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Abstract
Purpose  To determine the association between occipital amyloid-PET uptake and neurocognitive performance in Alzhei-
mer’s disease (AD).
Materials and methods  Fifty-eight participants with normal aged, mild cognitive impairment (MCI) due to AD and AD 
subjects who underwent F-18 florbetapir brain PET/CT scans were divided into four groups (A, normal; B, MCI; C, mild 
AD; and D, moderate/severe AD). Semiquantitative analyses of SUVR images were performed. The differences between 
groups and the correlations between florbetapir uptake and Thai Mental State Examination (TMSE) scores were determined. 
Significant differences were defined using a P < 0.001, uncorrected, or a P < 0.05, FWE for the voxel-based analyses with 
Statistical Parametric Mapping (SPM).
Results  There was a slightly higher florbetapir uptake in the precuneus, parietal, and occipital association cortices in Group 
B > A. The occipital florbetapir uptake in Groups C and D was significantly higher than in Group A, in addition to the pre-
cuneus, anterior cingulate, posterior cingulate, temporoparietal, and frontal cortices. There was a strong negative correlation 
between TMSE scores and florbetapir uptake in the occipital lobe.
Conclusions  Occipital amyloid uptake is associated with clinically advanced AD, and is inversely correlated with neuro-
cognitive performance and may be useful for evaluating AD severity.
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Introduction

Alzheimer’s disease (AD) is the most common cause of 
dementia, which is estimated to affect approximately 5.8 
million elderly people in the U.S. and 30 million people 
worldwide, with an increasing trend [1, 2]. It has been 
accepted that beta amyloid plaque aggregation is one of 
pathological hallmarks necessary for the diagnosis of AD. 
PET imaging biomarkers provide the potential for noninva-
sive, in vivo identification of beta amyloid pathology [3–5]. 
The uptake patterns in the neocortex observed by either 
C-11 or F-18 labeled amyloid-PET tracers have been proven 
to correspond well with the neuropathological distribution of 
amyloid beta plaque found in autopsies [4–6]. Moreover, the 
role of amyloid-PET imaging in AD diagnosis and manage-
ment has recently been established [7–13].

F-18 florbetapir is an amyloid-PET tracer that rapidly 
enters the brain and specifically binds to cortical amyloid 
beta plaque [14]. There is evidence of a strong association 
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between the amyloid beta deposition estimated from flor-
betapir PET imaging (either visually or semiquantitatively, 
using the cortical-to-cerebellar standard uptake value ratio) 
and neuritic plaque density at autopsy, with high sensitivity, 
specificity, and accuracy [4]. However, the published data 
on florbetapir PET mostly focus on predefined, anatomically 
relevant cortical regions, namely, the frontal, temporal, pari-
etal, anterior cingulate and posterior cingulate cortices and 
precuneus. These are the regions in which amyloid beta dep-
osition is commonly found in patients with AD [4, 14–16]. 
Through our clinical work, we have observed that there is 
also a significant uptake of florbetapir at the occipital cor-
tex. The presence of florbetapir occipital uptake in addition 
to the other associative neocortex, primary sensory–motor 
areas, and medial temporal lobe was previously classified as 
the most severe stage (stage IV) of in vivo amyloid burden 
[17]. Individuals with AD have a significantly higher amy-
loid burden than the mildly cognitively impaired or cogni-
tively normal elderly. Furthermore, data from postmortem 
neuropathological studies support the view that AD-related 
changes are also involved in the occipital cortex [15, 18]. 
We hypothesize that beta amyloid deposition at the occipital 
cortex detected by florbetapir PET imaging might indicate 
a regional progression of advanced stage AD and correlate 
with the severity of neurocognitive impairment.

This study set out to compare beta amyloid deposition 
in the occipital cortex detected by florbetapir PET across a 
spectrum of elderly participants, ranging from those with 
normal cognition, to mild cognitive impairment (MCI) due 
to AD, to AD dementia with varying degrees of severity. 
We also explored the association between the occipital cor-
tical amyloid-PET uptake and the level of neurocognitive 
performance.

