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M edicare Part D was implemented in 2006 to provide pre-
scription drug benefits for Medicare beneficiaries. The im-
plementation of Part D has led to many positive changes: 

reduced out-of-pocket expenses, increased medication fills, improved 
adherence, decreased medical spending, and fewer avoidable hospital-
izations.1-10 One controversial aspect of the Part D benefit design is the 
coverage gap, commonly referred to as the “donut hole.” Patients with 
a Part D plan that has a standard defined benefit have a copayment of 
25% on prescription drugs after they pay the initial deductible. After 
their total pharmacy spending reaches the coverage gap limit ($2830 in 
2010), patients have a 100% copayment for their drugs until they reach 
the catastrophic limit ($6440 in 2010). In the catastrophic stage patients 
pay 5% or $2.60 per prescription. 

The lack of coverage in the donut hole raises concern that the in-
crease in copayment may have an adverse effect on drug utilization. Re-
search has shown that reaching the coverage gap decreases medication 
fills11-14 and lowers adherence to essential medications.15,16 In response 
to these concerns, the Affordable Care Act (ACA), passed in March 
2010, includes a provision to shrink the coverage gap. Starting in 2011, 
the copayment for brand drugs in the coverage gap was reduced 50%, 
and the copayment for generic drugs was reduced 7%. The copayments 
for brand drugs and generic drugs in the gap will be further reduced after 
2012. In the year of 2020, the donut hole will be completely closed with 
a 25% copayment for both brand and generic drugs.17,18 

The closure of the donut hole represents another significant 
change for Medicare Part D. A solid understanding of the latest re-
form is critical for the design of Part D benefits. This research contrib-
utes by investigating the impacts of the 2011 coverage gap reform on 
adherence to diabetes medications. We focused on diabetes because 
it is a highly prevalent disease among Medicare beneficiaries. It is 
estimated that in 2010, the prevalence rates for people aged 65 to 74 
years and >75 years were 20.7% and 18.9%, respectively. The diabetes 
prevalence rates for the 2 groups are expected to become 30.1% and 
32.7% in 2050.19 Effective management of diabetes is vital to the suc-
cess of Medicare. 

METHODS
Research Setting

There are 4 types of Part D plans: 
standard defined benefit, actuari-
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Objectives: To investigate the impact of Part D 
coverage gap reform on diabetes medication 
adherence. 

Study Design: Retrospective data analysis based 
on pharmacy claims data from a national phar-
macy benefit manager. 

Methods: We used a difference-in-difference-in- 
difference method to evaluate the impact of 
coverage gap reform on adherence to diabetes 
medications. Two cohorts (2010 and 2011) were 
constructed to represent the last year before 
Affordable Care Act (ACA) reform and the first 
year after reform, respectively. Each patient had 
2 observations: 1 before and 1 after entering the 
coverage gap. Patients in each cohort were divi-
ded into groups based on type of gap coverage: 
no coverage, partial coverage (generics only), and 
full coverage. 

Results: Following ACA reform, patients with no 
gap coverage and patients with partial gap cover-
age experienced substantial drops in copayments 
in the coverage gap in 2011. Their adherence to 
diabetes medications in the gap, measured by 
percentage of days covered, improved corre-
spondingly (2.99 percentage points, 95% confi-
dence interval [CI] 0.49-5.48, P = .019 for patients 
with no coverage; 6.46 percentage points, 95% CI 
3.34-9.58, P <.0001 for patients with partial cover-
age). Patients with full coverage also had lower 
copayments in the gap in 2011. However, their 
adherence did not increase (–0.13 percentage 
point, P = .8011).

Conclusions: In the first year of ACA coverage 
gap reform, copayments in the gap decreased 
substantially for all patients. Patients with no 
coverage and patients with partial coverage in the 
gap had better adherence in the gap in 2011.

Am J Manag Care. 2013;19(4):308-316

For author information and disclosures,  
see end of text.

 In this article
  Take-Away Points / p309 
 www.ajmc.com
  Full text and PDF



VOL. 19, NO. 4 n THE AMERICAN JOURNAL OF MANAGED CARE n	 309

Effects of Coverage Gap Reform

ally equivalent, basic alternative, and 
enhanced alternative. Of the 4 types 
of plans, the actuarially equivalent 
and basic alternative plans are similar 
to the standard defined benefit plan in 
coverage. Patients with an enhanced 
alternative plan can pay a higher pre-
mium for better coverage, such as hav-
ing coverage in the gap and/or covering 
more drugs than standard defined ben-
efit plans. 

