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hronic obstructive pulmonary disease (COPD) is char-

acterized by progressive airway narrowing or airflow

obstruction, that causes breathing difficulties, reduced
exercise capacity, and physical limitation.* Chronic lower respi-
ratory disease, which primarily includes COPD, has become the
third leading cause of death in the United States.> COPD occurs
more often in females and in the elderly, with almost half of all
patients with COPD being 65 years or older.? Pharmacotherapy is
a cornerstone of COPD management, and maintenance medica-
tions are effective in controlling symptoms, maintaining lung
function, and preventing COPD exacerbations.4

Previously, access to appropriate pharmacologic therapies to
manage COPD was a challenge for Medicare beneficiaries due to
the lack of coverage for prescription drugs. However, Part D, the
Medicare prescription drug benefit, went into effect on January 1,
2006, and greatly expanded access to pharmacological therapies
by subsidizing the cost of prescription drugs and prescription
drug insurance premiums for Medicare beneficiaries. Pharmaco-
logic treatments for COPD, such as bronchodilators and inhaled
steroids, are now covered by Medicare Part D, with patients re-
sponsible for deductibles and co-payments. However, as per poli-
cies designed to keep the program financially sustainable, Part D
does include a coverage gap for beneficiaries. Specifically, ben-
eficiaries are financially responsible for the full cost of prescrip-
tions once a certain dollar threshold has been reached, up to a
maximum amount when catastrophic coverage begins, and then
the Part D plan assumes 95% of the cost of prescriptions. These
thresholds are established each year by Medicare at CMS.

In 20065 and in 2007,° approximately 1.5 million and more
than 3 million beneficiaries, respectively, were estimated to reach
the coverage gap. Multiple studies have assessed the effect of the
coverage gap on medication adherence in elderly patients? and in
those with different chronic diseases.*'* These studies have shown
that the use of brand name medications significantly decreased
for most conditions during the coverage gap and substituted by
generic drugs. However, there were no generic versions of long-
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OBJECTIVES: This study assessed the association of the
Medicare Part D coverage gap with medication adherence among
beneficiaries with chronic obstructive pulmonary disease (COPD).

STUDY DESIGN: Retrospective observational study based on
Medicare claims data.

METHODS: A 5% random sample of Medicare claims data
(2006-2010) was used in this study. Beneficiaries diagnosed with
COPD and treated with long-acting bronchodilators (LABDs) were
assigned to an exposure cohort (at risk of the coverage gap) or a
control cohort (otherwise). The exposure and control cohorts were
matched using high-dimensional propensity scores. Adherence
was defined as 280% of the proportion of days covered by LABDs.
Logistic regressions controlling for unbalanced covariates post
matching were applied to assess the association of the coverage
gap with adherence.

RESULTS: The final matched exposure and control cohorts each
included 4147 patient-year observations with about 42% and

46% of them adherent to LABDs, respectively. About 17% of the
exposure cohort hit the coverage gap after October 31. Logistic
regression showed that, compared with the control cohort, the
beneficiaries in the exposure cohort had a significantly lower like-
lihood of being adherent if they hit the coverage gap later in the
year (odds ratio [OR], 0.603; 95% Cl, 0.493-0.738), or had a lower
likelihood without statistical significance if otherwise (OR, 0.931;
95% Cl, 0.846-1.024).

CONCLUSIONS: The findings suggest that the Part D coverage
gap was associated with lower adherence in patients with COPD,
which may serve as evidentiary support for phasing out the
coverage gap by 2020.
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TAKE-AWAY POINTS

» Medication adherence, in general, is not optimal in beneficiaries with chronic obstructive pul-

monary disease (COPD).

» The Medicare Part D coverage gap is associated with lower adherence to COPD medication,

had at least 2 outpatient claims with a diag-
nosis of COPD on different dates or at least
1 emergency department (ED) or inpatient
claim with COPD as the primary diagnosis
during a respective calendar year, and d) had

with greater negative impact among the beneficiaries who reach the coverage gap later in the

year.

» The timing of reaching the Part D coverage gap has effects on the level of medication adher-

ence.

acting bronchodilators (LABDs) available as a long-term mainte-
nance therapy for COPD in the United States. No published studies
have evaluated the effect of the Part D coverage gap on medication
utilization among Medicare beneficiaries with COPD or explored
whether patients in the coverage gap may behave differently due
to the lack of generic options. This omission is problematic given
the high prevalence of COPD among the elderly® and the negative
health and economic consequences of nonadherence.'® There-
fore, the objective of this study was to assess the association be-
tween the Part D coverage gap among Medicare beneficiaries
diagnosed with COPD and their adherence to COPD maintenance
medications, LABDs.

METHODS

Data Source

A5% random sample of Medicare beneficiaries was used for this study.
The Medicare administrative claims database is a comprehensive data
source covering all beneficiaries who were enrolled in Medicare, cap-
turing information on demographic characteristics, enrollment, pre-
scription drug events, medical encounters in inpatient and outpatient
settings, and health services incurred in other facilities, such as hos-
pice or skilled nursing homes. This study was approved by the institu-
tional review board and by the CMS Privacy Board.

