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1. ABSTRACT

Pathophysiological changes of Alzheimer’s 
Disease (AD) begin decades before clinical symptoms 
become apparent, providing an important window for 
early diagnosis and intervention. Prodromal stage of 
AD, a great opportunity for effective treatment and 
postponing the disease onset, has drawn extensive 
attention. The application of different biomarkers 
including neuroimaging, biochemical substances 
and genes makes AD-related pathology detectable 
in vivo and exploring novel biomarkers with relatively 
non-invasive and low cost has intrigued a wide range 
of interests. To identify individuals with high risk of 

conversion to AD and apply the research concept 
of prodromal AD into clinical practice, the utility of 
various biomarkers for distinguishing prodromal 
AD is evaluated in this review. Additionally, clinical 
management focusing on the stage of prodromal AD 
is summarized in this review for dementia prevention. 

2. INTRODUCTION

Alzheimer’s Disease (AD), characterized 
by progressive and irreversible cognitive decline, 
is considered as the most common form of 
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neurodegenerative disorders leading to dementia. 
AD approximately accounts for 50% of dementia (1) 
and results in globally heavy healthcare burden with 
an estimated cost of $1 trillion by 2050 (2). Previous 
studies have demonstrated that pathophysiological 
features of AD begin decades before clinical symptoms 
become apparent (3). Due to the extensive neuronal 
loss at the stage of dementia, therapeutic intervention 
for AD at this stage is too late. The prodromal stage of 
AD and even the stage prior to the clinical symptom 
onset but with AD pathophysiological changes, i.e. 
preclinical AD shall be targeted. 

Prodromal AD is a symptomatic pre-dementia 
stage and amnestic mild cognitive impairment (aMCI) 
is a transitional state between healthy elderly and AD 
dementia (4). aMCI has been initially considered as the 
prodromal AD due to its high likelihood of conversion 
to AD. The annual progression rates from aMCI to AD 
is approximately 10% to 15% (5). Previous studies 
suggested that early identification of patients with 
aMCI was of great benefits for improving the disease 
intervention outcomes and monitoring the progression 
of AD. 

Alzheimer’s pathologies include senile 
plaques made of amyloid-β (Aβ) accumulation and 
neurofibrillary tangles (NFTs) formation in multiple 
cortices (6). Currently, the application of multiple 
biomarkers derived from cerebrospinal fluid (CSF), 
positron emission tomography (PET), etc, has made 
AD-related pathologies detectable in vivo, providing 
possibilities for the diagnosis of AD at the prodromal 
stage and increasing the predictive power of aMCI 
conversion to AD (7-10). Additionally, topographical 
biomarkers, such as structural alterations, 
hypometabolism or hypoperfusion in several specific 
brain regions can indicate AD dementia, and risk genes 
can predispose to AD dementia. However, the utility of 
most biomarkers has some limitations because of their 
relative invasiveness, radioactivity and costliness. 
Therefore, more attention has been increasingly paid 
to various novel body fluid biomarkers, such as blood- 
and urine-based markers due to their accessibility and 
relatively low cost (11, 12). 

Neuroimaging and biochemical markers 
provide essential and complementary information from 
different perspectives to enhance our understanding of 
AD. Most previous studies focused on revealing the 
anatomical, functional and biochemical differences 
between patients and healthy elderly at group level 
(13). Machine learning and pattern recognition 
techniques for early identifying patients with prodromal 
AD may potentially be of significance in clinical practice 
(13-16). 

Here, we introduce the evolution of prodromal 
AD diagnostic criteria overtime. Then, we elucidate 

characteristic neuroimaging markers and CSF 
biomarkers in prodromal AD, and AD susceptibility 
genes. Meanwhile, we describe the diagnostic and 
prognostic values of these biomarkers with the 
application of machine learning methods, e.g. support 
vector machine (SVM). At the end, we summarize the 
development of pharmacologic and non-pharmacologic 
management in prodromal AD. 

3. THE DEFINITION OF PRODROMAL AD

Different recommendations for prodromal AD 
have been proposed over the past decades. Initially, 
prodromal AD was defined as the symptomatic pre-
dementia stage of AD, mainly referring to MCI (17). 
Patients with MCI are diagnosed primarily based on 
the criteria proposed by Petersen et al. in 2001, which 
are: memory loss complaint preferably confirmed by 
an informant; objective cognitive impairment in single 
or multiple domains, adjusted for age and education; 
preservation of independence in functional abilities 
and failure to meet the criteria for dementia, such 
as the Diagnostic and Statistical Manual of Mental 
Disorders, 5th edition (DSM-5) (5). However, due to the 
broad range and the absence of specific biomarkers, 
the identification of prodromal AD has relatively great 
heterogeneity. 

Recently, with the advances of distinctive 
and reliable biomarkers supportive of AD pathology, 
it is more likely to achieve the accurate diagnosis of 
prodromal AD in vivo. Two diagnostic systems have 
been proposed. According to the international working 
group (IWG) in 2007, the definition of prodromal AD 
requires the clinical symptoms and the presence 
of at least one biomarker reflecting Alzheimer’s 
pathology (4, 18). It is generally considered that 
typically episodic memory loss, together with the 
biomarker evidence from CSF or imaging (e.g., CSF 
Aβ42 or PET amyloid), will recognize AD with higher 
accuracy at the prodromal stage. Therefore, the 
renewed proposal of prodromal AD is a substantial 
improvement over the previously clinical definition 
(19). However, the revised diagnostic criteria neglect 
the classification of these supportive biomarkers. In 
2014, Dubois and colleagues further classified the 
biomarkers as diagnostic markers (pathophysiological 
markers) and progression markers (topographical or 
downstream markers), indicating that the diagnosis of 
prodromal AD in vivo requires the presence of clinical 
signs and at least one pathophysiological biomarker 
(the coexistence of decreased Aβ42 and increased 
total-tau/phosphorylated-tau in CSF or retention on 
amyloid PET or an autosomal dominant monogenic 
AD mutation) (19). Currently, studies have showed that 
it was not sufficient for individuals with isolated brain 
amyloidopathy or tauopathy to develop clinical AD 
and the combination of biomarkers involving amyloid 
and tau pathologies may substantially increase the 
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diagnostic specificity of AD. Thus, according to the 
latest criteria proposed by Dubois in 2016, individuals 
with the co-occurrence of amyloid and tau pathologies 
have the highest risk for developing AD, regardless of 
the stage (prodromal stage or even at asymptomatic 
preclinical stage) (20). The novel definition of prodromal 
AD includes the occurrence of the clinical phenotype of 
AD (either typical or atypical) with positive biomarkers 
of both amyloidopathy (A+) and tauopathy (T+).

Another diagnostic framework was proposed 
by the National Institute on Aging and the Alzheimer’s 
Association (NIA-AA) in 2011, which adopted the term 
“MCI due to AD” to refer to the symptomatic predementia 
phase of AD (21). The workgroup established two sets 
of criteria, including core clinical criteria and research 
criteria, the latter of which incorporated biomarkers 
derived from neuroimaging and CSF. It also proposed 
that the application of biomarkers contributes to 
confirm levels of certainty for the diagnosis of MCI due 
to AD. If individuals with MCI have positive biomarkers 
for both Aβ and neuronal injury, they will present the 
highest level of certainty to develop AD dementia over 
time, indicating that they are more likely to be “MCI 
due to AD”. Nevertheless, individuals with isolated 
brain amyloidopathy or a positive biomarker reflecting 
neuronal injury only have intermediate likelihood of 
conversion to AD dementia.

Taken together, both two diagnostic 
frameworks emphasize the significance of conjoint 
application of biomarkers reflecting amyloid and 
neurodegeneration in the diagnosis of prodromal AD 
or MCI due to AD. However, compared with IWG-2 
criteria, NIA-AA framework requires the decreased CSF 
Aβ42 while IWG-2 rule emphasizes the coexistence of 
tau (p- or t-tau) changes in the CSF for corroborating 
Alzheimer’s pathology (20).

4. PATHOPHYSIOLOGICAL BIOMARKERS IN 
PRODROMAL AD

4.1. CSF biomarkers

Numerous studies have detected decreased 
concentrations of Aβ42 and increased levels of total 
and phosphorylated tau in the CSF of patients with 
AD, yielding relatively high specificity in the disease 
diagnosis and possibly predicting the progression of 
MCI into AD (22-24). In MCI patients, subjects with 
greater memory complaints have increased likelihood 
of AD-related pathology, which is defined as the 
presence of low CSF Aβ42 together with high CSF 
tau or phosphorylated tau levels (25). Several studies 
suggest the application of decreased Aβ42/40 ratio 
for improving diagnostic accuracy due to its better 
correspondence to amyloid PET than Aβ42 alone 
in patients with AD (26). Additionally, the ratio of 
phosphorylated tau or total tau to Aβ42 also has great 
accuracy in detecting amyloid positive subjects with 

MCI, indicating the role of CSF biomarkers in the early 
and accurate detection of Alzheimer’s pathologies 
(27). Furthermore, combination of different CSF 
biomarkers has stronger accuracy in diagnosis of 
AD. For example, applying three CSF biomarkers, i.e. 
Aβ42, total tau and phosphorylated tau, could advance 
AD diagnosis accuracy with 93.5.% in sensitivity and 
82.7.% in specificity (8). 

The above-mentioned CSF biomarkers are 
likely to predict clinical progression of AD as well. 
Sierra-Rio et al. (7) found that MCI and subjective 
cognitive decline (SCD) individuals with pathological 
AD CSF biomarkers profile, such as abnormal Aβ42/
phosphorylated tau ratio, had a higher proportion of 
conversion to the stage of dementia during 5-year 
follow-up. However, CSF Aβ levels alone may be not 
effective for detecting MCI patients with high risk of 
developing AD (1).

4.2. Amyloid PET biomarkers

Compared with in vivo MRI techniques, 
imaging with amyloid PET could offer more important 
insight in abnormal neuropathological lesions of AD. 
Besides the reduced levels of Aβ42 in the CSF, Aβ 
deposition can be detected in brain by PET imaging 
with special tracers, such as 11C-Pittsburgh Compound 
B (PIB), 18F-florbetapir, etc (28). Studies have 
confirmed that abnormal PIB PET scans are associated 
with longitudinally cognitive decline in prodromal AD 
and even in cognitively normal elderly (29, 30). For 
example, amyloid-positive MCI patients are more 
likely to progress to AD dementia than those without 
Aβ deposition after two-year follow-up (31). Hatashita 
also found that amyloid positive patients with MCI have 
a greater increased annual rate in PIB standardized 
uptake value ratio (SUVR) than amyloid-negative MCI 
patients and are likely to develop AD dementia within 
a shorter period. Interestingly, although Aβ deposition 
is considered to initiate the AD pathological cascade, 
its load severity is not directly related to the clinical 
symptoms and the risk profile may reach a plateau as 
Aβ load is increasing (31). 

4.3. Tau PET biomarkers

Selective tau ligands, including (18F)
THK5117, (18F)THK5351, (18F)AV1451 (T807) 
and (11C)PBB3, can mirror the distribution of tau 
protein in several neurodegenerative disorders, 
such as AD, frontotemporal dementia, progressive 
supranuclear palsy, et al (32, 33). Although Aβ may 
be the initial accelerator for the onset of AD, the 
pathological aggregation of tau has been suggested 
to have a closely direct correlation with patterns of 
neurodegeneration and cognitive impairment than 
Aβ. For example, there was a significantly negative 
association between (18F)AV1451 and 18F-FDG 
uptake in AD (34). Contrary to Aβ imaging, (18F)
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AV1451 retention in key brain regions that were 
related to memory, visuospatial function and language 
presented a strong link to neuropsychological scores. 
Moreover, there are significant associations between 
(18F)AV1451 deposition and CSF biomarkers, 
notably for total tau and phosphorylated tau181, 
possibly suggesting the consistency of CSF and PET 
in measuring tau protein (9). 

5. TOPOGRAPHICAL BIOMARKERS IN PRO-
DROMAL AD

5.1. Structural MRI biomarkers

Currently, the relationship between the 
pathological cascade of AD and the emergence of 
clinical symptoms has been elucidated in numerous 
studies, most of which confirm clinical symptoms 
closely in parallels with progressive worsening 
of neurodegeneration, such as the formation of 
phosphorylated tau, neural dysfunction and brain 
atrophy, rather than Aβ accumulation (3). The 
distribution of neurofibrillary pathology initially appears 
in the medial temporal regions (11, 35, 36), subsequently 
leading to significant gray matter atrophy and further 
disrupting the processing of episodic memory. Using 
structural MRI, researchers have reported a significant 
volume reduction of the medial temporal cortices in AD 
patients, which is strongly correlated with memory loss 
(11, 37, 38). Additionally, a similar spatially distribution 
patterns of brain atrophy, primarily on medial temporal 
regions (e.g., hippocampal and entorhinal cortex), 
have also been demonstrated in patients with aMCI 
(39, 40). Furthermore, for individuals with positive PIB 
PET scans, hippocampal atrophy can predict shorter 
time-to-progression from MCI to AD (31). In summary, 
there is a general consistency of the brain structural 
changes in individuals with AD or aMCI, and structural 
MRI is a promising tool to assist in the detection of 
prodromal AD. 

