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Abstract

Objective: To determine the incidence of epilepsy among Medicare beneficiaries with a new diagnosis of Alzheimer dementia
(AD) or Parkinson disease (PD).

Methods: Retrospective cohort study of Medicare beneficiaries with an incident diagnosis of AD or PD in the year 2009.
The 5-year incidence of epilepsy was examined by sociodemographic characteristics, comorbidities and neurodegenerative
disease status. Cox regression models examined the association of neurodegenerative disease with incident epilepsy, adjusting
for demographic characteristics and medical comorbidities.

Results: We identified 178,593 individuals with incident AD and 104,157 individuals with incident PD among 34,054,293
Medicare beneficiaries with complete data in 2009. Epilepsy was diagnosed in 4.45% (7,956) of AD patients and 4.81%
(5,010) of PD patients between 2009 and 2014, approximately twice as frequently as in the control sample. Minority
race/ethnicity was associated with increased risk of incident epilepsy. Among individuals with AD and PD, stroke was
associated with increased epilepsy risk. Traumatic brain injury (TBI) was associated with increased epilepsy risk for individuals
with PD. Depression was also associated with incident epilepsy (AD adjusted hazard ratio (AHR): 1.23 (1.17-1.29), PD AHR:
1.45 (1.37-1.54)). In PD only, a history of hip fracture (AHR, 1.35 (1.17-1.57)) and diabetes (AHR, 1.11 (1.05-1.18) were
also associated with increased risk of epilepsy.

Conclusion: Incident epilepsy is more frequently diagnosed among neurodegenerative disease patients, particularly when
preceded by a diagnosis of depression, TBI or stroke. Further studies into the differences in epilepsy risk between these two
populations may help elucidate different mechanisms of epileptogenesis.
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Key Points

* Epilepsy is often seen in neurodegenerative disease.

* The five-year epilepsy incidence rates among Medicare beneficiaries with Alzheimer Dementia and Parkinson disease are

almost double the rate in those without a neurodegenerative diagnosis.
* Depression is independently associated with developing epilepsy in the neurodegenerative population.
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Introduction

Despite longstanding awareness that the cell death and dis-
ruption of brain architecture seen in neurodegenerative dis-
eases can also lead to epilepsy, limited data exists on epilepsy
burden among Alzheimer dementia (AD) and Parkinson
disease (PD) populations. As the older adult population
continues to rapidly grow, we should expect the burden of
neurodegenerative disease and associated epilepsy to increase
[1, 2]. Therefore, large-scale characterizations of epilepsy in
the neurodegenerative population are critical to planning
future healthcare delivery models.

Epilepsy outcomes (like outcomes in PD and AD)
are known to be improved through differential treatment
choices [3-8], many of which are mediated by specialty
care [9-12]. Coordinating care for this population of
vulnerable, complex neurologic patients first requires a
careful characterization of the population at risk, including
the identification and quantification of any socioeconomic
disparities or comorbid conditions that impact the risk of
developing epilepsy or may impact treatment paradigms.

In order to begin to address these knowledge gaps, our
primary study objective was to determine the 5-year inci-
dence rate of epilepsy in adults over 65 years of age with a
new diagnosis of AD or PD. Our secondary objective was to
determine the extent to which sociodemographic character-
istics or comorbid neurological disorders are associated with
incident epilepsy in these populations.

Methods

Data

This study used data from the Medicare programme, which
administers health insurance to approximately 96% of the
US population over age 65 [13]. We used data from multiple
Medicare research identifiable files containing individual-
level data that can be linked between datasets and over time
using a unique encrypted beneficiary identification code. The
Medicare beneficiary summary file base segment contains
enrolment, eligibility data, sociodemographic and residential
characteristics (such as race, age, sex, postal code) and date
of death. The Chronic Condition Warehouse (CCW) files
contain both indicators and date of diagnosis variables for
67 common and disabling conditions, including AD and
epilepsy. The condition variables are derived using algo-
rithms that search all Medicare claims data for specific diag-
nosis or procedure codes. PD is not present in the CCWj
therefore, the Carrier file was used to identify all individuals
diagnosed with PD in Medicare files.