Materials and methods

This study was conducted with the prior approval of the 
Institutional Review Board (COA no. Si137/2015). All pro-
cedures performed in studies involving human participants 
were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 
Helsinki declaration and its later amendments or comparable 
ethical standards.

Participants

A total of 58 participants aged 60 and above who visited the 
geriatric clinic in single university hospital were enrolled. 
They were informed about the research protocols, and writ-
ten consent to participate in the study was formally given 
by either the participants or their legally authorized repre-
sentatives. FDG-PET/CT and florbetapir PET/CT scans of 

the brain were performed on all subjects between Septem-
ber 2016 and June 2018, and they were completed within 6 
weeks of their neuropsychological assessments. Individuals 
were excluded from the study if they had an unstable medical 
condition; were seropositive for HIV or AIDS; abused drugs; 
had alcoholism, primary or metastatic brain cancer, signifi-
cant brain lesions, or a history of amyloid-targeted medica-
tion usage; or were unwilling to follow the study protocol. 
The participants were divided into four groups, according to 
their clinical diagnoses and amyloid-PET results from visual 
interpretation. The clinical diagnoses were made by an expe-
rienced geriatrician (W.M.) using a combination of history, 
physical examination, and neurocognitive test results. The 
tests comprised the Thai Mental State Examination (TMSE) 
and clinical dementia rating (CDR) [16, 19, 20]. The TMSE 
was used to measure the cognitive function of the partici-
pants. It was developed in 1993 and was used in Thailand 
ever since [21]. The total score is 30 and the cut-off value for 
cognitive impairment is 23 or less. It includes assessment in 
orientation, memory (3-word registration and delayed recall), 
attention (days backward), calculation (100–7 subtraction), 
language ability (naming, sentence repetition, reading, 
3-order command), picture copying, and abstract thinking 
(similarity). Previous studies in Thailand showed the distribu-
tion of norms of TMSE score in large Thai population (4459 
people) which were varied depending on age and educational 
level [22]. The range of scores for normal cognition and AD 
was previously explored [23]. It was shown to have the excel-
lent correlation (Pearson correlation 0.904) with the MMSE-
Thai 2002, which is a Thai translated version of MMSE [24]. 
The severity of AD dementia was given a rating based on 
the TMSE score in accordance with an earlier publication 
[25] in combination with CDR. For this study, we focused on 
the subjects with AD pathology; therefore, positive amyloid-
PET was included in the criteria for MCI and AD dementia 
groups to confirm AD continuum by biomarker as recently 
proposed by the National Institute on Aging and Alzheimer’s 
Association (NIA-AA) [7]. The first of these group, “Group 
A”, comprised 20 cognitively healthy controls (HC) (TMSE 
24–30, CDR = 0) with negative amyloid-PET results. “Group 
B” was made up of 12 patients with MCI due to AD (TMSE 
24–30, CDR 0.5) with positive amyloid-PET. “Group C” had 
13 patients with mild AD dementia (TMSE > 20, CDR 0.5–1) 
showing positive amyloid-PET results. Finally, “Group D” 
consisted of 13 patients with moderate (TMSE 11–20, CDR 
2)-to-severe AD dementia (TMSE ≤ 10, CDR 3) showing a 
positive amyloid-PET finding.

PET imaging study

The synthesis of florbetapir PET tracer and florbetapir PET 
imaging protocol were described in our previous work [19]. 
Briefly, a 20-min dynamic amyloid-PET/CT brain image 
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was acquired 50 min after an intravenous injection of 10 
mCi (370 MBq) florbetapir, using a Discovery STE PET/CT 
scanner (GE Healthcare, WI, USA). An F-18 FDG-PET/CT 
scan of the brain was also performed using the same scanner, 
with a 30-min dynamic acquisition 30 min after the intra-
venous injection of 4.5–5.5 mCi (166.5 –203.5 MBq) FDG. 
The detailed image acquisition and reconstruction protocols 
were as stated in our previous work and in Alzheimer’s Dis-
ease Neuroimaging Initiative 2 [19, 26]. The interval for 
both PET/CT scans was at least 24 h.

