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Frontal Assessment Battery Revealed Decreased Inhibitory Control in Newly
Diagnosed Elderly People With Type 2 Diabetes
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Objective: To evaluate the prefrontal cortex function in aged people with type 2 diabetes. Methods: We

compared the prefrontal cortex function using frontal assessment battery (FAB), mini mental state examination

(MMSE) and physical abilities assessed by the Up and Go Test and Functional Reach Test among normal glucose
tolerance (NGT, n=96), borderline (BL, n =58) and type 2 diabetes (n = 24). Results: People with type 2 diabetes
showed significantly decreased inhibitory control in the Go/NoGo task of FAB (NGT vs type 2 diabetes, p =
0.002). There were no differences in the performance of MMSE, the Up and Go Test and Functional Reach Test
among the groups. Type 2 diabetes and decreased physical ability assessed by the Up and Go Test were inde-

pendently associated with inhibitory control in the Go/NoGo task, after adjustment with age, MMSE, and other
background factors (OGTT: odds ratio 2.31, 95% CI 1.38-3.88; the Up and Go test: odds ratio 1.11, 95% CI 1.01-1.23).
Conclusion: FAB results showed that newly diagnosed elderly people with type 2 diabetes had a particular in-

hibitory control deficit, which was independent of general cognitive functions and physical abilities.

Key Words: diabetes in old age, frontal assessment battery, cognitive function, prefrontal cortex function, inhibi-

tory control
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95, 2007~2008 4B 75g FEEMERER (OGTT) (2
T RE 7 A L187- 178 44 (CP#H4EH 81 ik, 75~
95 k) B g L Lz, w§#Ed OGTT IHEvy, 28
FFIMLBE 1 110mg/dl SR, S % 2 5 i A 140
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Table 1 Comparison of baseline characteristics among NGT, BL, DM

NGT BL DM p value* p for trend**

N 96 58 24

Age (years) 8l = 4 81 =5 82 =5 0.720 0.828
Sex (male %) 36.5 379 333 0.925 0.975
BMI (kg/m? 227 = 31 232 = 34 231 = 20 0.520 0.380
Systolic blood pressure (mmHg) 134 =187 139 +21 151 =201 0.001* 0.001**
Diastolic blood pressure (mmHg) 71 =11 72 =8 74 %12 0.447 0.160
MMSE (scores) 272 = 38 262 + 48 266 + 35 0.364 0.162
Up and Go (sec) 130 = 44 125 + 38 129 = 32 0.713 0.774
Functional reach (cm) 264 + 84 276 £ 74 238 = 74 0.167 0.670
Depressive state (%) 115 10.3 250 0.162 0.705
HbAlc (%) 54 * 037 55 = 04% 58 = 047% <0.001* <0.001%*
TG (mg/dl) 109 =45 107 £58 133 =65 0.103 0.635
HDL-C (mg/dl) 50.7 =130 538 +131 460 *£149 0.053 0.682
LDL-C (mg/dl) 1070 =257 1059 %266 1029 +£276 0.790 0564
TSH (uWU/ml) 192+ 113 244% 180 1.88+ 096 0.061 0.286
T4 (ng/dl) 106+ 013 105+ 012 106+ 017 0.777 0432

Data are given as means=SD. NGT, normal glucose tolerance; BL, borderline; DM, diabetes mellitus. *Data were analyzed
by one-way ANOVA (*p<0.05). **We also analyzed data using Jonckheere-Terpstra trend test for continuous variables and
Cochran-Armitage trend test for sex and depressive state (**p<0.05 with trend test). There are significant differences
between TNGT vs DM, *BL vs DM with Turkey-Kramer multiple comparison tests (p<0.017).