Study design and sample

We performed a retrospective cohort study of Medicare
beneficiaries (ages 65 and older) with an incident diagnosis
of PD or AD in 2009. To designate a diagnosis as incident,
we required each individual to have at least 2 years of
Medicare coverage with no neurodegenerative diagnosis (no
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PD, no AD, and no other forms of dementia) as well as no
epilepsy diagnoses in any care setting. All potential subjects
therefore had complete Medicare coverage as of 1 January
2007 and had continuous inpatient and outpatient care
coverage before the neurodegenerative diagnosis in 2009.
We excluded individuals also receiving benefits from the
Medicaid programme, which provides additional coverage to
Medicare beneficiaries who meet poverty criteria or have a
qualifying mental or physical disability. Individuals concur-
rent Medicaid enrolment were excluded to remove potential
confounding from pre-existing physical, intellectual disabil-
ities such as cerebral palsy, quadriplegia, severe traumatic
brain injuries or genetic neurodevelopmental disorders.

Epilepsy and AD diagnoses were determined by query of
the 2009 CCW data. The CCW epilepsy indicator variable
was based on the presence of at least one inpatient or two
outpatient claims with a diagnosis code of 345.x, accord-
ing to the International Classification of Diseases, Ninth
Revision (ICD-9). Previous studies support the use of this
algorithm [14, 15]. Alzheimer disease was indicated for ben-
eficiaries with at least one inpatient, skilled nursing facility,
home health agency, health options plan or carrier claim
with diagnosis code 331.0 in a 3-year period. We identified
individuals with PD based on the presence of at least two
claims with a diagnosis of 332.0 in the Carrier file. The
two resulting incident neurodegenerative cohorts formed
the case study samples for all analyses. Control groups for
each sample were created by removing observations with
missing values for any adjustment variables and then creating
arandom 10% sample of Medicare beneficiaries without the
given neurodegenerative condition. Patients in the control
sample who later acquired the given neurodegenerative con-
dition between 1 January 2009 and 31 December 2014 were
excluded.

Sensitivity analysis

We also conducted a sensitivity analysis where we removed
patients that had a diagnosis of the other neurodegenerative
disease in subsequent years. More specifically, for our AD
cohort, we excluded any cases with a PD diagnosis after their
incident AD diagnosis and any controls with a PD diagnosis
after 1 January 2009. This was also done for our PD cohort
where we removed those with an AD diagnosis. We then re-
ran each of our models.

Patient characteristics

We extracted data on beneficiary age, sex and race. Age
in 2009 was extracted as a continuous variable. Race and
ethnicity were not coded separately in Medicare data until
recently, therefore available demographic categorizations
were: “White’, ‘Black’, Asian’, ‘Hispanic’, ‘Native North
American’ and ‘other/unknown’. Finally, the CCW was
queried to identify the following comorbid conditions:
myocardial infarction, atrial fibrillation, cataracts, heart
failure, chronic kidney disease, female breast cancer,
colorectal cancer, endometrial cancer, lung cancer, prostate
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cancer, chronic obstructive pulmonary disease, depression,
diabetes, glaucoma, hip or pelvic fracture, ischemic heart
disease, osteoporosis, rheumatoid or osteoarthritis. The
extraction algorithms for all health conditions considered
in the study are presented in Appendix 1.

Outcomes

The primary outcome was incident epilepsy, measured
through 31 December 2014. Incident epilepsy was defined
as epilepsy occurring after the diagnosis date of the
neurodegenerative condition or after 1 January 2009 for
controls. End of follow-up was the minimum of death date
or 31 December 2014.

Statistical analyses

Demographic characteristics were compared using chi-
squared tests for categorical variables and #-tests for
continuous variables. To examine patient characteristics
associated with incident epilepsy, we built multivariable
cause-specific Cox regression models with Efron ties to
estimate the risk of epilepsy for each variable of interest
within our two neurodegenerative populations. Time to
epilepsy was defined as the time from neurologic diagnosis
date to first epilepsy diagnosis date for PD and AD cases, and
for controls as time from 1 January 2009 to first epilepsy
diagnosis date. Patients were censored on mortality date
or 31 December 2014. We then ran both cause-specific
Cox regression and Fine and Gray subdistribution hazard
models to measure the association of each neurodegenerative
disease with epilepsy compared with controls while adjusting
for patient risk factors [16]. Model variables were initially
selected a priori based on clinical knowledge, review of
existing literature and variable availability. The statistical
analyses for our study were performed using SAS software,
Version 9.4 (SAS Institute Inc., Cary, NC, USA). Figures 1
and 2 were generated using DistillerSR Forest Plot Generator
from Evidence Partners.

