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Abstract Introduction: The prevalence and detailed biomarkers’ characteristic of rapidly progressive Alz-
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heimer’s disease (rpAD) remain incompletely understood.
Methods: A total of 312 mild AD patients from the Alzheimer’s Disease Neuroimaging Initiative
database were chosen and dichotomized into rpAD and non-rpAD groups. We performed the preva-
lence and comprehensive biomarker evaluation.
Results: The prevalence of rpADwas 17.6% inmild AD. Comparedwith non-rpAD, therewere no dif-
ferences in APOE ε4/ε4, APOE ε3/ε4, and APOE ε2/ε4 genotype distribution, cerebrospinal fluid tau,
phosphorylated tau (p-tau), amyloid-b, hippocampus volume, and amyloid deposition in rpAD. Yet, a
lower p-tau/tau ratio was observed in rpAD (P 5 .04). rpAD showed region-specific hypometabolism
([18F]fluorodeoxyglucose-positron emission tomography [FDG-PET]) (P5 .001). Receiver-operating
characteristic analysis of FDG-PET demonstrated that left angular and left temporal cortices were the
regions with higher area under the curve and predictive value for identifying clinical at-risk rpAD.
Discussion: We identified that rpAD commonly existed in mild AD. Cerebral hypometabolism could
provide potential clinical differential value for rpAD in the short-term follow-up period.
� 2017 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Introduction

Alzheimer’s disease (AD) is the most common neurode-
generative dementia, which severely affects daily life [1,2].
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The rapidly progressive Alzheimer’s disease (rpAD) can be
defined by a steeply decline on psychometric test [1–5],
such as Mini-Mental State Examination (MMSE) score,
(e.g., �4 points within 6 months) [1,5]. This definition is
generally thought to select AD patients with more rapid
pathophysiological and functional activity declines and high
mortality rate [1–5]. The prevalence of rpAD found in the
literature varied greatly across different studies and
conceptual definitions [2,3]. Therefore, reliable results in
large-scale populations are crucial to better characterize these
set of individuals for future clinical trials designed to test
interventions able to mitigate the aggressive disease progres-
sion in this population. So, studies of prevalence of rpAD in a
imer’s Association. This is an open access article under the CC BY-NC-ND
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larger study population such as the Alzheimer’s Disease Neu-
roimaging Initiative (ADNI) database are highly desirable [6].

Recent studies have shown that several biomarker modal-
ities can predict cognitive decline in AD populations,
including glucose hypometabolism measured by uptake of
[18F]fluorodeoxyglucose in positron emission tomography
(FDG-PET) [7,8], hippocampal atrophy in magnetic
resonance imaging (MRI) [9], decreased cerebrospinal fluid
(CSF) amyloid-b (Ab1–42), increased CSF total tau (t-tau)
and phosphorylated tau (p-tau) [8,10–12], and the APOE
genotype [1,13–15]. However, parts of these results remain
inconsistent. Moreover, these biomarkers were separately
tested in different study during longer follow-up period.
Therefore, when AD patients were dichotomized into
rpAD and non-rpAD based on MMSE score loss �4 points
within 6 months, for such a given population of rpAD, which
biomarkers more correlate with the rapidly cognitive decline
during the short-term follow-up period still need to be veri-
fied in the same AD population. Based on this idea, we
decided to investigate the prevalence and comprehensive
biomarkers’ characteristic of rpAD patients from ADNI
database in the same population, which could contribute to
a better understanding of the disease in this population.
2. Methods

2.1. Study samples

Data used in the preparation of this article were obtained
from the Alzheimer’s Disease Neuroimaging Initiative
(ADNI)database (adni.loni.usc.edu).TheADNIwas launched
in 2003 as a public-private partnership, led by Principal
Investigator Michael W. Weiner, MD. The primary goal of
ADNI has been to test whether serial MRI, PET, other biolog-
ical markers, and clinical and neuropsychological assessment
can be combined tomeasure the progression of mild cognitive
impairment and early Alzheimer’s disease (AD). Further
information can be found at http://www.adni-info.org/.

