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Abstract
Background:According to the amyloid, tau, neurodegeneration research framework classification, amyloid and tau positive (A+T+)
mild cognitive impairment (MCI) individuals are defined as prodromal Alzheimer disease. This study was designed to compare the
clinical and biomarker features between A+T+MCI individuals who progressed to progressiveMCI (pMCI) and those who remained
stable MCI (sMCI), and to identify relevant baseline clinical biomarker and features that could be used to predict progression to
dementia within 2 years.
Methods: We stratified 197 A+T+MCI individuals into pMCI (n= 64) and sMCI (n= 133) over 2 years. Demographics and
cognitive assessment scores, cerebrospinal fluid (CSF), and neuroimaging biomarkers (18F-florbetapir positron emission
tomography mean standardized uptake value ratios [SUVR] and structural magnetic resonance imaging [MRI]) were compared
between pMCI and sMCI at baseline, 12- and 24-month follow-up. Logistic regression models then were used to evaluate clinical
baseline and biomarker features that predicted dementia progression in A+T+MCI.
Results: pMCI individuals had higher mean 18F-florbetapir SUVR, CSF total-tau (t-tau), and p-tau181P than those in sMCI
individuals. pMCI individuals performed poorer in cognitive assessments, both global and domain specific (memory, executive,
language, attention, and visuospatial skills) than sMCI. At baseline, there were significant differences in regions of interest of
structural MRI between the two groups, including bilateral amygdala, hippocampus and entorhinal, bilateral inferior lateral
ventricle, left superior and middle temporal, left posterior and caudal anterior cingulate (P< 0.05). Baseline CSF t-tau levels and
cognitive scores of Montreal cognitive assessment, functional assessment questionnaire, and everyday cognition by the patient’s
study partner language domain could predict progression to dementia in A+T+MCI within 2 years.
Conclusions: In future clinical trials, specific CSF and cognitive measures that predict dementia progression in A+T+MCI might be
useful risk factors for assessing the risk of dementia progression.
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Introduction

Recent scientific progress in Alzheimer’s disease (AD)
biomarkers using cerebrospinal fluid (CSF) and neuroim-
aging have enabled us to identify the pathophysiology of
AD in humans. The biomarkers that measure b-amyloid
(Ab) deposition include amyloid positron emission
tomography (PET)[1,2] and CSF Ab1–42 levels.[3-5] Bio-
markers that measure fibrillar tau include CSF phosphor-
ylated tau (p-tau) levels and cortical tau PET uptake and
biomarkers that measure neurodegeneration or neuronal
injury include CSF total-tau (t-tau) levels, fluorodeox-
Access this article online

Quick Response Code: Website:
www.cmj.org

DOI:
10.1097/CM9.0000000000001496

1709
yglucose (FDG) PET hypometabolism, and magnetic
resonance imaging (MRI) grey matter atrophy.[6] Given
that AD biomarkers now play an important role in AD
research, the A/T/N biomarker classification has been
introduced recently, where “A,” “T,” and “N” represent
Ab, tau, and neurodegeneration biomarkers, respective-
ly.[7,8] Furthermore, the National Institute on Aging-
Alzheimer’s Association (NIA-AA) research framework
recently proposed a research framework using biomarkers
to define a biological diagnosis of AD in living humans.
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They also proposed a new six-stage numeric clinical
staging scheme for patients in the Alzheimer continuum
(patients with Ab), which emphasizes biomarkers over
clinical features, but clinical trials will require consider-
ation of biological profile of participants.[9] There has been
much evidence that the highest rates of short-term
progression are in the A+T+N� and A+T+N+ classes of
AD.[10]

While various AD therapeutic trials have been conducted
in recent years, involving both symptomatic and disease
modifying agents, there is no effective treatment that is
available for AD at present. A review of AD clinical trials
conducted from 2002 to 2012 recorded 413 trials, with a
99.6% failure rate.[11] One possible reason for this high
failure rate has been attributed to the clinical diagnosis for
inclusion lacking specificity and sensitivity. Subjects are
often diagnosed with AD dementia but they are found not
to have AD pathology. Abner et al[12] previously reported
that nearly 10% to 30% of individuals clinically diagnosed
as AD dementia did not display AD neuropathological
changes at autopsy. It is also not possible to confirm the
presence of amyloid pathology in cognitively normal
subjects based on clinical presentation without biomark-
ers. As such, AD biomarkers now play a key role in the
inclusion criteria of clinical trials to confirm the presence of
therapeutic target, such as Ab, before recruiting subjects
into the trial.

