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Abstract

Objective: This study was undertaken to characterize trajectories of antiseizure medication 

(ASM) adherence in adults with newly treated epilepsy and to determine predictors of trajectories.

Methods: This was a retrospective cohort study using Medicare. We included beneficiaries with 

newly treated epilepsy (one or more ASM and none in the preceding 2 years, plus International 

Classification of Diseases codes) in 2010–2013. We calculated the proportion of days covered 

(proportion of total days with any ASM pill supply) for 8 quarters or until death. Group-based 

trajectory models characterized and determined predictors of trajectories.

Results: We included 24 923 beneficiaries. Models identified four groups: early adherent (60%), 

early nonadherent (18%), late adherent (11%), and late nonadherent (11%). Numerous predictors 

were associated with being in the early nonadherent versus early adherent group: non-White race 

(e.g., Black, odds ratio [OR] = 1.7, 95% confidence interval [CI] = 1.5–1.8), region (e.g., South 

vs. Northeast: OR = 1.2, 95% CI = 1.1–1.4), and once daily initial medication (OR = 1.1, 95% 

CI = 1.0–1.3). Predictors associated with decreased odds of being in the early nonadherent group 

included older age (OR = .9 per decade, 95% CI = .9–.9), female sex (OR = .9, 95% CI = .8–1.0), 

full Medicaid eligibility (OR = .6, 95% CI = .4–.8), neurologist visit (OR = .6, 95% CI = .6–.7), 

and initial older generation ASM (OR = .6, 95% CI = .6–.7).

Significance: We identified four ASM adherence trajectories in individuals with newly treated 

epilepsy. Whereas risk factors for early nonadherence such as race or geographic region are 
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nonmodifiable, our work highlighted a modifiable risk factor for early nonadherence: lacking a 

neurologist. These data may guide future interventions aimed at improving ASM adherence, in 

terms of both timing and target populations.

Keywords

adherence; antiseizure medications; epilepsy; group-based trajectory modeling

1 | INTRODUCTION

Up to 50% of people with epilepsy are nonadherent to antiseizure medications (ASMs).1 

Because nonadherence to ASMs is associated with adverse consequences (i.e., mortality,2 

cost,3–5 acute care visits3), suboptimal adherence represents a critical opportunity to improve 

outcomes.

Prior work has explored ASM nonadherence as a binary variable by a single point in 

time.1,5–10 However, adherence is a continuous (e.g., partial adherence) and dynamic process 

whereby a patient may begin as adherent and then later become nonadherent, or vice versa. 

Being able to predict an individual’s future adherence trajectory from baseline data would 

allow more personalized self-management interventions targeted to individuals at their 

highest risk points in time. Prior work demonstrated five adherence patterns in children with 

newly diagnosed epilepsy11 (e.g., severe early nonadherence, severe delayed nonadherence), 

which were correlated with whether seizures improved or worsened over time.12 However, it 

is difficult to generalize such work in children to adult populations directly, given potentially 

vastly different barriers and facilitators of adherence such as family or social structures 

assisting with medications, comorbidities, psychosocial consequences of seizures, and/or 

beliefs toward medications.

In this study, we used Medicare Part D data to (1) characterize trajectories of ASM 

adherence in adults with newly treated epilepsy and (2) determine predictors of such 

adherence trajectories.

2 | MATERIALS AND METHODS

2.1 | Study design and dataset

We performed a retrospective cohort study of beneficiaries in fee-for-service Medicare.

2.2 | Procedures involving human subjects

This study was deemed exempt by the University of Michigan Institutional Review Board.

2.3 | Patient selection

Similar to prior work,13 we included patients with newly treated epilepsy defined as filling 

a prescription for one or more ASM, plus International Classification of Disease, Ninth 

Revision, Clinical Modification (ICD-9-CM) criteria for inpatient, outpatient, or emergency 

evaluation and management, or the following consultation codes: (1) one or more codes 

for epilepsy (ICD-9-CM 345.xx) or (2) two or more codes for convulsions (ICD-9-CM 
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780.3x) at least 30 days apart, in 2010–2013. Recent work in Medicare14 demonstrated 

good performance of combining ICD codes plus ASM to identify patients with epilepsy 

(area under the curve = .93, sensitivity = 88%, and specificity = 98%). We included all 

individuals qualifying for Medicare (age > 65 years, and/or disability, and/or end-stage renal 

disease). To identify newly treated epilepsy, we required that the first ASM in this period 

occurred after the first ICD code, and that beneficiaries had at least 2 years of continuous 

Part D eligibility prior to their first ASM fill during 2010–2013 with no ASM fill during 

that 2-year window. To follow adherence over time, we included beneficiaries who also 

were continuously enrolled in Part D for 2 years after their first ASM fill or until death. To 

calculate comorbidities and acute care utilization, we also restricted analyses to beneficiaries 

who were continuously enrolled in Parts A/B (and not C, given their claims would not 

appear in our dataset) during the year they filled their first ASM.

2.4 | Variables

Adherence was quantified using the proportion of days covered (PDC) for each beneficiary 

for each of 8 calendar quarters starting with the first ASM fill, or until death if sooner. The 

PDC represents the proportion of days with medication supply during an observation period 

and ranges from 0% to 100%. It is a widely accepted measure for claims-based analysis of 

medication adherence.3,5–7,15–17 The numerator for each quarter was the number of days’ 

supply with at least one ASM. If a patient filled more than one ASM at a time during the 

observation period (polytherapy), the numerator remained the number of days in a quarter 

with any ASM supply. The denominator for each quarter was either the entire quarter, the 

days from first fill until the end of the quarter (relevant to the first quarter only), or days until 

death (relevant to the last quarter of follow-up if death occurred prior to 8 quarters).

