
ABSTRACT
Background: Earlier differential diagnosis of dementia remains a major challenge. Although amyloid 
deposition by positron emission tomography is an emerging standard for the diagnosis of Alzheimer’s 
disease, it is too expensive for routine use in clinical settings. We conducted a pilot study on the 
potential usefulness of single-photon emission computed tomography and the Mini-Mental State 
Examination to predict amyloid positron emission tomography positivity in preclinical Alzheimer’s 
disease.
Methods: Eighteen subjects, including 11 with mild cognitive impairment and 7 with subjective 
cognitive decline, underwent 18F-florbetapir positron emission tomography, 99mTc-ethylcysteinate 
dimer cerebral perfusion single-photon emission computed tomography, and the Mini-Mental State 
Examination. For the assessment of amyloid deposition, visual judgment as a qualitative method and a 
semiautomatic software analysis as a quantitative method were used.
Results: Six subjects were judged as amyloid positive, including 4 mild cognitive impairment and 
2 subjective cognitive decline subjects. Compared to the amyloid positron emission tomography-negative 
group, this group showed a statistically significant difference in the Mini-Mental State Examination 
recall score [2 (1 : 3) vs. 3 (2 : 3), P = .041] and single-photon emission computed tomography findings 
from the amyloid-negative group. In the mild cognitive impairment subgroup, correlations were found 
between amyloid deposition and single-photon emission computed tomography indicators, while in the 
subjective cognitive decline subgroup, only the Mini-Mental State Examination recall score correlated 
with amyloid deposition.
Conclusion: The Mini-Mental State Examination recall score and single-photon emission computed 
tomography indicators may be worthwhile for further evaluation as predictors of amyloid deposition 
in the preclinical stage.

INTRODUCTION

Alzheimer’s disease (AD) is the most common dementing 
illness. The first abnormal finding is related to amyloid 
biomarkers that appear 20 years before clinical onset, and 
then biomarkers for neuronal damage and degeneration 
become abnormal later.1 Amyloid-β (Aβ) pathology can be 
examined in vivo using cerebrospinal fluid (CSF) assays or 
positron emission tomography (PET). Using PET to image 
fibrillar amyloid is a less invasive approach than CSF. 
Several studies have recently addressed the efficacy of 
18F-florbetapir PET which can detect amyloid deposition 
with high sensitivity and specificity.2-5 Although amyloid 
PET (aPET) offers great advantages to establish clinical 
evaluation of patients with cognitive dysfunction, it is 

not yet well used in clinical practice due to the expensive 
costs.
In clinical practice, characteristic brain atrophy on 
magnetic resonance imaging (MRI), characteristic 
hypometabolism using 18F-fluorodeoxyglucose uptake on 
PET, and characteristic cerebral blood flow reduction 
using single-photon emission computed tomography 
(SPECT) are useful for the diagnosis of AD. Recently, these 
examinations have been positioned as biomarkers of 
neuronal injury in the AD research criteria framework of 
the National Institute on Aging-Alzheimer’s Association.6 
Regional cerebral blood flow (rCBF) imaging using SPECT 
enabled the evaluation of decreased regional neuronal 
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activity, and typical AD imaging patterns have been known 
as hypoperfusion in the posterior cingulate cortex and/or 
parietotemporal area and subjects with early-onset AD had 
a more severe rCBF reduction in the AD pattern area.7-10 
“Easy Z-score imaging system® (eZIS)” (Fujifilm RI Pharma 
Co., Ltd, Tokyo, Japan) is one of semiautomatic methods 
using 99mTc-ethylcysteinate dimer (ECD) for SPECT to obtain 
the objective evaluation of a typical AD pattern.11

In recent years, subjective cognitive decline (SCD), that 
is potentially at the preclinical stage of AD, has been 
suggested to possibly indicate subtle cognitive dysfunction 
that is not detectable with standardized cognitive tests.12 
Meta-analysis uncovered that people with SCD were at 
increased risk for AD.13 One study reported that patients 
who have more complaints of SCD have more amyloid 
deposition.14

Early differential diagnosis of dementia remains a major 
challenge for clinical practice, and studies using cerebral 
perfusion SPECT and aPET are increasing. However, little 
is known about the association of amyloid imaging with 
18F-florbetapir PET and SPECT. Recently, semiautomated 
18F-florbetapir PET quantification method has been 
attracting attention, and using image analysis software 
makes it possible. However, very few studies have been 
conducted to evaluate the semiautomatic method of aPET.
Taken together, predictors of amyloid pathology in 
preclinical AD would be particularly important in routine 
clinical practice in order to allow for earlier intervention. 
Therefore, we started a project to examine whether 
clinical markers can predict aPET positivity in mild 
cognitive impairment (MCI) and SCD. The present pilot 
study examined a possible usefulness of SPECT findings 
and/or Mini-Mental State Examination (MMSE) scores as 
such a clinical predictor.

