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4. Rationale:  

Over 80% of visually impaired and blind people are 50 years and older worldwide.1 In the US, 
7.5% people over the age of 40 years suffer from vision impairment.2 As the population ages, 
age-related eye diseases have become a public health problem, with the burden of vision 
impairment projected to increase significantly in the following decades. Retinal microstructural 
health undergoes age-related changes and may provide important biological information 
indicative of visual function. Understanding the associations between visual function and retinal 
microstructures in the general population provides fundamental knowledge about structural-
functional relationships of the visual system, and is the first step in predicting eye disease 
development and progression, and their associations with functional changes in vision.  

Optical coherence tomography (OCT) and OCT angiography (OCTA) are novel, non-invasive 
imaging techniques that provide microstructural details of the retina and choroid.3 OCT imaging 
is the current standard of clinical care for diagnosis, treatment planning, and follow up 
evaluations in a variety of ocular disorders including glaucoma, macular degeneration, diabetic 
retinopathy, etc.4,5 Compared to other imaging techniques, i.e. retinal photos, fluorescein 
angiography, OCT imaging provides rapid, non-invasive quantitative assessments of neuronal 
and microvascular retinal measures that are essential for disease early detection and progression 
monitoring.  

Previously, studies have shown that retinal nerve fiber layer thickness and vessel density, the 
respective primary measures of retinal neuronal and vascular characteristics, are associated with 
visual function outcomes. Locally, thinner retinal nerve fiber layers are associated with lower 
visual acuity, restricted visual field, or lower contrast sensitivity in patients with different stages 
of glaucoma.6,7 Similarly, there are significant associations of retinal layer thickness, macular 
vessel density, foveal avascular zone (FAZ) with visual acuity outcomes in patients with diabetic 
retinopathy or retinal vein occlusion.8-10 Surgically, pre-operative retinal nerve fiber layer 
thickness is predictive of visual acuity outcomes after trabeculectomy11 or endoscopic endonasal 
surgeries for suprasellar tumors.12 Systemically, thinner retinal nerve fiber layer thickness or 
ganglion cell-inner plexiform complex have been associated with lower visual acuity in multiple 
sclerosis,13 Alzheimer’s disease,14 Lewy body disease,15 bipolar disorder,16 and others.  

Most of these investigations have been conducted in the clinical settings and with case-control 
study designs, focusing on specific eye diseases or systemic conditions. We aim to examine the 
associations of visual function with retinal microstructure parameters as measured by OCT and 
OCTA in an older population sample from two communities: Jackson, MS, and Washington 
County, MD. 
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5. Main Hypothesis/Study Questions: 

We aim to assess the following study questions using The Atherosclerosis Risk in Communities 
(ARIC) cohort ancillary study Eye Determinants of Cognition (EyeDOC) data: 

1) Describe the normative distributions of retinal vascular and neuronal outcomes as measured 
by OCT and OCTA in 2 community-based older adult samples; 

2) Evaluate the associations of visual function – presenting and corrected distance and near 
visual acuity, contrast sensitivity – with OCTA retinal vascular outcomes; 



3) Evaluate the associations of visual function – distance and near visual acuity, contrast 
sensitivity – with OCT retinal neuronal outcomes. 

 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, 
and any anticipated methodologic limitations or challenges if present). 
 
Study design:  

This is a cross-sectional, observational study; data from the ARIC visit 5, visit 6 or visit 7 
(depending upon the closest proximity to the EyeDOC exam) and EyeDOC visits will be used in 
the analysis.  
 
Inclusion/Exclusion criteria:  

ARIC participants recruited in the EyeDOC ancillary study will be included. These include 
approximately 500 participants with Mini-Mental Sate Examination (MMSE) scores no less than 
22 from the Jackson, MS study site and approximately 500 participants with MMSE scores no 
less than 24 from the Washington County, MD study site. Participants with extreme mobility 
limitations or incomplete vision assessment data will be excluded. Participants with clinically 
significant retinal pathology, determined by retinal photography and OCT imaging assessment, 
will be evaluated separately. 
 
Primary outcome:  

 Visual function outcomes include: 
- Presenting and Autorefractor-corrected distance visual acuity and presenting near visual 

acuity 
- Contrast sensitivity 

 
 Quantitative retinal neuronal outcomes include the following measures from OCT and 

OCTA scans: 
- Retinal nerve fiber layer thickness at the optic nerve head (ONH) region 
- Ganglion cell layer, total retinal thickness, inner plexiform layer thickness at the macular 

region 
 
 Quantitative retinal vascular outcomes include the following measures from OCTA scans: 

- Vessel density of the superficial, intermediate, and deep retinal layers at the macular region 
- Vessel density of the retinal nerve fiber layer, superficial, and deep retinal layers at the 

ONH region 
- Foveal avascular zone (FAZ) at the macular region 

 
Other variables of interest: 

 Other variables collected during the ARIC visit 5/visit 6/visit 7 follow-up will be included: 



- Demographics and socioeconomics: age, gender, household income, education level (3 
categories) 

- Lifestyle: smoking habits (ever/never), alcohol consumption  
- Medical history: diabetes mellitus, hyperlipidemia, hypertension (each defined by ARIC as 

combinations of measured levels and treatment) 
- Access to medical care (ARIC visit 5) 

 
 Other variables collected during the EyeDOC study will be included: 

- Refraction 
- History of cataract surgery  
- Access to eye care 

 
Summary of data analysis: 

Study population 

Study population will include all participants in the EyeDOC study with available data on both 
OCT and vision function variables of interest 

Visual function  

LogMAR visual acuity (presenting near and distance) and logCS contrast sensitivity will be 
described, as continuous and categorical variables. Visual impairment is defined in accordance 
with the World Health Organization’s classifications, and as corrected visual acuity worse than 
20/40 in the better-seeing eye. Contrast sensitivity impairment is defined as log CS≤1.48.  

Quantitative OCT and OCTA retinal vascular and neuronal assessments 

Structural and angiography OCT scans are obtained in one eye per individual in most cases in the 
EyeDOC study; in a random 10% subsample of the study population, OCT and OCTA scans are 
obtained in both eyes allowing for comparisons between eyes within an individual. 

Proposed analysis 

Graphical analysis of the distributions of the visual function measures and the OCT/OCTA 
neuronal and vascular metrics will be performed to look for outliers and ranges as well as 
distributional shape. We will examine OCT/OCTA metrics as a function of area on the retina to 
understand differences in quadrants or sections of the eye. Pearson and Spearman correlations as 
well as scatter plots will be constructed between vision function metrics and OCT/OCTA metrics 
to evaluate strength of relationships. These assessments will also be stratified by categories of 
above and below median age and by gender. Regression models will be constructed to 
understand the impact of other factors on the relationship, such as medical history elements, 
lifestyle, etc. We will estimate: (1) the associations of visual functions with OCT retinal neuronal 
measures; (2) the associations of visual functions with OCTA retinal vascular measures, 
controlling for additional demographic and behavioral factors to understand contributors to the 
association of OCT metrics with vision function metrics.  



While primary analyses will be continuous, we will also examine accepted thresholds for visual 
function and compare OCT/OCTA metrics by category of vision function.   
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