5.2. FDG-PET biomarkers

Previous studies based on (18F) 
fluorodeoxyglucose PET (FDG-PET) have confirmed 
hypometabolism in multiple brain regions in patients 
with MCI, such as posterior cingulate, inferior parietal 
lobe and medial temporal cortices, which are identical 
to the abnormal metabolic mechanism occurred in AD 
(41-43). As mentioned in prior studies, the progressive 
accumulation of Aβ, detected by decreased CSF Aβ 
levels or positive amyloid PET, is not capable of tracking 
progression to AD dementia. In contrast, tau-related 
neurodegeneration may be useful for this prediction. 
Higher baseline concentrations of tau protein in 
the CSF are more predictive of decline in cerebral 
glucose metabolism, further leading to subsequent 
cognitive impairment (44). Thus, FDG-PET has been 
recommended as a strong predictor of progression 
from MCI to AD. Using FDG-PET, posterior precuneus 

and cingulate are thought to be the brain regions with 
potential value for predicting AD progression from MCI 
(45, 46). Additionally, hypometabolism in posterior 
cingulate, combined with Alzheimer’s Disease 
Assessment Scale-Cognitive (ADAS-Cog) Total Mod 
and Mini-Mental State Exam (MMSE) scores could 
improve the progressive prediction from MCI to AD 
with a sensitivity of 96.4.% and a specificity of 81.2.% 
(45). In conclusion, special metabolic changes in 
FDG-PET probably increase with progression to AD 
dementia and determine the risk of progression.

5.3. Functional MRI biomarkers

The advance of functional MRI, indirectly 
mirroring neuronal activities, provides a promising 
technique that allows to non-invasively investigating 
intrinsic brain functional characteristics in AD. The 
presence of abnormal focal brain activity and disrupted 
functional connectivity within default mode network 
(DMN) has been shown in both AD and MCI patients 
(47-49). However, most of previous studies have not 
recruited prodromal individuals with biomarkers of AD 
pathologies. 

Recently, the association between 
amyloidogenesis and neuronal dysfunction has been 
investigated. Zhou et al. found that there was significant 
correlation between amyloid load and fractional 
amplitude of low frequency fluctuation (fALFF) (50). 
It is also reported that amyloid-positive patients 
with MCI exhibit increased hippocampal activation 
during an associative face-name memory encoding 
task both at baseline and over 36-month follow-up, 
which may reflect the employment of compensatory 
strategies in the early stage of AD and/or amyloid 
induced excitoxicity (51). Early MCI (EMCI) patients 
with positive amyloid might present more widespread 
disruption of functional connectivity within DMN than 
those without amyloid deposition (52), while other 
studies revealed no association between the DMN 
connectivity and amyloid deposition (53). Therefore, 
further studies are needed to confirm whether 
amyloid deposition contributes to aberrant functional 
connectivity. Moreover, the alterations of functional 
connectivity in aMCI, such as the enhanced functional 
connectivity between parahippocampus and middle 
frontal gyrus, have the potentially predictive value for 
future episodic memory decline, which is independent 
of amyloid deposition (54). Consequently, functional 
MRI has the potential to elucidate the characteristics 
of prodromal AD and Aβ pathology may be linked to 
changes of brain functional activity. 

6. OTHER BIOMARKERS IN PRODROMAL AD

6.1. DTI biomarkers

White matter tract alterations have been 
consistently described in AD. It has been confirmed 
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that white matter (WM) degeneration is concomitant 
with gray matter loss, further influencing the 
information communication between distributed 
brain regions (55). Diffusion tensor imaging (DTI) is 
sensitive to WM ultrastructural damage and has been 
used in studying neurodegenerative disorders. For 
aMCI patients, studies have confirmed the reduced 
fractional anisotropy (FA) and increased mean 
divusivity (MD) in several fiber bundles, such as the 
cingulum bundles, the parahippocampal cingulum and 
long-distance association fascicles. Reduction of white 
matter FA in the uncinate fasciculus was in parallel with 
hippocampal atrophy and might specifically contribute 
to early impairment in episodic memory (56). Given that 
high-level cognitive processes depend on interaction 
among distributed brain regions, DTI equipped with 
graph theoretical approach can further elucidate the 
topological properties from a systematic perspective. 
The decreased global efficiency and weakened small-
worldness of WM structural networks have been found 
in aMCI patients (57-59). 

White matter lesion load (WMLL) strongly 
correlates with amyloid load (50). In MCI and SCD 
cohorts, the axial diffusivity (DA), radial diffusivity 
(DR), and MD in WM hyperintensities (WMHs) are 
significantly higher for Aβ+ individuals compared with 
Aβ- individuals, suggesting that amyloid deposition 
may be associated with disrupted structural integrity 
(60). Additionally, WMHs had a negative effect on 
hippocampal volume in individuals with abnormal 
CSF Aβ42 levels (61). Furthermore, reduction in white 
matter integrity is greater in MCI patients with higher 
level of CSF total tau (62). In short, DTI parameters 
provide the information of white matter lesions in 
prodromal AD, which may reflect the underlying AD-
related pathologies.

6.2. Blood-based biomarkers

Compared to PET and CSF biomarkers, 
the utilization of blood-based biomarkers is relatively 
non-invasive and economical in assisting the disease 
diagnosis and prognosis (12). Among numerous 
candidate biomarkers in blood, plasma clusterin has 
been proposed as a potentially peripheral biomarker 
of AD. Clusterin is found overexpressed in the brain 
of AD patients (63, 64). MCI patients have higher 
plasma clusterin levels compared to controls, which 
is confirmed as a strong risk factor for conversion to 
AD dementia (65). The potential mechanisms may be 
that clusterin levels in plasma is associated with the 
longitudinally structural atrophy for patients with MCI 
(66). 

Plasma tau is another candidate for the early 
diagnosis of AD. High plasma tau was associated with 
low CSF Aβ42, accelerated worsening of cognitive 
impairment, brain atrophy, and cortical hypometabolism 

(67). However, Mattsson et al. thought that plasma tau 
was not sufficient to be an AD biomarker because it 
just partly reflected the AD-related pathology (67). 
Moreover, plasma Aß42 and plasma Aβ42/Aβ40 ratio 
have the possibility for identifying AD dementia with a 
sensitivity of 86%, further suggesting their potential to 
be the diagnostic biomarkers (1).

Besides, a number of studies have shown 
numerous other blood-based biomarkers, such as the 
plasma APLP1-derived Aβ-like peptides 28 (APL1β28), 
hyperhomocysteinemia levels, leptin, et al (12, 68, 69). 
To date, blood-based biomarkers present a limited 
value for the diagnosis and prognosis of AD mainly 
due to lack of thorough study and methodological 
issues (20). Further studies are needed to investigate 
their use for screening prodromal AD. 

6.3. Urine biomarkers

Alzheimer-associated neuronal thread 
protein (AD7c-NTP) is found overexpressed in brains 
with AD (70). Studies in vitro have investigated that 
overexpression of AD7c-NTP in transfected neuronal 
cells promotes neuritic sprouting and apoptotic cell 
death, which are two primary abnormalities associated 
with AD-related neurodegeneration (70). Besides 
elevated AD7c-NTP levels in cortex and brain tissues 
during the early stages of AD, its levels in CSF have 
been shown relatively high and increased AD7c-NTP 
was positively correlated with CSF tau within the AD 
group (71, 72). It is also widely considered that the 
level of AD7c-NTP is correlated with the severity of 
dementia (72). Therefore, researchers speculate that 
AD7c-NTP has the potential to be a biomarker of AD. 
Subsequently, Ghanbari et al. detected and measured 
AD7c-NTP in urine, which had the same molecular 
weight as AD7c-NTP in brain tissue and CSF and was 
found significantly higher in the AD group than the non-
AD group (73). Besides patients with AD, Ma L et al. 
(74) further confirmed that the urinary levels of AD7c-
NTP in the MCI group were significantly higher than 
those of healthy controls, suggesting that AD7c-NTP 
in urine has the potential to be a promising biomarker 
for identifying the individuals with high risk factor at 
prodromal stage of AD. 

6.4. Microbiota biomarkers

A large body of studies suggested that 
chronic bacterial infections might contribute to the 
pathogenesis of AD. Variant secretory molecules 
from microbes, such as amyloids, rhamnolipids (RL), 
lipopolysaccharides, et al., have been reported to be 
closely correlated with AD pathologies. Andreadou and 
colleagues found elevated RL levels in sera and CSF 
of patients with AD and MCI compared with healthy 
controls, which were also related to the severity of 
the disease (75). Additionally, emerging evidences 
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indicated that gut microbiota plays an important 
role in modulating brain plasticity and cognitive 
function in ageing (76). The pathway of information 
communication between brain and gut might exist, 
further modulated by plenty of microbiota, like bacteria, 
fungi and viruses. The dysfunction of “microbiota-
gut-brain axis” might be associated with AD-related 
pathogenesis (77). Previous studies have shown 

that the initial inflammation caused by the microbial 
infection may drive amyloidosis and the deposition of 
Aβ in the brain may serve as a protective response to 
microbial affection (78-80). Currently, however, there 
are few studies involving the characteristics of gut 
microbiota and the relationship between gut microbiota 
and cognition in patients with prodromal AD. Summary 
of biomarkers for prodromal AD is listed in Table 1. 

Table 1. Summary of biomarkers for prodromal AD

Classification Parameters/Measures Features References

Pathophysiological 
biomarkers

CSF 1 Aβ42, total tau, p- tau, 
Aβ42/40 ratio, Aβ42/p-tau 
ratio, etc

(1) There are decreased concentrations of Aβ42 and elevated levels of 
tau in prodromal AD; (2) The combination of different biomarkers in the 
CSF will advance the diagnostic accuracy; (3) Prodromal individuals 
with pathological AD CSF biomarkers have higher risk of conversion to 
dementia.

(7, 8, 23, 27)

Amyloid PET 11C-Pittsburgh Compound 
B (PIB), 
18F-flutemetamol, 
18F-florbetaben, 

18F-florbetapir, etc

(1) Amyloid PET can detect Aβ deposition in vivo before the appearance 
of typical AD symptoms; (2) Aβ deposition is associated with longitudinally 
cognitive decline but without relation to Aβ load severity.

(10, 30)

Tau PET (18F)THK5117, (18F)
THK5351, (18F)
AV1451(T807), (11C)
PBB3, etc

(1) The distribution of tau has a closely direct correlation with patterns 
of neurodegeneration and cognitive impairment than Aβ; (2) There are 
associations between tau deposition and CSF biomarkers.

(9,33)

Topographical 
biomarkers

Structural MRI Volume, cortical thickness, 
sulcal depth, metric 
distortion, mean curvature, 
etc 

(1) Similar spatially patterns of brain atrophy have been presented in aMCI 
2 and AD patients; (2) Longitudinally, for individuals with Aβ+, atrophy in 
medial temporal regions can predict shorter time-to-progression from MCI 
to AD.

(40,102)

FDG-PET 3 Fluorodeoxyglucose 
metabolism

(1) Hypometabolism of multiple brain regions in MCI (e.g., posterior 
cingulate, medial temporal cortices) is nearly identical to the abnormally 
metabolic manifestations occurred in AD; (2) FDG-PET is a strong predictor 
of progression from MCI to AD.

(42, 46, 47)

Functional MRI Amplitude of low frequency 
fluctuation (ALFF), 
fractional ALFF (fALFF), 
regional homogeneity 
(ReHo), functional 
connectivity strength, etc

(1) MCI has abnormal local brain activity and disrupted functional 
connectivity in multiple brain regions similar to AD; (2) Aβ pathology may be 
associated with aberrant functional activity.

(48, 51, 52)

Other biomarkers

DTI 4 Fractional anisotropy (FA), 
mean diffusivity (MD), 
radial diffusivity (RD), 
efficiency, betweeness 
centrality, etc.

(1) MCI has similar white matter alterations of AD, which are associated 
with cognitive dysfunction; (2) There are correlations between white matter 
lesion load (WMLL) and AD-related pathology.

(57, 58, 61, 
63)

Blood Plasma clusterin, tau, 
Aβ42/Aβ40 ratio, Aß42, 
APL1β28 5, leptin, etc

(1) Plasma clusterin levels are higher in MCI and have association with 
cognitive performances; (2) Plasma tau just partly reflected the AD-related 
pathology, while plasma Aß42 and Aβ42/Aβ40 ratio may be the potentially 
diagnostic biomarkers.

(1, 66, 68)

Urine AD7c-NTP 6 (1) AD7c-NTP is associated with AD-related neurodegeneration; (2) The 
urinary levels of AD7c-NTP in MCI may be a potential biomarker.