2.2. Participants

The operational definition of mild AD were patients with
MMSE score of 20–26, clinical dementia rating .0.5,
absence of any other neuropsychiatric disorders, and who
meet the National Institute of Neurological and Communi-
cative Disorders and Stroke–Alzheimer’s Disease and
Related Disorders Association criteria for probable AD
[16]. Further information about the inclusion/exclusion
criteria of AD adopted by the ADNI is described in detail
at www.adni-info.org. According to the definition of
MMSE score loss �4 points within 6 months [1,5], the
mild AD patients were allocated to the rpAD and non-
rpAD groups. Alzheimer’s Disease Assessment Scale—
Cognitive Subscale consisting of 13 items (ADAS-Cog 13)
and Functional Activity Questionnaire (FAQ), as gold stan-
dard comparisons of cognition and function measures,
were also checked over 12 months in the present study.
2.3. CSF data

CSF Ab1–42, t-tau, and p-tau at threonine 181 were
measured by using Innogenetics (INNO-BIA AlzBio3)
immunoassay kit–based reagents in the multiplex xMAPLu-
minex platform (Luminex) as previously described [17]. The
CSF data used in this study were obtained from the ADNI
files “UPENNBIOMK5-8.csv.” Further details of ADNI
methods for CSF acquisition and measurements and qu-
ality control procedures can be found at www.adni-info.org.

2.4. Neuroimaging data

The neuroimaging data, including regional volume
on MRI, white matter hyperintensity (WMH) on MRI,
cerebral glucose metabolism on FDG uptake (FDG-PET),
and cortical amyloid burden via standardized uptake
values ratios (SUVRs) on Florbetapir-PET, were obtained
from the ADNI files “UCSFFSL_11_02_15,”
“UCSFFSX51_11_02_15_V2,” “UCD_ADNI1_WMH.csv,”
“UCD_ADNI2_WMH_10_26_15.csv,” “UCBERKELEY
FDG_07_30_15.csv,” and “UCBERKELEYAV45_06_15
_16.csv.” The neuroimaging techniques used by ADNI
have been reported previously [18,19]. To investigate
neurodegeneration, we used the hippocampal volume and
FDG-PET uptake from five brain regions (left angular gyrus,
right angular gyrus, bilateral posterior cingular, left inferior
temporal gyrus, and right inferior temporal gyrus). The
WMH volume, a cerebrovascular disease marker, was also
obtained. We also obtained the SUVR means of
Florbetapir-PET from four regions (frontal, anterior/poste-
rior cingulate, lateral parietal, and lateral temporal) and
global Florbetapir-PET SUVR (average precuneus, prefron-
tal, orbitofrontal, parietal, temporal, anterior, and posterior
cingulate cortices) to calculate the amyloid burden. Further
details regarding ADNI image acquisition and processing
can be found at www.adni-info.org/methods.

2.5. Statistical analysis

Demographic, clinical, and biological data were
compared between study groups using two-tailed Student
t test for continuous variables and chi-square (c2) tests for
categorical variables, respectively. The original data of
CSF biomarkers were presented. However, the statistical an-
alyses were further replicated after log conversion to get
normal distribution. Post hoc pairwise comparisons were
also performed using a general linear model. The effects
of age, gender, education, and APOE genotype were
adjusted for all pairwise comparisons. Bivariate logistic
regression analysis was also performed to regress group sta-
tus on CSF biomarkers. Receiver-operating characteristic
(ROC) analysis was performed to find the cut-off value of
biomarker. The highest area under the curve (AUC) and You-
den index (Youden index 5 sensitivity 1 specificity 2 1)
were used to select the cut-off value of biomarker’s measure-
ment. In general, a test is acceptable in clinical efficacy if its
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http://www.adni-info.org/
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AUC of ROC is not ,0.70 [20]. The “k-fold” cross-
validation was used to evaluate the performance of the pre-
diction model. The original sample is randomly partitioned
into k equal-sized subsamples. Of the k subsamples, a single
subsample is retained as the validation data for testing the
model, and the remaining k 2 1 subsamples are used as
training data. The cross-validation process is then repeated
k times (the folds), with each of the k subsamples used
exactly once as the validation data. The k results from the
folds can then be averaged to produce a single estimation.

