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Abstract

Introduction—Older minority groups are more likely to have poor AED adherence. We describe 

adherence to antiepileptic drugs (AEDs) among older Americans with epilepsy.

Methods—In retrospective analyses of 2008–2010 Medicare claims for a 5% random sample of 

beneficiaries augmented by minority representation, epilepsy cases in 2009 were those with ≥1 

claim with ICD-9 345.x or ≥2 with 780.3x, and ≥1 AED. New onset cases had no such claims or 

AEDs in the year before the 2009 index event. We calculated the Proportion of Days Covered 

(PDC) (days with ≥1 AED over total follow-up days) and used logistic regression to estimate 

associations of non-adherence (PDC <0.8) with minority group adjusting for covariates.

Results—Of 36,912 epilepsy cases (19.2% White, 62.5% African American (AA), 11.3% 

Hispanic, 5.0% Asian and 2% American Indian/Alaskan Native), 31.8 % were non-adherent 

(range: 24.1% Whites to 34.3% AAs). Of 3,706 new onset cases, 37% were non-adherent (range: 

28.7% Whites to 40.5% AAs). In adjusted analyses, associations with minority group were 

significant among prevalent cases, and for AA and Asians vs. Whites among new cases. Among 

other findings, beneficiaries from high poverty ZIP codes were more likely to be non-adherent 
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than their counterparts, and those in cost-sharing drug benefit phases were less likely than those in 

deductible phases.

Conclusion—About a third of older adults with epilepsy have poor AED adherence; minorities 

are more likely than Whites. Investigations of reasons for non-adherence, and interventions to 

promote adherence, are needed with particular attention to the effect of cost-sharing and poverty.
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1. Introduction

Antiepileptic drugs (AEDs) are the foundation of epilepsy treatment. AEDs help patients to 

maintain seizure control and limit negative clinical outcomes associated with epilepsy [1]. 

AED effectiveness is minimized if prescribed regimens are not followed [2]. Adherence is 

the degree to which patients’ drug taking is consistent with instructions provided by health 

professionals [3]. Nonadherence to AEDs is associated with the development of 

pharmacoresistance, higher risk of seizures, fractures, and head injuries, increased medical 

resource utilization and costs, impaired quality of life, and increased mortality [2, 4–7].

Previous studies have reported that 20–60% of adults with epilepsy are non-adherent to their 

prescribed AED therapy [6, 8, 9]. Some demographic groups may be more likely to have 

poor adherence and suffer its consequences. For example, minorities and older adults are 

more likely to be non-adherent to AEDs than their counterparts [2, 10]. Among adults 65 

years old and older with epilepsy in a VA population, about 50% had poor adherence to their 

AED treatment [11]. Additionally, among adults 65 years and older in a managed care 

population with epilepsy about 40% had poor adherence to AEDs [12]. This is concerning 

given the importance of adequate AED treatment to prevent seizures and the high incidence 

of epilepsy in the older age groups [13]. The poor adherence found in older adults may be 

due to the sensitivity to AED side effects, personal factors such as the existence of multiple 

comorbid conditions and associated polypharmacy, and economic reasons such as drug 

affordability. There is evidence that adherence varies by AED, with older drugs like 

phenytoin, commonly prescribed in older adults, being associated with lower adherence [6, 

11, 12]. The degree to which older adults from minority groups adhere to their AED 

treatment, however, is currently unclear.

The purpose of this study was to characterize the adherence to AED treatment in diverse 

cohort of older adults with epilepsy. We identified epilepsy cases among Medicare 

beneficiaries with part D plans, to date the largest population of older Americans for which 

adherence has been reported. We further examined whether adherence varied across the 

demographic groups of older Medicare beneficiaries, namely African Americans, Hispanics, 

Asians, American Indian/Alaskan Native (AI/AN) and Whites. We also examined if 

differences in adherence were explained by differences in AED prescribed, personal 

characteristics, comorbid conditions, socioeconomic factors, and Medicare Part D benefit 

characteristics.
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2. Materials and Methods

This study, reviewed and approved by the Institutional Review Board of the University of 

Alabama at Birmingham, consists of a retrospective analysis of 2008–2010 administrative 

claims from the Center for Medicare and Medicaid Services of a 5% random sample of 

Medicare beneficiaries 66 and older in 2008 augmented with sample of beneficiaries of the 

same age who were African American, Hispanic, Asian and AI/AN and had administrative 

claims for seizures and epilepsy. Race/ethnicity was defined as in the Medicare data set 

based on the Research Triangle Institute (RTI) Race Code, an enhanced race/ethnicity 

designation based on first and last name algorithms [14].