PET image analysis

The visual interpretation of amyloid-PET in all cases was 
previously performed in consensus by 2 board-certified, 
nuclear medicine physicians (T.T. and C.S.) trained in amy-
loid-PET interpretation using the original PET images with-
out the knowledge of clinical information and the interpre-
tation data were recorded. Using previously recommended 
criteria [4, 9], the amyloid-PET images of each participant 
were classified as either “amyloid positive” or “amyloid 
negative”. The amyloid-positive images showed increased 
amyloid retention in the cortical gray matter, with a loss of 
gray–white matter contrast in at least 2 cortical regions, or 
an intense uptake in at least 1 cortical region. By contrast, 
the amyloid-negative images demonstrated no, or low, amy-
loid retention in the cortical gray matter.

A further semi-quantitative analysis was performed 
on all PET studies using Statistical Parametric Mapping 
(SPM) version 12 (The Wellcome Centre for Human Neu-
roimaging, UCL Queen Square Institute of Neurology, 
London, UK, available at https://​www.​fil.​ion.​ucl.​ac.​uk/​
spm/​softw​are/​spm12/) [27], as follows. Initially, all cases 
of florbetapir and FDG-PET images were converted from 
DICOM to Nifti format by dcm2niiGUI application (Neu-
roImaging Tools & Resources Collaboratory). Florbetapir-
FDG coregistered images were created and normalized by 
TPM (tissue probability maps) template in the next step 
[28, 29]. In addition, the normalized SUV images were 

smoothed, and the mean florbetapir cortical-to-cerebellar 
standard uptake value ratio (SUVR) images were per-
formed by dividing them with the cerebellar ROI template, 
which was drawn on the cerebellar area (the cerebellum 
was the reference region) [30]. The SUVR images, which 
were created from original images in all cases, were eval-
uated again by senior nuclear medicine physician (K.I.) 
to confirm the results from visually read amyloid-PET. 
The ROI for reference area (cerebellum) was originally 
drawn by 1 senior nuclear medicine physician (K.I.) in 
the TPM.nii template for using with SPM (Fig. 1). Using 
this cerebellar ROI template, the cerebellar counts were 
calculated at each individual anatomically standardized 
image automatically, and then using this value, each indi-
vidual SUVR image was created by 1 physicist (T.T.). The 
semi-quantitative analysis was performed by 2 independ-
ent operators (T.T. and K.I.) with same analytical results 
to ensure the reproducibility of the results. For the voxel-
based analysis by SPM, one-way Analysis of Variance 
(ANOVA) tests were performed among the four groups, 
and correlation analyses between the regional florbeta-
pir uptake and TMSE scores were performed. FDG-PET 
images were also analyzed in the same way.

Statistical analysis

The differences between the baseline characteristics and 
the amyloid depositions of the groups were evaluated using 
Pearson’s Chi-squared and one-way ANOVA, with a post 
hoc analysis using the Bonferroni test. Pearson’s correlation 
between the cortical amyloid and FDG uptakes and the lev-
els of neurocognitive performance using the TMSE scores 
was also assessed. A significant difference was defined using 
a P value of < 0.05. For SPM statistics, the threshold for sig-
nificant difference was set as P < 0.001, uncorrected, for the 
one-way ANOVA of the 4-group comparisons, and P < 0.05, 
Family-Wise Error (FWE), for the correlation analysis.

Fig. 1   The ROIs over the 
bilateral cerebellum (in red) 
and bilateral cerebral cortices 
(in blue) for further analysis of 
regional cerebellar-normalized 
SUVR

https://www.fil.ion.ucl.ac.uk/spm/software/spm12/
https://www.fil.ion.ucl.ac.uk/spm/software/spm12/
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Results

The baseline characteristics of all participant groups are 
listed in Table 1. There were no significant differences in 
the age, gender, or years of education of the subjects in the 
four groups. As predicted, significant differences between 
the TMSE and CDR scores were found between Groups 
A versus D, A versus B, and C versus D. Significant dif-
ferences in the E4 variant of Apolipoprotein E (APOE4) 
carriers of the groups were also found, with Group C hav-
ing the highest percentage.