Statistical analyses were performed using SPSS (ve-
rsion 19.0), and a P-value ,.05 was taken as statistically
significant.
3. Results

3.1. Demographic and clinical characteristics

The present study included 312 mild AD participants.
Table 1 lists the detailed characteristics of all these AD par-
ticipants. According to the definition of MMSE score loss
�4 points within 6 months, we divided the mild AD group
to the rpAD and non-rpAD. There were no differences in
gender, age, education, baseline MMSE score, and APOE
ε4/ε4, APOE ε3/ε4, and APOE ε2/ε4 genotype distribution
between groups. In addition, the percentage of APOE ε4/
ε4 homozygotes were 14.5% and 20.6% in rpAD and
non-rpAD group, respectively. The prevalence of rpAD
Table 1

Demographics and key sample characteristics

Characteristics rpAD

Numbers 55

Age, y 74.7386 6 7.1265

Males, n (%) 28 (50.9%)

Education, y 15.3455 6 2.7502

APOE, n (%) 39 (70.9%)

APOE ε4/ε4 14.5%

APOE ε3/ε4 56.4%

APOE ε2/ε4

MMSE score (baseline) 23.1091 6 2.0337

MMSE loss in 6 mo 5.9455 6 2.4975

ADAS-Cog13 (baseline) 36.25 6 8.52

ADAS-Cog13 loss in 6 mo 5.40 6 6.63

CSF t-tau (pg/mL) 128.31 6 55.90

CSF p-tau (pg/mL) 44.91 6 24.15

CSF Ab1–42 (pg/mL) 135.44 6 27.99

p-tau/tau 0.37 6 0.15

tau/Ab1–42 1.005 6 0.54

p-tau/Ab–142 0.36 6 0.29

Left hippocampal volume, mm3 2831.86 6 516.16

Right hippocampal volume, mm3 2785.04 6 589.79

WMH 4.13 6 7.43

Florbetapir-PET global SUVR 1.3974 6 0.2568

Abbreviations: rpAD, rapidly progressive Alzheimer’s disease; APOE, apolipo

heimer’s Disease Assessment Scale—Cognitive Subscale consisting of 13 items; CS

tau; CSFAb, cerebrospinal fluid b-amyloid; Florbetapir-PET cortical SUVR, summ

tomography; WMH, white matter hyperintensity; FDG-PET, [18F]fluorodeoxyglu

NOTE. Results are mean 6 standard deviation.

*P values are statistically significant.
patients (n 5 55) was 17.6% in ADNI mild AD population.
During the 6-month follow-up period, mean MMSE score
loss for rpAD was 5.9455 6 2.4975 and 0.1128 6 2.1394
for non-rpAD (P , .000). Meanwhile, baseline ADAS-Cog
13 and ADAS-Cog 13 loss were higher in rpAD group. In
addition, over the 12-month follow-up period, rpAD subjects
continued their rapidly cognitive and functional decline, as
reflected in ADAS-Cog 13 and FAQ measures (Fig. 1).

Yet, there were no differences in MMSE and ADAS-Cog
13 score loss between positive APOE ε4/ε4, APOE ε3/ε4,
APOE ε2/ε4, and negative APOE ε3/ε3 rpAD patients
(Table 2).

3.2. CSF biomarkers

Among the 312 AD participants, there were 216 with
available CSF tau, p-tau, and Ab1–42 data. The final data
for CSF analyses included 37 rpAD and 179 non-rpAD par-
ticipants. CSF biomarker levels by study groups were also
demonstrated in Table 1. There were no differences in base-
line concentration of CSF tau, p-tau, and Ab1–42 between
two groups. For tau/Ab1–42 ratio, there was a trend for higher
levels in rpAD in comparison with non-rpAD (P 5 .099).
CSF p-tau/tau ratio was lower in rpAD patients compared
with non-rpAD (0.37 6 0.15 vs. 0.44 6 0.21, P 5 .04).
Further, we analyzed the association between baseline
CSF biomarkers and group status. Yet, the associations
were absent in CSF biomarkers such as Ab1–42 (slope
Non-rpAD P value

257

75.0004 6 7.8062 .819

145 (56.4%) .551

15.1323 6 3.0075 .629

174 (67.7%) .761

20.6% .353

47.1% .236

23.3385 6 2.0421 .45

0.1128 6 2.1394 .000*

28.19 6 7.03 .000*

1.93 6 4.61 .000*

126.69 6 63.40 .887

52.69 6 31.63 .159

141.05 6 41.66 .434

0.44 6 0.21 .04*

0.83 6 0.57 .099

0.34 6 0.33 .63

2836.16 6 517.77 .955

2907.81 6 556.19 .143

4.02 6 6.31 .911

1.3945 6 0.2043 .955

protein E; MMSE, Mini-Mental State Examination; ADAS-Cog 13, Alz-

F tau, cerebrospinal fluid tau; CSF p-tau, cerebrospinal fluid phosphorylated

ary Florbetapir cortical standardized uptake value ratio by positron emission

cose-positron emission tomography.