Sample Selection

Inclusion and exclusion criteria. Because the coverage gap
thresholds varied by calendar year, patient selection and out-
come measures were employed at a calendar-year level. Consid-
ering that many Medicare beneficiaries did not have a full-year
benefit in 2006, only data files from 2007 to 2010 were used for
analysis, and the 2006 data file was used to describe patient base-
line characteristics. Beneficiaries who met all of the following
inclusion criteria were selected to form a general patient pool:
a) had “of age” listed as the reason for Medicare eligibility (ie, age
is >65 years as of 6 months prior to January 1 of a calendar year),
b) had a full year’s eligibility during a respective calendar year
and 6 months of eligibility prior to January 1 of the respective
calendar year (the 6 months were defined as baseline period), c)

at least 2 prescriptions for LABDs filled on
different dates during a respective calendar
year (LABDs are listed in eAppendix Table 1
[eAppendices available at www.ajmc.com]).

Beneficiaries were excluded from the study
if they met at least 1 of the following criteria: a) were enrolled with
a Medicare Advantage plan in any month during a respective calen-
dar year; b) had a diagnosis of asthma during a respective calendar
year, because some of the LABD medications are also indicated for
asthma; c) had a diagnosis of cancer during a respective calendar
year, because patients with cancer likely have different medication
utilization and spending patterns compared with other Medicare
beneficiaries; or d) had a disability or end-stage renal disease dur-
ingarespective calendar year, because the benefits of such patients
can differ substantially from those of other Medicare beneficiaries.

Study Cohorts

Beneficiaries who met the above selection criteria were divided
into 2 study cohorts.

Control cohort. Beneficiaries were assigned to the control co-
hortif they fell into 1 of the following categories: a) had Medicare-
Medicaid dual eligibility for the whole year, b) qualified for Part
D low-income subsidies (LIS) (ie, received LIS for at least 1 month
before and after they entered the coverage gap), or c¢) had addi-
tional benefits covering brand and generic drugs during the gap..

Exposure cohort and subgroups in exposure cohort. 1f benefi-
ciaries did not have dual eligibility or low-income subsidies or
full benefits to help with the coverage gap during a calendar year,
they were assigned to the exposure cohort.

The exposure cohort was further categorized into 4 subgroups.
Beneficiaries who did not reach the coverage gap in a respective
year were identified as “no-reaching-gap subgroup.” This sub-
group was not included in the final exposure cohort based on the
assumption that beneficiaries who were relatively healthy were
much less likely to reach the coverage gap; therefore, their medica-
tion-taking behavior was not expected to noticeably change as a re-
sult of presence of the coverage gap. Beneficiaries who reached the
coverage gap before March 1 were identified as the “early-gap sub-
group.” Similar to the “no-reaching-gap subgroup,” the early-gap
subgroup was not included in the final exposure cohort based on
the assumption that beneficiaries who reached the coverage gap
early may have been very sick and wanted to maximize their medi-
cation usage during the gap period to enter the catastrophic phase
sooner. This group of patients was anticipated to be small and to
respond to the coverage gap differently than other subgroups.
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Beneficiaries who reached the coverage
gap between March 1 and October 31 were
identified as the “mid-gap subgroup.” Final-
ly, beneficiaries who reached the coverage
gap on or after November 1 were identified
as the “late-gap subgroup.” Thus, the final

Coverage Gap and COPD Medication Adherence

FIGURE 1. Subgroups of the Exposure Coh

No-reaching-gap subgroup

Does not reach the coverage
gap

exposure cohort only included the mid-gap
and the late-gap subgroups. Figure 1 de-
picts the subgroup designation within the

h 4

Early-gap subgroup
Reaches the coverage gap
before March 1

h 4

Late-gap subgroup
Reaches the coverage gap
after October 31

exposure cohort.

Variables

Adherence was measured as the proportion
of days covered (PDC). Yearly PDC was de-

Mid-gap subgroup
Reaches the coverage
gap between March 1 and
October 31

fined as the proportion of days covered by
LABDs relative to the treatment period dur- Jan

ing a calendar year. The treatment period

was calculated as the duration from the fill

date of the first LABD prescription until the end of the year. A
dichotomous variable for adherence was constructed as 1 if PDC
>80%, and o otherwise.

The independent variable of interest was a dichotomous indi-
cator of membership in the exposure or the control cohort (1 =
exposure cohort, o = control cohort). In addition, the following
demographic and clinical variables in the baseline period were
also assessed: age, gender, ethnicity, residence region, Charlson
Comorbidity Index (CCI) score (eAppendix Table 2), presence
of major comorbidities (eg, diabetes, heart disease) (specified in
eAppendix Table 3), number of unique prescription drugs de-
fined by the first 9 digits of the national drug codes, number of
all-cause ED visits, number of all-cause inpatient visits, previous
COPD diagnosis, previous use of LABDs, previous supplemental
oxygen therapy (eAppendix Table 4), and previous use of oral
corticosteroids (eAppendix Table 5).

High-Dimensional Propensity Score Matching

In observational studies, selection bias is an important issue when
comparing groups and exposure is not randomly assigned. Pro-
pensity score matching (PSM) is commonly used to generate com-
parable exposure and control cohorts with balanced demographic
and clinical characteristics. In a traditional approach to generating
propensity scores, a number of relevant confounders or covariates
included in a logistic model are defined based on available data,
and they are primarily guided by knowledge related to exposure
and the study population characteristics. In a typical claims data-
base, important attributes are unavailable (eg, laboratory results,
functional status, smoking status, over-the-counter medication);
therefore, empirically identifying appropriate proxies for patient
health status out of a large number of variables in claims data is a
significant challenge. High-dimensional propensity score (HDPS)

Nov 1 Dec 31

EXPOSURE COHORT

analysis is an automated algorithm developed by Schneeweiss and
colleagues (2009) to set up proxies by assessing diagnosis codes,
procedure codes, and prescribed medication codes,” which helps
to overcome the aforementioned challenges in the process of re-
ducing selection bias and controlling for confounding effects.
HDPS analysis was employed in this study with the diagnosis code
and the procedure codes in outpatient, ED, and inpatient settings
specified as data dimensions. In each data dimension, the 200 most
prevalent codes were used, and then the possible amount of con-
founding was calculated for each variable based on a multiplicative
model to sort all variables in a descending order. The top 300 variables
were selected to construct a logistic model and generate the propen-
sity score.”*® Lastly, PSM was conducted at 1:1 between the exposure
cohortand the control cohort using the Greedy 5-to-1 digit technique.”