The differences in the cortical amyloid depositions and 
FDG uptake of the patient groups (Groups B to D) relative 
to the normal control (Group A) are pictorialized in Fig. 2. 
There was a slightly higher cortical uptake of florbeta-
pir in the visual association (BA19) and parietal cortices, 
anterior prefrontal /anterior cingulate cortices (BA10), 
the precuneus (BA7), and temporal cortices (BA21) in 
Group B than in Group A (Fig. 2a). However, compared 
with Group A, the cortical amyloid deposition in Group 
C was significantly higher in the occipital cortex (BA19, 
BA17) as well as being significantly higher in the precu-
neus (BA7), anterior cingulate (BA32), posterior cingu-
late (BA23, BA31), temporoparietal (BA22, BA39), and 
frontal cortices (BA11) (Fig. 2b). A similar pattern was 
also detected when Group D was compared with Group A, 
but with slightly more extensive regions and with higher 
amyloid depositions, including in the lateral and medial 
occipital cortices (BA 17 and 18) (Fig. 2c). Details of the 
locations of the regions showing significantly increased 
florbetapir uptake in the Group A-to-D subjects are given 
in Table 2. The regions located in occipital lobe (BA17, 
BA18, and BA19) partly show higher amyloid deposi-
tion in every group comparison. The box-and-whisker 
plot graph of mean and SD of each group’s mean cortical 
SUVR is also demonstrated (Fig. 2d).

Concerning glucose metabolism: FDG uptake, in Group 
B, only posterior cingulate metabolism was decreased 
(Fig. 3a), while the bilateral parietal, frontal, and posterior 
cingulate metabolism were decreased in Group C (Fig. 3b) 
and the bilateral parietotemporal, frontal, and posterior cin-
gulate metabolism were decreased in Group D (Fig. 3c).

When we first estimated the amyloid deposit correlation 
using threshold P < 0.001, uncorrected almost the whole 
brain area was negatively correlated, but the occipital corti-
ces had the strongest correlation (Fig. 4). Then, after using 
strict criteria P < 0.05, FWE, only the occipital cortices 
survived (Fig. 5; Table 3). Significant correlations between 
FDG uptake and TMSE were demonstrated in the bilateral 
parietotemporal and frontal as sociation, posterior cingulate, 
and precuneus cortices (Fig. 6).

Discussion

The areas known for potentially intense amyloid loads, as 
evident by brain autopsies of patients with AD, are the mid-
dle frontal gyrus, anterior cingulate cortex, and posterior 
cingulate cortex. Much lower amyloid loads are found in 
the occipital cortex, hippocampus, and parahippocampal 
gyri; the remaining areas of the brain are amyloid nega-
tive. The mean florbetapir SUVRs of the frontal, temporal, 
parietal, anterior cingulate, and posterior cingulate cortices, 
and the precuneus were higher in AD patients than in the 
normal control [14], but not in the occipital cortices. The 
cerebellar-normalized occipital SUVR of the AD group was 
slightly higher than those of the MCI and control groups 
[31], which correspond with our results. A higher mean 
cerebellar-normalized SUVR for the occipital cortex in 
the amyloid-PET positive AD and MCI groups than in the 
amyloid-PET negative MCI and HC groups was reported 
[32]. Moreover, the occipital cortex was the fourth region 
with highest discrimination ability to differentiate AD from 

Table 1   Comparison of characteristics of participants in all three groups

A HCs with negative amyloid-PET, B MCIs suspected due to AD with positive amyloid-PET, C very mild AD and positive amyloid-PET, D 
mild-to-severe AD and positive amyloid-PET, TMSE Thai Mental State Examination, CDR clinical dementia rating
Post hoc test results: asignificant difference found between Groups A and B; bsignificant difference found between Groups A and C; csignificant 
difference found between Groups A and D

Characteristics A
(n = 20)