(71, 75)

Microbiota Secretory products (e.g. 
amyloids, rhamnolipids, 
lipopolysaccharides), gut 
microbiota (e.g. bacteria, 
fungi and viruses)

Elevated RL levels in sera and CSF of patients with AD and MCI. (76)

Abbreviations: 1 cerebrospinal fluid; 2 amnestic mild cognitive impairment; 3 fluorodeoxyglucose positron emission tomography; 4 diffusion tensor 
imaging; 5 APLP1-derived Aβ-like peptides 28; 6 Alzheimer-associated neuronal thread protein.
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7. GENETIC CONTRIBUTIONS TO  
PRODROMAL AD

Currently, AD is divided into early-onset 
AD (EOAD), who presents typically AD symptoms 
before 65 years, and late-onset AD (LOAD). It is 
generally recognized that AD is strongly associated 
with genetic mutations. EOAD is caused by mutations 
of autosomal dominant inheritance involving amyloid 
precursor protein (APP), presenilin 1 (PSEN1), and 
presenilin 2 (PSEN2), while LOAD or sporadic AD, has 
a strong genetic and environmental influence, such as 
educational years, cognitive reserve, diet, diabetes, 
etc (81).

The specific Alzheimer’s pathologies are likely 
to be present before clinical symptoms become apparent 
in autosomal dominant Alzheimer disease mutation 
carriers (82, 83). For example, in a cross-sectional 
study, cognitively unimpaired PSEN1 E280A mutation 
carriers had significantly decreased hippocampal 
volume, hypometabolism in precuneus, lower Aβ1-42 
and higher total tau /phosphorylated tau181 in CSF 
compared with noncarriers (82). However, there are 
few studies involving the effect of these genes (APP, 
PSEN1, PSEN2) on prodromal AD. One study enrolled 
fourteen mutation carriers (presenilin-1 and amyloid 
beta precursor protein) and fifty healthy controls. It 
showed that compared with noncarriers, asymptomatic 
and MCI subjects with mutation had decreased 
cerebral perfusion, which were also associated with 
increasing cerebral amyloid deposition and declined 
cognitive function (84). Therefore, we propose that 
in individuals with autosomal dominant Alzheimer 
disease, characteristically structural, functional and 
pathological changes would be present at the stage of 
preclinical and prodromal AD.

The possession of the apolipoprotein E 
(APOE) ε4 allele is generally thought to be a high risk 
factor for developing late-onset AD and its presence 
is related to increased levels of Aβ senile plaques, the 
critical component of Alzheimer’s pathology (85-87). 
For patients with AD, APOE ε4 carriers, especially 
those with two e4 alleles have significantly more neuritic 
plaques and neurofibrillary tangles (NFTs) in cerebral 
cortices than those with either one or no ε4 alleles (85). 
Individuals with MCI ε4+ also displayed lower levels 
of CSF Aβ42 than those with MCI ε4- (88). The link 
between APOE ε4 allele and episodic memory loss 
has some inconsistencies. Several studies suggested 
that APOE ε4 allele was only associated with memory 
decline in subjects with cognitive impairment, but not 
in cognitively normal controls (89, 90). However, in a 
longitudinal study for cognitively intact elderly, APOE 
ε4 allele carriers had a higher rate of cognitive decline 
and slower information processing speeds after 6 
years (91). To date, although several genes associated 
with AD have been found, APOE ε4 is still the core 

genetic risk factor of progression to LOAD (20, 92-94). 
Common genes associated with AD in Chinese and in 
Caucasian population are summarized below (Table 
2) (81, 82, 93-95), and those genes encoded protein 
products are related to several molecular pathways 
leading to AD (Figure 1) (81, 92).

8. DISCRIMINATIVE ANALYSIS FOR IDENTI-
FYING PRODROMAL AD

Although special biomarkers derived from 
neuroimaging techniques and biochemical methods 
have provided important information for accurate 
diagnosis and disease monitoring, most of these 
findings focus on revealing the group differences and 
have limited clinical translation (13). To improve the 
identification of prodromal AD, thus, several studies 
increasingly highlight the machine learning and 
pattern recognition techniques, such as support vector 
machine (SVM), which is a specifically supervised 
machine learning method mainly for classifying 
between groups (95-97). Through these approaches, 
structural, functional and biochemical features can be 
employed to discriminate prodromal AD from healthy 
controls (96, 98-100). 

Structural MRI has been considered to have 
relatively high validity for assisting clinicians in detecting 
AD due to the specific atrophy patterns in multiple 
brain regions, such as hippocampus. The volume of 
hippocampus is an effective biomarker for identifying 
AD from healthy controls with high accuracy, but a 
relatively lower discriminative power between MCI 
patients and controls. Given CA1 field, one subfield 
of hippocampus, has more apparent atrophy than the 
whole volume of hippocampus, structural changes in 
CA1 field have higher accuracy for identifying patients 
with MCI (100). Based on hippocampal shape features 
extracted from 23 aMCI and 25 healthy controls, 
Emilie et al. found that the classification rate for aMCI 
and controls was 83%, with about 83% sensitivity and 
84% specificity, respectively (100). The region with the 
most significantly discriminative power approximately 
corresponded to CA1 subfield. Moreover, previous 
studies have presented that patients with aMCI also 
have characteristically cortical morphological changes. 
Li et al. selected 24 aMCI and 26 controls, then 
extracted six cortical features for each aMCI subject 
and further identified abnormally spatial patterns via 
multivariate pattern classification. This study showed 
that different surface features had various contributions 
in discriminating patients with aMCI, predominately 
distributed in the medial temporal lobe and parietal 
regions (101). 

Studies also demonstrate the potential 
classification value based on resting-state functional 
MRI (99, 102). In a longitudinal resting-state study, 
26 aMCI patients were enrolled and Bai et al. found 
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that a high recognition accuracy of aMCI converters 
from non-converters was obtained by investigating 
the longitudinal changes of hippocampal sub-region 
functional networks (both the sensitivity and specificity 
were 83.3.%) (99). Another study further integrated 
multiple network topological and connectivity properties 
and reported significant classification improvement with 
an accuracy of 91.9.% (102). However, the number of 
aMCI patients involved in this study was only twelve. 

Given different biomarkers reflect pathological 
characteristics of AD from diverse perspectives, 

integration of multiple biomarkers appears to achieve 
more effective diagnosis of prodromal AD. For 
instance, patients with aMCI could be distinguished 
from healthy controls with a classification accuracy of 
83.5.9% via combining gray matter volume and white 
matter features, such as FA and MD (103). Long et 
al. adopted multi-level features from 29 aMCI and 33 
controls, such as the Hurst exponent (HE), amplitude 
of low-frequency fluctuations (ALFF), regional 
homogeneity (ReHo) and gray matter density (GMD), 
achieving a high classification accuracy of 96.7.7%, 
with a sensitivity of 93.1.0% and a specificity of 100% 

Table 2. AD causative and susceptibility genes

Gene Location Encoded protein Function Mechanism Onset of AD

APP 21q21.3. amyloid precursor protein Neuronal growth, Synaptic formation 
and repair, Aβ production

Proteolysis of APP 
in the amyloidogenic 
pathway

EOAD1/Familial 
AD

PSEN1 14q24.3. PSEN1 transmembrane 
protein

Regulate γ-secretase activity and Aβ 
production

Proteolysis of APP 
in the amyloidogenic 
pathway

EOAD/Familial 
AD

PSEN2 1q31-q42 PSEN2 transmembrane 
protein

Regulate γ-secretase activity and Aβ 
production

Proteolysis of APP 
in the amyloidogenic 
pathway

EOAD/Familial 
AD

APOE ε4 19q13.2. APOE protein Promote neuroinflammation, inhibit Aβ 
clearance, be involved in cholesterol 
metabolism, synaptic function 

Cholesterol metabolism LOAD2

SORL1 11q23.2.-q24.2. Sortilin Related Receptor 
1/ Neuronal APOE 
Receptor

Mediate APP processing and Aβ 
production

Cholesterol metabolism LOAD

Clusterin 
(CLU)

8p21-p12 Clusterin/apolipoprotein 
J (APOJ)

Aβ deposition, lipid transport, apoptosis, 
immunoregulation, 

Cholesterol and immune 
metabolism

LOAD

ABCA7 19p13.3. ATP-binding cassette 
subfamily A member 7

Cholesterol homeostasis, 
immunoregulation, Aβ accumulation, 
phagocytosis,

Cholesterol and immune 
metabolism

LOAD

CR1 1q32 C3b/C4b receptor Immunoregulation, neuroprotective 
effect, Aβ clearance

Immune metabolism LOAD

CD33 19q13.3. Transmembrane receptor Clathrin-independent endocytosis, cell 
growth regulation

Immune metabolism LOAD

BIN1 2q14.3. Myc box-dependent-
interacting protein 1

Clathrin-independent endocytosis, 
modulate tau-related pathology, 
immunoregulation

Endocytosis metabolism LOAD

CD2AP 6p12 CD2-associated protein Cytoskeleton regulation, receptor-
mediated endocytosis

Endocytosis metabolism LOAD

PICALM 11q14 Phosphatidylinositol 
binding clathrin assembly 
protein

Clathrin-mediated endocytosis Endocytosis metabolism LOAD

IL-83 
gene 
–251T>A 

4q13–21 a CXC chemokine Neurons damage, Aβ-induced 
proinflammatory responses

Inflammatory response LOAD

PSEN1 
(K311R)

Hydrophilic loop 
(HL) domain of 
the C-terminal 
cytoplasmic 
loop

PSEN1 transmembrane 
protein

Affect Aβ production and tau 
phosphorylation

APP processing and tau 
phosphorylation

Familial LOAD

TOMM40 19q13.3.2 Translocase of outer 
mitochondrial membrane 
40 (TOMM40)

Import protein precursors into 
mitochondria

Protein transport LOAD

Abbreviations: 1 early-onset AD; 2 late-onset AD; 3 Interleukin-8
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(104). Furthermore, features derived from PET, CSF 
and APOE have also been integrated for improving 
the discrimination ability (96, 105). However, it is 
worthwhile to note that employing more biomarkers 
do not necessarily contribute to the improvement of 
classification accuracy (96). 

At the end, imaging features for classifying 
prodromal AD from healthy controls are briefly 
summarized (Table 3) (106, 107). Given that most 
of studies are based on the small clinical cohorts 
without brain autopsy confirmation, and the relatively 
low diagnostic accuracy (about 70%-85%), it is not 
fully reliable to directly apply these results in the 
clinical practice currently. The discriminative results 
derived from big data analysis are likely to have higher 
reliability and accuracy in assisting in the diagnosis of 
prodromal AD. 

9. CLINICAL INTERVENTION AT PRODRO-
MAL STAGE OF AD

 It has been widely accepted that 
pharmacologic treatment and nonpharmacologic 
management are the two critical components of AD 
management. Nowadays, neurotransmitter regulation, 
based on three cholinesterase inhibitors (i.e. donepezil, 
rivastigmine and galantamine) and memantine, is 
mainly used to relieve AD clinical symptoms, but 
it still has great difficulty to reverse the disease 
progression (108). Therefore, researches involved in 
drugs targeting Aβ or tau protein in the treatment of 
AD, such as vaccines, antibodies or modulators of 
γ- and β-secretase, have been generally developed 
in order to intervene the whole process of AD (109). 
Recently, however, most of such clinical trials failed. 
The possible reason may be that the stage selected 

for disease-modifying therapies focuses on dementia 
stage, in which vast majority of neurons have lost. 
Consequently, effective strategies for the onset of 
preventing AD dementia should be managed in the 
prodromal or preclinical AD. We have listed some 
completely clinical trials targeting Aβ and tau pathology 
for MCI or early AD over the years in Table 4 (110-117). 

Given that AD has complexly 
pathophysiological mechanisms and multiple 
factors, such as nutritional supplement, cognitive 
training, physical exercise, etc., nonpharmacologic 
management may be of great significance for AD 
prevention and intervention. For example, early 
cognitive training (or cognitive rehabilitation) is thought 
to be very important for the treatment of patients with 
MCI and mild dementia (118). 

10. FUTURE DIRECTIONS

The application of various biomarkers is 
valuable and necessary to offer some persuasive 
evidences for the accurate diagnosis of prodromal 
AD. Nowadays, evolving researches are focusing 
on the key stage before the occurrence of the first 
clinical phenotype, including the stage of preclinical 
AD and the situation at risk of AD. Current research 
suggests that not all individuals with Aβ deposition 
will develop cognitive symptoms, so the classification 
for ‘asymptomatic at-risk state has been proposed. 
According to the updated conception, subjects of 
asymptomatic at risk for AD can be detected in 
cognitively normal individuals exhibiting an isolated 
AD pathophysiological biomarker (eg, amyloidopathy 
or tauopathy) (20). The risk of developing AD is also 
determined by some established factors, such as 
age, cognitive reserve, APOE genotype, and so forth. 