Wallis #7€ 2 Fl VT & JLBE L 72, MRH#AE B FHENTIZ1E SPSS(Windows version 10) % /H L 7-.
7213 p<0.05 & L7z, £ EHEIZIE Wilcoxon NELZFI #w R
B (Bonferroni 181E) & M, p<0017 2 HE L 1. NGT#, BL#, DM#ILH T2 ERAFDOL
L7z, BRETB LU FABERICOWTIE, NGT, # (Table 1)
BL, DM B2 B W TIHHERE DR 12T o TEEDE NGT # 96 %, BL &£ 58 %4, DM B 24 ZDE &
B9 AUEEMAS TR ENL. Tk, EEERS F (means+SD) % Table 1 i1Z/RF. BhINEDFY
DIgE & LT Jonckheere-Terpstra M E %17 - 7-. FiE 81 =4 5%, P BMI 12 229+ 3.1kg/m? T, 4F
FREFOMNE I ODREDOFEIZDWTIX i, M5, BMIIE 3 M CTEXRO LD o7 IUE
Cochran-Armitage % % % i\ CHEEMRAT % 1T - BT DM # T NGT B LEBICBERE - 72
7o AEEEAL OMBE T trend p<005 2 FE & L 75 (DM vs NGT : p<0.001), 3E5REAIMIT X2 % 308
7z, mro Tz, AR R FRAREEEICE L T, MMSE
RE, SHECTEEZZ RO/ FABHHIZOW I 268+41 KT, KREED A v M T H 24/30
T, FAB OREAR & THHERE & O BIE % £ 258 THRETT Hz Emy, 3 TEREEZRD L P o7z FiK -
B72%, FABRAa7 0 (BRERR) fEBEHE L TE)FERE T, Up and Go test ¥ 128 +4.1 #4,
AT TIAR O P AT 4y 7 BIRGH &FT - functional reach test ¥ 264 +80cm T, £H &L D
7z, BBAZEEE LT OGTT (NGT, BL, DM #) » BEY AR ADL B2 ET A Ay M 7% L
NERRZ8 80 e LTIRAL, £EEE LT, Fi0 %), By, SHMTHERELRD Lo 72, BIERIETH
P51, BMI(1kg/m?), YiERIME (1mmHg), MMSE DIRBEREEDONI-HIIDMEET 2% &, 65l b
(14), UpandGo 7 A b (1#), functional reach OHIFERIZBIT S ) 2HARE G~15%) 2L
7 A b (lem), ) DREOFE, HHEREY (Img/d), TEDPo7h, IFHECHRFIFNAEEZICEIES L
HDL 2 L 252 —)b (Img/dl), LDL 2LV A5 10— Ao 7z, PRINIEH T, HbAlc & DM BT BL, NGT
Vv (Img/dl), TSH (1pU/ml), fT4 (Ing/dl) ## FICHLAEERICEMES -7 (DM vsBL : p=0.002,
AL, A7 v 774 ZEHEINE (p<0.05) TEH DM vs NGT : p<0.001). fEE b L UHIRIEHERE T
TRIRU 7z BIRS N2 50, W THIEL, WBHEZEZ RO Lo 72, EAMERHEOBE TIZ,
BT % AT o 72, MEHEAEEZET p<005 & L7z #% PG & HbAlc THIHERE D EALICIH - 72880
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Table 2 Comparison of Neuropsychological Performance among NGT, BL and DM

NGT BL DM p value® p for trend**
Total scores 11.30 =258 1091 +2.38 1021 +3.05 0.219 0.092
Similarities 1.14+0385 122084 1.33+0.82 0614 0.341
Lexical fluency 1.86£0.76 1.83=0.8 158 +0.83 0.357 0.396
Motor programming 1.78 094 153+0.84 1.62+092 0.257 - 0.136
Conflicting instructions 234+105 2.22+1.03 20 £1.29 0.328 0.131
Go/NoGo 1.18+0827 1.0 =075 067=0.767 0.005* 0.003**
Prehension behavior 299+0.1 30 =00 30 £00 0.652 0.374

Neuropsychological data are given as means*SD. NGT, normal glucose tolerance; BL, borderline; DM,
diabetes mellitus. Data were analysed by *Kruskal Wallis tests (*p<0.05) and **Jonckheere-Terpstra trend
test (**p<<0.05). There is a significant difference between "TNGT vs DM with Wilcoxon-Mann-Whitney tests

