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Abstract

We aimed to determine whether network-level functional connectivity differs in two clinical
variants of Alzheimer’s disease: logopenic primary progressive aphasia (IvPPA) and dementia of
the Alzheimer’s type (DAT). Twenty-four IvPPA subjects with amyloid deposition on PET and
task-free fMRI were matched to 24 amyloid-positive DAT subjects and 24 amyloid-negative
controls. Independent-component analysis and spatial-temporal dual-regression were used to
assess functional connectivity within the language network, left and right working memory
networks and ventral default mode network. IVPPA showed reduced connectivity in left temporal
language network and inferior parietal and prefrontal regions of the left working memory network
compared to controls and DAT. Both groups showed reduced connectivity in parietal regions of
the right working memory network compared to controls. Only DAT showed reduced ventral
default mode network connectivity compared to controls. Aphasia severity correlated with
connectivity in left working memory network within IvPPA. Patterns of network dysfunction
differ across these two clinical variants of Alzheimer’s disease, with IvPPA particularly associated
with disruptions in the language and left working memory networks.
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1. INTRODUCTION

The logopenic variant of primary progressive aphasia (IVPPA) is a neurodegenerative
language disorder characterized by poor repetition of sentences, phonemic paraphasias, and
anomia with preserved word comprehension (Gorno-Tempini et al., 2004, Gorno-Tempini et
al., 2011), with atrophy and hypometabolism observed in left posterior temporal and inferior
parietal lobes, spreading into posterior frontal lobe (Gorno-Tempini et al., 2004, Madhavan
et al., 2013, Rohrer et al., 2013). While patterns of atrophy and hypometabolism have been
well characterized in IVPPA, it is unknown how functional connectivity within the brain is
disrupted in these subjects. Given the primary language deficit in IvPPA, one could
hypothesize that connectivity within the language network would be disrupted in these
subjects. Indeed, patterns of atrophy in IVPPA are topographically similar to the distribution
of the language network which involves the posterior superior temporal gyrus and inferior
frontal lobe, as well as adjoining prefrontal, temporal and parietal regions (Turken and
Dronkers, 2011, Tomasi and Volkow, 2012, Lehmann et al., 2013). However, the deficits
observed in IVPPA have also been ascribed to dysfunction in the phonological loop (Gorno-
Tempini et al., 2004, Gorno-Tempini et al., 2008), a component of the working memory
network, suggesting that this network may also play a central role in the syndrome.
Phonological loop functions have been associated particularly with the left inferior parietal
lobule (including supramarginal gyrus), but also the superior and middle temporal gyri
(Paulesu et al., 1993, Vallar et al., 1997, Baldo et al., 2012).

The majority of IvPPA subjects have underlying Alzheimer’s disease (AD) pathology and
deposition of beta-amyloid (Mesulam et al., 2008, Rabinovici et al., 2008, Leyton et al.,
2011, Whitwell et al., 2013), yet in contrast to subjects with dementia of the Alzheimer’s
type (DAT) (McKhann et al., 2011) they typically show relatively preserved episodic
memory, particularly early in the disease course. The default mode network (DMN) has
been shown to be disrupted in subjects with DAT and has been hypothesized to be
associated with episodic memory impairment. It has become clear, however, that the DMN
is composed of a number of different sub-components and the medial temporal components,
involving retrospenial cortex and medial temporal structures, are specifically associated with
episodic memory loss (Andrews-Hanna et al., 2010, Andrews-Hanna et al., 2014). It is
unclear to what extent the medial temporal components of the DMN may be involved in
IVPPA and whether involvement of this network would differ between IVPPA and DAT.

The aim of this study was to use task-free functional MRI (fMRI) to assess functional
connectivity in IVPPA, with particular emphasis on the language, working memory
networks, and DMN, and to compare it to DAT to determine if network-level connectivity
differs between these two syndromic variants of AD. We also aimed to determine if
functional connectivity correlates to the severity of language impairment in IVPPA.
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2. MATERIAL AND METHODS
2.1. Subjects

