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4. Rationale:  

 

Recently, the association between female hormonal changes and dementia has become a topic of 

interest. While men initially have a higher risk of developing early-onset Alzheimer’s Disease 

(AD) than women, women become two times more likely to acquire the disease after the age of 

75. This sex difference is so pronounced that women with only one copy of the apolipoprotein E 
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ε4 allele have a higher likelihood of AD diagnosis than men with two copies.1 At a pathologic 

level, Barnes et al. found that after this sex risk reversal occurs, one can observe a nearly 3-fold 

increase in the odds of clinical AD in men compared to more than 22-fold in women with each 

additional unit of AD pathology.2 Clinically, women with mild cognitive impairment (MCI) 

experience cognitive decline at a faster rate than men, and a synergistic effect can be seen when 

examining women who are apolipoprotein E ε4 carriers. In addition, Weber et al. found that 

postmenopausal women tend to perform worse on phonemic verbal fluency and delayed verbal 

memory tests, and perimenopausal and postmenopausal women are more likely to experience 

depressive symptoms and to be diagnosed with Major Depressive Disorder than premenopausal 

women.3  

 

The data indicate that a complex interplay between the physiological effects of estrogen and 

apolipoprotein E ε4 drives these results for women in the perimenopausal and postmenopausal 

states. Specifically, it has been shown in rat models that estrogen can upregulate apolipoprotein 

E ε4 expression by increasing production of mRNA coding for apolipoprotein E ε4. However, 

despite the significant research findings thus far, apolipoprotein E ε4 genotype and sex factors 

are still insufficient to explain many findings, and therefore unknown system interactions are 

likely at play.1  

 

Many of the hypothesized effects of estrogen on cognition can be extrapolated from findings 

involving hormone replacement therapy. In general, the main consensus, largely drawn from the 

Women’s Health Initiative and offshoot studies, is that hormone therapy in the “critical window” 

at the onset of menopause may have protective cognitive effects, while later use of HRT may 

actually accelerate cognitive decline4. The work of Brinton et al. further supports this hypothesis 

with the finding that during the perimenopausal transition, there is an induced hypometabolic 

physiologic state associated with neurologic dysfunction.5  

 

In addition, basic science research has corroborated these findings, and specifically suggested 

that elevated concentrations of estradiol and progesterone can affect the concentration of 

hippocampal dendritic spines in animal models. The physiologic effect is that the increased 

exposure to estrogen during pregnancy decreases hippocampal volume in the short-term, but 

enhances long-term hippocampal learning plasticity and potentiation through a mechanism of 

dendritic remodeling6,7,8.  

 

Thus, it is clear that estrogen exposure has an effect on cognitive function, likely through a 

complex interplay of multiple physiologic systems. Our study seeks to expand the research in 

this area by examining gravidity and parity as important factors in lifetime estrogen exposure 

within the ARIC cohort as they relate to cognitive impairment and amyloid plaque deposition.  

 

5. Main Hypotheses/Study Questions:  

 

Our study seeks to answer the following questions: 

 

1. To determine whether higher numbers of gravidity and parity are associated with a 

decreased risk of mild cognitive impairment or dementia. We hypothesize that increased 



gravidity and parity will have either no effect or a protective effect against MCI and 

dementia.  

 

2. To determine whether higher numbers of gravidity and parity are associated with a 

decreased risk of amyloid deposition by PET MRI. We hypothesize that increased 

gravidity and parity will have either no effect or a protective effect against amyloid 

deposition. 

 

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:  

 

We plan to use recorded gravidity and parity at visit 1 as our exposure. For hypothesis #1, data 

from the ARIC-NCS study will be used to examine diagnoses of MCI and dementia; for 

hypothesis #2, data from the ARIC-PET study will be used to examine evidence of amyloid 

deposition as a possible biomarker for Alzheimer’s neuropathologic changes.  

 

Study Population:  

 

Inclusion Criteria:  

 

All female ARIC study participants will be included in the analysis. For hypothesis #1, 

participants will need to have attended or been evaluated at visit 5 (ARIC-NCS9), and for 

hypothesis #2, they will need to have attended the ARIC-PET study10.  

 

Exclusion Criteria:  

 

All males will be excluded from our study. Participants will be excluded if they had a previous 

diagnosis of dementia preceding visit 1.  

 

Exposures:  

 

The main exposures of interest are gravidity and parity, used as a partial representation of 

cumulative lifetime estrogen exposure. We will use the reported gravidity and parity from visit 1 

for each woman.  

 

Outcomes:  
 

Potential neurologic outcomes for hypothesis #1 will include normal cognitive function, mild 

cognitive impairment, or dementia.  

 

Presence of these outcomes was assessed in the ARIC-NCS study9 using in-person assessments 

or telephone interviews if participants were unwilling or unable to be examined in person.  

 



In-person assessments included the Centers for Epi Studies – Depression Scale, the delayed word 

recall task and digit symbol substitution from the Wechsler Adult Intelligence Scale- Revised 

(WAIS-R), a letter fluency task, MMSE, neuropsychologic test battery, logical memory 

immediate and delayed recall, incidental learning from the Wechsler Memory Scale-III, WAIS-R 

digits span backward, Boston naming test, and animal naming test. A more detailed test battery 

was then administered to participants with an MRI in 2004-2006 as part of the ARIC-MRI study 

and who had either a low MMSE or low constructed Z-score from the previous cognitive tests. A 

random sample of cognitively normal participants also received this more complex testing, 

which included MRI scans of the brain. An algorithm was then employed to diagnose cognitive 

normality, MCI, or dementia based on criteria from the National Institute on Aging-Alzheimer’s 

Association workgroups and Statistical Manual of Mental Disorders, 5th edition (DSM-5). 

Internal consistency was evaluated for the cognitive-functional profiles generated by the 

algorithm, and a panel of physicians and neuropsychologists assigned primary and secondary 

etiologies to those diagnosed with dementia.  

 

For hypothesis #2, we will also use data from the ARIC-PET amyloid imaging study10, which 

evaluated 346 participants with florbetapir PET scans to assess global cortical SUVR. We will 

consider a binary definition of SUVR with a cutoff of >1.2 as has been used in prior studies.  

 

Covariates:  

 

Potential covariates (assessed at visit 1) include age, race-field center, smoking status (current, 

former, never), alcohol consumption (current, former, and never), waist-to-hip ratio, 

apolipoprotein E ε4 genotype, total cholesterol, hypertension status, physical activity, highest 

education level (as a proxy for socioeconomic status) and diabetes status.  

 

Statistical Analysis Plan:  
 

For hypothesis #1, we will use logistic regression to evaluate the association of gravidity and 

parity as two separate ordinal variables using adjudicated MCI and dementia at visit 5. In a 

primary model, we will combine MCI and dementia and consider MCI/dementia versus normal 

cognition. In addition, depending on the available number of cases, we will consider ordinal or 

multinomial logistic regression to evaluate all three cognitive categories.  

 

For hypothesis #2, we will use logistic regression to evaluate the association of gravidity and 

parity (again as ordinal variables) with amyloid positivity (SUVR>1.2).  

 

Limitations:  

 

Our sample size will be relatively small, especially for the second hypothesis, given the limited 

number of women who received a PET scan; this hypothesis is primarily exploratory due to this 

limitation. However, we still believe that we will have a sufficient number of participants at risk 

for MCI or dementia to examine these clinical outcomes. Because data has already been 

collected and recorded, there will likely be limitations in our ability to examine other questions 

and hypotheses that may arise.  
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