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Obijective of the study:

The retina has potential as a biomarker of brain health, including Alzheimer’s disease
(AD), because it is the only part of the central nervous system which can be easily
imaged, and has advantages over brain imaging technologies of being non-invasive,
cheap, and widely available (London et al., 2013). Existing treatments for AD may be
most effective in the earliest stages of the disease (Musiek & Morris, 2021). Thus,
screening tools to identify people at high risk of developing AD or with early AD are
imperative to initiating treatments at the optimal stage, hopefully improving patients’
quality of life.

There is growing evidence that retinal thinning is evident in preclinical AD. Retinal
thinning has been associated with indicators of preclinical Alzheimer’s, including
amyloid burden (Ko et al., 2018; Santos et al., 2018), family history and genetic risk
(Santos et al., 2018), and cognitive performance (Barrett-Young et al., in submission; Ko
et al., 2018). Few have directly compared structural measurements of the brain with
retinal measurements, and these pilot studies have involved elderly participants or very
small sample sizes (Donix et al., 2021; Mejia-Vergara et al., 2021; Méndez-Gdmez et al.,
2018; Ong et al., 2015; Uchida et al., 2020). A recent study from the UK Biobank
suggests that retinal measures are associated with smaller cortical and hippocampal
volume in a middle-aged sample (Chua et al., 2020). However, the question of
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whether retfinal thinning is associated with brain structure in the decades before an
Alzheimer’s diagnosis remains.

Thus, the objective of this study is to investigate whether the retinal neuronal and
microvascular structures are associated with structural brain integrity, determined using
neurostructural measurements acquired from MRI.

We hypothesise that thinner refinal nerve fibre layer (RNFL), ganglion cell layer (GCL),
and lower vessel density (VD) will be associated with higher brainAGE, indicating more
advanced brain ageing. In addition, we hypothesise that thinner RNFL, and GCL, and
lower VD will be associated with smaller corfical surface areq, lower cortical thickness,
and lower grey matter volumes, particularly in areas known to be affected in AD (i.e.
the hippocampus).

Note that RNFL and GCL are measures of neuronal thickness, and VD is a measure of
the amount of microvasculature in the retfina.

Data analysis methods:

As OCT and MRI data were collected at age 45 only, this will be a primarily cross-
sectional study. The first stage of analysis will involve using regression to test for
associations between OCT variables and brainAGE, a composite measure of structural
brain integrity. Posthoc analyses based on these initial findings will be conducted to
investigate any associations between cortical thickness, surface area, grey matter
volume, and white matter hyperintensities with OCT variables, to determine if specific
structural features may have a larger contribution than others towards any overall
association.

All models will be adjusted for sex and other physiological covariates, e.g. ocular
(intraocular pressure, axial length, optic disc size, signal strength), cardiovascular (BMI,
mean arterial blood pressure, smoking), and potential MRI confounders (total brain
volume, infracranial volume, and/or cerebrospinal fluid volume). A false discovery rate
procedure will be used to correct for multiple comparisons.

Variables needed at which ages:
e Reftinal variables (obtained via optical coherence tomography [OCT] and
optical coherence tomography angiography [OCTA] at phase 45):
o Retinal nerve fibre layer (RNFL)—average, all quadrants.
o Ganglion cell layer (GCL)—average, all segments.
o Vessel density (VD)—full mean, all segments.
o Ocular covariates:
= Intraocular pressure
»  Axial length
= Optic disc size
= OCT/OCTA scan signal strength
e Structural brain variables (obtained via magnetic resonance imaging [MRI] at
phase 45):
o Cortical thickness—whole brain and regional
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Surface area—whole brain and regional
Subcortical volume—all areas, incl. hippocampus
White matter hyperintensity volume
brainAge
MRI covariates:
» Total brain volume
» Intracranial volume
e Potential covariates:
o Sex
o Cognitive decline (ages 7, 2, 11 to age 45; residualised IQ change)
o |Q variables from ages 7, 9, 11, and 45—FSIQ and indices.
o BMI (age 45)
o Mean arterial blood pressure (age 45)

© O O O O

Significance of the Study (for theory, research methods or clinical practice):

Retinal imaging technologies have a huge potential as a biomarker of preclinical AD,
and as a potential predictive tool for conversion from mild cognitive impairment to AD
(Ng et al., 2021). However, while artificial intelligence and machine learning research
using retinal imaging is progressing at a rapid pace, there remain several questions
about the relationship between the retina and the AD-affected brain.

The maijority of research in this area has investigated people with established AD,
largely in cross-sectional case-control studies. The clinical utility of retinal imaging,
however, is in the preclinical stages, before symptoms progress to the level where daily
living is affected and irreversible neurological damage has occurred. Comparisons
between OCT/A and MRI measures have been lacking due to the practicalities and
costs of these technologies, so here we have a unique opportunity to investigate the
associations between the retina and structural brain data in a well-characterised
cohort, where we can also control for various other risk factors if required.

The overarching goal of this project is to provide evidence for the potential of OCT/A
as a clinically-useful screening tool for identifying those at risk of developing AD and
for monitoring disease progression. These findings will hopefully inform applications to
improve screening of AD risk at an early stage of the disease and to ensure equitable
access to such screening through the use of existing retinal imaging technology.
OCT/A technology is already widely available in regional clinics, as well as urban
hospital settings, and increasingly available in retail optomertrists. Work is progressing
on using OCT/A images in artificial intelligence/machine learning applications for the
diagnosis of AD, and manufacturers of commercial ophthalmology imaging tools are
likely to implement models into their devices when evidence on a model’s efficacy is
clear. Potential incorporation of machine learning into OCT/A technology would
widen the availability of retinal AD screening to regional populations, as well as other
marginalised groups in Aotearoa, such as Maori and Pasifika.
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