B
(n = 12)

C
(n = 13)

D
(n = 13)

P value

Age (years), mean ± SD 69.20 ± 5.28 69.17 ± 3.81 70.85 ± 7.68 70.85 ± 5.37 0.748
Gender (% female) 65.0% 41.6% 58.3% 58.3% 0.640
Education (years), mean ± SD 12.50 ± 5.92 14.25 ± 3.77 14.69 ± 3.30 9.62 ± 5.99 0.057
Onset of symptoms (months), mean ± SD – 17.33 ± 9.64 32.77 ± 20.11 42.54 ± 17.59 0.000a,b,c

TMSE, mean ± SD 27.95 ± 1.67 26.83 ± 1.90 25.62 ± 1.45 18.15 ± 4.26 0.000c

CDR, mean ± SD 0.00 ± 0.00 0.5 ± 0.00 0.54 ± 0.14 1.16 ± 0.42 0.000a,b,c

APOE4 carrier (%) 11.8% 41.7% 75.0% 30% 0.006
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HC. The higher stage of amyloid loads (stage IV), which was 
characterized by amyloid deposition in the occipital lobe 
and striatum in addition to the areas of the brain involved in 
earlier stages, showed association with the worsened cog-
nition [17]. Unfortunately, other florbetapir studies [4, 30, 
33–35] did not include the occipital regions in their evalua-
tions. Apart from florbetapir, higher C-11 PIB SUVRs were 
demonstrated in the occipital cortices in the amyloid-PET 
positive A D and MCI groups than in the amyloid-PET 
negative MCI and HC groups as well as its high discrimi-
nation ability to differentiate between AD and HC [32]. A 

significantly higher C-11 PIB accumulation in the occipital 
cortices of AD subjects was also demonstrated [36]. Higher 
occipital florbetaben PET uptakes were also observed in the 
AD group than in the normal control group [5, 37, 38]. The 
currently available published data on F-18 flutemetamol do 
not include any specific information on the occipital uptake 
of participants with different neurocognitive performance 
levels [39–41].

The current role of beta amyloid-PET study is early 
detection and prediction of disease progression. The possi-
ble explanations for discordance between regional amyloid 

Fig. 2   Comparison of the regional amyloid deposition across partici-
pants in Groups A–D. There was no significant difference in occipital 
amyloid deposition between Groups A and B (a). However, signifi-
cantly higher cortical amyloid deposition at the occipital cortex was 
noted in both Groups C (b) and D (c), relative to Group A, in addition 

to other regions, namely, the precuneus, anterior cingulate, posterior 
cingulate, temporoparietal, and frontal cortices (P < 0.001, uncor-
rected). The box-and-whisker plot graph shows mean and SD of each 
group’s mean cortical SUVR (2D)
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deposition, tau deposition, and glucose hypometabolism 
revealed from PET studies include role of time, remote 
effect, and different threshold of imaging modalities [19]. 
Although there were some data supporting the relation-
ship between amyloid deposition and the severity of AD 
dementia [17, 19, 42, 43], they seem relatively limited 
when compared to the same relationship with the abnor-
mality detected by Tau PET or FDG-PET. This lack of 
correlation may be partly explained by the criteria for 
interpretation of amyloid-PET as binary scale. Moreover, 
the occipital lobe is not included in the representative 
areas of the beta amyloid deposition known to be associ-
ated with cognitive function, although it is not uncommon 