Figure 1. Molecular pathways involved in AD-related genes.
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Among them, years of education is one of the proxies 
of cognitive reserve, which is found to be associated 
with the increased functional connectivity in the left 
frontal cortex (119). Cognitively normal elderly people 
with two APOE ε4 alleles have a very great risk of 
conversion to AD (20). Additionally, it’s worth noting 
that although SCD is an indicator of subsequent 
cognitive decline in some studies, it is not a proxy 
for preclinical AD due to not necessarily imply a 
progression to clinical symptoms (120). In summary, 
stratifying high-risk or low-risk individuals would 
facilitate the selection of a biomarker “threshold” of 
AD changes that may be beneficial for designing 
specific studies (20). Currently, combining machine 
learning techniques with biomarkers stemmed from 
neuroimaging and biochemical methods contributes 
to the prediction of conversion into AD from those 

with prodromal symptoms. In the future, further 
computational algorithms are required to advance 
the precision of identifying the earliest and very 
subtle abnormalities of the individuals even in the 
asymptomatic at-risk stage (20). Given the limited 
distinguishing power in recent studies mainly caused 
by the absence of big sample, additional researches 
will be needed to fully resolve this critical issue. 
Meanwhile, launching longitudinal studies would 
have greater significance and prospect for elucidating 
the whole progression of AD.

11. CONCLUSION

Neuroimaging, biochemical and genetic 
markers play a crucial role in characterizing and 
identifying prodromal AD. Recently, although several 

Table 3. Imaging features for classification of prodromal AD

Techniques Subjects Parameters/Measures Discriminative 
performance

Features References

Structural MRI

23 aMCI1, 
25 controls

Spherical harmonics 
(SPHARM)
coefficients

83% accuracy, 83% 
sensitivity, 84% specificity.

The medial part of the head 
of the hippocampus, and CA1 
subfield.

(101)

24 aMCI, 
26 controls

Cortical thickness, sulcal 
depth, surface area, gray 
matter volume, metric 
distortion, mean curvature

76% accuracy in the left 
hemisphere and 80% 
accuracy in the right 
hemisphere using all six 
cortical feature.

The left medial temporal lobe, 
supramarginal and right inferior 
parietal lobes.

(102)

122 aMCI,
130 controls
130 AD

Cortical thickness/
Normalized thickness index 
(NTI)

76% accuracy in predicting 
the conversion from aMCI 
to AD according to the 
baseline NTI.

Right medial temporal, left 
lateral temporal, right posterior 
cingulated.

(107)

Functional MRI

26 aMCI
18 controls

Functional connectivity 83.3.% sensitivity and 
83.3.% specificity in 
classifying aMCI converters 
from non-converters.

Hippocampus subregional 
networks

(100)

12 MCI,
25 controls

Local connectivity and 
global topological properties

91.9.% accuracy Amygdala, parietal gyrus, 
temporal pole, superior frontal 
region, and lingual gyrus

(103)

20 AD, 
15 aMCI,
20 controls

Large-scale network (LSN) 
indexes

95% receiver operating 
characteristic curve (AUC), 
93% sensitivity, 90% 
specificity 

The global LSN connectivity (108)

Multi-modal 
MRI

79 aMCI, 
204 controls

Subcortical volumetrics and 
Fractional anisotropy (FA)

71.0.9% accuracy, 51.9.6% 
sensitivity,78.4.0% 
specificity.

Right lateral ventricle volume 
and FA value for the right crus of 
the fornix.

(96)

64 aMCI, 
64 controls

Gray matter volume (GMV), 
fractional anisotropy (FA),
and mean diffusivity (MD)

83.5.9% accuracy Medial temporal lobe, 
precuneus, cingulate gyrus, 
parietal lobe, and frontal lobe.

(104)

29 aMCI,
33 controls

Hurst exponent (HE), ALFF, 
regional homogeneity 
(ReHo), gray matter density 
(GMD)

96.7.7% accuracy, 93.1.0% 
sensitivity, 100% specificity

Default mode regions and 
subcortical regions such as 
lentiform nucleus and amygdala

(105_
ENREF_96)

Abbreviations: 1 amnestic mild cognitive impairment
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new body fluid biomarkers have lots of advantages, 
there are few biomarkers with higher sensitivity and 
specificity in diagnosing AD, especially in the early 
stage of the disease. Thus, in the future study, linking 
multiple biomarkers, combined with novel machine 
learning techniques, may be an effective approach 
for accurately screening prodromal AD and further 
providing opportunities for clinical intervention.

12. ACKNOWLEDGMENTS

There are no conflicts of interest including any 
financial, personal, or other relationships with people or 
organizations for any of the authors related to the work 
described in the article. This article was supported by 
the National Key Research and Development Program 
of China (2016YFC1306300), National Natural 
Science Foundation of China (Grant No. 31371007, 
81430037, 61633018), Beijing Nature Science 
Foundation (7161009), Beijing Municipal Science 
& Technology Commission (Z131100006813022, 
Z161100002616020), Beijing Municipal government 
(PXM2017_026283_000002), Fundamental and 
Clinical Cooperative Research Program of Capital 
Medical University (16JL-L08). 

13. REFERENCES

1. C. Ritchie, N. Smailagic, A. H. Noel-Storr, 
Y. Takwoingi, L. Flicker, S. E. Mason and R. 
McShane: Plasma and cerebrospinal fluid 
amyloid beta for the diagnosis of Alzheimer’s 
disease dementia and other dementias in 
people with mild cognitive impairment (MCI). 
Cochrane Database Syst Rev(6), Cd008782 
(2014) 

2. M. S. Fiandaca, M. E. Mapstone, A. K. 
Cheema and H. J. Federoff: The critical 
need for defining preclinical biomarkers in 
Alzheimer’s disease. Alzheimers Dement, 
10(3 Suppl), S196-212 (2014)

3. R. A. Sperling, P. S. Aisen, L. A. Beckett, 
D. A. Bennett, S. Craft, A. M. Fagan, T. 
Iwatsubo, C. R. Jack, Jr., J. Kaye, T. J. 
Montine, D. C. Park, E. M. Reiman, C. C. 
Rowe, E. Siemers, Y. Stern, K. Yaffe, M. 
C. Carrillo, B. Thies, M. Morrison-Bogorad, 
M. V. Wagster and C. H. Phelps: Toward 
defining the preclinical stages of Alzheimer’s 

Table 4. Clinical trials targeting Aβ and tau pathology for prodromal or early AD

Study Mechanism Subjects Sample Intervention Duration Main results References

Aβ-targeted 
studies

BACE11 
inhibitor

mild-
moderate 
AD

511 Rosiglitazone

 

24 weeks APOE ε4 non-carriers exhibited 
cognitive and functional improvement 
in response to rosiglitazone

(111)

γ-secretase 
modulator 
(GSM)

MCI 96 CHF5074 12 weeks CHF5074 is well tolerated in MCI 
patients

(112)

α-secretase 
activator

mild-
moderate 
AD

159 EHT0202 Over 3 
months

Safe and generally well tolerated (113)

Inhibition of Aβ 
aggregation

mild-
moderate 
AD

353 ELND005 78 weeks The 250 mg dose demonstrated 
safety and primary clinical efficacy 
outcomes were not significant

(114)

Active 
immunization 
against Aβ42

mild-
moderate 
AD

372 AN1792 12 months Subacute meningoencephalitis 
occurred in a subset of patients 
treated with AN1792

(115)

Passive 
immunization

mild-
moderate 
AD

234 Bapineuzumab 78 weeks Primary efficacy outcomes were not 
significant

(116)

Tau-targeted 
studies

GSK-32 
inhibitor

mild-
moderate 
AD

30 tideglusib 20 weeks Valuable safety and efficacy for the 
treatment of AD patients 

(117)

Inhibition of tau 
aggregation

aMCI 3 144 davunetide 12 weeks AL-108 was generally safe, well 
tolerated for the treatment of AD

(118)

Abbreviations: 1 Beta-site APP-cleaving enzyme 1; 2 glycogen synthase kinase 3 beta; 3 amnestic mild cognitive impairment



Prodromal Alzheimer’s disease

1283 © 1996-2018

disease: recommendations from the National 
Institute on Aging-Alzheimer’s Association 
workgroups on diagnostic guidelines for 
Alzheimer’s disease. Alzheimers Dement, 
7(3), 280-92 (2011)

 DOI: 10.1016/j.jalz.2011.03.003

4. B. Dubois, H. H. Feldman, C. Jacova, J. L. 
Cummings, S. T. Dekosky, P. Barberger-
Gateau, A. Delacourte, G. Frisoni, N. C. Fox, 
D. Galasko, S. Gauthier, H. Hampel, G. A. 
Jicha, K. Meguro, J. O’Brien, F. Pasquier, P. 
Robert, M. Rossor, S. Salloway, M. Sarazin, 
L. C. de Souza, Y. Stern, P. J. Visser and 
P. Scheltens: Revising the definition of 
Alzheimer’s disease: a new lexicon. Lancet 
Neurol, 9(11), 1118-27 (2010)

 DOI: 10.1016/S1474-4422(10)70223-4

5. R. C. Petersen, R. Doody, A. Kurz, R. C. 
Mohs, J. C. Morris, P. V. Rabins, K. Ritchie, 
M. Rossor, L. Thal and B. Winblad: Current 
concepts in mild cognitive impairment. Arch 
Neurol, 58(12), 1985-92 (2001)

 DOI: 10.1001/archneur.58.12.1985

6. G. D. Rabinovici: Amyloid biomarkers: 
pushing the limits of early detection. Brain, 
139(Pt 4), 1008-10 (2016)

7. A. Sierra-Rio, M. Balasa, J. Olives, A. 
Antonell, A. Iranzo, M. Castellvi, B. Bosch, 
O. Grau-Rivera, G. Fernandez-Villullas, L. 
Rami, A. Llado, R. Sanchez-Valle and J. L. 
Molinuevo: Cerebrospinal Fluid Biomarkers 
Predict Clinical Evolution in Patients with 
Subjective Cognitive Decline and Mild 
Cognitive Impairment. Neurodegener Dis, 
16(1-2), 69-76 (2016)

8. C. Mulder, N. A. Verwey, W. M. van der Flier, 
F. H. Bouwman, A. Kok, E. J. van Elk, P. 
Scheltens and M. A. Blankenstein: Amyloid-
beta(1-42), total tau, and phosphorylated 
tau as cerebrospinal fluid biomarkers for the 
diagnosis of Alzheimer disease. Clin Chem, 
56(2), 248-53 (2010)

 DOI: 10.1373/clinchem.2009.130518

9. B. A. Gordon, K. Friedrichsen, M. Brier, T. 
Blazey, Y. Su, J. Christensen, P. Aldea, J. 
McConathy, D. M. Holtzman, N. J. Cairns, 
J. C. Morris, A. M. Fagan, B. M. Ances and 
T. L. Benzinger: The relationship between 
cerebrospinal fluid markers of Alzheimer 
pathology and positron emission tomography 
tau imaging. Brain, 139(Pt 8), 2249-60 (2016)

10. K. Blennow, N. Mattsson, M. Scholl, O. 
Hansson and H. Zetterberg: Amyloid 

biomarkers in Alzheimer’s disease. Trends 
Pharmacol Sci, 36(5), 297-309 (2015)

 DOI: 10.1016/j.tips.2015.03.002

11. C. Fennema-Notestine, L. K. McEvoy, D. J. 
Hagler, Jr., M. W. Jacobson and A. M. Dale: 
Structural neuroimaging in the detection 
and prognosis of pre-clinical and early AD. 
Behav Neurol, 21(1), 3-12 (2009)

 DOI: 10.1155/2009/698156 

12. Y. Meng, H. Li, R. Hua, H. Wang, J. Lu, X. 
Yu and C. Zhang: A correlativity study of 
plasma APL1beta28 and clusterin levels 
with MMSE/MoCA/CASI in aMCI patients. 
Sci Rep, 5, 15546 (2015)

 
13. G. Orru, W. Pettersson-Yeo, A. F. Marquand, 

G. Sartori and A. Mechelli: Using Support 
Vector Machine to identify imaging 
biomarkers of neurological and psychiatric 
disease: a critical review. Neurosci Biobehav 
Rev, 36(4), 1140-52 (2012)

 DOI: 10.1016/j.neubiorev.2012.01.004

14. Z. Dai, C. Yan, Z. Wang, J. Wang, M. Xia, 
K. Li and Y. He: Discriminative analysis of 
early Alzheimer’s disease using multi-modal 
imaging and multi-level characterization with 
multi-classifier (M3). Neuroimage, 59(3), 
2187-95 (2012)