Fig. 1. Changes of ADAS-Cog 13 and FAQmeasures over the 12 months in

rpAD and non-rpAD. Results are mean 6 standard deviation. P value was

assessed using two-tailed Student t test for each variable; # and * denote

that P values are statistically significant. Abbreviations: rpAD, rapidly pro-

gressive Alzheimer’s disease; ADAS-Cog 13, Alzheimer’s Disease Assess-

ment Scale—Cognitive Subscale consisting of 13 items; FAQ, Functional

Activity Questionnaire.
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coefficient [b] 5 0.009, P 5 .137), tau (b 5 –0.006,
P 5 .206), and p-tau (b 5 0.024, P 5 .051).
3.3. Neuroimaging biomarker analysis

Among the 312 AD participants, there were 308 with
available data on hippocampus volume and WMH (MRI).
The final data for MRI analyses included 55 rpAD and 253
non-rpAD participants. There were no differences in base-
line hippocampus volume and WMH between two groups
(Table 1).
Table 2

MMSE and ADAS-Cog 13 characteristics of rpAD by APOE genotype

Measure APOE εX/ε4 APOE ε3/ε3 P value

Numbers 39 16

MMSE 23.08 6 2.16 23.19 6 1.76 .857

MMSE loss in 6 mo 6.05 6 2.71 5.69 6 1.92 .628

ADAS-Cog 13 35.86 6 9.13 38.06 6 7.36 .397

ADAS-Cog 13 loss in 6 mo 5.79 6 7.06 5.30 6 4.25 .795

Abbreviations: rpAD, rapidly progressive Alzheimer’s disease; APOE,

apolipoprotein E; APOE εX/ε4, APOE ε4/ε4, APOE ε3/ε4, and APOE ε2/

ε4; MMSE, Mini-Mental State Examination; ADAS-Cog 13, Alzheimer’s

Disease Assessment Scale—Cognitive Subscale consisting of 13 items.

NOTE. Results are mean 6 standard deviation.
Among the 312 AD participants, there were 203 with
available FDG-PET data. The final data for FDG-PET an-
alyses included 39 rpAD and 164 non-rpAD participants.
In the further analysis of hypometabolic regions via
FDG-PET in baseline and 6-month follow-up period, the
significant differences between rpAD and non-rpAD were
especially located in left angular and left temporal cortices
(P , .05, Table 3).

By the use of “9-fold” cross-validation, the FDG-PET of
left angular and left temporal obtained significant prediction
value for rpAD (AUC. 0.70, P5 .000, Table 4). AUC of the
left angular FDG-PET was 0.73 with both high sensitivity
(71.8%) and specificity (60.2%), and the corresponding
cut-off value was 1.01. AUC of the left temporal FDG-
PET was 0.71 with both high sensitivity (68.6%) and speci-
ficity (61.9%), and the corresponding cut-off value was 0.98.

Among the 312 AD participants, there were 131 with
available data on cortical amyloid deposition (Florbetapir-
PET). The final data for Florbetapir-PET analyses included
23 rpAD and 108 non-rpAD participants. There were no dif-
ferences in baseline Florbetapir-PET from global and four
regions (frontal, anterior/posterior cingulate, lateral parietal,
and lateral temporal) between two groups (Tables 1 and 5).
4. Discussion

The present study demonstrates a comprehensive assess-
ment about the prevalence and multiple biomarkers’ charac-
teristic of rpAD patients from the ADNI database. We have
four important findings: (1) the prevalence of rpAD patients
was 17.6% in mild AD according to the definition of MMSE
score loss � 4 points within 6 months, (2) APOE genotype
seemed to have no effect on rpAD, (3) there was lower
p-tau/tau ratio in rpAD, and (4) rpAD patients showed sig-
nificant region-specific hypometabolism (FDG-PET) espe-
cially in left angular and left temporal cortices.

