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Abstract
Objective—We evaluate the effects of Medicare Part D coverage gap on pharmacy use among a
national sample of Medicare beneficiaries and on medication adherence among two subsamples
with heart failure and/or diabetes.

Study Design—A pre-post-with-a-comparison-group design with propensity score weighting.

Methods—We used a 5% of random sample of elderly Medicare beneficiaries enrolled in stand-
alone Part D plans in 2007. The comparison group had full coverage in the gap whereas the two
study groups had either no coverage or generic-only coverage in the gap. Main outcomes include
probability of filling a prescription, monthly pharmacy spending and number of prescriptions
filled, and adherence measured by medication possession ratios.

Results—Relative to the comparison group, beneficiaries without drug coverage in the gap
reduced the number of prescriptions filled per month by 16.0% (95% CI 15.5%–16.5%) while
those with generic drug coverage in the gap reduced it by 10.8% (95% CI 10.3%–11.4%). Most of
the reduction in drug use was attributable to the reduction in brand-name drugs. Beneficiaries with
heart failure reduced medication adherence for heart failure drugs by 3.6% (95% CI 2.9%–4.2%)
and beneficiaries with diabetes reduced anti-diabetic adherence by 10.3% (95% CI 9.4%–11.3%).

Conclusions—Medicare beneficiaries reduced medication use (mainly brand-name drugs) after
entering the coverage gap. Medication adherence was reduced to a smaller degree. This suggests
that while beneficiaries’ financial burden would continue because of the coverage gap, the gap
would not result in a large reduction in medication adherence for essential drugs.
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Medicare Part D offers prescription drug coverage for Medicare beneficiaries. Since the
program’s inception in 2006, many beneficiaries have obtained improved drug coverage and
increased their use of medications.1–3 The standard Part D benefit in 2007 included an initial
$265 deductible, a period in which beneficiaries paid 25 percent of drug costs between $265
and $2,400, a coverage gap in which they paid 100 percent of costs until their total out-of-
pocket spending reached a catastrophic limit of $3,850; and a catastrophic coverage period
in which they paid 5 percent.4
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A major concern is the large coverage gap in the standard Part D design. About one-third of
all Medicare beneficiaries enter this coverage gap each year.5 It is possible that, faced with a
sudden increase in medication costs, beneficiaries will cut back on their medication use and
reduce medication adherence for the essential drugs;6–8 and this, in turn, might put their
health at risk leading to subsequent increases in hospitalizations and medical spending.9

Because of the high cost of Medicare and the potential implications for health outcomes, it is
important to determine whether the coverage gap leads to reduction in medication adherence
for essential drugs.

A few studies have examined the effects of the coverage gap on medication use, but the
majority of these studies used pharmacy data either from one local Medicare-Advantage Part
D (MA-PD) plan7, 10, 11 or for one specific condition – beneficiaries with diabetes.6, 10, 12–14

One recent study used Medicare Part D data to examine the effects of the coverage gap
among two subsamples with hypertension and hyperlipidemia.15 They found that the
coverage gap was associated with the reduction in use and adherence of medications for
hypertension and hyperlipidemia. Another recent study studied aged Medicare beneficiaries
with cardiovascular disease enrolled in a stand-alone Part D plan or a retiree drug plan that
was administered by CVS Caremark.16 They found that beneficiaries with no financial
assistance during the coverage gap were more likely to discontinue their cardiovascular
drugs.

In this study, we evaluate the effects of the coverage gap on medication spending and use
among all Medicare beneficiaries (those 65 or older) in the national Part D data. In addition,
we select two subsamples of those with heart failure and/or diabetes to evaluate the gap
effect on medication spending and adherence. We selected these two conditions because
they are common in Medicare and the medication treatment is very important and premature
discontinuation may lead to increase in subsequent spending on medical care.17, 18 We
compare how whether beneficiaries with these chronic conditions respond to the coverage
gap differently from the general population.