 DOI: 10.1016/j.neuroimage.2011.10.003

15. S. J. Teipel, C. Born, M. Ewers, A. L. Bokde, 
M. F. Reiser, H. J. Moller and H. Hampel: 
Multivariate deformation-based analysis of 
brain atrophy to predict Alzheimer’s disease 
in mild cognitive impairment. Neuroimage, 
38(1), 13-24 (2007)

 DOI: 10.1016/j.neuroimage.2007.07.008

16. C. Y. Wee, P. T. Yap, D. Zhang, K. Denny, 
J. N. Browndyke, G. G. Potter, K. A. Welsh-
Bohmer, L. Wang and D. Shen: Identification 
of MCI individuals using structural 
and functional connectivity networks. 
Neuroimage, 59(3), 2045-56 (2012)

 DOI: 10.1016/j.neuroimage.2011.10.015

17. R. C. Petersen, G. E. Smith, S. C. 
Waring, R. J. Ivnik, E. G. Tangalos and E. 
Kokmen: Mild cognitive impairment: clinical 
characterization and outcome. Arch Neurol, 
56(3), 303-8 (1999)

 DOI: 10.1001/archneur.56.3.303

18. B. Dubois, H. H. Feldman, C. Jacova, S. T. 
Dekosky, P. Barberger-Gateau, J. Cummings, 
A. Delacourte, D. Galasko, S. Gauthier, G. 
Jicha, K. Meguro, J. O’Brien, F. Pasquier, P. 

https://doi.org/10.1016/j.jalz.2011.03.003
https://doi.org/10.1016/S1474-4422(10)70223-4
https://doi.org/10.1001/archneur.58.12.1985
https://doi.org/10.1373/clinchem.2009.130518
https://doi.org/10.1016/j.tips.2015.03.002
https://doi.org/10.1155/2009/698156
https://doi.org/10.1016/j.neubiorev.2012.01.004
https://doi.org/10.1016/j.neuroimage.2011.10.003
https://doi.org/10.1016/j.neuroimage.2007.07.008
https://doi.org/10.1016/j.neuroimage.2011.10.015
https://doi.org/10.1001/archneur.56.3.303


Prodromal Alzheimer’s disease

1284 © 1996-2018

Robert, M. Rossor, S. Salloway, Y. Stern, P. 
J. Visser and P. Scheltens: Research criteria 
for the diagnosis of Alzheimer’s disease: 
revising the NINCDS-ADRDA criteria. Lancet 
Neurol, 6(8), 734-46 (2007)

 DOI: 10.1016/S1474-4422(07)70178-3

19. B. Dubois, H. H. Feldman, C. Jacova, H. 
Hampel, J. L. Molinuevo, K. Blennow, S. T. 
DeKosky, S. Gauthier, D. Selkoe, R. Bateman, 
S. Cappa, S. Crutch, S. Engelborghs, G. B. 
Frisoni, N. C. Fox, D. Galasko, M. O. Habert, 
G. A. Jicha, A. Nordberg, F. Pasquier, G. 
Rabinovici, P. Robert, C. Rowe, S. Salloway, 
M. Sarazin, S. Epelbaum, L. C. de Souza, B. 
Vellas, P. J. Visser, L. Schneider, Y. Stern, P. 
Scheltens and J. L. Cummings: Advancing 
research diagnostic criteria for Alzheimer’s 
disease: the IWG-2 criteria. Lancet Neurol, 
13(6), 614-29 (2014)

 DOI: 10.1016/S1474-4422(14)70090-0

20. B. Dubois, H. Hampel, H. H. Feldman, 
P. Scheltens, P. Aisen, S. Andrieu, H. 
Bakardjian, H. Benali, L. Bertram, K. 
Blennow, K. Broich, E. Cavedo, S. Crutch, J. 
F. Dartigues, C. Duyckaerts, S. Epelbaum, 
G. B. Frisoni, S. Gauthier, R. Genthon, A. 
A. Gouw, M. O. Habert, D. M. Holtzman, 
M. Kivipelto, S. Lista, J. L. Molinuevo, S. 
E. O’Bryant, G. D. Rabinovici, C. Rowe, S. 
Salloway, L. S. Schneider, R. Sperling, M. 
Teichmann, M. C. Carrillo, J. Cummings 
and C. R. Jack, Jr.: Preclinical Alzheimer’s 
disease: Definition, natural history, and 
diagnostic criteria. Alzheimers Dement, 
12(3), 292-323 (2016)

 DOI: 10.1016/j.jalz.2016.02.002

21. M. S. Albert, S. T. DeKosky, D. Dickson, 
B. Dubois, H. H. Feldman, N. C. Fox, A. 
Gamst, D. M. Holtzman, W. J. Jagust, R. 
C. Petersen, P. J. Snyder, M. C. Carrillo, B. 
Thies and C. H. Phelps: The diagnosis of 
mild cognitive impairment due to Alzheimer’s 
disease: recommendations from the National 
Institute on Aging-Alzheimer’s Association 
workgroups on diagnostic guidelines for 
Alzheimer’s disease. Alzheimers Dement, 
7(3), 270-9 (2011)

 DOI: 10.1016/j.jalz.2011.03.008

22. O. Hansson, H. Zetterberg, P. Buchhave, 
E. Londos, K. Blennow and L. Minthon: 
Association between CSF biomarkers and 
incipient Alzheimer’s disease in patients 
with mild cognitive impairment: a follow-up 
study. Lancet Neurol, 5(3), 228-34 (2006)

 DOI: 10.1016/S1474-4422(06)70355-6

23. M. Brys, E. Pirraglia, K. Rich, S. Rolstad, L. 
Mosconi, R. Switalski, L. Glodzik-Sobanska, 
S. De Santi, R. Zinkowski, P. Mehta, D. 
Pratico, L. A. Saint Louis, A. Wallin, K. 
Blennow and M. J. de Leon: Prediction and 
longitudinal study of CSF biomarkers in 
mild cognitive impairment. Neurobiol Aging, 
30(5), 682-90 (2009)

 DOI: 10.1016/j.neurobiolaging.2007.08.010

24. H. Hampel, K. Blennow, L. M. Shaw, 
Y. C. Hoessler, H. Zetterberg and J. Q. 
Trojanowski: Total and phosphorylated tau 
protein as biological markers of Alzheimer’s 
disease. Exp Gerontol, 45(1), 30-40 (2010)

 DOI: 10.1016/j.exger.2009.10.010

25. S. Wolfsgruber, F. Jessen, A. Koppara, 
L. Kleineidam, K. Schmidtke, L. Frolich, 
A. Kurz, S. Schulz, H. Hampel, I. Heuser, 
O. Peters, F. M. Reischies, H. Jahn, C. 
Luckhaus, M. Hull, H. J. Gertz, J. Schroder, 
J. Pantel, O. Rienhoff, E. Ruther, F. Henn, 
J. Wiltfang, W. Maier, J. Kornhuber and 
M. Wagner: Subjective cognitive decline 
is related to CSF biomarkers of AD in 
patients with MCI. Neurology, 84(12), 
1261-8 (2015)

 DOI: 10.1212/WNL.0000000000001399

26. P. Lewczuk, A. Matzen, K. Blennow, 
L. Parnetti, J. L. Molinuevo, P. Eusebi, 
J. Kornhuber, J. C. Morris and A. M. 
Fagan: Cerebrospinal Fluid Abeta42/40 
Corresponds Better than Abeta42 to Amyloid 
PET in Alzheimer’s Disease. J Alzheimers 
Dis, 55(2), 813-822 (2017)

 DOI: 10.3233/JAD-160722

27. Q. X. Li, V. L. Villemagne, J. D. Doecke, 
A. Rembach, S. Sarros, S. Varghese, A. 
McGlade, K. M. Laughton, K. K. Pertile, C. 
J. Fowler, R. L. Rumble, B. O. Trounson, K. 
Taddei, S. R. Rainey-Smith, S. M. Laws, J. 
S. Robertson, L. A. Evered, B. Silbert, K. A. 
Ellis, C. C. Rowe, S. L. Macaulay, D. Darby, 
R. N. Martins, D. Ames, C. L. Masters and 
S. Collins: Alzheimer’s Disease Normative 
Cerebrospinal Fluid Biomarkers Validated in 
PET Amyloid-beta Characterized Subjects 
from the Australian Imaging, Biomarkers 
and Lifestyle (AIBL) study. J Alzheimers Dis, 
48(1), 175-87 (2015)

 DOI: 10.3233/JAD-150247

28. R. Vandenberghe, K. Adamczuk, P. Dupont, 
K. V. Laere and G. Chetelat: Amyloid 
PET in clinical practice: Its place in the 
multidimensional space of Alzheimer’s 

https://doi.org/10.1016/S1474-4422(07)70178-3
https://doi.org/10.1016/S1474-4422(14)70090-0
https://doi.org/10.1016/j.jalz.2016.02.002
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1016/S1474-4422(06)70355-6
https://doi.org/10.1016/j.neurobiolaging.2007.08.010
https://doi.org/10.1016/j.exger.2009.10.010
https://doi.org/10.1212/WNL.0000000000001399
https://doi.org/10.3233/JAD-160722
https://doi.org/10.3233/JAD-150247


Prodromal Alzheimer’s disease

1285 © 1996-2018

disease. Neuroimage Clin, 2, 497-511 
(2013)

 DOI: 10.1016/j.nicl.2013.03.014

29. S. M. Resnick, J. Sojkova, Y. Zhou, Y. An, W. 
Ye, D. P. Holt, R. F. Dannals, C. A. Mathis, 
W. E. Klunk, L. Ferrucci, M. A. Kraut and 
D. F. Wong: Longitudinal cognitive decline 
is associated with fibrillar amyloid-beta 
measured by (11C)PiB. Neurology, 74(10), 
807-15 (2010)

 DOI: 10.1212/WNL.0b013e3181d3e3e9

30. J. C. Morris, C. M. Roe, E. A. Grant, D. Head, 
M. Storandt, A. M. Goate, A. M. Fagan, D. 
M. Holtzman and M. A. Mintun: Pittsburgh 
compound B imaging and prediction of 
progression from cognitive normality to 
symptomatic Alzheimer disease. Arch 
Neurol, 66(12), 1469-75 (2009)

 DOI: 10.1001/archneurol.2009.269

31. C. R. Jack, Jr., H. J. Wiste, P. Vemuri, S. 
D. Weigand, M. L. Senjem, G. Zeng, M. A. 
Bernstein, J. L. Gunter, V. S. Pankratz, P. S. 
Aisen, M. W. Weiner, R. C. Petersen, L. M. 
Shaw, J. Q. Trojanowski and D. S. Knopman: 
Brain beta-amyloid measures and magnetic 
resonance imaging atrophy both predict 
time-to-progression from mild cognitive 
impairment to Alzheimer’s disease. Brain, 
133(11), 3336-48 (2010)

 DOI: 10.1093/brain/awq277

32. M. Dani, P. Edison and D. J. Brooks: Imaging 
biomarkers in tauopathies. Parkinsonism 
Relat Disord, 22 Suppl 1, S26-8 (2016)

33. M. Dani, D. J. Brooks and P. Edison: Tau 
imaging in neurodegenerative diseases. Eur 
J Nucl Med Mol Imaging, 43(6), 1139-50 
(2016)

 DOI: 10.1007/s00259-015-3231-2

34. R. Ossenkoppele, D. R. Schonhaut, M. 
Scholl, S. N. Lockhart, N. Ayakta, S. L. 
Baker, J. P. O’Neil, M. Janabi, A. Lazaris, A. 
Cantwell, J. Vogel, M. Santos, Z. A. Miller, B. 
M. Bettcher, K. A. Vossel, J. H. Kramer, M. L. 
Gorno-Tempini, B. L. Miller, W. J. Jagust and 
G. D. Rabinovici: Tau PET patterns mirror 
clinical and neuroanatomical variability in 
Alzheimer’s disease. Brain, 139(Pt 5), 1551-
67 (2016)

35. H. Braak, I. Alafuzoff, T. Arzberger, H. 
Kretzschmar and K. Del Tredici: Staging of 
Alzheimer disease-associated neurofibrillary 
pathology using paraffin sections and 

immunocytochemistry. Acta Neuropathol, 
112(4), 389-404 (2006)

 DOI: 10.1007/s00401-006-0127-z

36. H. Braak and E. Braak: Neuropathological 
stageing of Alzheimer-related changes. Acta 
Neuropathol, 82(4), 239-59 (1991)

 DOI: 10.1007/BF00308809

37. P. Scheltens, D. Leys, F. Barkhof, D. Huglo, 
H. C. Weinstein, P. Vermersch, M. Kuiper, M. 
Steinling, E. C. Wolters and J. Valk: Atrophy 
of medial temporal lobes on MRI in “probable” 
Alzheimer’s disease and normal ageing: 
diagnostic value and neuropsychological 
correlates. J Neurol Neurosurg Psychiatry, 
55(10), 967-72 (1992)

