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Cognitive dysfunction, Elderly patients ~ Aims/Introduction: An efficient screening strategy for identification of cognitive dys-

with diabetes, Magnetic resonance function remains a clinical issue in the management of elderly adults with diabetes. A

imaging magnetic resonance imaging voxel-based specific regional analysis system for Alzheimer’s
disease (VSRAD) has been developed as an automated brain morphometry system that

“Correspondence includes the hippocampus. We carried out a multicenter retrospective study to evaluate
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the utility of VSRAD for screening cognitive dysfunction in diabetes outpatient clinics.
Materials and Methods: We enrolled patients with diabetes aged >65 years who
underwent brain magnetic resonance imaging scans for the purpose of a medical
checkup between November 2018 and May 2019. Patients who were already suspected
or diagnosed with mild cognitive impairment and/or dementia as well as those with a
J Diabetes Investig 2022; 13: 177-184 history of cerebrovascular disease were excluded.

Results: A total of 67 patients were enrolled. Five patients were diagnosed with mild
doi: 10.1111/jdi.13622 cognitive impairment or dementia (clinical cognitive dysfunction). Patients with clinical
cognitive dysfunction showed a significantly higher z-score in VSRAD analysis (257 + 047
vs 1.15 £ 055, P < 001). The sensitivities and specificities for diagnosis of clinical cognitive
dysfunction were 80 and 48% for the Mini-Mental State Examination, 100 and 89% for the
z-score, and 100 and 90% for the combination of the Mini-Mental State Examination score
and z-score, respectively.

Conclusions: VSRAD analysis can distinguish patients with clinical cognitive dysfunction
in the elderly with diabetes, and also shows reasonable sensitivity and specificity com-
pared with the Mini-Mental State Examination alone. Thus, VSRAD analysis can be useful
for early identification of clinical cognitive dysfunction in the elderly with diabetes.

INTRODUCTION reported that diabetes mellitus is associated with the risk of
The prevalence of cognitive dysfunction has been increasing —dementia, including Alzheimer’s disease' >, cognitive dysfunc-
worldwide and has become a major public health concern. tion is increasingly recognized as an important comorbidity of
Since several population-based prospective studies have  diabetes mellitus. In addition, cognitive dysfunction in elderly

adults is often associated with severe hypoglycemia, which in
TThe first two authors (YU and TM) contributed equally to this work. turn impajrs cognitive MCtion4’5' In faCt’ the ]apan Diabetes
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a recommended glycated hemoglobin (HbAlc) target for elderly
patients with diabetes based on their cognitive function status*.

As the hippocampus plays a pivotal role in specific aspects
of memory and learning, declining cognitive performance can
plausibly be linked to changes in hippocampal volume®. Dia-
betes mellitus is therefore a possible risk factor for hippocampal
atrophy, which might precede clinical development of cognitive
dysfunction’. In the Hisayama Study, a population-based
prospective cohort study designed to evaluate the risk factors
for lifestyle-related diseases in Japan, elderly individuals with
diabetes had significantly lower ratios of hippocampal volume-
to-total brain volume®. Thus, evaluating hippocampal volume
in elderly patients with diabetes must be informative for physi-
cians to facilitate early diagnosis of cognitive dysfunction and
optimization of diabetes management.

Recently, a magnetic resonance imaging (MRI) voxel-based
specific regional analysis system for Alzheimer’s disease
(VSRAD) was developed as a tool to automatically evaluate
atrophy of the parahippocampal gyrus and has become widely
available in medical checkup for neurological screening in
Japan®'®. However, its usefulness for screening cognitive dys-
function of elderly patients with diabetes has not been exam-
ined in diabetes outpatient clinics.

We therefore carried out a multicenter retrospective study of
elderly Japanese patients with diabetes who underwent brain
MRI scanning using VSRAD. In the present study, we evalu-
ated the utility of VSRAD for early identification of mild cogni-
tive impairment (MCI) and dementia in elderly patients with
diabetes in whom cognitive dysfunction had not been previ-
ously recognized. In addition, we also investigated clinical fac-
tors associated with VSRAD analysis.