to detect a higher amyloid load in the occipital region in 
AD than in MCI and/or normal controls [31, 32, 36–38]. 
The higher occipital amyloid deposition in MCI and AD 
cohorts and its tendency to associated with lower neuro-
cognitive scores in our initial works [19, 44] motivated us 
to explore the potential role of beta amyloid-PET study as 
the marker for disease severity in AD, as well as predic-
tor for progression of cognitive impairment specifically 
in amyloid-positive subjects. To our knowledge, there has 
been no report on the relationship between the occipital 
amyloid load and the level of neurocognitive performance. 
We found a strongly negative correlation between the flor-
betapir occipital cortical uptake and the level of neuro-
cognitive performance, determined using TMSE scores. 
This relationship might be explained by the tendency to 
have a higher occipital cortex involvement in the later 
stages of AD, based on the evidence from neuropatho-
logical assessments [15], which is possibly related to the 
long-standing of AD pathology occurs in the brain resulted 
in increased severity of AD (or so-called advance stage 
of AD), which more cortical areas including frontal and 
occipital cortices also get amyloid deposits. As a result, 
high occipital amyloid plaque deposition—as evidenced 
by PET biomarkers—is probably associated with the more 
advanced stages of AD. Another possible explanation for 
this observation is that florbetapir has a greater tendency 
than either C-11 PiB or F-18 flutemetamol to accumulate 
in the occipital lobe. For a visual interpretation of florbeta-
pir and florbetaben, evaluation of the gray matter uptake is 
performed in the temporal, parietal, frontal, and occipital 
regions. On the other hand, in flutemetamol, the striatum is 
evaluated in addition to the temporal, frontal, and parietal 
regions, while the occipital region is not included [45]. It 
is known that flutemetamol accumulates in the striatum 
following the amyloid deposition stage but not predomi-
nant in the occipital lobe [46], unlike our results, which 
florbetapir accumulates in the occipital lobe following 
the amyloid deposition stage but not predominant in the 
striatum. There has been no study to directly compare the 
differences in distribution between these two radiotracers 
in the same individuals. However, the distribution of each 
radiotracer uptake to reflect the beta amyloid deposition 
were obtained from previous publications, and gener-
ally in accordance with the affected areas confirmed by 
pathological assessment. The different chemical structures 
among the F-18 amyloid tracers likely affecting affinities 
to deposited beta amyloid in the brain and resulting in 
different uptake patterns. We hypothesize that florbetapir 
has a binding affinity in the occipital lobe, which can be 
detected at a relatively advanced stage of amyloid deposi-
tion and probably used as a similar marker to an increased 
tau PET uptake or an inversed FDG-PET uptake, the mark-
ers of which are known to correlate better with the degree 

Table 2   Representative location of regions showing extremely 
increased florbetapir uptake among the A-to-D group subjects (Note 
to publisher: I would like to have each numeric content in the 2nd (or 
3rd) to 6th columns to be positioned in the center of cell, if possible)

Threshold is p < 0.001, uncorrected
Lt. Left, Rt. right

Brain region Side Coordinates T values

X Y Z

B > A group
 Visual association cortex 

(BA19)
Lt  − 40  − 73 1 5.01

 Visual association cortex 
(BA19)

Rt 46  − 59 11 4.90

 Anterior prefrontal cortex 
(BA10)/anterior cingulate 
cortex (BA32)

Rt 5 41  − 4 4.43

 Middle temporal gyrus 
(BA21)

Lt  − 60  − 24  − 12 4.11

 Precuneus (BA7) Lt  − 8  − 64 43 3.95
C > A group
 Angular gyrus (BA39) Rt 33  − 66 42 7.54
 Superior temporal gyrus 

(BA22)
Lt  − 56  − 41 19 7.24

 Visual association cortex 
(BA19)

Lt  − 41  − 71 3 7.14

 Orbitofrontal area (BA11) Lt  − 2 35  − 12 6.06
 Posterior cingulate cortex 

(BA23)
Lt  − 1  − 44 32 5.94

 Primary visual cortex (BA17) Rt 8  − 88 0 4.07
D > A group
 Orbitofrontal area (BA11) Rt 0 33  − 9 7.86
 Orbitofrontal area (BA11) Rt 3 39  − 4 7.81
 Fusiform gyrus Lt  − 43  − 64 0 7.71
 Visual association cortex 

(BA19)
Lt  − 44  − 72 0 6.92

 Posterior cingulate cortex 
(BA31)

Lt  − 5  − 45 39 5.84

 Angular gyrus (BA39) Rt 34  − 72 47 4.14
 Primary visual cortex (BA17) Rt 8  − 85 0 3.75
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of cognitive impairment. In our study, posterior cingulate 
is the first abnormal region to be involved both in florbeta-
pir and FDG-PET, and then, other regions namely, frontal, 
parietal, and precuneus are affected, though the degree of 
involvement is different.