 DOI: 10.1136/jnnp.55.10.967

38. E. Mori, Y. Yoneda, H. Yamashita, N. Hirono, 
M. Ikeda and A. Yamadori: Medial temporal 
structures relate to memory impairment in 
Alzheimer’s disease: an MRI volumetric 
study. J Neurol Neurosurg Psychiatry, 63(2), 
214-21 (1997)

 DOI: 10.1136/jnnp.63.2.214

39. J. L. Whitwell, S. A. Przybelski, S. D. 
Weigand, D. S. Knopman, B. F. Boeve, R. 
C. Petersen and C. R. Jack, Jr.: 3D maps 
from multiple MRI illustrate changing 
atrophy patterns as subjects progress from 
mild cognitive impairment to Alzheimer’s 
disease. Brain, 130(Pt 7), 1777-86 (2007)

40. E. S. Korf, L. O. Wahlund, P. J. Visser and P. 
Scheltens: Medial temporal lobe atrophy on 
MRI predicts dementia in patients with mild 
cognitive impairment. Neurology, 63(1), 94-
100 (2004)

 DOI: 10.1212/01.WNL.0000133114.92694.93

41. D. Anchisi, B. Borroni, M. Franceschi, N. 
Kerrouche, E. Kalbe, B. Beuthien-Beumann, 
S. Cappa, O. Lenz, S. Ludecke, A. Marcone, 
R. Mielke, P. Ortelli, A. Padovani, O. Pelati, 
A. Pupi, E. Scarpini, S. Weisenbach, K. 
Herholz, E. Salmon, V. Holthoff, S. Sorbi, 
F. Fazio and D. Perani: Heterogeneity of 
brain glucose metabolism in mild cognitive 
impairment and clinical progression to 
Alzheimer disease. Arch Neurol, 62(11), 
1728-33 (2005)

 DOI: 10.1001/archneur.62.11.1728

42. R. Mistur, L. Mosconi, S. D. Santi, M. 
Guzman, Y. Li, W. Tsui and M. J. de Leon: 
Current Challenges for the Early Detection 
of Alzheimer’s Disease: Brain Imaging and 

https://doi.org/10.1016/j.nicl.2013.03.014
https://doi.org/10.1212/WNL.0b013e3181d3e3e9
https://doi.org/10.1001/archneurol.2009.269
https://doi.org/10.1093/brain/awq277
https://doi.org/10.1007/s00259-015-3231-2
https://doi.org/10.1007/s00401-006-0127-z
https://doi.org/10.1007/BF00308809
https://doi.org/10.1136/jnnp.55.10.967
https://doi.org/10.1136/jnnp.63.2.214
https://doi.org/10.1212/01.WNL.0000133114.92694.93
https://doi.org/10.1001/archneur.62.11.1728


Prodromal Alzheimer’s disease

1286 © 1996-2018

CSF Studies. J Clin Neurol, 5(4), 153-66 
(2009)

 DOI: 10.3988/jcn.2009.5.4.153

43. A. Drzezga: Diagnosis of Alzheimer’s disease 
with (18F)PET in mild and asymptomatic 
stages. Behav Neurol, 21(1), 101-15 (2009)

 DOI: 10.1155/2009/276026

44. N. M. Dowling, S. C. Johnson, C. E. Gleason 
and W. J. Jagust: The mediational effects of 
FDG hypometabolism on the association 
between cerebrospinal fluid biomarkers and 
neurocognitive function. Neuroimage, 105, 
357-68 (2015)

 DOI: 10.1016/j.neuroimage.2014.10.050

45. X. Chen, Y. Zhou, R. Wang, H. Cao, S. Reid, 
R. Gao and D. Han: Potential Clinical Value 
of Multiparametric PET in the Prediction of 
Alzheimer’s Disease Progression. PLoS 
One, 11(5), e0154406 (2016)

 DOI: 10.1371/journal.pone.0154406

46. K. Herholz: Cerebral glucose metabolism 
in preclinical and prodromal Alzheimer’s 
disease. Expert Rev Neurother, 10(11), 
1667-73 (2010)

 DOI: 10.1586/ern.10.136

47. Y. Han, J. Wang, Z. Zhao, B. Min, J. Lu, K. 
Li, Y. He and J. Jia: Frequency-dependent 
changes in the amplitude of low-frequency 
fluctuations in amnestic mild cognitive 
impairment: a resting-state fMRI study. 
Neuroimage, 55(1), 287-95 (2011)

 DOI: 10.1016/j.neuroimage.2010.11.059 

48. J. S. Damoiseaux, K. E. Prater, B. L. Miller 
and M. D. Greicius: Functional connectivity 
tracks clinical deterioration in Alzheimer’s 
disease. Neurobiol Aging, 33(4), 828.e19-
30 (2012)

49. H. Zhu, P. Zhou, S. Alcauter, Y. Chen, H. 
Cao, M. Tian, D. Ming, H. Qi, X. Wang, X. 
Zhao, F. He, H. Ni and W. Gao: Changes 
of intranetwork and internetwork functional 
connectivity in Alzheimer’s disease and mild 
cognitive impairment. J Neural Eng, 13(4), 
046008 (2016)

 DOI: 10.1088/1741-2560/13/4/046008

50. Y. Zhou, F. Yu and T. Q. Duong: White matter 
lesion load is associated with resting state 
functional MRI activity and amyloid PET but 
not FDG in mild cognitive impairment and 
early Alzheimer’s disease patients. J Magn 
Reson Imaging, 41(1), 102-9 (2015)

 DOI: 10.1002/jmri.24550

51. W. Huijbers, E. C. Mormino, A. P. Schultz, 
S. Wigman, A. M. Ward, M. Larvie, R. E. 
Amariglio, G. A. Marshall, D. M. Rentz, K. 
A. Johnson and R. A. Sperling: Amyloid-
beta deposition in mild cognitive impairment 
is associated with increased hippocampal 
activity, atrophy and clinical progression. 
Brain, 138(Pt 4), 1023-35 (2015)

52. E. S. Lee, K. Yoo, Y. B. Lee, J. Chung, J. 
E. Lim, B. Yoon and Y. Jeong: Default Mode 
Network Functional Connectivity in Early 
and Late Mild Cognitive Impairment: Results 
From the Alzheimer’s Disease Neuroimaging 
Initiative. Alzheimer Dis Assoc Disord, 30(4), 
289-296 (2016)

 DOI: 10.1097/WAD.0000000000000143

53. S. M. Adriaanse, E. J. Sanz-Arigita, M. 
A. Binnewijzend, R. Ossenkoppele, N. 
Tolboom, D. M. van Assema, A. M. Wink, 
R. Boellaard, M. Yaqub, A. D. Windhorst, 
W. M. van der Flier, P. Scheltens, A. A. 
Lammertsma, S. A. Rombouts, F. Barkhof 
and B. N. van Berckel: Amyloid and its 
association with default network integrity 
in Alzheimer’s disease. Hum Brain Mapp, 
35(3), 779-91 (2014)

 DOI: 10.1002/hbm.22213

54. Y. Zhang, L. Simon-Vermot, M. A. 
Araque Caballero, B. Gesierich, A. N. 
Taylor, M. Duering, M. Dichgans and M. 
Ewers: Enhanced resting-state functional 
connectivity between core memory-task 
activation peaks is associated with memory 
impairment in MCI. Neurobiol Aging, 45, 
43-9 (2016)

 DOI: 10.1016/j.neurobiolaging.2016.04.018

55. J. A. Brown, K. H. Terashima, A. C. Burggren, 
L. M. Ercoli, K. J. Miller, G. W. Small and 
S. Y. Bookheimer: Brain network local 
interconnectivity loss in aging APOE-4 allele 
carriers. Proc Natl Acad Sci U S A, 108(51), 
20760-5 (2011)

 DOI: 10.1073/pnas.1109038108

56. F. Remy, N. Vayssiere, L. Saint-Aubert, 
E. Barbeau and J. Pariente: White matter 
disruption at the prodromal stage of 
Alzheimer’s disease: relationships with 
hippocampal atrophy and episodic memory 
performance. Neuroimage Clin, 7, 482-92 
(2015)

 DOI: 10.1016/j.nicl.2015.01.014

57. N. Shu, Y. Liang, H. Li, J. Zhang, X. Li, 
L. Wang, Y. He, Y. Wang and Z. Zhang: 
Disrupted topological organization in white 

https://doi.org/10.3988/jcn.2009.5.4.153
https://doi.org/10.1155/2009/276026
https://doi.org/10.1016/j.neuroimage.2014.10.050
https://doi.org/10.1371/journal.pone.0154406
https://doi.org/10.1586/ern.10.136
https://doi.org/10.1016/j.neuroimage.2010.11.059
https://doi.org/10.1088/1741-2560/13/4/046008
https://doi.org/10.1002/jmri.24550
https://doi.org/10.1097/WAD.0000000000000143
https://doi.org/10.1002/hbm.22213
https://doi.org/10.1016/j.neurobiolaging.2016.04.018
https://doi.org/10.1073/pnas.1109038108
https://doi.org/10.1016/j.nicl.2015.01.014


Prodromal Alzheimer’s disease

1287 © 1996-2018

matter structural networks in amnestic 
mild cognitive impairment: relationship to 
subtype. Radiology, 265(2), 518-27 (2012)

 DOI: 10.1148/radiol.12112361

58. C. Y. Lo, P. N. Wang, K. H. Chou, J. Wang, 
Y. He and C. P. Lin: Diffusion tensor 
tractography reveals abnormal topological 
organization in structural cortical networks 
in Alzheimer’s disease. J Neurosci, 30(50), 
16876-85 (2010)

 DOI: 10.1523/JNEUROSCI.4136-10.2010

59. F. Bai, N. Shu, Y. Yuan, Y. Shi, H. Yu, D. 
Wu, J. Wang, M. Xia, Y. He and Z. Zhang: 
Topologically convergent and divergent 
structural connectivity patterns between 
patients with remitted geriatric depression 
and amnestic mild cognitive impairment. J 
Neurosci, 32(12), 4307-18 (2012)

 DOI: 10.1523/JNEUROSCI.5061-11.2012

60. L. F. Kalheim, A. Bjornerud, T. Fladby, 
K. Vegge and P. Selnes: White matter 
hyperintensity microstructure in amyloid 
dysmetabolism. J Cereb Blood Flow Metab, 
37(1), 356-365 (2017)

 DOI: 10.1177/0271678X15627465

61. W. M. Freeze, H. I. Jacobs, E. H. 
Gronenschild, J. F. Jansen, S. Burgmans, 
P. Aalten, L. Clerx, S. J. Vos, M. A. van 
Buchem, F. Barkhof, W. M. van der Flier, M. 
M. Verbeek, M. O. Rikkert, W. H. Backes and 
F. R. Verhey: White Matter Hyperintensities 
Potentiate Hippocampal Volume Reduction 
in Non-Demented Older Individuals with 
Abnormal Amyloid-beta. J Alzheimers Dis, 
55(1), 333-342 (2017)

 DOI: 10.3233/JAD-160474

62. I. K. Amlien, A. M. Fjell, K. B. Walhovd, 
P. Selnes, V. Stenset, R. Grambaite, 
A. Bjornerud, P. Due-Tonnessen, A. 
Skinningsrud, L. Gjerstad, I. Reinvang 
and T. Fladby: Mild cognitive impairment: 
cerebrospinal fluid tau biomarker pathologic 
levels and longitudinal changes in white 
matter integrity. Radiology, 266(1), 295-303 
(2013)

 DOI: 10.1148/radiol.12120319

63. X. Li, Y. Ma, X. Wei, Y. Li, H. Wu, J. Zhuang 
and Z. Zhao: Clusterin in Alzheimer’s 
disease: a player in the biological behavior 
of amyloid-beta. Neurosci Bull, 30(1), 162-8 
(2014)

 DOI: 10.1007/s12264-013-1391-2

64. Z. C. Wu, J. T. Yu, Y. Li and L. Tan: Clusterin 
in Alzheimer’s disease. Adv Clin Chem, 56, 
155-73 (2012)

 DOI: 10.1016/B978-0-12-394317-0.00011-X

65. W. Jongbloed, K. D. van Dijk, S. D. Mulder, 
W. D. van de Berg, M. A. Blankenstein, W. 
van der Flier and R. Veerhuis: Clusterin 
Levels in Plasma Predict Cognitive Decline 
and Progression to Alzheimer’s Disease. J 
Alzheimers Dis, 46(4), 1103-10 (2015)

 DOI: 10.3233/JAD-150036

66. M. Thambisetty, Y. An, A. Kinsey, D. Koka, 
M. Saleem, A. Guntert, M. Kraut, L. Ferrucci, 
C. Davatzikos, S. Lovestone and S. M. 
Resnick: Plasma clusterin concentration is 
associated with longitudinal brain atrophy 
in mild cognitive impairment. Neuroimage, 
59(1), 212-7 (2012)