MATERIALS AND METHODS

Design and Participants

This was an exploratory clinical study using 18F-florbetapir 
PET. We enrolled 18 patients with a chief complaint of 
forgetfulness and who underwent MRI, SPECT, and MMSE. 
Clinical diagnosis of SCD or MCI was done according to 
consensus clinical diagnostic criteria after the tests. 

Subjective cognitive decline was defined by the SCD-I 
working group and MCI was defined by Petersen criteria.15,16 
In this study, the neuropsychological test in these 
diagnostic criteria was MMSE.17 Seven patients [3 (42.86%) 
men and 4 (57.14%) women; mean age 59.6 ± 6.9 years] 
were clinically diagnosed with SCD, and 11 [5 (45.45%) men 
and 6 (54.55%) women; mean age 59.8 ± 8.9 years] were 
diagnosed with MCI. Clinical data such as education years, 
family history of dementing illness, past history of major 
physical diseases and sleep apnea syndrome, and duration 
since the onset of cognitive decline were collected 
(Table 1). Patients with severe physical diseases such as 
cancer that affect cognitive dysfunction, severe abnormal 
findings on MRI such as brain infarction, and diffuse atrophy 
or psychiatric disorders such as depression, schizophrenia, 
or alcoholism were excluded.

We obtained written informed consent from all patients. 
The study was approved by the review board of  University 
of Juntendo (approval number 17-099).

Amyloid Positron Emission Tomography

Amyloid PET was performed using 18F-florbetapir (AMYViD®, 
Fujifilm Toyama Chemical Co., Ltd, Tokyo, Japan), which is 
marketed as a drug in Japan. The method of administration 
was based on the protocol and standard imaging method by the 
Japan Nuclear Medicine Society. The dose of 18F-florbetapir 
was 370 MBq, which was intravenously administered, and 
after waiting for 30 minutes, PET/CT (Biograph mCT Flow, 
Siemens Medical Solutions, Malvern, Pennsylvania, USA, Inc.) 
imaging was performed for 10 minutes.

Amygo Neuro

A semiautomated analysis of brain amyloid beta images 
using Amygo Neuro® (Fujifilm Toyama Chemical Co., Ltd, 
Tokyo, Japan) was performed, enabling an objective, 
quantitative analysis. The software includes spatial 
normalization of each PET data to a standard MRI atlas, 
application of predefined volume of interest (VOI), and 
calculation of standardized uptake value ratio (SUVr) from 
6 grey matter, as reported by Namiki et al.5 We have created 
the 18F-florbetapir template by using the reported data in 
the previous study of 15 cognitively normal (CN) and 11 
AD patients.18 Volume of interests had been defined as the 
region of significant difference between CN and AD groups 
based on a voxel-wise statistical map. Data of grey matter 
maps by MRI images of CN and 18F-florbetapir uptake of 
grey matter in early perfusion of CN were used to the VOI 
making. Six cortical regions (medial orbitofrontal, anterior 
cingulate, lateral parietal, precuneus, posterior cingulate, 
and lateral temporal cortex) were studied. Global cortical 
SUVr (gSUVr) was also used by calculating the average 
across all 6 grey matter areas.19

As a qualitative assessment, 3 aPET readers judged each 
image as amyloid positive or negative. They were trained 
by the Japanese Society of Nuclear Medicine to judge the 

MAIN POINTS

• Amyloid imaging is too expensive for clinical routine use.
• This is a pilot study on 18 preclinical Alzheimer’s disease 

(AD) subjects to examine the usefulness of single-photon 
emission computed tomography (SPECT) and Mini-Mental 
State Examination (MMSE) to predict amyloid positivity.

• Myloid-positive group showed a statistically significant 
difference in the MMSE recall score and SPECT findings from 
the amyloid-negative group.

• Further studies may be worthwhile even in the preclinical 
stage of AD.
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binary classification of scans as either amyloid positive or 
negative according to the proposed methods for clinical 
examination.

