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Abstract

Medial temporal lobe atrophy (MTA) and cerebrospinal fluid (CSF) markers of Alzheimer’s disease (AD) pathology may aid the early
detection of AD in mild cognitive impairment (MCI). However, the relationship between structural and pathological markers is not well
understood. Furthermore, while posterior atrophy (PA) is well recognized in AD, its value in predicting conversion from late-onset amnestic
MCI to AD is unclear. In this study we used visual ratings of MTA and PA to assess their value in predicting conversion to AD in 394 MCI
patients. The relationship of atrophy patterns with CSF AB1-42, tau, and p-tau(181) was further investigated in 114 controls, 192 MCI, and
99 AD patients. There was a strong association of MTA ratings with conversion to AD (p < 0.001), with a weaker association for PA ratings
(p = 0.047). Specific associations between visual ratings and CSF biomarkers were found; MTA was associated with lower levels of
AB1-42 in MCI, while PA was associated with elevated levels of tau in MCI and AD, which may reflect widespread neuronal loss including
posterior regions. These findings suggest both that posterior atrophy may predict conversion to AD in late-onset MCI, and that there may
be differential relationships between CSF biomarkers and regional atrophy patterns.
© 2013 Elsevier Inc. All rights reserved.
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1. Introduction recognized is mild cognitive impairment (MCI) which is
characterized by cognitive deficits (in particular memory)
that are not severe enough to make a diagnosis of dementia
(Morris et al., 2001; Petersen et al., 2001).
Histopathological studies have shown that the hallmarks

Alzheimer’s disease (AD) is the most common cause of
dementia (Hebert et al., 2003). With aging populations, the
number of patients with AD will rise dramatically, with it
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cally, reduced levels of AB1-42 and elevated levels of tau
and p-tau have been shown to reflect the presence of AD
pathology (Blennow and Hampel, 2003) and predict pro-
gression from MCI to AD (Hansson et al., 2006). While
concentrations of CSF Af31-42 have been shown to corre-
late well with density of plaques at postmortem (Strozyk et
al., 2003), levels of tau and p-tau are not only correlated
with density of neurofibrillary tangles (Tapiola et al., 1997),
but are also indicative of neuronal injury. The accumulation
of tau in neurons has been suggested to disrupt neuronal
activity followed by the release of tau cytoskeletal elements
into the extracellular space, which then appears in the CSF
(Arai et al., 1995; Blennow et al., 1995).

A growing number of research studies have aimed to find
imaging biomarkers that predict which patients with MCI
will convert to AD. Hippocampal and medial temporal lobe
atrophy on magnetic resonance imaging (MRI) is a charac-
teristic and early feature of AD (Frisoni et al., 2010; van der
Flier et al., 2011). The pattern of progression of atrophy
through the brain appears to mirror that described for the
appearance of tau pathology from autopsy studies (Braak
and Braak, 1991; Likeman et al., 2005; Whitwell et al.,
2008a). Both atrophy in the medial temporal lobe, in par-
ticular hippocampal atrophy, and CSF markers have been
shown to be predictive of conversion from MCI to AD
(Hampel et al., 2010a, 2010b; Hansson et al., 2006; Jack et
al., 1999; Killiany et al., 2002; Whitwell et al., 2008b). As
a result both MRI and CSF biomarkers have been included
in proposed diagnostic criteria for AD (Albert et al., 2011;
Dubois et al., 2007).

While a number of studies have examined associations
between atrophy patterns and CSF biomarkers, these were
often restricted to medial temporal lobe regions. For exam-
ple, AB1-42 levels have been shown to be related to hip-
pocampal volumes (Fjell et al., 2008) and hippocampal
atrophy rates (Chiang et al., 2011; de Leon et al., 2006;
Schuff et al., 2009) in MCI. Some studies have also reported
associations of tau and p-tau levels with hippocampal volumes
in MCI (Fjell et al., 2008) and AD (Hampel et al., 2005),
however, others have not found such a relationship (Schuff et
al., 2009). A study by Tosun et al. (2010) that used a region-
unbiased approach to investigate relationships between atrophy
and CSF markers across the brain found that tau and p-tau
levels were associated with smaller caudate volumes, while
baseline concentrations of CSF A31-42 were associated with
smaller gray matter volumes in lingual, pericalcarine, and post-
central cortices in AD.

