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Abstract
Background—Despite the rollout of Medicare Part D, cost-related non-adherence (CRN) among
older adults remains a problem.

Objectives—To examine the rate and correlates of self-reported CRN among a population of
older persons with diabetes.

Research Design—Cross-sectional.

Subjects—1,264 Part D patients with diabetes, who entered the coverage gap in 2006.

Measures—Initial administrative medication lists were verified in computer-assisted telephone
interviews, in which participants brought their medication bottles to the phone. Medications were
classified into cardiometabolic (diabetes, hypertension, cholesterol-lowering), symptom relief, and
“other.” Participants were asked if they had any cost-related non-adherence during 2006, and if so
to which medication/s. We used the person-medication dyad as the unit of analysis, and tested a
multivariate random effects logistic regression model to analyze the correlates of CRN.

Results—Approximately 16% of participants reported any CRN. CRN was more frequent for
cholesterol-lowering medications [Relative risk 1.54, 95%CI 1.01-2.32] compared to medications
taken for symptom relief. CRN was reported less frequently with increasing age above 75 years,
compared to patients between 65 and 69. In addition, compared to those with incomes >$40,000,
CRN risk for those with incomes <$25,000 was markedly higher [RR 3.05, 95%CI 1.99-4.65].

Conclusions—In summary, we found high rates of CRN among Medicare beneficiaries with
diabetes, particularly those with lower incomes. We observed more frequent CRN for cholesterol-
lowering medications as compared to medications for symptom relief. Efforts to ensure
medication affordability for this population will be important in boosting adherence to key
medications.

Only about 50% of patients with chronic conditions routinely take their medicine as directed
[1]. Diabetic patients’ nonadherence to medication is associated with adverse health
outcomes, including increased hospitalization rates and higher mortality [2-6]. Patients
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report many reasons for nonadherence such as forgetfulness, desire to avoid adverse
medication side effects, and the relatively high costs of some medications [2]. Efforts to
increase overall adherence often focus specifically on decreasing cost-related nonadherence
because it is relatively common and can be addressed with policy-based approaches. Cost-
related nonadherence (CRN) among older adults has been documented prior to the initiation
of the Medicare Part D program and remains a significant problem, with recent published
estimates of CRN ranging from 13% to 36% [7-10].

The existing research on CRN is somewhat limited, as the vast majority of papers examining
CRN have used administrative data to calculate adherence, rather than direct patient report.
Most of these papers have also used observed patient responses to cost sharing such as
changes in copayment rates or prescription tiering strategies, to infer indirectly that
nonadherence is associated with higher out of pocket costs [11-16]. Some authors have
found that people are more likely to cut back on medications that they consider “less”
necessary or medications for which an over-the-counter substitution is readily available
[17-18]. However, while other studies have directly asked patients to report the types of
medications they use less often due to cost (e.g., anti-hypertensives, cholesterol-lowering
medications), research shows that many older patients do not in fact know the indication for
all of their medications [19]. Few studies have reconciled administrative pharmacy data with
actual medication bottles in the patient’s possession to determine rates of CRN among older
adults.

Using data collected as part of the Translating Research into Action for Diabetes (TRIAD)
Part D Study, the main objective of this analysis is to examine the overall rate of self-
reported CRN among a population of older persons with diabetes who entered the Part D
coverage gap in 2006. Data on CRN were obtained during telephone interviews in which
patients were asked to bring all of their medication bottles to the phone, and self-report CRN
for any medication they were currently taking.

In this group of elderly Medicare beneficiaries with diabetes, we hypothesized that
beneficiaries would be less likely to report CRN for their medications treating chronic
conditions (diabetes, high blood pressure, or high cholesterol) than for their medications
used primarily for symptom relief. We simultaneously investigated the possibility that CRN
is associated with beneficiaries’ socio-demographic characteristics. In particular, we
hypothesized that having higher income will make CRN less likely after controlling for
other factors.

