaziininziuaie vinua

nanageuiluuan (positive predictive value) 14901
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AN9199 3 ANANERAARINElULAZAY AUC 2894A3adie MBI-C

Total sample (n = 92) MCI subsample (n = 40)

MBI response

alpha AUC 95% CI alpha AUC 95% ClI
Total 0.94 0.61 0.49-0.73 0.95 0.68* 0.51-0.86
Motivation 0.91 0.58 0.47-0.70 0.94 0.59 0.40-0.77
Emotional regulation 0.89 0.6 0.49-0.71 0.9 0.67* 0.51-0.82
Impulse control 0.86 0.57 0.46 - 0.69 0.87 0.67* 0.51-0.84
Social appropriateness 0.79 0.59* 0.53 - 0.66 0.81 0.64* 0.56 - 0.73
Perception/thought content 0.48 0.57* 0.50 - 0.64 0.37 0.61 0.50-0.72

Information reported by caretakers
Total sample (n = 22) MCI subsample (n = 12)
MBI response

alpha AUC 95% ClI alpha AUC 95% ClI
Total 0.93 0.64 0.39-0.89 0.94 0.76 0.40-1.00
Motivation 0.91 0.4 0.15-0.66 0.93 0.44 0.00-0.93
Emotional regulation 0.86 0.72 0.50 - 0.94 0.85 0.91* 0.72-1.00
Impulse control 0.88 0.66 0.41-0.90 0.92 0.85* 0.62 - 1.00
Social appropriateness 0.75 0.61 0.40-0.82 0.77 0.72* 0.55-0.89
Perception/thought content 0.31 0.70* 0.57-0.83 0.34 0.78* 0.61-0.95

MBI = Mild Behavioral Impairment, MCI = Mild Cognitive Impairment, AUC = Area Under the Curve, Cl = Confidence Intervals

aeiglafin aziiudndn AUC Mawmsnzsilungugidngon
= 4 P . . ~ oA
Ansiaunn willudnu social appropirateness NWLINH
Hed Aty 1eada Adelianuaiunnlunisaniunniag MBI
Talsianeanazldniendtin (AUC < 0.7)""® gAnm1AmINIg
AAINTWITIE1994 (exploratory analysis) TagiLenaLATIZY

WA AUC Loz lunquiian i NeNaganasianNanuien

'
oAl

Tunnssuungeusiesile MBI-C l8ud nguiidnins MCl uay
nquiilddayaandgua’

nsdnmlungs MCI wudn A1 MBI-C total score
Waz subdomains @114 emotional regulation, impulse control
WAz social appropriateness NAY AUC ﬁﬁﬂfﬂﬁ’]ﬁmw}maﬁ
mﬂumudqm’f‘%mﬁ@ﬁm@ﬁmmmmmiumﬁﬂLLuﬂmf;:
MBI lunga MCI L##n47 Tne MBI-C total score i cut-off point
winfu 4 slﬁwmqmmmwiqLL@MQW@HLWW:%@%@
(sensitivity 61% Wa specificity 67%) TaafiAn AUC 0.68
IndiFenszauTianathun1ElElunnsRain HansAnENHLANsNS
ANNNIANENT99 Mallo S.C. UaZAL® ANLIAN cut-off 94
MBI-C total score RvuNzauAe 6.5 Azius Tael sensitivity

100% wag specificity 78.20% lungqueiniaz MCI atnalsfin
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2
=

o A = Ny vy | o ae aa a
U7 ﬂ'ﬂﬂiﬂ FLH"IIMﬁV]ﬂ’Wi‘ﬂﬂH’]uNELﬂquNQ@ﬂWNI?ﬂV]’N@ﬁIL‘Tﬁ

4904 28%

«

dl a Y v 1 a
bHBUENILATIZSURLTNTINA

o

dl F 4
?;IL@W'W%V]VLWII@N@’Q’]H

L e

Q’@LL@WU'J"] HiiNeapu perception/thought content N AUC
ae o o an A4 da dy
0.7 Ine g ATy 9ana luwanieAngunining MCI Ngpua
Wudmayu MBI-C wudnA1 AUC Hfadndtymicanialu 4
subdomain & emotional regulation, impulse control, social
appropriateness L&z perception lagAT AUC > 0.7 7i9nun
14791 subdomain #in97 wantenadaelunisauwungias
Tun1endatin Tneanizlungu MCl Ndgguaiiuilvideya
o Y o = . o X . a
HARINAABAARBNTTLINSAN e UMTN WL HaN T sTiH
AnenAseddia MBI-C Aitdannistsziiunuesiazgguaiu
Julsziuianuaanadasiulinnnn > duldlddinsain
¥ | | v = . .
fuheniludmounuuaauniues a1adl reporting bias AN
social desirable effect visadlilyufitu insight Tea1agdenasa
> v G = = = ! a
doyanle? otelsfin InsAnwawnadnnuduansUsviEy
idl % v =] J a v
nlsandgualaiianuwansrsanuanisdssifiuauestaeld

ww3eaie MBI-C?' luauran avpasinnsAnuuantaann
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A15197 4 A1ANlLAZAMNANNZIB4ATRINE MBI-C NIqaRnsine i

a

MBI response Cut-off point® Sensitivity (%) Specificity (%) LR+ LR-

Total sample
Social appropriateness 1* 21.8 97.3 8.07 0.80
2 14.6 97.3 5.38 0.89
Perception/thought content 1 21.8 91.9 2.69 0.85
2% 14.6 100 Undefined” 0.85

MCI subsample

Total 1 78.6 50 1.57 0.43
2 67.9 50 1.36 0.64
4* 60.7 66.7 1.82 0.59
5 571 66.7 1.71 0.64
6 53.6 66.7 1.61 0.70
8 46.4 75.0 1.86 0.7
Emotional regulation 1 57.1 66.7 1.71 0.64
2 50 66.7 1.5 0.75
3 46.4 83.3 2.79 0.64
4 46.4 91.7 5.57 0.58
Impulse control 1 67.9 58.3 1.63 0.55
2 53.6 66.7 1.61 0.70
3 42.9 75 1.71 0.76
4 39.3 83.3 2.36 0.73
5 35.7 91.7 4.29 0.70
Social appropriateness 1* 28.6 100 Undefined” 0.71
2 25 100 Undefined” 0.75

Information reported by caregivers (n = 22)
Perception/thought content 1* 40 100 Undefined” 0.60
2 26.7 100 Undefined” 0.73

Information reported by caregivers, MCI subsample (n = 12)

Emotional regulation 2 88.9 33.3 1.33 0.33
3 88.9 66.7 2.67 0.17
5* 88.9 100 Undefined® 0.11
Impulse control 2 88.9 66.7 2.67 0.17
5 77.8 66.7 2.33 0.33
6* 55.6 100 Undefined” 0.44
Social appropriateness 2* 44 .4 100 Undefined” 0.56
3 33.3 100 Undefined® 0.67
Perception or thought content 1* 55.6 100 Undefined” 0.44
2 33.3 100 Undefined” 0.67

MBI = Mild Behavioral Impairment, MCI = Mild Cognitive Impairment

LR+ = Positive likelihood ratio, LP- = Negative likelihood ratio
‘AanRnTIvNzaNARANqARATIAN Youden index J (sensitivity + specificity -1) gafiga
“lifimsnununateainazuunineaniiemnlififeyasnanslugadesail

> aignansaruanianldiiiesanniiAn specificity 100%
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P = s o 4 A A
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