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Abstract.

Background: ®F.FDG-PET is defined as a biomarker of neuronal injury according to the revised National Institute on
Aging-Alzheimer’s Association criteria.

Objective: The objective of this multicenter prospective cohort study was to examing the value of '*F-FDG-PET in predicting
the development of Alzheimer’s disease (AD) in patients with mild cognitive impairment (MCI).

Methods: In total, [ 14 patients with MCI at 9 participating institutions underwent clinical and neuropsychological examinations,
MRI, and *¥F-FDG-PET at baseline. The cases were visually classified into predefined dementia patterns by three experts. An
automated analysis for "*F-FDG-PET was also performed to calculate the PET score. Subjects were followed periodicaily for
3 years, and progression to dementia was evaluated.
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Results: In 47% of the patients with MCI, progression of symptoms justified the clinical diagnosis of “probablec AD". The PET
visual interpretation predicted conversion to AD during 3-year follow-up with an overall diagnostic accuracy of 68%. Overall
diagnostic accuracy of the PET score was better than that of PET visual interpretation at ail follow-up intervals, and the optimized
PET score threshold revealed the best performance at the 2-year follow-up interval with an overall diagnostic accuracy of 83%,
a sensitivity of 70%, and a specificity of 90%. Multivariate logistic regression analysis identified the PET score as the most
significant predictive factor distinguishing AD converiers from non-converters.

Conclusion: The PET score is the most statistically significant predictive factor for conversion from MCI to AD, and the
diagnostic performance of the PET score is more promising for rapid converters over 2 years.

Keywords: Alzheimer’s disease, cerebral glucose metabolism, "F-FDG-PET, mild cognitive impairment, prospective study

INTRODUCTION

Although an effective treatment for Alzheimer’s dis-
ease (AD) has not been established, it is possible
o delay the progression of sympioms with pharma-
cological and non-pharmacological treatments. Since
pathological changes, such as senile plagues, arise
more than 20 years before the manifestation of AD
symptomatology, early diagnosis is required for early
intervention.

Mild cognitive impairment (MCI) is a diagnostic
entity used to describe abnormalities of memory func-
tion that do not fulfill the criteria for dementia {1]. MCI
includes prodromal AD and other causes of dementia,
as well as a form of cognitive impairment that does
not progress to dementia and can disappear. Recent
progress in basic research on AD and advances in in
vivo biomarkers have led to a substantial revision of the
diagnostic criteria for AD [2] to capture the full spec-
trum of the disease and to detect its earliest stages [3].
The revised National Institute on Aging-Alzheimer’s
Association criteria [4-6] suggest that accuracy in
diagnosing AD can be improved with information pro-
vided by structural and biological evidence of AD
pathology. Such information, if discernible at the MCI
stage, may allow for differentiation of early AD from
MCI1 owing to other causes [6).

8E.FDG-PET is defined as a biomarker of neu-
ronal injury according to the revised criteria. Studies
with '8F-FDG-PET have reported better diagnostic
performance than other modalities in distinguishing
AD-converters from non-converters in amnestic MCI
patients {7-14]. Most studies have shown that the
presence of AD-like hypometabolism in the poste-
rior associative and/or posterior cingulate coriex of
patients with MCI is predictive of conversion to AD
within -3 years. However, with the exception of
a few studies [11-14], the studies were conducted
in relatively small groups of subjects, and follow-
up times were not uniform. In this study, we repornt
data from clinical and '*F-FDG-PET assessments

within a multicenter prospective cohort study of sub-
jects with amnestic MCI (Study on Diagnosis of
Early Alzheimer’s Discase-Japan: SEAD-Japan). The
objective of this study was to investigate the diag-
nostic value of '8F-FDG-PET findings suggesting
AD-like hypometabolism in predicting MCI con-
version to AD, based on a multicenter prospective
study.

METHODS
Participuting subjects

Subjiects with amnestic MCI were recruited between
January 2006 and March 2007 and followed up annu-
ally for 3 years. Subjects were recruited from memory
clinics of 9 centers specializing in AD and other
dementias across Japan (Supplementary Table 1). All
subjects were living independently in the community
at the time of their baseline evaluation. This study was
approved by the Ethics Committes at every partici-
pating institution. Each subject signed an informed
consent form after the nature of the procedures had
been fuily explained.