Methods
Study Design and Setting

TRIAD, a multicenter study of persons with diabetes cared for in managed care settings, has
been described in detail elsewhere [20,21]. This analysis uses data from a TRIAD cross-
sectional survey specifically examining the experiences of participants in 8 western states
with Medicare Part D during 2006. The crude response rate for the survey was 58.1%. There
were no differences between responders/non-responders in % female, out-of-pocket (OOP)
quarterly costs, and number of meds prescribed, but responders were older than non-
responders. The survey was administered between April and October 2007 to beneficiaries
enrolled in one of two benefit designs within 1) a staff-model non profit Medicare Part D
Advantage (MAPD) plan, 2) a network-model MAPD plan, or 3) a freestanding Prescription
Drug Plan (PDP). Some beneficiaries in the PDP or network-model MAPD plans had
coverage for generic but not brand name drugs while they were in the coverage gap (from
$2,250 in total drug costs to $3,600 in out-of-pocket drug costs), while others had no
coverage while in the gap—leaving them to pay for their medications entirely out-of-pocket.
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Beneficiaries in the staff-model MAPD plan had the standard plan with no drug coverage in
the gap.

The survey was administered by CATI to beneficiaries who entered the coverage gap in
2006. The interviewers began with a pre-populated list of medications for each beneficiary,
drawn from administrative pharmacy claims data. Before asking about CRN, interviewers
asked participants to bring their prescription medications to the phone in order to record
adherence for medications not present in the pharmacy claims, and to verify the accuracy of
the claims-based medication list. If the patient reported that they had discontinued one of the
medications on the administrative list, they were not asked any additional questions about
the medication. After interviewers verified which medications patients were taking, they
asked whether the participant had any CRN to any of their medications during 2006. If
participants answered “yes” to this question, interviewers followed up by asking which
specific medications participants took less of because of cost. The institutional review board
at the University of California-Los Angeles approved the protocol for this study.

Participants
The TRIAD survey randomly sampled beneficiaries who were 65 years or older by January
1, 2005, and who had total drug costs exceeding the $2,250 gap threshold by October 1,
2006. Beneficiaries had to be continuously enrolled in an MAPD plan from January 1, 2005
until December 31, 2006 or newly enrolled in a PDP plan between November 15, 2005 and
March 1, 2006 and continuously enrolled until December 31, 2006 to be eligible for the
sample. We excluded Medicare beneficiaries who had a low-income subsidy (because these
patients had no coverage gap), those who had full prescription drug coverage in the gap, and
those who could not provide informed consent.

Variables
The dependent variable was whether the patient had any CRN for the medication in the
patient-medication dyad. As in previous studies, CRN was defined to include any of the
following self-reported behaviors specifically attributed to costs: delayed or stopped refills,
skipped doses or otherwise used less medication than prescribed [22]. To understand the
patterns of CRN in the study sample, we developed categories of medications based on
chronic conditions of the participants. We focused mainly on medications to treat diabetes,
hypertension, or high cholesterol because of the importance of medication adherence for
treatment of these conditions among diabetes patients. We grouped medications together
that are largely prescribed for symptom control, including those for pain, cough, allergies,
insomnia, upset stomach, dermatitis, urinary incontinence, erectile dysfunction, itching and
muscle cramps (see Appendix, hereafter “symptom relief medications”). These symptom
relief medications may improve a patient’s quality of life but would not be necessarily
detrimental to health if not taken. Many of these medications are prescribed on an “as
needed” basis, for the patient to determine the dosing schedule based on individual
symptoms. CRN for these medications implies that patients took less than they felt they
needed, because of cost. All medications not otherwise classified were grouped together as
“other.”

The main predictors of interest were indicators for the type of medication, specifically
diabetes, hypertension, cholesterol-lowering, symptom relief, and other. Our multivariate
analysis also included comorbidity count, out-of-pocket costs in the first quarter of 2006,
age, an indicator for gender, race/ethnicity (white non-Hispanic, Hispanic, African
American, Asian/Pacific Islander, and all other), educational attainment (less than high
school, high school graduate, some college, and college graduate or higher), annual income
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(less than $25K, $25-40K, and greater than $40K), and indicators for the participant’s plan
type and whether the participant had any coverage for prescription medications in the gap.

Race/ethnicity, education, and income were taken from the participant survey. The summed,
non-weighted comorbidity count included the following self-reported chronic conditions:
congestive heart failure, chronic obstructive pulmonary disease, depression, non-skin cancer,
history of myocardial infarction, narrowing of arteries, angina, hypertension,
hyperlipidemia, stroke, chronic bronchitis, asthma, bleeding ulcer, and osteoporosis. Finally,
out-of-pocket medication costs in the first quarter of 2006 and whether the participant had
any prescription medication coverage during the gap were obtained from prescription
claims.