Standard protocol approvals, registrations
and patient consents

This study was approved by the University of Pennsylvania’s
Institutional Review Board.

Data availability statement

Research level US Medicare data are available for purchase
through an application process overseen by the Research
Data Assistance Center [17].

Results

We identified a total of 34,054,293 people, ages 65 and
above, who had been enrolled in Medicare for at least 2 years
on 1 January 2009 and did not have concurrent Medicaid.
Of these, 178,593 subjects had a new diagnosis of AD,

and 104,157 subjects had a new diagnosis of PD in 2009.
Over the 5 year follow-up period, 63,319 PD patients and
126,362 AD patients died, for a median follow-up time of
1,413 days for the PD cohort and 1,085 days for the AD
cohort.

Alzheimer dementia

Table 1 displays baseline characteristics of individuals who
were newly diagnosed with AD as compared with controls
in our older adult sample. Medicare beneficiaries with AD
were most frequently white (88.4%), female (65.3%) and
were older (median age 84) than controls. Individuals with
AD were more often diagnosed with every chronic condition
investigated except endometrial cancer (0.1%), female breast
cancer (1.9%) and cataract (19.7%).

In our sample of older persons with AD, 4.45%
(n=7,956) developed epilepsy over the 5-year follow-
up period as compared with only 2.21% (n=55,976) of
controls. This produced an adjusted hazard ratio (AHR) of
2.46 (95% (confidence interval) CI: 2.39—2.52). In addition,
while accounting for the competing risk of mortality, we
found that AD resulted in an increase in the cumulative
incidence of epilepsy (AHR 1.85; 95% CI: 1.80-1.90).
Characteristics significantly associated with incident epilepsy
included a history of stroke (AHR 2.18) or depression
(AHR 1.23), as well as Black race category (AHR 1.67).
Every year increase in age was associated with a lower
adjusted risk of epilepsy diagnosis (AHR 0.96 95% CI:
0.96-0.97) (see Appendix 2, Appendix 3, and Figure 1).
After removing 12,787 (7.2%) AD patients and 45,894
(1.8) controls with a PD diagnosis in subsequent years, our
results were similar (Appendix 4 and 5).

Parkinson disease

Table 1 displays baseline characteristics of individuals who
were newly diagnosed with PD as compared with controls
in our older adult sample. PD patients were more likely to
be white (89.1%), male (49.3%) and older (median age 80)
than controls. They were more likely to have every chronic
condition investigated except for endometrial cancer (0.1%)
and female breast cancer (1.7%).

In this national sample of newly diagnosed PD, 4.81%
(n=5,010) developed epilepsy over the 5-year follow-up
period as compared with only 2.40% (»=70,772) of con-
trols. This results in an AHR of 2.01 (95% CI: 1.95—
2.07), whereas, while accounting for the competing risk of
mortality, we found that PD resulted in an increase in the
cumulative incidence of epilepsy with a subdistribution haz-
ard ratio of 1.64 (95% CI: 1.59-1.69. Stroke (AHR 2.11),
TBI (AHR 1.35), Chronic Obstructive Pulmonary Disease
(COPD) (AHR 1.31), depression (AHR 1.45), hip/pelvic
fracture (AHR 1.35) as well as Black (AHR 2.03) or Hispanic
race/ethnicity (AHR 1.35) were significantly associated with
an increased risk of incident epilepsy. Increasing age appeared
to lower epilepsy risk (AHR per year of age 0.98; 95% CI:
0.98-0.99). (Appendix 2, Appendix 3, and Figure 2). After
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OR LCL ucCL
Race

White [Ref]

