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Reductions in Mortality
Among Medicare Beneficiaries

Following the Implementation
of Medicare Part D

April P. Semilla, MS; Fang Chen, PhD; Timothy M. Dall, MS

Abstract

Medicare Part D is a prescription drug program that provides seniors and
disabled individuals enrolled in Medicare with outpatient drug coverage
benefits. Part D has been shown to increase access to medicines and improve
medication adherence; however, the effect of Part D on health outcomes
has not yet been extensively studied. In this study, we used a published and
validated Markov-based microsimulation model to quantify the relationships
among medication use, disease incidence and severity, and mortality. Based on
the simulation results, we estimate that since the implementation of Part D in
2006, nearly 200,000 Medicare beneficiaries have lived at least 1 year longer.
Reductions in mortality have occurred because of fewer deaths associated
with medication-sensitive conditions such as diabetes, congestive heart failure,
stroke, and myocardial infarction. Improved access to medication through
Medicare Part D helps patients improve blood pressure, cholesterol, and
blood glucose levels, which in turn can prevent or delay the onset of disease
and the incidence of adverse health events, thus reducing mortality.

Am | Manag Care. 2015;21:5165-5172

BACKGROUND AND OBJECTIVES

In 2003, Medicare Part D, a prescription drug program providing outpatient drug cov-
erage benefits to seniors and disabled individuals enrolled in Medicare, was signed into
law. A large body of literature documents the positive impact that Part D has had on
increasing access to medicines and improving medication adherence; however, the effect
of Part D on health outcomes has not yet been extensively studied."”’

While life expectancy among the population 65 years and older has increased since
2006," 4 studies that have examined Part D’s impact on mortality report mixed find-
ings.™""” Kaestner et al and Briesacher et al found no statistically significant association
between Part D and mortality.™"' Huh and Reif estimated that Part D reduced overall
mortality among beneficiaries by 2.2% annually, with the effect driven primarily by a
decrease in cardiovascular-related deaths.” Similarly, Dunn and Shapiro found that Part D
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reduced cardiovascular-related mortal-
ity, but that mortality associated with
noncardiovascular disease remained
unchanged.” Dunn and Shapiro esti-
mate that between 21,800 and 25,500
individuals were still alive in mid-2007
because of Part D’s implementation in
2006. These 4 studies were limited to a
narrow time frame of analysis or made
strong assumptions regarding the con-
tinuation of historical trends pre- and
post Part D. The goal of this study is to
further explore Part D’ effect on mor-
tality from 2006 to the present.

STUDY DESIGN

This study used a published and
validated Markov-based microsimu-
lation model to quantify the rela-
tionships among medication use,
disease incidence and severity, and
mortality. Information on the model
design, data, assumptions, methods,
and validation results have been pub-
lished elsewhere.™ A microsimula-
tion approach was chosen based on
its ability to model changes in health
and disease states longitudinally based
on individual demographics (age, sex,
race, ethnicity), biometrics (body mass
index [BMI], systolic blood pressure
[SBP], diastolic blood pressure [DBP],
total cholesterol, high-density lipo-
protein cholesterol [HDL-C], and gly-
cated hemoglobin [A1C]), smoking
status, and presence of approximately
30 diseases to predict mortality as an
individual ages. The model incorpo-
rates the expected impact of medica-
tion use on changes in blood pres-
sure, cholesterol, and A1C levels, and
simulates the resulting implications on
disease incidence and severity that in
turn impact the cause and timing of
beneficiary mortality.

METHODS

Population

We created a representative sam-
ple of the Medicare population using
data from the 2005 to 2012 National
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Health and Nutrition Examination
Survey (NHANES) files." The com-
bined files contain data for 3621
Medicare beneficiaries 65 years and
older, including demographic and
biometric information required for
use in the microsimulation model.
Using NHANES sample weights to
dictate the probability of selection, we
used Monte Carlo simulation, which
involves repeated random sampling of
the population, to produce a nation-
ally representative simulation sample
of 100,000 observations representa-
tive of the estimated 22.5 million
beneficiaries enrolled in Medicare Part
D in 2006.” We added 20,000 addi-
tional observations in each year of the
simulation to represent new enrollees
in Part D. This annual number of
observations added to the simulation
population reflected that net enroll-
ment in Part D grew by approximately
6.5% annually between 2006 and
2014 after factoring in mortality, and
the assumption that once enrolled in
Part D beneficiaries did not drop Part
D coverage unless death occurred.”
Using this model, we simulated out-
comes for this population under 2 sce-
narios over the 2006 to 2014 period:

1. Medicare Part D scenario: An esti-
mated 25% of Part D enrollees
would not have had comprehensive
drug coverage in the absence of
Part D."”* Beneficiaries who gained
comprehensive coverage under Part
D increased their use of medica-
tion.”***"** For modeling purposes,
we used findings from Zhang et al,
which showed that drug possession
rates increased by 29%, 31%, and
22%, respectively, for people diag-
nosed with hyperlipidemia, diabe-
tes, and hypertension.”