Statistical Methods
Some individuals were missing key data components and we handled these missing values
in two ways. A few individuals reported that they had some CRN in 2006 but could not
identify the specific medications of which they took less. Because we could not determine
the bias introduced by these individuals, we excluded them from the analysis. As is common
in survey data, some individuals were missing annual income information. These values
were filled in with the median values from the beneficiaries’ Census block from the 2000
Census. We calculated unadjusted percentages of CRN, as well as basic demographic and
clinical characteristics, at the individual level (Table 1).

However, our unit of analysis for multivariate models was the person-medication dyad
(Table 2). In other words, if an individual was taking two different medications, a diuretic
(e.g. hydrochlorothiazide) and a beta-blocker (e.g. metoprolol), each medication counted as
a separate observation—yielding two separate observations for that individual within the
analysis. There were five possible types of person-medication dyads in the analysis,
corresponding to the medication classifications we used: diabetes, hypertension, cholesterol-
lowering, symptom relief, and other.

We used multivariate logistic regression to analyze the determinants of CRN. The dependent
variable was equal to 1 if the individual reported CRN for that medication during 2006 and
equal to 0 if they did not. Given that our unit of analysis was the person-medication dyad,
we used a hierarchical model with individual random intercepts to control for clustering of
medications within individuals [23]. We included several covariates in model as well as
indicators for the type of medication class. We calculated relative risks when the coefficient
estimates were statistically significant, for ease of interpretation, and simulated their
associated 95% confidence intervals using multiple draws from a multivariate normal
distribution of the parameter’s RR [24-26]. We used SAS version 9.1.2 for the analyses
(SAS Inc., Cary, NC).

Results
The initial sample size was 1,502 CATI participants

Sixty-one participants reported CRN in 2006, but could not identify which medications they
took less than prescribed. We dropped these participants from the analysis sample. Income
values were backfilled for 181 individuals in the sample. An additional 78 were excluded
due to missing data on at least one covariate. The survey included 99 participants who were
believed to have entered the gap in 2006 at the time the sample was drawn, but were later
found to have not in fact crossed the cost threshold for gap entry; these participants were
therefore excluded. The final analytic sample included 1,264 participants, taking a total of
11,991 medications. About 87% of medications reported as being “currently taken”
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matched those on the pre-populated administrative list, with the remaining 13% of
medications reported additionally by participants.

Approximately 16% of individuals in the analytic sample reported CRN to at least one
medication. Among participants in the analytic sample, about 5% of participants taking
diabetes medications reported CRN to at least one of their diabetes medications (Table 1).
Slightly higher rates of CRN to condition-specific medications were observed for the
cholesterol-lowering (6%) and hypertension (6%) medication groups. Seven percent of
participants reported CRN to at least one of their symptom relief medications and 11% of
participants reported CRN to at least one medication not otherwise classified. Thirty-eight
percent of the patients in the sample reported taking at least one medication from each of the
5 categories. The majority of the participants were white (74%) and the mean age was 74.7
years (standard deviation 5.6). Slightly more than 40% of the participants reported income
of at least $40,000 a year and just over half reported having at least some college education.
The mean comorbidity count was 4.9 (SD 2.3), and mean out-of-pocket medication cost in
the first quarter of 2006 was $350 (SD=$260).

In the multivariate analysis, there were 11,991 person-medication dyads. Reports of CRN
were more frequent for cholesterol-lowering medications [Relative risk 1.54, 95% CI
1.01-2.32] and “other” medications [RR 1.40, 95% CI 1.00-1.95] as compared to
medications taken for symptom relief (Table 2, for odds ratios from the logistic regression
see Table, Supplemental Digital Content 1). Reports of CRN were also more frequent for
cholesterol-lowering medications compared to diabetes medications (RR 1.03, 95% CI
1.54-2.30) and for cholesterol-lowering medications compared to hypertension medications
(RR 1.13, 95% CI 1.63-2.37) (data not shown). Compared to ages 65-69, older age
categories were associated with lower risk of CRN. CRN was less than half as likely for
someone aged 75-79 years (RR=0.46, 95% CI 0.28-0.76), or 80-84 years (RR=0.42, 95%
CI 0.23-0.79), and one-third as likely for those aged 85 years or older (RR=0.30, 95% CI
0.11-0.79). In addition, CRN risk for those with annual incomes under $25K per year
(RR=3.05, 95% CI=1.99-4.65) was three times the risk of those earning at least $40K per
year. Furthermore, CRN risk for high school graduates (RR=0.45, 95% CI 0.27-0.77) was
about half the CRN risk for individuals with at least 4 years of college, although no other
significant differences were seen for other education categories.

