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3. Timeline: 
Proposal submitted for November 8th ARIC Publications committee meeting. Analysis and 
manuscript written in 4-6 months pending approval.  
 
4. Rationale:  
 
Attention to cognitively stimulating activities, such as social factors, has increased in recent 
years due to studies which have shown the positive impact social engagement can have on 
cognition, mortality rates, and general well-being in older adults.1-4 Since social factors are 
modifiable, many believe this risk factor may be a promising target for AD and dementia 
intervention.2,5-6  
 
Participants in the Atherosclerosis Risks in Community (ARIC) study were surveyed for 
measures pertaining to social support and social isolation at ARIC visit 2 when participants were 
between 46 and 67 years old. Given the important relationships observed between mid-life 
vascular risk factors and later life outcomes previously described in this cohort,7-8 many studies 
examining the relationship between these mid-life social factors with outcome measures such as 
global cognition, cognitive decline and risk of stroke using this cohort have also been 
characterized.2-3,9  
 
The writing group for this proposal is finishing work on a study that assesses the independent 
association of mid-life social support and social isolation with late life amyloid burden, measured 
using florbetapir positron emission tomography (PET). Like other ARIC-PET studies, imaging 
was conducted at visit 5 and high amyloid burden was defined as elevated standard uptake value 
ratio (SUVR) > 1.2 of florbetapir in the global cortex. Results from this initial study 
unexpectedly showed that intermediate/low social support and a moderate risk of social isolation, 
compared to high social support and low risk of isolation, were each associated with lower odds 
of elevated SUVR. Interestingly, we further observed that many participants categorized in mid-
life as having high social support, or at a low risk of social isolation, still had high amyloid 
burden in late life. Altogether these findings seem to reflect selection bias and survivorship and 
have motivated us to further explore whether the association between amyloid burden and 
incident dementia may be modified by these same mid-life factors. 
 
Understanding what effects modifiable risk factors, such as social support and social isolation, 
may have on the relationship between amyloid burden and dementia could be instrumental to 
identifying potential targets for dementia intervention and prevention. To investigate this 
relationship, we propose to use a similar design as a recent ARIC-PET study that assessed how 
vascular risk factors might modify the association between amyloid and dementia and whether 
this interaction would be synergistic.10  
 
Secondary analyses will explore how these associations may differ by sex. This interest stems 
from previous studies which continue to investigate sex differences in amyloid retention on PET, 
social factors, and dementia prevalence.3,11-12 Some of these studies have indicated that women 
are more frequently categorized as having high social support and a lower risk of social 
isolation,3 although the interaction between these complex factors remains unclear.  
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5. Main Hypothesis/Study Questions: 
 
Hypothesis 1a: The relationship between amyloid burden and dementia will be modified by the 
amount of social support in mid-life. We expect a weaker association between amyloid burden 
and likelihood of dementia in participants with high social support. 
 
Hypothesis 1b: The relationship between amyloid burden and dementia will be modified by the 
amount of social isolation in mid-life. We expect a weaker association between amyloid burden 
and likelihood of dementia in participants at a low risk for social isolation.  
 
Hypothesis 2 (Exploratory – likely underpowered due to sample size): The degree to which the 
relationship between amyloid burden and likelihood of dementia will be modified by social 
factors in women will be weaker than that observed in the entire sample. We expect this 
association to be weaker when solely examining women because of previous work which has 
shown lower social support and increased risk of social isolation is particularly protective of 
amyloid burden in women.13 
 
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: Participants who completed the ARIC-PET study (n = 346) will be included in 
this study. The baseline of our analysis will be ARIC Visit 2 (1990 – 1992) when social isolation 
and social support were measured and participants were between 46 - 67 years old. Florbetapir 
PET data will come from ARIC Visit 5 (2011 – 2013) when participants were 67 – 89 years old. 
Previously defined ARIC diagnoses will be monitored between visit 5 and visit 8 to assess which 
participants are diagnosed with dementia based upon adjudicated diagnoses.  
 
Participant inclusion/exclusion: Participants who are nonwhite or nonblack or do not have an 
adjudicated dementia diagnosis and/or social measures will be excluded. The one ARIC-PET 
individual who was ultimately given an adjudicated dementia diagnosis at visit 5 will also be 
excluded.  
 