2.1 Epilepsy case identification

Medicare beneficiaries with a claim-based epilepsy diagnosis in 2009 were defined as those 

who had the following: i) at least one claim (inpatient, outpatient or physician visit) with 

International Classification of Disease- version 9 (ICD-9) codes 345.xx, or at least two 

claims 780.3x that were 30 days apart; and ii) at least one prescription of 60 days or more 

for AEDs in 2009. Epilepsy identifying algorithms like this were found to have a positive 

predictive value of 94% among older veterans [15]. Among these identified epilepsy cases, 

we considered those beneficiaries who had at least one year of follow-up from the 2009 

index event (first claim with epilepsy or seizure diagnosis code). The follow-up was 

characterized by coverage for Medicare Part A (hospital insurance), B (coverage for 

outpatient and physician visits), and D (prescription drug coverage), and no participation in 

managed care plans, for the entire year or until death if death occurred within the year. 

Following these criteria, we identified 36,912 beneficiaries with epilepsy.

Among these 36,912 cases, we defined 8,787 probable new cases who had a clean period of 

365 days before the index event, i.e., a period with i) continuous coverage with Part A, B, 

and D, ii) no claims for epilepsy or seizures, and iii) no prescriptions for AED drugs 

typically prescribed exclusively for epilepsy, namely Carbamazepine, Ethosuximide, 

Felbamate, Levetiracetam, Methsuximide, Phenytoin, Oxcarbazepine, and Tiagabine. Of the 

probable new cases, 3,706 were those who did not have any AED in the clean period 

(possible new cases).

2.2 Main Outcome

To determine adherence we considered any AED prescription filled by the population with 

epilepsy identified above. We measured adherence by calculating the Proportion of Days 

Covered (PDC) which is defined as the ratio of days with at least one AED prescription over 

the total days of follow-up. The total days of follow-up were defined as the length of time 

from the start of the first AED to the end of the follow-up period. Using the available data on 

the start date of prescriptions and the number of days the prescriptions were for, we 

calculated the number of days with at least one AED as the period from the start of the first 

AED to the last AED in the follow-up excluding any days in between with no AED 

prescriptions. Non-adherence was defined as a PDC < 0.80 [9].
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2.3 Analysis

We examined the following characteristics of epilepsy cases: 1) individual factors: age at 

diagnosis, gender, number of comorbid conditions; 2) neurology visits i.e., having at least 

one claim for a visit with a neurologist or neurosurgeon in the 45 days before to the 60 days 

period post the 2009 epilepsy index event; 3) Part D Coverage: Part D benefit phase for the 

drug prescribed before the first observed AED prescription; 4) socio-economic factors: being 

eligible for Part D Low Income Subsidy (LIS), ZIP code level indicators of poverty; and 5) 

geography: US region of residence (Northeast, West, Midwest, and South). Comorbid 

conditions were identified in the one-year before the epilepsy index event using algorithms 

based on the Charlson Comorbidity score.[16] In 2009–2010, the Part D phases were, in 

order of occurrence, as follows: 1) Deductible in which beneficiaries pay the full cost of the 

drug; 2) Copayment/Coinsurance in which beneficiaries pay a copayment or co-insurance 

for covered prescription drugs until they reached a set level of out-of-pocket costs; 3) 

Coverage Gap (donut hole) in which beneficiaries, depending on the plans, paid the full cost 

of prescription drugs; and 4) Catastrophic Coverage in which Medicare covered most of 

prescription drug cost. ZIP code level information on poverty was obtained from the 2010 

Census. We created an indicator for high poverty corresponding to ZIP codes where >20% 

of households lived below 100% of the Federal Poverty Line. We compared characteristics 

across prevalent, probable and possible new cases, and compared cases to a cohort of 

Medicare beneficiaries from the 5% random sample who may or may not have epilepsy and 

who had a one-year follow-up similar to the epilepsy cases but defined starting from a 

random date in 2009.

