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Model-free estimation of time-varying correlation coefficients and
their confidence intervals with an application to fMRI data
Kudela, M.1, Harezlak, J.1, Lindquist, M.2
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One of the interests in fMRI (functional magnetic resonance imaging) research is the study of
associations between time series from different brain regions, so called functional connectivity
(FC). Recently, it has become increasingly important to assess dynamic changes in FC, both
during resting state and task-based fMRI experiments, as this is thought to provide information
needed to better understand the changes in patients with dementia. Clues to many diseases or
disorders are hidden in the cognitive and behavioral dynamics. In particular, changes in functional
connectivity may be quicker (more adaptive) or more orderly in some populations of interest. FC
between different brain regions in task-free periods was often assumed to be constant across time
(Friston, 2011). Recently it was found that taking an average across complex spatio-temporal
phenomena might obscure important information (Hutchison et al. 2013). Currently, the most
common approach to estimate dynamic changes in FC is by computing the correlation coefficient
between time series within a sliding-window. However, one of the disadvantages of this method is
that it tends to overestimate the association between the time series obtained from different brain
regions (Lindquist et al. 2014). Here we propose a new approach for estimating time-varying FC
using the correlation between two time series and provide valid confidence bands for this
estimator. We propose an algorithm based on the sliding-window approach which utilizes the
multivariate linear process bootstrap. Both numerical results and an application to fMRI study will
be presented.
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Association of Vitamin E Use and Baseline and Two-Year
Amyloid Accumulation in Healthy Older Adults and Early Mild
Cognitive Impairment
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Introduction: The present study sought to evaluate the impact of VitE supplement use on
baseline amyloid and rate of amyloid accumulation over two years in cognitively healthy older
adults (HC) and early MCI (EMCI) patients from the Alzheimer’s Disease Neuroimaging Initiative
(ADNI).
Methods: 478 participants (178 HC, 300 EMCI) with baseline [ 18F]Florbetapir PET scans were
included. Of these, 314 had a 2-year follow-up scan (127 HC, 187 EMCI). Diagnostic, APOE,
medication, and demographic information, as well as [ 18F]Florbetapir and MPRAGE scans from
baseline and follow-up were downloaded from the LONI ADNI database (adni.loni.usc.edu).
[18F]Florbetapir scans were processed using standard techniques with intensity normalization to a
composite region of interest (ROI) that included the cerebellum, brainstem, and cerebral white
matter to create SUVR images. Mean SUVR was extracted from a cortical ROI for both baseline
and follow-up and the annualized percent change (APC) was calculated. A two-way ANCOVA
evaluating diagnosis by VitE supplement status was used to assess the impact of VitE use on
baseline amyloid and rate of amyloid accumulation, covaried for age, gender, APOE ε4 carrier
status, and baseline amyloid positivity.
Results: Reduced amyloid at baseline was seen in EMCI but not HC. However, both HC and
EMCI participants who were taking VitE showed reduced rates of amyloid accumulation over two
years (VitE: p=0.005).
Discussion: VitE may reduce the rate of amyloid plaque accumulation in preclinical or mildly
symptomatic older adults possibly due to its antioxidant effects. Replication and mechanistic
follow-up studies in expanded samples are warranted.
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Introduction: We evaluated the sensitivity of CSF vs. [18F]Florbetapir PET amyloid measures for
predicting one-year (1yr) and two-year (2yr) memory change in healthy older adults (HC) and
patients with early and late mild cognitive impairment (EMCI; LMCI) from ADNI.
Methods: 503 participants (106 HC, 254 EMCI, 143 LMCI) with CSF Aβ1-42, [18F]Florbetapir
scans, and longitudinal memory assessments were included. [18F]Florbetapir PET scans were
processed using standard techniques and intensity-normalized to the cerebellum to create
standardized uptake value ratio (SUVR) images. Both mean cortical [18F]Florbetapir SUVR and
CSF Aβ1-42 were adjusted for age and gender and transformed into z-scores (higher z-score =
more pathology). 1yr and 2yr memory decline was the slope of change in a composite memory
score. Relationships between CSF and PET z-scores and 1yr and 2yr memory change were
evaluated using linear regressions within each diagnostic group.
