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Integrity of the Subcortical Structures in Cognitively Normal

Hee-Jin Kim, M.D., Yeon-Sil Moon, M.D.*', Seol-Heui Han, M.D., Ph.D.*'

Department of Neurology, Hanyang University College of Medicine, Seoul; Department of
Neurology*, Konkuk University College of Medicine, Seoul; Center for Geriatric Neuroscience
Research, IBST', Konkuk University, Seoul, Korea

Background: It has been well known that serum glucose level is associated with cognitive
dysfunction. People with type Il diabetes have more hippocampal and amygdalar atrophy than
non-diabetes. Besides brain atrophy, it is postulated that type Il diabetes might affect the white
matter structures. This leads to executive dysfunctions, which is important for every day func-
tion. The purpose of investigation was to assess the degree of subcortical white matter disruption
both at structural and functional levels in diabetics without any subjective cognitive complaints.
Methods: Twenty one patients with type Il diabetes (mean age 65.0 6.6 yr, mean duration 4.0
+2.6 yr) and 21 healthy control subjects without any subjective cognitive complaints (mean
age 65.016.8) participated in this study. We employed diffusion tensor imaging analysis for
the assessment of structural integrity of subcortical white matter. We adopted the Executive
Interview (EXIT 25) to assess executive functional status. Results: Diabetics showed a tenden-
cy to have higher EXIT25 score compared to control group. However, white matter disruption
was observed in the areas of left frontal, left deep temporal and bilateral occipital subcortices
in diabetics (each Fractional Anisotrophy; FA value, 0.37 +0.07, 0.39+0.06, 0.38 +0.05, 0.34
+0.08). Conclusions: These results showed diabetes affected the integrity of white matter in
the area of anterior part of the brain, and this might associated with dysfunction of frontal exec-
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Fig. 1. Region of interest (ROI).

TR, right deep temporal subcortex; TL, left deep temporal subcortex; FR, right orbitofrontal subcortex; FL, left orbitofrontal subcortex; IFR,
right inferior frontal subcortex; IFL, left inferior frontal subcortex; AWMR, right anterior periventricular white matter; AWML, left anterior periven-
tricular white matter; CC, corpus callosum; ICR, right posterior limb of internal capsule; ICL, left posterior limb of internal capsule; PWMR,
right posterior periventricular white matter; PWML, left posterior periventricular white matter; S, splenium; OR, right occipital subcortex;
OL, left occipital subcortex.

Table 1. Epidemiologic data and cognitive results of the partici- Table 2. Comparison of white matter integrities between diabe-

pants tes and healthy controls
Diabetes Normal pvalue Diabetes Healthy controls
(n=21) (n=21) (corrected) ROI (n=21) (n=21) pvalue
FA (10° mm?/sec) FA (10° mm?/sec)
Age (yr) 65.0+6.6 65.0+6.8
Female 16 14 Temporal
% 76.1 66.7 TR 0.37+0.07 0.41+£0.04 0.086
Disease duration 395+26 0 TL 0.39+0.06 0.46+0.06 0.024
Education 8427 135+6.0 0.01 Orbitofrontal
K-MMSE 27.0+1.9 27.8+2.1 0.38(0.36) FR 0.40+0.07 0.44+0.05 0.086
EXIT25 13.1+31 10.3+4.2 0.21(0.29) FL 0.37+0.07 0.43+0.05 0.002
GDS 11.3+56 9.0+84 0.24 Inferior frontal
HIS 23+12 0 IFR 0.34+0.05 0.37+0.06 0.527
HbA.C 6.7+05 54+0.2 IFL 0.33+0.05 0.37+0.06 0.035
Periventricular white matter change

*Corrected p value adjusted by education level. AWMR 032+0.06 0.34+0.06 0.427
K-MMSE, Korean mini-mental state examination; GPS, geriatric depres- AWML 0.3440.06 0.39+0.06 0.035
sion scale; HIS, hachinski ischemic scale; HbA,C, hemoglobin A,C. PWMR 043+0.06 045+0.06 0194