In addition to the importance of medial temporal lobe
atrophy in MCI and AD, posterior regions are increasingly
recognized to be affected in AD (Jones et al., 2006; Karas et
al., 2007). Posterior atrophy has been shown to be particu-
larly prominent in early-onset AD cases (Frisoni et al.,
2007; Ishii et al., 2005; Shiino et al., 2008), and aid dis-
tinction of AD from other dementias such as frontotemporal
lobar degeneration (FTLD) (Du et al., 2007; Lehmann et al.,

2012; Likeman et al., 2005), suggesting that it might be a
useful additional biomarker for early-onset AD. However,
the role of posterior atrophy in late-onset MCI is not well
understood.

Visual rating scales are increasingly used to assess atro-
phy for routine clinical use (Scheltens et al., 1992, 1997). In
the current study, visual rating scales are used to assess
atrophy in the medial temporal lobe and in posterior cortical
regions. The medial temporal lobe atrophy (MTA) scale
(Scheltens et al., 1992) has been shown to discriminate well
between AD and healthy controls (Scheltens et al., 1992,
1995), and to predict conversion from MCI to AD (Korf et
al., 2004). We have recently developed a visual rating scale
for posterior atrophy (PA), which includes the posterior
cingulate gyrus, precuneus, and parietal lobe (Koedam et
al., 2011; Lehmann et al., 2012). This scale has been shown
to improve the distinction between patients with patholog-
ically confirmed AD from those with pathologically con-
firmed FTLD, and may also be valuable in distinguishing
early-onset AD from younger controls (Koedam et al.,
2011; Lehmann et al., 2012).

The aims of this study were (1) to assess the value of
MTA and PA visual ratings in predicting time to conversion
from MCI to clinical AD, and (2) to investigate relation-
ships between atrophy patterns and CSF levels of AB1-42,
tau, and p-tau in controls, MCI and AD.

2. Methods
2.1. Subjects

All subjects were selected from the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) database (adni.loni.
ucla.edu). The ADNI was launched in 2003 by the National
Institute on Aging (NIA), the National Institute of Biomed-
ical Imaging and Bioengineering (NIBIB), the Food and
Drug Administration (FDA), private pharmaceutical com-
panies and nonprofit organizations, as a $60 million, 5-year
public-private partnership. The primary goal of ADNI has
been to test whether serial MRI, positron emission tomog-
raphy (PET), other biological markers, and clinical and
neuropsychological assessment can be combined to measure
the progression of MCI and early AD. Determination of
sensitive and specific markers of very early AD progression
is intended to aid researchers and clinicians to develop new
treatments and monitor their effectiveness, as well as lessen
the time and cost of clinical trials.

The Principal Investigator of this initiative is Michael W.
Weiner, M.D., Veterans Affairs Medical Center and Uni-
versity of California—San Francisco. ADNI is the result of
efforts of many coinvestigators from a broad range of aca-
demic institutions and private corporations, and subjects
have been recruited from over 50 sites across the USA and
Canada. The initial goal of ADNI was to recruit 800 adults,
ages 55 to 90, to participate in the research, approximately
200 cognitively normal older individuals to be followed for
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Table 1
Subject demographics, CSF levels, and visual ratings in controls, MCI, and AD
Control MCI AD Pt
n 114 192 99 —
Age, y 75.6 (5.2) 74.7 (7.4) 74.9 (7.9) 0.79
Gender, % male 51% 67% 59% 0.02°
ApoE4 carrier, % 24% 54% 70% <0.0001°
MMSE 29.1(1.0) 26.9 (1.8) 23.6 (1.9) <0.0001
ADAS-Cog 6.4 (2.9) 11.7 (4.5) 18.2 (6.2) <.0001
TIV, mL 1508 (149) 1546 (148) 1523 (173) 0.12
Time between CSF and MRI, d 30.6 (25.0) 33.2(25.4) 28.3 (16.5) 0.26
CSF biomarkers
AB1-42, pg/mL 206 (55) 163 (54) 143 (41) <0.0001
Tau, pg/mL 70 (30) 104 (61) 122 (58) <0.0001
P-tau, pg/mL 25 (15) 36 (18) 42 (20) <0.0001
Visual ratings
MTA® 0.6 (0.6) 1.1 (0.9) 1.5 (1.0) <0.0001
PA¢ 1.2 (0.8) 1.3(0.8) 1.4 (0.7) 0.44