We described baseline variables including age, sex, race, Medicaid dual eligibility, cost­

sharing by Medicare, reason for entitlement, region of the United States according to state, 

rural ZIP code,18 whether there was at least one neurology visit in the year of the first ASM 

fill, whether the first ASM fill included an older generation medication (carbamazepine, 

phenobarbital, phenytoin, primidone, valproate), whether the first ASM fill was for 

maximally once-daily dosing versus more than once daily dosing, total out-of-pocket 

prescription expense in the year of the first ASM fill, and Charlson Comorbidity Index 

(a weighted sum of 22 comorbidities where higher numbers indicate greater comorbidity) in 

the year of the first ASM fill.19–21

2.5 | Statistical analysis

We used group-based trajectory modeling22–24 to characterize distinct groups of individuals 

with similar trajectories of medication adherence (measured by the PDC) over time (each 

quarter starting in the quarter of the first ASM fill, up to 8 quarters or else censored after 

death). Trajectory modeling has been shown to have more accurate classification of PDCs 

than conventional approaches.25 In a trajectory model, a separate regression is fit for each 

group simultaneously through maximum likelihood estimation that combines information 

from all models. Each individual is assumed to fall into only one unique group. Because 

dichotomizing adherence can reduce power and introduce bias,26 we instead used a censored 

normal probability distribution for continuous PDC ranging 0%–100% in our main analysis 
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unless stated otherwise. Similar to methods used by prior investigators,11 we selected the 

number of groups for our final model that demonstrated the Bayesian information criteria 

(BIC) closest to 0 (which would favor a greater number of groups) while also ensuring 

that each group contained at least 10% of our sample, given that increasingly small groups 

may be less statistically stable and more difficult to interpret.23 We evaluated two- to 

five-group solutions, each allowing cubic trajectories. Data management was performed 

using SAS 9.4, and models were estimated using the “traj” and “proc traj” commands 

(http://www.andrew.cmu.edu/user/bjones/index.htm) in SAS and Stata 16.0.

After identifying the optimal number of groups, we conducted a multivariate multinomial 

logistic regression adjusted for all baseline variables listed above to identify predictors 

correlated with group membership. A model with four outcome groups produces a separate 

odds ratio (OR) assessing the effect of a 1-unit change of the predictor on being classified 

into each of the three comparison groups versus the chosen reference group. Our analyses 

focused on the “early nonadherent” versus “early adherent” ORs, because we felt comparing 

the two extreme groups was most informative, although we also displayed ORs comparing 

“late adherent” versus “early adherent” groups and “late nonadherent” versus “early 

adherent” for the main analysis. We repeated this analysis restricted to beneficiaries whose 

first ASM was one of the top five most common ASMs in our sample to display marginal 

adjusted predicted probabilities of being in each group. Then, to address the complexity 

of potentially switching medications over time, we repeated this analysis restricted to 

beneficiaries filling only one ASM throughout the observation period.

We performed six additional sensitivity analyses. First, because it is possible that an ASM 

could be discontinued for valid medical reasons such as reclassifying a patient as having 

an epilepsy mimic, we repeated the multinomial logistic regression excluding beneficiaries 

with ICD codes for syncope (780.2) or conversion disorder (300.11; 300.15) during the 2 

years after the incident ASM fill. Second, because predictors may change over time, we 

included time-varying covariates for dual Medicaid eligibility (varying by quarter), number 

of unique medications (varying by quarter), and Charlson Comorbidity Index (varying by 

year) in the trajectory model. Note that time-varying variables do not produce ORs for group 

membership. Third, because beneficiaries with dual Medicaid eligibility could potentially 

fill medications outside of Part D claims, thus causing underestimation of adherence for 

this group, we excluded beneficiaries with any dual eligibility over the course of the 2 

years. Fourth, because many ASMs could have been prescribed primarily for nonepilepsy 

conditions (i.e., pain, mood), which could affect adherence, we repeated analyses restricting 

only to the ASMs with >5% frequency in our sample with relatively pure epilepsy 

indications (levetiracetam, phenytoin, and phenobarbital). Fifth, because beneficiaries in a 

nursing home or other skilled nursing facility are not directly responsible for medication 

management, we excluded beneficiaries with any claim in the 8 quarters indicating place 

of service as skilled nursing facility/nursing facility/custodial care facility, any Current 

Procedural Terminology codes relating to a facility, or any skilled nursing facility inpatient 

claims.27 Sixth, because it is possible that an ASM could be started for a single seizure and 

later appropriately discontinued, and because prior work has shown the positive predictive 

value of identifying epilepsy in claims data increases with a greater number of ICD codes,28 
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we excluded beneficiaries without any further ICD codes for epilepsy or convulsions during 

the 2 years after their first ASM fill.

All models used PDC as a continuous outcome, except the following three models which 

used a dichotomous outcome (PDC ≥ 80%), given that the linear outcome yielded an 

unstable covariance matrix: time-varying covariates, restricting to beneficiaries without dual 

eligibility, and restricting to only the top three relatively pure ASMs.

2.6 | Data accessibility statement

All datasets are available to purchase at https://www.resdac.org/. Aggregated deidentified 

data may be shared upon request.

3 | RESULTS

We included 24 923 beneficiaries (Figure 1). The median age was 70 years (interquartile 

range [IQR] = 54–80), 57% were female, and 75% were White (Table 1). There were 

3992 (16%) who died within 2 years of the first ASM fill; those beneficiaries contributed 

a median 5 (IQR = 3–6) quarters. The top five first filled ASMs were levetiracetam (41%), 

phenytoin (15%), gabapentin (11%), valproate (7%), and phenobarbital (6%; Table S1).

Table S2 demonstrates that the four-group solution provided the BIC closest to 0, while 

still ensuring that each group still contained at least 10% of our sample. Table S3 displays 

model coefficients for the four-group solution. Per Table S4, average posterior probabilities 

that a beneficiary was classified into their assigned group ranged 91%–97% and the odds of 

correct classification ranged 24–101 (>5 for each group is considered acceptable22).

Based on the trajectory plot (Figure 2), we labeled four groups for interpretation: early 

adherent (PDCs remained above approximately 80% throughout, 60% of the sample), 

early nonadherent (PDCs dropped toward 0 within the first several quarters, 18% of the 

sample), late adherent (PDCs initially decreased then increased, 11% of the sample), and 

late nonadherent (PDCs more gradually dropped toward 0 by the 8th quarter, 11% of the 

sample). Note that although the group we labeled late adherent only achieved a final PDC of 

about 50% in the final studied quarter, we use this nomenclature to refer to the shape of each 

curve in terms of decreasing then increasing PDC.