Discussion
Using a technique of medication reconciliation to combine administrative data records with
real-time assessment including medication bottles on hand, we found a 16% prevalence of
cost-related nonadherence to any medication in 2006, among a sample of Medicare
beneficiaries. These numbers are similar to other CRN estimates (11.5% to 14.3%)
obtained using alternate methods and data from the nationally representative Medicare
Current Beneficiaries’ Survey [27,28]. The specific key findings in our report are the
associations between increased CRN and cholesterol-lowering medication (relative to
symptom relief medication), between decreased CRN and advancing age, and between
increased CRN and annual income below $25,000 (relative to income of $40,000 or more).
Although we found a statistically significant coefficient for one of the education categories,
there was no pattern in the results.

The finding of greater CRN for cholesterol-lowering medications is particularly noteworthy
and did not match our hypothesis. Previous studies have found reduced adherence to
statins over time, with the greatest decline occurring in the first six months among elderly
patients with chronic conditions [29,30]. Based on data from clinical trials such as the Heart
Protection Study, patients with diabetes or who had a prior myocardial infarction or stroke
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have approximately a 20-25% reduction in risk for a cardiovascular event with good
adherence to cholesterol-lowering medications [31]. Therefore, finding ways to minimize
CRN, especially in the context of the high-risk population in this study, should reduce the
rate of these complications. In fact, the Accountable Care Act of 2010 (ACA) proposes to
eliminate the coverage gap by 2020. However, that does not mean that the trend of increased
cost shifting to patients will necessarily decrease across the marketplace.

In fact, many health insurers are now offering drug benefit packages that place increased
cost-sharing burdens on patients. These include high-deductible health plan (HDHPs),
employer offerings of which have increased 16% since 2006 [32]. The HDHPs have similar
aspects to the Part D coverage gap. Specifically, patients in HDHPs bear the full cost of
prescriptions until they reach an out-of-pocket threshold. Our results may indicate that
patients in these types of plans could also be at increased risk of CRN to essential
medications when faced with cost pressures.

Our finding of lower CRN with advancing age up to 85 years and older is consistent with
several prior studies before the Medicare Part D benefit was enacted [8, 33]. Our finding of
an approximately 3-fold CRN for low-income patients is also consistent with earlier work
prior to Part D with diabetic patients [34]. Low-income Medicare beneficiaries that do not
automatically receive the low-income Part D subsidy as a result of ongoing Medicaid
enrollment are eligible to apply for this subsidy, if they meet pre-specified income and asset
cutoffs (in 2006, individual income less than $14,700 per year) [35]. While low-income
subsidy (LIS) beneficiaries were excluded from our sample because they did not face the
coverage gap, these beneficiaries may still face cost pressures from co-payments. Still, our
findings suggest that increasing enrollment of eligible patients into the LIS program and/or
liberalizing the income and asset thresholds may reduce CRN among vulnerable low-income
patients by reducing the amount they have to pay for prescriptions.

There are many other possible strategies for reducing CRN, several of which can be pursued
by physicians such as 1) prescribing generic medications whenever possible, 2) pursuing the
use of less expensive therapeutic substitutions and 3) talking to patients about nonadherence.
One possible approach would be to review the medication list, prioritize what is essential,
and consider discontinuing medications that may be less effective or may not be needed.
This would have the double benefit of reducing costs as well as reducing possible
complications related to polypharmacy, which is extremely common in our sample.
Although the evidence on the effectiveness of medication therapy management programs
has been mixed, these programs have the potential to increase medication adherence and
additional studies in this area would be beneficial [36-38].

