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Objective  The aim of this study was to explore the prognostic values of biomarkers of neurodegeneration as measured by magnetic
resonance imaging (MRI) and amyloid burden as measured by amyloid positron emission tomography (PET) in predicting conversion
to Alzheimer’s disease (AD) in patients with mild cognitive impairment (MCI).

Methods PubMed and EMBASE databases were searched for structural MRI or amyloid PET imaging studies published between Jan-
uary 2000 and July 2014 that reported conversion to AD in patients with MCI. Means and standard deviations or individual numbers of
biomarkers with positive or negative status at baseline and corresponding numbers of patients who had progressed to AD at follow-up
were retrieved from each study. The effect size of each biomarker was expressed as Hedges's g.

Results Twenty-four MRI studies and 8 amyloid PET imaging studies were retrieved. 674 of the 1741 participants (39%) developed
AD. The effect size for predicting conversion to AD was 0.770 [95% confidence interval (CI) 0.607-0.934] for across MRI and 1.316
(95% CI 0.920-1.412) for amyloid PET imaging (p<0.001). The effect size was 1.256 (95% CI 0.902-1.609) for entorhinal cortex volume

from MRI.

Conclusion Our study suggests that volumetric MRI measurement may be useful for the early detection of AD.

Psychiatry Investig 2017;14(2):205-215

Key Words Mild cognitive impairment, Alzheimer’s disease, MRI, Meta-analysis.

INTRODUCTION

Alzheimer’s disease (AD) has an insidious onset with a
slowly progressive course. Mild cognitive impairment (MCI)
is an intermediate stage between cognitively normal and AD.
In particular, amnestic MCI is considered as a prodromal stage
of AD. MCI may therefore be a target for the prediction of
who will develop AD prediction. Several markers during the
prodromal MCI stage, including neuropsychological tests,
have been proposed for the prediction of AD. However, no
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single study has included enough data to provide a reliable
predictor of AD.

The International Working Group (IWG) and National In-
stitute on Aging Alzheimer’s Association (NIA-AA) has pro-
posed several biomarkers as diagnostic criteria for MCI, includ-
ing cerebro spinal fluid (CSF) amyloid beta (Ap) and tau, atrophy
on MR, glucose metabolism on [18F]-fluorodeoxyglucose pos-
itron emission tomography (FDG-PET) and fibrillar A burden
on amyloid PET."?

FDG-PET has been suggested to be the strongest predictor
for progression from MCI to AD,” however, its high costs may
limit its widespread adoption. A CSF assessment requires a
lumbar puncture, which is regarded an invasive procedure, al-
though it is widely implemented without problems in the el-
derly. In contrast, MRI is noninvasive, widely used in clinical
settings and also could be easily performed. Atrophy measure-
ments on MRI have been used to predict the progression to
AD inpatients with MCI since the 1990s. Most studies have
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analyzed the predictive value of hippocampus volume as well
as the volume of entorhinal cortex and other regions. Further-
more, prediction of progression to AD in patients with MCI
based on MRI may be effective for clinical trials of AD preven-
tion. However, no meta-analysis exploring the effect size of
MRI volume for the prediction of progression to AD has been
conducted among patients with MCI applying qualified diag-
nostic criteria.

The aim of this meta-analysis was to explore the prognostic
values of biomarkers of neurodegeneration as measured by
MRI measurement and amyloid burden as measured by amy-
loid PET imaging in predicting progression to AD in patients
with MCIL.

METHODS

Search strategy

Studies published between January 2000 and July 2014
were identified through a computer-based search of PubMed
and EMBASE by the OS X Server system of iMac. In addition,
the PubMed option ‘Related Articles’ was used, and the refer-
ences of identified studies were reviewed to search for poten-
tially relevant papers. For structural MRI the search strategy
was performed with the following search terms: (magnetic
resonance imaging OR MRI) AND (mild cognitive impair-
ment) AND (Alzheimer OR Alzheimer’s disease) AND (pre-
dict* OR conversion or progress*). For amyloid PET imaging,
the search strategy was performed with the following search
terms: (positron emission tomography OR PET) AND (amy-
loid imaging OR beta-amyloid) AND (mild cognitive impair-
ment) AND (Alzheimer OR Alzheimer’s disease) AND (pre-
dict* OR conversion or progress™).