Table 2 displays characteristics according to group. The early adherent group was more 

likely to be White (78%, vs. 66%–73% for other groups; p < .01), adherent groups were 

more likely to have any Medicaid full dual eligibility (early: 55%; late: 54%) versus 

nonadherent groups (early: 48%; late: 49%; p < .01), adherent groups were more likely 

to have any cost-sharing contribution from Medicare (early: 67%; late: 73%) than the 

nonadherent groups (early: 62%; late: 63%; p = .02), and groups with higher PDCs in 

the initial quarters (late nonadherent and early adherent) were more likely to have had a 

neurologist visit (both: 60%) in the year of the first ASM fill compared with the groups 

with lower initial PDCs (early nonadherent: 52%; late adherent: 49%; p < .01). The early 

adherent group had the highest percentage of beneficiaries whose first ASM fill was an older 

generation medication (35%, vs. 28%–31% for other groups; p < .01).
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From our adjusted multinomial logistic regression just considering the top five ASMs (n = 

19 851), Figure 3 demonstrates that beneficiaries whose first filled ASM was phenobarbital 

demonstrated the highest adjusted proportion in the early adherent group and the lowest 

adjusted proportion in the early nonadherent group. Gabapentin demonstrated the opposite. 

We repeated this analysis restricting to only those 12 144 whose first ASM was one of those 

five medications on monotherapy throughout the entire observation period. Results were 

similar.

ORs for being in the early nonadherent versus early adherent group, adjusted for all other 

displayed variables, are presented in Table 3. For our main analysis, numerous predictors 

were associated with increased odds of being in the early nonadherent group: non-White 

race (e.g., Black, OR = 1.7, 95% confidence interval [CI] = 1.5–1.8), region (e.g., South vs. 

Northeast: OR = 1.2, 95% CI = 1.1–1.4), and beneficiaries whose first filled ASM was once 

daily (OR = 1.1, 95% CI = 1.0–1.3). Predictors associated with decreased odds of being 

in the early nonadherent group included older age (OR per decade = .9, 95% CI = .9–.9), 

female sex (OR = .9, 95% CI = .8–1.0), dual Medicaid eligibility (OR = .6, 95% CI = .4–.8), 

rural location (OR = .9, 95% CI = .8–1.0), neurologist visit (OR = .6, 95% CI = .6–.7), and 

initial older generation ASM (OR = .6, 95% CI = .6–.7).

Table S5 also displays ORs from the main analysis for being classified into the late adherent 

versus early adherent group, and for being classified into the late nonadherent versus early 

adherent group. For example, the following variables were associated with decreased odds of 

being in the early adherent group across all of the three nonreference comparisons: younger 

age, Black or North American Native race, South/West/Other region, lacking a neurologist, 

and newer generation initial ASM.

The following variables were associated with being in the early nonadherent group 

compared with the early adherent group across all sensitivity models (Table 3): Black or 

Asian race, South region, lacking a neurologist, first filled ASM being a newer generation 

medication, and lower out-of-pocket drug costs. Other variables were not consistently 

significant, although the following variables were associated with being in the early 

nonadherent group compared with the early adherent group in almost all models: younger 

age, all other non-White race categories, full Medicaid dual eligibility, West or Other 

regions, and nonrural ZIP code.

4 | DISCUSSION

We identified four distinct groups of ASM adherence trajectories in Medicare beneficiaries 

with newly treated epilepsy: early adherent (60%), early nonadherent (18%), late adherent 

(11%), and late nonadherent (11%). Groups differed according to numerous clinical 

characteristics; for example, the early adherent group was most likely to be White and 

older, adherent groups were more likely to have several features (Medicaid dual eligibility, 

cost-sharing contribution from Medicare, older generation first ASM), and groups with 

greater initial adherence were more likely to have had a neurologist visit.
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One framework that illustrates these distinct phenotypes is the Necessity-Concerns 

Framework,29,30 which presents adherence as a complex interplay between beliefs regarding 

need for treatment and concern about potential adverse consequences of medications. 

The early adherent group may have both high beliefs in the effectiveness of ASMs for 

themselves and low concern for medication-related harms. The early nonadherent group 

could be the opposite, where concerns for potential or actual adverse effects outweighed 

the perceived benefit of ASMs. The late adherent group could start with negative attitudes 

or patient-level barriers, such as cost or pharmacy access, but then experience additional 

seizures, which could increase their belief regarding the necessity for adherence, or else 

could be switching from a poorly tolerated ASM to a better tolerated ASM. The late 

nonadherent group could begin with positive views about ASMs, but then adverse effects 

could later reduce adherence or else initial seizure freedom could reduce the future perceived 

importance of continued treatment. As Medicare data do not inform ASM beliefs and 

concerns, the identified distinct trajectories should be viewed as hypothesis-generating 

regarding underlying differences.

We identified one modifiable process of care that could influence adherence consistently 

across sensitivity models: visiting a neurologist. Beneficiaries in groups with initially higher 

adherence (early adherent and late nonadherent) were approximately 7%–9% more likely to 

have had a neurologist visit in the year of their first ASM fill. Specialist visits could simply 

be a marker for increased health care interactions, but specialists are uniquely positioned 

to provide expert disease-specific and treatment-specific education, including the prognosis, 

consequences, and treatment options relevant to epilepsy, which could motivate a patient to 

remain adherent. Neurologist ambulatory care has been associated with improvements in a 

wide variety of disease-specific or general outcomes.31,32

Many other variables were significant predictors of trajectory groups, although results were 

less clear targets for intervention. We found worse adherence in non-White groups. This 

echoes other literature documenting worse adherence in Hispanics and non-Hispanic Blacks 

compared with Whites, which was only partially attenuated by adjusting for socioeconomic 

status,33 pointing to different underlying beliefs or concerns toward medications or 

socioeconomic variables more difficult to capture in administrative datasets like social 

support or transportation. Other literature in epilepsy has similarly suggested socioeconomic 

disparities in terms of occupational11 or geographic status.6 Our findings that adherence 

was better with greater dual eligibility or cost-sharing provided by Medicare and that 

adherence differed by region also underscore the relevance of socioeconomic and insurance 

coverage. Prior work9,34 has highlighted a large number of reasons for ASM nonadherence 

such as negative beliefs about medications,29,30 poorer medication self-administration 

strategies, frequent medication dosing, medication side effects, uncontrolled recent seizures, 

comorbidities (e.g., depression), suboptimal physician–patient relationships, inadequate 

social support, minority status,10 geographic residence,6 lesser employment and education,35 

cost, and forgetfulness.35 Although administrative data only capture a subset of such patient­

level variables, those captured above were generally consistent with prior literature.