Our analyses are guided by a number of hypotheses: (1) Medicare beneficiaries will
decrease all their medication use regardless drug classes once they enter the gap – and that
the decrease will be higher for those with no drug coverage in the gap than those with
generic coverage in the gap.19, 20 However, those who anticipate going through the gap and
entering the catastrophic period will not reduce their medication use in the gap.7 (2)
Beneficiaries will decrease their use of all brand-name drugs more than generic drugs, and if
beneficiaries have generic drug coverage they will shift from brand-name to generic drugs.19

(3) Among those with heart failure and/or diabetes, the adherence to cardiovascular and
diabetic drugs will decrease in the coverage gap.10

METHODS
Data and Study Population

We obtained beneficiary demographic and enrollment information, plan benefits,
prescription drug events and medical claims for a 5% random sample of all aged Medicare
beneficiaries who were continuously enrolled in PDPs in 2007. We identified two
subpopulations of beneficiaries – those with heart failure and/or diabetes. Each
subpopulation was identified following two criteria: 1) having a diagnosis for the condition
before 1/1/2007, defined by 2006 CMS Chronic Condition Warehouse (CCW) indicators
(Appendix Table 1); and 2) using at least one medication for the condition in the initial
coverage period so we can ensure that beneficiaries were on medications of interest before
entering the coverage gap (Appendix Table 2 provides the list of medications). The study
design was approved by the Institutional Review Board at the University of Pittsburgh.
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Study Design
Although the standard Part D benefit includes these four phases, some companies offering
Part D drug plans modified the design and offered either “actuarially equivalent” or
enhanced plans. In 2007, 72 percent of stand-alone Part D plans (PDPs) had the standard
coverage gap, 27 percent of PDPs had some generic coverage in the gap, and less than 1
percent offered coverage for both brand-name and generic drugs.21 In addition, beneficiaries
with low-incomes who are eligible for subsidies had a lower copayment throughout the year
and did not face a coverage gap.4

Using this variation in drug coverage, we identified two study groups based on the type of
coverage they had in the gap (“no-coverage”, “generic-only”) and one comparison group.
The comparison group consisted of beneficiaries who had either 12-month Medicaid
coverage or 12-month low-income-subsidies (“LIS group”). Thus, the drug coverage for the
comparison group did not change throughout the year; that is, they did not face the gap in
coverage. Even though the LIS group is different from the two study groups in
socioeconomic characteristics, they can still serve the purpose of controlling for the
underlying time trends in medication use, because their drug coverage did not change while
the study groups had a sudden increase in drug costs once entering the coverage gap.

We used a pre-post-with-a-comparison-group design to assess the impact of the coverage
gap on medication and medical care use. This uses a difference-in-difference estimate,
comparing the change in pre- and within-gap for each study group, relative to the pre- and
within-gap change in the comparison group. This design does not require that study and
comparison groups have the same baseline characteristics. As long as different groups have
similar baseline trends, we could get unbiased results.22 We tested the baseline pre-gap
trends in overall medication use across three groups and they are similar.

We hypothesized that beneficiaries who went through the coverage gap and entered the
catastrophic coverage period would not reduce their medication use in the gap.7 We ran
regressions to test this hypothesis and found that those entering the catastrophic period did
not change their medication use in the gap (Appendix Table 3). Thus, for this study we
primarily focused on beneficiaries who entered the gap but did not go through it. That is,
each individual in our study sample had a pre-gap and a within-gap period.

To define pre- and within-gap periods, we first identified the index date as the first day that
the beneficiary’s total drug spending reached the coverage gap threshold. The pre-gap period
was defined as 1/1/2007 to the index date. The within-gap period was defined as the
duration between the first day after the index date until 12/31/2007. The index date was
included in the pre-gap period because almost all drugs filled by beneficiaries on that day
were subject to copayment levels in the initial coverage period. We compared the change in
each outcome in the pre-gap and within-gap periods between each study group and the
comparison group: no-coverage vs LIS, and generic-only vs LIS groups. We used propensity
score weighting mechanism to balance each study group with the comparison group. The
propensity score weighting was conducted separately for each group: the general population,
as well as each subgroup of those with heart failure and/or diabetes.

Outcomes of Interest
For the pre- and within-gap periods separately, we defined four outcomes to measure
medication use: (1) probability of using a medication (1=used a medication; 0=did not use a
medication in the study period); (2) mean number of monthly prescriptions filled per month,
defined as total number of prescriptions that are standardized by 30-day supply (i.e., a
prescription with 90-day supply would count as 3 monthly drugs) divided by the number of
months in the study period; (3) mean monthly pharmacy spending per month, and (4)
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medication adherence measured by medication possession ratio (MPR). For the general
population, we focused on the first three outcomes. We measured these outcomes for all
medications and then for brand-name and generic drugs separately.