MATERIALS AND METHODS

Study population

The present multicenter retrospective study was carried out in
the diabetes outpatient clinics in the four regional core hospitals
in Japan: Kyoto University Hospital (Kyoto city, Kyoto, Japan),
Shiga General Hospital (Moriyama city, Shiga, Japan), Koto
Memorial Hospital (Higashiomi city, Shiga, Japan) and Hikone
Municipal Hospital (Hikone city, Shiga, Japan). We enrolled
patients with diabetes aged >65 years who underwent 1.5-T
brain MRI scans for analysis with the VSRAD advance system
(Eisai Co., Tokyo, Japan) for the purpose of a medical checkup
between the period of 1 November 2018 and 31 May 2019.
Those who had already been suspected of or diagnosed with
MCI and/or dementia before the brain MRI scans and those
who had a history of cerebrovascular diseases or apparent MRI
finding of cerebrovascular diseases were excluded. We retro-
spectively collected clinical data from medical records including
sex, age, type and estimated duration of diabetes, laboratory
data, therapeutic agents, diabetic retinopathy and nephropathy,
medical history (including hypertension, dyslipidemia and coro-
nary artery disease [CAD]), and cognitive function. The proto-
col of this study was approved by the Kyoto University

http://wileyonlinelibrary.com/journal/jdi

Graduate School and Faculty of Medicine, Ethics Committee
(registry no. R2023, 31 July 2019) and conforms to the provi-
sions of the Declaration of Helsinki.

Laboratory data

All patients underwent routine laboratory tests including fasting
plasma glucose, C-peptide, HbAlc, serum triglycerides, serum
high-density lipoprotein, serum low-density lipoprotein, serum
creatinine, serum uric acid and hemoglobin. We collected the
laboratory test data in the same month as the brain MRI scans
were collected. We also calculated the C-peptide index, as well
as the standard deviation adjusted for the number of HbAlc
assessments and coefficient of variation'' using 1-year data of
HbAlc before the brain MRI scan, as HbAlc variability might
affect cognitive function. As the Japan Diabetes Society/Japan
Geriatrics Society Joint Committee has provided recommenda-
tions for glycemic control in elderly patients with diabetes®, we
also assessed whether each patient achieved the recommended
HbA1lc levels during the study period.

MRI analysis

In the present study, VSRAD advance software (Eisai Co.) was
applied for analysis of the brain MRI images. Based on the
computer-assisted voxel-based morphometry of MRI images,
VSRAD analysis provided the mean values of positive z-scores
in the target volume of interest as an indicator of atrophy of
the parahippocampal gyrus by comparing a given individual’s
gray matter concentration voxel-by-voxel with that of the estab-
lished reference database of Japanese healthy individuals. The
1.5-T MRI scanners and scan protocol were used for the brain
scans to utilize the reference database for VSRAD analysis.
According to the manufacturer’s protocol and previous stud-
ies'®'?, the three-dimensional sagittal sections of T1-weighted
spin-echo images were used to evaluate brain and hippocampal
atrophy; a z-score >2 was used to denote significant atrophy
suggesting the possibility of cognitive dysfunction. In addition,
all brain MRI images were also analyzed using FreeSurfer Soft-
ware (version 6.0.0, http://surfernmr.mgh.harvard.edu/), and
hippocampal volumes were calculated as previously reported”.