Shown are mean (SD) unless specified. Maximum score on MMSE = 30, and on ADAS-Cog, maximum errors = 70.
Key: AD, Alzheimer’s disease; ADAS-Cog, Alzheimer’s disease Assessment Scale-cognitive subscale; CSF, cerebrospinal fluid; MCI, mild cognitive
impairment; MMSE, Mini Mental State Examination; MRI, magnetic resonance imaging; MTA, medial temporal lobe atrophy; PA, posterior atrophy; p-tau,

phosphorylated tau; TIV, total intracranial volume.
* Kruskal-Wallis test (except gender and ApoE &4).
" Fisher’s exact test.
¢ Mean left and right hemisphere.

3 years, 400 people with MCI to be followed for 3 years,
and 200 people with early AD to be followed for 2 years.
For up-to-date information, see www.adni-info.org.

Data were downloaded from LONI (adni.loni.ucla.edu)
in June 2011. MCI subjects were included in the time to AD
conversion analysis (see below) if they had one 1.5 T MRI
scan available. For the CSF analysis, control, MCI, and AD
subjects were included if they had one 1.5 T MRI scan and
CSF data available. Subjects were classified into diagnostic
groups according to their baseline clinical diagnosis. De-
mographics of the 3 clinical groups used in the CSF analysis
are shown in Table 1. The baseline scan and baseline CSF
data were used for each subject. All subjects had a stan-
dardized cognitive assessment at baseline which included
the Mini Mental State Examination (MMSE) and the 11-
item Alzheimer’s Disease Assessment Scale-cognitive sub-
scale (ADAS-Cog). CSF measures of AB1-42, tau, and
p-tau(181) were performed centrally, as previously de-
scribed (Shaw et al., 2009).

2.2. MR imaging

Details of the magnetic resonance (MR) methodology
have previously been described (Jack et al., 2008). In brief,
MR imaging was performed using standardized protocols
on 1.5T MRI units. MR protocols included the acquisition
of high-resolution volumetric T1-weighted, inversion re-
covery prepared, structural images. Postprocessing steps
included corrections for distortion due to gradient nonlin-
earity, for image intensity non-uniformity, and scalings
based on phantom measures. Total intracranial volumes
(TTV) were calculated using Jacobian integration in statis-
tical parametric mapping (SPM) Version 8 (www.fil.ion.u-
cl.ac.uk/spm/software/spm8/).

2.3. Visual rating scales

All scans were assessed by 1 rater (M.D. with 4-year
experience in imaging in dementia) blinded to diagnoses
and clinical information.

2.3.1. MTA scale

MTA was assessed using a standardized scale (Scheltens
et al., 1992, 1995). T1-weighted images were viewed in the
coronal plane and scores for the left and right hemispheres
were recorded. The scale rates atrophy on a 5-point scale
(0 = absent, 1 = minimal, 2 = mild, 3 = moderate, and
4 = severe) based on the height of the hippocampal forma-
tion and the width of the choroid fissure and the temporal
horn.