Independent variables:  
 
Social support and social isolation will be evaluated independently from one another. Both will 
be evaluated in models with standardized uptake value ratio (SUVR) of the global cortex as the 
other independent variable of interest. The interaction between the two will be further assessed.  
 
Perceived social support will be evaluated using the Interpersonal Support Evaluation List-Short 
Form (ISEL-SF). This 16-item scale was constructed by the original ARIC investigators from the 
original 40-item full scale and assesses perceived social support with four subscales including (a) 
appraisal support, (b) tangible assets support, (c) belonging support, and (d) self-esteem support. 
The total score is an equally weighted sum, with scores ranging from 0-48; the higher the score, 
the greater perceived social support.14-15 Scores will be assessed using distribution based tertiles: 
high ≥42, intermediate 36 – 41, and low ≤ 35).3,13  
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Social isolation will be evaluated by the Lubben Social Network Scale. This 10-item scale 
assesses the size of the participant’s active social network and the perceived social support 
received by family, friends, and neighbors. The total score is an equally weighted sum, with 
scores ranging from 0-50; the higher the score, the greater the level of social support. Scores will 
be distributed in the following quartiles to be used for interpretation: ≤20= isolated; 21-25= high 
risk for isolation; 26-30=moderate risk for isolation; ≥31= low risk for isolation.16-17 

 
Standardized Uptake Volume Ratio (SUVR) as defined by ARIC-PET, in the global cortex 
region (weighted average of precuneus, orbitofrontal cortex, prefrontal cortex, superior frontal 
cortex, lateral temporal lobe, parietal lobe, occipital lobe, anterior cingulate, and posterior 
cingulate) will be our second primary independent variable. Due to skewedness, SUVR will be 
evaluated as a binary variable based on the hypothetical cut-point (SUVR = 1.2) established in 
prior literature.  
 
Outcome: Dementia diagnosis (per adjudicated research diagnoses) after visit 5 through visit 8 
will be our outcome variable. Participants will be categorized as dementia/not dementia 
depending on whether they develop dementia through the time of visit 8.  
 
Other variables: We will include demographic variables such as race, sex, education, age, and 
APOE ε4 genotype measured at baseline. Other vascular risk factors defined at visit 2 (when 
social support and social isolation measures were taken) will include: smoking status (current or 
not), drinking status (current or not), diabetes, body mass index (BMI), hypertension, and total 
cholesterol.  
 
Data Analysis: Descriptive statistics (means and standard deviations for continuous variables, 
frequencies and percentages for categorical variables) will be generated for demographic 
variables and covariates. We will evaluate such variables for the entire sample and for 
individuals who develop dementia over the follow-up period and those who did not. To address 
all three hypotheses, we will use Cox proportional hazards regression models to estimate hazard 
ratios (HRs) and 95% confidence intervals (CIs) for incident dementia between visit 5 and visit 8 
(with visit 5 considered to be time 0). Social factors will be treated as categorical measures. Each 
social factor and SUVR of global cortex will be treated as the primary independent variables of 
interest. Additionally, we will evaluate the formal interaction between the two and explore 
stratified models for all levels of both social factors. We will test the proportional hazards 
assumption by log-rank tests with Kaplan-Meier curves. We will formally test for interactions by 
sex and race. For hypothesis 2, we will explore stratified models by sex. 
 
Models will be conducted for each respective social factor (“a” for social support, “b” for social 
isolation). 
 

• Models 1a and 1b will be adjusted for age, sex, race, education, and APOE ε4 status and 
we will evaluate the interaction between each social engagement variable and SUVR.  

• Models 2a and 2b will include adjustment for the variables in Models 1a and 1b in 
addition to smoking status (current or not), drinking status (current or not), diabetes, 
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BMI, hypertension, and total cholesterol. We will additionally evaluate the interaction 
between each social engagement variables and SUVR. 

 
Sensitivity analysis: We will include exclude participants with prevalent stroke at visit 5. 
 
Limitations 
 

• Social factors measured only in mid-life, not time of imaging or dementia onset 
• Short follow-up from time of amyloid imaging – may take longer to see amyloid burden 

exert an influence 
• Relatively few number of dementia cases within the sample which may result in limited 

power 
• Survival bias – many of those with highest amyloid burden or who were most isolated at 

visit 2 are unlikely in ARIC-PET study and current analytic sample due to attrition 
 
 
7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this 
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