Black ‘_._1 1.67 1.57 1.78
Other/Unknown }_._‘ 0.93 0.7 1.22

Asian I . | 1.25 0.96 1.62

Hispanic }7.7 104 087 123

North American Native } . | 101 0.66 153
Sex

Male [Ref]

Female . 0.88 0.84 0.93
Age (Per Year Increase) . 0.96 0.96 0.97

Comorbid Condition

Stroke ;_._( 218 2.09 2.28

Traumatic Brain Injury )__.__\ 1.09 0.98 1.21

Acute Myocardial Infarction _F 1.27 1.11 1.46

1.02 0.96 1.09

Atrial Fibrillation

Cataract N 0.99 0.94 1.04
Heart Failure I 1.13 1.07 1.19
Chronic Kidney Disease l 1.26 1.19 132

Female Breast Cancer F‘F' 1.09 0.93 1.28
Colorectal Cancer 7._ 0.97 0.78 1.21

Endometrial Cancer . | 0.9 0.45 1.79
Lung Cancer | . | 1.48 i2 1.84
Prostate Cancer ‘_.;_{ 0.92 0.81 1.04
Chronic Obstructive Pulmonary Disease .,| 1.06 it 1.12
Depression ._ 1.23 147 1.29
Diabetes | ] 1.01 0.96 1.06
Glaucoma } 0.98 0.92 1.05
Hip/Pelvic Fracture 1.1 0.98 1.23
Ischemic Heart Disease 1.05 1 11

Osteoporosis 0.99 0.93 1.05

Rheumatoid/Osteo Arthritis 0.94 0.9 0.99

0.3 0.75 15 23

Figure 1. AHR for risk factors for incident epilepsy among medicare beneficiaries with AD. Asterisk denotes models included all
the variables in the table.
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OR LCL ucL
Race
White [Ref]
Black ‘_._! 2.03 1.86 2.22
Other/Unknown 3_._: 1 0.76 1.32

Asian [7]4; 1.12 0.9 1.39
Hispanic } . | 1.35 1.15 1.59

North American Native } . ] 0.69 0.37 1.28
Sex

Male [Ref]

Female [ 1 1 0.94 1.06
Age (Per Year Increase) 0.98 0.98 0.99

Comorbid Condition

Stroke ,_._( 251 1.99 2.23

Traumatic Brain Injury 1.35 1.18 1.55

Acute Myocardial Infarction 1.03 0.84 1.27
Atrial Fibrillation 1.04 0.96 1.13
Cataract 0.9 0.84 0.96
Heart Failure 1.15 1.08 1.23
Chronic Kidney Disease 1.23 1.16 1.32
Female Breast Cancer 0.92 0.74 1.14

Colorectal Cancer 1.07 0.82 1.4

Endometrial Cancer } | 1 0.38 2.67
Lung Cancer | 1,57 12 2.06
Prostate Cancer 0.9 0.78 1.04
Chronic Obstructive Pulmonary Disease llj 131 1.22 1.4

Depression %-~] 1.45 1.37 1.54
Diabetes ‘l 1.11 1.05 1.18
Glaucoma _.H 098 091 107
Hip/Pelvic Fracture + 1.35 117 157
Ischemic Heart Disease ;l 1.0 1.05 118
Osteoporosis H ] 0.96 0.89 1.04
Rheumatoid/Osteo Arthritis 0.97 0.92 1.03

0.3 0.75 15 247

Figure 2. AHR for risk factors for incident epilepsy among medicare beneficiaries with PD. Asterisk denotes models included all
the variables in the table.
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removing 22,134 (21.3%) PD patients and 177,537 (6.0)
controls with an AD diagnosis in subsequent years our results

were similar (Appendix 4 and 5).

Discussion

In this study, we describe 5-year epilepsy incidence rates
among Medicare beneficiaries with AD and PD that are
almost double the rate in those without a neurodegenera-
tive diagnosis. This description in a national sample of an
increased rate of incident epilepsy is similar to that observed
in other PD populations [18]. Prior cohort studies in AD
cohorts more frequently examined a diagnosis of seizure
rather than epilepsy, and this may account for the lower
hazard ratio we found (around 1.9 as compared with prior
reports up to 8) [19, 20]. Our findings in a large national
sample; however, highlight the need for better characteriza-
tion of the burden of epilepsy in an ageing population where
neurodegenerative disease is expected to become increasingly
prevalent.