Previous clinical trials have recruited AD subjects at the
dementia stage and it is likely that interventions at this
stage are too late given that irreversible brain changes
which have already occurred. In this regard, recent studies
into the trajectory of AD pathophysiology have demon-
strated that the AD pathological process begins many years
before overt clinical symptoms.[13] Therefore, there is now
a shift in the therapeutic time window of AD clinical trials
towards the early stages of the disease.[11,14-16]

Mild cognitive impairment (MCI) represents a prodromal
AD stage where cognitive decline is greater than expected
for one’s age and education level but that does not interfere
with activities of daily life.[17] However, previous studies
have shown that only an estimated 10% to 15% of MCI
individuals will convert to dementia per year.[18] While the
application of “A” and “T” biomarkers based on the NIA-
AA research framework enables the identification of MCI
individuals due to AD, the clinical and biomarker
characteristics of those who will progress to dementia
within typical trial periods remain unclear. With the
current clinical trials focusing on the MCI stage for
intervention, findings from this study might be useful when
assessing the risk of dementia progression for future
clinical trials.

Here, in a 2-year longitudinal observation of A+T+MCI
individuals from the AD neuroimaging initiative (ADNI)
cohort stratified into those who progressed to dementia
(pMCI) or remained stable (sMCI), we compared the
clinical and biomarker features between the two groups.
We further investigated the baseline clinical and biomarker
features that predicted progression to dementia within 2
years. Our findings that distinguish pMCI from sMCI will
1710
enable the identification of individuals as a potential target
population for early intervention studies.
Methods

Ethics approval

The ADNI was approved by the Institutional Review
Board at each Clinical Trial Center of ADNI and was
compliant with the Health Insurance Portability and
Accountability Act. All clinical practices and observations
were conducted in accordance with the Declaration of
Helsinki. Informed consent was obtained from each
patient before the study was conducted.
ADNI and patients

Data used in the preparation of this article were obtained
from the ADNI database (http://adni.loni.usc.edu). Spe-
cifically, we obtained the following clinical and biomarker
information (which have been identified as risk factors for
the progression of dementia): age, sex, years of education,
ApoEe4 status (stratified into ApoEe4 [+/+], ApoEe4 [+/�],
and ApoEe4 [�/�] carriers based on the number of e4
allele copies), CSF Ab1–42, p-tau181p, and t-tau, Florbetapir
PET mean standardized uptake value ratio (SUVR),
structural MRI, cognitive measures at baseline (the
baseline visit must take place within 28 days of the MRI
screening, and before conducting any baseline assessments,
the screening 3TMRI was reviewed and approved by local
radiologist, ADNI MRI quality control (QC), clinical
monitor. Participants must meet all inclusion/exclusion
criteria, 12- and 24-month follow up and whether the
participants progressed to dementia within 2 years
(accessed in August 2016, http://www.adni-info.org).

In the present study, we selected 406 subjects with MCI
from ADNI-2 and ADNI-GO studies. We defined MCI as
those who had a subjective memory complaint, objective
memory loss measured by using education-adjusted scores
on the Logical Memory II (Delayed Recall) subscale of the
Wechsler Memory scale, a clinical dementia rating (CDR)
of 0.5, preserved activities of daily living, and absence of
any neuropsychiatric diseases such as depression and
dementia. Subjects without complete clinical and biomark-
er information were excluded. Further information about
the inclusion/exclusion criteria of AD adopted by the
ADNI is described in detail at www.adni-info.org. As
many previous studies have proved PET quantitation
might be preferable for accurate selection and therapeutic
monitoring of individuals in clinical trials, and meanwhile,
the optimal cut-offs for CSF markers were less robust, we
used PET amyloid burden to classify the patient’s amyloid
burden.[19] From the above MCI subjects, we identified A
+T+MCI individuals using 18F-florbetapir mean SUVR
>1.1 as the threshold for Ab pathology[20] and CSF
markers p-tau levels >23 pg/mL as the threshold for tau
pathology.[16] Based on these criteria, 197 MCI partic-
ipants were found to have both Ab and tau pathologies.
We further stratified the A+T+MCI participants into sMCI
(n= 133) if they did not progress to dementia during the
2 years of follow-up, and pMCI (n= 64) if they progressed
to dementia at any time during the 2 years of follow-up
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(range 6–24 months at 6-month intervals). We defined
probable AD dementia as those who fulfilled the National
Institute of Neurological and Communicative Disorders
and Stroke and the AD and Related Disorders Association
criteria, mini-mental state examination (MMSE) scores
from 20 to 26 and a CDR of 1.0.[21]
Florbetapir-PET-AV45