 DOI: 10.1016/j.neuroimage.2011.07.056

67. N. Mattsson, H. Zetterberg, S. Janelidze, 
P. S. Insel, U. Andreasson, E. Stomrud, 
S. Palmqvist, D. Baker, C. A. Tan Hehir, A. 
Jeromin, D. Hanlon, L. Song, L. M. Shaw, J. Q. 
Trojanowski, M. W. Weiner, O. Hansson and 
K. Blennow: Plasma tau in Alzheimer disease. 
Neurology, 87(17), 1827-1835 (2016)

 DOI: 10.1212/WNL.0000000000003246

68. S. Seshadri, A. Beiser, J. Selhub, P. F. 
Jacques, I. H. Rosenberg, R. B. D’Agostino, 
P. W. Wilson and P. A. Wolf: Plasma 
homocysteine as a risk factor for dementia 
and Alzheimer’s disease. N Engl J Med, 
346(7), 476-83 (2002)

 DOI: 10.1056/NEJMoa011613

69. Y. Oomura, N. Hori, T. Shiraishi, K. Fukunaga, 
H. Takeda, M. Tsuji, T. Matsumiya, M. 
Ishibashi, S. Aou, X. L. Li, D. Kohno, K. 
Uramura, H. Sougawa, T. Yada, M. J. 
Wayner and K. Sasaki: Leptin facilitates 
learning and memory performance and 
enhances hippocampal CA1 long-term 
potentiation and CaMK II phosphorylation in 
rats. Peptides, 27(11), 2738-49 (2006)

 DOI: 10.1016/j.peptides.2006.07.001

70. S. M. Monte, K. Ghanbari, W. H. Frey, I. 
Beheshti, P. Averback, S. L. Hauser, H. A. 
Ghanbari and J. R. Wands: Characterization 
of the AD7C-NTP cDNA expression in 
Alzheimer’s disease and measurement of a 
41-kD protein in cerebrospinal fluid. J Clin 
Invest, 100(12), 3093-104 (1997)

 DOI: 10.1172/JCI119864

https://doi.org/10.1148/radiol.12112361
https://doi.org/10.1523/JNEUROSCI.4136-10.2010
https://doi.org/10.1523/JNEUROSCI.5061-11.2012
https://doi.org/10.1177/0271678X15627465
https://doi.org/10.3233/JAD-160474
https://doi.org/10.1148/radiol.12120319
https://doi.org/10.1007/s12264-013-1391-2
https://doi.org/10.1016/B978-0-12-394317-0.00011-X
https://doi.org/10.3233/JAD-150036
https://doi.org/10.1016/j.neuroimage.2011.07.056
https://doi.org/10.1212/WNL.0000000000003246
https://doi.org/10.1056/NEJMoa011613
https://doi.org/10.1016/j.peptides.2006.07.001
https://doi.org/10.1172/JCI119864


Prodromal Alzheimer’s disease

1288 © 1996-2018

71. S. M. de la Monte and J. R. Wands: 
Neurodegeneration changes in primary 
central nervous system neurons transfected 
with the Alzheimer-associated neuronal 
thread protein gene. Cell Mol Life Sci, 58(5-
6), 844-9 (2001)

72. P. J. Kahle, M. Jakowec, S. J. Teipel, H. 
Hampel, G. M. Petzinger, D. A. Di Monte, G. 
D. Silverberg, H. J. Moller, J. A. Yesavage, 
J. R. Tinklenberg, E. M. Shooter and G. M. 
Murphy, Jr.: Combined assessment of tau 
and neuronal thread protein in Alzheimer’s 
disease CSF. Neurology, 54(7), 1498-504 
(2000)

 DOI: 10.1212/WNL.54.7.1498

73. H. Ghanbari, K. Ghanbari, I. Beheshti, M. 
Munzar, A. Vasauskas and P. Averback: 
Biochemical assay for AD7C-NTP in urine 
as an Alzheimer’s disease marker. J Clin 
Lab Anal, 12(5), 285-8 (1998)

 DOI: 10.1002/(SICI)1098-2825(1998)12:5<285:: 
AID-JCLA6>3.0.CO;2-5

74. L. Ma, J. Chen, R. Wang, Y. Han, J. Zhang, 
W. Dong, X. Zhang, Y. Wu and Z. Zhao: 
The level of Alzheimer-associated neuronal 
thread protein in urine may be an important 
biomarker of mild cognitive impairment. J 
Clin Neurosci, 22(4), 649-52 (2015)

 DOI: 10.1016/j.jocn.2014.10.011

75. E. Andreadou, A. A. Pantazaki, M. Daniilidou 
and M. Tsolaki: Rhamnolipids, Microbial 
Virulence Factors, in Alzheimer’s Disease. J 
Alzheimers Dis (2017)

76. K. Leung and S. Thuret: Gut Microbiota: A 
Modulator of Brain Plasticity and Cognitive 
Function in Ageing. Healthcare (Basel), 
3(4), 898-916 (2015)

 DOI: 10.3390/healthcare3040898

77. R. Alkasir, J. Li, X. Li, M. Jin and B. Zhu: 
Human gut microbiota: the links with 
dementia development. Protein Cell, 8(2), 
90-102 (2017)

 DOI: 10.1007/s13238-016-0338-6

78. B. J. Balin and A. P. Hudson: Etiology and 
pathogenesis of late-onset alzheimer’s 
disease. Curr Allergy Asthma Rep, 14(3), 
417 (2014)

 DOI: 10.1007/s11882-013-0417-1

79. D. K. Kumar, S. H. Choi, K. J. Washicosky, 
W. A. Eimer, S. Tucker, J. Ghofrani, A. 
Lefkowitz, G. McColl, L. E. Goldstein, R. E. 

Tanzi and R. D. Moir: Amyloid-beta peptide 
protects against microbial infection in mouse 
and worm models of Alzheimer’s disease. 
Sci Transl Med, 8(340), 340ra72 (2016)

80. C. Lim, C. J. Hammond, S. T. Hingley 
and B. J. Balin: Chlamydia pneumoniae 
infection of monocytes in vitro stimulates 
innate and adaptive immune responses 
relevant to those in Alzheimer’s disease. J 
Neuroinflammation, 11, 217 (2014)

81. M. Giri, M. Zhang and Y. Lu: Genes 
associated with Alzheimer’s disease: an 
overview and current status. Clin Interv 
Aging, 11, 665-81 (2016)

 DOI: 10.2147/CIA.S105769

82. A. S. Fleisher, K. Chen, Y. T. Quiroz, L. J. 
Jakimovich, M. Gutierrez Gomez, C. M. 
Langois, J. B. Langbaum, A. Roontiva, P. 
Thiyyagura, W. Lee, N. Ayutyanont, L. Lopez, 
S. Moreno, C. Munoz, V. Tirado, N. Acosta-
Baena, A. M. Fagan, M. Giraldo, G. Garcia, 
M. J. Huentelman, P. N. Tariot, F. Lopera 
and E. M. Reiman: Associations between 
biomarkers and age in the presenilin 1 
E280A autosomal dominant Alzheimer 
disease kindred: a cross-sectional study. 
JAMA Neurol, 72(3), 316-24 (2015)

 DOI: 10.1001/jamaneurol.2014.3314

83. A. S. Fleisher, K. Chen, Y. T. Quiroz, L. J. 
Jakimovich, M. G. Gomez, C. M. Langois, J. 
B. Langbaum, N. Ayutyanont, A. Roontiva, 
P. Thiyyagura, W. Lee, H. Mo, L. Lopez, S. 
Moreno, N. Acosta-Baena, M. Giraldo, G. 
Garcia, R. A. Reiman, M. J. Huentelman, 
K. S. Kosik, P. N. Tariot, F. Lopera and E. 
M. Reiman: Florbetapir PET analysis of 
amyloid-beta deposition in the presenilin 
1 E280A autosomal dominant Alzheimer’s 
disease kindred: a cross-sectional study. 
Lancet Neurol, 11(12), 1057-65 (2012)

 DOI: 10.1016/S1474-4422(12)70227-2

84. E. McDade, A. Kim, J. James, L. K. Sheu, 
D. C. Kuan, D. Minhas, P. J. Gianaros, S. 
Ikonomovic, O. Lopez, B. Snitz, J. Price, J. 
Becker, C. Mathis and W. Klunk: Cerebral 
perfusion alterations and cerebral amyloid 
in autosomal dominant Alzheimer disease. 
Neurology, 83(8), 710-7 (2014)

 DOI: 10.1212/WNL.0000000000000721

85. P. Tiraboschi, L. A. Hansen, E. Masliah, M. 
Alford, L. J. Thal and J. Corey-Bloom: Impact 
of APOE genotype on neuropathologic 
and neurochemical markers of Alzheimer 

https://doi.org/10.1212/WNL.54.7.1498
https://doi.org/10.1002/(SICI)1098-2825(1998)12:5%3C285::AID-JCLA6%3E3.0.CO;2-5
https://doi.org/10.1002/(SICI)1098-2825(1998)12:5%3C285::AID-JCLA6%3E3.0.CO;2-5
https://doi.org/10.1016/j.jocn.2014.10.011
https://doi.org/10.3390/healthcare3040898
https://doi.org/10.1007/s13238-016-0338-6
https://doi.org/10.1007/s11882-013-0417-1
https://doi.org/10.2147/CIA.S105769
https://doi.org/10.1001/jamaneurol.2014.3314
https://doi.org/10.1016/S1474-4422(12)70227-2
https://doi.org/10.1212/WNL.0000000000000721


Prodromal Alzheimer’s disease

1289 © 1996-2018

disease. Neurology, 62(11), 1977-83 
(2004)

 DOI: 10.1212/01.WNL.0000128091.92139.0F

86. S. Moreno-Grau and A. Ruiz: Genome 
research in pre-dementia stages of 
Alzheimer’s disease. Expert Rev Mol Med, 
18, e11 (2016)

87. M. D. Zwan, V. L. Villemagne, V. Dore, 
R. Buckley, P. Bourgeat, R. Veljanoski, 
O. Salvado, R. Williams, L. Margison, A. 
Rembach, S. L. Macaulay, R. Martins, 
D. Ames, W. M. van der Flier, K. A. Ellis, 
P. Scheltens, C. L. Masters and C. C. 
Rowe: Subjective Memory Complaints in 
APOEvarepsilon4 Carriers are Associated 
with High Amyloid-beta Burden. J Alzheimers 
Dis, 49(4), 1115-22 (2016)

 DOI: 10.3233/JAD-150446

88. M. Mandecka, M. Budziszewska, A. 
Barczak, B. Peplonska, M. Chodakowska-
Zebrowska, A. Filipek-Gliszczynska, M. 
Nesteruk, M. Styczynska, M. Barcikowska 
and T. Gabryelewicz: Association between 
Cerebrospinal Fluid Biomarkers for 
Alzheimer’s Disease, APOE Genotypes 
and Auditory Verbal Learning Task 
in Subjective Cognitive Decline, Mild 
Cognitive Impairment, and Alzheimer’s 
Disease. J Alzheimers Dis, 54(1), 157-68 
(2016)

 DOI: 10.3233/JAD-160176

89. D. Bunce, L. Fratiglioni, B. J. Small, B. 
Winblad and L. Backman: APOE and 
cognitive decline in preclinical Alzheimer 
disease and non-demented aging. 
Neurology, 63(5), 816-21 (2004)

 DOI: 10.1212/01.WNL.0000137041.86153.42

90. M. G. Dik, C. Jonker, L. M. Bouter, M. I. 
Geerlings, G. J. van Kamp and D. J. Deeg: 
APOE-epsilon4 is associated with memory 
decline in cognitively impaired elderly. 
Neurology, 54(7), 1492-7 (2000)

 DOI: 10.1212/WNL.54.7.1492

91. M. G. Dik, C. Jonker, H. C. Comijs, L. M. 
Bouter, J. W. Twisk, G. J. van Kamp and D. 
J. Deeg: Memory complaints and APOE-
epsilon4 accelerate cognitive decline in 
cognitively normal elderly. Neurology, 
57(12), 2217-22 (2001)

 DOI: 10.1212/WNL.57.12.2217

92. B. Jiao, X. Liu, L. Zhou, M. H. Wang, Y. 
Zhou, T. Xiao, W. Zhang, R. Sun, M. M. 

Waye, B. Tang and L. Shen: Polygenic 
Analysis of Late-Onset alzheimer’s Disease 
from Mainland China. PLoS One, 10(12), 
e0144898 (2015)

 DOI: 10.1371/journal.pone.0144898

93. B. Qin, L. Li, S. Wang, J. Wu, Y. Huang, 
P. Zhou, J. Bai and Y. Zheng: Interleukin-8 
gene polymorphism -251T>A contributes to 
Alzheimer’s disease susceptibility. Medicine 
(Baltimore), 95(39), e5039 (2016)