One finding was less consistent with prior literature6,8,36: beneficiaries initially filling an 

older generation ASM (phenobarbital) were more likely to be in the early adherent group. 
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Given a large number of equally effective ASMs,37 and that older ASMs may exert more 

adverse effects38 or drug interactions, we hypothesized that phenobarbital users would 

exhibit poorer adherence trajectories. For example, in one large study of older veterans,8 

phenobarbital had 52% increased odds of nonadherence and levetiracetam had 31% reduced 

odds of nonadherence compared to phenytoin. However, that study was cross-sectional, 

conditioned upon subjects already having taken AED monotherapy for 3 months (biasing 

toward greater apparent adherence), dichotomized adherence, and had a markedly different 

ASM composition (70% phenytoin, 2% levetiracetam). In contrast, our study benefitted from 

longitudinal assessment of more updated ASMs plus continuous outcomes. Furthermore, 

another study of more than 8000 probable new cases of epilepsy in Medicare beneficiaries10 

did not find a clean boundary between older versus newer ASMs; adherence was highest 

for lamotrigine (71%) and lowest for carbamazepine (59%) or phenytoin, levetiracetam, 

or pregabalin (all 62%). Other data in indigent populations actually found phenobarbital 

adherence exceeded all other ASMs.39 Thus, the data are not so clear. We considered 

numerous mechanisms by which our result could be due to confounding or mismeasurement. 

The effect of initially filling phenobarbital could be driven by once-daily medications 

influencing greater adherence,6 although the effect persisted after adjusting for dosing 

frequency. Understanding the effect of initial ASM selection is further made challenging 

because clinicians may be appropriately most likely to choose once-daily medication dosing 

for individuals deemed least likely to adhere for reasons not captured in Medicare data. 

We considered whether beneficiaries on phenobarbital could be more likely to receive 

care in a nursing home or skilled nursing facility where adherence does not depend upon 

the beneficiary’s self-management. After excluding this population, once-daily first ASM 

dosing no longer predicted early nonadherence as expected, but the effect of phenobarbital 

remained. Because phenobarbital would be an unusual first choice for newly treated epilepsy 

in adults, we considered whether these beneficiaries could have actually taken phenobarbital 

earlier in life before our 2-year ASM washout period, which may inflate their apparent 

adherence given prior life experience. We note 3% of our sample filled more than one 

ASM on the first date after the 2-year washout period, which could indicate switching 

insurance rather than being newly treated. However, these possibilities are untestable within 

our available data, and we did perform an analysis including only those on monotherapy 

throughout. We also acknowledge that categorizing individuals based on their first filled 

ASM does not capture the complexity of subsequent ASM modifications. We entered 

total number of medications as a time-varying variable as another strategy to unpack this 

complexity, without changing conclusions. Note that entering number of ASMs or presence 

of an older generation as a time-varying outcome would risk reverse causation bias (i.e., 

poor adherence causing fewer ASMs, rather than polytherapy influencing adherence).

One prior study performed group-based trajectory modeling in 124 children with new onset 

epilepsy, predominantly prescribed carbamazepine (60%) and valproate (40%). Their final 

model included five groups labeled similarly to ours. However, parental occupation was 

the only predictor associated with adherence groups (nonsignificant: age, sex, caregiver 

marital status, convulsive seizures, seizure frequency, total number of ASMs, adverse 

effects, witnessed seizures). One explanation for differences between studies would be that 

factors predicting adherence groups truly differ between children with parental supervision 
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seen at an academic institution for new onset epilepsy, versus our adult Medicare sample. 

It is conceivable that adherence during childhood is determined by parental influence, 

whereas adults without constant supervision by a caretaker could have a much larger number 

of salient personal medical and sociodemographic variables that distinguish adherence 

trajectories. A second explanation for differences between studies could be our substantially 

larger sample size more highly powered to detect differences; guidelines suggest at least 

200 patients for group-based trajectory modeling.11 Moreover, their study used electronic 

pill cap monitoring, whereas our outcome was based on administrative fills. Administrative 

claims could overestimate adherence, because they measure fills rather than ingestion.

Our study has numerous additional limitations. In addition to possibly overestimating 

adherence, claims also could underestimate adherence,40 because it is challenging 

to distinguish nonadherence from medically directed cessation of ASM treatments. 

Nonetheless, it is reasonable to assume that patients with newly diagnosed epilepsy have a 

continuous indication for at least 2 years unless a previously conferred epilepsy diagnosis is 

rescinded.41 Also, most results did not change substantively when we performed sensitivity 

analyses excluding those with syncope or conversion disorder as examples of seizure mimics 

or when excluding those without any subsequent epilepsy or convulsion codes after their 

first filled ASM, who could have been more likely to have a single seizure rather than 

epilepsy. Our older or disabled Medicare population also may not generalize to a younger 

privately insured population without Part D coverage, for whom adherence could be worse 

or for whom adherence barriers may be different. Also, complex interactions may exist 

between reason for Medicare eligibility (e.g., age vs. disability) and other covariates. 

However, whereas many studies using Medicare address this complexity by excluding all 

beneficiaries eligible due to reasons other than age, in the case of epilepsy this would have 

excluded 40% of our intended population; hence, we chose to include those eligible due 

to disability and added this as a key covariate to account for such variability. It is also 

well known that identifying epilepsy cases in administrative datasets using ICD codes risks 

some degree of misclassification.42 Nonetheless, recent work has suggested good sensitivity 

(up to 88%) and specificity (98%) of Medicare data compared with chart review epilepsy 

diagnoses.14 Also, Medicare encompasses a large, diverse national population, and the 

PDC represents an accepted policy-driving metric by which the Centers for Medicare and 

Medicaid evaluate Medicare Advantage and Part D plan performance.43 Finally, complex 

bidirectional time-dependent dynamics are challenging to disentangle. For example, patients 

who are less adherent due to more negative health care beliefs may be less likely to be 

evaluated for comorbidities, which would be underestimated. Although we applied a wide 

array of sensitivity analyses, these observational data are best considered for prediction 

rather than to establish causation and may be validated in future external samples.