Assessment and diagnosis of cognitive dysfunction

In the present study, we referred to MCI and dementia as ‘clin-
ical cognitive dysfunction’. After carrying out brain MRI scans,
we additionally assessed cognitive function using the Mini-
Mental State Examination (MMSE)', the Dementia Assessment
Sheet for Community-based Integrated Care System-21 items'®
and the Dementia Assessment Sheet for Community-based
Integrated Care System-8 items'®. The cut-off value of each test
for suggesting clinical cognitive dysfunction was 27, 31 and 11,
respectively'* "%, These tests were carried out by well-trained
diabetes educators and clinical psychotherapists in diabetes out-
patient clinics. Separately, diagnosis of clinical cognitive dys-
function was made according to the fourth edition of the
Diagnostic and Statistical Manual of Mental Disorders'” by

178 J Diabetes Investig Vol. 13 No. 1 January 2022

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd



http://surfer.nmr.mgh.harvard.edu/

A Self-archived copy in
Kyoto University Research Information Repository
https://repository.kulib.kyoto-u.ac.jp

K oF

KYOTO UNIVERSITY

RBALEHEE) KD RV ?
KURENAI il
Kyoto University Research Information Repository

ORIGINAL ARTICLE
VSRAD for the elderly with diabetes

http://wileyonlinelibrary.com/journal/jdi

dementia specialists authorized by the Japan Geriatrics Society,
Japan Society for Dementia Research and/or Japanese Psy-

Table 1 | Profile of all the enrolled patients

All patients
chogeriatric Society, using other evaluation tools, including the n :|O6I7)
Japanese version of Montreal Cognitive Assessment (cut-off
value, 25)'%, Hasegawa dementia rating scale-revised (cut-off — Age (years) 730+ 57
value, 20)"’, and brain computed tomography and/or regional ~ Male (%) 64.2
blood flow decrements in brain perfusion single-photon emis- ~ Body mass index (kg/m?) 243 £ 36
sion computed tomograph: 021 Waist orcgmferences (cm) . 900+ 92

Type of diabetes (type 2/type 1/pancreatic) (%) 94.0/4.5/1.5
Durati f di 130 + 10!
Statistical analysis uraﬁlor? of diabetes (years) 30109
L . Medication
Data are presented as the mean + standard deviation. Differ- Insulin (%) 343
ences between the two groups were analyzed by the unpaired g fonyiurea (%) 433
Student’s t-test, Wilcoxon test or Fisher’s exact probability test, Metformin (%) 522

as appropriate. The optimal cut-off point was determined by
the Youden Index; that is, ] = max (sensitivity + speci-
ficity — 1). We evaluated the association between the z-score in
VSRAD analysis or age and other factors, including sex, history

Complications
Nephropathy (stage 1/2/3/4/5) (%)
Retinopathy (NDR/SDR/PPDR/PDR) (%)
Coronary artery disease (%)

59.1/284/9.1/3.0/00
69.2/13.8/3.1/138
328

of CADs and MMSE score, by logistic regression analysis. To ~ Severe hypoglycemia (%) 60
compare the sensitivity and specificity of the MMSE score and S){stohc' blood pressure (mmHg) 1300+ 130
z-score for the diagnosis of clinical cognitive dysfunction, Diastolic blood pressure (mrmHg) 700 £ 104
s . . HbATc (%) 7110

McNemar’s test was applied. A P-value of <0.05 was considered Plasma

o . ® . . glucose (mg/dL) 1500 + 839
statistically significant. J]MP Pro~, version 15.1 (SA.S’Instltute C-peptide index 143+ 115
Inc,, Cary, NC, USA) was used to carry out the statistical anal-  porogiobin (g/dL) 138 + 14
yses. Serum creatinine (mg/dL) 087 + 027

Estimated glomerular filtration 580 £ 16.1

RESULTS rate (mL/min/1.73 m2)
Characteristics of enrolled patients Low-density lipoprotein cholesterol (mg/dL) 1040 £ 27.1
A total of 67 patients aged >65 years were enrolled in the pre-  High-density lipoprotein cholesterol (mg/dL) 540 %159
sent study. Importantly, they had not been suspected of clinical ~ TMglyceride (mg/dL) 1120 £ 449
cognitive dysfunction before the brain MRI scans and VSRAD MMSE (total score) 270 %22
analyses. The profiles of all the enrolled patients are shown in Bﬁgg? ;zo‘oJri] ZO
Table 1. Of the 67 patients, 43 (64%) were men. All of the ccore in VSRAD ]:1 6_i 6.65