All patients were free of significant underlying med-
ical, neurological, or psychiatric illnesses. Patients
were initially assessed using a neuropsychological
test battery, including the Mini-Mental State Exam-
ination (MMSE), Alzheimer’s Diseasc Assessment
Scale-cognitive component-Japanese version (ADAS-
J cog), Clinical Dementia Rating (CDR), Geriatric
Depression Scale (GDS), Everyday Memory Check
List (EMCL), and Logical Memory Subset of the
Wechsler Memory Scale Revised (WMS-R LM). In
accordance with the inclusion criteria, MCI patients
were aged between 50 and 80 years, with an MMSE
score >24, a GDS score <10, a WMS-R LM I score
<13,a LM I past A and part B score (maximum = 50)
<8, and a CDR memory box score equal to 0.5.
Patients with formal education for less than 6 years
were excluded.
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BE FDG-PET

Prior to baseline '8F-FDG PET scanning, all sub-
jects fasted for at least 4 h. Intravenous administration
of 18F-FDG (254 % 107 MBq) was followed by a rest-
ing period of 40-60 min in a dimly-lit and quiet room,
where participants were instructed to keep their eyes
open. A static scan for 10.3 £ 5.5 min was performed
in 2D or 3D mode after the resting pericd. Attenuation
was corrected by a transmission scan with segmenta-
tion for dedicated PET and by a CT scan for PET/CT.
Supplementary Table 2 lists the PET and PET/CT
devices and reconstruction conditions.

The '8F-FDG PET images were processed with
the 3-dimensional stereotactic surface projections (3D-
SSP) technique to generate z-score maps, using iSSP
software version 3.5 (Nihon Medi-Physics Co. Ltd.,
Tokyo, Japan). The normal database used for gen-
erating the z-score maps was constructed based on
50 normal subjects (31 males and 19 females, aver-
age age=57.6 y), with 10 normal subjects each from
S participating instituitons. The healthy subjects for
the normal database had no memory complaint and
no history of neurologic or psychiatric disorders. The
results of their neurologic examination and brain imag-
ing examinations (MR imaging or CT) were normal,
and their cognitive function was judged to be normal
by experienced nevrologists (MMSE score, 25-30).

PET image interpretation

Three experts, blinded to clinical information, inde-
pendently assessed the recomstructed PET images,
referring to the 3D-SSP z-score map and correlating
with MRI to classify the images into different dementia
patterns of P1-P3, Pl+, and N1-N3 [15). When eval-
uations of the three raters did not completely match,
the cases were discussed, and a consensus reading was

agreed upon.
PET score

We calculated the AD ¢-sum, as described in pre-
vious publications [16, 17], by using the procedure
implemented as module PALZ in the PMOD software
package {version 3.2; PMOD Technologies, Zurich,
Switzerland). The AD t-sum indicates the severity of
the metabolic decrease in those brain areas that are
typically affected by AD (multimodal association cor-
tices mostly located in the temporal and parietal lobes),
including an adjustment for an age effect.

Inthe present study, the AD t-sum was converted into
the PET score by reference to its upper limit of normal,

as determined previously [16], and log transformation
to approach a normal distribution of values, according
to the following equation [18}: PET score=log2 {{AD
t-sumy/11,089)+1}.

MRI

Allthe subjects were scanned witha 1.5 Tor 3T MRI
system. A Tl-weighted fast field echo sequence was
used. Supplementary Table 3 lists the MRI devices and
reconstruction conditions. T1-weighted 3-dimensional
sagittal sections of the brains were acquired and ana-
tyzed on a PC using a voxel-based specific regional
analysis system for Alzheimer’s disease (VSRAD®
advance, Eisai Co, Ltd, Tokyo, Japan), which wasdevel-
oped based on the voxel-based morphometry method
and is now freely available [19-23]. First, equalization
of voxel sizes and linear and nonlinear transformations
were performed. Next, images of gray matter, white
matter, and cerebrospinal fluid were separated, and the
gray matter images were standardized and smoothed
onto templates by using DARTEL (Wellcome Depart-
ment of Imaging Neuroscience, London, UK). By using
the z-score analysis method, comparative statistical
analysis of the voxels was performed for the healthy
control database. The database for the healthy controls
contained data from 40 men and 40 women, each aged
54-86 (mean 70.2 & 7.3) years. In this study, the aver-
aged positive z-score in the target volume of interest
(VOI) for the medial temporal structure, including the
entorhinal cortex, head to tail of the hippocampus, and
amygdala was used for further analyses.

Follow-up

Patients were observed at | -year intervals for 3 years.
The CDR, MMSE, EMCL, and WMS-R-LM were re-
administered at each visit. Repeat '8F-FDG-PET and
MRI scans were optional. The ADAS-J cog was also
administered as an option in selected centers. Con-
version to dementia was established when the CDR
became >1.0. No further follow-up of patients after
reaching CDR > 1.0 was requested. AD was diagnosed
in a given center when a patient fulfilled both CDR
>1.0 and the National Institute of Neurological and
Communicative Disorders—-Alzheimer’s Disease and
Related Disorders Association’s (NINCDS-ADRDA)
“probable AD” criteria. The diagnosis of other causes
was based on established clinical criteria for each dis-
ease, including vasculardementia (VaD) [23], dementia
with Lewy bodies (DLB}{25], frontotemporal dementia
(FTD) {26}, and Creuizfeldt—Jacob disease [27].
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Researchers (YW and YA) of the study group, who
were highly experienced in evaluating dementia, final-
ized the clintcal outcome of each case based on the
submitted case report form. They were blinded as to
the PET results.

