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Ray Tracing Analysis of Overlapping Objects in Refraction Contrast Imaging

Masatsugu Hirano,! Katsuhito Yamasaki,” Hiroshi QOkada,’ Takashi Sakurai,
Takeshi Kondoh,’ Tetsuro Katafuchi,’ Kazuro Sugimura,” Sohei Kitazawa,®
Riko Kitazawa,® Sakan Maeda,? and Shinichi Tamura’

We simulated refraction contrast imaging in overlapping objects using the ray tracing method.
The easiest case, in which two columnar objects (blood vessels) with a density of 1.0 [g/cm’],
run at right angles in air, was calculated. For absorption, we performed simulation using the
Snell law adapted to the object’s boundary. A pair of bright and dark spot results from the
interference of refracted X-rays where the blood vessels crossed. This has the possibility of

increasing the visibility of the image.
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INTRODUCTION

ET IS DIFFICULT TO OBSERVE OBJECTS THAT HAVE A SMALL
absorption difference using conventional absorption
imaging, in spite of the rapid development of X-ray
diagnostic devices. The practical application of a coher-
ent X-ray source like laser is expected in the next gener-
ation. Refraction contrast imaging using highly coherent
X-rays (synchrotron radiation) produces images that
reflect objective density difference and have the pos-
sibility of clinical application. This imaging produces a
bright/dark line pair at the object’s boundary and has
the effect of increasing visibility."* However, quanti-
tative analysis of this imaging has not been carried out.
Conventional sources have less coherence and are not
able to produce such high-quality images. In this paper,
refraction contrast imaging of crossing objects is

Received September 22, 2003; revision accepted September 25,
2004.

Niihama National College of Technology

2Japan Synchrotron Radiation Research Institute

*Department of Urology, Teikyo University School of Medicine

Departments of *Internal and Geriatric Medicine, *Neurosurgery,
Radiology, and #Pathology, Kobe University Graduate School of
Medicine

8National Cardiovascular Center

°Osaka University Graduate School of Medicine

Reprint requests to Masatsugu Hirano, Ph.D., Nithama National
College of Technology, 7-1 Yagumo, Ehime 792-8580, JAPAN.

This work has been performed under the approval of the Photon
Factory Program Advisory Committee (Proposal No. 2003°010).

386

simulated using the ray tracing method.* This paper
assumes the existence of pillars with a density equal to
water in air, for simplification of the X-ray imaging
simulation.

MATERIALS AND METHODS

The refraction index for X-rays is usually expressed as
n=1-8+iB, where both 8 and 3 are very small. & is
proportional to the density and square of the wavelength.
For example, in water, 8 is 2.3x107 and 8 is 1.2x 10-10
at 30 keV. Therefore, the refraction index is much larger
than the index of absorption. The real part of the refrac-
tive index is smaller than but close to 1.0. Therefore,
the refraction angle is small. In Fig. 1, the refraction
angle is 0.23 urad (in the case of an incident angle of 45
degree).

Monte Carlo Simulation was applied to calculation
of the travel paths of X-rays along the object surfaces,
and absorption is considered in this paper. The number
of photons radiated into the pixels of each detector was
counted, and the number of counts was interpreted as
intensity. Direction of X-ray at the margin of objects is
calculated by the Snell law. This simulation program
was originally developed by us. The program is described
by C language.

The conditions were as follows in the calculation of
ray tracing. The 30 keV monochromatic X-ray was
exposed in air to the part at which two same-size pillars
(diameter of 100 micrometers), assumed to be blood
vessels with a density equal to 1.0 [g/cm?], intersected
at right angles (Fig. 2). The refraction contrast image
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Fig. 1 .
A: Refraction contrast imaging. Parallel X-ray beams A
are bent by refraction, generating bright and dark lines B

outside and inside the boundary lines, respectively.

