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Aim 3: Manuscript Submission by December 2025 
 
 
4. Rationale: 
Scientific rationale: Each year, almost 800,000 Americans have a stroke and survive, resulting in 
long term disability. One symptom of long-term disability in stroke survivors includes vision 
impairment; many strokes affect the visual pathways within the brain and also the retina and optic 
nerve. Stroke-related vision impairments have been shown to contribute to long-term disability 
due to the impact on functional performance (Rowe et al., 2017) and psychological health 
(Heesterbeek et al 2017). Another key symptom of stroke disability is dementia, although the 
mechanisms related to post-stroke dementia are incompletely understood. We and others have 
shown associations between self-reported vision impairment and cognitive impairment in stroke 
survivors (Hreha, et al 2021; Patel et al, 2002). We also found that stroke survivors with worse 
vision had lower cognitive functioning but not greater cognitive decline than stroke survivors with 
excellent-to-very good vision but this was a cross-sectional (Hreha et al., 2021). One type of vision 
impairment, retinopathy, is more likely to present in people with a history of stroke, and individuals 
with retinopathy were found to have an increased risk of cerebrovascular related dementia (Deal 
et al 2019). This current body of work on vision impairment and dementia in stroke survivors is 
limited and still has gaps, therefore it is a crucial to investigate this topic further, for example if 
the presence of specific types of vision impairment (i.e., age-related vision impairment and stroke-
related vision impairment) influence the stroke-dementia relationship and determine the 
downstream consequences (including possible depression, impairments in physical performance, 
etc.) of stroke-related vision impairment in a cohort of stroke survivors overtime. Using extant 
data to explore our questions is both time- and cost- effective. The ARIC study has collected 
relevant variables to test our hypotheses and address our aims. 
 
 
5. Main Hypothesis/Study Aims: There are two primary aims of this study examining vision 
impairment (stroke-related vision impairment, meaning there was evidence of hemianopia, 
diplopia, and/or cranial nerve palsy symptoms at the time of stroke hospitalization, or self-
reported pre-stroke vision impairment, identified from retinal exams prior to the index stroke) 
and dementia among stroke survivors:  
 
Aim 1: (1) characterize the prevalence of vision impairment among stroke survivors and (2) 
quantify the associations between vision impairment (a) and a risk of MCI or prevalent dementia 
in late life, (b) presence of depressive symptoms, and (c) physical performance. Hypothesis: We 
hypothesize that stroke survivors with stroke-related vision impairments will have a greater risk 
of MCI and prevalent dementia, greater presence of depressive symptoms, and lower physical 
performance compared to those with normal vision. 
 
Aim 2: Determine the association between stroke-related vision impairment and time to incident 
dementia onset, from time of stroke. Hypothesis: The hazard of developing incident dementia 
will be higher for stroke survivors with stroke-related vision impairment, compared to stroke 
survivors with normal vision. 
 
6. Design and analysis - please address the following aspects: 
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Aim 1:  
a. Study Design: This is an observational cohort study using ARIC data. For each 

participant, outcome data from either visit 5 (2011-2013), visit 6 (2016-2017), visit 7 
(2018-2019), visit 8 (2020) will be used. The time of outcome determination will be 
chosen for each participant from the first complete cognitive assessment following 
their most recent stroke event. We will also use ARIC stroke surveillance data for 
stroke event ascertainment and retinal exam data from Visits 3 and 4.  

b. Inclusion/Exclusion: ARIC participants with a probable or definite all types of 
stroke captured from the hospital surveillance data (adjudicated events) will be 
included. Participants will be excluded if they did not have a retinal exam prior to 
their most recent stroke event or if they had a fatal stroke event before their first 
complete NCS cognitive status diagnosis (COGDIAG variable, described further 
below). See below Figure schematic of Aim 1’s design: 

 
 

c. Primary Exposures (see Table 1 for more information including definitions):  
i. Stroke-related vision impairment (binary --yes/no)-- taken from the year of 

most recent non-fatal stroke event (measured at time of stroke, from cohort 
stroke abstraction form).  

ii. Pre-stroke vision impairment (binary—yes/no)-- taken from retinal exams,  
iii. Either/both types of vision impairment (at least one of stroke-related and pre-

stroke vision impairments) 
d. Primary Outcomes (see Table 1 for more information):  

i. Presence of any cognitive impairment measured at earliest observed timepoint 
post-stroke (MCI or prevalent dementia, as defined by the COGDIAG 
variable)   

1. Presence of adjudicated, prevalent level 1 dementia measured at 
earliest observed timepoint post-stroke (yes/no)  

ii. Depression, integer variable with range 0-22, representing CES depression 
score (11 items from 0-2), higher score means more depressed --(measured at 
earliest observed timepoint post-stroke). We are using the continuous measure 
to represent the variation in the data. 

iii. Short Physical Performance Battery (SPPB), integer variable with range 0-12, 
representing the sum of the 4-meter walk score (0-4), the balance score (0-4), 
and the chair stand (0-4), higher scores mean better function --(measured at 
earliest observed timepoint post-stroke) 

e. Other variables of interest (see Table 1 for more information):   
i. age at time of stroke 



J:\ARIC\Operations\Committees\Publications  September 2023 Version  
 

ii. education and sex (taken at ARIC baseline) 
iii. we will also summarize variables that may be related to the outcome such as: 

hypertension, diabetes, BMI, etc. 
f. Table 1. Variables to be used in Aim 1 

 
Outcome Description Variables and Source  

Stroke-related vision 
impairment 

At least one condition (i.e., hemianopia, diplopia, and cranial nerve palsy), 
condition abstracted from the medical records. 