The PET neuroimaging techniques used by ADNI have
been reported previously.[22] The amyloid burden is
measured from the mean 18F-florbetapir PET SUVR
calculated from the average SUVR within the brain
regions of prefrontal, orbitofrontal, parietal, temporal,
anterior, and posterior cingulate cortices. The data of
mean 18F-florbetapir SUVR were obtained from the ADNI
file “UCBERKELEYAV45_06_15_16.csv.” Further
details regarding ADNI image acquisition and processing
can be found at www.adni-info.org/methods.
Cerebrospinal fluid data

CSF Ab1–42, t-tau, and p-tau181p were measured using the
INNO-BIA AlzBio3 immunoassay kit based reagents
(Innogenetics, Ghent, Belgium) in the multiplex xMAP
Luminex platform (Luminex, Austin, TX, USA) as
previously described.[16] The CSF data used in this study
were obtained from the ADNI files “UPENNBIOMK5–8.
csv.” Detailed ADNI methods for CSF acquisition,
measurements, and QC procedures were described at
www.adni-info.org.
Neuropsychological assessment

All subjects underwent a full neuropsychological assess-
ment at baseline, 12- and 24-month follow-up visits. In
this study, CDR sum of boxes (CDR-SB), AD assessment
scale-cognitive subscale (ADAS-Cog) consisting of 11
(ADAS-Cog 11) and 13 items (ADAS-Cog 13), MMSE,
Montreal cognitive assessment (MoCA), functional
assessment questionnaire (FAQ) assessed global cogni-
tion. As for memory assessment, we examined a memory
composite score (ADNI-MEM) and the Rey auditory
verbal learning test (RAVLT) which included RAVLT
immediate (the sum of scores from five first trials [trials
1–5]), RAVLT Learning (the score of Trial 5 minus the
score of Trial 1), RAVLT forgetting (the score of Trial 5
minus score of the delayed recall) and RAVLT percent
forgetting (RAVLT forgetting divided by the score of
Trial 5). The executive function composite score (ADNI-
EF) evaluated executive function. The Boston naming test
(BNT) and category fluency tests evaluated language
function. Visuo-constructive skills were evaluated using
the clock-drawing test. In addition to the above
psychometric measures, we examined both the informant
and subject’s cognitive complaints using the everyday
cognition (ECog) questionnaire.
MRI imaging

All MRI brain scans were performed on 3T scanners
by using a sagittal MPRAGE sequence with the
following parameters: repetition time= 2400ms, inversion
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time = 1000ms, flip angle = 8°, and field of view = 24 cm
with a 256� 256� 170 acquisition matrix in the X-, Y-,
and Z-dimensions, which yielded a voxel size of
1.25� 1.261� 2. All original uncorrected image files
are available to the general scientific community, as
described at http://www.loni.ucla.edu/ADNI.

The MRI data were preprocessed by using standard
procedures that included realigning the anterior commis-
sure and posterior commissure by using MIPAV software,
skull-stripping by using brain surface extractor and brain
extraction tool, cerebellum removal, intensity inhomoge-
neity correction, segmentation using the FSL-FAST
software, and spatial co-registration by using HAM-
MER.[23] 107 regions of interest (ROIs) were automati-
cally segmented according to the Jacob atlas defined by
FreeSurfer,[24] which included cortical volume, surface
area, thickness average and thickness standard deviation
(SD) of bilateral entorhinal, rostral anterior cingulate,
caudal anterior cingulate; subcortical volume of bilateral
amygdala, hippocampus, choroid plexus, inferior lateral
ventricle; cortical volume and thickness average of left
superior and middle temporal, bilateral isthmus cingulate,
etc. The structural MRI neuroimaging data were obtained
from the ADNI file “UCSFFSL_11_02_15,” and
“UCSFFSX51_11_02_15_V2.”
Statistical analyses

Statistical analyses were performed by using the SAS,
version 9.4 (SAS Institute Inc., Cary, NC, USA). Descrip-
tive statistics and frequency distributions of baseline
demographics, cognitive scores, and MRI brain ROIs
were summarized and compared between sMCI and pMCI
at baseline, 1- and 2-year follow-up visits. Student t test
was used to compare the difference between groups if the
variables were normal distribution and the variance was
equal across groups. Otherwise, Wilcoxon rank test was
applied. Continuous variables were reported as mean ±
SD. Univariate and multivariate analyses were assessed
using a logistic regression model.