For the patients with chronic conditions, we focused on the mean number of monthly
prescriptions filled and the MPR. We examined the mean number of monthly prescriptions
filled overall as well as the number of monthly prescriptions for disease specific drugs. We
defined the MPR as the proportion of days during a given period (e.g., either pre-gap or
within-gap period) that a subject had possession of any drugs used to treat the chronic
illness. The drugs filled on the day entering the coverage gap were included in calculating
the within-gap MPRs for two reasons: (1) these drugs were used in the within-gap period;
and (2) to be consistent with the pre-gap MPR definition where drugs filled on the first day
(1/1/2007) were included in the calculation. Similarly, to be consistent with the MPR
calculation in the pre-gap period where drugs filled before 1/1/2007 were not included,
drugs filled before entering the gap were not included in the calculation for the within-gap
adherence. However, the definitions for MPRs should not change the difference-in-
difference results because we applied same rules for the study and comparison groups.

Statistical Analysis
To implement the propensity score weighting mechanisms, we conducted a two-stage
analysis. In the first stage, we ran two logistic regression models to predict the probability of
being in a study group relative to the comparison group, controlling for age, sex, race,
number of Elixhauser comorbidities,23 and prescription drug hierarchical condition category
(RxHCC). RxHCC is the beneficiary risk adjuster used by CMS to adjust payment to plans
for pharmacy costs.24

In the second stage, we ran a difference-in-difference model with the inverse of propensity
score as a weight. This effectively assigned a higher weight to individuals in the comparison
group who had characteristics similar to those in the study group. In this model, the
dependent variable was the difference between within-gap and pre-gap periods for each
previously-defined outcome. Because pre- and within-gap- measures are likely to be
correlated, the advantage of this approach against using two interrelated outcomes is that
one can simply eliminate the correlated structure in two outcomes. The key independent
variable was the indicator for being in the study group relative to the comparison group. All
the covariates used in calculating propensity scores were included in the model.

In addition, we controlled for duration of time spent in the coverage gap (Figure 1) in the
model because the longer beneficiaries stayed in the gap the more likely they would change
their medication use and medical spending. All analyses were conducted using SAS
software, version 9.2 (SAS Institute Inc, Cary, NC) and R: A Language and Environment for
Statistical Computing, version 2.12.

RESULTS
Table 1 compares the characteristics between each study group and comparison group for
beneficiaries whose pharmacy spending exceeded the coverage gap threshold but did not
exceed the catastrophic coverage threshold. All the numbers are after adjustment with
propensity score weights. After adjustment, all characteristics were comparable (i.e., there is
no statistically-significant difference at p>.05) between each study group and the
comparison group.
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Effects of the Coverage Gap on Medication Use and Spending Among the General
Population

Table 2 presents the effects of the coverage gap on the probability of using a drug, mean
number of monthly prescriptions filled and mean monthly pharmacy spending for all
medications for the overall population. There are three main findings:

First, relative to the comparison group, there were statistically significant reductions in all of
the outcomes (probability of using a drug, mean number of monthly drugs filled, and
monthly pharmacy spending) in both study groups. However, those with no coverage
generally decreased their use of medications more than those with generic drug coverage in
the gap.

Second, the overall decrease in monthly medications and spending on drugs was primarily
due to the decrease in the use of brand name drugs. For example, those without drug
coverage in the gap reduced their overall medication use by 0.85 medications per month
(95% CI 0.82– 0.88); and 75 percent of the reduction was accounted for by brand-name
drugs and 25 percent by the reduction in generic drugs. This group decreased its monthly
pharmacy spending by $73.15 (95% CI $71.66–$74.65), of which $66.65 (95% CI $65.30–
$68.01) was for brand-name drugs and $6.40 (95% CI $5.88–$6.92) for generic drugs.

Third, those with only generic coverage in the gap reduced their use of brand-name drugs
but did not increase their use of generic drugs. In fact, they decreased their use of generic
drugs slightly but negligibly. Among the general population, relative to the comparison
group, the generic-only group reduced the number of monthly prescriptions filled by 0.66
(95% CI 0.63–0.70), almost all of this decrease attributable to the reduction in brand-name
drugs [0.61 (95% 0.59–0.62)].

Effects of the Coverage Gap among Patients with Chronic Conditions
Beneficiaries with heart failure and/or diabetes decreased their overall use of medications
and the overall decrease was similar to that found for the general population (Table 3). They
also decreased their use of the drugs specific to their conditions. The relative decreases in
the condition-specific drugs were similar to those observed for the overall drugs.

The decrease in medication use was accompanied by the decrease in medication adherence
in both groups, but the decrease in adherence was smaller than the reduction in the number
of prescriptions filled (Table 4). In addition, relative to the comparison group, the decrease
in medication adherence was always larger in the no-coverage group than in the generic-
only group. In the heart failure sample, the MPR for heart failure drugs among the no-
coverage group dropped from 0.87 in the pre-gap period to 0.83 in the within-gap period,
while the MPR for those with generic-only coverage dropped from 0.87 to 0.86. Although
statistically significant, the relative reduction in adherence for heart failure is negligible. The
same pattern was observed for those with diabetes although decrease in medication
adherence was larger in this group.

