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introduction
Alzheimer’s disease (AD) accounts for 50%–60% of all patients 

with dementia [1]. Early-onset AD (EOAD) is rare, occurs in people 
aged <65 years, has a devastating prognosis for patients, and is 
a major burden for caregivers [2,3]. There have been relatively 
large numbers of reports regarding clinical features, classifications, 
and impairment of both cerebral blood flow (CBF) and glucose 
metabolism [4-7]. However, only a few reports are available in terms 
of the relationships between clinical tests, such as the Mini-Mental 
State Examination (MMSE) and Wechler Memory Scale-Revised, 
and lesion area with significantly reduced CBF assessed using single-
photon emission computed tomography (SPECT) [8] CBF analysis 
with Brodmann area (BA) mapping is thought to be a precise method 
to diagnose reduced CBF.

Thus, this study aimed to identify a helpful classification of 
reduced patterns on SPECT to understand the clinical features of 
EOAD and observe the relationships between reduced patterns on 
SPECTs with BA mapping and the total and subscales of MMSE.

Methods
Patients

From January 2008 to December 2019, 31 patients aged <65 years 
with AD patterns on SPECT were examined for memory disturbance 
or/and other symptoms. Clinical examination, MMSE, and 3T 
magnetic resonance imaging (MRI) were performed on the same day, 
and SPECT was conducted approximately after one week. Family 
and education histories were obtained from the patients or caregivers. 
The National Institute on Aging and Alzheimer's Association criteria 
and the International Working Group 2 criteria [9,10] were used to 
diagnose patients with AD. Patients with cerebral vascular lesions 
and severe white matter lesions on MRIs were excluded. A medical 
doctor, certified in Japanese nuclear medicine and dementia examined 
and evaluated the patterns on SPECT and abnormalities on MRI.
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This study was approved by the Ethics Committee of Kofu 
Neurosurgical hospital and informed consent was obtained from all 
patients.

Cerebral perfusion SPECT
I-123 iodoamphetamine (IMP)-SPECTwas performed for all 

patients in our hospital. Three-dimensional stereotactic surface 
projections with vbSEE software were used to evaluate the reduction 
of regional CBF. Patients who underwent SPECT were intravenously 
administered 167–222 MBq of IMP with their eyes open, in a 
quiet room. Fifteen minutes after administering IMP, SPECT was 
performed with a triple-head gamma camera (Toshiba GCA93000R, 
Toshiba, Tokyo, Japan). Images were acquired on a 128 × 128 matrix. 
Reconstruction was performed using the filtered back projection 
technique, and ramp filters were utilized for smoothing [11]. We 
used a severity z-score on the BA mapping to evaluate decreases 
in CBF. A medical doctor, certified in Japanese nuclear medicine, 
categorized SPECT findings into three patterns (Figure 1): (I) 
significant reductions confined to the parietal lobe, and/or the frontal 
lobe, posterior cingulate cortex, and precuneus cortex (Mild cognitive 
impairment group); (IIa) significant reductions that extended from 
the parietal lobe to the temporal lobe bilaterally (Bilateral reduction 
group); and (IIb) significant reductions that extended from the parietal 
lobe to the temporal lobe unilaterally (Unilateral reduction group).

Neuropsychiatric examinations
The MMSE and Clinical Dementia Rating (CDR) were 

administered to all patients. The MMSE consists of several subscales, 
i.e., orientation (high score: 10), attention (5), late memory (3), 
language (8), visuospatial recognition (1), and total score (30), which 
were used for analysis [12] Patients with CDR of 1, 2, and 3 were 
judged as having dementia and those with CDR of 0.5 and 0 were 
judged as having mild cognitive impairment (MCI) and no cognitive 
impairment, respectively.
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statistical analysis
The Student’s t-test and chi-square test were used to compare 

clinical data between patients within the subgroups. The Pearson’ 
correlation was used to assess relationships between total and 
subscales of MMSE and reduced CBF areas on BA mappings. P 
values <0.05 were considered significant.

Results
Clinical and demographic data of patients

Eleven patients had a SPECT pattern of (I), and these patients 
either had MCI or did not have cognitive impairment based on 
the CDR. However, 10 patients each had a SPECT pattern of (IIa) 
and (IIb). All patients with SPECT patterns of (IIa) and (IIb) were 
considered to have dementia based on CDR.

