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Cohort study of electroencephalography
markers of amyloid-tau-neurodegeneration
pathology

Sean Tanabe,' Amber Bo,' ®Marissa White,' Margaret Parker,' Zahra Farahbakhsh,'
Tyler Ballweg,' Cameron Casey,' ®Tobey Betthauser,? Henrik Zetterberg,**°*

Kaj Blennow,3’4 Brad Chr'ist:ian,7 Barbara B. Bendlin,? Sterling johnson,2 and

Robert D. Sanders®’

Electroencephalography signatures of amyloid-f, tau and neurodegenerative pathologies would aid in screening for, tracking pro-
gression of, and critically, understanding the pathogenesis of dementia. We hypothesized that slowing of the alpha peak frequency,
as a signature of hyperpolarization-activated cyclic nucleotide gated ‘pacemaker’ channel activity, would correlate with amyloid
and tau pathology burden measured by amyloid (Pittsburgh Compound B) and tau (MK-6240) positron emission tomography or
CSF biomarkers. We also hypothesized that EEG power would be associated with neurodegeneration (CSF neurofilament light and
hippocampal volume). Wakeful high-density EEG data were collected from 53 subjects. Both amyloid-B and tau pathology were
associated with slowing in the alpha peak frequency [Pittsburgh Compound B (+) vs. Pittsburgh Compound B (—) subjects,
P=0.039 and MK-6240 (+) vs. MK-6240 (—) subjects, P=0.019]. Furthermore, slowing in the peak alpha frequency correlated
with CSF APaa/40 ratio (#* = 0.270; P=0.003), phosphoTau (pTauyg;, # = 0.290; P=0.001) and pTau;g,/A4; (©* = 0.343;
P <0.001). Alpha peak frequency was not associated with neurodegeneration. Higher CSF neurofilament light was associated with
lower total EEG power (#* = 0.136; P=0.018), theta power (#* = 0.148; P=0.014) and beta power (¥* = 0.216; P=0.002); the
latter was also associated with normalized hippocampal volume (#* = 0.196; P=0.002). Amyloid-tau and neurodegenerative path-
ologies are associated with distinct electrophysiological signatures that may be useful as mechanistic tools and diagnostic/treatment
effect biomarkers in clinical trials.
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amyloid; tau; neurodegeneration; EEG; alpha

S. Tanabe et al.

Ap=amyloid-f; ATN =amyloid-f, tau and neurodegenerative; HCN = hyperpolarization-activated cyclic
nucleotide gated; LZC = Lempel-Ziv complexity; NfL = neurofilament light; pTau=phosphoTau; TFCE=threshold free cluster
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Introduction

Dementia is associated with increased morbidity, and
mortality, and significant impairments to quality of life
(Jack and Holtzman, 2013). It costs billions of dollars in
healthcare expenses annually yet there is a notable ab-
sence of treatments, whether preventative or therapeutic.
Further understanding of the dementia pathophysiology is
required to progress the field. This understanding should
explain how synaptic and network changes contribute to
cognitive decline and dementia. EEG can provide such in-
formation; herein, we sought to identify EEG correlates
of preclinical dementia pathologies of amyloid, tau and
neurodegeneration, the so called ATN pathologies (Jack
et al., 2018).