patients had graduated from high school. There were 63
patients with type 2 diabetes mellitus, three patients with type 1
diabetes mellitus and one patient with pancreatic diabetes melli-
tus. The mean age was 73.0 + 5.7 years; body mass index was
24.3 + 36 kg/m%  estimated duration of diabetes was
13.0 £ 10.9 years; HbAlc was 7.1 = 1.0%; estimated glomerular
filtration rate was 580 t 16.1 mL/min/1.73m% z-score in
VSRAD analysis was 1.16 = 0.65; Dementia Assessment Sheet
for Community-based Integrated Care System-21 items score
was 22.0 £ 3.0; MMSE score was 27.0 = 2.2; and hippocampal
volume estimated with the FreeSurfer Software was
6,056.1 + 691.4 mm”’. A total of 22 patients (33%) had a his-
tory of CAD. No segmentation errors were identified in
VSRAD analysis. During the first year after the brain MRI
scans, five (7%) patients were diagnosed with clinical cognitive
dysfunction.

Profile of patients diagnosed with clinical cognitive
dysfunction

The characteristics of the patients diagnosed with clinical cogni-
tive dysfunction in this study are shown in Table 2. The
patients diagnosed with clinical cognitive dysfunction during

DASC-8, Dementia Assessment Sheet for Community-based Integrated
Care System 8-items; DASC-21, Dementia Assessment Sheet for
Community-based Integrated Care System 21-items; HbATc, glycated
hemoglobin; MMSE, Mini-Mental State Examination; NDR, no diabetic
retinopathy; PDR, proliferative diabetic retinopathy; PPDR, pre-
proliferative diabetic retinopathy; SDR, simple diabetic retinopathy;
VSRAD, voxel-based specific regional analysis system for Alzheimer's

disease.

1-year follow up showed significantly higher z-scores on

VSRAD analysis (clinical cognitive dysfunction group vs non
clinical cognitive dysfunction group; 2.52 + 0.47 vs 1.15 £ 0.55,
P < 0.01) in accordance with significantly smaller hippocampal
volumes calculated by the FreeSurfer Software (5704.0 + 264.2
mm°® vs 6137.0 £ 697.8 mm>, P = 0.03). In addition, patients
diagnosed with clinical cognitive dysfunction showed a signifi-
cantly higher age (clinical cognitive dysfunction group vs non-
clinical cognitive dysfunction group; 79.0 * 4.7 years vs
72.5 £ 5.7 years, P = 0.04), significantly lower MMSE scores
(25.0 £ 2.7 vs 27.0 £ 2.0, P = 0.01) and significantly higher fre-
quencies of CAD (80 vs 29%, P = 0.04; Table 2). The youngest