Logistic regression analysis

Multivariate logistic regression analyses were used
to assess whether baseline '8F-FDG-PET was predic-
tive of longitudinal clinical outcome. We estimated
the odds of AD converters versus non-converters as a
function of age, gender, education level, WMS-R-LM
i1, and PET score. Results were considered signifi-
cant at p<0.05. Statistical analyses were performed
using SPSS (version 14.0; SPSS Inc., Chicago, IL) for
Windows (Microsoft).

RESULTS

Baseline characteristics and neuropsychologic
reevaluation

In total, 114 patients (64 women and 50 men; mean
age, 70.8 -+ 7.5) were included in the study. The mean

education level was 11.5+ 3.0 years. Of these 114
patients, 23 withdrew from the study, including 5 with
no follow-up, 5 with only 1 visit, and 13 with 2 vis-
its without conversion to dementia. Because of the
uncertainty concerning their cognitive status over time,
these 23 paticnts were excluded from the outcome
analyses. Of the remaining 91 subjects, 44 patients
progressed to dementia, 41 developed AD, and 3 devel-
oped non-AD dementia (FTD, DLB, and VaD) (Fig. 1).
The patterns of PET images for those 3 patients were
as follows: FTD patient, P2; DLB and VaD patients,
P1. Since AD was the primary outcome of the study,
the patients with non-AD dementia were excluded
from further analyses and were not considered in
the denominator for the analysis of prediction accu-
racy. The cumulative conversion rate over 3 years was
47%.

Demographic and neuropsychological data at the
initial visit in patients who developed AD (AD-
converters) and those who did not (non-converiers) are
shown in Table 1. At baseline, the two groups differed
in the MMSE, ADAS-J cog, WMS-R-LM, and GDS
scores. There was no difference observed in age, edu-
cational level, or gender distribution between these two

groups.

Baseline Full enalyss sot
114
Drop out
19 year S
L 1 T 1 1
AD CtherDemsnna AD Other Dementia MCH Nonmal Notevaluated
CorRz10) CORZ10) {COR=05) {COR=05)
1% 2 8 1 70 4 8
T T T ]
Drop out
2" year 5
i t I ! 1 1
AD Other Dementis AD Cther Dementia MCl Normet Nolevaluated
{COR210) {COR210) {COR=05) {CDR=08)
17 ] 6 0 0 3 ic
H i 1 j
Dropout
3 year ]
i ) T T kD 1
AD Other Dementia AD Oiher Damsntia #CI Momaal Notevaluated
{COR2 10} {COR=210) {COR=05) {COR=05)
8 i 4 g 40 3 4

[ : PPS (per protocol set)

Fig. 1. Schematic summary of clinical outcomes in ali MCl cases. Originally, 114 patients with MCI were included. A total of 23 patients
dropped out during the 3 years. Our final sample size for the analyses of PET images was 88 patieats (excluding 3 patients who converted to

other dementias).
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Table 2

Diagnostic parameters

Variable Follow-up AUC (95% CI) Cutoff SEN SPE ACC PPV NPV
intervals (y)
PET visual interpretation 1 - - 1.00 0.22 0.35 0.21 1.00
2 - - 0.97 0.32 0.56 0.45 0.95
3 - - 0.98 041 0.68 0.60 0.95
PET score ! 0.708 (0.569-0.846) 1.03 0.69 0.75 0.74 0.34 093
2 0.809 (0.714-0.905) 1.03 0.70 0.90 0383 0.79 084
3 0.747 (0.641-0.852) 1.03 0.61 0.91 0.77 0.86 0.73
VSRAD z-score i 0.679 (0.533-0.825) 147 0.75 057 0.60 0.26 092
2 0.684 (0.570-0.799) 1.4 0.69 0.64 0.66 0.51 0.79
3 0.658 (0.543-0.774) 1.44 0.64 0.64 0.64 0.60 0.68

AUC, area under the curve: SEN. sensitivity: SPE. specificity: ACC. accuracy: PPV, positive predictive value: NPV. negative predictive value.