Selection criteria

Three reviewers (WYP, EHS and IHC) independently re-
viewed the abstracts and titles identified by the database search-
es and together decided on the articles to be retrieved. These
retrieved articles were reviewed by all three authors to identify
suitable studies. Discrepancies were resolved by reaching a con-
sensus. Reviewers were not blinded to the study authors and
results. Inclusion criteria for relevant research studies were
the following: 1) reported in English, included original data
and published in a peer-reviewed journal; 2) longitudinal de-
sign consisting of patients who could be classified as having
progressive MCI (MCI-P: patients with MCI who progressed
to a clinical diagnosis of AD) and stable MCI (MCI-S: patients
with MCI who did not progress to AD); 3) diagnosis of MCI
was made according to established criteria for MCIL;** 4) clini-
cal diagnosis of AD was performed according to the National
Institute of Neurological and Communicative Disorders and
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Stroke and the Alzheimer’s Disease and Related Disorders As-
sociation (NINCDS-ADRDA),® and/or Diagnostic and Statis-
tical Manual of Mental Disorders (DSM-IV);” and 6) types of
dementia other than AD were not present. In addition, if more
than one study included an overlap in patient, then the largest
and the most recent studies were included. If the criteria by
which MCI was diagnosed were unavailable, the paper was in-
cluded only after consensus from the three reviewers that the
defined criteria were compatible with defined MCI criteria.
The exclusion criteria were 1) studies in animals; 2) cross-sec-
tional studies or clinical trials of medicine; 3) no or insufficient
data; 4) reviews or symposium papers; 5) papers containing
data that overlapped with another eligible study that was either
larger or more recent; 6) progression status of MCI to AD was
not provided.

Data extraction

The following information was extracted from the eligible
papers: author names, year of publication, source of subjects,
numbers of patients, age, sex, education, baseline Mini-Mental
State Examination (MMSE), follow-up duration, region of in-
terest for MRI imaging, radioisotope for amyloid PET imag-
ing, and diagnostic criteria used for MCI and AD diagnoses.

Means and standard deviations or sensitivity and specifici-
ty values for patients with MCI-P and MCI-S at baseline were
extracted by WYP and checked by IHC for each study. If a
study fulfilled all inclusion criteria but did not report all rele-
vant data, we contacted the authors to obtain supplementary
data. Some authors did not respond to this request.

Quality assessment

Study quality was assessed independently by the same re-
viewers with the revised tool for the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2).® Two blinded re-
viewers performed data extraction and QUADAS-2 scoring
for each research study. A third reviewer served as a blinded
expert in cases of disagreement.

Data analysis

The data were analyzed using Comprehensive Meta-Analy-
sis software, version 2 (BiostatInc, USA). The measure of in-
terest was the effect size Hedges's g, which is generally calcu-
lated as the difference between the group means divided by
the pooled standard deviation. In the present analyses, Hedg-
ess g was calculated as the standardized difference at baseline
between patients with MCI-P and patients with MCI-S.
When the data were reported as sensitivity and specificity,
Hedges's g was calculated by the Comprehensive Meta-Analy-
sis program (http://meta-analysis.com). The studies were tested
for heterogeneity with the conventional Q-total tests and the H



statistic.”

The potential for publication bias was investigated using vi-
sual assessment of the funnel plot calculated by the Compre-
hensive Meta- Analysis software. Publication bias may lead to
asymmetrical funnel plots. The presence of publication bias
was analyzed by graphical inspection of funnel plots and by
fail-safe analysis (Rosenthal’s method).