The present study confirmed that rpAD commonly
existed in mild AD with 17.6% prevalence. This findings
is consistent with the previous reports showing that 10% to
30% of mild AD patients manifest rpAD [1,2]. It is
important to mention that different prevalence of rpAD
among studies might be caused by different definitions of
rapidly cognitive decline, as reflected in the MMSE
score loss. A general but clinically useful definition
of rapidly progressive course of AD may be “an obvious
deterioration in patient status with a short period
(6–12 months).” We defined rpAD according to MMSE
score loss �4 points within 6 months, which represented a
higher risk of institutionalization and mortality rate as
reported previously [1,5]. The rapid cognitive and
functional changes were also well captured by the ADAS-
Cog 13 and FAQ over 12 months. Thus, we confirmed that
the rapid changes observed in the MMSE were reflected in
different cognitive and functional measures. The rpAD defi-
nition of MMSE score loss� 4 points within 6 months could
be very informative. Meanwhile, the 6-month follow-up



Table 3

FDG-PET characteristics of rpAD in different regions

Measure

Baseline Month 6

rpAD Non-rpAD P value rpAD Non-rpAD P value

Angular left 0.9792 6 0.1716 1.0829 6 0.1739 .000* 0.9349 6 0.1699 1.0594 6 0.1740 .005*

Angular right 1.0063 6 0.1678 1.0942 6 0.1785 .003* 0.9756 6 0.1559 1.0542 6 0.1716 .065

Cingulum (post) 1.1071 6 0.1567 1.1484 6 0.1604 .125 1.0554 6 0.1324 1.0990 6 0.1502 .236

Temporal left 0.9462 6 0.1710 1.0438 6 0.1540 .000* 0.9266 6 0.1649 1.0324 6 0.1647 .012*

Temporal right 1.0089 6 0.0.1763 1.0864 6 0.1560 .004* 0.9947 6 0.1682 1.0572 6 0.1672 .139

Abbreviations: rpAD, rapidly progressive Alzheimer’s disease; FDG-PET, [18F]fluorodeoxyglucose-positron emission tomography.

NOTE. Results are mean 6 standard deviation.

*P values are statistically significant.
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period seemed to be a practical interval in clinical practice in
deciding to use and change drug treatment. Thus, based on
6-month cut-off value, a proportion of AD patients really
have a rapid course of disease.

The APOE is the most important genetic risk factor for
sporadic AD. APOE genotype influences onset age of AD
[21–23]. Yet, it is still a matter of debate whether APOE
genotype would predict the progression of AD [1]. Many
studies have failed to connect the presence of APOE geno-
type to cognitive decline because of the fact that it is depen-
dent on disease severity [14]. Our results support this notion
showing that in mild AD there was no difference in fre-
quency of APOE ε4/ε4, APOE ε3/ε4, and APOE ε2/ε4
occurrence between rpAD and non-rpAD. In addition, there
was no difference in MMSE and ADAS-Cog 13 score loss in
APOE ε4/ε4, APOE ε3/ε4, APOE ε2/ε4 positive, and APOE
ε3/ε3 negative rpAD patients. Thus, our data demonstrate
that APOE genotype does not increase the risk and severity
of rpAD in the mild stage of disease. However, a positive as-
sociation of cognitive decline with APOE genotype was
found in several studies [15,24]. Yet, we must point out
that there are still many differences in the selected
measures, the number of patients, duration of follow-up,
and visiting interval between the present study and others.
In this study, we focused on rapidly cognitive decline in
6 month short-term duration of follow-up. In the future,
one more frequent and prolonged evaluation should occur
to understand APOE genotype effect on the rapidly progres-
sive course in mild AD.

CSF biomarkers, such as increased tau and p-tau and
decreased Ab1–42, are useful diagnostic marker for AD.
Table 4

Efficacy of FDG-PET in predicting rpAD

Measures AUC 95% CI P

Angular left 0.73 0.71–0.74 .000*

Angular right 0.65 0.64–0.66 .000*

Cingulum (post) 0.59 0.57–0.61 .013*

Temporal left 0.71 0.69–0.73 .000*

Temporal right 0.63 0.61–0.64 .001*

Abbreviations: rpAD, rapidly progressive Alzheimer’s disease; FDG-PET, [18

curve; CI, confidence interval.

NOTE. Results are mean 6 standard deviation.