B: Profile curve of 30 keV X-ray refraction by pillars with a
diameter of 100 .em (specific density = 1.0) observed with a detector
in the case of a pixel size of 25 m (the background is normalized
to 1.0). Vertical numbers are photon counts into detector,

was obtained 1[m] behind the sample. The ray tracing
method was used in calculating parallel X-rays running
at the surface of objects (Fig. 1). Finally, photons incident
to each pixel (pixel size, 1 micrometer) of the detector
were counted, and the number of counts was expressed
as the intensity of the pixel. Then the simulated image
was compared with the observed image. The experi-
mental conditions were as follows. A plastic fiber with
a diameter of 0.5 mm was scanned with a nuclear plate,
applying 30 keV monochrome X-rays at BL-14C in PF-
KEK.

ResuLts

The profile of the refraction contrast image is shown in
Fig. 3 (single 100 [m] cylinder), and the calculated
images of the two columns are shown in Fig. 4A-1. It
can be observed that pairs of bright and dark lines are

Volume 23, Number 5

Relative intensity

a 100 200 300 400 500 600
Position (i m)

Fig. 3. Profile curve of the refraction image of a 100 pum cylinder.

produced in the boundary area, and the brightest/darkest
spots come from overlap of bright/dark lines (magnified
in Fig. 4B). The observed image of crossed glass fiber
(500 pm) using an analyzer crystal at 30 keV is shown
in Fig. 5. The distance between the nearest fiber and
detector was 1.0 mm. The distance between two fibers
was 2.0 mm. A simulated image of crossed fibers ob-
tained using an analyzer crystal is shown in Fig. 6. The
two images show good coincidence. The profile curves
of observed and simulated images of two crossed fibers
are shown in Fig. 7.

Discussion

X-ray beams apparently refract at the boundary of
objects. The contrast between the bright line produced
at the low specific gravity side (air) and the dark line at
the high specific gravity side (blood vessels) is much

387
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A-1: Refraction image (256 photons/pix.) of two crossed 100 wm cylinders. Arrows show artifact pattern
(vertical and horizontal lines) due to discontinuity.
A-2: Refraction image (178 photons/pix.) of two 100 um cylinders.
B: Magnified image of the rectangular area in Fig. 4A.

C: Solid diagonal line profile of Fig. 4B.

s

Fig. 5. Image of crossed glass fibers (500 pm) using analyzer

Y AT NG

erystal at 30 keV. Arrow shows debris.

larger than that of absorption. The overlap of the above-
mentioned contrast generates the contrast-enhanced
border spots due to the additional enlargement of
contrast.

Under the condition of this simulation, the contrast
of the brightest spot compared with the darkest spot

388

that was produced by the overlapping of two fibers was
1.6 times larger than the contrast of the light-and-dark
line at the margin of the obstacle (Figs. 3, 4C), and has
the potential to be clearly useful for diagnostic ability.
However, there is a possibility of interfering with diag-
nosis. Many bright and dark spots are produced in the
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Fig. 6. Simulated image of crossed fibers obtained
using an analyzer crystal. The two images show good
coincidence at 30 keV.
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Fig. 7. Profile curves of observed and simulated images (solid
line profile of Fig. 6).
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case of many overlapping vessels. Further, small ringing
artifact is observed in Fig. 4C due to discontinuity of
the calculation. The artifact is regarded as digital noise
that results from digitizing photon counts at each pixel
of the detector. A simulated image is shown in Fig. 4A-
1. Photon numbers are 256 at one pixel in Fig. 4A-1. A
simulated image is shown in Fig. 4A-2, and photon
numbers are 178 in this image. A profile curve is shown
in Fig. 4C. For the same reason, the horizontal column
in Fig. 4A-1 has the artifact pattern at the boundary area.
For example, the ratio of vertical line intensity shown
by the arrow to background intensity is 1.0625 in Fig.
4A-1.