One limitation of this study is its small sample size, which 
may affect its statistical power. Moreover, we used only the 
total TMSE score to assess the correlation between the 
occipital cortical uptake and neurocognitive performance. 
Therefore, a further investigation with a larger cohort as well 
as correlations with more detailed neurocognitive tests are 

needed to confirm the significance of the occipital amyloid-
PET uptake. Also, we cannot verify via histopathological 
examination that the occipital florbetapir uptake really dem-
onstrates amyloid beta accumulation. A consistent regional 
hierarchy of amyloid deposition has been demonstrated in 
a large series of florbetapir PET scans across the full clini-
cal spectrum of AD, strongly indicating that PET-measured 
amyloid deposition follows a predictable regional sequence 
that can be used analogously to established neuropathologic 
approaches for staging an individual’s pathologic state along 
this sequence. [17] Finally, there are other known poten-
tial causes for amyloid deposition in the occipital lobe, 
namely posterior cortical atrophy, DLB, and cerebral amy-
loid angiopathy. Nevertheless, we correlated results from 
MRI and FDG-PET in all subjects to confirm that there 
were no specific abnormalities that may indicate those dis-
eases, either by structural dominant parieto-occipital lobe 
and visual association cortex atrophy or blooming artifacts 
due to microbleeds, or by the pattern of glucose metabolic 
abnormality. Although occipital amyloid uptake should be 
interpreted in combination with the other regions of amy-
loid deposition, its presence may indicate a higher dynamic 
range at the clinically overt AD stages. The findings may 
also prove more useful than the global cortical amyloid-PET 
uptake for stratifications of the severity of preclinical AD 
and predictions of the level of neurocognitive impairment.

Conclusions

Amyloid plaque deposition in the occipital cortex, as evi-
denced via F-18 florbetapir PET, is associated with clinically 
advanced Alzheimer’s dementia, and it inversely correlates 
with the level of neurocognitive performance. The presence 

Fig. 3   Comparison of the regional glucose metabolism across partici-
pants in Groups A–D. There was a significant metabolic decrease in 
posterior cingulate cortices between Groups A and B (a). Posterior 
cingulate, precuneus, parietal association, and frontal association cor-

tical metabolism were significantly decreased in both Groups C (b) 
and D (c); in addition to the regions, temporal association cortical 
metabolism was significantly decreased in Group D (c) (P < 0.001, 
uncorrected)

Fig. 4   The voxel-based analysis from florbetapir PET data in all 58 
participants resulted in negative correlation between cerebral corti-
cal uptake and the TMSE score (P < 0.001, uncorrected). Note that 
almost the whole cerebral cortices were negatively correlated with 
TMSE score, but the occipital cortices had the strongest correlation
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of occipital amyloid-PET uptake may be useful for evaluat-
ing the severity of AD.
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Fig. 5   The voxel-based analysis from florbetapir PET data in all 58 
participants resulted in a strong negative correlation between the 
occipital cortical uptake and the TMSE score (P < 0.05, FWE) (a). 

Scatter-plot graph shows the relationship between the occipital SUVR 
(x) and TMSE scores (y) in all subjects (b)

Table 3   Statistically significant correlations between florbetapir 
uptake and TMSE (Note to publisher: I would like to have the content 
in the 2nd to 6th columns to be positioned in the center of cell, if pos-
sible)

Brain region Side Coordinates T values

X Y Z

Visual association cortex (BA18) Lt  − 11  − 70  − 4 8.36
Visual association cortex (BA18) Rt 6  − 64 10 6.53
Primary visual cortex (BA17) Lt 16  − 87 2 5.51

Fig. 6   The voxel-based analysis demonstrated that posterior cingu-
late, precuneus, parietotemporal, and frontal association cortices glu-
cose metabolism well correlates with TMSE score (P < 0.05, FWE)
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