Statistical Analysis

Before matching, the Student’s t tests were used to detect differ-
ences in patient characteristics between the exposure and the con-
trol cohorts for continuous variables (eg, age, CCI score), and the y*
test was used for categorical variables, including demographics (eg,
gender, ethnicity) and comorbidities (eg, diabetes, hypertensive
disease). After matching, McNemar's tests were used for categori-
cal variables and the paired t test for continuous variables.

Multivariable Analysis

After matching, a conditional logistic regression model was con-
structed with adherence (1 if PDC >80%, 0 if PDC <80%) as the de-
pendent variable. More than 50% of the beneficiaries had repeated
observations for 2 or more years from 2007 to 2010. Therefore, a
generalized estimating equation technique was applied in the mul-
tivariable models to correct for the correlation between repeated
observations of a patient.2>?" All analyses were performed using
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TABLE 1. Sample Size of Study Cohorts and Subgroups®
Year
2008 2009

Before Matching

Enrolled with Part D: not exposed to Part

D coverage gap 1011 1012 1145
E:Vrgrllazdev;/iatz Part D: exposed to Part D 4191 W8T 4675
No-reaching-gap subgroup 1372 1700 1930
Reached the gap 2819 2787 2745
1) Early-gap subgroup 33 41 24
Entered the catastrophic phase 29 39 22
2) Mid-gap subgroup 2305 2271 2203
Entered the catastrophic phase 511 504 483
3) Late-gap subgroup 481 475 518
Entered the catastrophic phase 1 0 0
g;npa;lbe;p;:;ﬁztccohl;g;t (mid-gap + late- 2786 2746 2721
Final control cohort before matching 1011 1012 1145

Year
2008 2009

After Matching

2007

Matched exposure cohort 987 970 1087
1) Mid-gap subgroup 821 804 896
Entered the catastrophic phase 216 227 228
2) Late-gap subgroup 166 166 191
Entered the catastrophic phase 0 0 0
Matched control cohort 987 970 1087

2786, 2746, 2721, and 2751 beneficiaries.
Combined across all years, there were 4344
patient-year observations in the control co-
hort and 11,004 patient-year observations in

1176 4344 the exposure cohort before implementation
of PSM. After the 1:1 matching, both cohorts
ol s included 4147 patient-year observations,
2149 7151 which was the final sample for analysis.
22 Descriptive Analysis
20 118
- - Overall, the mean age of the patients was
77.4 years (standard deviation [SD] = 7.6), the
2231 9010 majority (71%) was female, and more than
469 1967 90% were Caucasians (Table 2). Beneficia-
520 1994 ries were heavily concentrated in the South,
0 1 while beneficiaries in the West were under-
2751 11,004 represented in the study. The mean CCI score
was approximately 2.2. The most common
1176 4344

comorbidity in the baseline period was hy-
el pertension (>65%), followed by heart disease
o (>50%) and hyperlipidemia (>45%). More

than 70% of the patients had used a LABD,

2010

1103 4147
912 3433 and a large proportion of them received oxy-
248 919 gen therapy or oral corticosteroids (about
e _ 30%) in the baseline period. Beneficiaries
had substantial medication burden in the
0 0 . . .
baseline period, with an average of more
1103 4147

than 10 different classes of medications.

2Early-gap subgroup indicates entering the coverage gap before March 1; mid-gap subgroup, entering

Prior to matching, the control and the ex-

the coverage gap between March 1 and October 31; late-gap subgroup, entering the coverage gap on,

or after, November 1.

SAS version 9.2 (SAS Institute Inc, Cary, North Carolina). P values
less than .05 were considered to be statistically significant.

RESULTS

Sample Size

Application of the patient selection criteria resulted in 5366, 5650,
5991, and 6268 unique beneficiaries diagnosed with COPD and
treated with LABDs for the years 2007 to 2010, respectively (Table
1). Figure 2 depicts the patient selection flow and the sample size
at different steps. Each year, nearly 20% of those beneficiaries en-
rolled with Part D benefit were not subject to the coverage gap (ie,
assigned into the control cohort), and the remaining beneficia-
ries were at risk of the coverage gap (ie, assigned into the overall
exposure cohort).

From 2007 to 2010, respectively, the final control cohort con-
tained 1011, 1012, 1145, and 1176 beneficiaries, and the final ex-
posure cohort (the mid-gap + the late-gap subgroups) contained

posure cohorts were significantly different
in almost all of the demographic and base-
line characteristics, except for several baseline comorbidities. After
matching, the cohorts were generally balanced in demographic and
baseline characteristics, with statistical differences observed only
for the prevalence of several baseline comorbidities. The standard-
ized differences were generally small, with most of the absolute val-
ues less than 10% (except several baseline comorbidity variables),
indicative of acceptable balance between the matched cohorts.?
After cohort matching, the mean annual PDC in the matched
control cohort was 0.70 (SD = 0.25); it was 0.69 (SD = 0.24) in the
matched exposure cohort. About 46% of the matched control co-
hort was adherent versus 42% for the matched exposure cohort.