© 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 2 | Profile of patients categorized by cognitive function Table 2 (Continued) g
Clinical Non-clinical Prvalue Clinical Non-clinical P-value %
cognltlvg cognmvg cognitive cognitive J
Edysfug)ctlon Ejysfug;:)tlon dysfunction dysfunction %
- ’ n=5 (=62 !
Age (years) 790 + 47 725+ 57 0.04 Reading (%) 00 00 100 %
Male (06 2 600 6.1 034 \yiing (6 00 48 100 5
Body mass index (kg/m? 268 £33 242 + 36 0.18 Visual construction (%) 500 32 021 §
Waist circumferences 9.0 £ 92 890 £ 92 043 DASCY] 250 + 38 220 + 29 018 2
(cm) _ DASC8 90+ 16 90+ 14 022 g
Duration of diabetes 80t 124 140 £ 108 052 sscore in VSRAD 959 + 047 115 + 055 <001 B
(years) MoCA-J 230+ 12 280+ 18 <001 g
Medication HDSR 240+ 16 270+ 23 001 g
Insulin (%) 200 355 065 Hippocampal volume 57040+ 2642 61370 £6978 003 g
Sulfonylurea (%) 400 445 1.00 )
T calculated in the §
Metfc?rm{n (%) 60.0 516 1.00 FreeSurfer Software P
Complications (mm?) 3
Nephropathy (stage 1/2/  80.0/20.0/00/ 574/295/198/ 1.00 %
3/4/5) (%) 00/00 33/00 DASC-8, Dementia Assessment Sheet for Community-based Integrated é.
Retinopathy (NDR/SDR/  40.0/20.0/0.0/ 717/133/33/ 037 Care System &-items; DASC-21, Dementia Assessment Sheet for g
PPDR/PDR) (%) 400 1.7 Community-based Integrated Care System 21-items; HbA1c, glycated %
Coronary artery disease 800 290 004 hemoglobin; HbA1c-AdjSD, standard deviation adjusted for the number s
(%) of HbATc assessments; HbA1c-CV, coefficient of variation for the num- E
Severe hypoglycemia (%) 00 81 1.00 ber of HbA1c assessments; HDS-R, Hasegawa dementia rating scale- e
Systolic blood pressure 1260 £ 119 1300 £ 132 095 revised; MMSE, Mini-Mental State Examination; MoCA-J, Japanese ver- g
(mmHg) sion of Montreal Cognitive Assessment; NDR, no diabetic retinopathy; %
Diastolic blood pressure 700 £ 56 695 + 108 096 PDR, proliferative diabetic retinopathy; PPDR, pre-proliferative diabetic 3
(mmHg) retinopathy; SDR, simple diabetic retinopathy; VSRAD, voxel-based speci- g
HbATC (%) 66+ 06 71£10 0.16 fic regional analysis system for Alzheimer’s disease. 5
Plasma glucose (mg/dL) 1240 £+ 230 1570 £ 856 0.14 f;:
Et?:? ctlifjjg]g o é_l)(s) i é;é 2)2491 i (1);2 825 patient diagnosed wrth clinical c.ognitive dys@ctiqn was aged %
HoATC-CV 550 + 308 339 + 365 026 73 years. In the logistic regression analysis adjusting for age, g
Achievernent of HbATC 400 323 100 sex, history of CAD, z-score and MMSE score, the z-score was g
according to the significantly associated with clinical cognitive dysfunction &
recommended level (%) (P < 0.05; Table 3). Consequently, we categorized the patients %
Hemoglobin (g/dL) 133+ 1.1 138+ 14 045 into two groups according to the z-score, and further investi- %
Creatinine (mg/dL) 085+ 020 088 £ 027 028 gated clinical factors that might be associated with the z-score. d
Estimated glomerular 600 £ 180 580 £ 16.1 052 %
filtration rate (mL/min/ Profile of patients categorized by z-score in VSRAD analysis %
173 mz)' . . The clinical characteristics of patients whose z-scores in e
Low-density lipoprotein 1000 £ 164 1050 £ 279 092 VSRAD analysis were >2 and <2 are shown in Table 4. A total %
Hicghf?— Sétnig ngé%iem 550+ 68 530+ 164 099 of 12 patients (18%) were idepﬁﬁed with a z-score >2. Pa'tients §
cholesterol (mg/dL) w1th a z-score >2 showefi significantly higher frequencies of H
Triglyceride (mg/dL) 1110 £182 1130 £ 463 070  clinical cognitive dysfunction (z-score >2 group vs z-score <2 g
MMSE (total score) 250427 270+ 20 001  goups 42 vs 0% P <001), significantly higher age B
Orientation for place (%) 400 129 0.16 (75.5 £ 59 years vs 72.0 = 54 years, P = 0.02), significantly g
Orientation for time (%) 600 194 007 lower MMSE scores (26.5 + 2.3 vs 28.0 = 2.0, P = 0.03), signif- e
Registration (%) 00 32 100 icantly smaller hippocampal volumes calculated in the FreeSur- 2
Attention and calculation 800 483 036 fer Software (5611.1 +577.8 mm’ vs 6151.6 + 649.8 mm’, 3
(o) P < 0.01) and significantly higher frequencies of CAD (58 vs £
Delayed roecall (6) 400 468 100 270, P = 0.04; Table 4). There were no significant differences g
Naming (%) 00 00 100 between the two groups with respect to sex, body mass index, 3
Repetition (%) 400 13 013 HbAlc or duration of diabetes. In logisti i alysi 2
Following command (%) 0.0 32 1.00 . . ) gIstic regression analysts =
adjusting for age, sex, history of CAD and MMSE score, the g
3
|
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Table 3 | Outcomes of cognitive dysfunction with logistic regression
analysis