Baseline demographics, baseline cognitive scores, andMRI
brain ROIs were included in the univariate logistic
regression model to find possible factors that predict
progression. Factors with P< 0.05 on univariate analysis
as well as the variables with interactions in the model were
incorporated into multivariate analysis. Forward stepwise
method was used to select parameters. Factors with
P< 0.05 in multivariate analysis were identified as the
independent factors that predict progression. P values were
adjusted by age, gender, years of education, ApoEe4 status,
cognitive scores, and ROIs at baseline appropriately. In
logistic regression, the variables that needed to prove
whether there were multiplicative interactions and their
multiplicative terms are taken as independent variables to
conduct regression results to see whether the coefficient of
the multiplicative termswas significant and non-zero. If the
coefficient of the multiplicative interaction was significant
and non-zero, the two factors had a multiplicative
interaction. The variables which proved to have a
multiplicative interaction were used as independent
variables.
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Table 1: Baseline demographics and sample characteristics of patients with MCI stratified by progression to AD.

Characteristics sMCI (n= 133) pMCI (n= 64) P

Age (years) 72.9± 6.7 72.7± 6.9 0.872
Gender 0.812
Male 75 (56.39) 35 (54.69)
Female 58 (43.61) 29 (45.31)

ApoEe4 (%) 0.028
∗

ApoEe4 (�/�) 47 (35.34) 11 (17.19)
ApoEe4 (+/�) 63 (47.37) 41 (64.06)
ApoEe4 (+/+) 23 (17.29) 12 (18.75)

Education (years) 16.0± 2.9 16.4± 2.6 0.312
Ab1–42 (pg/mL) 140.2000± 28.6687 131.40000± 23.1179 0.035

∗

t-tau (pg/mL) 106.0000± 50.5968 138.9000± 56.9020 < 0.001
∗

p-tau181P (pg/mL) 53.0571± 22.9007 63.9063± 26.1778 0.003
∗

Florbetapir-PET global SUVR 1.3632± 0.1519 1.4611± 0.1715 < 0.001
∗

Data are presented as mean± standard deviation, n (%).
∗
Statistically significant. Ab: b-Amyloid; ApoE: Apolipoprotein E; MCI: Mild cognitive

impairment; pMCI: Progressive MCI; p-tau: Tau phosphorylated at threonine; sMCI: Stable MCI; SUVR: Standardized uptake value ratio; t-tau: Total
Tau.
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Results

Baseline demographic results

A total of 197 patients were enrolled in the study, there
were 17 participants progressed to dementia at 6-month
follow-up, 18 participants converted to dementia at
12-month, 29 participants converted to dementia at
24-month, 14 participants converted to dementia after
24-month follow-up (11 participants at 36-month, three
participants at 48-month), 119 participants did not
progress to dementia. In order to study the features of A
+T+MCI participants with early progression to dementia,
we stratified the whole A+T+MCI participants into pMCI
group (n= 64) and sMCI group (n= 133) based on
whether they progressed to dementia within 2 years.
The baseline demographic and sample characteristics of all
A+T+MCI participants are summarized in Table 1. There
were no differences in age, sex, and education between the
two groups. There were more APOEe4 carriers in pMCI
group. CSF Ab1–42 levels were lower in pMCI group
compared with sMCI group. CSF t-tau, p-tau181p, and
mean 18F-florbetapir SUVR were significantly higher in
pMCI group compared with sMCI group.
Neuropsychological examinations