Multivariable Analysis

Unadjusted results showed the matched exposure cohort had
lower adherence rates than the matched control cohort. After
adjusting for age, gender, and the unbalanced covariates, benefi-
ciaries who reached the coverage gap had lower odds of adher-
ence compared with beneficiaries who were not exposed to the
coverage gap. Specifically, beneficiaries in the late-gap subgroup
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Medicare
beneficiaries in 2008

beneficiaries in 2009

Coverage Gap and COPD Medication Adherence

FIGURE 2. Patient Selection Flowchart

Medicare
beneficiaries in 2007

Medicare
beneficiaries in 2010

Medicare

Inclusion:

Exclusion:

>2 outpatient visits with diagnosis of COPD or 1 ED or inpatient visit with

primary diagnosis of COPD in respective calendar year
265 years as of 6 months before the beginning of respective calendar years
Having continuous enrollment for 6 months before the year start and

respective calendar years

Diagnosis of cancer and ESRD in
respective calendar years
Diagnosis of asthma in respective
calendar years

>2 LABD prescriptions in the respective calendar years

5366 unique
patients with
COPD in 2007

5650 unique
patients with
COPD in 2008

Control cohort

g Exposure cohort 4191 4487

g No-reaching gap == 1372 = 1700
g Early-gap = 33 41
Mid-gap = 2305 — 2271
é Late-gap k== 481 - 475
;

5991 unique
patients with
COPD in 2009

6268 unique
patients with
COPD in 2010

4675 4920 H
E High-dimensional
= 1930 = 2149 . propensity score
. matching 1:1
_— 24 _— 20 S
— 2203 — 2231
— 518 — 520 .

-

2007 Matched
Control: 987
87

2008 Matched
Control: 970

Exposure: Exposure: 970

2009 Matched
Control: 1087

2010 Matched
Control: 1103
Exposure: 1103

Final study cohort 2007-2010
Matched control: 4147 patient-years
Matched exposure: 4147 patient-years

COPD indicates chronic obstructive pulmonary disease; ED, emergency department; ESRD, end-stage renal disease; LABD, long-acting bronchodilator.

had nearly 40% lower odds of adherence than beneficiaries in
the control cohort (OR, 0.603; 95% CI, 0.493-0.738). Beneficia-
ries in the mid-gap subgroup also had lower odds of adherence,
although this relationship was not statistically significant (OR,

0.931; 95% CI, 0.846-1.024). In addition, hyperlipidemia, depres-
sion, and diseases of the musculoskeletal system and connective
tissues were found to be associated with lower likelihood of ad-
herence (P <.05) (Table 3).
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TABLE 2. Patient Demographics and Baseline Characteristics of Study Cohorts Before and After Matching?
After Matching

Before Matching

Control
(n = 4344)

Exposure
(n=11,004)

P

Control
(n =4147)

Exposure
LEYATA))

PP

Std Diff
in %

Age, years: mean (SD) 7741 (7.64)  7659(7.22) <0001  77.38(7.64) 77.31(7.46) 9081 -0.93
Female, n (%) 3114(71.69)  7187(65.31) <0001 2963(71.45) 2933 (70.73) 4675  -1.60
Caucasian, n (%) 4008 (92.27) 10,744 (97.64) <0001 3925 (94.65) 3912(9433) 5316 -1.37
Region, n (%) <.0001 1259
Northeast 1121(25.81) 2485 (22.58) 1064 (25.66) 1025 (24.72) 217
Midwest 1363 (31.38) 2583 (23.47) 1291 (31.13) 1311 (31.61) 1.04
West 226(5.2) 1473 (13.39) 226 (5.45) 284 (6.85) 5.82
South 1632 (37.57) 4457 (40.5) 1564 (37.71) 1525 (36.77) -1.95
Charlson Comorbidity Index score in the 222(1.69)  187(1.44) <0001 216(1.63) 217(1.65) 975 0.6
baseline period, mean (SD)
Other comorbidities in the baseline period, n (%)
Asthma 429(9.88) 1079 (9.81) 8953  405(9.77)  457(11.02) 0613  4.11
Hyperlipidemia 1970 (45.35) 5223 (47.46) <0001 1881(45.36) 2294 (55.32) <.0001  20.02
Heart disease 2480 (57.09)  5633(51.19) <0001 2331(56.21) 2353 (56.74) 6261  1.07
Deficiency anemia 1035(23.83) 1793 (16.29) <0001  952(22.9¢) 828(19.97) .0009 —7.29
Depression 768(17.68)  1119(10.17) <0001  717(17.29) 526 (12.68) <0001 -12.93
Anxiety 462 (10.64) 770(7) <0001 443(10.68)  353(8.51)  .0027 -7.37
Osteoporosis 584 (13.44)  1533(13.93) 4302  552(13.31) 408(14.66) 0763  3.89
Osteoarthritis 998(22.97) 2076 (1887) <0001  928(22.38) 918(22.14) 7918  -0.58
GERD 869(20)  1554(14.12) <0001 819(19.75) 683 (16.47) .0001 -8.52
Sleep disorder 236(543)  881(801) <0001  217(523)  367(885) <.0001 14.17
Diseases of ihe Musculoskeletal SYS1eM 1739 (40.03)  3570(32.44) <0001 1624 (39.16] 1532(36.94] 0375 457
Hypertensive disease 2998 (69.01) 7170 (65.16)  <.0001 2828 (68.19) 2921 (70.44) .0268  4.86
Obesity 182(4.19)  378(344) 0247  159(3.83)  177(427) 3161  2.20
ngﬁjf:ﬂ;gPD‘ﬁ39”°95i”th9base“”e 3625 (83.45) 9370 (85.15)  .0084  3461(83.46) 3491(84.18) 3711  1.96
E;fiif?fﬁgy”h LABDs in the baseline 3204(73.76)  8339(75.78) 0089  3073(741) 3023(72.9) 2135 -2.73
EZEZE:Zii:ﬁﬂlf:ﬁ;?°r“°°5teersi”the 1237 (28.48) 3037 (27.6) 2749  1175(28.33) 1173(28.29) 9611 0.1
S;f;;?;i;g?e”therapyi“the baseline 1273(29.30)  3811(34.63) <0001 1245(30.02) 1252(30.19) .8669  0.37
Egggﬁﬁgg;f;?f;ggijggﬁ“°“drugsi”the 11.95(7.25)  10.02(5.63) <0001 1159 (6.85) 11.69(6.35) 0933  1.51
miggzx;;?:;;ijzngVE”si”thebase' 043(087)  033(0.78) <0001 042(0.84) 0.44(098) 5431  2.19
Number of all-cause inpatient visits inthe 4 33 (g 75)  g27(0.66) <0001 032(0.71) 034076 9636  2.72