Although the interference caused by the overlap of
objects can be simulated with the Maxwell equation,
the calculation performed in this study may be a good
calculation method as a primary approximation of the
Maxwell equation.* Simulation of and experimentation
on X-ray absorption and interference by multiple-objects
have just started, and more study is needed. The ray
tracing method is useful as calculation tool for the above-
mentioned simulation, and we will continue further
research.
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Abstract

Background. Type 2 diabetes mellitus is associated with cognitive dysfunction
and increases the risk for dementia in the elderly. The aim of this study was to
explore, by means of magnetic resonance (MR) imaging, possible relationships
among clinical profiles of diabetes, cognitive function, white matter
hyperintensities (WMHs) and subcortical brain atrophy.

fethods. Data Were thained from 95 non-demented type 2 diabetic
participants aged 65 years or over, enrolled in an intervention trial for Japanese
elderly diabetics. Cognitive funCtion was measured with neuropsychiatric tests,
including mini-mental state examination (MMSE , verbal memory, digit symbol
substitution and Stroop tests. Hyperintensity was classified into periventricular,
deep white matter, thalamic and basél 'g:a_nglia. Four ventricle-to-brain ratios
were used fo measure subcortical atroiph'y.' To identify clinical features of
diabetes, indices of glycemic control, lipid nh:)_etabolism, blood pressure and
complications were examined. Canonical oorfe!ation’analysis and regression
analysis were used to assess correlation.

Resulis. Score for digit symbol substitution and MMSE riégatively correlated
with WMHSs in parietal lobe and hyperintensities in thélamué, ‘respectively.
Lower scores for memory and digit symbol substitution shc;wed positively
association with enlarged subcortical atrophy adjacent to lateral ventricles.
There was no association between clinical pictures of diabetics with cognitive
dysfunction and of those with morphological changes in the brain.

Conclusions. Impaired cognitive domains of speed of mental processes and

memory were associated with WMHs and subcortical atrophy. Degenerative
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changes in cerebral small vessels may constitute predictive factors for the rate

of cognitive dysfunction in elderly diabetics.

Keywords:

Periventricular hyperintensity, White matter hyperintensities, Subcortical

atrophy.

Type2 diabetes mellitus, Elderly, Cognitive
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!

2 Introduction

é Type 2 diabetes is an age-related disease with a prevalence in Japan estimated
;? at more than 5 percent of the population (1). For elderly diabetics, the purpose
:é of treatment is not only to control plasma glucose levels, but also to prevent

14

Eg diabetic complications. Prospective intervention studies have provided evidence
g that intensive glycémjc control effectively slows the onset and progression of

;lg diabetic vascular COmp(ications associated with type 2 diabetes (2). However,
21 Lo

i?é these epidemiologicél inVeétigations did not consider the various aspecits to

;g prevention of cognitive decline in elderlydiabetics.

%Z The influence of diabetes on bvrainfunction has been of interest for more than
ig 80 years (3, 4). Subjects with tyb’e > diabetes initially manifest deficits in

2;2 abstraction, problem solving, memory and the completion of tasks involving

35 T

gé speed and complex perceptual-motor re's'p”ons_‘es. Recently, several

g? epidemiological studies have shown that diabetég increases the risk for the

§ most common forms of dementia, Alzheimer’s disease and vascular dementia
42 (5-9). Hence, the most critical issue is to identify the faétors responsible for

:5; diabetic cognitive impairment that lead to severe oogniktive"’décline in the elderly.
%5 Diabetes-related brain disorders have been considered mu'ltifactb'r‘ial and

}g attributed to genetic predisposition, nutritional factors, Cerebrovaéouhr

é? disorders, and the neurotoxic effects of hypoglycemia and hyperglycemia (10).
%? The so-called Rotterdam study, which is one of the largest population-based

“;’2 cohort studies, demonstrated conclusively that diabetic subjects with

?;i cerebrovascular diseases and with insulin treatment are more prone to

6o

dementia (5). Recent biological findings have supported the view that several

4
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tisk factors could be linked between diabetes and cognitive dysfunction in the
elderly (10, 11). However, clinical pictures of elderly diabetes are various and
elderly diabetics may have cincident neuropsychiatric disorders, thus making it
difficult to identify the factors specifically responsible for cognitive decline.