2.3.2. PA scale

PA was rated according to a previously described proto-
col which has been shown to have good intra- and interrater
agreement (Koedam et al., 2011; Lehmann et al., 2012). In
brief, PA was scored on T1-weighted images viewed in the
sagittal, axial, and coronal planes (Fig. 1). Separate scores
for the left and right hemispheres were obtained. The PA
scale rates atrophy on a 4-point scale: grade 0 represents
closed posterior cingulate and parieto-occipital sulci and
closed sulci of the parietal lobes and precuneus; grade 1
includes a mild widening of the posterior cingulate and
parieto-occipital sulci, with mild atrophy of the parietal
lobes and precuneus; grade 2 shows substantial widening
of the posterior cingulate and parieto-occipital sulci, with
substantial atrophy of the parietal lobes and precuneus;
and grade 3 represents end-stage atrophy with evident
widening of the posterior cingulate and parieto-occipital
sulci and knife-blade atrophy of the parietal lobes and
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Fig. 1. T1-weighted sagittal (top), coronal (middle), and axial (bottom) images as examples for each grade of the posterior atrophy (PA) scale; grade 0 =
no atrophy; grade 1 = minimal atrophy; grade 2 = moderate atrophy; and grade 3 = severe atrophy. Abbreviations: PAR, parietal lobe; PCS, posterior

cingulate sulcus; POS, parieto-occipital sulcus; PRE, precuneus.

precuneus. When there was a difference between scores
in the different planes (e.g., score 1 for the sagittal view
and score 2 for the axial view), the highest score was
given.

2.4. Statistical analysis

Statistical analyses were performed using Stata Version
11.2 (STATA Corp, College Station, TX, USA). Kruskal-
Wallis tests were used to compare continuous or ordinal
variables between the subject groups and Fisher’s exact was
used to compare binary variables.

2.4.1. Time to clinical AD conversion

The ability of visual rating scores to predict time to con-
version from MCI to clinical AD was assessed using survival
analysis methods. MCI subjects in ADNI were scheduled to be
assessed at 6, 12, 18, 24, and 36 months post baseline. Due to
the resulting discrete nature of the times to conversion, and
because a small number of MCI subjects missed intermediate
follow-up visits, we fitted parametric (Gompertz) models using
the user-written Stata command, intcens, which accommodates

interval censored data. Those subjects not seen to convert to
AD were treated as right-censored at their last follow-up visit.
For those subjects observed to convert to AD, the analysis
assumes their time to conversion as having taken place at some
point between their last visit at which they were still MCI and
the first visit at which they were classified as AD. Models were
fitted using (1) MTA rating, (2) PA rating, and (3) MTA and
PA ratings as covariates, with the latter enabling an assessment
of any predictive value of PA ratings independent of MTA
ratings. In order to assess the predictive value of the visual
ratings on their own, no other variables were adjusted for in
this part of the analysis. Results are reported as hazard
ratio (HR) for a 1 unit increase in the corresponding
rating scale, with 95% confidence interval (CI). Estimates
and 95% bias-corrected and accelerated bootstrap (2000
bootstrap samples) confidence intervals were found from
the fitted models for the probability of conversion to AD
by 1 and 3 years according to MTA/PA ratings. All MCI
subjects that had one 1.5T MRI scan available were
included in this part of the analysis.
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2.4.2. Associations of visual rating scores with CSF
biomarkers

In order to assess whether CSF biomarkers were associ-
ated with visual rating scores, a linear regression analysis
was conducted with CSF biomarkers (AB1-42, tau, p-tau)
as dependent variable and visual ratings (MTA and PA in
separate models) as independent variable, adjusting for age,
gender, and TIV. This analysis only included subjects that
had both MRI and CSF data available (Table 1). Regres-
sions were conducted separately in each clinical group. In
order to assess the potential impact of ApoE &4 status, the
regression analysis was repeated including ApoE &4 status
as additional covariate. The analysis was further repeated
adjusting for disease severity (in addition to age, gender,
and TIV) using MMSE and ADAS-Cog scores as measures
of general cognitive functioning and disease severity in 2
separate models.