Results: 2yr decline in memory in HC was associated with baseline CSF Aβ1-42 level (p<0.001)
but not [18F]Florbetapir SUVR (n=106; Figure 1). In EMCI, 1yr memory decline was associated
with both CSF (p=0.006) and PET (p=0.036) measures (n = 254; Figure 2A&B), while 2yr memory
decline was only associated with [18F]Florbetapir (n=172; Figure 2C&D; p=0.048). Finally, 1yr
(n=143) and 2yr (n=70) memory decline were associated with both CSF (1yr: p=0.007; 2yr:
p<0.001) and PET (1yr: p=0.003; 2yr: p<0.001) in LMCI (Figure 3).
Discussion: CSF and [18F]Florbetapir PET measures of amyloid may have different association
with memory decline depending on clinical stage, suggesting that combining multiple amyloid
measures may provide the best prediction of decline.
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Over the next 30-40 years we're facing a pandemic of neurodegenerative diseases on a global
scale. The prevalence of Parkinson's disease (PD) in the U.S. alone is likely to double by 2040
and, by 2050, the number of people with Alzheimer's disease (AD) is expected to triple. Metabolic
syndrome/Type 2 diabetes is increasingly recognized as a major risk factor for age-related
cognitive dysfunction. The main features of metabolic syndrome include insulin resistance and
hypertension. Several components of metabolic syndrome have been linked to altered brain
functions, in particular insulin resistance. Additionally, type 2 diabetes (T2D) and insulin resistance
are associated with neuronal calcium dysregulation and impaired brain plasticity. To link these
observations to neurobiology, we constructed disease network models and performed enrichment
analyses on three gene sets associated with AD, PD or T2D. Pathway analyses shows that all
three models are significantly enriched for genes associated with insulin signaling, as well as
altered calcium homeostasis, activation of phospholipase C activity and regulation of blood
pressure. These data strengthen the case that drugs currently marketed as treatments for type 2
diabetes may, if they are able to cross the blood-brain barrier, show promise as treatments for AD
and/or PD.
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Variants in the Mitochondrial Intermediate Peptidase (MIPEP) Gene
are Associated with Gray Matter Density in the Alzheimer’s Disease
Neuroimaging Initiative Cohort
Nudelman, K.N.H.1,2, Risacher, S.L.2,3, West, J.D.2,3, McDonald, B.C.2,3,4, Gao, S.3,5,
Saykin, A.J.1,2,3,4, for the Alzheimer’s Disease Neuroimaging Initiative
1

Department of Medical and Molecular Genetics, Indiana University School of Medicine (IUSM); 2Center for
Neuroimaging, Department of Radiology and Imaging Sciences, IUSM; 3Indiana Alzheimer Disease Center,
IUSM; 4IU Melvin and Bren Simon Cancer Center, IUSM; 5Department of Biostatistics, IUSM, Indianapolis,
IN

Cancer and Alzheimer’s disease (AD) incidence is inversely correlated, but the genetic
underpinnings of this relationship remain to be elucidated. Recent findings identified lower gray
matter density in frontal regions of participants of the Alzheimer’s Disease Neuroimaging Initiative
(ADNI) with cancer history compared to those without such history, across diagnostic groups
(Nudelman et al., 2014). Pathways proposed to impact cancer and AD, including metabolism and
survival, may play an important role in the observed difference. To test this hypothesis, a genomewide association study (GWAS) using mean frontal gray matter cluster values was performed for
all Caucasian participants in this cohort with neuroimaging and genetic data (n=1405). Analysis
covaried for age, sex, AD, and cancer history. Of the two genes with the most significant SNPs
(p<10-5), WD repeat domain 5B (WDR5B) and mitochondrial intermediate peptidase (MIPEP),
MIPEP was selected for further analysis given the hypothesis focus on metabolism. ANOVA
analysis of MIPEP top SNP rs8181878 with frontal gray matter cluster values in SPSS indicated
that while this SNP is significantly associated with gray matter density (p=2x10-6), no interaction
was observed with cancer history or AD diagnosis. Furthermore, whole brain gray matter voxelwise analysis of this SNP using Statistical Parametric Mapping 8 software showed that minor
allele(s) of this SNP were significantly (PFWE<0.05) associated with higher gray matter density.