PWML 0.461+0.05 0.48+0.07 0.432
Q&L A2 Q] WA (anterior periventricular white mat— Occipital

+ +
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RO, region of interest; FA, fractional anisotropy; TR, right deep tempo-

el AR HE Ao o 7 e Aol 7t §lslt ral subcortex; TL, left deep temporal subcortex: FR, right orbitofrontal
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Table 3. Correlation between FA values and EXIT25 in diabetics

ROI o p value
Temporal

TR 0.09 0.7

TL 0.03 0.89
Orbitofrontal

FR 0.17 0.47

FL 0.08 0.72
Inferior frontal

IFR 0.17 0.47

IFL 0.05 0.84
Internal capsule

ICR -0.05 0.77

ICL -0.03 0.91

Corpus callosum (CC) 0.12 0.6

Splenium (S) -0.126 0.59
Periventricular white matter

AWMR -0.46 0.04

AMWL 0.21 0.37

PWMR 0.19 0.4

PWML 0.24 0.3
Occipital

OR 0.13 0.58

oL 0.29 0.21

RO, region of interest; FA, fractional anisotropy; TR, right deep tempo-
ral subcortex; TL, left deep temporal subcortex; FR, right orbitofrontal
subcortex; FL, left orbitofrontal subcortex; IFR, right inferior frontal sub-
cortex; IFL, left inferior frontal subcortex; AWMR, right anterior periven-
tricular white matter; AWML, left anterior periventricular white matter; CC,
corpus callosum; ICR, right posterior limb of internal capsule; ICL, left
posterior limb of internal capsule; PWMR, right posterior periventricular
white matter; PWML, left posterior periventricular white matter; S, sple-
nium; OR, right occipital subcortex; OL, left occipital subcortex.

&

k=l

S A28 W Bk FHACR =71k 9l
o] glof® WA ETE Aol fAISA

P4 igieh, SHEEIA A B0 A5, 3
A=

N
t
2
i

e oor o

N
o
o

tlo

ol
—_

n

o r

i

2 1l
>

o
x

S
[~ W oL
2 = i

-
o op df
rot
oX
T

I
é‘
of
_O|L

K

o
ox
=
>

n:

=

b
ox
o
oM.

f
4
o
N
()
ey
s
=)
)
ot
©
ki
%0,
o
filo
2
4
30
32,
ix)
©

re ot
-
1o
R
&
rlr
N
~
ofl
ofl
0
N
ox
ox
rO
2

H
o sk Ei 9%, 234 HAAe WE Fol
ol e} ¥3tult= Astolchi1], o]¥l Aol

-
B

i)
rr

91

5l olte] 27] Fxjole s} 2 2T
ofu] WA Wio] Uehdth 22 75T
202 el o) Gol §57} )5
glo] 727 Aol oS xe
o}, o] el wele Hrhy SRR E o 9o
spHoR fofat u

S
ElL}E EXIT 259 4= 57}
A

_,d
N
Ir
1o

o
Ry
ox
)
rr
o T og o
39 ofh

2

lo o
fr
2,
N
i

M ¥

=
i)
jm 4
p
o
2
rr
fin}
o
a)
)

g , 2
S -k Ao RS WA A vHeR T} A9 =
Arfjatel Fae = HelA @Yol Hof 24 Hsje} vt
o] ekl defA gl=dl13-15], ol#gh 714-E aefgtctd |
=4 gl A o] 7L, o/l Aot Aol vehd
2 WS 71E Al visl Bt FEae] Aol
71t A SIS i oz JE AofA] 7191H