3. Results
3.1. Subject demographics

In total 394 MCI subjects were included in the time to
AD conversion analysis (age mean [SD] = 74.9 [7.4] years;
65% male), although 14 attended no follow-up visits and
hence did not contribute any information. Of these 394 MCI
subjects, 163 subjects (41%) had converted to a diagnosis of
AD (time to conversion mean [SD] = 18.6 [9.3] months),
whereas 231 subjects (59%) had not converted to AD at
their last available assessment. The CSF analysis included
114 controls, 192 MCI, and 99 AD subjects (Table 1). Of
the 192 MCI subjects, 87 subjects (45%) had converted to a
diagnosis of AD (time to conversion mean [SD] = 18.8
[9.4] months), whereas 105 subjects (55%) had not con-
verted to AD at their last available assessment. There was
no significant difference in age or interval between MRI and
CSF acquisition across all 3 clinical groups, however, there
was a significant difference in gender distribution (p =
0.02), with significantly more male subjects in the MCI
group than in the control and AD groups. As expected there
was a significant difference in MMSE and ADAS-Cog
scores (p < 0.0001), and ApoE &4 status (p < 0.0001). For
the CSF biomarkers there was the expected pattern of dif-
ferences across the 3 groups in AB1-42 levels (with MCI
and AD showing reduced levels, p < 0.0001), as well as tau
and p-tau levels (with MCI and AD showing elevated levels,
p < 0.0001). For the atrophy measures there were differ-
ences in MTA ratings (p < 0.0001) between the 3 groups.
While PA ratings were also marginally higher in the MCI
and AD groups compared with controls, this was not statis-
tically significant (p = 0.44).

3.2. Time to conversion to clinical AD

There was strong evidence that MTA ratings were asso-
ciated with hazard (instantaneous risk) of conversion to
clinical AD, with a 1-point increase in mean rating esti-

Table 2

Estimated probability (%) of conversion to AD by 1 and 3 years (95%
CI) in patients with MCI according to mean MTA or PA grade at
baseline

Mean MTA PA

grade ly 3y ly 3y

0 13 (10-17) 37 (30-45) 15(11-20) 41 (32-51)
1 18 (15-21) 49 (43-55) 18(15-22) 48 (41-54)
2 25(21-30)  62(54-69)  22(17-26) 55 (47-62)
3 34(26-44)  76(63-86)  26(18-35) 62 (49-75)

Grades reflect mean of left and right hemisphere ratings.
Key: AD, Alzheimer’s disease; CI, confidence interval; MCI, mild cogni-
tive impairment; MTA, medial temporal lobe atrophy; PA, posterior atro-

phy.

mated to increase hazard of conversion by 45% (95% CI,
23%-70%; p < 0.001). There was borderline statistically
significant evidence (p = 0.047) that PA ratings were as-
sociated with hazard of conversion, with a 1-point increase
associated with a 23% (95% CI, 0%-50%) increase in
hazard. Including both MTA and PA ratings as covariates,
MTA score remained independently predictive of hazard
(HR, 1.45; 95% CI, 1.23-1.72), and PA also remained
borderline statistically significant (HR, 1.22; 95% CI, 1.01-
1.49), suggesting the 2 scales provide complementary pre-
dictive value. There was a 37% probability of converting to
AD at 3 years for an MTA score of 0 (13% at 1 year, Table
2), while an MTA score of 3 produced an estimated prob-
ability of conversion of 76% at 3 years (34% at 1 year). The
probability of converting to clinical AD for a PA score of 0
was 41% at 3 years (15% at 1 year), while a PA score of 3
showed an estimated probability of conversion of 62% at 3
years (26% at 1 year).

3.3. Associations of visual ratings with CSF biomarkers

The results of the association analysis of visual ratings
with CSF markers are presented in Table 3. For MTA the
only significant association found was with AB1-42 in the
MCI group (p = 0.02), with an increase in MTA score
associated with a decrease in AB1-42. In contrast, higher
PA ratings were significantly associated with higher levels
of tau and p-tau in the MCI group (p = 0.02 for both
markers), as well as higher levels of tau in the AD group
(p = 0.005). There was no evidence of a significant asso-
ciation of PA ratings with Af31-42 in any of the 3 clinical
groups, or with any of the 3 biomarkers in the control group.
Similar results were found after adjusting for ApoE &4
status (Supplementary Table 1).