Independent variable Odds Ratio  95% Confidence  P-value

intervals
Age 093 0.0001-130.51 057
Sex (male/female) 059 004-8.11 069
Mini-Mental State Examination 069 030-160 039
z-score in VSRAD 16.24 1.03-256.91 <005
Coronary artery disease 4.51 0.26-7861 030

level of z-score was predicted by history of CAD (P = 0.04);
age, sex and MMSE score were not identified as statistically sig-
nificant predictors of z-score (P = 0.06, 0.31, 0.81, respectively).

Predictors of clinical cognitive dysfunction in elderly patients
with diabetes mellitus

To evaluate the utility of VSRAD analysis for screening of cogni-
tive dysfunction in elderly patients with diabetes, we evaluated the
sensitivity and specificity of MMSE score, z-score, age, a history of
CAD and combinations of them. The sensitivity and specificity
for diagnosis of clinical cognitive dysfunction during 1-year follow
up were 80 and 48% for MMSE (cut-off value, 27), 100 and 89%
for z-score (cut-off value, 2.00; vs MMSE, P = 0.32, <0.01, respec-
tively), 100 and 45% for age (cut-off value, 72 years), and 80 and
71% for a history of CAD. For the combination of MMSE score
and z-score, the sensitivity and specificity were 100 and 90%. For
the combination of MMSE score, z-score and age, the sensitivity
and specificity were 100 and 92%. For the combination of MMSE
score, z-score, age and a history of CAD, the sensitivity and speci-
ficity were 100 and 97%.

DISCUSSION
In clinical management of elderly patients with diabetes, cogni-
tive dysfunction has a pivotal role, as it can threaten patient
self-management of glycemic control, which increases the fre-
quency of hospital admissions, occurrence of cardiovascular
events and death®*%. Although early vigilance for cognitive dys-
function in the elderly with diabetes is required, an efficient
screening strategy for identification of patients with the poten-
tial for MCI and/or dementia remains an issue in diabetes clin-
ics*®. In the present study, we evaluated the utility of VSRAD,
a structural MRI-based morphometry software, for screening
unrecognized cognitive dysfunction in elderly patients with dia-
betes. Patients with clinical cognitive dysfunction showed signif-
icantly higher z-scores than those without cognitive dysfunction
(Table 2); the z-score in VSRAD analysis was significantly asso-
ciated with clinical cognitive dysfunction by logistic regression
analysis (Table 3). In addition, VSRAD analysis was especially
sensitive (100%) at the specificity level of 89%.

Hippocampal atrophy has a pathophysiological role as well
as diagnostic value in clinical cognitive dysfunction, including
MCI and dementia®. As it is known that hippocampal atrophy

