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Comparative Cost-Effectiveness of
Interventions to Improve Medication
Adherence after Myocardial Infarction
Kouta Ito , William H. Shrank , Jerry Avorn , Amanda R. Patrick,
Troyen A. Brennan, Elliot M. Antman, and Niteesh K. Choudhry
Objective. To evaluate the comparative cost-effectiveness of interventions to improve
adherence to evidence-based medications among postmyocardial infarction (MI)
patients.
Data Sources/Study Setting. Cost-effectiveness analysis.
Study Design. We developed a Markov model simulating a hypothetical cohort of
65-year-old post-MI patients who were prescribed secondary prevention medications.
We evaluated mailed education, disease management, polypill use, and combinations
of these interventions. The analysis was performed from a societal perspective over a
lifetime horizon. The main outcome was an incremental cost-effectiveness ratio (ICER)
as measured by cost per quality-adjusted life year (QALY) gained.
Data Collection/Extraction Methods. Model inputs were extracted from published literature.
Principal Findings. Compared with usual care, only mailed education had both
improved health outcomes and reduced spending. Mailed education plus disease management, disease management, polypill use, polypill use plus mailed education, and
polypill use plus disease management cost were $74,600, $69,200, $133,000, $113,000,
and $142,900 per QALY gained, respectively. In an incremental analysis, only mailed
education had an ICER of less than $100,000 per QALY and was therefore the optimal
strategy. Polypill use, particularly when combined with mailed education, could be cost
effective, and potentially cost saving if its price decreased to less than $100 per month.
Conclusions. Mailed education and a polypill, once available, may be the cost-saving
strategies for improving post-MI medication adherence.
Key Words. Cost-effectiveness, adherence, myocardial infarction

Long-term adherence to secondary prevention medications after myocardial
infarction (MI) is extremely poor (Choudhry et al. 2008a). For example, less
than half of post-MI patients are adherent to their prescribed b-blocker or statin (Benner et al. 2002; Kramer et al. 2006). Poor adherence has substantial
clinical and economic consequences (Rasmussen, Chong, and Alter 2007; Ho
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et al. 2008; Jakevicius, Li, and Tu 2008). Fortunately, even small improvements in adherence to evidence-based post-MI therapies can signiﬁcantly
reduce rates of major vascular events (Choudhry et al. 2011a). Thus, efforts to
promote adherence are gathering increasing attention from patients, providers, and payers (World Health Organization 2003; Agency for Healthcare
Research and Quality 2011).
A variety of interventions that could effectively improve adherence to
chronic preventive medications have been identiﬁed and evaluated in clinical
trials (Peterson, Takiya, and Finley 2003; Kripalani, Yao, and Haynes 2007;
Haynes et al. 2008). Successful strategies include those that educate and motivate patients by providing educational materials (i.e., informational interventions), reduce the complexity of medication regimens or provide reminders
(i.e., behavioral interventions), and apply multidisciplinary approaches with
several features of the preceding strategies (i.e., complex interventions).
Although complex interventions are generally believed to be more effective
than simple ones, little is known about the potential trade-off between their
increased administrative costs and the cost saving that may result due to
improvements in adherence. Accordingly, we used decision analytic techniques to estimate the long-term clinical impact and cost-effectiveness of interventions intended to improve adherence with secondary preventive
medications among post-MI patients.

M ETHODS
We developed a Markov model to evaluate the incremental costs and qualityadjusted life expectancy that would result from different strategies to improve
adherence to post-MI secondary prevention medications (Figure 1). We simulated the prognosis of a hypothetical cohort of patients 65 years of age who
were discharged alive after MI and were prescribed all four classes of
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Markov Model Structure

Note. At the decision node patients were assigned to one of the seven adherent interventions. Proportions of patients adherent to different numbers of drug components of combination pharmacotherapy were determined as shown in Appendix Table 1. Then patients entered the model with the
post-myocardial infarction (MI) state. Every 3 months, patients were at risk for recurrent MI,
stroke, or hospitalization for congestive heart failure (CHF) with the potential of dying of these
conditions. Throughout the patients’ lifetime, all patients were at risk for death from causes unrelated to MI, stroke, or CHF.