RESULTS

MCI conversion with Structural MRI

The search process is presented in Figure 1A. A total of
1562 MRI papers were initially identified from PubMed and
EMBASE after the first round of screening based on titles and
abstracts. Of these, 1413 papers were excluded after review of
titles and abstracts for the following reasons: investigations did
not use structural MRI (n=294), paper was a review or sym-
posium (n=543), paper did not address conversion from MCI
to AD (n=530), investigation was a clinical trials (n=20), paper
was not published in English (n=11), paper described a case
report (n=8) or investigation was in animals (n=7). We as-
sessed 149 full-text articles for eligibility. Of these, 125 papers
were excluded for the following reasons: patients overlapped
with those in a large or more recent study (n=55), papers had
no or insufficient data for meta-analysis (n=53), enrollment
was limited exclusively to demented or healthy control (n=5),
investigations used a cross-sectional design (n=5), investiga-
tions included results from a combination of other diagnostic
modalities (n=4), and clinical diagnosis did not follow the ref-
erence standard (n=3). Twenty-four studies satisfied all inclu-
sion and exclusion criteria (Table 1).1% We selected a random-
effects model to allow for both between- and within- study
variation, which generates a more conservative result than a
fixed-eftects model. The weighted Hedges's g from the random
effects models was 0.770 [95% confidence interval (CI) 0.607-
0.934] across any volume of interest (VOI) MRI papers, 0.683
(95% CI 0.494-0.873) for MRI studies of the hippocampus and
1.256 (95% CI 0.902-1.609) for MRI studies of the entorhinal
cortex (Figure 2A, C, D). A larger absolute value of the weight-
ed Hedges’s g indicates a stronger effect size between MCI-P
and MCI-S, which means the risk with which MCI progress to
AD by MRI measurement. Tests for heterogeneity were not
significant (Q=32.685, p=0.087, [-squared=29.631 for total
MRI; Q=21.712, p=0.116, I-squared=30.914 for hippocampus;
Q=0.501, p=0.919, I-squared=0.000 for entorhinal cortex).

MCI conversion with amyloid PET

A total of 183 amyloid PET papers were initially identified
from PubMed and EMBASE (Figure 1B). Of these, 161 pa-
pers were excluded after review of titles and abstracts for the
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following reasons: investigations did not use amyloid PET
(n=22), paper was a review or symposium (n=74), investiga-
tion did not address conversion from MCI to AD (n=59), in-
vestigation was a clinical trials (n=20), investigations included
results from a combination of other diagnostic modalities
(n=2), papers were not reported in English papers (n=11) or-
paper described a case reports (n=2). We assessed full-text ar-
ticles for eligibility. Of these, 14 papers were excluded for the
following reasons: patients overlapped with those in a larger or
more recent study (n=11), papers had no or insufficient data
for meta-analysis (n=1), investigations used FDDNP-PET
(n=1), and clinical diagnosis did not follow the reference stan-
dard (n=1). Eight studies satisfied all inclusion and exclusion
criteria (Table 2).2*>**° Weighted Hedges's g from the random
effects models was 1.316 (95% CI 0.920-1.712) (Figure 2B).
Tests for heterogeneity were not significant (Q=9.554, p=0.215,
[-squared=26.735).

Publication bias

There was no clear indication of publication bias. The fun-
nel plots were not skewed (Supplementary Figure 1 in the
online-only Data Supplement). Rosenthal’s fail-safe numbers
were 746 for the any VOI MRI group, 290 for the hippocam-
pus, 120 for the amyloid PET group and 46 for the entorhinal
cortex.

DISCUSSION

This study aimed to explore the ability of MRI atrophy
measures and amyloid PET to predict conversion to AD in
patients with MCI across a number of published studies. Ef-
fect size, which was expressed as Hedges's g between patients
with MCI-P and patients with MCI-S, was highest for amy-
loid burden as measured by amyloid PET, followed by MRI
atrophy measures in the entorhinal cortex, and in any VOI
cortex, and the hippocampus. These results suggest that amy-
loid PET is overall a better predictor of progression to AD
from MCI than MRI atrophy measures. However, the ento-
rhinal cortex atrophy measure on MRI is comparable in pre-
diction value to amyloid PET.