Our primary hypothesis was to test whether positron
emission tomography (PET) for amyloid beta [Af with
Pittsburgh Compound B (PiB)] was associated with EEG
slowing of the alpha peak in wakefulness. Slowing in this
peak has previously been associated with dementia
(Passero et al., 1995) and mild cognitive impairment
(Garces et al., 2013). The cortical alpha rhythm is pre-
dominantly driven by pacemaker activity in infragranular
cortical layer five (Karameh et al.,, 2006). Early in the
disease process, prior to neurodegeneration, amyloid dis-
rupts layer five function, leading to slowing in supragra-
nular layers (Lison et al., 2014). Af may achieve this
through  prolonging refractory  periods
(Kaczorowski et al, 2011) mediated by impaired
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hyperpolarization-activated cyclic nucleotide gated (HCN)
‘pacemaker’ channels that disappear in Alzheimer’s dis-
ease (Saito et al., 2012). Loss of HCN channel function
also augments Af pathology (Saito et al., 2012), perhaps
through disruption of sleep (Lewis and Chetkovich,
2011). As computational studies show that loss of HCN
channel function leads to slowing in the alpha frequency
(Karameh et al., 2006), we hypothesized that AB path-
ology would lead to slowing in the peak alpha frequency,
providing evidence to support the role of HCN channel
function in Alzheimer’s disease pathogenesis. We also
hypothesized that these changes would occur independent
of changes in neurodegeneration (Lison et al., 2014) but
may be associated with tau pathology given the potential
amyloid-tau disease continuum.

Our secondary endpoints focused on identifying dissoci-
able EEG power correlates of ATN pathologies using
EEG, PET, MRI and CSF data. For example, we specific-
ally hypothesized that, while amyloid and tau pathologies
may be associated with slowing in the alpha peak fre-
quency, neurodegenerative pathologies would not be (as
we lacked rationale for HCN channel disruption). Recent
studies, published during the collection of our data, have
proposed different markers of amyloid or neurodegenera-
tive pathologies. Nakamura et al. (2018) suggested that
increased normalized alpha power, identified on magneto-
encephalography was the electrophysiological signature of
amyloid pathology. This required complex source recon-
struction (with various methodological assumptions) of
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the signal, and given the expense and rarity of magneto-
encephalography, this could not serve as a screening tool.
Gaubert et al. (2019) uncovered complex relationships of
EEG changes with amyloid and neurodegenerative pathol-
ogies. Their main findings were increases in power in
higher frequencies with accumulating pathology, until
later stages, where high frequency power decreased
(Gaubert et al., 2019). The inconsistent findings across
these studies, highlight the need for more EEG studies.
Ideally, these studies should be extended to include
markers of brain tau pathology, using tracers such as
[18FIMK-6240 (Betthauser et al., 2019, 2020). We
embarked on similar analyses in EEG in sensor space,
avoiding the complexities of source reconstruction, to as-
certain whether similar effects on alpha power would be
observed in the EEG in our dataset.

We hypothesized that total power in the EEG would
correlate with neurodegeneration based on prior findings
suggesting EEG power was related to grey matter volume
(Ni Mhuircheartaigh et al., 2013). This is plausible given
that a smaller mass of cortical tissue, with reduced synap-
tic connections, would be anticipated to generate fewer
excitatory post-synaptic potentials and hence less EEG
power. As a further exploratory analysis, we investigated
whether Lempel-Ziv complexity (LZC) (Lempel and Ziv,
1976), a measure of information in the EEG, would
change with ATN pathology (Jack et al., 2018). We con-
sider that this may be a useful marker of synaptic degen-
eration, where synaptic loss would decrease the repertoire
of different firing states, reducing the complexity of EEG
patterns.

Materials and methods

Participants, 18years of age and older, were recruited
from two parent studies, the Wisconsin Registry for
Alzheimer’s Prevention and the Alzheimer’s Disease
Research Center, where brain imaging (PET, MRI) data
have been collected. The study was approved by the
University of Wisconsin-Madison Institutional Review
Board 2017-0821 and all participants provided informed
consent. Our study was powered to show a 2Hz differ-
ence in the peak alpha frequency between PiB(+) and
PiB(—) groups (f=0.8, P <0.05) assuming a standard de-
viation of 2Hz and a 20% PiB(+) rate in the cohort
(Johnson et al., 2014). This required 50 subjects. We
recruited an additional 5% to account for missing data.
We considered that only strong biological relationships
would be of interest and that convergence of CSF and
imaging findings would be required to give confidence in
the results. When data were available from our surgical
cohort [where we had data on preoperative plasma neu-
rofilament light (NfL), EEG and MRI data] we also vali-
dated our findings in that cohort (Casey et al., 2020) (see
Supplementary Fig. 1 for STROBE diagram). The surgical
cohort data are from preoperative assessments of patients
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presenting for major elective surgery including EEG and
blood collection reported in Casey et al. (2020). There
are no patients with dementia and nine patients with
mild cognitive impairment in that cohort.