PET score

The PET scores at baseline were 1.26 = 0.69 for the
AD converters and 0,70 = 0.44 for the non-converters,
respectively (p <0.001). It was hypothesized that sub-
fects who had a PET score at baseline above 1.0 had a
significantly increased risk for progression. The statis-
tics for predicting progression during 3-year follow-up
were sensitivity, 61%; specificity, 79%: and accuracy,
70%. When mean PET scores were calculated accord-
ing to conversion time, converters in the Ist and 2nd
year showed a significantly higher PET score com-
pared to that of non-convertess. In contrast, converters
in the 3rd year showed no difference in the mean PET
score compared to non-converters (Fig. 3). The diag-
nostic accuracy during the 2-year follow-up was more

40
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P
—
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Fig. 3. Box plot of baseline PET scores (interquartile and full range)
flor converters according to conversion time. MCI patients progress-
ing 1o AD in the Ist and 2nd year have significantly higher scores
than non-converters (p <0.05 and p <0.01 in Tukey multiple com-
parisons).lst y = st year converter. 2rd v = 2nd year convester. 3rd
v=3rd year converter. and Non = non-converter.

promising, with an overall diagnostic accuracy of 76%.
a sensitivity of 70%, and a specificity of 80%.

Area under the curve of ROC analysis for the PET
score was greatest for 2-year follow-up. The ROC-
derived PET score thresholds obtained using Youden
index [28] yielded an adjusted accuracy of 83%, with
70% sensitivity and 90% specificity at a threshold
value of PET score = 1.03 during 2-year follow-up. The
diagnostic parameters for each follow-up interval are
sumgnarized in Table 2.

MRI

Because four cases at one institution were examined
exceptionally with a 3T MRI system, those four were
excluded from further analysis.

£=0.051
©
g v @
o
bj ° °
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o [} ®
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% e OS
- ,‘g‘é& ?”:o.
Sop @ ® e
o - °.
Non-converter AD-converter
Mean z-score  1.42%1.04 1.84 +0.86

Fig. 4. Comparison between AD converiers and non-converers on
VSRAD z-scores in the target VOI for the left medial temporal struc-
wees. There was no significant difference between the two groups
(p=0.051). VSRAD. voxel-based specific regional analysis system
for Alzheimer’s disease.
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For the AD converters and non-converters, the
bilateral mean z-scores in the target VOI for the medsal
temporal structures at baseline were 1.84 £0.75 and
1.57 £ 1.01. respectively (p=0.191); the right side
mean z-scores were 1.80+£0.93 and 1.66%1.13.
respectively (p=0.543); and the left side mean
z-scores were 1.84+0.86 and 1.42+1.04, respec-
tively (p=0.051). Thus. the AD converters showed
a tendency toward higher mean z-score in the target
VOI for the left medial temporal structures but did not
reach significance (Fig. 4).

Area under the curve of ROC analysis for VSRAD
z-score was greatest for 2-year follow-up (Table 2).
The ROC-derived thresholds using Youden index [28]
for VSRAD mean z-score yielded an adjusted accu-
racy of 66%, with 69% sensitivity, and 64% specificity
at a threshold value of VSRAD z-score = 1.44 during
2-year follow-up.

Logistic regression analysis

Muldvariate logistic regression analysis identified
PET score and WMS-R-LM Il as predictors distin-
guishing AD converters from non-converters over 2
years. When age, gender, education level, WMS-R-
LM II, and PET score were submitted to the forced
entry procedure, AD conversion was associated sig-
nificantly with the PET score (p <0.0001; odds ratio,
28.25; 95% confidence interval [Cl], 6.02-132.6) and
WMS-R-LM I (p=0.001: odds ratio, 0.61; 95% CI,
0.46-0.81) (Table 3). The combination of PET score
and WMS-R-LM Il distinguished AD converters from
non-converters with 84.8% accuracy, 72.7% sensitiv-
ity. and 91.5% specificity.

DISCUSSION

In this study, 41 (47%) of 88 MCI patients pro-
gressed to AD. The annual conversion rate was 15.7%
during the 3-year follow-up. These results are con-
sistent with reports from other groups, indicating

that, annually. 12% to 15% of amnestic MCI patients
progress to AD {1].

Group comparisons based on classification of the
PET image interpretations demonstrated heterogeneity
in '"*F.-FDG-PET among subjects with amnestic MCI
(Fig. 2). Although the progressive pattern included the
P1 pattern (69.9%). the P1+ pattern (8.0%), and the P2
pattern (4.4%), 41 (93.2%) of 44 converters were AD
converters with 3 converting to DLB, FTD, and VaD.

The frequency of the Pl+ patiern in the absence
of DLB was relatively high. We reported that 28%
of patients with AD had reduced blood flow in the
occipital lobe {29]. Additionally. in our prospective
SPECT study toexamine the value of '2*1-N-1sopropyl-
4-lodoamphetamine cerebral blood flow SPECT with
regard toearly diagnosis of ADin patients withMCI, the
frequency of the DLB patiern was 18.7% of all patients
withamnestic MCI [30]. We assumed thatolder patients
in general tend to have reduced blood flow or glucose
metabolism in the occipital lobe, including those with
AD. This is a topic for a future study.