Single-Photon Emission Computed Tomography
99mTc-ethylcysteinate dimer SPECT was used for measuring 
the rCBF, performed according to previous studies. Five 
minutes after intravenous injection of 99mTc-ethylcysteinate 
dimer (600 MBq, FUJIFILM Toyama Chemical Co., Ltd), 
SPECT images were scanned on a dual-head gamma camera 
(Symbia S; Simens AG, Munich, Germany).

Easy Z-Score Imaging System

Automatical standardization of SPECT findings was done 
by using an original 99mTc-ECD template of eZIS (Fujifilm 
Toyama Chemical Co. Ltd). The eZIS program provides a 
statistical Z-score image that corresponds to the decrease 
in regional 99mTc-ECD uptake in each patient relative to that 
of the normal database. By comparison with SPECT findings 
of the age-matched normal data, we made averaged 
Z-score maps for SPECT. Anatomical standardization as 
well as voxel normalization to the global mean values was 
done as follows: Z-score = [(control mean) – (individual 
value)]/(control SD). Then, the mean and SD values for 
every voxel were calculated.
Easy Z-score imaging system includes 3 indicators as 
follows:

1. Severity: The severity of rCBF decrease in a stud-
ied region was obtained from the averaged positive 
Z-score in the VOI.

2. Extent: The extent of rCBF decrease was calculated 
from the percentage rate of the coordinates, with a Z 
value exceeding the threshold value of 2 in the VOI.

3. Ratio: The ratio of the extent of a region with signifi-
cant rCBF decrease in the VOI to that of a region with 
significant rCBF decrease in the whole brain was cal-
culated from the percentage rate of the coordinates, 
with a Z value exceeding the threshold value of 2. The 
ratio means the specificity of the rCBF decrease in 
the VOI in comparison with that of the whole brain.11

Statistical Analysis

All data used in the analysis were checked for normal 
distribution by Shapiro–Wilk test. As difference tests, 
independent t-tests, Welch’s t-test, or Mann–Whitney 
U-tests were used depending on whether data’s 
distribution is normal or not. We used the Levene’s test for 
the assessment of the equality of variances for normally 
distributed samples, and the t-test was used when the 
2 samples were equal variances. We used the Welch’s 
t-test when they were unequal variances. Fisher’s exact 
tests were used to determine whether or not there is a 
significant association between 2 categorical variables. 
Since in Shapiro–Wilk test, at least one of the data 

Table 1. Clinical and Demographic Characteristics of All, SCD, and MCI Subjects

Characteristic All (n = 18), n (%), Mean ± SD, or 
Median (Minimum : Maximum)

SCD (n = 7), n (%), Mean ± SD, or 
Median (Minimum : Maximum)

MCI (n = 11), n (%), Mean ± SD, or 
Median (Minimum : Maximum) P

Sex 1.000

 Male 8 (44.44%) 3 (42.86%) 5 (45.45%)

 Female 10 (55.56%) 4 (57.14%) 6 (54.55%)

Age (years) 57.50 (50 : 78) 59.00 (51 : 70) 57.00 (50 : 78) .951

Education 15.78 ± 2.46 15.86 ± 2.04 15.73 ± 2.8 .917

Years of SCD or MCI 4.17 ± 2.68 4.71 ± 3.45 3.82 ± 2.18 .507

Family history .066

 Yes 8 (44.44%) 1 (14.29%) 7 (63.64%)

 No 10 (55.56%) 6 (85.71%) 4 (36.36%)

Sleep apnea syndrome .137

 Yes 2 (11.11%) 2 (28.57%) 0 (0%)

 No 16 (88.89%) 5 (71.43%) 11 (100%)

MMSE 26.00 (25 : 30) 29.00 (28 : 30) 25.00 (25 : 27) <.001

Amyloid PET 1.000

 Positive 6 (33.33%) 2 (28.57%) 4 (36.36%)

 Negative 12 (66.67%) 5 (71.43%) 7 (63.36%)

Amyloid PET (global 
SUVr)

0.98 (0.82 : 1.48) 0.98 (0.82 : 1.48) 0.97 (0.86 : 1.48) .659

Figures are mean ± SD for parametric tests and median (minimum : maximum) for non-parametric tests.
MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; PET, positron emission tomography; SCD, subjective cognitive decline; 
SUVr, standardized uptake value ratio.
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was non-normally distributed, Spearman’s correlation 
coefficient was calculated.
α = 0.05 was taken as the significant level. There were 
no adjustments for multiplicity. Statistical analyses 
were conducted using IBM Statistical Package for Social 
Sciences version 25.0 (IBM SPSS Corp.; Armonk, NY, USA). 
Descriptive statistics are presented as n (%) and for non-
normalized variables are presented as “median (minimum 
: maximum)” and for normalized variables are presented 
as “mean ± SD” in texts and tables.