There are few previous meta-analyses on longitudinal stud-
ies that have validated the progression from MCI to AD. One
previous meta-analysis reported that MRI atrophy measures
had sensitivity of 72.8% and specificity of 81.0% for the pre-
diction of conversion to AD.” This meta-analysis included
papers published only from 2000 to 2005 only, and a cogni-
tively normal group was included in the baseline diagnostic
criteria. In contrast, our study selected only patients with MCI
as baseline diagnostic criteria and included papers over a
broader range from 2000 to 2014. A meta-analysis by Zhang
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827 Records identified through
PubMed searching

1438 Additional records identified

through EMBASE searching

l

i

‘ 1562 Records after duplicates removed ‘
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1413 Records excluded on review of title and abstract
294 Not study about structural MRI
543 Review or symposium
530 Not study about conversion from MCI to AD
20 Clinical trials
11 Not English
8 Case reports
7 Animal studies

149 Full-text articles

assessed for eligibility

Y

125 Full-text articles excluded, with reasons

55 Overlapped patients
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5 Enrolling exclusively demented or healthy control

5 Cross sectional studies

4 Presented results from a combination of other
diagnostic modalities

3 Not following clinical diagnosis as reference
standard

‘ 24 Studies included ‘

162 Records identified through
PubMed searching
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EMBASE searching
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‘ 183 Records after duplicates removed ‘
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22 Not study about Amyloid PET
74 Review or symposium
59 Not study about conversion from MCI to AD
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2 Not English
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22 Full-text articles
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1 Not following clinical diagnosis as reference
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Figure 1. Flow diagram of participant se-
lection for MCI conversion with structural
MRI (A) and amyloid PET (B).
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et al,* which included six paper on PIB-PET assessment from
2009 to 2011, reported pooled sensitivity of 93% and pooled
specificity of 56% in the prediction of conversion to AD from
MCI. Another recent PIB-PET meta-analysis, which included
8 papers published from 2009 to 2013, identified risk ratios for
cognitive progression for cognitively normal, patients with
MCI and patients with AD group.* Relative risk from a fixed-
effects model was 4.03 (95% CI 2.68-6.07) in patients with
MCI. Only one paper in that meta-analysis (Nordberg et al.)
overlaps with the papers included in our study. The findings
from this previous meta-analysis cannot be compared with the
findings of our current study.

Some studies evaluated two or more biomarkers for pre-
dicting progression from MCI to AD.>"#'*#*32% Two studies
included in this meta-analysis assessed hippocampus volume
by MRI and amyloid burden by PET in the same patients.”**
These studies reported higher odds ratios/positive predictive

EH Seo et al.

value/negative predictive value/accuracy for amyloid PET
than MRI hippocampus volume reduction on MRI. Another
European collaborative study predicted conversion to AD in
patients with MCI using CSF AP42 concentration, cortical
metabolism by FDG-PET, and MRI hippocampus atrophy.*
Their results suggested that progression to AD in patients
with MCI increases with greater biological marker severity.
Their recent consecutive publication for the NIA-AA and
IWG diagnostic criteria reported that FDG-PET was the best
individual predictor for progression to AD. However, the best
predictive accuracy was achieved by a combination of amyloi-
dosis and neurodegeneration biomarkers (CSF AB42 and
FDG-PET or MRI hippocampus atrophy).” These studies did
not use amyloid PET and there may be some differences be-
tween amyloid PET and CSF AP42. Future studies should
compare cerebral amyloid burden using both PET and CSF
AP42 for AD prediction.