Adjusting for disease severity (MMSE and ADAS-Cog,
in separate models) revealed that the association of MTA
ratings with Af31-42 levels in the MCI subjects became less
significant (p = 0.04) when correcting for MMSE and
nonsignificant (p = 0.08) for the ADAS-Cog. In contrast,
the associations of PA ratings with tau and p-tau in MCI
remained significant (MMSE: tau and p-tau p = 0.02;
ADAS-Cog: tau p = 0.03; p-tau p = 0.04). The association



78 M. Lehmann et al. / Neurobiology of Aging 34 (2013) 73-82

Table 3

Regression coefficients (95% CI) and significance level for associations of visual ratings with CSF markers

Scale CSF marker Controls MCI AD

MTA AB1-42, pg/mL 3.3 (—14.41020.9) —10.8 (—20.0to —1.6)* 30(—5.8t011.9)
Tau, pg/mL —43(—139t05.3) 0.1 (—10.4to 10.5) —5.7(—18.6t07.2)
P-Tau, pg/mL —1.2(=5.71t03.3) —0.5(—3.61t02.6) —1.6 (—6.0t0 2.8)

PA AB1-42, pg/mL 0.8 (—14.2t0 15.8) 1.7 (—8.5t0 11.8) —0.5(—12.0t0 10.9)
Tau, pg/mL 0.7 (=7.5t08.9) 13.4 (2.2 to 24.5)* 23.4 (7.4 to 39.3)**
P-Tau, pg/mL 3.7(—0.1t07.5) 4.0 (0.7 to 7.3)* 4.7(—0.91t010.3)

Estimated increase in CSF variables per 1 unit increase in medial temporal lobe atrophy (MTA); or posterior atrophy (PA) ratings. Ratings are mean score

of left and right hemisphere. Regression model included age, gender, and total intracranial volumes (TIV) as covariates.
Key: AD, Alzheimer’s disease; CI, confidence interval; CSF, cerebrospinal fluid; MCI, mild cognitive impairment; p-tau, phosphorylated tau.

* p < 0.05.
# p < 0.005.

of PA ratings with tau levels in the AD group also remained
highly significant (p = 0.005 for both MMSE and ADAS-
Cog adjustments).

4. Discussion

This study assessed the predictive value of visual ratings
of MTA and PA for the conversion to clinical AD in
patients with late-onset amnestic MCI. It further assessed
relationships of visual ratings with CSF biomarkers (AB1-
42, tau, and p-tau) in controls, MCI, and AD. The proba-
bility of conversion from MCI to AD at either 1- or 3-year
follow-up was approximately twice as high for those MCI
subjects with the greatest medial temporal lobe atrophy
scores when compared with those with no atrophy. The
results further showed strong evidence that MTA ratings
were predictive of hazard for conversion to AD, with a
similar trend found for PA ratings, which was borderline
significant. Larger MTA ratings were associated with lower
levels of AB1-42 in the MCI subjects, although this became
less statistically significant after adjustment for disease se-
verity. Higher PA ratings were associated with higher levels
of tau in both MCI and AD, which was independent of
disease severity, and may reflect widespread neuronal loss
including posterior regions in these groups. Finally, PA
ratings were also associated with higher levels of p-tau in
the MCI subjects, which may reflect that a significant pro-
portion of these subjects have AD.