We tested for differences in non-adherence by minority group using logistic regression 

models adjusting for the characteristics described above. In addition, we adjusted for the 

type of AED taken by including a binary indicator for enzyme-inducing (EI) AEDs 

(phenytoin, carbamazepine, phenobarbital and primidone, and the corresponding brand name 

drugs) versus all other AEDs.

3. Results

Of the 36,912 prevalent cases of epilepsy included in this analysis, 19.2% were White, 

62.5% African American, 11.3% Hispanic, 5.0% Asian, and 2.0% AI/AN (Table 1). The 

majority of the cases were female (61.6%), live in the south (50.3%), and were eligible for 

the Part D Low Income Subsidy (82.0%). A higher proportion of cases were ages 65–74 

(41.5%) compared to the older age categories. Nearly half (46.0%) had 4 or more 

comorbidities in the year before the epilepsy diagnosis, and a third (36.3%) saw a 

neurologist close to diagnosis.

Of the new cases (8787 probable new cases and 3706 possible new cases) in 2009, the 

demographic distribution was similar to prevalent cases except higher proportions of the new 

cases had 4 or more comorbidities (probable cases 52.3% and possible cases 55.3%) and saw 

a neurologist (probable cases 54.9% and possible cases 72.8%). Because of our study 

design, a random sample of Medicare beneficiaries on Part D with similar follow-up time 

had fewer African American (7.8%), Hispanic (2.4%), Asian (2.4%) and AI/AN (0.4%) 
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beneficiaries (Table 1). This sample also had fewer beneficiaries with high comorbidity 

(19.1%), with neurology visits (13.2%).

The mean PDC overall was 0.83 for prevalent epilepsy cases, and 0.81 for probable and 

possible new cases, with the highest PDC for Whites and the lowest for African Americans 

across all cases (Figure 1). Among prevalent cases, 31.8 % were non-adherent, from 24.1% 

for Whites to 34.3% for African Americans (Table 2). Additionally, a higher proportion of 

prevalent cases who were on non-enzyme-inducing (non-EI) AEDs (34.0%) were non-

adherent compared to 30.6% of those on EI-AEDs (30.6%). Adherence varied by AED. 

Among the most common AEDs, non-adherence was highest for those on Pregabalin 

(31.9%) and Levetiracetam (31.8%) and lowest for those on Lamotrigine (24.6%) and 

Carbamazepine (25.4%). This was somewhat similar across minority groups except for 

AI/AN for whom non-adherence was lowest for those on Pregabalin (23.5%).

Among probable new cases, 35.8 % were non-adherent, from 28.5% for Whites to 38.8% for 

African Americans (Table 2). The percentage non-adherent was similar for those on EI-

AEDs (36.0%) and non EI-AEDs (35.6%). For the most common AEDs, non-adherence for 

probable new cases was highest for those on Carbamazepine (41.0%) and lowest for those 

on Lamotrigine (29.0%). There were some differences across minority groups, for example 

the highest percentage of non-adherence was for Pregabablin (43.3%) among African 

Americans, and for Gabapentin (39.9%) among Hispanics (Table 2).

Among possible new cases, 37.0 % were non-adherent, from 28.7% for Whites to 40.5% for 

African Americans (Table 2). The percentage non-adherent was higher for those on EI-

AEDs (38.1%) compared to those on non-EI-AEDs (36.1%). Across the most common 

AEDs, non-adherence among possible new cases was greatest for those on Pregabalin 

(44.8%) and lowest for those on Lamotrigine (31.3%). These percentages were similar 

across minority groups, with a few exceptions among Asians and AI/AN.

In logistic regression models, racial/ethnic differences in adherence were significant after 

adjusting for confounders (Table 3). Among prevalent cases, minorities were more likely to 

be non-adherent to AEDs than Whites. Similarly, among probable new cases, minorities 

were more likely to be non/adherent to AEDs: for AI/AN, the association was of similar 

magnitude but was not statistically significant. Among possible new cases, African 

Americans and Asians were significantly more likely to be non-adherent to AEDs compared 

to Whites.

Among prevalent cases, several factors were associated with non-adherence (Table 3). 