Understanding the distribution of the burden of epilepsy
in neurodegenerative populations is acutely important not
only because of the expected growth of this segment of
the population, but also because epilepsy treatment is of
great clinical importance to these patients. Patients with
dementia and other degenerative conditions may experience
both non-epileptic staring or confusional episodes as well as
seizures, and these events can lead to prescription of ineffec-
tive anti-epileptic drugs and often to emergency department
visits and/or hospitalizations. Furthermore, there is a clear
association between outpatient epilepsy care quality and
health outcomes, suggesting that prompt identification and
treatment of epilepsy in these patients can improve their
health outcomes [3, 4].

Our study included all Medicare beneficiaries regardless
of functional status and focused on neurodegenerative dis-
ease population. In this study, we did find an elevated risk
of epilepsy associated with black race, which has been found
in a community-dwelling study of older patients [21]. There
was also no evidence of sex differences in epilepsy risk in the
PD population. The different study design and sample popu-
lations likely explain the difference in findings and highlight
the need to further explore the actiology of the epilepsy
in neurodegenerative populations with focus on race and
sex subgroups. We found that age was not associated with
increased risk of epilepsy incidence when neurodegenerative
disease was also present. This inverse association with age
may be because patients who are diagnosed at younger ages
are more likely to have more rapidly progressive versions
of their respective neurodegenerative disease and therefore
more likely to develop epilepsy at younger ages. Alternatively,
the risk of mortality with age may lead to censoring before
the development of epilepsy. Ultimately, further studies with
information on individual disease severity information will
be helpful to clarify the reason for this inverse association.

We found that traditional risk factors such as stroke
and TBI are associated with incident epilepsy in the PD

population. Interestingly, our results highlight co-morbid
depression as a risk factor for a future diagnosis of epilepsy
in both PD and AD patients. Depression is known to be
associated with PD, but occurs at any stage of the disease
and can pre-date motor symptoms [22]. Similarly, depres-
sion has long been associated with AD and is associated
with increased risk of development of AD. Our results
showing increased risk of developing epilepsy in AD and PD
patient with depression support the idea that depression is
a result of neurodegeneration and that depression may be a
marker of increased disease burden and global brain network
disruption.

Limitations

This study is unique in that it uses a national sample of US
adults over age 65 to describe 5-year epilepsy incidence in
two neurodegenerative populations—AD and PD, provides
evidence that epilepsy incidence is significantly increased,
and presents an opportunity to improve outcomes in our
ageing population. This study, however, has several possible
limitations. First, our study assessed the Medicare popu-
lation during 2009-14, and may not reflect the current
experience. In addition, administrative claims data contain
codes produced for billing and documentation purposes,
and so, do not allow for a detailed examination of socioe-
conomic background, functional status or disease severity,
which would all be helpful factors in understanding the
variance in epilepsy burden in this population. Further-
more, administrative databases do not allow for the gran-
ular diagnostic information available in clinical notes, so
while validated ICD-9-CM based algorithms were used to
identify new epilepsy, we suspect that these may still be
underrepresented. Furthermore, in order to have a more
homogenous cohort, we removed cases and controls who
later developed a second neurogenerative disease (AD or
PD) although our sensitivity analysis suggests this did not
significantly impact our results. Finally, there is a known lag-
time between epilepsy onset and diagnosis [23, 24]. Our
results, therefore, can only describe epilepsy diagnosis, which
is most likely not true disease onset.

Conclusions

We assessed a large cohort of Medicare beneficiaries and
present national data on epilepsy incidence in older adults
with new-onset AD or PD. As the population continues to
age, we should expect a greater burden of epilepsy among
older adults. In particular, persons with neurogenerative
disease will be disproportionately affected. These findings
can inform the further study of the complex treatment
regimens needed for multiple neurologic comorbidities
in an aged population. Such epidemiologic knowledge
will provide the foundation for the thoughtful design of
future healthcare delivery models that will incorporate
real-time data with multi-disciplinary, practice-changing
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interventions to improve outcomes in older adults suffering
from neurodegeneration and epilepsy.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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