To address these controversies regarding cognitive decline in elderly diabetics,
we conducted-a Iarée—scaled prospective study of the Japanese Elderly
Diabetes lnterventibin T_rial (J-EDIT). J-EDIT was a prospective intervention
study designed to in.vé;sti'éa_te and identify the clinical characteristics of non-
demented diabetic elder}lg/. In the report presented herewe have analyzed the
baseline measures of cognitive dysfupction in non-demented elderly with type 2
diabetes. The aim of this study Wa; t.ol explore possible associations among
diabetic cognitive dysfunction, brain mq‘r:[voho_l,ogical changes detected on
magnetic resonance (MR) imaging, and"diab‘ejtic clinical features. To analyze
brain MR images, we focused on white mattér hy:é_erintensities (WMHs) and
subcortical brain atrophy because subcortical étruqtu'ralphanges have been
associated with cognitive impairment in demented-‘ahd_}vﬁoﬁdemented elderly
subjects (12, 13). We classified hyperintensities into periv'ent?ricular, deep white
matter, thalamic and basal ganglia. The research questionks were: 1) What
diabetic indices are associated with cognitive dysfunction? : 2) Which WMHs
influence specific cognitive domains of elderly diabetics? : 3) Do brain structural
changes on MR imaging correlate with _olinical measurements of diabetes? To
address these questions, we adopted the canonical correlation analysis and

regression analysis.

http://mc.manuscriptcentral.com/dmrr
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i

2

g Materials and Methods

é Participants: J-EDIT started in 2001 as a prospective intervention study of
23 Japanese elderly with diabetes mellitus to prevent the several diabetic
f;, complications. The study involved 1,173 diabetic subjects from 42 institutes and
14

1‘2 hospitals in Japan who were 65 years or older (mean age was 71.8 = 4.6) and
lé whose serum H»b‘A1o levels were = 7.0%. Written informed consent was
g_? obtained from all patients. From these subjects enrolled in the J-EDIT we
%% selected 95 subjects \)\v{fth"‘fype 2 diabetes (14), who were treated at Kobe
‘?:5 University Hospital, Nagoya U:_i;'ﬁi\/ersity Hospital, Chiaki Hospital, Aoki Memorial
§_§ Hospital, Nagoya Kyoritsu Hdépitafl and Tokyo Metropolitan Geriatric Hospital.
g% The diabetic participants who héd difficulties in communicating, or showed signs
gg of speech disturbance, deafness, severe diétu_rbance of visual acuity, dementia,
gé and serious deterioration of the activities df daily life were excluded from this
3 SR

§§ study. Clinical diagnosis of dementia was estabfishéd according to the criteria of
38

o the Diagnostic and Statistical Manual of Mental Disorders (DSM)-IV (15).
Z; Subjects with chronic renal failure (serum Creatining>w1'.y5' mg/dl), serious heart
ig failure or symptomatic cerebral infarctions were alsoexclﬁdéd ;from this study.

4? Assessment of diabetes mellitus, complications, and" coﬁbrbidities.' The
i_iz diagnosis and information of diabetes mellitus, blood examinations and
5

g; complications were obtained from clinical charts (14). Blood samples were
g?j obtained by vein puncture after overnight fasting to assess serum levels of
5

;é glucose, HbA1c, total cholesterol, triglyceride, and HDL-cholesterol. Serum
gg insulin concentrations were measured in patients who were not receiving insulin
60

therapy. Diabetic vascular complications were assessed for the co-existence of

6
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nephropathy, retinopathy, neuropathy and coronary diseases. Retinopathy was
assessed fundoscopically through the dilated pupils by experienced
ophthalmologists. The degree of retinopathy was classified into five categories;
0 (no retinopathy), 1 (intra-retinal hemorrhages and hard exudates), 2 (soft
exudates), 3 (intra-retinal microvascular abnormalities, venous calibre
abnormalities and venous beading), 4 (neovascularization of the disc or
elsewhere in the fretiha, preretinal fibrous tissue proliferation, preretinal or
vitreous hemorrhage, and retinal detachment). Nephropathy was assessed in
terms of the mean urinary a}l‘bumin-to-creatinine ratio (ACR) and rated as 1 (no
nephropathy: ACR<30 ug/mg)',kifz ‘(mic:roalbuminuria: 30= ACR< 300 pg/mg), or
3 (persistent proteinuria: ACRE 300 Hg/mg or urinary protein= 30 mg/dl).
Diabetic neuropathy was classified as 1 ,(no} neurqpathy), 2 (loss of Achilles
tendon reflex without neuropathic sy:mpt'obr_:nsk including paresthesia), or 3
(neuropathic symptoms). Coronary artery :d_‘i_seaées were considered to be
present when diabetic patients had at least one of ‘the following: a history of
myocardial infarction characterized by a typical clinical pic’fure (chest pain, chest
oppression, dyspnea, typical changes on ECG accompahiied.by»pathologioal Q
waves and/or localized ST variations), and typical .énvzyrﬁatic changes.
Cardiovascular complications were classified into two oétegories, that is,
presence or absence of coronary artery diseases.