The year 2011 is the first year of coverage gap reform man-
dated by the ACA. In 2011, patients reaching the gap received 
a 50% copayment reduction for brand drugs and a 7% copay-
ment reduction for generic drugs. For patients whose Part D 
plans provided coverage in the gap, discounts were applied to 
their copayments directly. For example, suppose a patient who 
had coverage while in the gap in 2010 paid a 25% copayment 
for both brand and generic drugs in the coverage gap. In 2011, 
this same patient would pay a 12.5% copayment for brand drugs 
and a 23.25% copayment for generic drugs in the coverage gap. 

Data
Data for this research came from pharmacy claim data from 

MedImpact HealthCare Systems Inc’s book of business. Med-
Impact is a national pharmacy benefit manager. The research 
data included a 2010 cohort and a 2011 cohort. The 2010 co-
hort represents the last year before ACA reform and the 2011 
cohort represents the first year after ACA reform. 

Patients in both cohorts were required to be continuously 
enrolled in the same health plan for 2 years: 1 year before the 
cohort year and the cohort year. Patients with diabetes were 
identified as having at least 2 diabetes drug claims in both the 
cohort year and the year before the cohort year. It was impor-
tant to require patients to have used diabetes drugs before the 
cohort year so that we had a full year to measure adherence 
in the cohort year. The inclusion of 1 year of data before the 
cohort year also was important to construct a comorbidity in-
dex. All patients had to be at least 65 years old in their cohort 
year. Patients eligible for a low-income subsidy were removed 
because their copayment structures are different. 

Each data cohort included patients with no coverage, par-
tial coverage (ie, generic coverage only), and full coverage in 
the gap. In this research, patients with partial and full cover-
age all came from enhanced alternative plans. Patients with 
no coverage came from standard defined benefit, actuarially 
equivalent, basic alternative, and enhanced alternative plans. 
Theoretically, patients in actuarially equivalent, basic alter-
native, and enhanced alternative plans could have coverage 
gap limits different from those of standard defined benefit 

plans. However, that was not the case in this research. We 
checked and confirmed that all patients in the data set had 
the same coverage gap limits. 

These identification steps generated 20,709 patients in the 
2010 cohort and 20,212 patients in the 2011 cohort. We se-
lected only patients who entered the coverage gap but did not 
enter the catastrophic level to make it easier to compare ad-
herence before the gap with adherence in the gap.12,13,16 This 
exclusion led to 6828 patients in the 2010 cohort and 6124 
patients in the 2011 cohort. 

Outcome Variable
The outcome variable was adherence to diabetes medica-

tions. Diabetes is a long-term and progressive disease. Ad-
herence to diabetes medication is critical for maintaining 
glycemic control and slowing down disease progression. Poor 
adherence can lead to inadequate glycemic control, higher 
probabilities of hospitalization, higher medical cost, and 
higher mortality.20-27 

Adherence is measured by proportion of days covered 
(PDC), defined as the number of days covered by at least 1 
diabetes medication divided by the length of the study period 
based on medication fill date and days of supply. The PDC 
methodology has been used in many studies.16,20,25,26,28 The 
value of PDC is bounded between 0.0 and 1.0.

Difference-in-Difference-in-Difference Method
This research used a difference-in-difference-in-difference 

method to identify the impact of coverage gap reform on ad-
herence to diabetes medications. In this model, year 2010 data 
and year 2011 data were used to represent the periods before 
and after coverage gap reform, respectively. Each patient in a 
cohort year had 2 observations: one before the coverage gap 
and the other in the coverage gap. Patients with no coverage 
or partial coverage were the treatment group; patients with 
full coverage were the control group. In a straightforward dif-
ference-in-difference-in-difference model, the effect of cover-
age gap reform was captured by the interaction of coverage 
gap, year 2011, and the type of coverage in the coverage gap. 

Take-Away Points 

The Affordable Care Act mandated that Part D coverage gap be shrunk starting from 2011. 
The reform had an important impact on adherence to diabetes medications in the gap. 

n	 The coverage gap reform decreased copayments for diabetes medications substan-
tially in the coverage gap for all patients.

n	 Patients with no coverage and patients with partial coverage in the gap had significant 
improvements in adherence. 

n	 Patients with full coverage in the gap had unchanged adherence to diabetes medica-
tions in the coverage gap in 2011. 
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type 1 diabetes. These patients can be different from patients 
who do not use insulin, who tend to be patients in early stage 
of type 2 diabetes. 