We prospectively recruited 24 subjects who presented to the Mayo Clinic Department of
Neurology between July 15t 2010 and May 15t 2014, fulfilled diagnostic criteria for IvPPA
(Gorno-Tempini et al., 2011), and showed beta-amyloid deposition on Pittsburgh Compound
B PET (PiB-PET) imaging, suggesting AD pathology. Each subject underwent a
neurological examination by a Behavioral Neurologist (KAJ), neuropsychological testing, a
detailed speech and language examination performed by one of two Speech-Language
Pathologists (JRD and EAS) and volumetric MRI, as previously described (Josephs et al.,
2012). The speech and language assessment included the Western Aphasia Battery (Kertesz,
2007) that provides the Aphasia Quotient which is a measure of aphasia severity and
includes a repetition subscore, the Boston Naming Test (Lansing et al., 1999), and the
Pyramids and Palm Trees Test (Howard and Patterson, 1992). The presence/absence of
phonological errors and agrammatism in speech were assessed during consensus review of
recorded conversation as well as spoken picture description and word and sentence
repetition responses during the formal test battery. Agrammatism in writing was also
assessed by consensus using written descriptions of the picture description task. Clinical
diagnosis of IvPPA was rendered by consensus between two speech-language pathologists
(JRD and EAS) based solely on data from speech-language assessments without any
reference to neurological or neuroimaging results. Criteria for the diagnosis of IvPPA
required both anomia and impaired sentence repetition (Gorno-Tempini et al., 2011). The
presence of phonemic paraphasias and no other features suggestive of another speech and
language disorder were supportive.

The 24 IvPPA subjects were matched 1:1 using age, gender and disease duration to a cohort
of 24 subjects that fulfilled diagnostic criteria for DAT (McKhann et al., 2011) that also
showed beta-amyloid deposition on PiB-PET imaging. The DAT subjects had all been
prospectively recruited into the Mayo Clinic Alzheimer’s Disease Research Center (ADRC)
between February 8™, 2010 and October 13, 2011, and were identified from the ADRC
database. The IVPPA subjects were also matched by age and gender to a cohort of 24
cognitively normal subjects who showed absent beta-amyloid deposition on PiB-PET
imaging. The cognitively normal subjects had been prospectively recruited into the Mayo
Clinic Study of Aging (MCSA) (Roberts et al., 2008), and had all been evaluated by a
Neurologist to ensure that they had normal neurological and neurocognitive examinations,
and were not taking any medications that would affect cognition. All DAT and cognitively
normal subjects had undergone the same MRI protocol as the IVPPA subjects.

The study was approved by the Mayo Clinic IRB and all subjects were consented for
enrollment into the study.

2.2 PiB-PET assessment

All subjects underwent PiB-PET scanning on a PET/CT scanner (GE Healthcare,
Milwaukee, Wisconsin) operating in 3D mode in order to assess for the presence of beta-
amyloid. A cortical-to-cerebellar (SUVR) global uptake ratio was calculated, and a cut-point
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of 1.5 was used to determine PiB positivity, as previously described in detail (Jack et al.,
2008).

2.3 Image Acquisition

All subjects underwent a standardized MRI imaging protocol at 3.0 Tesla, that included a
3D magnetization prepared rapid acquisition gradient echo (MPRAGE) sequence
(TR/TE/T1, 2300/3/900 ms; flip angle 8°, 26-cm FOV; 256 x 256 in-plane matrix with a
phase FOV of 0.94, slice thickness of 1.2 mm, in-plane resolution 1) and task-free fMRI
data gradient EPI (TR/TE = 3000/30 ms, 90° flip angle, slice thickness 3.3mm, in-plane
resolution 3.3mm, and 103 volumes). Subjects were instructed to keep their eyes open
during task-free fMRI scanning.

2.4 Task-free fMRI analysis

Preprocessing and data analysis were performed utilizing a combination of the Statistical
Parametric Mapping (SPMB8) software (http://www.fil.ion.ucl.ac.uk/spm/software/spm8/),
the Resting-State fMRI Data Analysis Toolkit (REST) v1.5 (http://www.restfmri.net) (Song
etal., 2011), Data Processing Assistant for Resting- State fMRI (DPARSF) v2.0 (http://
www.restfmri.net) (Chao-Gan and Yu-Feng, 2010), and in-house developed software
implemented in MATLAB v7.11 (Mathworks Inc., Natick, MA, USA). All task-free fMRI
data sets with greater than 3 mm of translational movement, 3° of rotational movement, or
that failed visual inspection for obvious artifacts were excluded from analysis. We also
avoid the commonly overlooked problem of spectral misspecification in our nuisance
regression of motion parameters, and therefore reduce the commonly reported subtle motion
confound (Hallquist et al., 2013). Furthermore, no significant differences were observed
across groups (controls, IvPPA, DAT) on six motion parameters (yaw=0.4, 0.4, 0.3, p=0.14;
roll=0.3, 0.3, 0.3, p=0.70; pitch=0.4, 0.7, 0.6, p=0.10; mmz=0.5, 0.7, 0.7, p=0.72; mmy=0.4,
0.3, 0.3, p=0.55; mmx=0.2, 0.2, 0.1, p=0.27).