Clinical diagnosis of hypoglycemia was based on the modified Whipple triad:
symptoms and/or signs consistent with a low glucose concentration, low plasma
glucose concentrations (< 60 mg/di), and relief of symptoms associated with

restoration of plasma glucose level (16). Subjects with at least one

7
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hypoglycemic episode during the recent twelve months were considered to
have hypoglycemia.

Procedures for analysis of the brain MR imaging: For every diabetic subject, a
series of axial standard T1-weighted (repetition time [TR], 400msec; echo time
[TE], 12msec), T2-weighted (TR, 3000msec; TE, 90msec; a 256 x 512 matrix)
and fluid-attenuated. inversion-recovery (FLAIR) (TR, 7500msec; TE 110msec;
inversion time, 22OQ‘msec; a 256 x 512 matrix) MR sequences of the brain were
performed using 1.5 Teéjla MR units (Gyroscan NT-Intera and Gyroscan ASC-
NT, both Philips, Eindhoven,:The Netherlands; SIGUMA MR/|, General Electric,

Milwaukee, WI). Scans in pédr_,aljel, with the anterior commissura—posterior

commissura line were performed fr.omf’v[»h_e_a_ vertex to the foramen magnum with 7
mm-thick slices and an inter-slice gap éf 174 mm.

We analyzed WMHs and subcortical bréin atkrophy on MR images. WMHs
appeared as hyperintense on T2-Weighted'ifﬁages, but did not leave a clear
hypointense hole on T1-weighted images (Figure 1a). FLAIR was used to obtain
a clearer picture of the various WMHs (17), Which : were classified into
subcortical WMHs and periventricular hyperintensity (P\/H), (Figure 1b). WMHs
were considered periventricular if the largest diameter ‘FFWas adjgoent to the
ventricular lining; otherwise, they were considered subcortical. PVH was rated
semiquantitatively as 0 (none), 1 (pencil thin lining: <3 mm from the edge of
ventricles), 2 (smooth halo: 3-10 mm), 3 (extending cap or thick lining: 10-25
mm), 4 (large confluent: >25 mm) for three separate regions; adjacent to frontal
horns (frontal oaps); adjacent to the wall of the lateral ventricles (bands), and
adjacent to the occipital horns (occipital caps). The overall degree of PVH was

8
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calculated by adding up the scores for the three separate compartments (range
0-24) (18, 19). The number and size of subcortical WMHs were counted in the
frontal, parietal, occipital, and temporal lobes, as were the number and size of
hyperintensities in the basal ganglia and thalamus. The size of subcortical
WMHs was classfied, according to the largest diameter, that is, small (1-3 mm),
medium (3-10 mm) or large (>10 mm) (17). To calculate the volume of
subcortical hyperihtens;itie's they were assumed to be spherical with a fixed
diameter of 2, 6, 12 mrh‘vfo»r each of the three respective categories.

Linear analysis of subé:onjcal brain atrophy, Evans Ratio (ER), inverse Cella
Media Index (iCMI), Cauda.teH'ead Index (CHI), and Basal Cistern Index (BCl)
were all calculated (20-23). The-fo.lvlowing were measured with slide calipers: the
maximum distance between the tips ofthe anterior horns (A), the width between
the bilateral heads of the caudate nuéléi (B)', the maximum transverse inner
diameter of the intracranial space (C) , the f}naxi‘;num width of the cella mediae
(D) and the maximum transverse inner diameter (E). Finally, the internal width
between the bilateral temporal lobe (F) and thé m_q_ximum transverse inner
diameter (G) were calculated. The CHI, iCMI, ER and BCI- Were calculated with
the following respective formulae: CHI=B/C, iICMI=D/E, ER=A/C and BCI=F/G,
respectively (Figure 2).