An alternative model was to use a dichotomous variable of 
adherence as the outcome variable, with a value of 1 assigned 
to patients having >80% PDC. This dichotomous variable of 
adherence is used frequently in adherence studies.20,25,26, 28 One 
problem of using a dichotomous outcome variable is that the 
interpretation of interaction terms in a logit/probit model is 
not straightforward. The interaction effect varies by patients. 
It can be positive or negative depending on many factors.30,31 
This research uses a continuous outcome variable for ease of 
interpretation. 

Statistical Model
A generalized estimating equation was used to model the 

effect of coverage gap reform. The model was adjusted for 
health plan clustering effect to account for potential similari-
ties of patients within the same health plan. The whole sta-
tistical analysis was performed with SAS 9.3 (SAS Institute, 
Cary, North Carolina). 

RESULTS
Descriptive Statistics

Table 1 presents the descriptive statistics. For the total 
sample, the average age was 74.17 years (SD 6.71 years), the 
average number of days in the coverage gap was 114.21 (SD 
62.29 days), 49.9% of the patients were male, and 42.9% of 
the patients used insulin in the previous year. Patients with 
no coverage, partial coverage, and full coverage in the gap 
accounted for 27.2%, 14.0%, and 58.7% of the sample, re-
spectively. Hypertension and hyperlipidemia were the 2 most 
common comorbidities, with both prevalence rates higher 
than 85%. 

Patients in the 2010 and 2011 cohorts were similar in many 
aspects: age, days in the donut hole, percent male, percentage 
of patients using insulin, and comorbidities. There were 2 no-
table differences. The first difference was the distribution of 
coverage types. The percentage of patients without coverage 
was 23.1% in the 2010 cohort and 31.5% in the 2011 cohort. 
At the same time, the percentage of patients with full cover-
age decreased from 62.1% in the 2010 cohort to 55.4% in 
the 2011 cohort. The second difference was geographical lo-
cation. The percentage of patients in the East decreased from 
13.1% in the 2010 cohort to 0.5% in the 2011 cohort. The 
differences in coverage types and geographical locations were 
all statistically significant (Table 1). 

The Figure shows that reaching the coverage gap had 
a large impact on patients without coverage. For patients 

One problem of a straightforward difference-in-differ-
ence-in-difference model is that the outcome variable, PDC, 
was bounded between 0 and 1. In this research, the mean 
PDC value was around 80% and the distribution was highly 
skewed. This can be problematic in an ordinary least squares 
regression. One way to address this issue is to transform the 
outcome variable as the change of PDC after reaching the 
coverage gap, defined as PDC in the coverage gap minus PDC 
before the gap. After the transformation, the model can be 
written as:

   Y = b0 + NoCov*b1 + GenCov*b2 + Y2011*b3  
   + NoCov*Y2011*b4 + GenCov*Y2011*b5 + e, 

where Y equals PDC in the coverage gap minus PDC before 
the coverage gap for each patient, NoCov is the dummy vari-
able indicating no coverage in the gap, GenCov is the dummy 
variable indicating partial coverage in the gap, and Y2011 is 
the dummy variable indicating the 2011 cohort.  

In this model b4 and b5 are the coefficients of interest. 
They represent the change in adherence in the coverage gap 
in response to coverage gap reform for patients with no cover-
age and partial coverage, respectively. 

Through the transformation, each patient’s idiosyncratic 
propensity to be adherent was removed. Patients’ unchanged 
characteristics such as age, sex, and geographical location were 
also removed. As a consequence, the inclusion of covariates 
such as age and sex was not necessary. The main model was 
run without covariates. We included covariates in the model as 
part of the robustness analysis. Control variables included age, 
sex, geographical location, whether insulin was used in the last 
year, and comorbidities. Information on patient demographics 
was obtained from patients’ eligibility files. Information on the 
use of insulin was available from the previous year’s pharmacy 
claim file. Comorbidities were measured by RxRisk, a comor-
bidity measure based on pharmacy claims in the prior year.29 
Each RxRisk category indicates whether a patient took certain 
classes of medications (eg, those for hypertension and hyper-
lipidemia) in the previous year. Only RxRisk categories with 
prevalence rates higher than 5% were included in the study. 