baseline period, mean (SD)

COPD indicates chronic obstructive pulmonary disease; ED, emergency department; GERD, gastroesophageal reflux disease; LABD, long-acting bronchodilator;

SD, standard deviation; std diff, standardized difference.

aThe baseline period was defined as 6 months prior to the start of a calendar year.

®Bolding indicates significance.

DISCUSSION

Medicare patients with COPD, and the association was stronger
among the beneficiaries who reach the coverage gap later (ie, on
The study results suggest that reaching the Part D coverage gap  or after November 1). One explanation for these findings may be

may be negatively associated with medication adherence among that when Medicare beneficiaries enter the coverage gap, they
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bear a higher economic burden to obtain their medications and
they may be more likely to choose nonadherence to more expen-
sive brand name drugs. In addition, we assessed patients’ use of
short-acting bronchodilators (SABDs) before and after they hit the
coverage gap and did not observe a remarkable shift (results not
reported here). One possible reason is that SABDs are a class of
medications that are usually used to relieve acute symptoms, not
a substitute for long-term maintenance therapy.

The results are consistent with previous studies finding that
the Part D coverage gap is associated with reduced medication ad-
herence.?2¢ For example, Fung et al (2010) found that the odds of
adherence among patients with diabetes with the Part D coverage
gap decreased by 17% compared with those patients without the
Part D coverage gap.» Likewise, Stuart and colleagues (2013) found
that the PDC was 7.8% lower for statins, 7.0% lower for clopido-
grel, or 5.9% lower for beta-blockers for beneficiaries exposed to
the coverage gap compared with those not exposed.

To date, this is the first study to evaluate the impact of the
Part D coverage gap on medication adherence for beneficiaries
with COPD using the longitudinal national Medicare claims
data, and it is 1 of few studies to explore the impact of hitting
the coverage gap at different times of the year.®?”?® In contrast,
most research has assessed the impact of the coverage gap
from the perspective of in versus out of the coverage gap. Our
study suggests that such temporal distinctions may have im-
portant implications for patient behaviors, such as adherence
to prescription drugs.

Another strength of this study is that the high-dimensional PSM
was adopted to mitigate potential selection biases and to adjust for
the observed confounding effect between the exposure and the con-
trol cohorts, which extends beyond traditional PSM by maximizing
the utilization of the information provided by claims data. Com-
pared with traditional PSM methods that use “typical” covariates
only (eg, age, gender, comorbidities), matching 2 cohorts in this way
may provide estimates closer to those of randomized trials.”

This study has several limitations. First, the medical and phar-
macy claims data used in this analysis were primarily used for ad-
ministrative purposes to obtain reimbursement; therefore, there
is potential for coding errors that may cause diagnostic and pro-
cedural misclassification. In addition, adherence was measured
based on the assumption that patients took the drugs after they
filled the prescriptions when using pharmacy claims data.

Second, the study is subject to the limitations of retrospective
observational studies, and the findings can only be interpreted
as association and no causality can be concluded. Although
multiple strategies were applied to minimize selection bias and
confounding effects, they were unable to control for unobserved
factors (eg, health literacy level) or beneficiary behaviors (eg, self-
selection of a high-premium plan to avoid or reduce the burden
produced by the coverage gap).

Coverage Gap and COPD Medication Adherence

TABLE 3. Conditional Logistic Regression on Adherence to LABDs

Variable (0] 95% CI P2
x;dcgsfrjf‘sgssrrg subgroup 0.931 0.846-1.024 .1415
bztioiifof’ézzi‘:trf subgroup 0.603 0.493-0.738 <.0001
Age, years 1.005 0.998-1.013 .1809
Female (vs male) 1.104  0.967-1.261 1425
Hyperlipidemia 0.869 0.774-0.975 .0172
Deficiency anemia 1.034 0.899-1.189  .6374
Depression 0.848 0.721-0.997 .0463
Anxiety 0.974 0.798-1.188  .7927
GERD 1.057 0.913-1.224  .4568
Sleep disorder 0.981 0.793-1.215  .8622
Hypertensive disease 0.970 0.852-1.105 .6502

GERD indicates gastroesophageal reflux disease; LABD, long-acting
bronchodilator; OR, odds ratio.
3Bolding indicates significance.