ORIGINAL ARTICLE
VSRAD for the elderly with diabetes

might precede the development of declining cognitive dysfunc-
tion clinically’, hippocampal morphometry using MRI images
is essential for early vigilance of clinical cognitive dysfunc-
tion™"°. Because conventional manual hippocampal segmenta-
tion has limited use due to test-retest reliability”, recent
advances in image analysis algorithms, such as the VSRAD sys-
tem, can be used to provide more definitive automated hip-
pocampal morphometry using brain MRI images™'’. In the
present study, the z-score in VSRAD analysis was shown to
discriminate patients with clinical cognitive dysfunction from
those without cognitive dysfunction (Table 2 and 4). Further-
more and surprisingly, a total of five patients were newly diag-
nosed for clinical cognitive dysfunction (Table 2), which shows
the value of early detection of cognitive dysfunction in diabetes
outpatient clinics; none of the enrolled patients in the present
study had been suspected of cognitive dysfunction, and none
had a history of cerebrovascular diseases. Although a previous
study using the VSRAD system found potential hippocampal
atrophy in type 2 diabetes mellitus patients compared with
healthy individuals®®, the clinical value of assessing the degree
of hippocampal atrophy by VSRAD system in the elderly with
diabetes remains to be discussed in real-world clinical practice.
In particular, the applicability of the VSRAD system to clinical
screening for cognitive dysfunction has not been investigated in
diabetes care. This is the first report to evaluate the utility of
the VSRAD system as a screening tool for clinical cognitive
dysfunction in the elderly with diabetes.

Additionally, the sensitivity and specificity for the diagnosis
of clinical cognitive dysfunction were high for the z-score in
VSRAD analysis (sensitivity, 100%; specificity, 89%). The z-
score in VSRAD analysis showed comparable sensitivity and
higher specificity than the MMSE score alone, whereas the
combination of z-score and MMSE score only slightly
improved the specificity.

Finally, a history of CAD might be a major factor in screening
for cognitive dysfunction in the elderly with diabetes. In the pre-
sent study, the patients diagnosed with clinical cognitive dysfunc-
tion showed significantly higher frequencies of CAD (Table 2),
although a history of CAD was not significantly associated with
clinical cognitive dysfunction in the logistic regression analysis
(Table 3). The z-score >2 group showed significantly higher fre-
quencies of CAD (Table 4), and the level of z-score was signifi-
cantly predicted by a history of CAD in logistic regression analysis.
This might suggest an influence of diabetes-induced vascular dam-
age and arteriosclerosis on hippocampal atrophy. Taken together
with the influence of CAD on cognitive decline and the higher
prevalence of CAD in patients with diabetes as previously
reported*>?°, a history of CAD can be especially informative for
determining the necessity of cognitive function screening for the
elderly with diabetes.