One notable difference between our outcome variable 
and the comparable measure in the Centers for Medicare & 
Medicaid Services (CMS) Five-Star Quality Rating System 
for Medicare Advantage Plans is that the CMS star rating 
uses only oral diabetes medications in its calculation. This 
research uses all diabetes medications including insulin. A 
robustness check was performed at the end of the study by re-
moving patients with a history of insulin use from the model. 
This robustness check was important also because patients re-
ceiving insulin likely had either advanced type 2 diabetes or 
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without coverage in 2010, copayments (all copayment data 
were normalized into 30 days of supply in this study) for 
diabetes medications increased from $19.20 before the cov-
erage gap to $85.30 in the coverage gap, a 344% increase. 
Patients with partial coverage experienced a similar increase 
in copayment (320%) after reaching the coverage gap. In 
contrast, patients with full coverage experienced moderate 
changes, from $22.60 before the coverage gap to $25.60 in 
the coverage gap. 

The coverage gap reform had an immediate effect on pa-
tients’ copayment in the coverage gap. In 2011, the average 
copayment for diabetes medications for patients without cov-
erage in the gap rose from $20 before the gap to $54.60 in the 

gap. The percent increase (173%) was much lower than the 
percent increase in 2010 (344%). Patients with partial cover-
age experienced a 143% increase in average copayment in the 
gap in 2011, also much lower than the 320% increase in 2010. 
Patients with full coverage experienced a copayment reduc-
tion from $25.50 to $18.60, a 27% decrease. 

Table 2 breaks down copayments according to whether 
they were for brand and generic drugs. The major driver for 
the copayment change in the gap was the copayment change 
for brand drugs. In 2010, the copayment for brand diabetes 
drugs increased from $30.60 to $151.50 (a 395% increase) 
for patients without coverage who entered the coverage gap.  
Patients with partial coverage had a 419% increase in copay-

n Table 1. Descriptive Statistics

Characteristics Total Cohort 2010 Cohort 2011 Two-Sided t Test

Number of patients 12,948 6824 6124

Age, y, mean (SD) 74.17 (6.71) 74.21 (6.71) 74.13 (6.70) .498

Days in donut hole, mean (SD) 114.21 (62.29) 114.15 (61.67) 114.28 (62.97) .907

Male 49.9% 50.3% 49.4% .334

Used insulin in the last year 42.9% 42.1% 43.8% .046

Type of coverage

  No coverage 27.2% 23.1% 31.5% <.001

  Partial coverage (generics only) 14.0% 14.8% 13.1% .006

  Full coverage 58.7% 62.1% 55.4% <.001

Geographical location

  Midwest 52.4% 49.2% 56.0% <.001

  East 7.2% 13.1% 0.5% <.001

  West 40.5% 37.8% 43.5% <.001

RxRisk comorbidity groupsa

Anxiety and tension 14.0% 14.6% 13.4% .042

Cardiac diseases 8.3% 8.3% 8.3% >.999

Coronary/peripheral vascular diseases 27.7% 27.5% 27.9% .649

Depression 29.2% 28.6% 30.0% .085

Epilepsy 14.9% 14.2% 15.8% .012

Gastric acid disorder 31.0% 30.7% 31.4% .358

Glaucoma 11.8% 12.1% 11.4% .185

Heart disease/hypertension 69.7% 69.8% 69.6% .805

Hyperlipidemia 85.8% 85.3% 86.3% .114

Hypertension 89.5% 89.3% 89.8% .393

Irritable bowel syndrome 12.1% 11.7% 12.6% .135

Malignancies 5.3% 5.1% 5.5% .311

Thyroid disorder 22.1% 21.7% 22.6% .208

SD indicates standard deviation. 
aFor an explanation of RxRisk comorbidity groups, see the Methods section, Difference-in-Difference-in-Difference Method.
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ment for brand drugs after reaching the coverage gap. In 2011, 
patients from all groups had a substantial decrease in brand 
drug copayments in the coverage gap compared with 2010. 
The change in generic drug copayment in the gap from 2010 
to 2011 was less than $2.