Two raters who had no knowledge of the clinical data analyzed the brain MR
imaging. To test the interrater reliability, the result of the two raters was
subjected to correlation analysis for comparison in a random sample of 15

subjects. The analysis showed a strong correlation (r=0.85-0.89, P<0.0001),
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which suggested that the method of measurement used for this study was
reliable.

Measurement of Cognitive Function: We used neuropsychiatric test batteries to
examine cognitive function of each of the subjects by assessing the speed of
cognitive processes, as well as the extent of verbal memory, and global
cognitive function'. Two tests were used to assess the speed of mental
processes: Stroop B}»(naming the color of the character that was printed in a
color other than the one signified by the characters) and the digit symbol
substitution test of the.:‘Wgch‘sIer Adult Intelligence Scale-Revised (24, 25).
Verbal memory was assessedli\{:vkith‘ the immediate and delayed word-list recall
from the logical memory subtest}bf tb‘e Alzheimer’s Disease Assessment Scale
and of the paragraph from the neuféps&iéhologioal tests of the National Center
of Neurology and Psychiatry, Japan ('é6,“‘27). Finally, MMSE was used to
measure global cognitive function (28). |

Statistical analysis: To explore the association arhong cognitive profile, clinical
Variables of diabetes, and morphological Changé‘s'iiﬁ:MF{ imaging, we used
canonical correlation analysis and regression analyrsis,’(29:)‘§ There were four
sets of variables: seven cognitive tests, sixteen clinical Qariablés of diabetes,
eight brain WMH regions and four indices of brain atrophy. Since multiple test
corrections would wipe out virtually any test significance, and variables within
the same class are often showed a high degree of correlation, thus rendering
the correlations redundant, we adopted the canonical correlation analysis to
identify the direct relationship between two sets of variables. The fundamental

principle behind canonical correlation analysis is creation of a number of

10
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canonical solutions, each consisting of a linear combination of one set of
variables, which has the form:

Ui=a; (predictor;) + as (predictors) + =+ + am (predictorm)

and a linear combination of the other set of variables, which has the form:

Vi=b; (criterions) + bz (criterionz) + -+~ + by (criteriony)

The purpose is to} aetermine the coefficients (a’s and b’s) that maximize the
correlation between bc_anonioal variates U; and V. The first canonical correlation
is the highest possibié-cdrrelation between any linear combination of the
variables in the predictor set vénd any linear combination of the variables in the
criterion set. |

A way of interpreting the canénic;ﬂjsolutions is to look at the correlations
between the canonical variates andr"'t_h"e variables in each set. These
correlations are called structure ooefficie'nt‘é: THe_logic here is that variables that
are highly correlated with a canonical variate _ﬁa:ve"more in common with it and
they should be considered more important whe;nt’ideriving a meaningful
interpretation of the related canonical variates. "As“a-'afgubstantial value of
structure coefficients, an absolute value equal to or gr'e‘:ét'er» than 0.3 is often
used (30, 31). | 7

For adjustment for confounders such as age and education, the correlation
between cognitive function and MRI findings detected by the canonical
correlations analysis was reanalyzed with multiple linear regression analysis.

Statistical significance was defined as p < 0.05.

11
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Results
Clinical characteristics of the 95 elderly diabetic patients are shown in Table 1.

The mean age of the patients and duration of diabetes mellitus were 72.8£0.5
years and 18.41+1.2 years, respectively. Average HbA1c was 7.9220.1%, while

other indices, such as blood pressure, serum cholesterol level and body mass
index, were Witﬁih réasonable limits. Eighteen diabetic subjects were receiving
insulin therapy and_‘ 21 patients had hypoglycemic episodes. Because the
number of patients in t_.k.mis?study with insulin treatment or with hypoglycemic
episodes was small, we Qou!‘d:-__not analyse the effect of insulin therapy or
hypoglycaemia on cognitive dyéfuﬁc’[ion.