EEG recording and
preprocessing

Fifteen minutes of resting state EEG data with eyes closed
were collected using 256 channel high-density EEG
(Electrical Geodesics, Inc., Eugene, OR, USA) at sampling
frequency of 250 Hz. Recordings were made in the sitting
position. Subjects were told to close their eyes and relax,
but not fall asleep, during the recordings. The EEG data
were filtered (0.1-50Hz) using a Hamming windowed
sinc finite impulse response (FIR) filter. Artefacts were
removed by visual inspection of channels and data seg-
ments. Artefacts of eye and muscle movements were
removed by independent component analysis in EEGLAB.
The removed channels were interpolated, and all the data
were average-referenced.

The time series data were estimated for power spectral
density by Welch’s method. We defined the alpha peak
frequency, using power spectrum bounded by 6-12Hz,
as the local maxima frequency with the highest promi-
nence*width (at the half-prominence). We excluded sub-
jects without an alpha peak by visually inspecting
channel Fz power spectrum.

The estimated power spectral density was averaged into
band power; delta (0.5-4Hz), theta (4-7Hz), alpha (7-
11Hz), beta (11-28 Hz), gamma (28-40Hz) and log10
transformed to normalize the distribution.

In order to quantify the information in the EEG, we cal-
culated LZC (Lempel and Ziv, 1976), the number of
unique sub-string within a time series, to estimate the sig-
nal complexity related to dementia pathologies. Based on
prior data in subjects with dementia (Fernandez et al.,
2010), we hypothesized that accumulation of dementia
pathologies would be associated with reduced LZC. LZC
is calculated on a binarized signal, which is transformed
by coarse-grained data time series by binarizing above (1)
or below (0) the median amplitude. Within the binarized
signal, the LZC is the counted sum of sub-string, where
the sub-strings are determined by iterating and counting
unique sequences which has not been encountered in the
signal sequence prior to it.

In the LZC analysis, we calculated and averaged LZC
of 10s segments across the data. We controlled for the
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changes in power spectrum, by dividing LZC by phase
shuffled LZC (Schartner et al., 2015). The phase shuffled
LZC is calculated by randomly phase shuffling the actual
signal before applying LZC. We averaged 100 such ran-
domly phase shuffled LZC before normalizing LZC.

The CSF collection was performed via lumbar puncture
in the morning after a 12-h overnight fast, aliquoted in
sterile polypropylene collection tubes, and stored in a
—80°C freezer (Bendlin et al., 2012). A centre-wide
standard pre-analytical protocol was used to collect
~22 ml of CSF that was subsequently gently mixed to re-
move collection gradients, partitioned into 0.5-ml aliquots
in 1.0-ml polypropylene tubes and stored at —80°C.
Assayed analytes include total tau, phosphoTau
(pTauygy), amyloid 142 (Afsz), amyloid fi40 (Afao)
and NfL protein. CSF T-Tau, P-Taujg; and Af4, were
analysed by utilizing the INNO-BIA AkzBio3 kit
(Innogenetics) using xMAP technology as previously
described (Olsson et al., 2005). CSF NfL was analysed
using the sandwich ELISA method (Rosengren ef al.,
1996). As previously reported, intra-assay coefficients of
variation were below 10% for all analytes (Bendlin et al.,
2012). The time interval between CSF/PET and EEG was
10.3 months (standard deviation = 10.9 months).