(p<0.017).
Table 3 Odds ratio (95% confidence interval) associated with Go/NoGo task
B Odds ratio (95% confidence interval) p value
Age (years) 0.065 1.07 (0.97-1.17) 0.163
Sex (male) -0.215 0.81 (0.35-1.88) 0617
GTT 0.839 2.31 (1.33-3.88) 0.001*
Up and Go (sec) 0.108 1.11 (1.01-1.23) 0.034*

Data were analysed by logistic regression model adjusted for age and sex (*p<<0.05).
Age, BMI, systolic blood pressure, MMSE, functional reach test, depressive state,
TG, HDL-C, LDL-C, TSH and T4 were excluded from the model.

B % D 2A%, ) DREBIZOWTIEE B e A
BED SN h o7 (Table ).

2. FAB OFRREMHE (Table 2)

FAB @ NGT, BL, DM #O¥H#&E &, Kruskal
Wallis BB D#E R % Table 2 12779, FAB D&%
BB L OHEDE, SEARE g5 s3I0,
EHEEREE, WIBTENCE LT, SR THEEE
w07z —F Go/NoGo FRE (EEHHHIR
M) T IHECTEELEZZRD (p=0005), Wil
coxon JERLAIMRGE & BV /- £ BB Cid, DM i
NGT B2 M L TH B Go/NoGo B HE A A B
THho7z (DM vs NGT : p=0.002). Go/NoGo i
WBWTIE, ISR CRREREIES L, B
BT bz (Table 2).

40 DM B C ) DREV DN 2B BN S
, HDORBELEBWSNINEREEBEEISBIL
MEZIT 2 72%% Go/NoGo DM RIINFTETH -
72 (p=0.016, DM vs NGT : p=0.010). FAB ®:&&)
Tur 53 v THEERRDID (p=0045), %
EILK Tl Bonferoni BIEx W/ HAEEIZED
o7z (DMvsBL : p=0.030, DM vs NGT : p=
0.067).

3. Go/NoGoHEREMIEICAET 2 AF DKRET
(Table 3)

Go/NoGo #RERARIIK T 2 i HERED B S %, Go/
NoGo A7 0 iz [HEARIEL, ATy 7
TAX -0 YRAT 4 v 7 BRSHE A TRE L
7. Go/NoGo B #& X, Fi#k, MMSE, Upand
Go7 A M EEEITHME L 724% (Spearman A B4R
¥, 4E #r=-0202, p=0.007, MMSE : r=0.161,
p=0032, Upand Go 7 A b : r=-0.222, p=0.003),
BABIRIECA MR L OMEIIREO O Nz o 7.
ATy TIAR - AQIRT A4y 7 RGN RATo 72
& Z A, Go/NoGo iFEDHMENROMIY. L72HE %
faF & LT OGTT & UpandGo7 X b (1
) ANRIRE N, 4E#, BMI(1kg/m?), PUHEEIMT
(ImmHg), MMSE (1 5), functional reach 7 A b
(Iem), ) OREOHE, FHEAED (Img/dl), HDL
albZ25ua— (Img/d), LDLIZ L A7 10— )b
(Img/d), TSH (1uU/ml), T4 (Ing/dl) €T NV
Mo SN MECE L TiE, DM A TNGT
HICHLARCIMHHMEDGSETH - 72720,
140/90mmHg UL E % [EIMLE ], 140/90mmHg K
ZIEEME & L CHDTHIEEZITo 7205, &ILE
DHEIZET VP LBASNERIIAETH 7.
OGTT & Upand Go 7 A b, 4Ei#h, MBI THIER
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b, Go/NoGo REDHMEAR L HELMEZ R L
(Table 3). 729 DIRAEL BT S M- R H % &8
PO LKE R 1T o 7225, BRSO FEITZE D
5% o7 (OGTT : odds k200, 95%CI 1.11-3.60,
Upand Go 7 A b @ odds H 1.24,95%CI 1.07-1.43).
z =