Corresponding to the reduction in copayment in the cov-
erage gap, patients without coverage and those with partial 
coverage had improvements in adherence in the gap. In 2010, 
patients with no coverage and patients with partial coverage 
had a reduction of 10.5 and 10.4 percentage points in PDC, 
respectively, after reaching the gap. In 2011, after the cover-
age gap reform, the PDC drop in the coverage gap for patients 
with no coverage was 7.8 percentage points. The PDC de-
crease in the gap for patients with partial coverage was 4.5 
percentage points in 2011, comparable to the decrease for pa-
tients with full coverage (Table 2). All 3 groups had decreased 
adherence after reaching the coverage gap, probably a reflec-
tion of a natural decrease in adherence over time.32 

Table 2 confirms the importance of using PDC change in 
the gap as the dependent variable. The distribution of PDC 
was heavily truncated. Before the gap, PDCs across different 
groups were generally more than 80%, with the SD around 18 
percentage points. In the gap, PDCs were generally around 

75%, with the SD around 30 percentage points. Mean PDC 
plus 1 SD was usually bigger than 1.0, the maximum value 
for PDC. After the transformation, mean PDC changes plus 
or minus 3 SDs were generally within the lower and higher 
bound value (-1.0, 1.0). 

Multivariate Model Analysis
Table 3 shows results from the main model. Compared 

with patients with full coverage, patients with no coverage 
and patients with partial coverage had a substantial drop in 
adherence when they reached the gap in 2010. The PDCs 
dropped 7.41 percentage points (95% confidence interval [CI] 
-9.64, -5.18; P <.0001) and 6.70 percentage points (95% CI 
-9.31, -4.10; P <.0001) in the coverage gap, respectively. 

The copayment decrease in 2011 had a large impact on ad-
herence to diabetes medications. PDC in the coverage gap in 
2011 increased by 2.99 percentage points (95% CI 0.49-5.48, 
P = .019) for patients with no coverage (b4) and 6.46 per-
centage points (95% CI 3.34-9.58, P <.0001) for patients with 
partial coverage (b5). Patients with full coverage experienced 
no change of adherence in the year 2011 (b3 -0.35, P = .482). 

Table 4 present the results of a robustness check analysis. 
In Table 4, part A, we included covariates such as age, sex, 

n Figure. Average Copayment for Diabetes Medications, 2010 to 2011
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and history of using insulin in the model. As expected, the 
results were very close to the results in Table 3, our main 
model. We also tested the robustness of the results by remov-
ing patients who used insulin in the previous year (Table 
4, part B) and by removing patients who lived in the East 
(Table 4, part C). The main model findings were robust to 
both changes.

Finally we examined whether improvements in adher-
ence for patients with no coverage and partial coverage in 
2011 were enough to offset the decrease in adherence be-
fore the ACA reform. To answer this question, we ran the 
same model in Table 3 by removing the 2010 cohort. After 
the removal, b3, b4, and b5 were dropped due to collinearity. 

If the improvements in adherence could offset the previous 
decrease, we should have observed that b1 and b2 were insig-
nificant. Table 4, part D shows that b1 was strongly negative 
(-4.05, P = .001) while b2 (-0.18, P = .924) was negative but 
not significant. 

DISCUSSION
Consistent with previous findings, we found that copay-

ments rose substantially in the coverage gap for patients with-
out full coverage before the coverage gap reform in 2011.11-16 
Patients’ adherence to diabetes medications in the gap 
dropped as copayments increased.15,16 These findings confirm 

n Table 3. Effects of Coverage Gap and Coverage Gap Reform on Adherence Outcome Variable: Change of PDC 
in the Coverage Gapa  

95% Confidence Limits

Variable  Coefficient  SE   Lower Bound Upper Bound P

NoCov (b1) −7.41 1.14 −9.64 −5.18 <.0001

GenCov (b2) −6.70 1.33 −9.31 −4.10 <.0001

Y2011 (b3) −0.35 0.50 −1.34 0.63 .482

Y2011  NoCov (b4) 2.99 1.27 0.49 5.48 .019

Y2011  GenCov (b5) 6.46 1.59 3.34 9.58 <.0001

PDC indicates proportion of days covered; SE, standard error. 
aBased on 12,952 observations.

n Table 2. Copayments for Diabetes Drugs by Types of Coverage 

No Coverage Partial Coverage Full Coverage

Copayment 2010 Cohort 2011 Cohort 2010 Cohort 2011 Cohort 2010 Cohort 2011 Cohort

Copayment per 30 days of 
supply before coverage gap, 
mean (SD)

  Generic $6.0 ($2.8) $5.9 ($2.8) $7.6 ($2.7) $6.5 ($3.0) $5.4 ($3.9) $4.3 ($4.0)