5 | Conclusions

We identified four trajectories of ASM adherence in individuals with newly treated epilepsy. 

Although it was encouraging that the largest group represented early adherent individuals, 

40% still were classified as either having initially low (late adherent), eventually low (late 

nonadherent), or persistently low (early nonadherent) adherence. Whereas many risk factors 

for nonadherence such as race or geographic region outside of the Northeast are difficult to 
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modify, our work identified that lacking a neurologist could be a modifiable risk factor for 

early nonadherence. These data may guide future interventions aimed at improving ASM 

adherence, in terms of both timing and target populations.
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Key Points

• We identified four antiseizure medication adherence trajectories: early 

adherent, early nonadherent, late adherent, and late nonadherent

• Our work highlighted a modifiable risk factor for early nonadherence: lacking 

a neurologist

• Other disparities included non-White race and geographic region

• These data may guide future interventions aimed at improving ASM 

adherence, in terms of both timing and target populations
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FIGURE 1. 
Patient flowchart. ASM, antiseizure medication
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FIGURE 2. 
Trajectory plots. Solid lines represent predicted values; dashed lines represent 95% 

confidence intervals; points represent observed averages. ASM, antiseizure medication; 

PDC, proportion of days covered
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FIGURE 3. 
Adjusted group predictions (±95% confidence interval) by first antiseizure medication 

(ASM). Bars add up to 100% within each ASM, displayed according to medication (top) 

and group (bottom). This figure demonstrates that phenobarbital had the highest predicted 

probability of early adherent group membership, whereas gabapentin had the lowest. PDC, 

proportion of days covered
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TABLE 1

Population description (N = 24 923)

Characteristic Median (IQR) or n (%)

Age, years 70 (54–80)

Female sex 14 224 (57%)

Race

 White 18 746 (75%)

 Black 4387 (18%)

 Asian 364 (1%)

 Hispanic 860 (3%)

 NAN 201 (1%)

 Other 321 (1%)

Dual eligible

 None 9556 (38%)

 Partial 2157 (9%)

 Full 13 210 (53%)

Cost-sharing

 None 8477 (34%)

 Partial 978 (4%)

 Full 15 468 (62%)

Reason for entitlement

 Age ≥ 65 years 14 670 (59%)

 Disability 10 067 (40%)

 ESRD 583 (2%)

Region

 Northeast 4265 (17%)

 Midwest 5696 (23%)

 South 10 105 (41%)

 West 3927 (16%)

 Other 930 (4%)

Rural ZIP code 7015 (28%)

Neurology visit 14 307 (57%)

Older generation ASM 8143 (33%)

Once daily ASM 3001 (12%)

Unique medications, n 13 (8–18)

Total Part D out-of-pocket cost $105 ($18–$411)

Charlson Comorbidity Index 2 (0–4)

Note:: Variables refer to the year of the beneficiary’s first ASM fill. Abbreviations: ASM, antiseizure medication; ESRD, end-stage renal disease; 
IQR, interquartile range; NAN, North American Native.

Epilepsia. Author manuscript; available in PMC 2022 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Terman et al. Page 18

TA
B

L
E

 2

C
ha

ra
ct

er
is

tic
s 

by
 g

ro
up M
ed

ia
n 

(I
Q

R
) 

or
 n

 (
%

)

C
ha

ra
ct

er
is

ti
c

E
ar

ly
 a

dh
er

en
t

E
ar

ly
 n

on
ad

he
re

nt
L

at
e 

ad
he

re
nt

L
at

e 
no

na
dh

er
en

t
A

dj
us

te
d 

pa

n
15

 1
01

 (
60

%
)

46
06

 (
18

%
)

27
38

 (
11

%
)

24
78

 (
11

%
)

A
ge

, y
ea

rs
71

 (
56

–8
0)

70
 (

53
–8

0)
62

 (
48

–7
5)

71
 (

55
–8

0)
<

.0
1

Fe
m

al
e

87
57

 (
58

%
)

25
25

 (
55

%
)

15
07

 (
55

%
)

14
35

 (
58

%
)

.0
4

R
ac

e

 
W

hi
te

11
 7

85
 (

78
%

)
33

47
 (

73
%

)
18

01
 (

66
%

)
18

13
 (

73
%

)
<

.0
1

 
B

la
ck

23
43

 (
16

%
)

87
6 

(1
9%

)
69

2 
(2

5%
)

47
6 

(1
9%

)

 
A

si
an

19
3 

(1
%

)
88

 (
2%

)
38

 (
1%

)
45

 (
2%

)

 
H

is
pa

ni
c

47
2 

(3
%

)
18

0 
(4

%
)

13
1 

(5
%

)
77

 (
3%

)

 
N

A
N

10
4 

(1
%

)
38

 (
1%

)
33

 (
1%

)
26

 (
1%

)

 
O

th
er

17
2 

(1
%

)
70

 (
2%

)
41

 (
1%

)
38

 (
2%

)

D
ua

l e
lig

ib
le

 
N

on
e

56
88

 (
38

%
)

19
52

 (
42

%
)

90
7 

(3
3%

)
10

09
 (

41
%

)
<

.0
1

 
Pa

rt
ia

l
10

79
 (

7%
)

46
6 

(1
0%

)
36

0 
(1

3%
)

25
2 

(1
0%

)

 
Fu

ll
83

34
 (

55
%

)
21

88
 (

48
%

)
14

71
 (

54
%

)
12

17
 (

49
%

)

C
os

t-
sh

ar
in

g

 
N

on
e

51
00

 (
34

%
)

17
23

 (
37

%
)

73
8 

(2
7%

)
91

6 
(3

7%
)

.0
5

 
Pa

rt
ia

l
53

8 
(4

%
)

20
1 

(4
%

)
14

6 
(5

%
)

93
 (

4%
)

 
Fu

ll
94

63
 (

63
%

)
26

82
 (

58
%

)
18

54
 (

68
%

)
14

69
 (

59
%

)

