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3. Timeline: 
 
Data analysis and manuscript preparation will take place over 1 year. 
 
 
4. Rationale:  
 
Late-onset epilepsy (i.e., recurrent unprovoked seizures starting at age 55 or older1) affects a large and 
growing number of persons worldwide.  The yearly incidence of first seizure is higher in the elderly than 
at any other time of life2 at 175 per 100,000 people after age 803.  In comparison, the incidence of 
epilepsy is low in earlier adulthood (20 per 100,000 from ages 20-60), and moderately high in infants 
under 1 year of age (100 per 100,000).  In older adults without a prior history of seizures, the yearly 
incidence of epilepsy is 1.85% in those 80-84 and 3.25% in those 90-943.  Stroke and neurodegenerative 
diseases account for a share of late-onset epilepsy, but many patients have no obvious single cause of 
seizures.  A large number of these patients are thought to have microvascular disease leading to seizures.  
 
White matter hyperintensity progression is thought to be a marker for microvascular disease.  ARIC brain 
MRI data has shown strong associations between white matter hyperintensities and hypertension4, fasting 
glucose4, and smoking5, which are hypothesized risk factors for late-onset seizures. In the ARIC cohort, 
progression of white matter hyperintensities between 1996-1998 and 2004-2006 was shown to correlate to 
smoking history, with a dose-response relationship5. 
 
White matter hyperintensities on MRI are significantly more prevalent in patients with late-onset epilepsy 
than in age-matched controls6.  A small case-control study of patients with late-onset seizures (16 
patients) found higher volume of white matter hyperintensities and lower cortical grey matter volumes in 
patients with seizures (mainly in the temporal lobes)7 than controls.  A comparison of post-stroke epilepsy 
to “leukoaraiosis-associated epilepsy” found a higher proportion of the leukoaraiosis-associated epilepsy 
patients to have temporal (vs frontal) lobe epilepsy8; hippocampal volumes were not compared.   
 
We propose to describe the relationship between MRI markers of cerebrovascular disease and 
neurodegenerative disease, as assessed on MRI from 2011-2013 (hypothesis 1), and on the MRI done in 
the Brain MRI ancillary (2004-2006; hypothesis 2).  Specifically, we will assess whether lower 
hippocampal volumes, temporal lobe cortical volumes, or higher white matter hyperintensity volume – 
cross-sectionally, and, in the subset with cross-temporal data available, cross-temporally, – is associated 
with adult-onset seizures, and whether the associations differ by black versus white race (as some effect 
modification of blood pressure by race has been observed in this cohort for other outcomes)9.       
 
5. Main Hypothesis/Study Questions: 
 

1. Participants with late-onset epilepsy will have lower hippocampal volumes, lower 
cortical volume in the temporal lobes, and increased white matter hyperintensity volumes 
on MRI scans performed at ARIC-NCS (2011-2013, cross-sectionally) than participants 
without late-onset epilepsy, for both black and white participants. 
 

2. Participants with late-onset epilepsy will have had, at an MRI conducted ~10 years prior 
(brain MRI 1993-1995, and brain MRI 2004-2006; cross-temporal analysis), lower 
hippocampal volumes, lower cortical volume in the temporal lobes, and increased white 
matter hyperintensity volumes than participants without late-onset epilepsy, for both 



black and white participants. 
 

 
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:  Prospective cohort study of MRI data collected at three time points (visit 3, brain 
MRI visit, and ARIC-NCS) between 1993-2013, and seizures retrospectively recalled by 
participants between 2011-2013 (and at Visit 6, when available) or documented in Medicare 
CMS data or hospitalization data. 
 
Inclusion criteria: Participants queried about self-reported seizures or convulsions at the 2011-
2013 ARIC-NCS visit (NHX interview).   
 
For secondary analysis, we will use Medicare-CMS data to identify incident cases of epilepsy in 
the ARIC population (using a two-year look-back period to ensure preexisting cases of epilepsy 
are not included).  ARIC participants enrolled in Medicare fee-for-service for a minimum of two 
years will be included. 
 
We also plan to utilize the larger ARIC cohort in whom the TIA form was administered at visits 
1-4, and which includes questions about specific neurologic symptoms and whether they were 
accompanied or related to seizures/ convulsions, for secondary analyses (as it is not available 
after visit 4).  Participants treated with an anti-seizure medication will also be included  in 
secondary analysis. 
 
 
Exclusion criteria: clinical stroke or neurodegenerative disorder prior to first seizure; brain 
tumor or multiple sclerosis; no MRI of sufficient quality from 2011-2013 (hypothesis 1), and/or 
no MRIs of sufficient quality from 1993-1995 or 2004-2006 (hypothesis 2).   In analysis of 
Medicare data, participants without at least 2 years of data prior to the first code for epilepsy or 
seizures will be excluded. 
 
Analysis will exclude individuals with seizure history but onset prior to age 45. 
 
Outcome: The primary outcome variable of interest is the presence or absence of adult-onset 
seizures.  
 
Independent variables: 
Hypothesis 1: Hippocampal volume, white matter hyperintensity volume, and cortical volumes 
on MRI data from the ARIC-NCS ancillary study. 
 
Hypothesis 2: Hippocampal volumes, volume of white matter hyperintensities, cortical volumes, 
and/or 0-9 categorical grade from 1993-1995 MRI and/ or 2004-2006 MRI. We will consider 
MRI at either time point, with the understanding that the visit 3 MRI had less precise 
quantification of brain volumes (so we will use categorical grades as needed for that analysis), 
but will primarily focus on the brain MRI visit for this hypothesis. 



 
Other variables of interest:  
Age at first seizure, sex, race-center 
Hypertensive status 
Diabetic status 
Educational level 
Smoking history 
Alcohol abuse history 
 
Planned data analysis: 
For hypothesis 1, we will use logistic regression models to estimate the association between 
white matter hyperintensity volumes, cortical volumes, and hippocampal volumes and late-onset 
epilepsy.   For hypothesis 2, we will use logistic regression models to assess the cross-temporal 
association between MRI measures of white matter hyperintensities volume, and hippocampal 
and cortical volume, from the Brain MRI 2004-2006 visit) and late-onset epilepsy.  In the subset 
with visit 3 MRI scans, we will repeat the analysis but using the 0-9 categorical grade for white 
matter hyperintensities, ventricular volume, and sulcal measurements as a surrogate for global 
cortical atrophy. We will first perform univariate analysis, then a combined multivariable 
analysis of variables significant on univariate analysis for all hypotheses.   
 
Models will be compared using maximum likelihood ratio tests.  We will use multiplicative 
interaction terms, likelihood ratio tests, and stratified analyses to assess effect modification by 
sex, race, hypertensive status, and diabetic status.   
 
 
Potential limitations:  
One potential limitation is that the number of patients reporting seizures starting at age 45 or 
later may be low, which may limit the power of our analysis.  The addition of visit 6 data and 
Medicare data will allow ascertainment of seizures in a larger proportion of the cohort.  A further 
limitation is that participant self-reported seizures may not be accurate, as in older patients 
seizures may be underdiagnosed (or, alternatively, other events may be misdiagnosed as seizure).  
In addition, by examining late-onset seizures and MRIs done at different time points (1993-1995 
MRI and/ or 2004-2006, and 2011-2013), we will not always be able to show a directional 
relationship between white matter changes and seizures, but will instead identify associations.   
 
Some misclassification of MRI markers is expected; however, as MRI classification is done 
without respect to seizure status, we expect any bias to be towards the null. 
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