  Brand $30.6 ($16.5) $32.3 ($17.6) $32.0 ($13.4) $27.3 ($14.5) $43.3 ($27.3) $50.8 ($32.3)

  Overall $19.2 ($17.3) $20.0 ($18.5) $19.9 ($15.6) $18.0 ($15.0) $22.6 ($26.6) $25.5 ($32.0)

Copayment per 30 days of 
supply in coverage gap,  
mean (SD)

  Generic $10.4 ($9.8) $8.9 ($9.6) $7.5 ($2.7) $6.8 ($3.0) $5.5 ($4.2) $4.0 ($3.7)

  Brand $151.5 ($84.4) $93.8 ($45.7) $166.2 ($83.6) $71.7 ($53.6) $46.3 ($34.2) $33.4 ($23.7)

  Overall $85.3 ($93.9) $54.6 ($54.4) $83.7 ($98.2) $43.7 ($51.7) $25.6 ($31.7) $18.6 ($22.5)

PDC before coverage gap  
 100, mean (SD)

83.9 (18.3) 84.1 (17.7) 82.0 (19.9) 81.7 (19.4) 81.0 (18.2) 81.2 (17.8)

PDC in coverage gap  100, 
mean (SD)

73.3 (34.0) 76.2 (33.4) 71.6 (34.8) 77.2 (30.7) 77.2 (31.1) 76.8 (31.8)

PDC change in the gap,  
mean (SD)

−10.5 (32.2) −7.8 (31.9) −10.4 (34.1) −4.5 (29.9) −3.9 (30.5) −4.4 (31.0)

PDC indicates proportion of days covered; SD, standard deviation.
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the importance of reforming the coverage gap to improve ad-
herence to diabetes medications. 

This research shows that the coverage gap reform had 
an immediate impact on patients’ copayments for diabetes 
medications. Compared with coverage gap copayments in 
2010, copayments in the coverage gap for patients with no 
coverage and patients with partial coverage dropped 36% 
and 48%, respectively, in 2011. Patients with full coverage 
also benefited from the coverage gap reform. Their average 
copayments in the coverage gap in 2011 decreased by 27% 
compared with copayments in the gap in 2010. The major 
driving force for the copayment decrease was the 50% dis-
count in brand drugs. The copayment change for generic 
drugs was small. 

Corresponding to the copayment decrease, adherence to 
diabetes medications in the coverage gap improved in 2011 

as intended, especially for patients with no coverage and pa-
tients with partial coverage. Patients with full coverage had 
no response to the copayment reduction in the coverage gap. 
Their adherence did not change even though their copay-
ment also decreased by 27%. 

Table 3 shows that adherence improvement in the cover-
age gap for patients with partial coverage (6.46, P <.0001) was 
greater than the improvement for patients with no coverage 
(2.99, P = .019). This difference is interesting because one ma-
jor criticism of the coverage gap reform is that it favors cover-
age of brand drugs. In 2011, Part D reduced copayments of 
brand drugs by 50% but only reduced copayments for generic 
drugs by 7% in the coverage gap. One concern about the dis-
parity of coverage is that it could discourage the use of less 
expensive generic drugs and lead to higher costs.33 An exami-
nation of patients with no coverage and patients with partial 

n Table 4. Effects of Coverage Gap and Coverage Gap Reform on Adherence Outcome Variable: Change of  
Proportion of Days Covered in the Coverage Gap  

 95% Confidence Limits

Variable Coefficient SE Lower Bound Upper Bound P

Part A: Main Model With Covariate Adjustment (12,952 Observations)

NoCov (b1) −8.35 1.04 −10.40 −6.30 <.0001

GenCov (b2) −8.35 1.42 −11.12 −5.57 <.0001

Y2011 (b3) −0.13 0.5 −1.12 0.86 .801

Y2011    NoCov (b4) 2.75 1.32 0.17 5.33 .036

Y2011    GenCov (b5) 5.95 1.77 2.48 9.41 .001

Part B: Robustness Check, No Patients With History of Using Insulin (7394 Observations)

NoCov (b1) −8.42 1.72 −11.78 −5.05 <.0001

GenCov (b2) −6.60 1.62 −9.77 −3.43 <.0001

Y2011 (b3) −1.25 0.71 −2.64 0.14 .078

Y2011    NoCov (b4) 4.42 1.88 0.74 8.11 .019

Y2011    GenCov (b5) 7.12 2.21 2.78 11.45 .001

Part C: Robustness Check, No Patients Who Lived in the East (12,033 Observations)