R
ea

so
n 

fo
r 

en
tit

le
m

en
t

 
D

is
ab

ili
ty

57
42

 (
38

%
)

19
06

 (
41

%
)

14
55

 (
53

%
)

96
4 

(3
9%

)
.6

6

 
E

SR
D

26
3 

(2
%

)
13

8 
(3

%
)

92
 (

3%
)

90
 (

4%
)

<
.0

1

R
eg

io
n

 
N

or
th

ea
st

27
75

 (
18

%
)

70
4 

(1
5%

)
40

3 
(1

5%
)

38
3 

(1
5%

)
<

.0
1

 
M

id
w

es
t

35
99

 (
24

%
)

97
5 

(2
1%

)
58

1 
(2

1%
)

54
1 

(2
2%

)

 
So

ut
h

58
90

 (
39

%
)

19
42

 (
42

%
)

12
20

 (
45

%
)

10
53

 (
42

%
)

 
W

es
t

22
95

 (
15

%
)

80
2 

(1
7%

)
43

2 
(1

6%
)

39
8 

(1
6%

)

 
O

th
er

54
2 

(4
%

)
18

3 
(4

%
)

10
2 

(4
%

)
10

3 
(4

%
)

Epilepsia. Author manuscript; available in PMC 2022 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Terman et al. Page 19

M
ed

ia
n 

(I
Q

R
) 

or
 n

 (
%

)

C
ha

ra
ct

er
is

ti
c

E
ar

ly
 a

dh
er

en
t

E
ar

ly
 n

on
ad

he
re

nt
L

at
e 

ad
he

re
nt

L
at

e 
no

na
dh

er
en

t
A

dj
us

te
d 

pa

R
ur

al
 Z

IP
 c

od
e

43
64

 (
29

%
)

12
55

 (
27

%
)

72
9 

(2
7%

)
66

7 
(2

7%
)

.0
3

N
eu

ro
lo

gy
 v

is
it

91
00

 (
60

%
)

23
86

 (
52

%
)

13
37

 (
49

%
)

14
84

 (
60

%
)

<
.0

1

O
ld

er
 g

en
er

at
io

n 
A

SM
52

93
 (

35
%

)
12

83
 (

28
%

)
84

9 
(3

1%
)

71
8 

(2
9%

)
<

.0
1

O
nc

e 
da

ily
 A

SM
17

28
 (

11
%

)
61

4 
(1

3%
)

34
7 

(1
2%

)
31

2 
(1

3%
)

<
.0

1

M
ed

ic
at

io
ns

, n
13

 (
8–

18
)

12
 (

8–
18

)
13

 (
8–

18
)

13
 (

9–
19

)
<

.0
1

O
ut

 o
f 

po
ck

et
$1

05
 (

$8
–$

43
4)

$1
09

 (
$3

0–
$4

09
)

$8
5 

($
23

–$
25

8)
$1

25
 (

$3
7–

$4
84

)
<

.0
1

C
ha

rl
so

n 
in

de
x

2 
(0

–4
)

2 
(0

–4
)

2 
(0

–4
)

2 
(1

–4
)

.1
2

A
bb

re
vi

at
io

ns
: A

SM
, a

nt
is

ei
zu

re
 m

ed
ic

at
io

n;
 E

SR
D

, e
nd

-s
ta

ge
 r

en
al

 d
is

ea
se

; I
Q

R
, i

nt
er

qu
ar

til
e 

ra
ng

e;
 N

A
N

, N
or

th
 A

m
er

ic
an

 N
at

iv
e.

a A
dj

us
te

d 
fo

r 
al

l v
ar

ia
bl

es
 li

st
ed

 in
 th

e 
ta

bl
e 

fr
om

 a
 m

ul
tin

om
ia

l l
og

is
tic

 r
eg

re
ss

io
n.

Epilepsia. Author manuscript; available in PMC 2022 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Terman et al. Page 20

TA
B

L
E

 3

A
dj

us
te

d 
od

ds
 r

at
io

s 
(9

5%
 c

on
fi

de
nc

e 
in

te
rv

al
s)

 f
or

 e
ar

ly
 n

on
ad

he
re

nt
 v

er
su

s 
ea

rl
y 

ad
he

re
nt

C
ha

ra
ct

er
is

ti
c

M
ai

n 
an

al
ys

is
E

xc
lu

de
 s

yn
co

pe
/c

on
ve

rs
io

n
T

im
e-

va
ry

in
g

E
xc

lu
de

 d
ua

l e
lig

ib
le

 s
ub

je
ct

s
O

nl
y 

3 
A

SM
s

E
xc

lu
de

 S
N

F
/N

H

n
24

 8
73

18
 9

82
24

 8
73

95
48

15
 7

88
15

 7
92

A
ge

, d
ec

ad
es

.9
 (

.9
–.

9)
a

.9
 (

.8
–.

9)
a

.9
 (

.8
–.

9)
a

.9
 (

.9
–1

.0
)

.9
 (

.9
–1

.0
)a

.9
 (

.9
–1

.0
)a

Fe
m

al
e

.9
 (

.8
–1

.0
)a

1.
0 

(.
9–

1.
0)

1.
0 

(.
9–

1.
0)

.9
 (

.8
–1

.0
)a

.8
 (

.8
–.

9)
a

.9
 (

.8
–1

.0
)a

R
ac

e

 
W

hi
te

R
ef

R
ef

R
ef

R
ef

R
ef

R
ef

 
B

la
ck

1.
7 

(1
.5

–1
.8

)b
1.

8 
(1

.6
–2

.0
)b

2.
0 

(1
.8

–2
.2

)b
2.

1 
(1

.7
–2

.6
)b

2.
3 

(2
.1

–2
.6

)b
1.

9 
(1

.7
–2

.1
)b

 
A

si
an

1.
9 

(1
.4

–2
.5

)b
2.

2 
(1

.6
–3

.0
)b

1.
7 

(1
.3

–2
.3

)b
3.

2 
(1

.4
–7

.4
)b

1.
9 

(1
.4

–2
.6

)b
1.

9 
(1

.4
–2

.6
)b

 
H

is
pa

ni
c

1.
7 

(1
.4

–2
.0

)b
1.

7 
(1

.4
–2

.1
)b

2.
1 

(1
.7

–2
.5

)b
1.