Firstly, in comparisons between I and (IIa,IIb), The mean age of 
patients with a SPECT pattern of (I) was 59.1 years and that of those 
with SPECT patterns (IIa) and (IIb) was 58.1 years. There was no 
significant difference between the AD (20 cases) and non-AD groups 
(11 cases) (p = 0.318). The proportion of male and female with 
specific SPECT patterns was as follows: eight males and one female 
patient had a SPECT pattern of (1); 12 males and 8 female patients 
had a SPECT pattern of (IIa, b), but without any significant difference 
was observed (p = 0.48). There was no significant difference in 
education history between the two pattern groups (13.7 vs. 13.0 
years; p = 0.224). Family history with AD was more frequently 
observed in the (IIa, b) group (eight patients had a history) than in 
the (I) group (one patient had a history) (p = 0.0689). In terms of 
total and subscales of MMSE, there were significant differences in 
total MMSE scores between the two groups: the (I) group, 27.0 and 
the (IIa, b) group, 22.6 (p = 0.00112). Orientation, attention, and late 
memory were significantly worse in the (IIa, b) group than in the (I) 
group (p = 0.00261, p = 0.0106, p = 0.00404). However, there were 
no significant differences in language and visuospatial recognition (p 
= 0.28, p = 0.469).

Secondary, in the comparisons between the (IIa) and (IIb) groups, 
there was no significant difference in mean ages between the two 
groups (p = 0.385), and sex-specific distribution was the same (males: 
six, females: four). More patients had a family history (all had mothers 
with AD) in the (IIb) group than in the (IIa) group (p = 0.0062). There 
was no significant difference in education history between the two 
groups (p = 0.5). Patients in the (IIa) group deteriorated significantly 
more rapidly than those in the (IIb) group, as assessed using MMSE 
(p = 0.0484) (Table 1).

Regarding the comparison of the total and subscales of MMSE 
between the (IIa) and (IIb) groups, there were significant differences 
in total attention (p = 0.0425, p = 0.0282). There were non-significant 
differences in language and visuospatial recognition (p = 0.0523, p = 
0.075). Moreover, there were no significant differences in orientation 
and late memory (p = 0.2953, 0.278) (Figure 2).
SPECT findings

In the I group, there was no significant reduction of CBF on 
SPECT in the BA. In the (IIa) group, a mean z-score of severity >2.0 
was judged as a significant reduction of CBF. Significant reductions 
on SPECT in the BA were recognized in BA7, BA19, BA20, BA21, 

 

BA22, BA31, BA37, BA39, BA40, and BA42. The most significant 
reductions were observed in area 39. Interestingly, left side reduction 
was dominant in all areas (Figure 3)

In the (IIb) group, each case had a different area of reduction with 
a z-score >2.0; however, only the mean z-score in BA39 was >2.0.

Correlation of decreased CBF in the SPECT and MMSE 
scores

In the (IIa) group, reduction of total MMSE scores correlated 
with right side BA31 (p = 0.0328). That of attention correlated with 
left BA7, BA19, BA39, and BA40 (p = 0.00283, 0.0105, 0.00971, 
0.0107). That of late memory correlated with right BA22 and BA31 
(0.0475, 0.0145). That of language correlated with left BA7, BA22, 
and BA39 and right BA40 (p = 0.00256, 0.046, 0.00156, 0.00269). 
That of visuospatial recognition correlated with left BA7, BA19, 
BA31, and BA39 (p = 0.000173, 0.00765, 0.0224, 0.00104). No 
correlation was found between reduction of orientation and the BA 
(Figure 4).

In the (IIb) group, there was no correlation between MMSE and 
reduced BA39.

Discussion
In this retrospective study, patients were divided as having 

patterns of (I), (IIa), and (IIb) according to reduced CBF on SPECT. 
Patients with (I) either had MCI or did not have cognitive impairment, 
and although the mean age and sex-specific distribution were the 
same for all groups, MMSE scores were significantly higher in the 
(I) group than in the (IIa, b) group; furthermore, number of cases 
with family history were significantly lower in the (I) group than in 
the (IIa, b) group. We focused on patients with dementia who had 
patterns of (IIa) and (IIb) because of reduced CBF on SPECT. The 
MMSE total and subscale scores, family histories, and prognoses 
were significantly different in patients with SPECT patterns of (IIa) 

Bilateral group (n=10) Unilateral group (n=10)        P-value
Age 45–64 (57.7)                   49–64 (58.5)                0.385
Sex Male: 6; Female: 4              Male: 6; Female: 4                 0.5
Fam. Hist. 1     7 0.0062
Educ. Hist. 9–16 (13.7) 9–16 (13.7)                 0.5
Prognosis −4.67                         −2.3                      0.0484

Table 1: Clinical data of the unilateral and bilateral group

Fam. Hist.: Family history; Educ. Hist.: Education history; Prognosis: difference in the 
Mini-Mental State Examination score between first and follow-up examination (1 year 
later).

Figure 1: Classification of reduced cerebral blood flow-single-photon emission computed 
tomography findings. Left: Mild cognitive impairment or without cognitive impairment 
group.
Upper right: Bilateral reduction group; Lower right: Unilateral reduction group.