NoCov (b1) −7.64 1.14 −9.88 −5.41 <.0001

GenCov (b2) −6.56 1.84 −10.17 −2.95 <.001

Y2011 (b3) −0.38 0.50 −1.36 0.61 .453

Y2011    NoCov (b4) 3.16 1.28 0.65 5.66 .013

Y2011    GenCov (b5) 6.37 1.69 3.05 9.68 .000

Part D: 2011 Cohort Only (6124 Observations)

NoCov (b1) −4.05 0.74 −5.50 −2.60 .001

GenCov (b2) −0.18 1.90 −3.91 3.55 .924

Y2011 (b3) —  — — — 

Y2011    NoCov (b4) —  — — — 

Y2011    GenCov (b5) —  —  — —

SE indicates standard error.
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coverage shows that these 2 groups of patients had very similar 
adherence levels and copayment levels both before and in the 
coverage gap in 2010. In 2011, these 2 groups also had similar 
levels of copayment before the coverage gap in 2011 ($20 for 
no coverage and $18 for patients with partial coverage). After 
entering the coverage gap in 2011, patients with partial cover-
age did have a lower mean copayment in the coverage gap in 
2011 ($43.70 vs $54.60 for patients with no coverage, Table 
2). Patients with partial coverage also had a smaller decrease 
of adherence levels in the coverage gap (Table 2).

It is unclear to what degree the disparity between brand 
and generic drug copayments can explain copayment differ-
ences and adherence differences between patients with no 
coverage and patients with partial coverage in the gap in 
2011. If balanced coverage of both brand drugs and generic 
drugs can improve adherence and reduce costs in comparison 
with the current policy, there may be a need for quicker clo-
sure of the generic drug coverage gap. More research is needed 
in this area. 

This research has several limitations. First, it was based on 
data from 1 pharmacy benefits manager. The population pro-
file could be different from that of the national population. 
It is unclear whether our findings can be generalized to the 
national population. Second, this research did not contain 
medical data or laboratory data. We cannot show whether 
or not the improved adherence translated into improved gly-
cemic control. We could not divide patients into type 1 or 
type 2 diabetes patients. The effect of improved adherence on 
hospitalization risks was also unclear. Third, this research re-
lied on pharmacy claim data to measure adherence to insulin. 
This method had its limitations because the dose of insulin 
needs to be adjusted frequently based on several factors such 
as weight and response. If a patient adjusts his or her insulin 
dose substantially after filling the drug prescription, the mea-
surement of adherence to insulin in this research may be inac-
curate. Fourth, use of PDC may have overestimated the actual 
adherence. The PDC method does not diffferentiate between 
whether a patient needs to take a single drug or needs to take 
2 or more drugs simultaneously. If a patient is supposed to take 
2 drugs together but just takes 1 drug, the PDC calculation 
will regard this patient as adherent. This will lead to an over-
estimate of the actual adherence. Fifth, some physicians may 
give patients free samples to help them when they reach the 
coverage gap. We have no data on the use of free samples 
and it is unclear how the free samples might have influenced 
the research findings. Sixth, we limited our study to patients 
who entered the coverage gap but not the catastrophic level. 
Patients who entered the catastrophic level of coverage might 
have difference responses to the coverage gap reform. Finally, 
this research was limited to diabetes only. The impact of cov-

erage gap reform on other chronic illnesses may be different. 
More research is needed in the future to conduct a complete 
cost-effectiveness analysis of the coverage gap reform. 

CONCLUSIONS
This research is the first to investigate the impact of Part 

D coverage gap reform under the ACA. Our findings gener-
ally support the effectiveness of ACA Part D coverage gap 
reform. This research demonstrates that coverage reform in 
its first year had an immediate and direct effect on copay-
ments for diabetes medications. Patients with no coverage 
and patients with partial coverage had improved adherence 
in the gap in 2011 compared with adherence in the gap in 
2010. At the same time, this reform is far from complete. 
Patients with no coverage and patients with partial cover-
age still experienced higher copayments in the coverage gap. 
In addition, patients with no coverage still had significantly 
reduced adherence in the coverage gap in 2011 compared 
with adherence before the coverage gap. Because the cov-
erage gap will remain until 2020, health plans still need to 
address medication adherence issues in the gap in the next 
several years. 
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