Beneficiaries more likely to be non-adherent were older than 85, had more than four 

comorbid conditions, had at least one neurologist visit, were from regions other than the 

northeast, and lived in high poverty ZIP code areas. Beneficiaries were less likely to be non-

adherent if they were taking EI AEDs, were eligible for Part D LIS, or were in the part D 

benefit phases other than the deductible (copayment/coinsurance, donut hole, catastrophic 

coverage). Similar results were found among new probable cases, except there was no 

association of non-adherence with EI AEDs, age, number of comorbid conditions, and being 

in certain phases of the Part D benefit plan. Among new probable cases in addition, older 
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age was associated with a lower likelihood of non-adherence, while seen a neurologist, being 

LIS eligible, or leaving in high poverty ZIP codes were not associated with it.

4. Discussion

In this diverse cohort of older epilepsy cases among Medicare beneficiaries, about a third 

had less than ideal adherence to antiepileptic drugs. Non-adherence was more prevalent in 

patients with new onset of epilepsy, i.e., those cases who did not have epilepsy- or seizure-

related medical encounters for a least one year before the first event we identified in 2009. 

Minority groups, in particular African Americans, were more likely to have poor adherence. 

These differences were significant after accounting for several factors that affect 

prescription-taking behaviors such as economic constraints. For example, we found a 

consistent association of poor adherence with being in the deductible Part D benefit phase in 

which beneficiaries may pay the full cost of their drugs out of pocket, or with being from 

high poverty ZIP code areas.

Previous studies reported that 20–60% of adult patients with epilepsy are non-adherent to 

their prescribed AED therapy.[6, 8, 9] Non-adherence to AEDs may be especially 

problematic in the older population. Older patients are at heightened risk for adverse drug 

effects that could contribute to AED non-adherence [12]. In a Medicaid population, non-

adherence was higher among patients 65 and older (about 32% non-adherent) than among 

those younger than 65 (about 25% non–adherent) [2]. Similarly, we showed that about 30% 

of older Medicare beneficiaries on Part D plans with epilepsy were non-adherent. However, 

as age increased, we found that prevalent cases were more likely to be non-adherent, while 

probable new cases were less likely. It may be that when new onset epilepsy occurs at a later 

age, patients are more attentive to AED adherence, as opposed to when epilepsy occurs at a 

younger age and patients are acclimated to living with epilepsy. The degree of non-

adherence in our population was lower than that found in the VA older population, where 

nearly half of the cases had poor AED adherence [11]. Understanding why there is poor 

adherence especially among newer cases of epilepsy, and how to prevent it, warrants further 

investigation.

Differences in adherence across racial/ethnic groups have been reported for younger 

epilepsy populations [2, 10, 17]. We found that African Americans, Hispanics, AI/AN, and 

Asians were more likely to be non-adherent than Whites. These results were similar across 

new cases except for some groups like AI/AN, although this may be due to small sample 

sizes. Differences remained significant after adjusting for a number of factors that may 

confound the adherence-race association, for example socioeconomic factors. While this is 

not a phenomenon confined to epilepsy, racial/ethnic disparities in epilepsy are unsettling 

[18–20]. African Americans have a high incidence of epilepsy in this age group [21], and, if 

not treated appropriately, are vulnerable to the consequences of this condition. Therefore, a 

closer look at the epilepsy treatment of minorities, and whether suboptimal adherence leads 

to worse outcomes, is warranted.

Adherence across AEDs varies. Similar to other chronic conditions, adherence in epilepsy 

has been shown to be higher among patients on once daily treatment regimens due to lower 
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pill burden and less regimen complexity compared to those requiring two or more daily 

doses [22]. Across a number of studies, drugs such as gabapentin, which are taken more than 

once a day, were associated with lower adherence [6, 11, 12, 23]. Our results are in line with 

these studies, with the highest adherence being associated with lamotrigine; however, 

adherence for the other most common AEDs were similar. Overall, among the prevalent 

cases, we found that beneficiaries taking EI-AEDs were more likely to be adherent than 

those taking non-EI-AEDs which may have more complex regimens. This result was not 

significant among potential new cases of epilepsy. Thus, rather than explained by the 

complexity of the regimen, other factors may explain our results. Among prevalent cases, 

tolerance to an enzyme-inducing older AED that they may have been effectively taking for a 

long time may explain the better adherence. On the contrary, these drugs may not be 

tolerated as well by those starting them at this older age.