Because we considered that differentiating between
AD and DLB based on reduced blood flow or glu-
cose metabolism in the occipital lobe was difficult and
that PET scores do not distinguish DLB from AD, we
applied pooling of the P1 pattern with the P1+ pattern
in this study in the same way as in our previous SPECT
study {30]. Although we analyzed the data for the Pl
pattern only, the results were almost the same as those
when pooling Pl with Pl+(data not shown). There-
fore, we believe that combining the P1 pattern with
the P1+ pattern as an AD/DLB pattern to investigate
the role of '¥F-FDG-PET in predicting conversion to
AD is not problematic. The clinical significance of
the heterogeneity in '8F-FDG-PET should be further
evaluated.

The diagnostic performance of '8F-FDG-PET was
calculated based on the clinical outcomes after 3 years
of follow-up. The PET image interpretation showed
a high sensitivity for detection of AD-converters,
but its specificity was relatively low. Low specificity

Table 3

Results of multivariate logistic regression analyses for prediciors of AD conversion
Varizble Coefficient (B) SE Wald df p value QOdds satios 95% Cl1
Age 0.019 0.063 0.092 1 0.761 1.019 0.901 1.153
Gender ~0.958 0.743 1.662 1 0.197 0.384 0.089 1.646
Education level 0.041 0.114 0.129 1 0.720 1.042 0.833 1.303
WMS-R-LMII -0.502 0.1$6 11.887 1 0.00t 0.605 0.455 0.805
PET score 334 0.789 17.942 i <0.0001 28.252 6.021 . 132572
Constant —-4.051 4.994 0.658 1 0.417 0.017

df. degree of freedom: Cl. confidence Interval: WMS-R-LM, Wechsler Memory Scale-Revised Logical Memory.
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indicated that some non-converters showed AD/DLB-
like hypometabolism on *F-FDG-PET images. These
results were not in line with previous reports [7-11]
where higher specificity and diagnostic accuracy were
reported. The true reason for low specificity in spite
of a longer follow-up compared to previous reports is
unclear. One possible explanation is the difference in
the characteristics of registered MCI patients for each
study. In fact, conversion rates from MCI to AD were
very high in some studies. Such an increase in the ratio
of converters may result in a decrease in false-positive
cases.

Considering the higher mean PET scores of con-
verters in the lst and 2nd year of follow-up. we
hypothesized that the rapid converters showed more
distinct AD/DLB-like hypometabolism compared to
the slower converters. Although a threshold effect
might exist, overall accuracy of the PET score was bet-
ter than that of visual assessment at all time intervals, as
showninTable 2. Asthe PET scoreisanumericalindex.
PET score threshold can be optimized to maximize
the prediction accuracy. The best performance of PET
score was achieved at the 2-year follow-up interval. In
other words, the PET score was efficient at identifying
rapid converiers during the 2-year follow-up.

Multivariate logistic regression analysis demon-
strated that the PET score derived from '*F-FDG-PET
was the most significant predictor for conversion to AD
among amnestic MCI patients across institutions where
various types of PET or PET-CT devices were used.
These results were in line with recent reports using data
from the Alzheimer's Disease Neurcimaging Initiative
{12-14]. Furthermore, WMS-R-LM was identified as
a significant predictor for conversion to AD. A combi-
nation of statistically significant predictors. both PET
score and WMS-R-LM, could assist in early stratifica-
tion of patients into high- or low-risk groups.

On the other hand, the VSRAD® z-score for MRI
failed 10 identify MRI as a predictor to distinguish AD
converters from non-converiers. Our results were in
line with a previous study showing that '*F-FDG PET
is a beuter predictor of conversion than MR imaging
[12. 14]. The possible reasons why FDG PET offers
greater accuracy or sensitivity than other biomarkers
at the MCI stage are not fully understood. although
there is growing consensus that metabolic deficits are
greater in magnitude than volumetric changes earlier
in the disease.

The present study had some limitations. First, our
neuropsychological test batteries were limited and did
not include tests specifically designed to assess cogni-
tive function for the early diagnosis of AD, although the

MMSE and WMS-R-LM are more practical foruse ina
routine clinical scenario. Second. the mean age of indi-
viduals in the normal database for 3D-SSP was lesser
than that of the patient group. Further analysis would
be needed using an age-matched normal database.
Third, although only a VBM using VSRAD® was
used to evaluate volumetric changes of MRI. differ-
ent methodologies such as cortical approaches rather
than voxel-based approaches should be further applied
{31]. Fourth. the primary ouicome (conversion to AD)
contained some error because some patients classi-
fied as non-converiers may convert to AD with longer
follow-up. Therefore, improvement of specificity and
diagnostic accuracy of the PET image interpretation
can be expecied due 1o adecrease in false-positive cases
provided by a longer follow-up period.