& 7Fs/dol qlo] USSP st digh AREE #ol
7S 7 & E o] Gt o

o7 o] F7h A7) o] FojHop & Ao ' AZBh
AA7)FolA K-MMSE Ao Satdt Z/d<tol 22
27.0+1.9, 27.8+2.1=2 A Hlolar & - 7+ ket §i%l
ol S8k, EXIT25 Ao Phato] § 2 HeE W
BRI Qs AR Hof Gyt kA QA7 FHY HFY
FY7159 Astet o B oS & & =]
aLe} 27| oh2A] ghgtth4, 71, EXIT25+ T QIA7]s A
ofo] vl Ao R 7eS B7HE 5 e fEFAt
CEFHAWisconsin Card Sorting Test)2} Trail Making
B& AAL Stroop AAL 9ol A AHAAT & AL
2 AREU=le, 17], F7H2 o] Fold Gis} 2177 A
T7 FHA A AARRE §HA o] otk & o ZE
At Ao} oA BBkt So]AQl QIA)7]E ool &
AR FEE ST 5 s Aor AAET SN Yg
33 EXIT25 A4-2ke] AaiAlZA o)A 25 (deep tem—
poral)¥} =& F%A (orbitofrontal, inferior frontal)] A4
WA R OHF HAF9] ARG FATA] 4L 2
oAl G EAtol A Uehhs 2719 AFAea7) 5ol
A R WA wlE 2o w AR B AR HA
T LSHA| o o] F A Tpo)ar wANZ] WA FLe|e}k 2307
Zofete] vlal A-tollA R AlFE A E T A eul o]
H W/do] WL A7 EA el Ble] Qlrkal HilEo] gl

N o rlo



92

o|[18, 19], o]l #L oS Ful=e Axet & 4 qUich
A9 0 BL oWl A7 F3) o|F 7] it hoR
71 B3 WA WA ] Ao 24 oy|m ERRY)
of wape] AATES ALILORH, Aol GRS
F 4 98 % 5 A9t o i ue] ATE Fof e 3
A 27158 4715 oNE B B sk & 4 gl 21X 3

717} ol of ot & Ao Azt

1. Brands AM, Biessels GJ, de Haan EH, Kappelle L], Kessels RP. Cog-
nitive functioning and brain MRI in patients with Typel and Type 2 dia-
betes mellitus; a comparative study. Dement Geriatr Cog Disord 2007; 23:
343-50.

2. Stewart R, Liolitsa D. Type 2 diabetes mellitus, cognitive impairment and
dementia. Diabet Med 1999; 16: 93-112.

3. Awad N, Gagnon M, Messier C. The relationship between impaired glu-
cose tolerance, type 2 diabetes, and cognitive function. | Clin Exp Neuropsy-
chol 2004; 26: 1044-80.

4. Manschot SM, Brands AMA, Van der Grond ], Kessels RPC, Algra
A, Kappelle L], et al. Brain MRI correlates of impaired cognition in patients
with type 2 diabetes mellitus. Diabetes 2006; 55: 1106-13.

5. Hewer W, Mussell M, Rist F, Kulzer B, Bergis K. Short-term effects of
improved glycemic control on cognitive function in patients with Type 2
diabetes. Gerontology 2003; 49: 86-92.

6. GJ Biessels, I] Deary, CM Ryan. Cognition and diabetes: a lifespan per-
spective. Lancet Neurol 2008; 7: 184-90.

7.van Harten B, OQosterman J, Muslimovic D, van Loon BJ, Scheltens
P, Weinstein HC. Cognitive impairment and MRI correlates in the elder-
ly patients with type 2 diabetes mellitus. Age Ageing 2007; 36: 164-70.

8. CRCD. Vaskor classification of white matter changes in MRI, 2007.

9. Royall DR, Mahurin RK, Gray KF. Bedside assessment of executive cog-
nitive impairment: the executive interview. | Am Geriatr Soc 1992; 40:

1221-6.

o~
1ok
™
Ho
re
>
ok
=
ok

10. Royall DR, Cabello M, Polk MJ. Executive dyscontrol. An important
factor affecting the level of care received by older retirees. ] Am Geriatr Soc
1998; 46: 1519-24.

11. Araki Y, Nomura M, Tanaka H, Yamamoto H, Yamamoto T, Tsuk-
aguchi [, et al. MRI of the brain in diabetes mellitus. Neuroradiology 1994;
36:101-3.

12. Meyer JW, Makris N, Bates JF, Caviness VS, Kennedy DN. MRI-based
topographic parcellation of the human cerebral white matter. Neuroimage
1999; 9: 1-17.