The finding of atrophy in the medial temporal lobes
being predictive of the hazard of conversion from MCI to
AD is in accordance with previous studies (Devanand et al.,
2007; Fleisher et al., 2008; Jack et al., 1999; Vemuri et al.,
2009). A study by Korf et al. (2004) showed that visual
ratings of MTA were significantly associated with dementia
at follow-up, with a hazard ratio of 1.5 for every point
increase in atrophy score (p < 0.001). Higher PA ratings
were also found to be predictive of hazard for progression to
AD, which was borderline significant (p = 0.047). Com-
bining MTA and PA ratings in the same model did not alter
these, suggesting that both scales provide independent in-
formation regarding future risk of conversion. While only

13% of MCI subjects with a baseline grade O score on the
MTA scale converted to AD at 1 year, over a third (34%) of
those with the most severe MTA atrophy converted by 1
year. Interestingly, the rates of conversion at 1 and 3 years
were very similar for those with a grade O on either the
MTA or the PA scale and also similar for grade 1 or grade
2 on either scale, whereas the MTA grade 3 atrophy rating
showed a higher probability of conversion than a grade 3
rating on the PA scale. The fact that the MTA scale showed
a larger difference in probabilities of conversion between
grade 0 and 3 (for both 1 and 3 years) than the PA scale
further suggests a greater discriminatory ability of the MTA
scale. The relatively low predictive value of PA ratings
found in this study might be due to the relatively old age of
the MCI subjects included (mean age 75 years). A recent
imaging study showed that PA ratings improve the distinc-
tion of early-onset AD patients from younger controls, how-
ever, PA ratings were not found to aid the separation of
late-onset AD patients from older controls (Lehmann et al.,
2012). The relatively old age of the subjects included in this
study may further explain why PA ratings were not signif-
icantly different between controls, MCI, and AD. Further
investigation of the predictive value of the PA scale in
younger MCI subjects is required to fully evaluate its po-
tential for the early diagnosis of AD.

The CSF regression analyses revealed significant evi-
dence that higher MTA ratings are associated with lower
levels of AB1-42 in the MCI subjects. This finding is in
accordance with previous cross-sectional and longitudinal
studies (de Leon et al., 2006; Fjell et al., 2008; Schuff et al.,
2009). In a cross-sectional study by Fjell et al. (2008)
involving 19 MCI patients, levels of tau and A31-42 were
associated with lower volumes in the hippocampus, and
entorhinal cortex. Decreased levels of AB1-42 at baseline
have previously been shown to be associated with higher
rates of hippocampal loss in MCI subjects (also ADNI;
Chiang et al., 2011; Schuff et al., 2009). Because the hip-
pocampus is relatively spared from early amyloid burden
(Silbert et al., 2003), correlations between medial temporal
lobe atrophy and decreased levels of CSF AB1-42 found in
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research studies have been suggested to indicate that both
measures provide complementary information about the
presence of AD pathology (Schuff et al., 2009). In the
current study, the association of MTA with AB1-42 be-
came nonsignificant after correcting for disease severity as
measured using the ADAS-Cog. This may suggest that this
association is driven by the fact that the MCI group contains
a bimodal population (i.e., it includes patients who have AD
and poor neuropsychology scores, and patients who, most
likely, do not have AD and have better cognitive scores).

In contrast, associations of PA ratings with tau in MCI
and AD remained highly significant after adjusting for dis-
ease severity. Studies have suggested that increased levels
of CSF tau are indicative of neuronal injury (Blennow et al.,
1995; Tapiola et al., 2009). Because the PA scale encom-
passes a relatively large region, PA ratings represent wide-
spread posterior atrophy. Both tau levels and PA ratings
therefore reflect neuronal loss, which may explain the as-
sociation seen between these 2 markers. Our finding of an
association of posterior atrophy with tau levels is in accor-
dance with a study by Fjell et al. (2008) that showed asso-
ciations between tau levels and lower volumes in the infe-
rior parietal lobe. A recent study using voxel-based
morphometry to study associations between regional brain
atrophy and CSF biomarkers in a combined cohort of 11
controls, 10 patients with subjective memory complaints,
and 9 mild AD subjects revealed significant correlations
between elevated levels of tau and gray matter atrophy in
temporoparietal regions which was independent of disease
severity as measured using the Clinical Dementia Rating
Sum of Boxes (CDR-SB) scores (Sole-Padulles et al.,
2011).