Subgroup Statistics for each study Hedges’s g and 95% CI
Study name within Standard _, Lower  Upper
Y study Hedges's g error Variance limit 155 it Z-value  p-value
deToledo-Morrell et al.'® MRI EC 1.193 0.419 0.176 0.372 2.015 2.847 0.004 =
Jack et al.” MRIHC 0.237 0.234 0.055 -0.221 0.696 1.015 0.310 i T —
Wang et al.” MRIHC 0.787 0.286 0.082 0.227 1.347 2.756 0.006 —_—
Caroli et al.” MRIHC 0.310 0.414 0.172 -0.502 1.122 0.748 0.455 =
Desikan et al.'* MRIHC 1.346 0.319 0.102 0.720 1.971 4216 0.000 -
Eckerstrom et al.”® MRIHC 0.401 0.348 0.121 -0.281 1.083 1.152 0.249 -
Bakkour et al.'® MRIMTC 0.785 0.297 0.088 0.203 1.366 2.644 0.008 —_—
Waragai et al."” MRIPHC 0.623 0.532 0.283 -0.420 1.665 1.171 0.242 =
Fritzshe et al.'® MRIHC 1.467 0.668 0.446 0.157 2.776 2.195 0.028 =
Galluzzi et al.” MRIHC 0.576 0.258 0.066 0.071 1.081 2.237 0.025 ——
Plant et al. MRISTG 1.115 0.539 0.291 0.058 2.172 2.067 0.039 _—h§
Scola et al.! MRI GM 0.190 0.445 0.198 -0.682 1.062 0.427 0.669 =
Moretti et al.” MRIHC 0.828 0.362 0.131 0.118 1.539 2.285 0.022 D . = —
Westman et al.” MRIHC 1.143 0.334 0.112 0.488 1.798 3.421 0.001 ———
Devanand et al.** MRIEC 1.117 0.302 0.091 0.525 1.710 3.695 0.000 —_—l
Munoz-Ruiz et al* MRIHC 1.279 0.307 0.094 0.677 1.880 4.168 0.000 —t——
Thurfjell et al.> MRIHC 0.294 0.441 0.195 -0.571 1.160 0.667 0.505 =
Bruck et al.?” MRIHC 0.102 0.367 0.134 -0.617 0.821 0.278 0.781 et —
Douaud et al.® MRIHC 0.557 0.428 0.183 -0.281 1.395 1.302 0.193 =
Rowe et al?’ MRIHC 0.721 0.291 0.085 0.150 1.292 2.474 0.013 —_—la—r
Selnes et al.* MRIEC 1414 0.472 0.222 0.490 2.338 2.999 0.003 e |
Vos et al.*! MRIHC 0.793 0.181 0.033 0.438 1.148 4.380 0.000 —H-
Ong et al.® MRIHC 0.312 0.331 0.110 -0.337 0.961 0.941 0.347 i
Varon et al.* MRIEC 1.375 0.322 0.104 0.744 2.007 4.268 0.000 ——.—1
0.770 0.083 0.007 0.607 0.934 9.230 0.000 <
A -2.00 -1.00 0.00 1.00 2.00
Subgroup Statistics for each study Hedges’s g and 95% CI
Study name within Standard . Lower  Upper
study Hedgess g error Variance limit 155 it Z-value  p-value
Ong et al.” Amyloid PET  1.814 0.477 0.227 0.880 2.749 3.806 0.000 e — |
Wolk et al.* Amyloid PET  1.391 0.825 0.681 -0.226 3.008 1.686 0.092
Shao et al.* Amyloid PET  1.605 0.585 0.342 0.458 2.752 2.743 0.006 —_—
Doraiswamy etal.* Amyloid PET  0.696 0.439 0.192 -0.164 1.555 1.586 0.113 i
Hatashita et al.” Amyloid PET  1.662 0.583 0.339 0.520 2.804 2.852 0.004 e
Nordberg et al.** Amyloid PET  2.436 0.799 0.638 0.871 4.002 3.050 0.002
Rowe et al” Amyloid PET  1.460 0.318 0.101 0.836 2.083 4.590 0.000 ——
Trzepacz et al.* Amyloid PET  0.643 0.348 0.121 -0.038 1.325 1.851 0.064 L ]
1.316 0.202 0.041 0.920 1.712 6.510 0.000 Tl
B -2.00 -1.00 0.00 1.00 2.00