RESULTS

Primary Outcomes

Of the 18 patients, 6 (33.33%) patients were positive for 
aPET by the visual judgment. There were no cases of 

disagreement in reading. The mean of 18F-florbetapir gSUVr 
for all 18 subjects was 1.11 ± 0.24. Of the 11 MCI patients, 
4 (36.36%) patients were amyloid positive, and of the 7 
SCD patients, 2 (28.57%) patients were amyloid positive 
by visual judgment. The mean of 18F-florbetapir gSUVr 
for the SCD subjects was 1.07 ± 0.25 and that of the MCI 
subjects was 1.14 ± 0.25. Table 1 summarizes the clinical 
and demographic characteristics, including MCI and SCD 
subgroups.
There was a significant difference in MMSE recall [positive: 
2 (1 : 3), negative: 3 (2 : 3), P = .041, Table 2], SPECT 
severity [positive: 1.91 ± 0.70, negative: 1.20 ± 0.42, 
P = .016; Table 2), and SPECT extent (positive: 41.31 ± 
26.50, negative: 13.45 ± 11.35, P = .049; Table 2) between 
amyloid PET-positive and -negative groups in all subjects 
(Figure 1). Table 3 summarizes the correlation coefficients 
for all subjects showing that SPECT severity, SPECT extent, 

Table 2. Difference in Clinical Characteristics, MMSE, and SPECT Indicators

Visual Diagnosis Positive (n = 6), Mean ± SD or Median (Minimum : 
Maximum)

Negative (n = 12), Mean ± SD or Median (Minimum : 
Maximum) P

Age 58.5 (53 : 70) 56.5 (50 : 78) .820

Education 14.83 ± 1.83 16.25 ± 2.67 .262

Years of SCD or MCI 4.83 ± 2.48 3.83 ± 2.82 .473

MMSE 25.50 (25 : 29) 26.5 (25 : 30) .335

MMSE recall 2 (1 : 3) 3 (2 : 3) .041

SPECT severity 1.91 ± 0.70 1.20 ± 0.42 .016

SPECT extent 41.31 ± 26.50 13.45 ± 11.35 .049

SPECT ratio 5.22 ± 3.08 2.94 ± 2.16 .085

Figures are mean ± SD for parametric tests and median (minimum : maximum) for non-parametric tests.
MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; SCD, subjective cognitive decline; SPECT, single-photon emission 
computed tomography.

Figure 1. Scatterplots with error bars (mean ± SD) for values of eZIS indicators between amyloid PET-positive and -negative groups 
in all subjects including SCD and MCI. The aPET-positive group showed a statistically significant difference in SPECT severity 
(positive: 1.91 ± 0.70, negative: 1.20 ± 0.42, P = .016) and SPECT extent (positive: 41.31 ± 26.50, negative: 13.45 ± 11.35, 
P = .049) from the amyloid-negative group. There was no statistically significant difference in SPECT ratio (positive: 5.22 ± 3.08, 
negative: 2.94 ± 2.16, P = .085). aPET, amyloid PET; eZIS, easy Z-score imaging system; MCI, mild cognitive impairment; PET, 
positron emission tomography; SCD, subjective cognitive decline; SPECT, single-photon emission computed tomography.



Psychiatry Clin Psychopharmacol. 2023;33(1):1-7

5

and MMSE recall were significantly correlated with aPET 
visual diagnosis (severity: r = 0.523, P = .026; Extent: 
r = 0.545, P = .019; MMSE recall: r = –0.623, P = .006). Only 
age was correlated with gSUVr of aPET (r = 0.508, P = .031; 
Table 3), and no significant correlation was found between 
other factors and gSUVr (Table 3).
Subgroup Analyses