AREFFETIE, @M% - BIRITEIRRRE D IRE:
SN 178 A5 & LT, FAB #vw(a
7 PRC BEREA MGGT L 72, Z 0%, FAB @ Go/
NoGo #EETMHEREIC L 2 BN E D, DM B
WENGT BECH L TAHEBEICEEMET LTn, —
73, FAB @ Go/NoGo i@ LN £ 38 H Tl itk ae
WK BHEDZIIRD b ) - 72, Dubois & 13,
FAB ZH3 % 6 ITHE GEUME, SEmGTE, E5)
TurgIvy, BikEfRHEE, Go/NoGo i, £
BITE) D9 5, Go/NoGo iRREAY PFC JEHIZRkERE &
BT 52 25l Twa”. PRC LML 2
Bz, K& BB (dorsolateral prefrontal cor-
tex : DLPFC) & PEMIHEE (ventral prefrontal cortex :
VPFC) IZX4r& N A, DLPFC iZ2efm, S3E - 8
SNBSS L, TEERERIER - BT
T EH SRR (executive function) % &5 —7,
VPFC I3 KB R & BERBEEL2HEL, B
Yhu—-Re, R EHEMoOBES T ELHCO
ITEYHRN A O 2 BB 2 R S E A S &
NTWBY. PEC HERE % MEET 5 B 4 7 i O BEER
D) B, Go/NoGo FREIT BB DORIBIZ KT 5 HEE)
MHlEe T3 2ETH Y, T TOREERT
ZER° N BE RE 1R T 2852 & VPFC 0158 - 8 o il )
FRREZ LS % & L AVRIB EN T WA Go/NoGo
REDORIIEDE 31, FERFEOVHIM LI 2RI
THAHIZHEDLET, BERE RIS 2 EERY
GRIGZBOBLE BRI EE2RTY. ZOHEME
I rapid-response impulsivity & FFE#, the Barratt
impulsiveness scale (BIS) 7% SEBKIZEI B o
WENE L DRERYY ) DR & { DD DREHHE
FHIME L OME SR SN TS, SEoRE
TIE ) DIRRE & Go/NoGo R LI O B4 1 72 &
3RO HNR Do 7205, Go/NoGo FEHEIZ X V) pre-
clinical 7 it RE 2L % L9 2 W REMEATR T S
TEY, INSORITHIERE RIIFEOEED 513,
WESR e C VPFC & B L 2215 By B A A3 B Y
WWERTFLTORHRESENRH 2 LEZ LN

48l FAB @ Go/NoGo # R BT 5 i 8] 5k
DT, 75g0GTT THAZIZHBI SN/ Bih 2 B

WERFBERTROON. INT TEHREERE T
& LR OB MRFgETid, 312 DLPFC &
B9 2 @ RIEREDS G STB 7 Kk s
A L2 CRESHIGRIEEOBENXh T2 14T
Ho7z2". Yeung HIIEMM LR - BHREEOLE
FFE N2 T PFC BB R MRET L, 2 BUERIREE T
the Hayling 7 A b & Color Trails 2 ¥ A 7 O & &)
HEEAME T LW/l e Z2MELTWAEY. LaL
ZDONZEFMOFIEERIL 69 (55~81) T, ¥ER
TR RIZ Y 83 FE L KL, 65.9% 4% MmuE
ETHEDPA V2 YERERAPCHo 7. SR A 1,
£ 0 S CEYER 81 &, 75~95 %) 2o 72 108
WRIF & B S N7 ER/IZB VT, Go/NoGo R %
W BB DK T 2 g T 5 2 LAY T & 2. BE
1ZFR A (X HRAE 2 BUAE PR B E (CPI94ERE 46 7%, 30~
59 %) BT 5 Go/NoGo BRFED A R 2 M L
THEN?, B bEHRENTHELIERIAD S
N7z &id, MEPHIGIRE O T HHEFR % D45 B AY 7
R LHFENFBCTH L MREEEZ R LTV E L Bb
n7-.
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NoGo #R7E B # D T 13 W R T & O cannabis
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