Third, COPD patients in the exposure cohort who did not reach
the coverage gap or reached the gap prior to March 1 were ex-
cluded from the analysis, assuming the 2 groups represent the 2
extremes of the spectrum of health status. No similar exclusion
was done for the control cohort not exposed to the coverage gap.
However, we believe that the use of HDPS analysis provides some
assurance of the comparability of the 2 cohorts. Nevertheless, fu-
ture research that takes into consideration the beneficiaries with
very low drug spending who were subjected to the coverage gap
may help to further balance the comparative cohorts.

Lastly, the study cohort was composed of beneficiaries from
the Medicare fee-for-service program, so the results might not be
generalizable to the Medicare population enrolled with Medicare
Advantage plans. Similarly, the study period ended in 2010 due to
data availability, and it is not clear if the effect of the coverage gap
identified in this study remained after 2010. Studies of the Medi-
care managed care population or studies using more recent data
could provide additional insights into these issues.

Medicare benefit cycles restart at the beginning of each calen-
dar year. Beneficiaries are aware of the coverage gap at that time
and have an anticipation of the likelihood of hitting the gap dur-
ing the year. Although being adherent is likely to lead beneficia-
ries to enter the coverage gap or enter the gap earlier, the effect of
the coverage gap is larger from a perspective of behavior adjust-
ment, based on information and projection.

The coverage gap is planned to close out by 2020. At that point,
beneficiaries will pay 25% of the total cost for covered brand
name and generic drugs during the gap. Although the cost of clos-
ing the coverage gap may present a serious challenge to policy
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makers in the current fiscal climate, it is expected that the cov-
erage gap closure will benefit beneficiaries. Prior to the close-
out of the Part D coverage gap, healthcare administrators and
health plans should make efforts to help beneficiaries transition
through the gap smoothly and minimize the risk of experiencing
high out-of-pocket costs and preventable adverse outcomes from
medication nonadherence. Health plans can take more proactive
approaches to raising awareness of the coverage gap among ben-
eficiaries and physicians, and providing beneficiaries with per-
sonalized information on cost-saving options that may help delay
their entry into the gap. Health plans and policy makers may also
want to consider educating beneficiaries, in collaboration with
healthcare providers, about the importance of adherence to help
patients remain compliant with their medication regimens.

CONCLUSIONS

Findings from this study revealed that reaching the Part D cover-
age gap is associated with lower odds of medication adherence
among Medicare beneficiaries with COPD. Building on these re-
sults, additional research related to other important illnesses or
other meaningful outcomes will be pertinent for increasing the
knowledge base in this area, improving current benefit design,
and optimizing the quality of health policy decisions to help
Medicare provide optimal healthcare for its members with cost-
effective outcomes.

Author Affiliations: Boehringer-Ingelheim Pharmaceuticals, Inc (YFY),
Ridgefield, CT; School of Health Professions (LRH, HQ, MNR) and Ryals
School of Public Health (MLK), University of Alabama at Birmingham, Bir-
mingham, AL.

Source of Funding: None.

Author Disclosures: The authors report no relationship or financial in-
terest with any entity that would pose a conflict of interest with the subject
matter of this article.

Authorship Information: Concept and design (YFY, LRH, HQ, MLK); ac-
quisition of data (YFY, HQ, MLK); analysis and interpretation of data (YFY,
LRH, HQ, MNR, MLK); drafting of the manuscript (YFY, HQ, MNR); critical
revision of the manuscript for important intellectual content (YFY, LRH,
MNR, MLK); statistical analysis (YFY, LRH, MLK); administrative, techni-
cal, or logistic support (YFY, MLK); and supervision (LRH, MNR).

Address Correspondence to: Yanni F. Yu, DSc, Boehringer Ingelheim
Pharmaceuticals, Inc, 9oo Ridgebury Rd, Ridgefield, CT 06877. E-mail:
yanni.yu@boehringer-ingelheim.com.

REFERENCES

1. Global strategy for the diagnosis, management, and prevention of chronic obstructive pulmonary disease.
Global Initiative for Chronic Obstructive Lung Disease website. http://www.goldcopd.it/materiale/2015/
GOLD_Report_2015.pdf. Updated 2015. Accessed June 2016.

2. Hoyert DL, Xu J. Deaths: preliminary data for 2011. Nat( Vital Stat Rep. 2012:61(6):1-51.

3. CDC. Chronic obstructive pulmonary disease among adults—United States, 2011. MMWR Morb Mortal Wkly
Rep. 2012;61(46):938-943.

4. American Thoracic Society, European Respiratory Society. Standards for the diagnosis and management of
patients with COPD. American Thoracic Society website. http://www.thoracic.org/copd-guidelines/resources/
copddoc.pdf. Published 2004. Accessed October 2014.

5. IMS Health. Medicare Part D: the first year. Informa Business Intelligence Inc website. https://www.phar-
mamedtechbi.com/~/media/lmages/Publications/Archive/The%20Pink%20Sheet/69/034/00690340013/070813_
ims_partd_report.pdf. Published 2007. Accessed October 2014.

6. Hoadley J, Thompson J, Hargrave E, Merrell K, Cubanski J, Neuman T. Medicare Part D 2008 data spotlight:
the coverage gap. Kaiser Family Foundation website. https://kaiserfamilyfoundation.files.wordpress.
com/2013/01/7707.pdf. Published November 2007. Accessed October 30, 2014.

7. Polinski JM, Shrank WH, Huskamp HA, Glynn RJ, Liberman JN, Schneeweiss S. Changes in drug utiliza-
tion during a gap in insurance coverage: an examination of the Medicare Part D coverage gap. PLoS Med.
2011:8(8):¢1001075. doi: 10.1371/journal. pmed.1001075.