Significant differences in neuropsychological assessments
were found between pMCI group and sMCI group at
baseline, 12- and 24-month follow-up [Table 2]. pMCI
individuals performed worse in global cognition scales
compared to sMCI individuals at baseline. pMCI
individuals had higher baseline mean CDR-SB, ADAS11,
ADAS13, and FAQ scores, and lower mean MoCA score
compared to sMCI individuals. pMCI individuals also
performed worse in cognitive domains of memory, delayed
recall memory, executive, language, attention, and visuo-
spatial skills compared to sMCI individuals at baseline. In
the memory domain, participants of pMCI performed
worse in RAVLT (RAVLT-immediate learning and percent
1712
forgetting) and ADNI_MEM than sMCI. In the executive
function domain, pMCI individuals performed worse in
ADNI-EF than sMCI. pMCI individuals also performed
poorer in the category fluency tests (animals and
vegetables), clock test, and BNT compared to sMCI
individuals. The informant-reported ECog scores, but not
self-reported ECog scores, are higher in the pMCI group
compared to the sMCI group at baseline. pMCI individu-
als also performed worse in the above cognitive assess-
ments compared to sMCI individuals at 12 and 24-month
follow-up. We depicted the comparison of cognitive
assessments’ results partly between sMCI and pMCI at
baseline, 12- and 24-month follow-up [Table 2].
ROIs in structural MRI

Significant differences in 17 of the ROIs were found
between pMCI and sMCI individuals at baseline. We
found that pMCI individuals had smaller volumes in the
regions of bilateral amygdala, hippocampus, smaller
thickness average of bilateral entorhinal cortex, left
superior and middle temporal compared to sMCI. pMCI
had larger bilateral inferior lateral ventricle than sMCI
individuals. pMCI individuals also had smaller surface
area of left posterior cingulate, left caudal anterior
cingulate than sMCI. However, we did not find any
differences in the above ROIs between pMCI and sMCI
groups at 12- and 24-month follow-ups.

At 12-month follow-up, we found none of the ROIs of
structural MRI had difference between the two groups. At
24-month follow-up, pMCI individuals had smaller
thickness SD of the left superior temporal compared to
sMCI individuals [Table 3]. The comparison of sMCI and
pMCI in structural MRI of bilateral hippocampus and
entorhinal at baseline, 12- and 24-month follow-up were
shown in Table 3.

We further divided the pMCI group into 12- and 24-month
conversion groups based on the specific conversion time
point, and then we compared the ROIs of structural MRI

http://www.cmj.org
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Table 4: Comparison of ROIs from structural MRI between 12- and 24-month’s converters at baseline, 12- and 24-month visits.

Baseline 12 months 24 months

ROIs

12-month’s
Converters
(n= 29)

24-month’s
Converters
(n= 35) P value

12-month’s
Converters
(n= 29)

24-month’s
Converters
(n= 35) P value

12-month’s
Converters
(n= 29)

24-month’s
Converters
(n= 35) P value

TS of right rostral
anterior cingulate

0.831± 0.125 0.792± 0.139 0.249 0.829± 0.141 0.75± 0.121 0.024
∗

0.842± 0.12 0.761± 0.152 0.049
∗

TA of right superior
temporal

3338.8± 405.1 3624.2± 497.3 0.016
∗

3498.9± 375.8 3571.3± 455.9 0.520 3470 ± 369.9 3638 ± 591.3 0.224

SV of left amygdala 1226.4± 211.0 1193.2± 241.2 0.564 1053.4± 213.2 1164.7± 201.6 0.045
∗

996.6± 256.2 1147.1± 259.5 0.047
∗

CV of left entorhinal 1761.4± 484.5 1679.2± 435.6 0.478 1407.2± 449 1634.9± 360.6 0.035
∗

1410 ± 667.2 1601.1± 411.1 0.254
SA of left entorhinal 392.2± 90.4 424.3± 77.0 0.130 362.4± 74.6 401.2± 70.1 0.046

∗
362.6± 97.0 399.6± 87.7 0.165

TA of left entorhinal 3.144± 0.490 2.859± 0.517 0.028
∗

2.754± 0.601 2.953± 0.467 0.158 2.700± 0.685 2.892± 0.507 0.260
TA of right entorhinal 3.248± 0.414 2.947± 0.518 0.014

∗
3.063± 0.663 3.062± 0.516 0.993 3.02 ± 0.692 2.99 ± 0.623 0.870

TA of right frontal pole 2.617± 0.243 2.486± 0.284 0.056 2.570± 0.377 2.510± 0.258 0.501 2.721± 0.474 2.460± 0.348 0.029
∗

TS of right isthmus
cingulate

0.798± 0.085 0.793± 0.084 0.795 0.741± 0.081 0.797± 0.106 0.032
∗

0.769± 0.070 0.781± 0.108 0.636

TS of right medial
orbitofrontal

0.808± 0.087 0.749± 0.112 0.023
∗

0.745± 0.100 0.740± 0.105 0.838 0.774± 0.128 0.757± 0.135 0.654

Data were presented as mean± standard deviation.
∗
Statistically significant. P values were adjusted by age, gender, years of education, ApoEe4 status,

and ROIs at baseline appropriately. CV: Cortical volume; MCI: Mild cognitive impairment; pMCI: Progressive MCI; ROIs: Regions of interest; SA:
Surface area; sMCI: Stable MCI; SV: Subcortical volume; TA: Thickness average; TS: Thickness standard deviation.