Preprocessing steps included discarding the first 3 volumes to obtain steady state
magnetization, slice time correction, realignment, normalization to SPM8 EPI template,
smoothing with 4 mm full-width half maximum Gaussian kernel, linear detrending to correct
for signal drift, and 0.01-0.08 Hz bandpass filtering to reduce non-neuronal contributions to
blood-oxygenation-level-dependent (BOLD) signal fluctuations. In addition, linear
regression correction for spurious variables included rigid body transformation motion
effects and the first seven principle components of the voxel-wise time courses within white
matter and cerebral spinal fluid regions of interest derived from their respective template
space priors (Behzadi et al., 2007).

In order to identify networks-of-interest, group independent component analysis (ICA) using
GIFT software was performed in an independent cohort of 892 cognitively normal subjects
that had been recruited into the MCSA (Roberts et al., 2008, Jones et al., 2012). High-
dimensional estimation of 54 components was applied where the number of components was
based on the components estimation package in the GIFT software package. To ensure
stability, the ICA analysis was run with 100 iterations using the ICASSO (Himberg et al.,
2004) function within the GIFT software package. Each independent component was
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visually assessed and assigned a network name according to the anatomical location and a
functional meta-analysis, as previously described (Jones et al., 2012). The high-dimensional
group spatial ICA by its nature was created enforcing maximal spatial independence across
the components (Jones et al., 2012). This procedure produced a population based network
atlas. For the current study, four independent component networks of interest were analyzed:
the language network, left and right working memory networks, and the ventral DMN
(Figure 1). The ventral DMN was chosen since it is the ICA component that shows the
closest spatial concordance with the medial temporal subsystem of the DMN that has been
specifically associated with episodic memory impairments (Andrews-Hanna et al., 2010)
that are typically observed in DAT. The ventral DMN, and the previously reported medial
temporal subsystem of the DMN (Andrews-Hanna et al., 2010), both show involvement of
ventral medial prefrontal cortex, posterior inferior parietal lobule, retrosplenial cortex,
parahippocampal cortex and the hippocampus. The population based network atlas was used
to back reconstruct the networks onto each subject in the current study using the spatial-
temporal dual regression (STR) procedure as implemented in the GIFT software package.
The first step in STR estimates the time course of the network of interest to be used as the
regressor of interest in the subsequent estimate of the spatial extent of the network for an
individual subject. A multivariate approach including four DMN subsystems (posterior,
anterior ventral, anterior dorsal and ventral DMN) was used in order to specifically isolate
the effects of the ventral DMN. The resulting spatial maps are then transformed to z-scores
and used as the final parameter estimates of both the spatial extent and magnitude of
functional connectivity for the network of interest.

Voxel-level statistical analysis was performed in SPM. One-sample t-tests were used to
display the voxel-wise connectivity map of each network in controls. Two-sample two-sided
t-tests were performed to compare voxel-wise connectivity in each network between IVPPA
and controls, DAT and controls, and IVPPA and DAT. In order to assess only within-
network connections the group comparisons were inclusively masked by the group maps
identified in the one sample t-tests of controls. All analyses were assessed corrected for
multiple comparisons at the cluster level using family-wise error correction (p<0.001 for
comparisons between disease groups and controls and p<0.05 for comparisons between
disease groups) calculated using the AlphaSim function in the REST software package
(http://afni.nimh.nih.gov/pub/dist/doc/manual/AlphaSim.pdf). Regional functional
connectivity values for each network were calculated and used to correlate to clinical
measures within the IVPPA group. Z scores were averaged for each network across all
voxels that showed significant differences between IVPPA and controls.

2.5 Statistical analysis

Demographic, cognitive and regional imaging variables were compared across all three
groups using Chi-square or Kruskal-Wallis tests with post-hoc pairwise testing performed
with Wilcoxon Rank Sum tests. Pair-wise correlations were performed to assess associations
between regional functional connectivity in each network and performance on the Western
Aphasia Battery Aphasia Quotient and repetition subscore, and Boston Naming Test within
the IVPPA subjects. Statistical analyses were performed utilizing JMP computer software
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(JMP Software, version 10.0.0; SAS Institute Inc., Cary, NC) with significance assessed at
p<0.05.