Canonical correlation analysis indicatéd a strong association of cognitive
function with WMHs (p=0.004) (Table 2).:‘_%l'he canonical valuable of WMHs was
contributed with digit symbol substitutior;tes‘t, MMSE, immediate/delayed word-
list recall, and Stroop tests (correlation of oanqnibal"variables: 0.76, 0.65, 0.33,
0.47, -0.41, respectively) and the canonical valuable éf cognitive function was
contributed with PVH and WMHSs in the parietal, terr‘\-r.jovralb and occipital lobes,
total WMHs, and hyperintensities in the thalamus (correlati;;n of Qanonioal
variables: -0.45, -0.33, -0.31, 0.33, -0.34, -0.39, respeotively), b»ut?n,ot with
WMHs in frontal lobe. In other words, digit symbol substitution test, MMSE and
immediate/delayed word-list recall had a negative correlation with PVH and with
WMHs in the parietal and temporal lobes, total WMHs and hyperintensities in
the thalamus and positive correlation with WMHs in the occipital lobe. These

results suggest that diabetic patients with more predominant WiMHs except in
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the frontal lobe were more deficient in speed of mental proesses and in verbal
memory.

The relationship between cognitive function and clinical indices was analyzed.
No correlation could be established between cognitive function and clinical
indices of diabetes, including glycemic control, lipid metabolism, blood pressure
and Complications of diabetes mellitus (data not shown). There was no
correlation betweeh W_MHS and diabetic clinical pictures including diabetic
control and Complicatiorfs‘(‘data not shown).

Table 3 shows a cle;air correlation of diabetic cognitive dysfunction with
subcortical brain atrophy indiCé:s:. (p:Q.OO4). Lower scores for word-list recall and
digit symbol substitution test; " aé Well as delayed paragraph recall were
positively associated with enlarged EF%, CHI :and iCMI. Canonical correlation did
not detect a significant association betv\)éeh :brain atrophy and diabetic clinical
indices (data not shown). e

The results were reanalyzed with regression analysis to adjust for age,
education and systolic blood pressure, because these Vf}'faotors were generally
considered to have effects on the cognitive funotionfénd/or brain structural
changes on MR images (32, 33). The variables which stroﬁ’gly oQﬁt(ibuted to the
canonical variates between cognitive functions and MRI findihgé were selected
as the criterion variables of the regression analysis. In these analyses, digit
symbol substitution test was associated with WMHS of parietal lobe, and MMSE
was correlated with hyperintensities in the thalamus after adjustment for age,
education, and systolic blood pressure (Table 4). Table 5 shows the significant

relationship between immediate word-list recall and caudate head index and the
13
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association between digit symbol substitution test and inverse cella media

index.

Discussion

The study presented here represents the first investigation analyzing the
possible associatians between cognitive dysfunction and clinical features, with
simultaneous evaJu.atji:c}n of brain morphological changes detected on MR
images in nondeméntéd é]derly with type 2 diabetes. It was found that WMHs
and subcortical brain atrophy strongly correlate with several domains of diabetic
cognitive impairment, such as impaired speed of cognitive processes and
memory. Our study also indica’ceé th"at the various and sepe{rate subcottical
hyperintensities in the parietal Iobesﬁa;ra\d in the thalamus, but not in the frontal
lobe, are associated with diabetic coghi’tiyé impairment. However, we could not
detect the diabetic factors responsible for’;Qj_‘c:).'ghitive dysfunction, nor for the
morphological changes on MR images, in spité ofv:_o'U'r' tporough investigation of
the various diabetic indices, including diabetiov"Corftrol, complications and
comorbidities. These findings were established with the Qanonical correlation
analysis used for our study.

Previous studies have investigated the relationship betweemn WMHs and
cognitive decline in non-demented and demented elderly (18, 34-38). Cognitive
test scores in older adults were found to be worse in the presence of severe
WMHs, even after adjustments for age, gender and education (18). PVH is
more likely than subcortical WMHs to be associated with speed of cognitive

processes and memory (18, 34, 35). The white matter of the subcortical
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