Additionally, PA ratings were also associated with p-tau
levels in the MCI subjects. In contrast to total tau concen-
tration, p-tau levels not only reflect neuronal injury, but may
more directly reflect the phosphorylation state of tau in the
brain, making them a more specific marker of AD pathology
(Blennow and Hampel, 2003). The association of p-tau
levels with PA ratings found in the MCI subjects therefore
suggest that a proportion of these patients may indeed have
AD pathology. In contrast, there was no evidence of an
association between PA ratings and p-tau levels in the AD
group, which may point to reduced variability in the p-tau
levels in the AD group. It should also be noted that, while
a lack of evidence for an association between visual ratings
and CSF biomarkers may be driven by less variability in 1
of these markers in a specific group (e.g., AB1-42 levels
may have plateaued in the AD group), it may also point to
a lack of sensitivity to detect associations. For example, it is
possible that, because the visual rating scales used in the
current study include a relatively small number of catego-
ries, they may be less powerful measures of atrophy relative
to other MRI atrophy measures (e.g., volumetrics).

The involvement of posterior regions in MCI has also
been reported in studies using other imaging modalities

such as fluorodeoxyglucose (FDG) PET which has been
shown to be indicative of reduced synaptic functioning
(Chételat et al., 2003; Herholz, 2003; Mosconi et al., 2004;
Nestor et al., 2003). FDG-PET studies have also sug-
gested that hypometabolism occurs first in posterior re-
gions such as precuneus and posterior cingulate gyrus,
and then lateral temporal and frontal regions (for review
see Jack et al., 2010). MRI studies have also shown that
posterior cingulate/precuneus atrophy may occur very
early in the pathogenesis of familial AD (Scahill et al.,
2002). The data presented in the current study suggest
that posterior atrophy also plays a role in late-onset
amnestic MCI, and that widespread neuronal loss in pos-
terior regions is associated with other markers of neuro-
nal injury such as CSF levels of tau.

With the strength of large subject numbers, the current
study contributes to the growing interest of determining the
relationship between atrophy patterns and CSF markers in
MCI and AD. However, because the posterior visual rating
scale represents an average of atrophy seen in several pos-
terior regions, and therefore reflects global posterior atro-
phy, further studies are required to examine the relationship
of atrophy in specific posterior regions (such as precuneus
and posterior cingulate gyrus) with CSF biomarkers. Lon-
gitudinal studies are further needed to assess relationships
between changes in atrophy (e.g., changes in volumes or
cortical thickness) and changes in CSF levels of A31-42,
tau, and p-tau. Because we aimed to evaluate the predictive
value of visual ratings in clinic practice, the ratings of 1
rater were used in this study. Previous studies have shown
good inter- and intrarater reliabilities for both scales
(Koedam et al., 2011; Lehmann et al., 2012; Scheltens et al.,
1995). It should further be noted that, while most MCI subjects
included in this study have a relatively amnestic presentation as
defined by the ADNI eligibility criteria (www.adni-info.org/
scientists’ ADNIGrant/ProtocolSummary.aspx), this group may
include MCI subjects with deficits in other cognitive domains.

One potential limitation is the variety of scanners used to
obtain MR images. It is unclear how MTA and PA ratings
are affected by image differences due to different scanners.
However, it has been shown that MTA ratings are compa-
rable using MRI and computed tomography (CT) (Wattjes
et al., 2009).

In summary, our study shows that MTA visual ratings
are predictive of hazard of conversion to AD in patients
with late-onset amnestic MCI, with some evidence that PA
ratings are also useful. Furthermore, our results suggest the
2 scales may offer independent and complementary predic-
tive information regarding AD conversion risk. Widespread
posterior atrophy is further associated with another marker
of neuronal injury: CSF tau, in both MCI and AD. These
findings suggest that posterior atrophy should be considered
in late-onset MCI patients, in particular in the absence of
clear medial temporal lobe atrophy.
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