Figure 2. Hedges’s g of progressive MCI versus stable MCI subjects with clinical follow up (A) Any VOI MRI measurement (B) Amyloid PET (C)
Hippocampus volume measurement (D) entorhinal cortex volume measurement. The summary estimates were obtained using a random-effects
model. The size of the data markers indicates the weight of the study, which is the inverse of the effect estimate. The diamond data markers indi-
cate the pooled Hedges'’s g. PHC: parahippocampus cortex, HC: hippocampus, EC: entorhinal cortex, MTC: medial temporal cortex, STG: su-

perior temporal gyrus, GM: gray matter of cerebrum.
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In terms of diagnostic criteria for MCI and AD, our study
applied established criteria for MCI and NINCDS-ADRDA
and/or DSM-1V criteria for AD. As indicated in Table 1 and
Table 2, 9 studies did not meet proposed MCI criteria for
structural MRI assessment'*'¢'#1%2247 and two studies did
not meet criteria for amyloid PET.*** However, these papers
were selected for analysis after the three authors reached the
consensus that criteria used were compatible with suggested
MCI criteria. Two papers did not indicate the criteria used to
diagnosis AD"'S and one paper used IWG criteria.* Some
studies satisfied both NINCDS-ADRDA and DSM-1V crite-
ria, #2838 and others used only one set of criteria. Some
studies that used NINCDS-ADRDA criteria adopted proba-
ble AD,!01>141719212326293233 ywhereas other studies did not in-
dicate the diagnosis as probable or possible AD. Our study
excluded other types of dementia, not AD.

One limitation of the current meta-analysis was the signifi-
cant variability in the follow-up interval across studies. There-
fore, we cannot exclude the fact that some of the patients
with stable MCI may have later developed AD later on. How-
ever, results from a previous MRI study in which there was
no difference in the duration of follow-up between patients
with MCI-P and patients with MCI-S could clearly differen-
tiate differences between the two groups.”” This study was

not included in our meta-analysis.

The present meta-analysis has several strengths. First, com-
pared with previous studies, we included patients with MCI
who progressed to AD only and studies that applyed homo-
geneous diagnostic criteria for both MCI and AD. Second, we
searched papers within a broad range of time from 2000 to
2014, which increased our sample size for meta-analysis of
structural MRI assessments.

Our study also has several limitations. First, the clinical di-
agnosis of AD is not always correct; therefore, findings from
studies with post-mortem confirmation of AD diagnosis are
more convincing than those from studies with a clinical diag-
nosis of early-stage AD among patients with MCI. The studies
included in this meta-analysisdid not confirm the clinical di-
agnosis of AD (or MCI) with neuropathological findings. Sec-
ond, the follow-up duration was not consistent across studies.
Third, patients with MCI were included in the meta-analysis
irrespective of clinical phenotype (amnestic/non-amnestic),
and patients with AD were included irrespective of probable/
possible AD. Fourth, subgroup analysis for entorhinal cortex
volume and amyloid PET analysis included a small number
of studies. Fifth, different research groups used different mo-
dalities to assess the level of atrophy with MRI. These modali-
ties include regional volume measures versus cortical thick-