Table 5: Multivariate logistic regression analysis for the prediction of progression to AD.

Item b SB P value OR 95% CI R2

Baseline t-tau 0.010 0.004 0.013
∗

1.010 0.002–0.019 0.464
Baseline MoCA �0.245 0.103 0.018

∗
0.783 �0.448 to 0.042 0.491

Baseline FAQ 0.134 0.068 <0.049
∗

1.143 0–0.267 0.515
Baseline EcogSP language 0.792 0.367 0.031

∗
2.207 0.073–1.511 0.429

∗
Statistically significant. 95% CI: 95% Confidence interval; AD: Alzheimer disease; b: Regression coefficient; ECogSP: Test of everyday cognition for

study-partner; FAQ: Functional assessment questionnaire; MoCA:Montreal cognitive assessment; OR: Odds ratios; SB: Standard deviation; t-tau: Total
tau.
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between the two groups at baseline, 12- and 24-month,
more details were shown in Table 4. Similarly, we found
the significant differences in the medial temporal lobe,
hippocampus, entorhinal cortex, amygdala, cingulate
gyrus between the two sub-groups in pMCI (P< 0.05).
However, at 12- and 24-month visit time, only the
thickness SD of right rostral anterior cingulate and
subcortical volume of left amygdala had significant
differences between the sub-group of pMCI (P< 0.05).
Baseline clinical and biomarkers as predictors for
progression of A+T+MCI to dementia

Baseline demographics, baseline cognitive scores, andMRI
brain ROIs were included in the univariate logistic
regression model to find the possible factors that could
be used to predict progression. Then those above variables
with P< 0.05 on univariate analysis were incorporated
into multivariate analysis [Supplementary materials, http://
links.lww.com/CM9/A543].We also substituted these new
variables including age APOEe4, APOEe4 p-tau181p, Ab1–
42 t-tau, Ab1–42 gender into the regression model (the
detailed results of the multiplied interactions are shown in
the Supplementary Table S1, http://links.lww.com/CM9/
A543). Factors with P< 0.05 in multivariate analysis were
identified as the independent factors that predicted
1715
progression [Table 5]. We further found that baseline
CSF t-tau, MoCA, FAQ, and EcogSP language scores
predicted whether patients with A+T+MCI would progress
to dementia at the 2-year follow-up [Table 6].
Discussion

In this study of A+T+MCI individuals with presence of
Alzheimer-related pathologymeasured using CSF p-tau181p
and mean 18F-florbetapir SUVR, we found that pMCI
individuals had worse performance in both global and sub-
domain cognitive assessments than sMCI at baseline, 1- and
2-year follow-up. pMCI group also had smaller bilateral
amygdala, hippocampus and entorhinal, left superior and
middle temporal, left posterior and caudal anterior
cingulate, and larger bilateral inferior lateral ventricle
volumes than sMCI at baseline. However, there was no
difference in the above ROIs between the two groups at 12-
and 24-month follow-up. Using univariate andmultivariate
logistic regression models, we found that baseline CSF t-tau
levels and cognitive scores of MoCA, FAQ, and EcogSP
language scores predicted progression to dementia in A+T+
MCI individuals within the 2-year follow-up. Our findings
suggest that these clinical and CSF biomarkers may be used
to identify A+T+MCI individuals with an increased risk of
future clinical progression to dementia.

http://links.lww.com/CM9/A543
http://links.lww.com/CM9/A543
http://links.lww.com/CM9/A543
http://links.lww.com/CM9/A543
http://www.cmj.org


Table 6: Efficacy of baseline t-tau, MoCA, FAQ, and EcogSP language showing the AUC in predicting progression in MCI.