2. Status Quo scenario: In this sce-
nario, there were no changes in
drug coverage among the Medicare
population. As a result, there were
no changes in medication use, and
natural progression of disease and
mortality was maintained.

Results for both scenarios were then
scaled to simulate total Part D enrollment.

Model Parameters and Disease
States

For each beneficiary, the previous
year’s health status was used to pre-
dict the current year’s outcomes, with
this process repeated through 2014
or until death. Prediction equations
dictating the transition probabilities
for various cardiovascular conditions
(congestive heart failure [CHF], isch-
emic heart disease, stroke, myocar-
dial infarction [MI]), diabetes, chron-
ic kidney disease, renal failure, and
other diseases modeled were obtained
from published studies including the
Framingham Heart Study, the United
Kingdom Prospective Diabetes Study,
and various clinical trials and obser-
vational studies.”* Annual changes in
body weight were estimated based on
national trends by age, sex, and cur-
rent weight."*"* Annual changes in DBP,
SBP, HDL-C and total cholesterol were
determined based on each beneficiary’s
age, sex, and change in BMIL,""****
while changes in A1C were predicted
based on BMI, age, and total cholesterol
(if beneficiary did not have diabetes)
and years since diagnosis and previous
year’s A1C (if diabetic).""*

Annual mortality rates associated
with the chronic diseases modeled,
acute events such as MI and stroke,
and “all other causes” were estimated
from published sources and based
on demographics, biometrics, smoking
status, and presence of adverse medi-
cal conditions,'*"******

Coverage and Drug Effect

To simulate the impact of gaining
comprehensive drug coverage under
the Part D scenario, enrollees with high
cholesterol (total cholesterol >240 mg/
dL), high blood pressure (SBP >140
mm Hg or DBP 290 mm Hg), and high
A1C levels (26.5%) were assumed to
increase their medication use, result-
ing in improvements on these mea-
surements. We performed sensitivity
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analyses using published 95% Cls for
key parameters used in the model. We
modeled that statins would reduce
total blood cholesterol by 34.42 mg/dL
(CI, 22.04-46.40), and anti-hyperten-
sives would reduce SBP by 14.5 mm Hg
(CI, 14.2-14.8) and DBP by 10.7 mm
Hg (CI, 10.5-10.8).”* These reduc-
tions were assumed to occur entirely
within the first year of therapy. Oral
diabetes medications were assumed to
reduce A1C by 1 percentage point (CI,
0.5-1.25) annually across every year
of the analysis until diabetes control
was reached at A1C of 7.5%.” (Most
patients with high A1C levels see their
A1C levels fall to 7.5% or lower
within 1 year) Medication use and
drug effect were assumed to remain
unchanged in the status quo scenario.

RESULTS

A nationally representative sample of
Medicare beneficiaries 65 years and
older served as the baseline simulation
population in this study. The initial
(2006) sample was 55.5% female,
with an average BMI of 28.4, and an
average age of 73.6 years (Table 1).
Controlled or uncontrolled hyperten-
sion (74.4%) and hypercholesterol-
emia (58.6%), prediabetes (60.0%),
and diabetes (25.1%) were highly
prevalent among this population. The
CDC reports similar characteristics
for Medicare beneficiaries in 2006,
but reports a greater proportion of
individuals 85 years and older (14.0%
vs 2.2% in our sample) and a lower
prevalence of hypertension (62.8%).*

In the status quo scenario, the
prevalence of uncontrolled hyper-
tension remained fairly constant at
about 41% from 2006 to 2014. We
observed a lower prevalence under the
Part D scenario (ranging from 38.8%
to 39.6%), which translates into an
estimated 550,000 fewer beneficia-
ries with uncontrolled hypertension
between 2006 and 2014 (Table 2).
Cumulative over this period, there
were 180,000 fewer new cases of

Table 1. Simulation Population Characteristics (2006)

Characteristic/Risk Factor
Means
Age
Glycated hemoglobin
Body mass index
Systolic blood pressure
HDL cholesterol
Total cholesterol
Percentages
Female
Diabetes prevalence

Prediabetes prevalence

History of hypertension (controlled or uncontrolled)

History of hypercholesterolemia (controlled or uncontrolled)

Values

73.6
59
284
1359
555
193.8

55.5%
25.1%
60.0%
74.4%
58.6%

HDL indicates high-density lipoprotein.