Subgroup Statistics for each study Hedges’s g and 95% CI
Study name within Standard . Lower  Upper
study Hedgess g error Variance limit limit Z-value  p-value
Jack et al.”! MRIHC 0.237 0.234 0.055 -0.221 0.696 1.015 0.310 —1—
Wang et al.”? MRIHC 0.787 0.286 0.082 0.227 1.347 2.756 0.006 o =
Caroli et al.”® MRIHC 0.310 0.414 0.172 -0.502 1.122 0.748 0.455 =
Desikan et al."* MRIHC 1.346 0.319 0.102 0.720 1.971 4.216 0.000 i
Eckerstrom et al.'* MRIHC 0.401 0.348 0.121 -0.281 1.083 1.152 0.249 =
Fritzshe et al.'® MRIHC 1.467 0.668 0.446 0.157 2.776 2.195 0.028 —_—
Galluzzi et al.” MRIHC 0.576 0.258 0.066 0.071 1.081 2.237 0.025 et
Moretti et al.* MRIHC 0.828 0.362 0.131 0.118 1.539 2.285 0.022 —_——
Westman et al.” MRIHC 1.143 0.334 0.112 0.488 1.798 3.421 0.001 —_—t—
Munoz-Ruiz et al.” MRIHC 1.279 0.307 0.094 0.677 1.880 4.168 0.000 o e
Thurfjell et al.?® MRIHC 0.294 0.441 0.195 -0.571 1.160 0.667 0.505 -
Bruck et al.?” MRIHC 0.102 0.367 0.134 -0.617 0.821 0.278 0.781 e
Douaud et al.® MRIHC 0.557 0.428 0.183 -0.281 1.395 1.302 0.193 =
Rowe et al.” MRIHC 0.721 0.291 0.085 0.150 1.292 2474 0.013 —_—l
Vos et al.*! MRIHC 0.793 0.181 0.033 0.438 1.148 4.380 0.000 it
Ong et al.® MRIHC 0.312 0.331 0.110 -0.337 0.961 0.941 0.347 i
0.683 0.097 0.009 0.494 0.873 7.059 0.000 <
Cc -2.00 -1.00 0.00 1.00 2.00
Subgroup Statistics for each study Hedges's g and 95% CI
Study name within Standard . Lower  Upper
study Hedgess g error Variance limit limit Z-value  p-value
deToledo-Morrell et al."® MRI EC 1.193 0.419 0.176 0.372 2.015 2.847 0.004
Devanand et al.** MRI EC 1.117 0.302 0.091 0.525 1.710 3.695 0.000
Selnes et al.* MRIEC 1414 0.472 0.222 0.490 2.338 2.999 0.003
Varon et al.*® MRIEC 1.375 0.322 0.104 0.744 2.007 4.268 0.000
1.256 0.180 0.033 0.902 1.609 6.963 0.000
D -2.00 -1.00 0.00 1.00 2.00

Figure 2. Hedges's g of progressive MCI versus stable MCI subjects with clinical follow up (A) Any VOI MRI measurement (B) Amyloid PET (C)
Hippocampus volume measurement (D) entorhinal cortex volume measurement. The summary estimates were obtained using a random-effects
model. The size of the data markers indicates the weight of the study, which is the inverse of the effect estimate. The diamond data markers indi-
cate the pooled Hedges'’s g. PHC: parahippocampus cortex, HC: hippocampus, EC: entorhinal cortex, MTC: medial temporal cortex, STG: su-

perior temporal gyrus, GM: gray matter of cerebrum.
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ness and manual volume tracing versus automatic volume
tracing. Thresholds for abnormality also vary across labora-
tories, which increases the error variance in the assignment of
normal versus abnormal.

As we know, the heterogeneity and underlying bias is inevi-
table in most meta-analyses, and may be present in our study.
We may have overestimated the predictive accuracy of struc-
tural MRI and amyloid PET in the progression to AD form
MCI because some studies included in the meta-analysis di-
chotomized scores according to the best cut-off in their study.

Our results suggest although amyloid PET is overall a bet-
ter predictor of progression to AD from MCI than MRI atro-
phy measures, the entorhinal cortex atrophy measure on MRI
is comparable in prediction value to amyloid PET. Data from
this meta-analysiscould inform research on clinical applica-
tions of MRI volume measurements and be key to the devel-
opment of guidelines and practice parameters for the use of
AD biomarkers in the clinic.

Supplementary Materials
The online-only Data Supplement is available with this ar-
ticle at https://doi.org/10.4306/pi.2017.14.2.205.
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