Measure AUC 95% CI P value Cut-off value Sensitivity Specificity

Baseline t-tau 0.684 0.601–0.767 <0.001
∗

103.85 0.729 0.624
Baseline-MoCA 0.716 0.644–0.789 <0.001

∗
24.50 0.374 0.953

Baseline-FAQ 0.762 0.694–0.831 <0.001
∗

2.50 0.734 0.644
Baseline EcogSP language 0.705 0.628–0.783 <0.001

∗
1.93 0.625 0.697

∗
Statistically significant. 95% CI: 95% Confidence interval; AUC: Area under the curve; ECogSP: Test of everyday cognition for study-partner; FAQ:

Functional assessment questionnaire; MCI: Mild cognitive impairment; MoCA: Montreal cognitive assessment; t-tau: Total tau.
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The current NIA-AA research framework proposes the
biological definition of AD using amyloid, tau, and
neurodegeneration (ATN) biomarkers to measure in vivo
AD pathological changes. ATN biomarkers also support
the identification of individuals at increased risk of disease
progression.[25] In this regard, A+T+N� and A+T+N+
individuals within the AD continuum have the highest risk
of disease progression. Furthermore, current intervention
studies focus on amyloid and tau[26-30] which may result in
neuroprotection and disease modification through linked
mechanisms.[9] Therefore, in the present study, we aim to
advance the current ATN literature by identifying the
clinical and biomarker risk factors of dementia progression
in A+T+MCI individuals within typical clinical trial
periods, so as to enrich the recruitment of study
populations in future clinical trials targeting amyloid
and tau.

The ApoEe4 allele is a well-known genetic risk factor for
AD and the ApoEe4 allele is able to predict disease
progression fromMCI to AD-type dementia.[31] However,
the mechanism of ApoEe4 allele in increasing risk of AD
remains controversial. While the ApoEe4 allele has been
linked to increased Ab plaque deposition and decreased
Ab clearance,[32,33] others have shown that the ApoEe4
allele is associated with elevated p-tau levels.[34] There is
also evidence suggesting that ApoEe4 allele may increase
AD risk through pathways independent of Ab.[35] Li
et al[36] reported that ApoEe4 allele was associated with
increased cortical thickness in brain regions vulnerable to
AD pathology, such as medial and inferior temporal
regions in the preclinical and early MCI stage. Our study
indicates that ApoEe4 allele is not a significant predictor of
disease conversion among A+T+MCI individuals, which
may suggest that the effect of ApoEe4 allele on AD occurs
in an earlier stage of AD, before MCI. This is consistent
with the findings by van Rossum et al[37] which showed
that ApoEe4 allele was a risk factor for the development of
abnormal Ab processing but did not influence clinical
progression once abnormal Ab processing was established.

Furthermore, we found that pMCI individuals performed
poorer in global cognitive assessments such as CDR-SB,
ADAS-Cog, MMSE, MoCA, FAQ scores, as well as
specific cognitive domains of memory, attention, executive
functions, language, and processing speed compared to
sMCI individuals at baseline, 1- and 2-year follow-up.
Based on the differences in the ATN biomarkers between
pMCI and sMCI group as described above, pMCI
individuals also have greater burden of ATN. Given that
recent longitudinal studies have shown a relationship
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between CSF AD biomarkers and disease progres-
sion,[12,38] our results further adds to the current literature
by demonstrating that ATN biomarkers, which reflect AD
pathophysiology, have a negative impact on cognition.

There are also discrepancies between participant’s and
informant’s report of the patient’s cognitive and activities
of daily living performance based on the ECog test. At
baseline, the informant-reported ECog scores are higher in
the pMCI group compared to the sMCI group. However,
there is no difference in the self-reported ECog scores
between the two groups. This may be attributed to the
phenomenon whereby participants with cognitive im-
pairment tend to under-report their symptoms, whereas
their informants tend to provide a more objective
account.[39] This is in line with a prior study showing
that MCI individuals report that they are performing well
in financial tasks and driving when their informants report
otherwise.[40] The tendency to under-estimate problems
may due to reduced awareness of cognitive dysfunction (ie,
anosognosia) or an inability to accurately appraise one’s
own cognitive abilities.[41] On the other hand, available
evidence has suggested that the mixed MCI group was
generally more accurate in evaluating their cognitive
abilities than amnestic MCI group.[42] Given that mixed
MCI group had impairments primarily in language and
attention/executive functioning, it is possible they were
more aware of the everyday consequences of these
cognitive deficits than were those with memory deficits.
The discrepancies in our result also confirmed that the
participants we selected were accurately in line with the
pathological characteristics of AD (amnestic MCI).