Cohort incident stroke 
abstraction form questions 
38, 39, and 46  
STRC38A, STRC39A, 
STRC46A 

Pre-stroke vision 
impairment 

At least one self-reported condition (i.e., , glaucoma, age-related macular 
degeneration, diabetes-related eye problems, cataracts, surgery, 
blindness—unrelated to the stroke and occurring prior to the stroke) 

Retinal exams from visits 
3 and 4 
REXA3A, REXB3A 
REXA4A, REXB4A,… 

Cognitive impairment The Neuro Cognitive Study (NCS) defined cognitive via an expanded 10-
test battery and informant interviews, and then used a computer algorithm 
generated preliminary diagnoses that were verified by expert review. 
 
We use the cognitive diagnosis defined by the classification committee’s 
cognitive diagnosis for the participants that were selected to stage 2 in the 
NCS, or the computer-determined syndromic diagnosis for the rest. The 
possible diagnoses include normal, mild cognitive impairment (MCI), and 
dementia. We consider participants with mild cognitive impairment or 
dementia as having any cognitive impairment. 

COGDIAG51, 
COGDIAG61, 
COGDIAG71 
 
From the STATUS71 
dataset 
 
COGDIAG = M or D 
defines any cognitive 
impairment 

Dementia  COGDIAG = D defines 
prevalent dementia 

The Center for 
Epidemiological Studies-
Depression (CES-D) 

self-report tool that measures depressive symptoms experienced, integer 
with a range of 0-22 (higher score is more depressed) 

CESD51, CESD61, 
CESD71 from derived 
datasets 

Short physical 
performance battery 

Objective assessment for functional mobility or physical function that 
incorporates three tasks to get a composite score ranging from 0-12. 

SPPB51, SPPB61, 
SPPB71 from derived 
datasets 

age Integer age at time of outcome determination V5AGE51, V6AGE61, 
V7AGE71 from derived 
datasets 

sex Categorical variable with levels male, female GENDER from visit 1 
derived dataset 

education Integer variable representing the number of years of education HOM54 from home 
interview  

 
g. Data Analysis: We will conduct multivariable linear and logistic regressions, 

controlling for age, sex and education. We will run the relevant model for each 
combination of exposures (pre-stroke vision impairment, stroke-related vision 
impairment, OR either/both types of vision impairment) and outcomes (see above). 
The models with stroke-related vision impairment will also be adjusted for number of 
years since stroke. 

h. Limitations/Challenges:  
i. The retinal exams were only conducted at Visits 3 (all participants) and 4 

(some participants), meaning some participants pre-stroke age-related vision 
impairment variables may be missing, because it was a long time from retinal 
exam to the stroke date. We understand that this may limit our ability to assess pre-
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stroke vision impairment variable. Namely, we hypothesize this would lead to an 
underestimation of the exposure. Further, we recognize that the stroke survivors’ data 
who had the longest time between the retinal exam and their stroke will likely 
produce the greatest under-estimated exposure. 

ii. Even though the stroke-related vision impairment was only captured at the 
time of stroke, based on clinical experience we expect this to be persistent. 
However, we realize that we only have one time point of data and therefore 
this is a limitation. 

Aim 2:  
a. Study Design: This is a longitudinal, observational study using ARIC data from the 

stroke surveillance, as well as the incident dementia surveillance (level 3) diagnoses. 
b. Inclusion/Exclusion: ARIC participants with a non-fatal probable or definite stroke 

captured from the hospital surveillance data will be included. Participants will be 
excluded if they if they were diagnosed with incident dementia prior to their incident 
stroke, or if they had a stroke prior to their baseline visit. 

c. Primary Outcome: Time to incident dementia onset (time origin (time zero): time of 
non-fatal incident stroke event)  

d. Other variables of interest:  
a. incident stroke events will be taken anytime from the start of the surveillance 

data), 
b. presence of stroke-related vision impairment (taken from surveillance, as 

defined in Aim 1) 
c. age at time of stroke event, (calculated using the age at baseline and year of 

stroke event) 
d. education level and sex (as defined in Aim 1) 

e. Data Analysis: We will conduct survival analysis, using Cox proportional hazard 
models with time origin being the year of the stroke, and the outcome being the 
number of years from stroke to dementia onset. We will adjust for age, sex, and 
education. The outcome will be right censored at death, dropout, or last follow-up.  
However, follow-up sensitivity analyses will assess the impact of defining death as a 
competing risk. The viability of the proportionality assumption for the model will be 
tested using the Schoenfeld residual method.  

f. Limitations/Challenges: None anticipated  
 
Will the author need Limited data to complete the proposed manuscript? ☐ Yes, Limited 
data is needed (Provide a brief (2-3 sentences) justification for requesting PHI data)      .  ☒ 
No, De-identified data will be sufficient. 
*Please note, Limited dataset access is strict and rarely provided. Limited data includes 
identifiable information such as dates (birthdays, visit dates, etc.).  CMS, Genomic, Geocoded, 
Proteomics/Somalogic, and other -omic data all fall under the limited data category. De-
identified data does not include dates.  All dates are date adjusted to "Days since Visit 1".  
 
 
7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this 
manuscript? (Non-ARIC analysis means that the authors are not regarded as ARIC 
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