Amyloid-f imaging was conducted with [C-11] Pittsburgh
Compound-B (PiB) PET using a dynamic 70-min protocol
(Johnson et al., 2014). Amyloid positive scans were
defined qualitatively using established criteria (Johnson
et al., 2014). Tau PET imaging was conducted using [F-
18]MK6240 from ~70- to 110-min post-injection
(Betthauser et al., 2019, 2020). Tau-positive PET scans
were defined by setting the MK-6240 SUVR positivity
threshold at 2 standard deviation above the mean of the
PiB(—) group in the entorhinal cortex (entorhinal MK-
6240 SUVR > 1.27) as in Betthauser et al. (2020).

Imaging included an inversion recovery-prepared T1-
weighted 3D volume structural scan. The T1-weighted
3D volume was segmented into tissue classes (CSF, grey
matter and white matter) using the segmentation tool in
SPM12 (www.fil.ion.ucl.ac.uk/spm). CSF-to-brain volume
ratio was calculated as the tissue volume ratio of CSF/
(grey matter + white matter). Hippocampal volume was
calculated using FSL-FIRST, a model-based segmentation/
registration tool, and corrected for intracranial volume
calculated in SPM12 as per recent methods paper
(Keihaninejad et al., 2010; Allison et al., 2019).

S. Tanabe et al.

Boston Naming test, Category Fluency—Animals, Mini-
Mental State Exam, Letter Fluency, Rey Auditory Verbal
Learning Test, Trail Making Test A and B were all col-
lected as part of this study. As a secondary analysis, EEG
correlates of these cognitive data were also sought.

For topological analysis, we performed cluster-wise corre-
lations and two-sided contrasts by statistical non-para-
metric mapping with threshold free cluster enhancement
(TECE). Alpha peak frequency or power changes were
detected in each individual electrode and then a #-test or
Spearman correlation was performed at each electrode
with TFCE correction across electrodes. Only results that
survived multiple comparison correction with TFCE
across electrodes were considered statistically significant.
However, in order to present raw data, we show the
peak channel effect and report univariate P-values for
that in the text (labelled as univariate P-values). Linear
regression was conducted in R.

Data are available upon reasonable request.

Results

Four subjects were excluded due to poor quality EEG
recordings. Forty-nine subjects were included in the final
analysis. The mean age was 70years (standard deviation =
6.46 years), with 27 females and 22 males, the mean years
of education was 16years (standard deviation = 2.27), and
the dataset include 5 subjects with mild cognitive impair-
ment and 4 subjects with dementia. Forty-one had CSF, 45
had PiB PET scans and 44 had MK6240 PET scans.

Alpha peaks could not be detected in 10 subjects. The 10
subjects who were excluded included 1 patient with mild
cognitive impairment and 9 cognitively normal individuals
but no subjects with dementia. After correcting for mul-
tiple corrections across electrodes, slowing in the peak
alpha frequency was significantly associated with both PiB
and MK6240 PET (Fig. 1). We additionally report the
univariate results for the peak channel for illustration.
Slowing in the alpha peak frequency occurred in amyloid
positive [channel 221 Mann-Whitney U-test univariate
P=0.039, AUROC 0.90, 95% confidence interval 0.78—
1.02, P=0.001] and tau-positive individuals (channel 148
Mann-Whitney U-test univariate P=0.019, AUROC 0.86,
95% confidence interval 0.73-0.98, P=0.003). Next, we
tested whether these results were robust to confounding by
adjusting for age, sex, diagnosis and the time interval
from PET scanning to EEG recording. In these analyses,
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Figure | Pathological correlates of alpha peak frequency.
Top row: Correlations of PET PiB (A, n = 30) and MK-6240 (B,
n=35) with alpha peak frequency. All data are TFCE corrected

P < 0.05 (white dots show statistically significant electrodes).
Second row: An example electrode for the peak effect [channel 221
(a), channel 148 (b)]. Third row: The mean power spectrum in the
alpha range for PET scans classified as positive or negative. Fourth
row: Sorted z-score power spectrum by ranked values split on PET
positive or negative for the alpha peak frequency.

using data from the electrode with the peak effect, PET
scanning results remained significant (Table 1). Post hoc,
we additionally tested whether the results remained signifi-
cant after inclusion of diagnosis of either tau- or amyloid-
positivity as a covariate in linear regression. In this
sensitivity analysis, the results were unchanged.