There were several limitations to our study. We did not have prescription drug claims for the
entire sample population so we could not use prescription fills as a comparison to the self-
reported CRN data. We also had a portion of the sample, about 4%, who reported CRN in
general but who could not report which medications were affected. Our measure of overall
medication cost burden was drawn from the first quarter of the 2006 study year, so there is a
possibility of reverse causality if CRN very early in the year led to lower medication costs.
We also do not know how participants specifically chose the medications to cut back on—a
much more detailed survey would be needed to answer this particular question. Our sample
was not geographically representative of all Medicare beneficiaries with diabetes, and
differed somewhat in terms of national demographic characteristics, including relatively
more Latinos and fewer African Americans [39]. Our sample also had a slightly higher
annual income than the overall Medicare population [40]. Because our sample may have had
fewer financial constraints given their higher average income, it is possible that the degree
of CRN was lower than it would be for diabetic Medicare beneficiaries overall.
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Furthermore, our sample was limited to patients who entered the coverage gap, which
represent the highest-spending Medicare beneficiaries. However, rates of gap entry among
older adults with chronic conditions are generally high, and prior analyses indicate that
among Medicare beneficiaries, 35% with dementia, 23% with coronary artery disease, and
22% with congestive heart failure entered the coverage gap in 2006 [41]. The results of our
study are salient to the millions of patients with chronic conditions such as these who enter
the coverage gap; these patients represent a substantial segment of the Medicare population
and have disproportionate policy impact.

In summary, using an approach that combined administrative medication data with real-time
telephone assessments based on actual patient medication bottles, we found a high rate of
cost-related nonadherence among a population of Medicare beneficiaries with diabetes. In
addition, we observed more frequent CRN for cholesterol-lowering medications as
compared to medications for symptom relief or for hypertension or diabetes control.
Medicare beneficiaries with diabetes are at high risk of CRN, particularly of non-adherence
to statin medications that have been proven to reduce the risk of future events.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

APPENDIX: Medications prescribed for symptom relief

Pain relievers
Acetaminophen/codeine

Butalbital/acetaminophen/caffeine

Carisopr/asa

Diclofenac

Dicyclomine

Hydrocodone/acetaminophen

Hydrocodone/ibuprofen

Endocet

Etodolac

Fentanyl

Flexeril

Gabapentin

Glucosamine

Hydromorphone

Hyoscyamine

Ibuprofen
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Imipramine

Indomethacin

Midrin

Ketoprofen

Ketorolac

Lidocaine

Pregabalin

Meloxicam

Methocarbamol

Morphine

Nabumetone

Naprosyn

Nortryptiline

Orphenadrine

Oxycodone

Oxycodone/acetaminophen

Piroxicam

Propoxyphene

Propoxyphene/acetaminophen

Ropinirole

Salsalate

Sulindac

Tramadol

Tegaserod

Cough medications
Benzonatate

Guaifenesin/codeine

Guaifenesin/phenylephrine

Promethazine/codeine
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HC-tussive syrup

Allergy medications
Azelastine nasal spray

Diphenhydramine

Fexofenadine

Fluticasone nasal spray

Mometasone

Ipratropium nasal spray

Loratadine

Meclizine

Triamcinolone nasal spray

Cortisporin otic

Prochlorperazine

Rhinocort nasal spray

Cetirizine

Insomnia medications
Amitriptyline

Eszopiclone

Zaleplon

Zolpidem

Anxiety medications
Alprazolam

Diazepam

Flurazepam

Lorazepam

Oxazepam

Temazepam

Dyspepsia/upset stomach medications
Carafate
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Famotidine

Metoclopramide

Ranitidine

Dermatitis medications
Betamethasone cream

Econazole nitrate cream

Fluocinonide

Hydrocortisone

Metronidazole gel

Mupirocin

Pimecrolimus

Tretinoin

Triamcinolone

Urinary incontinence medications
Oxybutynin

Phenazopyridine

Solifenacin

Tolterodine

Constipation medications
Docusate sodium

Senna

Diarrhea medications
Diphenoxylate/atropine

Erectile dysfunction medications
Alprostadil

Vardenafil

Sildenafil
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Pruritis/itching relief medications
Hydroxyzine

Doxepin

Hair loss medications
Propecia

Medications to relieve muscle cramping
Quinine

Medications for nausea
Anzemet
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Table 1