These results suggest that the minor allele of MIPEP SNP rs8181878 may be protective against
gray matter density loss, highlighting the importance of metabolic processes in aging and disease.
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Characterizing neurodegeneration in the human connectome: a
network science study of hereditary diffuse leukoencephalopathy
with spheroids.
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The effect of white matter neurodegeneration on the human connectome and its functional implications is
an important topic with clinical applicability of advanced brain network analysis. The aim of this study was
to evaluate integration and segregation changes in structural connectivity (SC) that arise as consequence
of white matter lesions in hereditary diffuse leukoencephalopathy with spheroids (HDLS). Also, we
assessed the relationship between HDLS induced structural changes and changes in resting-state
functional connectivity (rsFC).
HDLS is a rare autosomal dominant neurodegenerative disorder caused by mutations in the CSF1R gene.
HDLS is characterized by severe white matter damage leading to prominent subcortical lesions detectable
by structural MRI. Spheroids, an important feature of HDLS, are axonal swellings indicating damage.
HDLS causes progressive motor and cognitive decline. The clinical symptoms of HDLS are often mistaken
for other diseases such as Alzheimer’s disease, frontotemporal dementia, atypical Parkinsonism or multiple
sclerosis. Our study is focused on the follow-up of two siblings, one being a healthy control (HC) and the
other one being an HDLS patient.
In this study, deterministic fiber-tractography of diffusion MRI with multi-tensor modeling was used in order
to obtain reliable and reproducible SC matrices. Integration changes were measured by means of SC
shortest-paths (including distance and number of edges), whereas segregation and community
organization were measured by means of a multiplex modularity analysis on the SC matrices. Additionally,
rsFC was modeled using state of the art preprocessing methods including motion regressors and
scrubbing. This allowed us to characterize functional changes associated to the disease.
Major integration disruption involved superior frontal (L,R), caudal middle frontal (R), precentral (L,R),
inferior parietal (R), insula (R) and paracentral (L) regions. Major segregation changes were characterized
by the disruption of a large bilateral module that was observed in the HC that includes the frontal pole
(L,R), medial orbitofrontal (L,R), rostral middle frontal (L), superior frontal (L,R), precentral (L,R),
paracentral (L,R), rostral anterior cingulate (L,R), caudal anterior cingulate (L,R), posterior cingulate (L,R),
postcentral (L), precuneus (L,R), lateral orbitofrontal (R) and parsorbitalis (R).
The combination of tractography and network analysis permitted the detection and characterization of
profound cortical to cortical changes in integration and segregation associated with HDLS white matter
lesions and its relationship with rsFC. Our preliminary findings suggest that advanced network analytic
approaches show promising sensitivity to known white matter pathology and progression. Further research
is needed to address the specificity of network profiles for differentiation among white matter pathologies
and diseases.
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and Challenges
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Research shows frontotemporal dementia (FTD) caregivers experience higher distress levels than
Alzheimer’s disease (AD) caregivers due to challenging behavioral symptoms. FTD caregivers
compared to AD caregivers find less information and support services within the healthcare
system. Furthermore, FTD symptom onset typically occurs at a younger age than AD, thus
disrupting family and occupation earlier in life. Families caring for someone with FTD need
supportive and educational services that cater to their specific needs.
The Indiana Alzheimer Disease Center (IADC) and the Northwestern University (NU)-CNADC
offer monthly psychoeducational caregiver support groups.