3. RESULTS

3.1 Subject demographics

By design, the IVPPA, DAT and control groups did not differ in age at scan or gender, and
the IVPPA and DAT groups did not differ in time from onset-to-scan (Table 1). Both IvPPA
and DAT showed significantly poorer performance on the Mini-Mental State Examination,
Boston Naming Test, Trail Making Test A and B and the Auditory Verbal Learning Test
delayed recall than controls. The IvPPA group showed significantly worse performance on
the Boston Naming Test than DAT, and DAT showed significantly worse performance on
the Mini-mental state examination and Auditory Verbal Learning Test delayed recall than
IVPPA (Table 1).

3.2 Task-free fMRI

3.2.1 Language network—The IVPPA group showed reduced connectivity in the left
lateral middle temporal gyrus and angular gyrus of the language network compared to
controls (Figure 2). Reductions were also observed in the right middle temporal gyrus. In
contrast, the DAT group showed reduced connectivity only in the right middle temporal
gyrus compared to controls. The IVPPA group showed reduced connectivity in the left
middle temporal gyrus of the language network compared to the DAT group (Figure 2). No
regions showed increased connectivity in IvVPPA or DAT compared to controls.

3.2.2 Working memory networks—The IVPPA group showed reduced connectivity
bilaterally in the medial and lateral prefrontal cortex and posterior cingulate and in the left
angular and supramarginal gyrus, in the left working memory network compared to controls
(Figure 3). Reduced connectivity was only observed in the right inferior parietal lobe in the
DAT group compared to controls. The IVPPA group showed reduced connectivity bilaterally
in the medial and lateral prefrontal cortex and posterior cingulate and in the left angular
gyrus compared to the DAT group.

No differences were observed between the IvPPA and DAT groups in the right working
memory network, with IVPPA showing reduced connectivity in the right parietal lobe and
DAT showing reduced connectivity bilaterally in the posterior cingulate and precuneus,
compared to controls (Figure 4). No regions showed increased connectivity in IVPPA or
DAT compared to controls in either the left or right working memory networks.

3.2.3 Ventral DMN—Only the DAT group showed altered connectivity in the ventral
DMN, with reduced connectivity observed in the retrosplenial cortex bilaterally compared to
controls (Figure 5). No differences were observed between the DAT and IvPPA groups. No
regions showed increased connectivity in IvPPA or DAT compared to controls.

The reductions in functional connectivity observed across the four networks in IvPPA and
DAT remained the same after correction for atrophy.
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3.3 Language correlations in IvPPA

A trend was observed for functional connectivity in the left working memory network to
correlate to both the Western Aphasia Battery Aphasia Quotient (R=0.37, p=0.08) and the
repetition subscore of the Western Aphasia Battery (R=0.37, p=0.08) (Figure 6). No
correlations were identified between functional connectivity in the language network, right
working memory network, or ventral DMN and performance on the Western Aphasia
Battery Aphasia Quotient, repetition, or Boston Naming Test.

4. DISCUSSION

This study demonstrates that IVPPA is particularly associated with disrupted functional
connectivity in both the language and left working memory networks. The fact that these
networks differed across IVPPA and DAT suggests that they play a fundamental role in
determining clinical phenotype, rather than being associated with underlying pathology.

The language network includes the two main language centers, Broca’s area in the inferior
frontal lobe, and Wernicke’s area in the posterior superior temporal gyrus, as well as other
functionally correlated regions that are all thought to be associated with language
comprehension (Xiang et al., 2010, Turken and Dronkers, 2011, Tomasi and Volkow, 2012).
The network is typically left-lateralized, although does extend into homologous regions in
the right hemisphere (Turken and Dronkers, 2011). Given its presumed central role in
language function, it is fitting that disruption in this network would be observed in IVPPA.
Reduced connectivity was observed throughout left posterior temporal and inferior parietal
regions, as well as in the right posterior temporal lobe. The language deficits in IVPPA,
including phonemic paraphasias, have indeed been localized to the lateral temporal lobe
(Amici et al., 2007, Corina et al., 2010, Rogalski et al., 2011). Deficits arising from other
areas in the language network, such as Broca’s area which is associated with agrammatic
aphasia, are not typically observed in IvVPPA,; consistent with the fact that this region of the
language network was spared in IvPPA. In contrast, the left hemisphere language network
was relatively spared in DAT concurring with the fact that DAT subjects do not show a
predominant or striking early language dysfunction, and performed better on the Boston
Naming Test than our IvPPA subjects. Involvement of the language network could therefore
potentially be a useful marker to differentiate IvPPA and DAT.