*P values are statistically significant.
Yet, the results remain inconsistent in predicting progression
of AD by CSF biomarkers [10–12]. Recent longitudinal
studies have found a relation between CSF biomarkers and
disease progression, which indicated that a combination of
high CSF t-tau without proportionally elevated p-tau, and
high tau/Ab1–42 ratio is related to a rapidly cognitive
decline [10]. We must point out that the conclusions about
CSF biomarkers as predictors of disease progression were
more suitable with longer follow-up period. In the present
study, AD patients were dichotomized into rpAD and non-
rpAD based onMMSE score loss�4 points within 6months.
During the short-term follow-up period, we found that there
were no obvious differences in baseline concentration of
CSF tau, p-tau, and Ab1–42 in rpAD and non-rpAD group.
Regression analysis also did not showed causal relationship
between group status and CSF tau, p-tau, and Ab1–42. Inter-
estingly, in comparison with non-rpAD, a trend for higher
tau/Ab1–42 ratio and lower p-tau/tau ratio in rpAD was
observed, which could reflect adjoint relationship and offer
differential value for rpAD during the short-term follow-up
period. In the literature, higher tau/Ab1–42 ratio reflected
the pathology of AD with increased tau and decreased
Ab1–42. CSF t-tau represents one common biomarker for
neuronal degeneration [25–29]. P-tau is one more specific
biomarker for AD and is related to neurofibrillary tangles
[30–32]. The lower p-tau/tau ratio indicated a low rate of
p-tau and seemed contrary to general knowledge for high
p-tau, which was associated with main AD pathology.
Recent evidence demonstrated that p-tau can benefit the
neurons via preventing against an acute apoptosis, instead
resulting in neurodegeneration [33–35]. This could suggest
Cut-off Sensitivity Specificity Accuracy

1.01 71.8 60.2 69.6

1.09 57.4 67.5 60

1.03 81.5 43.6 72.8

0.98 68.6 61.9 68

0.96 79.9 46.6 72.5

F]fluorodeoxyglucose-positron emission tomography; AUC, area under the



Table 5

Florbetapir-PET characteristics of rpAD in different regions

Measures rpAD Non-rpAD P value

Frontal 1.5995 6 0.3435 1.5780 6 0.2702 .746

Cingulate 1.6807 6 0.3477 1.6785 6 0.2701 .974

Parietal 1.6149 6 0.3601 1.5776 6 0.2598 .568

Temporal 1.4923 6 0.3262 1.4706 6 0.2525 .728

Abbreviations: rpAD, rapidly progressive Alzheimer’s disease; Florbeta-

pir-PET cortical SUVR, summary Florbetapir cortical standardized uptake

value ratio by positron emission tomography.

NOTE. Results are mean 6 standard deviation.
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that p-tau has compensatory or protective effect. From this
point of view, lower p-tau/tau ratio suggests higher
neurodegeneration and more rapidly cognitive decline.

Previous research reported that hippocampus atrophy rate
correlated with cognitive decline rate over time in AD
[9,36]. Yet, during the short-term follow-up period, the
change of MRI hippocampus volume did not offer differen-
tial value for rpAD. Similarly, baseline cortical amyloid
deposition (Florbetapir-PET) in mild AD did not show use-
ful information for rpAD in the relative short-term follow-up
period. Our research revealed that the baseline hypometabo-
lism (FDG-PET) was lower in rpAD patients compared with
non-rpAD, which persisted in the 6-month follow-up period.
Hypometabolism difference was region specific and located
in left angular and left temporal cortices. Our ROC analysis
of FDG-PET also clearly demonstrated that left angular and
left temporal cortices were the regions with higher AUC and
predictive value for the diagnosis of rpAD. Thus, hypome-
tabolism in FDG-PET in AD-related regions might be a sen-
sitive neuroimaging marker for the early detection of rpAD
before MRI hippocampus atrophy and cortical amyloid
deposition.

Taken together, by using the high-quality ADNI data-
base, we identified that rpAD commonly existed in mild
AD. Cerebral hypometabolism and lower p-tau/tau ratio
could provide potential clinical differential value for
rpAD in the short-term follow-up period. Our findings
could have significance for clinical practice and random-
ized clinical trial.
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RESEARCH IN CONTEXT

1. Systematic review: We reviewed the literature using
PubMed and reference lists from relevant articles.
The prevalence and detailed biomarkers’ cha-
racteristic of rapidly progressive Alzheimer’s disease
(rpAD) remain incompletely understood. There
have been several recent publications describing
rpAD. These relevant citations are appropriately
cited.

2. Interpretation: Our study demonstrated a compre-
hensive assessment about the prevalence and multi-
ple biomarkers’ characteristic of rpAD patients in
short-term follow-up period. We found that rpAD
commonly existed and cerebral region-specific hy-
pometabolism could provide clinical predictive value
for identifying rpAD.

3. Future directions: Our study contributed to a better
understanding of rpAD. These findings are crucial
to better characterize these set of individuals for
future clinical trials designed to test interventions
able to mitigate the aggressive disease progression
in this population.

http://www.fnih.org
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