4 
(.

8–
2.

6)
2.

3 
(1

.8
–3

.0
)b

1.
7 

(1
.4

–2
.1

)b

 
N

A
N

1.
6 

(1
.1

–2
.3

)b
1.

7 
(1

.1
–2

.5
)b

2.
4 

(1
.6

–3
.7

)b
2.

2 
(.

7–
7.

0)
3.

1 
(1

.8
–5

.4
)b

1.
5 

(.
9–

2.
3)

 
O

th
er

1.
6 

(1
.2

–2
.1

)b
1.

4 
(1

.0
–1

.9
)

1.
7 

(1
.3

–2
.2

)b
1.

8 
(1

.1
–2

.9
)b

1.
9 

(1
.4

–2
.8

)b
1.

6 
(1

.2
–2

.3
)b

D
ua

l

 
N

on
e

R
ef

R
ef

—
R

ef
R

ef
R

ef

 
Pa

rt
ia

l
1.

1 
(.

8–
1.

5)
1.

3 
(.

9–
1.

8)
—

—
1.

3 
(.

9–
2.

0)
.9

 (
.6

–1
.3

)

 
Fu

ll
.6

 (
.4

–.
8)

a
.6

 (
.4

–.
8)

a
—

—
.6

 (
.4

–.
9)

a
.6

 (
.4

–.
8)

a

C
os

t-
sh

ar
in

g

 
N

on
e

R
ef

R
ef

R
ef

R
ef

R
ef

R
ef

 
Pa

rt
ia

l
.8

 (
.7

–1
.0

)
.8

 (
.7

–1
.0

)
1.

0 
(.

9–
1.

2)
.9

 (
.8

–1
.1

)
1.

1 
(.

9–
1.

4)
.8

 (
.6

–1
.0

)a

 
Fu

ll
.9

 (
.6

–1
.2

)
.8

 (
.6

–1
.2

)
.6

 (
.6

–.
7)

a
.9

 (
.6

–1
.4

)
.9

 (
.6

–1
.5

)
1.

1 
(.

7–
1.

6)

R
ea

so
n

 
D

is
ab

ili
ty

1.
7 

(1
.4

–2
.2

)
1.

0 
(.

8–
1.

1)
.9

 (
.8

–1
.0

)a
1.

2 
(1

.0
–1

.5
)

.9
 (

.8
–1

.1
)

1.
0 

(.
8–

1.
1)

 
E

SR
D

1.
1 

(.
9–

1.
2)

1.
8 

(1
.4

–2
.3

)b
1.

9 
(1

.5
–2

.5
)b

1.
8 

(1
.0

–3
.5

)
1.

7 
(1

.3
–2

.4
)b

1.
6 

(1
.2

–2
.1

)b

R
eg

io
n

 
N

E
R

ef
R

ef
R

ef
R

ef
R

ef
R

ef

 
M

W
1.

1 
(.

9–
1.

2)
1.

1 
(1

.0
–1

.3
)

1.
1 

(1
.0

–1
.2

)
.9

 (
.8

–1
.1

)
1.

1 
(.

9–
1.

2)
1.

0 
(.

9–
1.

2)

 
S

1.
2 

(1
.1

–1
.4

)b
1.

2 
(1

.1
–1

.4
)b

1.
5 

(1
.4

–1
.6

)b
1.

3 
(1

.1
–1

.5
)b

1.
4 

(1
.2

–1
.6

)b
1.

2 
(1

.0
–1

.3
)b

Epilepsia. Author manuscript; available in PMC 2022 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Terman et al. Page 21

C
ha

ra
ct

er
is

ti
c

M
ai

n 
an

al
ys

is
E

xc
lu

de
 s

yn
co

pe
/c

on
ve

rs
io

n
T

im
e-

va
ry

in
g

E
xc

lu
de

 d
ua

l e
lig

ib
le

 s
ub

je
ct

s
O

nl
y 

3 
A

SM
s

E
xc

lu
de

 S
N

F
/N

H

 
W

1.
3 

(1
.2

–1
.5

)b
1.

4 
(1

.2
–1

.6
)b

1.
4 

(1
.3

–1
.6

)b
1.

2 
(1

.0
–1

.4
)

1.
4 

(1
.2

–1
.7

)b
1.

3 
(1

.1
–1

.5
)b

 
O

1.
3 

(1
.1

–1
.6

)b
1.

6 
(1

.3
–2

.0
)b

1.
6 

(1
.3

–1
.9

)b
1.

6 
(1

.2
–2

.1
)b

1.
3 

(1
.0

–1
.7

)b
1.

7 
(1

.3
–2

.1
)b

R
ur

al
.9

 (
.8

–1
.0

)a
.9

 (
.8

–1
.0

)a
.9

 (
.8

–1
.0

)a
.8

 (
.7

–.
9)

a
.9

 (
.8

–1
.0

)a
.9

 (
.8

–1
.0

)a

N
eu

ro
lo

gi
st

 v
is

it
.6

 (
.6

–.
7)

a
.6

 (
.6

–.
7)

a
.7

 (
.6

–.
7)

a
.7

 (
.6

–.
7)

a
.8

 (
.7

–.
8)

a
.6

 (
.5

–.
6)

a

O
ld

er
 g

en
er

at
io

n 
A

SM
.6

 (
.6

–.
7)

a
.6

 (
.6

–.
7)

a
.6

 (
.6

–.
7)

a
.7

 (
.6

–.
8)

a
.7

 (
.7

–.
8)

a
.6

 (
.5

–.
7)

a

D
ai

ly
1.

1 
(1

.0
–1

.3
)b

1.
2 

(1
.0

–1
.3

)b
1.

0 
(.

9–
1.

1)
1.

2 
(1

.0
–1

.4
)b

.7
 (

.6
–.

8)
a

1.
1 

(.
9–

1.
2)

U
ni

qu
e 

m
ed

ic
at

io
ns

, n

 
1–

5
R

ef
R

ef
—

R
ef

R
ef

R
ef

 
6–

10
.9

 (
.8

–1
.1

)
1.

0 
(.

8–
1.

1)
—

1.
0 

(.
8–

1.
2)

.9
 (

.8
–1

.0
)

1.
0 

(.
9–

1.
2)

 
11

–1
5

1.
0 

(.
9–

1.
1)

.9
 (

.8
–1

.1
)

—
1.