After correcting for multiple corrections across electro-
des, slowing in the peak alpha frequency correlated with
CSF  APiyso (channel 2 #* = 0.270, univariate
P=0.003), pTau;s1/Afsr (channel 129 #* = 0.343, uni-
variate P <0.001) and pTauyg; (channel 5 +* = 0.290;
univariate P=0.001) but not NfL (Fig. 2). We similarly
confirmed that hippocampal volume did not correlate
with alpha peak frequency in that subgroup (data not
shown). Linear regression including age, sex, diagnosis

BRAIN COMMUNICATIONS 2020: Page 50f 10 | 5

and the time interval between CSF sampling and the EEG
as covariates did not alter these findings (Table 1).

Secondary outcome: EEG power as
a signature of neurodegeneration

Consistent with our hypothesis, CSF NfL correlated with
total EEG power (channel 120 7 = 0.136; univariate
P=0.018, Fig. 3). In different EEG power bands, the
correlations were evident in theta power (channel 142 +*
= 0.148; univariate P=0.014) and beta power (channel
104 #* = 0.216; univariate P=0.002, Fig. 3). The associ-
ation of NfL and theta power survived adjustment for
age, sex, diagnosis and the time interval between the test
and the EEG (Table 1). Beta power narrowly missed sig-
nificance (univariate P=0.061).

In order to verify that these power changes were asso-
ciated with neurodegeneration, we next tested for a cor-
relation between total, theta and beta power with
hippocampal volume after normalization for intracranial
volume. Beta power, but not total or theta power, was
associated with hippocampal volume (channel 25 beta
power 7> = 0.196; univariate P=0.002, Fig. 3C). In our
separate surgical cohort, we confirmed similar findings
that both plasma NfL (2=48) or hippocampal volume
(n=30) correlated with preoperative EEG total power
(Supplementary Fig. 2).

Secondary outcome: EEG power as
a signature of amyloid pathology

We next conducted exploratory analyses for alternative
EEG signatures of amyloid and tau pathology across total
power and the individual power bands. Given associa-
tions with total power with NfL, we also normalized
each band by total power to identify if the changes were
specific to that band. Af pathology markers, PiB (Mann-
Whitney U-test beta power univariate P=0.004, normal-
ized beta power univariate P=0.001, Fig. 4A), and CSF
AParao (normalized beta power r* = 0.198; univariate
P=0.004, Fig. 4B) correlated with beta power, but not
other power bands. These results survived adjustment for
age, sex, diagnosis and the time interval between the test
and the EEG (Table 1). No other significant correlations
were identified.

Secondary outcome: EEG signature
of tau pathology

We did not identify alternate EEG signatures of CSF or
PET tau pathology markers that survived multiple com-
parison correction across electrodes (data not shown).
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Table | Linear regression with sex, mild cognitive impairment/dementia diagnosis, age at PET, CSF or MRI collec-
tion, and time between PET, CSF or MRI collection and EEG

Dependent Independent Channel n T P

Peak alpha frequency (Hz) PiB 221 30 —3.85 <0.001
Peak alpha frequency (Hz) MK-6240 148 35 —2.53 0.017
Peak alpha frequency (Hz) pTau: Ab42 129 32 -5.22 <0.001
Peak alpha frequency (Hz) Ab42: Ab40 2 31 4.21 <0.001
Peak alpha frequency (Hz) pTau 5 32 —3.31 0.003
Peak alpha frequency (Hz) NFL 9 32 —0.26 0.795
Total power NFL 120 41 —1.59 0.120
Delta NFL 138 41 —2.60 0.014
Theta NFL 142 41 —2.93 0.006
Alpha NFL 122 41 —1.60 0.118
Beta NFL 104 41 —1.93 0.061
Gamma NFL 144 41 —2.85 0.007
Beta Hippocampal/intracranial volume 25 49 1.83 0.073
Beta PiB 75 39 -3.15 0.003
Normalized beta PiB 52 39 —-3.93 <0.001
Beta Ab42: Ab40 186 40 248 0.018
Normalized beta Ab42: Ab40 144 40 3.64 <0.001

Linear regression on the peak effect channel.