CONCLUSIONS

Visually assessed "*F-FDG-PET is a very sensitive
but relatively nonspecific measure for predicting con-
version to AD in patients with MCI. On the other hand,
the PET score is the most statistically significant pre-
dictive factor for conversion from MCI o AD. and
the diagnostic performance of the PET score is more
promising for rapid converters over 2 years.
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Current activities of medical centers for dementia in Japan
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Aim: We investigated the current activities of medical centers for dementia (MCD), and proposed recommendations
for a national dementia strategy.

Methods: A questionnaire was mailed to 172 hospitals designated as MCD as of 7 August 2012.

Results: Data from 117 MCD that adequately responded and were designated by 1 April 2012 were analyzed. The
mean and median numbers of medical consultations per MCD were 1035 and 595/year (range 114-8541/year), those
of patients diagnosed with dementia-related disorders were 266 and 231/year (range 3-1179/year), those of patients
with dementia-related disorders admitted to the MCD hospital were 89 and 47/year (0-1176/year), and mean and
median proportions of patients discharged within 2 months were 45.5 and 36.8% (range 0-100%). Outreach services
in collaboration with a community general support center were provided in 23.9%, while training for community
general support center staff members was carried out in 66.7%. Of MCD hospitals, 31.6% were designated as an
emergency medical hospital, and of these, specialist liaison-team services for patients with dementia in the emergency
room were provided in 56.8%.

Conclusions: Most MCD are considered to function fairly well in line with the guidelines published by the Ministry
of Health, Labour and Welfare. However, there is a huge discrepancy in the number of patients diagnosed with
dementia-related disorders and the length of stay for inpatient care among facilities. To make all MCD function
adequately, the activity of MCD should be monitored longitudinally using the standardized assessment methods.
Geriatr Gerontol Int 2014; 14 (Suppl. 2): 23-27.

Keywords: community-based integrated care system, early diagnosis, medical center for dementia, outreach service,
specialist liaison-team service.

Introduction

Early diagnosis and intervention of dementia is crucial
for both patients with dementia and their families in
order to maintain their quality of life and allow them to
continue to live well within the community. In 2012,
a report entitled “Future Directions of Policies on
Dementia” was published, and “A Five-Year Plan for
Promotion of Dementia Measures (Orange Plan)” was
subsequently announced by the Japanese Ministry of
Health, Labour and Welfare (MHLW). In these docu-
ments, the importance of early diagnosis and interven-
tion in dementia was emphasized, and adequate
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placement of specialized medical services including
Medical Centers for Dementia (MCD) was proposed.
In 2008, the MCD was established by the MHLW as
a new national health program for improving the local
situation of medical care for dementia.! In 2010, two
types of MCD were introduced: the regional-type MCD
and the core-type MCD. According to the guidelines
published by the MHLW, the regional-type MCD is
required to: (i) provide specialized medical services for
dementia including medical consultation, differential
diagnosis and initial intervention, and medical treat-
ment for the acute phase of neuropsychiatric symptoms
and concurrent medical conditions, and (i) promote
community-based integration of dementia care includ-
ing education for primary care physicians and other
community professionals, participation in a local liaison
council for dementia care, and dissemination of infor-
mation to the public. In addition to these functions, the
core-type MCD is required to: (iii) provide emergency
services for concurrent medical conditions. As of 1
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October 2013, there were 237 MCD (226 regional type
and 11 core type) throughout Japan.

In the present study, we investigated the current
activities of MCD, and proposed recommendations for a
future national dementia strategy in Japan.

Methods

A questionnaire that inquired about the current activi-
ties of the MCD was mailed to 172 hospitals designated
as MCD as of 7 August 2012. The questionnaire
included: (i) basic characteristics of the MCD facilities;
(i) functions expected for provision of specialized
medical services; (iii) functions expected for promotion
of community-based integration of dementia care; and
(iv) functions expected for provision of emergency
services.

The study protocol was approved by the Ethics Com-
mittee of the Tokyo Metropolitan Institute of Gerontol-
ogy (TMIG-24-964). Statistical analyses were carried
out using $PSs software version 20 (IBM SPSS, Chicago,
IL, USA). For group comparisons, Mann-Whitney
U-test was used for non-parametric variables.

Results

Of 172 MCD, 118 adequately responded (response rate:
68.6%). Of these, data from 117 MCD that had been
designated by 1 April 2012 were exclusively analyzed.

Characteristics of MCD facilities

Table 1 shows the characteristics of the MCD facilities
analyzed in the present study. Of 117 MCD facilities,
42.7% were general hospitals and 57.3% were psychi-
atric hospitals. The commonest establisher was an
incorporated medical institutive agency (46.2%), fol-
lowed by prefectural or city government (12.0%),
incorporated educational institutive agency (10.3%),
incorporated public service agency (9.4%) and munici-
pality government (6.0%). Psychiatric beds were avail-
able in 84.6% of facilities. Of all facilities, 92.3% had a
department of psychiatry, 76.9% a department of inter-
nal medicine and 50.4% a department of neurology.