While we found significant differences in the levels of ATN
biomarkers (CSF Ab1–42, total tau, p-tau181, and mean
[18F] florbetapir SUVR) between pMCI and sMCI, only
CSF t-tau predicts disease progression among A+T+MCI
individuals, which is classified as a marker of “N,”
biomarkers of neurodegeneration or neural injury. As in
2018 NIA-AA research framework to investigate the AD
continuum, the markers of “N” cannot be used to indicate
Alzheimer pathophysiologic processes.[43] However, this
conclusion partly because “N” represents both AD and
non-AD pathologies.[44] Discordance was also dependent
on disease stage. Indeed, our conclusion is in line with
other published ADNI data of A+T+MCI. In a longitudinal
observational study of brain atrophy, CSF p-tau levels,
identified as “N,” can predict MRI progression in patients
with mild AD dementia and in cognitively normal
participants.[10] And previous literatures have also sug-
gested FDG-PET as predictors of short-term MCI-to-AD
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dementia conversion, which likewise confirm the predic-
tive utility of “N” biomarkers.[45] In our presentation, A+T
+MCI participants are identified as having the typical AD
pathologic, and in this case, “N” biomarkers are proven to
provide muchmore powerful prediction of future cognitive
decline. This is logical given that CSF t-tau, indicator of the
intensity of neuronal injury at a given point in time, is the
aspect of AD neuropathologic change that correlates most
closely with clinical manifestations.

As we all know, structuralMRI is the most commonly used
technique to identify brain atrophies related to AD, which
has been proved to have the power to predict AD dementia
earlier, a few previous studies were also designed with the
aim of predicting imminent conversion. Moreover, a
somewhat surprising finding was that while we found
differences in some of the MRI ROIs such as subcortical
volume of bilateral amygdala, hippocampus, cortical
volume and thickness average of bilateral entorhinal,
subcortical volume of bilateral choroid plexus and inferior
lateral ventricle between pMCI and sMCI at baseline, these
differences are no longer seen at 12- and 24months follow-
up. This finding may suggest that the MRI ROIs do not
predict disease progression in A+T+MCI individuals. One
possible explanation is that the ROImethod does not allow
a comprehensive and objective assessment of the entire
cortex and may not be sensitive enough to detect small and
more diffuse changes that may arise over a short period of
time. The progression to dementia may not be predicted
simply by the atrophy of one separate area. Furthermore,
in this work, we partitioned A+T+MCI into progressive
pMCI and sMCI, based on the clinical follow-up in a 24-
month follow-up (range 6–24 months at 6-month
intervals). Follow-up time and the intervals inevitably
had an effect on the results. And as AD participants were
not included, we could not reflect the full view of the
disease progression. These findings emphasize the com-
plexity and spatial extent of the patterns of brain atrophy
that characterize brain structure in A+T+MCI and that, in
future works, together with advanced pattern analysis and
recognition methods, are likely to provide powerful
imaging markers for prediction and quantification of
disease progression. This is also consistent with findings
from a large meta-analysis not including ADNI data which
show that baseline cognitive measures compared to brain
volumetric markers are better predictors of disease
conversion to dementia in MCI.[46] Unlike neuroimaging
measures such as volumetric MRI and PET, cognitive
measures such as FAQ remain useful in predicting disease
progression even in the later stages of MCI.

There are limitations in the current study. First, the ADNI
database consists of highly educated individuals who
volunteered to take part in the research study focusing on
AD research. Therefore, findings from this cohort may not
be generalized to the rest of the population. Also, the ADNI
enrolled subjects only from the United States and Canada.
Therefore, it is necessary to replicate our results in larger
population-based cohorts and to conduct research on the
related mechanisms. Second, the longitudinal follow-up
period of this study is limited to 2 years. While this is a
typical clinical period, the short duration of 2 years may
not be sufficient for A+T+MCI individuals to progress to
1717
dementia. Therefore, future studies should include a longer
follow-up period. Third, we are not able to measure
sensitivity and specificity values in this study due to the
small sample sizes.

In conclusion, we identified key clinical and biomarker
characteristics that distinguish pMCI and sMCI individu-
als. Specific CSF and cognitive measures (CSF t-tau,
MoCA, FAQ, and EcogSP language scores) that predict
dementia progression in A+T+MCImight be useful in early
treatment decisions or stratified enrollment of this
population into clinical trials.
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