Disruption in the left working memory network was also striking in the IvPPA subjects, with
decreased connectivity observed throughout left frontal and parietal regions compared to
both controls and DAT subjects. Working memory allows us to hold and manipulate
information in the mind over short periods of time, and relies heavily on attention processes.
A component of working memory responsible for dealing with auditory or verbal
information is known as the phonological loop (Baddeley, 1988). Deficits in this
phonological loop have been suggested to be a core mechanism underlying IVPPA (Gorno-
Tempini et al., 2004, Gorno-Tempini et al., 2008), with subjects showing deficits in
repeating complex sentences and problems with sentence comprehension (Gorno-Tempini et
al., 2008). The phonological store, responsible for brief storage of verbal information, has
been localized to the left hemisphere, particularly the supramarginal gyrus (Paulesu et al.,
1993, Vallar et al., 1997, Baldo et al., 2012); concurring with the inferior parietal regions of
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reduced connectivity observed in our IvPPA cohort. Regions in the left prefrontal cortex,
which also showed reduced connectivity in our cohort, have been associated with an
articulatory rehearsal component, responsible for refreshing the verbal information and
keeping it active (D’Esposito and Postle, 1999, Baldo and Dronkers, 2006). Our findings
therefore support the notion that disruption of the phonological loop is a central process in
IVPPA. However, the left working memory network analysis also showed reduced
connectivity in IvPPA bilaterally in the medial frontal and parietal regions. Further research
will be needed to determine the role of these regions, although they have been implicated in
attentional as well as working memory processes (Huang et al., 2013). The fact that the
IVPPA subjects showed greater abnormalities in the left compared to the right working
memory network also suggest that the phonological component of working memory may be
preferentially impaired in IvVPPA, rather than, for example, the component of working
memory that deals with visual and spatial information. Disrupted connectivity in parietal
regions of the left and right working memory networks were also observed in DAT, as has
been previously shown (Filippi et al., 2013), although the IVPPA subjects showed greater
involvement of the left working memory network than the DAT subjects. These findings
concord with the fact that verbal short term memory has been shown to be affected to a
greater degree than visuospatial short term memory in IvPPA, and to a greater degree than
subjects with DAT (Foxe et al., 2013).

Importantly, our data suggested that connectivity within the left working memory network
correlated with the degree of aphasia severity, as measured with the Western Aphasia
Battery Aphasia Quotient, and with the degree of repetition deficits in the IVPPA subjects.
No correlations were observed between the clinical measures and the language network.
This suggests that disruption in the left working memory network in particular is central to
the disease process in IvPPA and is related to the clinical abnormalities observed in these
subjects. Our findings are concordant with current theories concerning the neural
underpinnings of sentence repetition that implicate fronto-parietal networks, as well as the
posterior superior temporal and inferior parietal lobes (Majerus, 2013). Atrophy of superior
temporal and inferior parietal regions has been particularly implicated in sentence repetition
in PPA (Amici et al., 2007, Rogalski et al., 2011, Leyton et al., 2012), although our findings
also point to the importance of the frontoparietal working memory network.

In contrast to the findings in the language and working memory networks, functional
connectivity within the ventral DMN was only abnormal in the DAT subjects, with reduced
connectivity observed in the retrosplenial cortex. This finding conforms to the notion that
the ventral component of the DMN is associated with episodic memory impairment
(Andrews-Hanna et al., 2010, Andrews-Hanna et al., 2014), and hence shows abnormalities
in DAT, a disorder characterized by episodic memory impairment. Indeed, as expected, the
DAT subjects in this study performed significantly worse on delayed recall from the
Auditory Verbal Learning Test than the IvPPA subjects. Although not prominent in Figure
1, our ventral DMN did indeed include the hippocampus, as well as a network of regions
that have been associated with episodic memory impairment. It is therefore clear that despite
the fact that both IvPPA and DAT have beta-amyloid deposition and the same underlying
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pathology, network dynamics differ across the two syndromes and likely play a role in the
differing clinical presentations.