Activities of MCD

Activities of the MCD analyzed in the present study are
shown in Table 2.

Table 1 Characteristics of medical centers for dementia

Characteristics n Proportion
Type of facility
General hospital 50 42.7%
Psychiatric hospital 67 57.3%
Establisher
Incorporated educational institutive agency 12 10.3%
National government, including national 3 2.6%
incorporated administrative agency
Prefectural or city (designated by ordinance) 14 12.0%
government, including local incorporated
administrative agency
Municipality government 7 6.0%
Incorporated public service agency 11 9.4%
Incorporated medical institutive agency 54 46.2%
Others 15 12.8%
No answer 1 0.9%
Psychiatric beds
Possessed 99 84.6%
Not possessed 18 15.4%
Clinical departments included in MCD facility
Psychiatry 108 92.3%
Internal medicine 90 76.9%
Neurology 59 50.4%
Rehabilitation 48 41.0%
Cardiovascular 45 38.5%
Radiology 44 37.6%

MCD, medical center for dementia.
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Current activities of MCD

Table 2 Activities of medical centers for dementia

Activities n Proportion
or range

To provide specialized medical services
Regularly employ specialists and equipment (no. facilities)

Medical specialist in dementiat 114 97.4%

Psychologist 101 86.3%

Psychosocial worker or public health nurse 108 92.3%

Special medical consultation room 114 97.4%

Medical consultations (mean number per MCD per year, (median))

Telephone 687, (360)  15-7458

Interview at center 297, (165) 6-1683

Home visit 7, (0) 0-153

Other (e.g. email) 11, (0) 0-405

Total 1035, (596) 114-8541

Medical examinations provided within facility (number of facilities)

Blood tests i 114 97 4%

Urine tests 112 95.7%

Electrocardiography 109 93.2%

Chest radiography 107 91.5%

Neuropsychological tests 113 96.6%

Brain computed tomography 113 96.6%

Brain magnetic resonance imaging S8 49.6%

Brain single photon emission computed tomography 38 32.5%

Patients diagnosed, (mean number per MCD per year (median))

Dementia-related disorders 266, (231) 3-1179
Alzheimer disease (including Alzheimer’s disease with CVD) 178, (141) 0-747
Vascular-type dementia 22,(15) 0-123
Lewy body disease 13, (6) 0-192
Frontotemporal dementia 6, (3) 0-51
Normal pressure hydrocephalus 3,(0) 0-87
Dementia due to alcohol-related disorders 2, (0) 0-30
Dementia due to other diseases 14, (6) 0-114

Non dementia-related diseases 38, 21) 0-384
Other symptomatic or organic disorders 5,3 0-66
Mood disorder 11, (6) 0-168
Schizophrenia, schizotypal disorders, delusional disorders 4, (3) 0-39
Epilepsy 1, (0) 0-12

Normal 14, (6) 0-150

Total : 318, (279) 3-1179

Patients with dementia-related disorders referred from primary care, (mean number per MCD per year (median)) 160, (131) 0-828
Patients with dementia-related disorders referred to primary care, (mean number per MCD per year (median)) 91, (60) 0-621
Patients with dementia-related disorders admitted to MCD hospital, (mean number per MCD per year (median)) 89, 47) 0-1176
Patients with dementia-related disorders discharged within 2 months, (mean % per MCD per year (median)) 45.5,(36.8)  0-100
To promote community-based integration of dementia care
Training for primary care physicians (no. facilities) 85 72.6%
Training for CGSC staff members (no. facilities) 78 66.7%
Local liaison council for dementia care (no. facilities) © 108 89.7%
Case conferences together with community staff members (no. facilities) 97 82.9%
Outreach counseling services by visiting patients” homes in collaboration with CGSC (number of facilities) 28 23.9%
Qutreach advisory services by visiting other medical or long-term care facilities (no. facilities) 20 17.1%
To provide emergency services for concurrent medical conditions
Designated an emergency medical hospital (no. facilities) 37 31.6%
Specialist liaison team services for patients with dementia in ER (no. facilities within 37 emergency medical hospitals) 21 56.8%
Specialist liaison team services for patients with dementia in general inpatient wards (no. facilities) S2 44.4%
Education programs for medical staff working in general inpatient wards (no. facilities) 54 46.2%
Beds for emergency patients on holiday (no. facilities) 39 33.3%