Both Af and tau pathologies (but not neurodegeneration)
were associated with reductions in LZC of the EEG that
survived multiple comparisons; however, these effects dis-
appeared when normalizing to a phase-shuffled distribu-
tion  though showed  the
effect (unadjusted for multiple comparisons; Supplementary
Fig. 3).

individual channels

Our cohort is largely cognitively unimpaired but, as ex-
ploratory analyses, we correlated the EEG alpha peak fre-
quency or EEG power bands with cognitive data (Boston
Naming test, Category Fluency—Animals, Mini-Mental
State Exam, Letter Fluency, Rey Auditory Verbal
Learning Test, Trail Making Test A and B) and found no
significant associations between any of the EEG variables
(data not shown).

Discussion

Our data show that EEG changes are associated with
ATN pathologies (Jack et al., 2018). Our primary out-
come, the association of amyloid positivity (PET and
CSF) with slowing in the peak alpha frequency supports
our hypothesis. Furthermore, the similar associations with
tau pathology markers (CSF and PET) suggest that, as
Ap and tau pathologies accumulate, so does slowing in
the EEG. These findings are consistent with accumulating
data suggesting HCN channel dysfunction in Alzheimer’s
disease (AD) (Saito et al., 2012). Understanding the

synaptic and network changes that precede cognitive and
memory impairment in dementia is critical to the devel-
opment of therapies that will improve quality of life and
prolong an individual’s independence. Our data suggest
that further investigation of HCN channel function is
warranted particularly as impaired function of these
channels may also augment Af pathology (Saito et al.,
2012) and may explain the link between slow wave sleep
disruption and impaired Af clearance (Rasmussen et al.,
2018).

Beyond changes in the peak alpha frequency, we did
not identify further EEG signatures of tau pathology, as
determined by CSF or PET. However, Af pathology cor-
related with normalized beta power overlying temporal
regions using both PET and CSF data. Importantly, our
findings differ from the recent report by Nakamura et al.
(2018) who showed, using magnetoencephalography in
source space, that increased alpha power was a signature
of AB. Whether this discordance represents real differen-
ces between the two cohorts (e.g. ethnically different) or
technical differences with processing the EEG/magnetoen-
cephalography data are unclear. However, we emphasize
that we verified our results with two different measures
of pathology (CSF and PET). Overall our findings are
more consistent with the findings of Gaubert et al.
(2019) who showed correlations with EEG slowing, how-
ever, neither of these other studies reported on peak
alpha frequency (Nakamura et al., 2018; Gaubert et al.,
2019).

Loss of beta power was correlated with CSF and imag-
ing markers of neurodegeneration and may reflect loss,
or impaired function of interneurons that generate this
rhythm (Porjesz et al., 2002; Palop and Mucke, 2016). If
so, this loss of beta power may identify individuals in
whom augmenting GABAergic signalling may improve
cognitive  function  (Palop and Mucke, 2016).
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Figure 2 Pathological correlates of alpha peak frequency. Top row: Correlations of alpha peak frequency with CSF Ab42:40 (A, n=31),
pTau/Ab42 (B, n = 32), pTau (C, n=32) and NfL (E, n = 32) are also shown. All data are TFCE corrected P < 0.05 (white dots show statistically
significant electrodes). Second row: An example electrode, peak effect [channel 2 (A), 129 (B), 5 (C), 9 (D)), is also shown for the correlation
with alpha peak frequency. Third row: The mean power spectrum in the alpha range after median split in the CSF biomarker. Fourth row: Sorted
z-score power spectrum by ranked values in CSF biomarkers for the alpha peak frequency.