8. Jung K, Feldman R, McBean AM. Nonlinear pricing in drug benefits and medication use: the case of statin
compliance in Medicare Part D. Health Serv Res. 2014;49(3):910-928. doi: 10.1111/1475-6773.12145.

9. Polinski JM, Shrank WH, Glynn RJ, Huskamp HA, Roebuck MC, Schneeweiss S. Beneficiaries with cardio-
vascular disease and the Part D coverage gap. Circ Cardiovasc Qual Outcomes. 2012;5(3):387-395. doi: 10.1161/
CIRCOUTCOMES.111.964866.

10. Zeng F, Patel BV, Brunetti L. Effects of coverage gap reform on adherence to diabetes medications. Am J
Manag Care. 2013;19(4):308-316.

11.6u Q, Zeng F, Patel BV, Tripoli LC. Part D coverage gap and adherence to diabetes medications. Am J Manag
Care. 2010:16(12):911-918.

12. Fung V, Price M, Busch AB, et al. Adverse clinical events among Medicare beneficiaries using antipsychatic
drugs: linking health insurance benefits and clinical needs. Med Care. 2013;51(7):614-621. doi: 10.1097/
MLR.0b013e31829019c.

13. Nair KV, Frech-Tamas F, Jan S, Wolfe P, Allen RR, Saseen JJ. Comparing pre-gap and gap behaviors for
Medicare beneficiaries in a Medicare managed care plan. J Health Care Finance. 2011;38(2):38-53.

14. Stuart B, Davidoff A, Erten M, et al. How Medicare Part D benefit phases affect adherence with evidence-
based medications following acute myocardial infarction. Health Serv Res. 2013:48(6, pt 1):1960-1977. doi:
10.1111/1475-6773.12073.

15. Simoni-Wastila L, Wei YJ, Qian J, et al. Association of chronic obstructive pulmonary disease maintenance
medication adherence with all-cause hospitalization and spending in a Medicare population. Am J Geriatr
Pharmacother. 2012;10(3):201-210. doi: 10.1016/j.amjopharm.2012.04.002.

16. Ismaila A, Corriveau D, Vaillancourt J, et al. Impact of adherence to treatment with tiotropium and
fluticasone propionate/salmeterol in chronic obstructive pulmonary diseases patients. Curr Med Res Opin.
2014;30(7):1427-1436. doi: 10.1185/03007995.2014.908828.

17. Schneeweiss S, Rassen JA, Glynn RJ, Avorn J, Mogun H, Brookhart MA. High-dimensional propensity score
adjustment in studies of treatment effects using health care claims data. £pidemiology. 2009;20(4):512-522.
doi: 10.1097/EDE.0b013e3181a663cc.

18. Rassen JA, Glynn RJ, Brookhart MA, Schneeweiss S. Covariate selection in high-dimensional propensity
score analyses of treatment effects in small samples. Am J Epidemiol. 2011;173(12):1404-1413. doi: 10.1093/
ajefkwr001.

19. Parsons LS. Reducing bias in a propensity score matched-pair sample using greedy matching techniques.
Poster presented at: SAS User Group International Conference; 2009; Seattle, WA. http://www2.sas.com/
proceedings/sugi28/p214-26.pdf. Accessed March 2015.

20. Liang KY, Zeger SL. Longitudinal data analysis using generalized linear models. Biometrika. 1986;73(1):13-
22. doi: 10.1093/biomet/73.1.13

21. Hardin JW, Hilbe JM. Generalized Estimating Equations. London, UK: Chapman and Hall/CRC; 2003.

22. Normand ST, Landrum MB, Guadagnoli E, et al. Validating recommendations for coronary angiography fol-
lowing acute myocardial infarction in the elderly: a matched analysis using propensity scores. J Clin Epidemiol.
2001;54(4):387-398.

23. Fung V, Mangione CM, Huang J, et al. Falling into the coverage gap: Part D drug costs and adherence for
Medicare Advantage prescription drug plan beneficiaries with diabetes. Health Serv Res. 2010;45(2):355-375.
doi: 10.1111/1.1475-6773.2009.01071.x.

24. Zhang Y, Baik SH, Lave JR. Effects of Medicare Part D coverage gap on medication adherence. Am J Manag
Care. 2013:19(8):e214-e224.

25. Baik SH, Rollman BL, Reynolds CF 3rd, Lave JR, Smith KJ, Zhang Y. The effect of the US Medicare Part D
coverage gaps on medication use among patients with depression and heart failure. J Ment Health Policy Econ.
2012;15(3):105-118.

26. Joyce GF, Zissimopoulos J, Goldman DP. Digesting the doughnut hole. J Health Fcon. 2013;32(6):1345-1355.
doi: 10.1016/j.jhealeco.2013.04.007.

27. Einav L, Finkelstein A, Schrimpf P. The response of drug expenditure to non-linear contract design:
evidence from Medicare Part D. 0./ Fcon. 2015;130(2):841-899.