To determine the groups’ impact, a cross-sectional survey of current group members from both
IADC and NU-CNADC was conducted in Spring 2014. Unique challenges by faced by FTD
caregivers include significant legal, financial, social and relational problems due to marked
changes in reasoning, judgment, and personal and emotional conduct.
Among the most beneficial aspects of attending the groups are learning care management
strategies and feeling a sense of solidarity with others - knowing they are not alone. Suggestions
to improve the groups included planning social activities and offering more educational sessions.
Barriers to group attendance included finding care for the patient, in addition to the scarcity of FTD
support groups requiring some families to drive several hours each month to attend the groups.
Offering caregiver support groups designed to address the unique challenges faced by FTD
caregivers meets a critical need. Future plans include exploring technological options to increase
access to FTD education and support in the Midwest US region.
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The microtubule associated protein tau (MAPT) gene encodes the protein tau, one of the main
contributors to the pathogenesis of Alzheimer’s disease (AD). Single-nucleotide polymorphisms
(SNPs) of MAPT have previously been associated with AD and cerebrospinal fluid (CSF) levels of
tau. However, most studies focused on only six haplotype-tagging SNPs of MAPT. While SNP
genotyping covers only limited portions of the whole genome, whole-genome sequencing (WGS)
has been used to obtain the most comprehensive genetic variation of an individual. Thus, we
identified complete common variants (minor allele frequency > 5%) of the MAPT gene from WGS
data to investigate a comprehensive genetic association to CSF tau. WGS of 762 non-Hispanic
Caucasian participants from the AD Neuroimaging Initiative (ADNI) was used to identify common
variants within MAPT resulting in 780 SNPs after standard quality control steps. Linear regression
models were then used to investigate the association of MAPT common variants with CSF tau
covarying for age, sex, and APOE status. Permutation testing was used to adjust for multipletesting comparisons. Gene-based analysis of MAPT was significantly associated to CSF t-tau
(p=0.03, corrected). MAPT SNP rs117199550 (p=0.045, corrected) was significantly associated
with CSF t-tau with minor allele carriers showing higher CSF t-tau levels than major allele
homozygotes. Our results suggest that variance within MAPT is associated with CSF t-tau levels
and that WGS might enable the discovery of new variants associated with AD-related biomarkers.
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The Modified Memory Impairment Screen by Telephone for
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Effective screening measures for mild cognitive impairment (MCI) are essential to identify
individuals at risk for dementia for monitoring and early intervention. The Montreal Cognitive
Assessment (MoCA) has been shown to differentiate MCI from Age-Associated Memory
Impairment with good sensitivity and specificity (Nasreddine et al., 2005). However, it requires inperson administration which limits its feasibility in large-scale studies. The four-item Memory
Impairment Screen by Telephone (MIS-T) was developed to identify older adult with dementia
without in-person contact (Lipton et al., 2003). We modified the MIS-T by doubling the number of
items to increase sensitivity to milder memory impairment suggestive of MCI. We administered the
modified MIS-T by phone to 177 older adults with subjective memory complaints along with the
MoCA, Geriatric Depression Scale (GDS; Parmelee & Katz, 1990), and Geriatric Anxiety Scale
(GAI; Segal et al., 2010) in person. We also derived an estimate of intelligence using the Peabody
Picture Vocabulary Test (PPVT; Dunn, 2007). MoCA scores were used to identify MCI. To
determine how well the modified MIS-T predicted MoCA performance, we conducted a multiple
regression with age, education level, and scores on the MIS-T, GAI , GDS, and PPVT entered as
predictors of MoCA performance. The only significant predictors of MoCA score were age (B=.28; p<.001), MIS-T score (B=0.36; p<.001), and PPVT score (B=.18; p<.05). These results
suggest that the MIS-T is an effective screening tool which can quickly identify individuals with
memory impairment for clinical and research purposes.