CHE, 210,000 fewer Mls, and 830,000
more people with tightly controlled
diabetes (defined by A1C level <7%).

The results of the simulation sug-
gest that about 198,800 Part D ben-
eficiaries lived at least 1 year lon-
ger following the implementation of
the program. The average increase
in longevity was 3.3 years. On aver-
age, approximately 22,100 lives were
saved annually between 2006 and
2014. The number of lives saved each
year increased from 2006 to 2009, but
declined in the later years as deaths
that might have occurred sooner even-
tually occurred in later years (Figure).

Mortality reductions were primar-
ily attributable to fewer deaths from
medication-sensitive conditions, par-
ticularly diabetes and cardiovascular
diseases (Table 3). We estimate that
between 2006 and 2014, total deaths
associated with diabetes declined
by 100,400, deaths associated with
CHF declined by 53,100, deaths from
stroke declined by 40,400, and deaths
from MI declined by 25,100.

These mortality reductions may
potentially be offset by complications
arising from medications or polyphar-
macy in the population examined.

While the classes of medications mod-
eled in our analysis do pose risk for
adverse events (eg, muscle toxicity and
increased liver enzymes from statin
use; hypotension, in general, from anti-
hypertensive use; gastrointestinal issues
from oral diabetes medication use), it
is widely accepted that safety profiles
are good for these medications and the
drugs are well tolerated.”" The implic-
it modeling assumption is that patients
experiencing complications from medi-
cation will work with their doctors to
modify their medication regimens.

We conducted several sensitiv-
ity analyses in which we varied our
assumptions about the impact of
medication use among beneficiaries
gaining comprehensive drug coverage
as a result of Part D. Improving A1C
levels by 0.5 to 1.25 percentage points
while holding all else constant resulted
in a range of approximately 181,200
to 205,000 lives saved over 9 years.
Similar analyses varying the efficacy of
lipid lowering drugs showed a range
of approximately 196,400 to 201,400
lives saved, while the estimated
range for antihypertensive drugs was
196,600 to 199,900 lives saved over
the same 9-year period.
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Table 2. Simulation of Cumulative Outcomes for Selected Conditions: 3-, 5-, and 9-year Impact

Disease Incidence and Status Quo Scenario Part D Scenario Part D Impact

Prevalence (million beneficiaries) (million beneficiaries) (million beneficiaries)
3-year 5-year 9-year 3-year 5S-year 9-year 3-year S-year 9-year
Impact Impact Impact Impact Impact Impact Impact Impact Impact
Enc‘mtroued 1041 1126 1536 993 1076 1481 048 -050  -0.55
ypertension (P)
Ischemic heart disease (I) 1.64 268 473 160 262 465 004 006  -008
Myocardial infarction () 118 207 405 113 1.95 3.83 005 011  -021
Congestive heart failure () 269  4.28 711 262 4.15 6.94 008 013 018
Stroke (I) 207 372 780 203 3.65 7.71 004 006  -0.09
Contsalled dialbaies, N/A 4075 4089  +0.83

A1C <7 % (P)

A1C indicates glycated hemoglobin; I, incidence; N/A, not applicable; P, prevalence.

DISCUSSION

Our analysis suggests that implementa-
tion of Part D in 2006 prolonged life
by at least 1 year for nearly 200,000
Medicare beneficiaries through lower
mortality associated primarily with dia-
betes, CHE, stroke, and MI. The simu-
lated impact on mortality was greatest
in the initial years following program
inception, a trend also observed in simi-
lar studies.”™"” The gradual rise in num-
bers of lives saved, followed by lower
estimates in later years, may reflect the
large number of individuals gaining
comprehensive drug coverage in the
initial years (with smaller numbers of
beneficiaries enrolling in Part D in later
years), as well as delayed onset of mor-
bidity and mortality associated with
better access to medicines under Part D.

