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4. Rationale: 
 
Prior research has shown that higher levels of physical activity and a healthy diet are associated 
with lower risk of cognitive decline or dementia (Hu et al., 2020; Palta et al., 2019), and current 
strategies for dementia prevention largely focus on modification of these proximal factors 
(Tarique et al., 2018; Norton et al., 2014). The Mediterranean and DASH diets have been shown 
to delay the onset of cognitive impairment (Morris et al., 2015), and meta-analyses of 
observational studies and randomized controlled trials have shown that engaging in physical 
activity is associated with lower risk of dementia (Blondell et al., 2014; Smith et al., 2010). 
However, modification of risk factors at the individual level does not address the contributions of 
socioeconomic disparities, a fundamental factor in disease occurrence (Link & Phelan, 1995; 
Phelan et al., 2010). 

Several important disparities have been observed in the study of dementia risk. 
Educational attainment is an important index of SES that is also a major risk factor for dementia. 
African American older adults are at higher risk of dementia compared to white older adults, an 
association that may be largely attributable to differences in educational opportunities (Avila et 
al., 2019; Weuve et al., 2018; Garcia et al., 2018). Lower educational attainment is associated 
with worse health behaviors such as smoking, physical inactivity and poor diet (Margolis, 2013). 
Neighborhood-level factors such as residing in census tracts that meet low-income and low-
access thresholds may also prevent an individual from engaging in behaviors that lead to better 
vascular profiles, such as adhering to good dietary practices (Chen et al., 2016). These 
associations are likely due to the lack of access to healthcare resources, healthy food, as well as 
the necessary health literacy to carry out health behaviors that are thought to be “modifiable”. It 
may be additionally challenging to modify vascular and lifestyle risk factors for stroke survivors, 
a subpopulation that experiences a greater burden of these risk factors compared to those who 
have not had a stroke even prior to the stroke event (Liu et al, 2021). 

Given the evidence that risk factors for dementia thought to be largely due to behavior 
are strongly influenced by socioeconomic disparities, further investigation is needed to 
understand the socioeconomic barriers to successful modification. To formally evaluate this 
question using observational data, we can use trial emulation methods such as the parametric g-
formula in order to adjust for treatment-confounder feedback, which is not accounted for in other 
regression adjustment methods; this method emulates a trial more closely since time-varying 
confounding explains a substantial part of the discrepancies between observational studies and 
target trials (Hernan & Robbins, 2016). In this study, we aim to 1) understand whether 
hypothetical physical activity and diet modification for dementia prevention in the general 
population is possible under different levels of educational attainment and in different 
geographic regions of the U.S.; and 2) determine extent to which educational, racial and 
geographical disparities in dementia are explained by different distributions of physical activity 
and diet. We hypothesize that hypothetical interventions to increase physical activity and 
improve diet would be less effective among those with lower educational attainment, as well as 
in geographic areas with lower average educational attainment, due to the confluence of social 
and material conditions that greatly influence whether participants are able to make 
modifications.  
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5. Main Hypothesis: 
 
We hypothesize that 1) hypothetical interventions in midlife diet or physical activity are less 
effective in reducing dementia risk among participants with lower levels of educational 
attainment and in geographic areas with the lowest proportions of participants categorized as 
high educational attainment (due to weaker associations between diet/physical activity and 
dementia in these groups); and 2) a significant proportion of the differences by education, race 
and study site in dementia risk will not be mediated through physical activity and diet (Figure 
1). 

 

 
 

Figure 1. Hypothesized relationships between SES variables, intervention 
targets (physical activity, dietary intake), and incident dementia 

 
 

6. Design and analysis: 
 
Study design: We will conduct a secondary data analysis using data from ARIC. 
 
Inclusion/exclusion: We will include Black participants from Forsyth County or Jackson; White 
participants from Forsyth County, Minneapolis or Washington County. We will include all 
participants with available education information at baseline, not missing APOE information, 
and who provided consent for their DNA to be used for research purposes. 
 
Independent variables: Educational attainment is measured in categories with three levels: grade 
school or high school, high school graduate or vocational school, college and above, with the last 
group as the reference. Race-center is stratified by race and ARIC field center; we will use the 
group with the highest average educational attainment level as the reference. Physical activity 
and diet were measured in visit 1 (1987-1989) and visit 3 (1993-1995). Accordingly, we will 
only include incident dementia cases that arise after visit 3.  
 