Socio-economic factors have a considerable impact on adherence. This is in line with 

findings by many others on the effect of socio-economic status and medication cost [24, 25]. 

The benefit phase in which beneficiaries fall right before filling an AED prescription is 

important as it identifies beneficiaries who were already on a cost-sharing phase when filling 

the AED prescription. These beneficiaries were less likely to be non-adherent that those who 

were in the deductible phase, where they paid the full cost of the prescription. Thus, the cost 

of AEDs is important for full adherence, as also demonstrated by the effect of living in ZIP 

code areas with high poverty. Paying attention to socioeconomic factors in epilepsy 

treatment is thus fundamental to ensure optimal outcomes.

Limitations are the common ones related to using administrative claims databases. While 

claims can be used for research, they are generated for administrative and reimbursement 

purposes. Therefore, the accuracy of the information must be considered with restraint. 

Prescription drug claims histories may reflect complex and often erratic patterns of use over 

time [26]. Medication adherence can be overestimated as claims only measure filled 

prescriptions and not all medications dispensed are taken by the patient [26]. If this is the 

case, we may have overestimated the true adherence of this population. Also some cases 

may have other insurance coverage for their prescriptions which may result in not having all 

prescription records in the present data. Moreover, some patients may not need new 

prescriptions if doses are lowered and prescriptions extended. In this case, we may have 

underestimated the true adherence.

Adherence to AEDs is very important for seizure control. It has been estimated that non-

adherence increases seizures by 21% [4] and it is associated with a risk of death 3-fold 

higher [2]. Non-adherence to AED regimens increases the cost of epilepsy care [1]. Among 

Medicaid beneficiaries, non-adherent patients had higher number of hospitalizations 

inpatient days and emergency department visits and an additional cost per quarter of $4,623 

for non-adherent patients compared with adherent counterparts [27]. Additionally, re-

establishing control of seizures is more expensive than maintenance therapy because it 

entails additional medical encounters, laboratory studies, and higher medication dosages 

[28]. Therefore, ensuring adherence to AED treatment is not only important to ensure the 

quality of life of those older adults affected by epilepsy, but also to control cost of care. In 

this older large and diverse population of older Americans with epilepsy, adherence to 
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AEDs, although higher than that reported in other studies of older adults, is sub-optimal for 

a considerable proportion of cases, and especially for some minority groups and for those 

who may have new onset of epilepsy in this later phase of life. Given the consequences of 

poor AED adherence on the outcomes of people with epilepsy, further investigations are 

needed to further understanding how to improve adherence across groups of older adults, 

paying particular attention to the role that the ability to pay for drugs may have on epilepsy 

treatment.
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Highlights

• About a third of diverse older adults with epilepsy had poor adherence to 

antiepileptic drugs

• Minority groups were more likely to have poor adherence

• Poor adherence was also associated with drug cost sharing and poverty
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Figure 1. 
Mean Proportion of Days Covered by Racial/Ethnic Group for Prevalent, and Probable and 

Possible New Epilepsy Cases among older Medicare Beneficiaries, 2009
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Table 1

Characteristics of Medicare beneficiaries with epilepsy and in a random sample, 2009

Prevalent epilepsy cases New epilepsy cases Medicare beneficiaries’ random sample

N = 36,912 Probable
N = 8,787

Possible
N = 3,706 N = 633,710

White 19.2 21.3 18.0 87.0

African American 62.5 58.4 61.2 7.8

Hispanic 11.3 12.0 12.3 2.4

Asian 5.0 6.1 6.6 2.4

AI/AN 2.0 2.2 2.0 0.4

Female 61.6 66.3 64.9 69.1

Age in 2009

65–74 41.5 39.4 34.9 38.4

75–84 36.1 36.4 37.3 36.1

85+ 22.4 24.1 27.8 26.0

Comorbid conditions

0 8.3 5.1 3.7 41.6

1–3 45.7 42.6 41.0 39.3

4+ 46.0 52.3 55.3 19.1

Neurologist close to diagnosis 36.3 54.9 72.8 5.3

LISa eligible 82.0 79.9 77.2 33.5

Medicare/Medicaid 69.6 68.1 65.5 29.5

Medicare Part D Phaseb

Deductible 19.3 14.4 17.0 16.8

Copay/coinsurance 59.2 58.3 60.4 58.0

Coverage gap (donut hole) 13.8 17.6 15.2 9.0

Catastrophic 5.1 6.4 4.2 3.6

No Phase 2.6 3.3 3.3 12.7

Region of residencec

South 50.2 48.9 49.2 38.8

West 13.3 15.3 15.1 16.0

Mid West 17.7 17.1 17.0 25.9

North East 18.7 18.8 18.8 19.4

AI/AN = American Indian/Alaskan Native;