Additionally, we validated that neurodegeneration was
associated with reduced EEG power with data from our
surgical cohort (Casey et al., 2020) (focusing on total
power, in line with our original hypothesis). An associ-
ation between grey matter volume and EEG power has
been proposed previously in a younger population (Ni
Mhuircheartaigh et al., 2013). The results of the current
study, albeit in a more elderly population, are consistent
with these prior findings. The association of reduced
EEG power and neurodegeneration is particularly intrigu-
ing given that it is well established that increases in theta
and delta power (EEG slowing) occur with dementia
(Babiloni et al., 2018; Gaubert et al, 2019).
Normalization for these neurodegenerative changes would
be expected to exaggerate this effect, hence prior studies

may have underestimated the changes in EEG slowing
that occur at a synaptic level.

Changes in information, reflected by LZC, were also
noted with Af and tau pathology, consistent with early
synaptic loss in AD (Palop and Mucke, 2016). However,
the effect on LZC did not survive correction for multiple
comparisons after we shuffled the phase distribution
(though single electrodes still showed the effect). This
suggests that Af and tau pathologies may contribute to
the fade in the information in cortex that occurs with
progression to dementia; however, further data are
needed to robustly confirm this hypothesis. Future work
should also evaluate links between reduced LZC and syn-
aptic loss with new PET tracers that target synaptic dens-
ity (Chen et al., 2018).

020z Jequieldas gz Uo Jasn uopuoT “10N Ag 0261 L8S/6608821/Z/Z/2191e/SWwoduleIg/woo dno-olwspeoe//:sdiy woll papeojumoq



8

| BRAIN COMMUNICATIONS 2020: Page 8 of 10 S. Tanabe et al.
A
0.2
0
0.2
)
I
=
E
[}
W
g
g4l R :
500 1000 1500 500 1000 1500 500 1000 1500 500 1000 1500 500 1000 1500 500 1000 1500
NFL NFL NFL NFL NFL NFL
B e C Hippocampal/Intracranial volume
N —— High Beta power
NHIL === Low P =
0.5 \‘ \ 02 =
s- 0 -~ iy J" "‘ - g -
- .
E 0.5 “‘ 0 _;
& 1 2
(=] 15 ¥,
— . o
1] 1 0 1 -0.2
10 10 10 10 s 925 g
Frequency (Hz) Frequency (Hz) r Hippocampal/lntracranial volume
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EEG correlates of dementia pathologies

Our cohort was relatively small and designed to only
identify strong, biologically plausible relationships based
on a priori determined hypotheses. We also adjusted for
multiple comparisons across electrodes and conducted lin-
ear regression to adjust for potential confounders that
included age, sex, diagnosis, time between the biomarker
and the EEG collection. It is important to note that these
findings need validation in future cohorts, and we cannot
establish causality in our observational study design
which may be vulnerable to unmeasured confounding. A
strength of our analysis was the focus on sensor, not
source, EEG metrics which are straightforward analytical-
ly. Nonetheless, we encountered some technical difficul-
ties, similar to prior studies, in detecting the alpha peak
in 10 individuals. Our data show that it is possible to de-
tect EEG abnormalities that arise as a result of ATN
pathologies, supportive of potentially using EEG as a
non-invasive screening tool for AD pathology. This could
improve the accessibility of biomarker screening, as well
as providing mechanistic clues regarding the synaptic dys-
function that accompanies dementia disease progression.
Next, it will be important to track EEG markers, within
individuals, over time to identify if this may be a useful
strategy for monitoring ATN pathology progression in
the elderly and as potential biomarkers for therapies tar-
geting interneuron dysfunction (Palop and Mucke, 2016)
or HCN channel activity (Saito et al., 2012).
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