Figure 2: Differences in total and subscales of the Mini-Mental State Examination scores 
between the bilateral and unilateral reduction group (Left–Right: Total, orientation, 
attention, late memory, language, visuospatial recognition)
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and (IIb). The significantly reduced CBF regions on BA mapping of 
patients with a SPECT pattern of (IIa) revealed ten areas and those 
with a SPECT pattern of (IIb) revealed only one area.

There were significant correlations between MMSE total and 
subscale scores and reduced CBF regions on BA mapping in patients 
with a SPECT pattern of (IIa). 

In terms of the classification of AD, a recent review and meta-
analysis reported that there were four subtypes of AD based 
on the distribution of tau-related pathology and regional brain 
atrophy: typical (55%), limbic-predominant (21%), hippocampal-
sparing (17%), and minimal atrophy AD (15%) [7]. Regarding the 
classification of EOAD, typical, language-type, visuospatial-type, 
and executive function-type have been well recognized [6]. Although 
this classification mainly depended on clinical signs examined by 
neurologists, SPECT, PET, and autopsy findings were in line with the 
examination findings [8]. There have been several reports of reduced 
glucose metabolism and reduced CBF in patients with EOAD 
[5,6,11,12,14-17]. Hypometabolism on FDG-PET was noted in the 
fronto-temporo-parietal association cortices and retrosplenial area in 
21 AD patients, and patients with EOAD had a more severe reduction 
of regional glucose metabolism in the associated cortices [14]. Using 
the NEUROSTAT program for 40 patients with AD (20 EOAD 
cases), all patients with AD had significant hypometabolic regions in 
the bilateral parieto-temporal regions than age-matched individuals, 
and EOAD patients had more severe hypometabolism in the bilateral 
parietal and posterior cingulate cortices and precuneus region than 
late-onset patients [15]. Using BA analysis, bilateral BA20, BA21, 
BA39, BA40, and right BA23 were judged as having significantly 
reduced glucose metabolism, compared with the control group 
without cognitive impairment [16]. Our study showed a reduction 
of CBF in bilateral BA7, BA19, BA20, BA21, BA22, BA31, BA37, 
BA39, BA40, and the findings of BA42, and BA20, BA21, BA39, 
and BA40 were in accordance with those of a FDG study [16]. In a 
CBF-SPECT study, the parieto-temporal region also appeared to be a 
significantly reduced region, and in some cases, it showed reduction 
in occipital region [13,17]. Although there was the report of BA 

mapping using CBF-SPECT, the mean age of the patients (34 cases) 
was 70.9 ± 8.1 years; however, bilateral BA38, BA36, BA23, BA25, 
and BA28 were recognized as significantly reduced CBF areas [5]. 
Because the distributions of patients’ ages were different from our 
study, the results regarding the reduced areas were not in accordance 
with our results.

Finally, in terms of correlation between MMSE scores and 
CBF-SPECT, significant correlations were observed in the posterior 
cingulate cortex and both temporoparietal association cortices (right-
side dominant) of 28 patients with AD [8]. However, Kaneta et al. 
reported that the mean age of the patients was >79 years and no 
description of BA mapping and only the total scores of the MMSE 
were used for correlation analyses. Our study was the first to observe 
the correlation of both total and subscales of MMSE and reduced 
CBF areas using BA mapping. In our study, correlations were 
strongly recognized in patients in the (IIa) group, total of MMSE, 
subscales (except orientation correlated with a large number of BAs). 
Among them, left BA7 and left BA39 were correlated with attention, 
language, and visuospatial recognition. Left BA19 correlated with 
attention and visuospatial recognition. Right BA31 correlated with 
total MMSE score and late memory. These BAs are considered as the 
core part of damages in EOAD [16]. In the (IIb) group, significant 
reduction was found in BA39; however, no correlation was 
recognized. In comparison with the prognosis of late-onset AD and 
EOAD, the decline of CDR suggests that EOAD may show more rapid 
deterioration [16]. On the other hand, to date, no study has compared 
CDR within EOAD; thus, our result showed that patients in the (IIa) 
group deteriorated significantly more rapidly than those in the (IIb) 
group, as assessed using MMSE (p = 0.0484) and the bilateral group 
might deteriorate more rapidly than the unilateral group. This finding 
may assist better understanding of clinical features of EOAD.

Despite the strengths of the study, a potential limitation could be 
the small number of cases analyzed and the use of MMSE, which 
is slightly less precise. Large number of cases would therefore be 
needed in future studies, with more precise neuropsychiatric tests 
same with MMSE subscales.

In conclusion, considering significant differences with family 
history and prognoses of these unilateral and bilateral groups, 
classification of the two types is very helpful in understanding the 
clinical features of EOAD.
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