COMMENT
Medicare beneficiaries decreased their medication use once they entered the gap – and the
decrease in use was consistently higher for those who had no coverage in the gap than those
with generic drug coverage in the gap. We hypothesized that beneficiaries would reduce
their brand-name drugs after entering the coverage gap; and if they had generic drug
coverage, they would shift their brand-name to generic drugs. We did observe that
beneficiaries reduced their use of brand-name drugs substantially more than generic drugs,
but those with generic drug coverage did not switch from brand-name to generic drugs. This
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is partially because those in the generic-only group tended to use more generic drugs in the
initial coverage gap period.

We adjusted the time spent in the gap in our model so the beneficiaries spending less time in
the gap contributed less to the regression results. In addition, we conducted sensitivity
analysis by excluding those beneficiaries who stayed in the gap for less than one month or
less than two months. The results are robust.

The overall coverage gap effects in the no-coverage group on medication use are similar to
those found in an earlier study examining beneficiaries enrolled in MA-PD products.7

However, the effects for those with generic drug coverage were different – in the earlier
study beneficiaries with generic drug coverage actually increased their use of generic drugs
in the gap whereas in this population no such increase was observed.7 This difference may
be due to different practices between traditional fee-for-service Medicare and Medicare
advantage plans. For example, MA-PD plans might have better medication management
program or chronic disease management program.

A major strength of this study is that we had a random sample of aged Medicare
beneficiaries enrolled in PDP products. We examined the effect of the coverage gap on a
national overall sample of Medicare beneficiaries as well as those with two prevalent
chronic conditions: heart failure and/or diabetes. We included all qualified Medicare
beneficiaries – including those in nursing homes. (We estimated the model excluding
nursing home residents, and the results were similar).

We used the pre-post-with-a-comparison-group design, the strongest quasi-experiment
observational study design. The key to this approach is that the drug coverage in the
comparison group did not change in the pre-gap and within-gap periods; while study groups
were exposed to a sudden increase in medication price. Even though the comparison group
is different in socioeconomic status from the study groups, all groups had similar baseline
trends in medication use. Thus, this study design may lead to unbiased results.22 However,
we acknowledge that we can eliminate selection bias.

The weakness of our study is that we did not explicitly estimate the anticipatory effects of
the coverage gap, namely, beneficiaries might change their behaviors before they entered the
coverage gap. Thus, we might underestimate the effects of the coverage gap. We did observe
the signs of anticipatory effects. For example, beneficiaries with generic coverage were
more likely to use generic drugs in the pre-gap period; and those who went through the
coverage gap did not change their drug use in the gap. By focusing on those who did not go
through the coverage gap we mitigated the problem.

Current provisions of the 2010 Affordable Care Act (ACA) on the Part D include: 1) starting
in 2010, beneficiaries entering the coverage gap receive a $250 rebate; 2) starting in 2011,
beneficiaries pay 50 percent for brand-name drugs and 93 percent for generic drugs that are
used in the coverage gap; and 3) the gap size will be gradually reduced in order to eliminate
it by 2020.25 In the 2011 standard Part D benefit, the threshold entering the coverage gap is
$2,840 in total pharmacy spending and the threshold entering the catastrophic period is
$4,550 in total out-of-pocket pharmacy spending.26 Thus, coverage gap will continue to be
an important issue that deserves a close attention from policy makers, providers and
beneficiaries. However, if our results are replicated, it would indicate that while the financial
burden on Medicare beneficiaries would continue because of the coverage gap, the gap
would not result in a large reduction in medication adherence.
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Take-away points

We examined the effect of the coverage gap on a national sample of Medicare
beneficiaries as well as those with heart failure and/or diabetes. Although beneficiaries’
financial burden would continue due to the coverage gap until 2020, the gap would not
result in a large reduction in medication adherence for essential drugs.

• Medicare beneficiaries reduced medication use (mainly brand-name drugs) after
entering the coverage gap.

• Beneficiaries with generic drug coverage in the gap reduced their drug use less.

• However, medication adherence was reduced to a much smaller degree for
essential drugs used to treat heart failure and diabetes.
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Figure 1.
Histograms of the Time Spent in the Gap by Group
Abbreviation: LIS = low-income subsidy group.
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