In the SCD subgroup, only amyloid-positive patients (2 
subjects) showed 2 points for recall sub-score in MMSE, 
while all amyloid-negative patients scored 3 points. No 
significant difference between the positive and negative 
subgroups was observed for other factors including SPECT 
indicators (severity, positive: 1.37 ± 0.70, negative: 
1.12 ± 0.28, P = .495; extent, positive: 20.20 ± 21.47, 
negative: 11.75 ± 7.81, P = .434; ratio, positive: 2.31 ± 
1.76, negative: 2.82 ± 1.24 P = .674). No correlation was 
found except for MMSE recall in the SCD subgroup (age, 
r = 0.474, P = .282; education, r = 0.331, P = .468; years 
of SCD, r = 0.241, P = .251; MMSE, r = –0.502, P = .304; 
severity, r = 0.158, P = .735; extent, r = 0.158, P = .735; 

ratio, r = –0.316, P = .490; Table 4). For gSUVr, only MMSE 
recall was significantly correlated (r = –0.709, P = .034), 
and there was no correlation for MMSE total score and 
SPECT indicators (MMSE, r = –0.454, P = .307; severity, 
r = –0.179, P = 0.702; extent, r = –0.143, P = .760; ratio, 
r = –0.607, P = .138).
In the MCI subgroup, there was a significant difference 
between the positive and negative groups in the severity 
and extent (severity, positive: 2.18 ± 0.60, negative: 1.26 
± 0.51, P = .025; extent, positive: 51.86 ± 23.89, negative: 
14.66 ± 13.84, P = .009). There was not a significant 
difference in the ratio (positive: 6.67 ± 2.52, negative: 
3.01 ± 2.74 P = .057). Significant correlations were also 
found between the visual judgments and severity, extent, 
and ratio (severity, r = 0.657, P = .028; extent, r = 0.717, 
P = .013; ratio, r = 0.657, P = .028; Table 4). There were 
no correlations for other factors (age, r = –0.120, P = .726; 
education, r = –0.334, P = .315; years of MCI, r = –0.037, 
P = .776; MMSE, r = 0.335, P = .314; MMSE recall, r = –0.420, 
P = .199; Table 4). For gSUVr, no correlation was observed 
with MMSE scores and SPECT indicators (MMSE, r = –0.488, 
P = .128; MMSE recall, r = –0.114, P = .739; severity, 
r = 0.449, P = .166; extent, r = 0.517, P = .103; ratio, 
r = 0.453, P = .162).

DISCUSSION

This study examined the association of the results of 
18F-florbetapir PET with routine clinical examinations 
in patients with SCD and MCI. The objective of our pilot 
research was to answer a clinical usefulness of whether 
cerebral blood flow and/or MMSE may predict amyloid 
deposition. We used 18F-florbetapir as a tracer and 
compared the correlation of eZIS-SPECT findings and 
amyloid deposition between visual judgment and gSUVr.
In the analysis of the total group, the positive group of 
aPET had a statistically significant difference in the MMSE 
recall score, SPECT severity, and SPECT extent from the 
amyloid-negative group. Moreover, a significant correlation 
was found between the positivity of aPET and MMSE recall 
score and SPECT severity and extent. It is of interest that 
the factors associated with aPET were MMSE recall, age, 
and SPECT indicators even in the preclinical stage of AD. 
It is well known that the recall score of MMSE was thought 
as a candidate marker of early symptoms of AD, which was 
reported by epidemiological studies and those using meta-
analysis.20 On the other hand, age-related Aβ deposition is 
well documented.21,22 There have been also several studies 
on the relationship between SPECT indicators and aPET, 
but the evidence is not yet established.23 In a study on 
association 11C-Pittsburgh compound-B PET and eZIS of 
99mTc-ECD SPECT, MCI subjects with abnormal values in 
SPECT ratio, or all 3 indicators, were suggested to have a 
potential probability of amyloid deposition in the brain.24 
Another study also reported that the association between 

Table 3. Correlation of Visual Judgment and SUVr in All 
Subjects

Visual Diagnosis Global Cortical SUVr
r P r P

Age 0.068 .788 0.508 .031

Education –0.151 .549 –0.037 .884

Years of SCD or MCI 0.241 .335 0.072 .776

MMSE –0.257 .304 –0.324 .189

MMSE recall –0.623 .006 –0.390 .109

SPECT severity 0.523 .026 0.249 .319

SPECT extent 0.545 .019 0.275 .269

SPECT ratio 0.409 .092 0.126 .618

Spearman’s correlation coefficient was calculated.
MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; 
SCD, subjective cognitive decline; SPECT, single-photon emission 
computed tomography; SUVr, standardized uptake value ratio.