a
LIS = Part D Low Income Subsidy;

b
2009 Part D benefit phase for the drug before the first AED in 2009 for epilepsy cases or first drug post pseudo diagnosis for comparison group;

c
South = DE, DC, FL, GA, MD, NC, SC, VA, WV, AL, KY, MS, TN, AR, LA, OK, TX; West = AZ, CO, ID, NM, MT, UT, NV, WY, AK, CA, HI, 

OR, WA; Midwest = IN, IL, MI, OH, WI, IA, NE, KS, ND, MN, SD, MO; Northeast = CT, ME, MA, NH, RI, VT, NJ, NY, PA
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Table 3

Logistic regression on likelihood of NON-ADHERENCE (PDC <0.80) among epilepsy cases (Prevalent N = 

36912; Possible N = 8,787, Probable N = 3706), 2009

Prevalent cases Probable cases Possible cases

OR (CI) OR (CI) OR (CI)

Race/ethnicity (ref White)

African American 1.56 (1.46–1.68) 1.56 (1.37–1.77) 1.63 (1.32–2.00)

Hispanic 1.40 (1.28–1.54) 1.27 (1.07–1.52) 1.15 (0.87–1.52)

Asian 1.41 (1.25–1.54) 1.41 (1.14–1.74) 1.42 (1.02–1.97)

AI/AN 1.38 (1.16–1.65) 1.31 (0.94–1.82) 1.19 (0.70–2.03)

Type of AED

 EI-AED vs Non EI AEDs (ref) 0.85 (0.81–0.89) 0.95 (0.86–1.05) 1.00 (0.87–1.15)

Gender (ref Male)

Female 1.04 (1.00–1.10) 1.01 (0.91–1.11) 1.06 (0.91–1.23)

Age in 2009 (ref 65–74)

75–84 1.02 (0.97–1.08) 0.95 (0.86–1.06) 0.84 (0.72–0.99)

85+ 1.08 (1.02–1.15) 0.90 (0.80–1.01) 0.80 (0.67–0.96)

Comorbid conditions (ref None)

1–3 1.09 (1.00–1.19) 1.13 (0.90–1.40) 1.18 (0.80–1.73)

4+ 1.31 (1.20–1.44) 1.23 (0.99–1.53) 1.16 (0.79–1.71)

Seen neurologist close to diagnosis (ref No neurologist) 1.14 (1.09–1.20) 1.12 (1.02–1.23) 0.95 (0.81–1.11)

LISa eligible (ref Not eligible) 0.89 (0.83–0.95) 0.86 (0.76–0.99) 0.95 (0.78–1.15)

Part D Coverage Phaseb (ref Deductible)

Copay/coinsurance 0.84 (0.78–0.89) 0.86 (0.75–0.98) 0.74 (0.61–0.89)

Coverage gap (donut hole) 0.79 (0.73–0.86) 0.80 (0.68–0.94) 0.64 (0.50–0.82)

Catastrophic coverage 0.72 (0.65–0.81) 0.87 (0.70–1.08) 0.74 (0.51–1.07)

No phase 0.80 (0.69–0.94) 1.03 (0.78–1.38) 0.96 (0.62–1.47)

Region of residence (ref Northeast)

Other than northeast 1.20 (1.13–1.27) 1.35 (1.20–1.52) 1.23 (1.02–1.47)

ZIP code area

High Povertyc 1.16 (1.11–1.22) 1.13 (1.03–1.24) 1.01 (0.87–1.16)

Number of observations used 35,410 8,406 3,562

AI/AN = American Indian/Alaskan Native;

a
Low Income Subsidy;

b
Coverage phase for the drug prescribed before the first observed AED;

c
20% or more households below the Federal Poverty Line
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