28. Kaplan C, Zhang Y. The January effect: medication reinitiation among Medicare Part D beneficiaries. Health
Fcon. 2014;23(11):1287-1300. doi: 10.1002/hec.2981. M

]
www.ajmc.com Full text and PDF

AUGUST 2016 www.ajmc.com

e282



eAppendix

eAppendix Table 1. Maintenance Medications Used for COPD

Class Medication Generic Names
LABD medications . Arformoterol

. Formoterol

. Indacaterol

. Salmeterol

. Tiotropium

. Budesonide + formoterol

. Fluticasone + salmeterol

. Mometasone + formoterol
SABD medications . Albuterol + ipratropium

. Ipratropium

. Levalbuterol

. Metaproterenol

. Pirbuterol

. Albuterol or salbutamol

COPD indicates chronic obstructive pulmonary disease; LABD, long-acting bronchodilator; SABD,
short-acting bronchodilator.



eAppendix Table 2. /CD-9-CM Diagnosis Codes for CCI Conditions®

CCI Conditions

Myocardial infarction

Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease

COPD

Dementia

Paralysis

Diabetes

Diabetes with sequela

Moderate or severe renal disease
Mild liver disease/various cirrhosis
Moderate or severe liver disease
Ulcer disease

Rheumatologic disease

AIDS

Any tumor

Metastatic solid tumor

ICD-9-CM Diagnosis Codes
410.x,412.x

428.x
443.9,441.x,785.4,V43.4
430-438.x

490-496.x, 500-505.x, 506.4
290.x

342.x, 344.1x

250.0x — 250.3x, 250.7x

250.4x — 250.6x, 250.8x, 250.9x
582.x, 583.x, 585.x, 586.x, 588.x
571.x

572.x,456.x

531-534.x

710.x, 714.x, 725.x

042.x — 044.x

140-195.x

196-199.x

CClI indicates Charlson Comorbidity Index; COPD, chronic obstructive pulmonary disease; I[CD-9-CM,
International Classification of Diseases, Ninth Revision, Clinical Modification.

Created based on Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with
ICD-9-CM administrative databases. J Clin Epidemiol. 1992;45(6):613-619.



eAppendix Table 3. /CD-9-CM Diagnosis Codes for Major Comorbidities

Chronic Condition or Disease Class ICD-9-CM Diagnosis Codes
Asthma 493 .xx

Diabetes 250.xx

Hypertensive disease 401.xx-405.xx

Heart disease 410.xx-429.xx
Cerebrovascular disease 430.xx-438.xx

Depressive disorder 296.2x, 296.3x, 300.4, 311
Anxiety 293.84, 300.0x, 300.21, 300.22

300.23, 300.29, 300.3x, 300.5x,
300.89, 300.9x, 308.xx 309.81,
313.0x, 313.1x, 313.21, 313.22,
313.3x,313.82, 313.83

Diseases of the musculoskeletal system and 710.xx-719.xx
connective tissue

Deficiency anemia 281.xx, 285.xx

Lipid disorder 272.0x, 272.1x, 272.2x, 272.3%,
272.4x

Osteoporosis 733.0x, V17.81

Osteoarthritis 715.xx
V13.4 (arthritis)

GERD 530.81, 530.10, 530.11, 530.12,
530.19

Sleep apnea 780.51, 780.53, 780.57, 327.20,
327.21,327.23,327.27,327.29

Obesity 278.xx, V77.8, V85.2-V85.5

GERD indicates gastroesophageal reflux disease; /CD-9-CM, International Classification of Diseases,
Ninth Revision, Clinical Modification.



eAppendix Table 4. Procedure Codes for Supplemental Oxygen Therapy

Supplemental Oxygen Therapy Description

ICD-9-CM procedure code: V46.2 Machine-dependent supplemental oxygen

HCPCS codes:

E0431 Compressed-oxygen systems
E1390, E1391 Oxygen concentrator
E1392 Portable oxygen concentrator

HCPCS indicates Healthcare Common Procedure Coding System; /[CD-9-CM, International
Classification of Diseases, Ninth Revision, Clinical Modification.

eAppendix Table 5. Oral Corticosteroids

Brand Name
Diprolene, Betaderm, Betnovate, Diprosone

Decadron, Maxidex, Ozurdex, Baycadron
Cortenema, Solu-cortef, Cortef, Cortifoam

Medrol Dosepak, Solu-Medrol, Medrol,
MethylPREDNISolone

Deltasone, Sterapred, Rayos, Sterapred DS
Deltasone, Sterapred, Rayos, Sterapred DS
Kenalog-40, Aristocort, Azmacort, Kenalog-10
Cortone

Depo-Dilar

Generic Name
Betamethasone

Dexamethasone
Hydrocortisone
Methylprednisolone

Prednisolone
Prednisone
Triamcinolone
Cortisone Acetate
Paramethasone



http://www.drugs.com/cdi/diprolene-cream.html
http://www.drugs.com/cons/betnovate.html
http://www.drugs.com/mtm/diprosone.html
http://www.drugs.com/cdi/cortenema-enema.html
http://www.drugs.com/mtm/medrol-dosepak.html
http://www.drugs.com/cdi/solu-medrol-solution.html
http://www.drugs.com/cdi/medrol.html
http://www.drugs.com/mtm/methylprednisolone-dose-pack.html
http://www.drugs.com/cons/deltasone.html
http://www.drugs.com/cdi/sterapred.html
http://www.drugs.com/rayos.html
http://www.drugs.com/mtm/sterapred-ds.html
http://www.drugs.com/cons/deltasone.html
http://www.drugs.com/cdi/sterapred.html
http://www.drugs.com/rayos.html
http://www.drugs.com/mtm/sterapred-ds.html
http://www.drugs.com/cdi/kenalog-40-suspension.html
http://www.drugs.com/cdi/aristocort.html
http://www.drugs.com/azmacort.html
http://www.drugs.com/cdi/kenalog-10-suspension.html
http://www.drugs.com/international/depo-dilar.html

