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3. Timeline: 
First set of analysis December 2019. First draft Dec2020 
 
4. Rationale:  
The long-term impact of hypertension on the eye, both with regards to structural and vascular 
measures, has been well-studied in numerous previous reports. Population-based studies have 
generally found no associations between hypertension and glaucoma, a common disease defined 
by structural changes in the optic nerve. However, more recent studies have suggested cross-



sectional associations between hypertension and retinal nerve fiber layer thickness (a measure of 
optic nerve damage),1 a higher 10-year incidence of retinal nerve fiber layer (RNFL) defects in 
patients with baseline hypertension,2 and also greater longitudinal declines in RNFL thickness 
over 4 years in persons with hypertension, as compared to those without hypertension.  Data also 
exist suggesting that optic nerve damage is more prevalent with low blood pressure,3 and also 
when blood pressure is low as a result of anti-hypertensive medications. However, the timeframe 
of these past studies remains short as compared to the lifetime of the individual, such that impact 
of blood pressure in mid-life on structural measures of the decades later remains unknown. 
Likewise, very limited data exist describing the associations of mid-life blood pressure with 
other structural measures of the eye, i.e. thickness of the macula or various macular layers.  
 
Optical coherence tomography angiography (OCTA) is a novel non-invasive technique for 
imaging the neuronal and microvascular tissues of the retina and choroid. It has the potential to 
become an important screening and diagnostic tool for neuronal and vascular diseases beyond 
the eye. Prior studies have suggested that a past history of hypertension may be associated with 
reduced vessel density,4 though no study has been able to combine late-life OCTA data with 
measured blood pressure in mid-life, thus avoiding recall bias.   
 
OCT, though now frequently used as a clinical tool, has seldom been studied in free-living 
populations.  Understanding, in such a population, the long-term relationship of blood pressure to 
retinal OCT measures can help inform the ocular benefits (or risks) of early and persisting 
high/low blood pressure, and blood pressure treatment. Data could provide practical guidance 
regarding potential approaches to preventing eye disease. 
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5. Main Hypothesis/Study Questions: 
Using OCT and OCTA data from EyeDOC and baseline blood pressure measurements from 
ARIC, we will: 



 
1) Examine the relationship of blood pressure measurements obtained at baseline and later 

ARIC visits – with structural measures of optic nerve/retinal damage, including RNFL 
thickness obtained from EyeDOC peripapillary OCT scans and total and layer-specific 
thickness obtained from EyeDOC macular scans.   
 

2) Evaluate the relationship between blood pressure measurements obtained at baseline and 
later ARIC visits – with retinal vascular measures such as blood vessel density 
determined from OCTA scans obtained from EyeDOC. 
 

 
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 and Study population:  
We will use both historical data (baseline and the forth ARIC visit) on blood pressure and blood 
pressure treatment as well as current (V6) blood pressure and blood pressure treatment data. Data 
regarding structural and vascular measures of the eye (OCT and OCTA data, respectively) will 
come from the EyeDOC visit, conducted between May 2017 and June 2019. Inclusion/Exclusion 
criteria: ARIC participants recruited in the EyeDOC ancillary study will be included. These 
include ~500 African-American participants with Mini-Mental Sate Examination (MMSE) 
scores no less than 22 from the Jackson study site and ~500 white participants with MMSE 
scores no less than 24 from the Washington County study site. Study population will include all 
participants in the EyeDOC study with interpretable OCT/OCTA data available, along with 
baseline blood pressure data. Non-white participants from Washington County and non-African-
American participants from Jackson will be excluded. 
 
Primary outcome variables: Primary structural outcomes of the eye will include total RNFL 
thickness derived from peripapillary OCT scans, and total and layer-specific thickness of the 
macula defined from macular OCT scans. Primary vascular measures of the eye will include 
vessel density from 4.5x4.5 mm peripapillary scans and from 3x3 or 6x6 mm macular scans.  
 
Primary blood pressure variables: Hypertension (based on SBP, DBP and use of 
antihypertensive medications) and systolic and diastolic blood pressure values from the baseline 
ARIC visit (1987-9), the forth visit (1993-5) and visit 6 (2016-7). We will also be interested in 
any associations with specific types of antihypertensive agents, realizing the difficulty of 
interpreting any associations found as causal in this observational study with little information on 
the indications considered for the drug prescriptions.  
 
Other variables of interest: Data to be collected as possible confounders include age, race, 
gender, household income, education level; axial length, IOP, smoking history; comorbidities: 
diabetes, blood sugar/HgbA1c, cholesterol and triglycerides. 
 
Proposed analysis: We will look at the association between presenting mid-life hypertension 
status (present vs. absent) and RNFL thickness, total macular thickness, and thickness of specific 



macular layers, particularly the GC/IPL layer. As evidence exists for optic nerve damage at both 
elevated and low BP, associations across the range of BP will be explored with polynomials to 
check for nonlinearity and spline terms will be incorporated as appropriate. Initial analyses will 
examine the OCT parameters in relation to hypertension status, SBP level, and DBP level 
separately at three points: visit 1, visit 4, and visit 6.   
 
Some evidence exists that low blood pressure (particularly that resulting from 
treatment/overtreatment of BP) may be a risk for optic nerve damage, and so additional analyses 
will be run to examine this hypothesis. Specific groups to be compared will include: 
 
1) Normal blood pressure at V1, V4, and V6 (reference group) 
2) Chronic midlife hypertension (systolic blood pressure>140 and/or diastolic blood pressure>90 
at V1 and V4) 
3) Low blood pressure (systolic blood pressure<90 or diastolic blood pressure<60) at V1, V4 or 
V6, or a 25% decline in systolic or diastolic blood pressure from V4 to V6.   
 
All analyses will be performed in Jackson and Washington County center participants 
separately, and, unless associations are qualitatively different, in combination with adjustment 
for race. 
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