There were several limitations to the present study. First, this
was a multicenter retrospective exploratory study. Further
large-scale prospective investigation of the VSRAD utility for
clinical screening of cognitive dysfunction in the elderly with
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Table 4 | Profile of patients categorized by z-score Table 4 (Continued)
z-score >2 z-score <2 P-value Zscore >0 Zscore <2 Pvalue
(n=12) (n = 55) (=12 (n =55
z-score in VSRAD 242 £ 040 107 £ 033 Visual construction (%) 167 18 008
Age (years) 755+ 59 720 £ 54 0.02 DASCY] 230 + 31 220 + 30 073
Male (%) 500 672 032 pascs 80+ 09 90+ 14 016
Body mass index (kg/m?) 240 4 33 245 %37 098 Hippocampal volume 56111+ 5778 61516+ 6498 <00
Waist circumferences 890 % 76 900 £ 95 0.89 calculated in the
(cm? ) FreeSurfer Software
Duration of diabetes 115+ 120 140 £ 107 099 (mm?)
(years) Clinical cognitive M7 00 <001
Medlc‘ann dysfunction (%)
Insulin (%) 333 345 1.00
Sulfonylurea (%) N7 436 100 DASC-8, Dementia Assessment Sheet for Community-based Integrated
Metformin (%) 500 527 1.00 Care System &-items; DASC-21, Dementia Assessment Sheet for
Complications Community-based Integrated Care System 21-items; HbA1c, glycated
Nephropathy (stage 500/333/83/  600/272/9.1/ 058 hemoglobin; HbATc-AdiSD, standard deviation adjusted for the number
1/2/3/4/5) (%) 83/00 18/18 of HbA1c assessments; HbA1c-CV, coefficient of variation for the num-
Retinopathy  (NDR/SDR/ 500/16.7/00/  709/12.7/36/ 0.22 ber of HbA1c assessments; MMSE, Mini-Mental State Examination; NDR,
PPDR/PDR) (%) 333 9.1 no diabetic retinopathy; PDR, proliferative diabetic retinopathy; PPDR,
Coronary artery disease 583 273 004 pre-proliferative diabetic retinopathy; SDR, simple diabetic retinopathy.
(%)
Systolic blood pressure 1300 £ 92 1300 £ 138 1.00 diabetes is warranted, including comparison between the con-
(mmHg) ventional screening tests, such as MMSE, even though the sen-
Diastolic blood pressure 705+ 87 69.0 £ 108 028 sitivity and specificity of MMSE in the present study were
(mmHg) found to be comparable with previous reports>”*, Furthermore,
HoAlc (%) 70+ 06 /110 018 in the context of screening for cognitive dysfunction by MCI in
Plasma glucose (mg/dL) 1530 £ 876 1295 £+ 580 017 . . . 29 . .
C-peptide index 154+ 113 140 + 116 040 elderl.ylpatlents with diabetes™, .comparls.on .wuh the .Mont-real
HbA1C-AISD 025 + 019 024 + 031 064 Cognitive Assessment would be informative in future investiga-
HbATC.CV 303 + 251 343 + 383 045 tions. Second, although the z-score in VSRAD analysis showed
Achievement of HbATc 417 309 050 reasonable sensitivity as a screening tool in the present study,
according to the some of the patients with the z-score >2 were not diagnosed
recommended level (%) with clinical cognitive dysfunction. In those patients, an addi-
Hemoglobin (g/dL) 141 £ 14 137 £ 14 020 tional follow-up study might show consequent development of
Creatinine (mg/dL) 077 £ 037 090 + 0.24 016 cognitive dysfunction, as hippocampal atrophy can precede the
Estimated glomerular 695+ 190 570£155 0.26 development of cognitive dysfunction’. In addition, pathophysi-

filtration rate

(ML/min/1.73 m?)
Low density lipoprotein 985 + 279 1060 £ 270 059

cholesterol (mg/dL)

ological classification of cognitive dysfunction was not carried
out in the present study; the purpose of this study was screen-
ing for cognitive dysfunction in the elderly with diabetes in

High density lipoprotein 545 + 202 535 + 149 080 real-world diabetes outpatient clinics. Additionally, as CAD can
cholesterol (mg/dL) have an influence on cognitive decline, as previously reported>’,
Triglyceride (mg/dL) 1105 + 66.1 1125 + 395 046 the relatively high frequency of CAD history in our enrolled
MMSE (total score) 265+ 23 280+ 20 003 patients might affect the results, even though patients having a
Orientation for place (%) 333 200 044 history of cerebrovascular diseases were excluded from the pre-
Orientation for time (%) 333 109 007 sent study. Finally, due to a relatively small number of the
Registration (%) 00 36 100 patients clinically diagnosed with MCI/dementia in this study,
Attention and calculation 667 472 0.34 over/underdiagnosis of one patient might affect the statistical
(%) calculations.
Delayed recall (%) °83 436 052 In conclusion, in the present multicenter retrospective study,
Naming (%) 00 00 1.00 .. . . . . .
Repetition (%) 250 109 035 VSRAD. ana.1Y.51s in el_d.erly patlent.s with diabetes identified
Following command (%) 00 36 100 those with clinical cognitive dysfunction who had not been pre-
Reading (%) 00 00 100 viously suspected of cognitive decline. VSRAD analysis also
Writing (%) 00 55 100 showed a superior predictive value for clinical cognitive dys-
function compared with that with MMSE alone. Thus, VSRAD
182 J Diabetes Investig Vol. 13 No. 1 January 2022 © 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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