Table 4. Correlation of Visual Judgment in SCD and MCI

SCD MCI
r P r P

Age 0.474 .282 –0.120 .726

Education 0.331 .468 –0.334 .315

Years of SCD or MCI 0.241 .251 –0.037 .776

MMSE –0.502 .304 –0.335 .314

MMSE recall –1 <.001 –0.420 .199

SPECT severity 0.158 .735 0.657 .028

SPECT extent 0.158 .735 0.717 .013

SPECT ratio –0.316 .490 0.657 .028

Spearman’s correlation coefficient was calculated.
MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; 
SCD, subjective cognitive decline; SPECT, single-photon emission 
computed tomography.
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typical hypoperfusion AD-pattern in 123I-iodoamphetamine 
SPECT by visual judgment may support positivity of aPET.25 
Taken together, including our results, cerebral perfusion 
SPECT may serve as a marker of amyloid deposition.
It is also interesting to note that the results of the 
correlation coefficient for aPET were different between 
the MCI and SCD subgroups. In the MCI subgroup, the 
amyloid-positive group had a statistically significant 
difference in the SPECT severity and SPECT extent from 
the amyloid-negative group, and there was a significant 
correlation between the positivity of aPET and the 3 
indicators of SPECT. On the other hand, no difference was 
found in SPECT findings between the amyloid-positive 
and -negative subgroups in the SCD group. The negative 
results may be interpreted by a possibility that the 
SCD group defined by subjective memory loss was more 
heterogeneous compared to the MCI group. Moreover, it 
may be clinically reasonable that only short-term memory 
loss could be found in the SCD stage that may be related to 
the earliest stage of AD pathology, while any functional or 
morphological changes in SPECT or MRI are usually found 
in the later stage such as MCI. Accordingly, it is of interest 
that all amyloid-positive subjects in the SCD group had 
1-point loss of MMSE recall score and all amyloid-negative 
subjects had no point loss. Regardless of the total MMSE 
score, even the loss of a single point in MMSE recall may 
be a risk of converting to AD. Our results are different 
from a previous paper that reported that scores of recall 
memory have no significant differences between aPET-
positive and -negative SCD sub-groups.26 However, further 
study with bigger number of SCD and MCI subjects will be 
able to find an answer.
On the other hand, the quantitative data, the gSUVr was not 
correlated with any factor other than age. The difference 
between the visual judgment and the semiautomated 
quantitative analysis found in the present study should 
be discussed. In the visual judgment, reduction or loss 
of the normally distinct gray-white contrast is common 
appearance of a positive scan. The contrast is located outer 
in the brain, and so inner in the brain are less focused on. 
If each SUVr of the inner area is high but that of the outer 
area is not strongly accumulated, visual judgment gives 
an amyloid-negative diagnosis. For another factor, as the 
cerebellar SUVr is used as the reference region of gSUVr in 
the quantitative analysis, it is possible that SUVr may be 
higher at other regions if relatively less cerebellum of the 
ligand is low due to cerebellar atrophy. For these reasons, 
quantitative judgments using image analysis software 
and visual judgments may be sometimes mismatched. In 
addition, the appropriate use criteria for aPET indicates 
that computer-aided analysis software for amyloid images 
provides more useful data than a binary visual read, but on 
the other hand, it needs further study.27

The pilot study has several limitations. First, the number 
of subjects was too small to perform logistic and multiple 

regression analyses. Therefore, we were not able to adjust 
for major confounders and to show the utility of combining 
SPECT and MMSE recall in discriminating amyloid-positive 
from amyloid-negative subgroup. In addition, we did not 
set an age-matched control group with no subjective 
complaint of cognitive decline. Second, only MMSE was 
performed to evaluate cognitive function, which may not 
be enough for the assessment of subtle forgetfulness.28 It 
was necessary to perform more cognitive tests including 
Montreal Cognitive Assessment which is considered to be 
highly accurate for MCI diagnosis.29 Also, we needed to 
prepare the apolipoprotein E gene polymorphism to know 
the genetic background. Third, follow-up examinations 
on aPET were not available to study changes in amyloid 
deposition over time or during cognitive decline due to a 
short study period.
In summary, we performed a pilot study using aPET with 
18F-florbetapir as a tracer to verify the associations of 
amyloid imaging with 99mTc-ECD SPECT findings and MMSE 
score in MCI and SCD subjects. Also, this study compared 
the correlations of eZIS-SPECT findings and amyloid 
deposition between visual judgment and gSUVr. Although 
we should consider the research limitations such as small 
samples, this pilot study suggested a further investigation 
on the usefulness of MMSE recall, SPECT severity, and SPECT 
extent to predict amyloid pathology even in preclinical AD.
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