TMedical specialist for dementia is defined as: (i) medical specialist qualified by the Japanese Psychogeriatric Society or the Japan Society of Dementia Research; or (ii)
clinical doctors providing specific medical services for dementia for more than 5 years. CGSC, community general support center; CVD, cerebrovascular disease; ER,
emergency room; MCD, medical center for dementia.
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To provide specialized medical services, 97.4% of the
MCD regularly employed medical specialists in demen-
tia, 86.3% psychological specialists and 92.3% psycho-
social workers or public health nurses. Special medical
consultation rooms were available in 97.4% of the
MCD. Medical consultations were most frequently pro-
vided by telephone (mean 687/year; median 360/year),
followed by face-to-face interview at the MCD (mean
297/year; median 165/year). Mean and median total
numbers of medical consultations per MCD were 1035/
year and 596/year. Medical investigations, including
blood tests, urine tests, electrocardiography, chest
X-ray, neuropsychological tests and brain X-ray com-
puted tomography, were provided within the facility in
more than 90% of the MCD. Brain magnetic resonance
imaging was provided within the facility in half of the
MCD, and brain single photon emission computed
tomography in one-third of the MCD. The mean and
median numbers of patients diagnosed with dementia-
related disorders (including mild cognitive impairment)
per MCD were estimated to be 266/year and 231/year.
Among these patients, 160 (mean) and 131 (median)
were referred from primary care, and 91 (mean) and 60
(median) were referred to primary care. The mean and
median numbers of patients with dementia-related dis-
orders admitted to the MCD were 89/year and 47/year.
Of these patients, 45.5% (mean) and 36.8% (median)
were discharged within 2 months.

To promote community-based integration of demen-
tia care, 72.6% of the MCD provided training for
primary care physicians, 66.7% training for staff
members of community general support centers
(CGSC), 89.7% participated in a local liaison council for
dementia care and 82.9% participated in individual case
conferences with community staff members. Outreach
counseling services by visiting patients’ homes in col-
laboration with the CGSC were provided in 23.9%, and
outreach advisory services by visiting other medical or
long-term care facilities were provided in 17.1%.

To provide emergency services for concurrent
medical conditions, 31.6% of MCD facilities were des-
ignated as an emergency medical hospital; of these,
56.8% provided specialist liaison-team services for
patients with dementia in the emergency room (ER),
and 44.4% provided such services for patients with
dementia in general inpatient wards. For medical staff
working in general inpatient wards, 46.2% of MCD
provided education programs. For emergency patients
with dementia on holiday, spare beds were available in
33.3% of MCD.

Discussion

Most MCD are considered to function fairly well in
line with the guidelines published by the MHLW.

26 |

Compared with the findings of a previous report on the
Dementia Center for the Elderly (DCE),? which was
established as a specialized medical service for dementia
in 1989 and suspended in 2007, the MCD apparently
more frequently provided medical consultations by tele-
phone (median 360 vs 68) and face-to-face interview
{median 165 vs 77), and more frequently diagnosed
Alzheimer’s disease (median 141 vs 42) and all diseases
(median 279 vs 93) per facility per year.

However, there is a huge discrepancy in the level of
activities among facilities. For example, the number of
patients provided with medical consultation services
ranged from 114 to 8541/year, and the number of
patients diagnosed with dementia-related disorders
ranged from three to 1179/year. In 2.6% of MCD,
medical specialists in dementia were not employed
and/or medical consultation rooms were not available.
To make all MCD function adequately, it is recom-
mended that the activities of MCD should be monitored
longitudinally using standardized assessmient methods
and, if they do not function well, the reason should be
thoroughly investigated.

A discrepancy in the length of stay for inpatient care
was also found. The proportion of patients with
dementia-related disorders discharged within 2 months
ranged from 0% to 100% among facilities. When com-
paring types of facilities (general hospitals vs psychiatric
hospitals), the proportion of patients with dementia dis-
charged within 2 months was significantly higher in
general hospitals than in psychiatric hospitals (median
87.7% wvs 25.9%, P<0.001, Mann-Whitney U-test).
This discrepancy might in part be explained by the
following reasons: (i) in general hospitals, in order to
keep beds free for new acute inpatients and to obtain the
medical treatment fee effectively, patients with dementia
might tend to be discharged within the short-term and
moved to long-term care facilities or psychiatric hospi-
tals; and (ii) patients with dementia with a complex
background {e.g. severe neuropsychiatric symptoms,
vulnerable family caregivers, financial problems) might
be more likely to be admitted to psychiatric hospitals. It
is not easy for these patients to be discharged, because it
is usually difficult to arrange sufficient community
support and sufficient facilities where they can live long
term. Therefore, it is recommended that MCD should
contribute to the establishment of community-based
integrated care systems in collaboration with local gov-
ernments, so as to allow people with dementia and their
family caregivers to live well in the community.

In the context of establishment of community-based
integrated care systems, it is crucial for MCD to col-
laborate with the CGSC.? In 2006, CGSC was estab-
lished nationwide to exercise a practical level of
coordination necessary to implement community-based
integrated care. Currently, there are approximately 4000
CGSC in areas where elderly people conduct their

© 2014 Japan Geriatrics Society