 DOI: 10.1097/MD.0000000000005039

94. J. Dong, W. Qin, C. Wei, Y. Tang, Q. Wang 
and J. Jia: A Novel PSEN1 K311R Mutation 
Discovered in Chinese Families with Late-
Onset alzheimer’s Disease Affects Amyloid-
beta Production and Tau Phosphorylation. J 
Alzheimers Dis, 57(2), 613-623 (2017)

 DOI: 10.3233/JAD-161188

95. Y. Cui, W. Wen, D. M. Lipnicki, M. F. Beg, 
J. S. Jin, S. Luo, W. Zhu, N. A. Kochan, S. 
Reppermund, L. Zhuang, P. R. Raamana, 
T. Liu, J. N. Trollor, L. Wang, H. Brodaty 
and P. S. Sachdev: Automated detection 
of amnestic mild cognitive impairment 
in community-dwelling elderly adults: a 
combined spatial atrophy and white matter 
alteration approach. Neuroimage, 59(2), 
1209-17 (2012)

 DOI: 10.1016/j.neuroimage.2011.08.013

96. D. Zhang, Y. Wang, L. Zhou, H. Yuan 
and D. Shen: Multimodal classification of 
Alzheimer’s disease and mild cognitive 
impairment. Neuroimage, 55(3), 856-67 
(2011)

 DOI: 10.1016/j.neuroimage.2011.01.008

97. P. R. Raamana, W. Wen, N. A. Kochan, H. 
Brodaty, P. S. Sachdev, L. Wang and M. F. 
Beg: The Sub-Classification of Amnestic 
Mild Cognitive Impairment Using MRI-Based 
Cortical Thickness Measures. Front Neurol, 
5, 76 (2014)

98. S. Haller, P. Missonnier, F. R. Herrmann, 
C. Rodriguez, M. P. Deiber, D. Nguyen, G. 
Gold, K. O. Lovblad and P. Giannakopoulos: 
Individual classification of mild cognitive 
impairment subtypes by support vector 
machine analysis of white matter DTI. AJNR 
Am J Neuroradiol, 34(2), 283-91 (2013)

 DOI: 10.3174/ajnr.A3223

99. F. Bai, C. Xie, D. R. Watson, Y. Shi, Y. Yuan, 
Y. Wang, C. Yue, Y. Teng, D. Wu and Z. 
Zhang: Aberrant hippocampal subregion 

https://doi.org/10.1212/01.WNL.0000128091.92139.0F
https://doi.org/10.3233/JAD-150446
https://doi.org/10.3233/JAD-160176
https://doi.org/10.1212/01.WNL.0000137041.86153.42
https://doi.org/10.1212/WNL.54.7.1492
https://doi.org/10.1212/WNL.57.12.2217
https://doi.org/10.1371/journal.pone.0144898
https://doi.org/10.1097/MD.0000000000005039
https://doi.org/10.3233/JAD-161188
https://doi.org/10.1016/j.neuroimage.2011.08.013
https://doi.org/10.1016/j.neuroimage.2011.01.008
https://doi.org/10.3174/ajnr.A3223


Prodromal Alzheimer’s disease

1290 © 1996-2018

networks associated with the classifications 
of aMCI subjects: a longitudinal resting-state 
study. PLoS One, 6(12), e29288 (2011)

 DOI: 10.1371/journal.pone.0029288

100. E. Gerardin, G. Chetelat, M. Chupin, R. 
Cuingnet, B. Desgranges, H. S. Kim, 
M. Niethammer, B. Dubois, S. Lehericy, 
L. Garnero, F. Eustache and O. Colliot: 
Multidimensional classification of 
hippocampal shape features discriminates 
Alzheimer’s disease and mild cognitive 
impairment from normal aging. Neuroimage, 
47(4), 1476-86 (2009)

 DOI: 10.1016/j.neuroimage.2009.05.036

101. S. Li, X. Yuan, F. Pu, D. Li, Y. Fan, L. Wu, 
W. Chao, N. Chen, Y. He and Y. Han: 
Abnormal changes of multidimensional 
surface features using multivariate pattern 
classification in amnestic mild cognitive 
impairment patients. J Neurosci, 34(32), 
10541-53 (2014)

 DOI: 10.1523/JNEUROSCI.4356-13.2014

102. B. Jie, D. Zhang, W. Gao, Q. Wang, C. Y. 
Wee and D. Shen: Integration of network 
topological and connectivity properties for 
neuroimaging classification. IEEE Trans 
Biomed Eng, 61(2), 576-89 (2014)

 DOI: 10.1109/TBME.2013.2284195

103. Y. Xie, Z. Cui, Z. Zhang, Y. Sun, C. Sheng, K. 
Li, G. Gong, Y. Han and J. Jia: Identification 
of Amnestic Mild Cognitive Impairment Using 
Multi-Modal Brain Features: A Combined 
Structural MRI and Diffusion Tensor Imaging 
Study. J Alzheimers Dis, 47(2), 509-22 
(2015)

 DOI: 10.3233/JAD-150184

104. Z. Long, B. Jing, H. Yan, J. Dong, H. Liu, 
X. Mo, Y. Han and H. Li: A support vector 
machine-based method to identify mild 
cognitive impairment with multi-level 
characteristics of magnetic resonance 
imaging. Neuroscience, 331, 169-76 (2016)

 DOI: 10.1016/j.neuroscience.2016.06.025

105. C. Hinrichs, V. Singh, G. Xu and S. C. 
Johnson: Predictive markers for AD in a 
multi-modality framework: an analysis of 
MCI progression in the ADNI population. 
Neuroimage, 55(2), 574-89 (2011)

 DOI: 10.1016/j.neuroimage.2010.10.081

106. O. Querbes, F. Aubry, J. Pariente, J. A. 
Lotterie, J. F. Demonet, V. Duret, M. Puel, 
I. Berry, J. C. Fort and P. Celsis: Early 

diagnosis of Alzheimer’s disease using 
cortical thickness: impact of cognitive 
reserve. Brain, 132(Pt 8), 2036-47 (2009)

107. G. Chen, B. D. Ward, C. Xie, W. Li, Z. Wu, J. 
L. Jones, M. Franczak, P. Antuono and S. J. 
Li: Classification of Alzheimer disease, mild 
cognitive impairment, and normal cognitive 
status with large-scale network analysis 
based on resting-state functional MR 
imaging. Radiology, 259(1), 213-21 (2011)

 DOI: 10.1148/radiol.10100734

108. J. Wang, L. Tan and J. T. Yu: Prevention 
Trials in Alzheimer’s Disease: Current Status 
and Future Perspectives. J Alzheimers Dis, 
50(4), 927-45 (2016)

 DOI: 10.3233/JAD-150826

109. Q. Jia and Y. Deng: Potential therapeutic 
strategies for Alzheimer’s disease targeting 
or beyond beta-amyloid: insights from 
clinical trials, 2014, 837157 (2014)

110. M. E. Risner, A. M. Saunders, J. F. Altman, 
G. C. Ormandy, S. Craft, I. M. Foley, M. E. 
Zvartau-Hind, D. A. Hosford and A. D. Roses: 
Efficacy of rosiglitazone in a genetically 
defined population with mild-to-moderate 
Alzheimer’s disease. Pharmacogenomics J, 
6(4), 246-54 (2006)

 DOI: 10.1038/sj.tpj.6500369

111. J. Ross, S. Sharma, J. Winston, M. Nunez, 
G. Bottini, M. Franceschi, E. Scarpini, E. 
Frigerio, F. Fiorentini, M. Fernandez, S. Sivilia, 
L. Giardino, L. Calza, D. Norris, H. Cicirello, 
D. Casula and B. P. Imbimbo: CHF5074 
reduces biomarkers of neuroinflammation 
in patients with mild cognitive impairment: 
a 12-week, double-blind, placebo-controlled 
study. Curr Alzheimer Res, 10(7), 742-53 
(2013)

 DOI: 10.2174/13892037113149990144

112. B. Vellas, O. Sol, P. J. Snyder, P. J. Ousset, R. 
Haddad, M. Maurin, J. C. Lemarie, L. Desire 
and M. P. Pando: EHT0202 in Alzheimer’s 
disease: a 3-month, randomized, placebo-
controlled, double-blind study. Curr 
Alzheimer Res, 8(2), 203-12 (2011)

 DOI: 10.2174/156720511795256053

113. S. Salloway, R. Sperling, R. Keren, A. P. 
Porsteinsson, C. H. van Dyck, P. N. Tariot, 
S. Gilman, D. Arnold, S. Abushakra, C. 
Hernandez, G. Crans, E. Liang, G. Quinn, 
M. Bairu, A. Pastrak and J. M. Cedarbaum: 
A phase 2 randomized trial of ELND005, 

https://doi.org/10.1371/journal.pone.0029288
https://doi.org/10.1016/j.neuroimage.2009.05.036
https://doi.org/10.1523/JNEUROSCI.4356-13.2014
https://doi.org/10.1109/TBME.2013.2284195
https://doi.org/10.3233/JAD-150184
https://doi.org/10.1016/j.neuroscience.2016.06.025
https://doi.org/10.1016/j.neuroimage.2010.10.081
https://doi.org/10.1148/radiol.10100734
https://doi.org/10.3233/JAD-150826
https://doi.org/10.1038/sj.tpj.6500369
https://doi.org/10.2174/13892037113149990144
https://doi.org/10.2174/156720511795256053


Prodromal Alzheimer’s disease

1291 © 1996-2018

scyllo-inositol, in mild to moderate Alzheimer 
disease. Neurology, 77(13), 1253-62 (2011)

 DOI: 10.1212/WNL.0b013e3182309fa5

114. J. M. Orgogozo, S. Gilman, J. F. Dartigues, 
B. Laurent, M. Puel, L. C. Kirby, P. Jouanny, 
B. Dubois, L. Eisner, S. Flitman, B. F. Michel, 
M. Boada, A. Frank and C. Hock: Subacute 
meningoencephalitis in a subset of patients 
with AD after Abeta42 immunization. 
Neurology, 61(1), 46-54 (2003)

 DOI: 10.1212/01.WNL.0000073623.84147.A8

115. S. Salloway, R. Sperling, S. Gilman, N. C. 
Fox, K. Blennow, M. Raskind, M. Sabbagh, 
L. S. Honig, R. Doody, C. H. van Dyck, R. 
Mulnard, J. Barakos, K. M. Gregg, E. Liu, 
I. Lieberburg, D. Schenk, R. Black and M. 
Grundman: A phase 2 multiple ascending 
dose trial of bapineuzumab in mild to 
moderate Alzheimer disease. Neurology, 
73(24), 2061-70 (2009)

 DOI: 10.1212/WNL.0b013e3181c67808

116. T. del Ser, K. C. Steinwachs, H. J. Gertz, M. 
V. Andres, B. Gomez-Carrillo, M. Medina, J. 
A. Vericat, P. Redondo, D. Fleet and T. Leon: 
Treatment of Alzheimer’s disease with the 
GSK-3 inhibitor tideglusib: a pilot study. J 
Alzheimers Dis, 33(1), 205-15 (2013)

117. B. H. Morimoto, D. Schmechel, J. Hirman, 
A. Blackwell, J. Keith and M. Gold: A double-
blind, placebo-controlled, ascending-dose, 
randomized study to evaluate the safety, 
tolerability and effects on cognition of AL-108 
after 12 weeks of intranasal administration 
in subjects with mild cognitive impairment. 
Dement Geriatr Cogn Disord, 35(5-6), 325-
36 (2013)

118. E. Kasper, A. Thone-Otto, K. Burger, S. G. 
Schroder, W. Hoffmann, W. Schneider and 
S. Teipel: (Cognitive rehabilitation in early 
stage Alzheimer’s disease). Nervenarzt, 
87(7), 708-18 (2016)

 DOI: 10.1007/s00115-015-4426-2

119. N. Franzmeier, M. Duering, M. Weiner, M. 
Dichgans and M. Ewers: Left frontal cortex 
connectivity underlies cognitive reserve in 
prodromal Alzheimer disease. Neurology 
(2017)

120. R. Gallassi, F. Oppi, R. Poda, S. Scortichini, 
M. Stanzani Maserati, G. Marano and L. 
Sambati: Are subjective cognitive complaints 
a risk factor for dementia? Neurol Sci, 31(3), 
327-36 (2010)

Key Words: Alzheimer’s disease, Prodromal, 
Biomarkers, Neuroimaging, Cerebrospinal Fluid, 
Support Vector Machine, Clinical Management, 
Review

Send correspondence to: Ying Han, Department 
of Neurology, XuanWu Hospital of Capital 
Medical University, Beijing 100053, China, Tel: 
86-18515692701, Fax: 86-10-83167306, E-mail:  
hanying@xwh.ccmu.edu.cn. 

https://doi.org/10.1212/WNL.0b013e3182309fa5
https://doi.org/10.1212/01.WNL.0000073623.84147.A8
https://doi.org/10.1212/WNL.0b013e3181c67808
https://doi.org/10.1007/s00115-015-4426-2