Hypothetical interventions. We will measure leisure-time moderate to vigorous intensity physical 
activity (MVPA) using participants’ self-reported questionnaire responses on the duration and 
frequency spent in each of up to 4 leisure-time activities from the Modified Baecke Physical 
Activity Questionnaire (Baecke et al., 1982). Participants who report not participating in MVPA 
(0 minutes/week) will be categorized as inactive, and all remaining participants will be 
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categorized as low (1-74 min·wk-1), middle (75-149 min·wk-1), or high (> 150 min·wk-1) 
according to distribution-based tertiles described elsewhere (Palta et al., 2021).  
 
We will use the Healthy Eating Index 2015 (HEI-2015), which was found to be associated with 
dementia risk (Hu et al., 2020), to measure dietary intake. The HEI-2015 was calculated from 
participants’ responses to the 66-item semi-quantitative Food Frequency Questionnaire (FFQ; 
Willet et al., 1986), which asked participants how often, on average, they consumed food items 
of a given portion size in the previous year. The energy intake and total nutrient intake were 
calculated using data from the U.S. Department of Agriculture. The HEI-2015 score ranges from 
0-100, and reflects how well participants adhered to recommendations from the 2015-2020 U.S. 
Dietary Guidelines for Americans (Krebs-Smith et al., 2020). We will categorize scores into 
tertiles corresponding to low, middle, or high HEI-2015. 
 
Outcome: The primary outcome of interest is incident dementia after visit 3. Dementia cases 
were ascertained using the level 3 definition, which include cases seen in clinic and adjudicated 
by the ARIC expert panel as having dementia (visit 5-7), those determined by telephone 
assessment or informant interview, as well as those who were determined to have dementia by 
surveillance based on a prior discharge hospitalization ICD-9 or death certificate code (290.0, 
290.1, 290.2, 290.3, 290.4, 290.9, 294.1, 294.2, 294.8, 294.9, 331.0, 331.1, 331.2, 331.8, and 
331.9) from the date of the last participant contact up to the most recent follow-up (Knopman et 
al., 2016). Strokes were ascertained through annual follow-up phone calls to study participants or 
proxies, surveillance of discharges from local hospitals, and death certificates, with expert 
adjudication of stroke events (Koton et al., 2014). Follow-up will continue until Visit 7 (2018-
2019). 
 
Other variables: Potential confounders to be included in regression models are age at baseline, 
sex, race-center, APOE ε4 genotype status (0 or 1+ ε4 alleles), and other variables listed below. 
 
Statistical analysis: In separate baseline tables, we will describe differences by 1) educational 
attainment (<HS, HS, >HS) and 2) race-center in the following variables: age, sex, APOE ε4 
genotype status, visit 1 BMI, family history of CVD, visit 1 and visit 3 physical activity score 
(total MET-minutes per week), visit 1 and visit 3 dietary intake, and the proportion of 
participants who had incident dementia by the end of follow-up. We will assess death as a 
competing event. 
 
Trial emulation via g-formula. We will use the parametric g-formula (McGrath et al., 2019), a 
time-varying extension of standardization, conduct a survival analysis for time-to-dementia in a 
hypothetical trial in which strategies (see below) are implemented for diet and physical activity. 
We will assess the change in dementia risk under the conditions of 1) no intervention, 2) each 
individual sustained intervention (i.e. high levels of MVPA for both visit 1 and visit 3; repeat for 
HEI-2015), and 3) joint sustained interventions (i.e. high levels of MVPA and HEI-2015 for both 
visit 1 and visit 3). We will then assess whether the effect of the hypothetical interventions 
differs by educational attainment or race-center. The risk of dementia will be estimated using the 
parametric g-formula with baseline covariates of age, marital status, education, employment, 
race-center, and family history of CVD (either parent’s history of diabetes, stroke, CHD, or 
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premature history of CHD); and time-varying covariates of smoking, BMI, hypertension, 
diabetes, diet and physical activity. 
 
G-formula specifications. We will use the g-formula to estimate the 30-year risk of incident 
dementia by educational attainment and by race-center under each of the strategies detailed in the 
table below.  
Variable Strategies 
Physical activity (Visit 1, 3) High MVPA *, middle MVPA, low MVPA, no change 
Dietary intake (Visit 1, 3) High HEI-2015, middle HEI-2015, low HEI-2015, no change 

*Example interpretation for the “high PA” strategy: What is the direct causal effect of high educational 
attainment on dementia risk, had we intervened to give everyone high MVPA at visit 1 and visit 3. 
 