1 
(.

9–
1.

4)
.9

 (
.8

–1
.1

)
1.

1 
(.

9–
1.

2)

 
16

+
1.

0 
(.

9–
1.

1)
1.

0 
(.

9–
1.

2)
—

1.
3 

(1
.1

–1
.6

)b
.9

 (
.8

–1
.1

)
1.

2 
(1

.0
–1

.3
)b

Pe
r 

$1
00

1.
0 

(1
.0

–1
.0

)a
1.

0 
(1

.0
–1

.0
)a

1.
0 

(1
.0

–1
.0

)a
1.

0 
(1

.0
–1

.0
)a

1.
0 

(1
.0

–1
.0

)a
1.

0 
(1

.0
–1

.0
)a

C
ha

rl
so

n 
C

om
or

bi
di

ty
 I

nd
ex

 
0

R
ef

R
ef

—
R

ef
R

ef
R

ef

 
1–

2
1.

0 
(.

9–
1.

1)
1.

0 
(.

9–
1.

1)
—

.9
 (

.8
–1

.1
)

1.
2 

(1
.0

–1
.3

)b
1.

1 
(1

.0
–1

.2
)

 
3–

6
.9

 (
.8

–1
.0

)
.9

 (
.8

–1
.0

)
—

1.
0 

(.
8–

1.
1)

1.
2 

(1
.1

–1
.4

)b
1.

0 
(.

9–
1.

2)

 
7+

.9
 (

.8
–1

.1
)

.9
 (

.7
–1

.0
)

—
1.

0 
(.

8–
1.

3)
1.

7 
(1

.4
–2

.0
)b

1.
0 

(.
8–

1.
2)

C
ha

ra
ct

er
is

ti
c

Su
bs

eq
ue

nt
 I

C
D

 c
od

e

n
20

 8
54

D
ec

ad
es

1.
0 

(.
9–

1.
0)

a

Fe
m

al
e

.9
 (

.8
–1

.0
)a

R
ac

e

 
W

hi
te

R
ef

 
B

la
ck

1.
5 

(1
.3

–1
.7

)b

 
A

si
an

1.
8 

(1
.3

–2
.6

)b

 
H

is
pa

ni
c

1.
5 

(1
.2

–2
.0

)b

Epilepsia. Author manuscript; available in PMC 2022 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Terman et al. Page 22
C

ha
ra

ct
er

is
ti

c
Su

bs
eq

ue
nt

 I
C

D
 c

od
e

 
N

A
N

1.
3 

(.
8–

2.
2)

 
O

th
er

1.
5 

(1
.1

–2
.2

)b

D
ua

l

 
N

on
e

R
ef

 
Pa

rt
ia

l
1.

2 
(.

8–
1.

9)

 
Fu

ll
.7

 (
.4

–1
.1

)

C
os

t-
sh

ar
in

g

 
N

on
e

R
ef

 
Pa

rt
ia

l
.9

 (
.7

–1
.1

)

 
Fu

ll
.8

 (
.5

–1
.2

)

R
ea

so
n

 
D

is
ab

ili
ty

1.
1 

(.
9–

1.
3)

 
E

SR
D

1.
9 

(1
.4

–2
.6

)b

R
eg

io
n

 
N

E
R

ef

 
M

W
1.

0 
(.

8–
1.

1)

 
S

1.
1 

(1
.0

–1
.3

)b

 
W

1.
2 

(1
.1

–1
.5

)b

 
O

1.
3 

(1
.0

–1
.7

)

R
ur

al
.9

 (
.8

–1
.0

)

N
eu

ro
lo

gi
st

 v
is

it
.7

 (
.6

–.
8)

a

O
ld

er
 g

en
er

at
io

n 
A

SM
.7

 (
.6

–.
8)

a

D
ai

ly
1.

2 
(1

.0
–1

.3
)b

U
ni

qu
e 

m
ed

ic
at

io
ns

, n

 
1–

5
R

ef

 
6–

10
.9

 (
.8

–1
.1

)

 
11

–1
5

.9
 (

.8
–1

.1
)

 
16

+
.9

 (
.8

–1
.1

)

Pe
r 

$1
00

1.
0 

(1
.0

–1
.0

)a

C
ha

rl
so

n 
C

om
or

bi
di

ty
 I

nd
ex

Epilepsia. Author manuscript; available in PMC 2022 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Terman et al. Page 23
C

ha
ra

ct
er

is
ti

c
Su

bs
eq

ue
nt

 I
C

D
 c

od
e

 
0

R
ef

 
1–

2
1.

0 
(.

9–
1.

1)

 
3–

6
1.

0 
(.

8–
1.

1)

 
7+

1.
0 

(.
8–

1.
2)

N
ot

e:
: V

al
ue

s 
w

ith
ou

t f
oo

tn
ot

es
 a

re
 n

on
si

gn
if

ic
an

t.

A
bb

re
vi

at
io

ns
: A

SM
, a

nt
is

ei
zu

re
 m

ed
ic

at
io

n;
 E

SR
D

, e
nd

-s
ta

ge
 r

en
al

 d
is

ea
se

; I
C

D
, I

nt
er

na
tio

na
l C

la
ss

if
ic

at
io

n 
of

 D
is

ea
se

s;
 M

W
, M

id
w

es
t; 

N
A

N
, N

or
th

 A
m

er
ic

an
 N

at
iv

e;
 N

E
, N

or
th

ea
st

; N
H

, n
ur

si
ng

 h
om

e;
 

O
, o

th
er

; R
ef

, r
ef

er
en

ce
; S

, S
ou

th
; S

N
F,

 s
ki

lle
d 

nu
rs

in
g 

fa
ci

lit
y;

 W
, W

es
t.

a <
1.

b >
1.

Epilepsia. Author manuscript; available in PMC 2022 November 01.


	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study design and dataset
	Procedures involving human subjects
	Patient selection
	Variables
	Statistical analysis
	Data accessibility statement

	RESULTS
	DISCUSSION
	Conclusions
	References
	FIGURE 1
	FIGURE 2
	FIGURE 3
	TABLE 1
	TABLE 2
	TABLE 3