13. U.S. Department of Health and Human Services, Centers for Disease
Control and Prevention. National Diabetes Fact Sheet: General Informa-
tion and National Estimates on Diabetes in the United States, 2003. Revised
ed. Centers for Disease Control and Prevention; Atlanta (GA): 2004.

14. Trauernicht AK, Sun H, Patel KP, Mayhan WG. Enalapril prevents
impaired nitric oxide synthase-dependent dilatation of cerebral arterioles
in diabetic rats. Stroke 2003; 34: 2698-703.

15. Makimattila S, Malmberg-Ceder K, Hakkinen AM, Vuori K, Salo-
nen O, Summanen P, et al. Brain metabolic alterations in patients with
type 1 diabetes-hyperglycemia-induced injury. | Cereb Blood Flow Metab
2004; 24: 1393-9.

16. Royall DR, Rauch R, Roman GC, Cordes JA, Polk MJ. Frontal MRI
findings associated with impairment on the Executive Interview (EXIT25).
Exp Aging Res 2001; 27: 293-308.

17. Jette Stokholm MA, Asmus Vogel MA, Anders Gade MA, Gunhild-
Waldemar MD. The executive interview as a screening test for executive
dysfunction in patients with mild dementia. | Am Geriatr Soc 2005; 53:
1577-81.

18. O’Sullivan M, Morris RG, Huckstep B, Jones DK, Williams SC, Mar-
kus HS. Diffusion tensor MRI correlates with executive dysfunction in
patients with ischaemic leukoaraiosis. | Neurol Neurosurg Psychiatry 2004;
75:441-7.

19. Spilt A, Goekoop R, Westendorp RG, Blauw GJ, de Craen AJ, van
Buchem MA. Not all age-related white matter hyperintensities are the
same: a magnetization transfer imaging study. Am | Neuroradiol 2006;

27:1964-8.



BUIAPIsE 7R S=elolA TEsE 729 2y

93

APPENDIX

1. NUMBER-LETTER TASK

FE 9 AT Aol BeleAsU ¢ 5
0111'*1]3.
4. 2, 31 3, R3olle 7} sfof 517
E% o S 1 AR

1-9, 93, 3-%, 4-2, 53, (2%

e 0 7 AYE & 35
1 AE3ALY, vHEs|A 744 & 3%
2 B7HA 8hA E3 A

2. WORD FLUENCY

offl A1o-e B3 =8 HU 1 AR AR ol 1
B 59 5 ol HRAaElS SH & Bejme vt
71, BA7), B, 52} So] QST ZHlEHEU7),

A olA) v o2 ARElE Tl hRAALL,

a0 107 o)A 01%91

3. DESIGN FLUENCY

ke 29 BH, A7) BE A7)0 Ao wgt ofRofx] 1
HaAUTh o7 4740] Aot o|ojxl AR ThE 19 1
3 55obo] st o] 12 RAL. BHEA] 4700) Ao B 1
241 golofof Gt A

B 0 107) ole] £9& 19 4
1 5-970e] =S 23 A9
2 47} ol3te] £3E 1 B9

242 T2 AW

4. ANOMALOUS SENTENCE REPETITION

BeRE B ¥ E3 Ao delshla,
@ 7181 749) 1

@ Ak=7] E7ok

@ okl ofele ofetela

@ W v e

® 7k 1 o 2 5 v AL

5. THEMATIC PERCEPTION
o] 1ol 4] o o] Uofuhi GA|E s

B 0 222 E7RE B olop|Rt
EA=AA w3 +3 sH=+52
1 A& sfoF E7=1E &5 oo |3
('H A EAlL.)
2 AYE = EARE B

e

olop7IstA] St

6. MEMORY/DISTRACTION TASK

T SR ©ol Al HE 7IdstA 8
Z}Xdﬂ. e, A
(A ol & =% 7|01k 4= 912 w7tA] whESi))
o] HotgE 2 7|3t R, 2 Al thAl =olE AU



94

olfofl= AF B ==

IR

“olflof= 11 TolE AR W HA L

“2aUr) oAl vi2 Ao BY=Y dol A A7t &
O|=Al Hell AL

ERERELAN

300 H]*“ﬂ glo] Y& ol YF e BF U
FEME HE A2 YUSUNY QST 5
9\1‘:}.)
1adejekgdyg: )
2 Tl holE ol v37) 7} 23 (intrusion)

7. INTERFERENCE TASK

o] FAh B AR
(Examiner shows patient and sweeps hand back and

forth over all letters.)