Descriptive Statistics for the Analytic Sample (n=1,264 individuals) Mean

Characteristic

Mean
(Standard
Deviation)
or Percent

Independent Variable Description

  Taking at least one diabetes medication (n=1,184) 94%

  Taking at least one hypertension medication (n=1,169) 92%

  Taking at least one cholesterol medication (n=969) 77%

  Taking at least one symptom relief medication (n=746) 59%

  Taking at least one other medication (n=1,125) 89%

Dependent Variable Description

  % reporting CRN to any diabetes medication (64 of 1,184) 5%

  % reporting CRN to any hypertension medication (75 of 1,169) 6%

  % reporting CRN to any cholesterol medication (59 of 969) 6%

  % reporting CRN to any symptom relief medication (50 of 746) 7%

  % reporting CRN to any other medication (120 of 1,125) 11%

Health, Costs and Benefit Design

 Mean comorbidity count 4.9 (2.3)

 Mean out-of-pocket costs (Q1 2006) $350 ($260)

  Type of Plan/Gap Coverage combination

   Integrated delivery system MAPD/no gap coverage (n=354) 28%

   For-profit MAPD/no gap coverage (n=440) 35%

   For-profit MAPD/generic-only gap coverage (n=176) 14%

   For profit PDP/no gap coverage (n=117) 9%

   For-profit PDP/generic-only gap coverage (n=177) 14%

Demographics

  Mean age, in years (SD) 74.7 (5.6)

  Female, % (n=712) 56%

  Race or ethnicity, %

    White (n=937) 74%

    Latino (n=210) 17%

    African American (n=52) 4%

    Asian or Pacific Islander (n=24) 2%

    All other (n=41) 3%

  Education, %

    Less than high school (n=239) 19%

    High school graduate (n=372) 30%

    Some college (n=384) 30%

    At least four years college (n=269) 21%

  Median annual income

    < $25,000 (n=452) 36%

    $25,000-$39,999 (n=298) 23%
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Characteristic

Mean
(Standard
Deviation)
or Percent

　　　 ≥ $40,000 (n=514) 41%
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Table 2

Results of Multivariate Analyses (n=11,991 person-medication dyads)

Independent Variable Relative
Risk

95% Confidence
Interval

Type of Person-Medication Dyad (Symptomatic
is reference)

 Diabetes medication 1.00 0.68 1.48

 Hypertension medication 0.94 0.66 1.36

 Cholesterol medication 1.54 1.01 2.32

 Other medication 1.40 1.00 1.95

Comorbidity count 1.20 0.96 1.51

Out-of-pocket costs (Q1 2006) 0.93 0.79 1.10

Benefit Design

 Type of Plan/Gap Coverage combination
 (ref: for-profit MAPD/generic-only coverage)

  Integrated system MAPD/no gap coverage 0.80 0.43 1.50

  For-profit MAPD/no gap coverage 1.19 0.68 2.13

  For profit PDP/no gap coverage 1.21 0.59 2.52

  For-profit PDP/generic-only coverage 1.19 0.60 2.37

Demographics

 Age (ref: 65-69 years)

   70-74 0.75 0.47 1.19

   75-79 0.46 0.28 0.76

   80-84 0.42 0.23 0.79

   85+ 0.30 0.11 0.79

Female 1.18 0.81 1.71

Race or ethnicity (ref: white)

   Latino 1.16 0.69 1.93

   Asian or Pacific Islander 2.85 0.94 8.03

   African American 0.90 0.36 2.20

   All other 2.11 0.94 4.65

 Education (ref: at least 4 years of college)

   Less than high school 0.63 0.35 1.13

   High school graduate 0.45 0.27 0.77

   Some college 0.80 0.49 1.30

 Annual income (ref: ≥ 40,000)

   < 25,000 3.05 1.99 4.65

   25,000-39,999 1.46 0.89 2.38

Notes: 1) Of the 11,991 dyads in the analysis, 544 (4.5%) included CRN (this is lower than the individual-level CRN value since most participants
were on multiple medications).

2) Joint significance tests for the drug class, age, income, and education categories were statistically significant at the 5% level, whereas joint
significance tests for the race/ethnicity and plan/gap coverage categories were not.
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