To estimate the g-formula, we will specify a model for the outcome (incident dementia) given 
the independent variables (educational attainment, race-center) and covariate history and models 
for time-varying covariates (diet, physical activity, blood pressure, fasting blood glucose, 
smoking and BMI) given covariate history. The outcome model will be a pooled logistic 
regression model. In the outcome model, we will add interaction terms between the independent 
variable and the variables “intervened” upon (diet, physical activity) for each set of analysis in 
order to specify a more flexible model. Next, we will specify models for all time-varying 
covariates, including diet, physical activity (PA), systolic blood pressure (SBP), fasting plasma 
glucose (FPG), smoking (SMK) and BMI. To estimate survival under the “natural course” (no 
intervention on diet or physical activity), we will specify a model for the independent variables 
of interest (educational attainment or race-center) as a function of baseline covariates. All 
covariate models will be modeled using linear regressions, with the exception of the natural 
course models, which will be estimated using multinomial logistic regressions.  
 
Independent variable: educational attainment  
 

Outcome model:  
 
Dementia = edu + diet + MVPA + edu*diet + edu*PA + age + sex + race-center + family 
history of CVD + APOE + BP + FPG + SMK + BMI 
 
Time-varying covariate models: 
 
Diet (visit i) = edu + age + race-center + family history of CVD + APOE + BMI (visit i – 
1) + SMK (visit i – 1) + FPG (visit i – 1) + BP (visit i – 1) 
 
MVPA (visit i) = edu + age + race-center + family history of CVD + APOE + BMI (visit 
i – 1) + SMK (visit i – 1) + FPG (visit i – 1) + BP (visit i – 1) 
 
BP (visit i) = edu + age + race-center + family history of CVD + APOE + BMI (visit i – 
1) + SMK (visit i – 1) + fasting blood glucose (visit i – 1) 
 
FPG (visit i) = edu + age + race-center + family history of CVD + APOE + BMI (visit i – 
1) + SMK (visit i – 1) + BP (visit i – 1) 
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SMK (visit i) = edu + age + race-center + family history of CVD + APOE + BMI (visit i 
– 1) + FPG (visit i – 1) + BP (visit i – 1) 
 
BMI (visit i) = edu + age + race-center + family history of CVD + APOE + FPG (visit i – 
1) + SMK (visit i – 1) + BP (visit i – 1) 
 
(Natural course model) Edu = age + sex + race-center + family history of CVD + APOE  

 
Independent variable: race-center 
 

Outcome model: Dementia = race-center + diet + MVPA + race-center*diet + race-
center*PA + age + sex + edu + family history of CVD + smoking + APOE 
 
Time-varying covariate models: same as above 
 
(Natural course model) Race-center = age + family history of CVD + APOE 

 
Mediation analysis. Using single and multiple causal mediation methods (Huang & Yang, 2017), 
we will estimate the proportion of disparity in dementia risk that could be eliminated if 
participants with low educational attainment had the same distribution of diet and physical 
activity as participants with high educational attainment. To avoid adjusting for variables on the 
causal pathway between educational attainment and dementia, the mediation models will be 
adjusted for age, sex, race-center, APOE ε4 genotype (carrier vs. non-carrier), and family history 
of CVD. We will repeat these analyses using race-center as the socioeconomic variable of 
interest (accordingly, we will adjust for educational attainment instead of race-center in the 
mediation models).  
 
Descriptive analyses will be conducted using SAS version 9.4 (Cary, NC). We will use the 
gFoRmula R package (McGrath et al., 2019) to estimate the g-formula, and the mediation R 
package for time-to-event outcomes and multiple mediators (Huang & Yang, 2017) to conduct 
mediation analyses. 
 
Limitations or challenges: First, we acknowledge that the covariates available for this analysis 
may be insufficient to eliminate substantial confounding.  Second, diet has not shown a strong 
association with incident dementia in ARIC, and this may limit the precision of our estimation of 
it effects within education or center strata. Also, the epidemiological literature, particularly in the 
study of “lifestyle” factors, focus largely on modeling the risk factors for disease and less on the 
social production of disease (Krieger, 1996). Social and material conditions that are largely 
predetermined due to historical processes relating to race and class—and, consequently, 
educational opportunities—significantly influence disease risk, and this effect may be magnified 
over the life-course and in the study of late-life diseases such as dementia. Current preventions 
strategies for dementia largely focus on modification of lifestyle. If we show that even if 
everyone had hypothetically “modified” physical activity and diet to the optimal levels, the risk 
of dementia is still higher in those with lower education, it would suggest that modification of 
these downstream variables, as measured in ARIC, is not sufficient. In summary, the extent to 
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which physical activity and diet are truly “modifiable” is highly dependent on socioeconomic 
factors such as access to resources, neighborhood and zip code, etc. Results will need to be 
interpreted carefully with attention to the mechanism through which these factors are modified. 
Stratifying our analysis by educational attainment and race-center is intended to further elucidate 
the contributions of those socioeconomic disparities. Quantifying these relationships is the first 
step to ensuring that future interventions are effective and feasible for individuals who lack 
access to healthcare or other resources and are at higher risk of the disease. 
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