He 0 EAAY
1 (CEESUZY 8o1) > AR
2 "HRHYT (GhA] Eoit) "I (intrusion)

Ik 24At

8. AUTOMATIC BEHAVIOR 1
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e 0 BF AR g A
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2 prompting/repeat instruction 3to{= A|h2
K3k A$

16. ECHOPRAXIA

TE RAEAIL” (HARRE 32

I
tlo

L T e = AL

0 B AS WA AS
poEwee )
u

2 2L 2E W A
17. LURIA HAND SEQUENCE 1
Palm/Fist

2} o] @A sl

@A) 8 o2 ule/Zue Mgl sl AL RO
o}, ol A7} RS 4G AR Holw, SREs A
o}, 2ol A A7} ukstela o u) A sea e ek
3131 148 AlIT})

ri SN

Ha 0 SR 59 oS B AS
1 6 stebm AN 587 o S
2 A2 tha] AEE BolFE 5871 Eohe

Z$-(watch for mid—position stances)
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18. LURIA HAND SEQUENCE 2

3 Hands

2} 0|27 s L

@ARA7E A Bl a)
7} 528 weks)7) gt

2 ol mehs AL ( SE RIRE
ahet) ek B} RS AT A0 Holw, T SnE
2 AT}, 807 A7t Teskeka @ wrkA) Adsia e

ke b) 2] ) dd-3K7}

AARA}F ZF H2-S

1 o=

ehi Al7|3 Sl wbslen) B A She o] B4
7P eke A& 3027 stk 13o] AUk A
)

I J§ I3

e 0 TAA 49 o|ARS 3 Ao
1

o sleti XA TH) Al HolA 47
LK

2 AT R
19. GRIP TASK

(A7 okl 13t e &
A E7ES B HoluA A

I§ <l

B 0 SA7hvhee et
IoEwe@E )
2 BATHAAS) £5S T ok

& ShAbof|A| Hojeh

20. ECHOPRAXIA 2
(o} oJo}7] glo] AR} A7) Bl Airh)
B 0 AP AAAE webeA) gkt

1 @A} oI, W] St g
2 WAk 58 T A,

21. COMPLEX COMMAND TASK

Al AE g mElefel il w2 oAl v F5UT

(1232 LA AR T2 o2 AR golzitt)

B 0 T PAE AR Y BAS BE

| BE S - The IS S EET AN
SR,

2 the A B

o -I9Ren 3 trkd 1 A4S

5t 9}
ST,

uhhA] e AN f7

22. SERIAL ORDER REVERSAL TASK

@Rt A UFY 9] 2 UL e HA glct)
‘2 olA BRURE AIASA QUL AR A2 LI

HAlR

M 0 2AYA A% glol Tk,
1 WS AASH B U7k & 4 it (989
oA ABSH 2L ATE THEAL)
2 AZ3hE 54 R,

23. COUNTING TASK |

(AL AR 3 AANFOR ShP FOmA) o] 1
Y olol gl B379] 52 2A Alo] BAL”

B4 0 4
1 716K} o] o] the whgo] Lot 79)
2 47} ©]9l9] ThE %2 Hgte)
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24. UTILIZATION BEHAVIOR 25. IMITATION BEHAVIOR
AP 20 B AT BelA A7) BeluA B (AL 222 Slolhs TRt Bt sk, £88 7
t}) “o|7lo] B 2)7] 84 ol ] Bich)

|2 ekl sE?
B4 0 S0 PX gt

| FASA oz Fed, Ha 0 e®
2 ZAAR}e] ol A BHE M, | THE kg (M9 : )

(utilization behavior) 2 37 &5 3T Aok ok echopraxia).