The largest contribution to lives
saved came from a reduction in deaths
attributable to diabetes, CHE, MI, and
stroke. Studies have shown that the use
of medications to treat diabetes and
cardiovascular conditions increased
significantly in the post Part D period.
Although estimates vary by source, the
use of diabetes medicines increased
by an estimated 3.7% to 17.9%."*
Similarly, utilization rates for statins
are reported to have increased by 13%
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to 22%, and antihypertensive utiliza-
tion rates by 14% to 29%.”*

Other studies that have examined
the impact of Part D on mortality have
been confined to a narrow window of
analysis, often focusing only on the
effects of the program in the first year
or two following implementation.™*"
The Briesacher et al study analyzed
data through 4 years following Part
D implementation, but made strong
assumptions regarding the continua-
tion of falling mortality trends from
2000 to 2010." The magnitude of
our findings is generally consistent
with other studies. We estimated a
1.2% decline in annual mortality over
9 years. Huh and Reif estimated a
2.2% decline in the first 2 years of
Part D, similar to our finding that the
mortality effect was higher in the first
few years of Part D."” Briesacher et
al found a decline of approximately
1% in mortality, though their result
is not statistically significant."" Dunn
and Shapiro estimated that 21,800 to
25,500 individuals with cardiovascu-
lar disease were still alive in mid-2007
because of Part D.” We estimated that
about 20,000 lives were saved in 2006
and 26,000 lives were saved in 2007;
this number includes people with dia-
betes as well as cardiovascular disease.

Strengths and Limitations

Our study is unique in that it
uses a microsimulation approach
to estimate how improved access to
pharmaceuticals that can lower blood
pressure, cholesterol levels, and blood
glucose levels can reduce the inci-
dence of adverse health events that
contribute to mortality. The strengths
of using a microsimulation model
include the ability to explain the path-
way by which Part D benefits those
participants who otherwise would
have lower access to medications.
This approach controls for patient
health risk factors to isolate the tim-
ing and magnitude of medication use
on reducing mortality.

Limitations are largely driven by
data challenges. Part D beneficiaries
who otherwise would not have com-
prehensive access to medications can-
not directly be identified and observed,
so this study used a microsimula-
tion approach that uses published
data to make assumptions regard-
ing increased use of medications and
effect on health outcomes.

The model does not take into
account possible declines in medica-
tion persistence. That is, the docu-
mented increases in medication use
tied to Part D (ie, 29%, 31%, and
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Table 3. Causes of Simulated Mortality (cumulative over 9 years)

Diabetes

Congestive heart failure
Stroke

Myocardial infarction
End-stage renal disease
Cervical cancer
Gallbladder cancer
Liver cancer

Stomach cancer
Coronary heart disease
Prostate cancer
Esophageal cancer
Pancreatic cancer
Leukemia

Multiple myeloma
Pulmonary embolism
Endocrine cancer
Kidney cancer
Opvarian cancer
Non-Hodgkin lymphoma
Colorectal cancer
Breast cancer

All other causes

Total

22% increases in drug possession
rates observed for patients diagnosed
with hyperlipidemia, diabetes, and
hypertension, respectively)” might not
be sustained over time, thus overesti-
mating the mortality benefits of Part
D.” A more detailed discussion of
the strengths and limitations of this
microsimulation model are described
in depth elsewhere."™"

CONCLUSIONS

Since the implementation of Part D in
2006, nearly 200,000 Medicare ben-

Mortality Rate
(per 100,000)

Status Quo Part D Number of Lives Saved % Lives Saved
703 683 100,400 50%
392 382 53,100 27%
129 120 40,400 20%
561 556 25,100 13%
114 111 15,500 8%

27 27 1400 <1%
15 15 800 <1%
14 14 800 <1%
14 13 600 <1%

11 11 600 <1%

2 2 200 <1%

2 2 0 <1%

31 31 -600 <1%
25 25 -800 <1%
23 23 -1000 <1%
21 22 -1000 <1%
16 16 -1200 <1%
12 12 -1400 <1%

9 10 -1600 <1%

1 2 -1800 -1%
112 113 -2600 2%
109 110 -2800 2%
1776 1781 -25,300 -11%
4119 4081 198,800 100%

eficiaries have lived at least 1 year lon-
ger, with an average 3.3 year increase
in longevity. Reductions in mortality
have occurred because of fewer deaths
associated with medication-sensitive
conditions such as diabetes, CHE
stroke, and MI.
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Figure. Medicare Part D Impact on Lives Saved per Year (2006-2014)?
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“The reduction in lives saved after 2009 suggests a delay in mortality of several years. For example, the lower number of lives
saved in 2012 may reflect delays in mortality for individuals who might have died in 2006 to 2011 absent Part D.
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