The results of this study increase understanding of the disease mechanisms underlying
IVPPA and suggest that disruption to the language and working memory networks are
important and characteristic features. It is possible that measurements from these networks
may prove to be useful disease biomarkers in IvPPA. Our study is somewhat limited since it
is cross-sectional in design. Further work will be needed to understand the progression of
functional connectivity changes over time and to determine whether our results will
generalize to other stages of the disease. It is likely that measures from the language and
working memory networks may best differentiate IvPPA and DAT at early stages of the
disease, with an eventual merging of clinical features and network disruption as the disease
progresses and with advancing age (Jones et al., 2011).
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Language network

Figure 1.
Networks of interest identified using a group independent component analysis in the MCSA

cohort of 892 cognitively normal subjects. Renders were generated using the BrainNet
Viewer (http://www.nitrc.org/projects/bnv/).
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IVPPA compared to controls

Figure 2.
Task-free fMRI results for the language network. Regions showing decreased connectivity

in IVPPA compared to controls and DAT compared to controls are shown corrected for
multiple comparisons at p<0.001. Regions showing reduced connectivity in IvPPA
compared to DAT are shown corrected for multiple comparisons at p<0.05. Renders were
generated using the BrainNet Viewer (http://www.nitrc.org/projects/bnv/).
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IVPPA compared to controls

Figure 3.
Task-free fMRI results for the left working memory network. Regions showing decreased

connectivity in IvPPA compared to controls and DAT compared to controls are shown
corrected for multiple comparisons at p<0.001. Regions showing reduced connectivity in
IVPPA compared to DAT are shown corrected for multiple comparisons at p<0.05. Renders
were generated using the BrainNet Viewer (http://www.nitrc.org/projects/bnv/).
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IVPPA compared to controls

Figure 4.
Task-free fMRI results for the right working memory network. Regions showing decreased

connectivity in IvVPPA compared to controls and DAT compared to controls are shown
corrected for multiple comparisons at p<0.001. Renders were generated using the BrainNet
Viewer (http://www.nitrc.org/projects/bnv/).
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IVPPA compared to controls

Figure 5.
Task-free fMRI results for the ventral default mode network. Regions showing decreased

connectivity in IvPPA compared to controls and DAT compared to controls are shown
corrected for multiple comparisons at p<0.001. Renders were generated using the BrainNet
Viewer (http://www.nitrc.org/projects/bnv/).
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Figure 6.
Scatter-plots showing the relationship between functional connectivity in the left working

memory network and the WAB aphasia quotient and repetition sub score
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Controls (n = 24) IVPPA (n = 24) DAT (n =24) P values
Female, n (%) 11 (46%) 11 (46%) 12 (50%) 0.95
Age, years 65 + 8 [59-71] 66 + 9 [58-72] 68 + 10 [59-75] 0.45
Age onset, years NA 62 + 9 [55-68] 64 £ 9 [57-71] 0.46
Time from disease onset to imaging, years NA 35+ 1.4[2-4] 41+1.2[3-5] 0.10
Mini Mental State Exam score (/30) 28 + 1% [28-29] 25 + 3 [24-28] 19+ 6™ [17-24] <0.001148
Boston Naming Test (% correct)** 93 + 6 [88-97] 60 + 23 [50-80] 80 + 16 [73-89] <0.0011%8
Western Aphasia Battery Aphasia Quotient (100) NA 85.3 + 7.2 [83-88] NA NA
Western Aphasia Battery Repetition subscore (/10) NA 8.2+1.0[7.6-8.9] NA NA
Phonological errors (%) NA 24 (100%) NA NA
Pyramids and Palm Trees Test (/50) NA 48 + 3 [47, 50] NA NA
Agrammatism in speech (%) NA 0 (0%) NA NA
Agrammatism in writing (%) NA 4 (20%) NA NA
Trail Making Test A*** 32 £9[27-35] 59 + 36 [35-71] 85449 [42-128] | <goo1t*
Trail Making Test B*** 74 £24[52-90] | 180+ 91[106-250] | 208 + 93 [138-300] | «qgo1t*
Auditory Verbal Learning Test delayed recall 8.5+ 3.7 [6-11] 42+ 45[0-7] 0.5+ 1.1 [0-0] <0.0011%8
Rey-Osterrieth complex figure test™ NA 20412 [10-31] 14 +12[5-23] 0.11

Data shown as mean =+ standard deviation [inter-quartile range]. P values represent comparison across all three groups. NA = Not available

TSignificant difference between IvPPA and controls;
¢Significant difference between DAT and controls;

§Significamt difference between IVPPA and DAT

*
Short Test of Mental Status scores were converted to MMSE scores in the subjects recruited from the ADRC/ADPR using an algorithm developed

at our center.

Fk

Boston Naming Test scores are shown as % of words correct out of total. DAT and control subjects received 60-item BNT and IvPPA subjects

received 15-item BNT.

*kk
Seconds required to complete test

*kkk
Raw score based on Taylor scoring method
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