guideline-recommended post-MI therapy: aspirin, a b-blocker, an angiotensin-converting enzyme inhibitor (ACEI) or angiotensin receptor blocker
(ARB), and a statin. We did not explicitly model the use of clopidogrel because
our analysis focused on the use of drugs intended for lifelong use and the
appropriate length of treatment with antiplatelet agents other than aspirin
remains in debate (Kushner et al. 2009). Patients were followed as they transitioned in 3-month cycles through a series of health states over the course of
their lifetimes. In each cycle, patients could remain well, have a reinfarction or
stroke, be hospitalized for congestive heart failure (CHF) with the potential of
dying of these conditions, or die of other causes. We assumed a societal perspective, lifetime horizon, and a discount rate of 3 percent per year for both
health beneﬁts and costs (Gold et al. 1996). The analysis was performed using
TreeAge Pro Suite 2011 software (TreeAge Software, Williamstown, MA,
USA).
Interventions
Interventions were categorized by different targets for adherence improvement: informational, behavioral, or complex (Peterson, Takiya, and Finley
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2003; Kripalani, Yao, and Haynes 2007; Haynes et al. 2008). From a recent
systematic review of interventions to improve cardiovascular medication
adherence, we selected clinical trials that (1) evaluated U.S. patients who had
the established diagnosis of MI, stroke, or CHF and were prescribed multiple
cardiovascular drugs; (2) had at least 3 months of follow-up; and (3) presented
data regarding intervention costs (Cutrona et al. 2010). We identiﬁed one
informational intervention (i.e., mailed education) (Smith et al. 2008) and one
complex intervention (i.e., disease management) (Murray et al. 2007). On the
basis of a clinical trial reported by Smith and colleagues, we assumed that the
mailed education group received biannual mailings that described the reason
to use secondary prevention medications following MI, the risk of not taking
them, information on adverse effects, and the importance of remembering to
reﬁll prescriptions. On the basis of a clinical trial reported by Murray and colleagues, we assumed that the disease management group received ongoing
care from a specially trained pharmacist, including medication review, assessment of patients’ knowledge and skills, electronic drug monitoring, and communications with patients’ primary care physicians. We also evaluated a
stepped approach, including one with mailed education followed by disease
management for patients who were not adherent to all four components of
combination pharmacotherapy. Although we identiﬁed no behavioral interventions, we included interventions to reduce the complexity of self-administration of multiple medications (i.e., polypill) (Connor, Rafter, and Rodgers
2004), which is currently being evaluated by clinical trials in post-MI patients
(ClinicalTrials.gov 2011; Sanz et al. 2011). We assumed that the polypill group
was prescribed a single pill that included all four-drug components of combination pharmacotherapy (e.g., aspirin, a b-blocker, an ACEI or ARB, and a
statin) in the same formulation (Wise 2005; Gaziano, Opie, and Weinstein
2006; Lonn et al. 2010; Muntner et al. 2011). We evaluated combined interventions (i.e., polypill use plus mailed education or disease management).
Because a polypill is not currently available in the United States, we also conducted a secondary analysis that only included usual care, mailed education,
and disease management. All the interventions were compared with usual
care, deﬁned as the absence of adherence interventions. We assumed that all
the interventions were continued without crossover until patients died.
Model Inputs
The model parameters are summarized in Table 1 and are described in greater
detail below.
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Table 1: Base-Case Assumptions
Parameter

Value

Sensitivity
Range Tested

Reference

Age at the diagnosis of MI
Intervention effectiveness,
relative increase in proportion
of patients fully adherent
Mailed education
Disease management
Polypill use
Annual post-MI event rate in
patients receiving no therapy†
MI

65

55–75%

Roger et al. (2011)

6%
16%
28%

3–9%
9–25%
0–60%

Smith et al. (2008)
Murray et al. (2007)
Bangalore et al. (2007)

16%

±25% of the
base-case rates
±25% of the
base-case rates
±25% of the
base-case rates
See footnotes*

Choudhry et al. (2008b)

Stroke

1%

CHF

3%

Relative risk reduction
in post-MI
events by number of
drug components
MI
1 drug
2 drugs
3 drugs
4 drugs
Stroke
1 drug
2 drugs
3 drugs
4 drugs
CHF
1 drug
2 drugs
3 drugs
4 drugs
Effectiveness of a polypill
compared with those of its
components administered
separately
Event-related mortality†
MI

Choudhry et al. (2008b)
Choudhry et al. (2008b)
Choudhry et al. (2008b),
Dargie (2001),
Danchin et al. (2006),
Gaziano, Opie,
and Weinstein (2006)

23%
40%
54%
65%
17%
31%
39%
53%
10%
18%
27%
35%
100%

6%

See footnotes*

Assumed

±25% of the
base-case rates

Choudhry et al. (2008b)
continued
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Table 1. Continued
Parameter

Value

Stroke

4%

CHF

3%

Baseline utility†
Utility multiplier
MI (<3 months of onset;
 3 months of onset)
Stroke (<3 months of onset;
 3 months of onset)
CHF (<3 months of onset;
 3 months of onset)
Monthly drug cost
1 drug component of
combination pharmacotherapy
2012
2013
2014
2017
2018
Polypills
Intervention cost, per year
Mailed education
Disease management
Post-MI event cost
MI

0.83

0.77; 0.85
0.60; 0.65

0.57; 0.84

±25% of the
base-case disutility
±25% of the
base-case disutility
±25% of the
base-case disutility

Choudhry et al. (2008b)
Choudhry et al. (2008b)
Hanmer et al. (2006)

Shrive et al. (2005)
Gore et al. (1995),
Gunz et al. (2000),
Xie et al. (2006)
Nichol et al. (2004)

Choudhry et al. (2011a),
Drugstore.com (2012)

$29
$25
$22
$20
$17
$200

See footnotes*

Drugstore.com (2012)

$10
$357

See footnotes*
See footnotes*

Smith et al. (2008)
Murray et al. (2007)

$17,941

±25% of the
base-case costs
±25% of the
base-case costs
±25% of the
base-case costs

Choudhry et al. (2008b)

±25% of the
base-case costs
±25% of the
base-case costs
±25% of the
base-case costs
0–6%

Choudhry et al. (2008b)

$13,456

CHF

$10,989

$2,808

Stroke

$16,188

CHF

$4,052

Discount rate

±25% of the
base-case rates
±25% of the
base-case rates
±25% of the
base-case disutility

Reference

±25% of the
base-case costs

Stroke

Subsequent care cost, per year
MI

Sensitivity
Range Tested

3%

Choudhry et al. (2008b)
Choudhry et al. (2008b)

Choudhry et al. (2008b)
Choudhry et al. (2008b)
Gold et al. (1996)

*Varied ranges in threshold analyses assuming a cost-effectiveness threshold at $100,000 per
QALY gained.
†
Varied by year. Values presented are for a 65-year-old patient (or post-MI year 0).
CHD, coronary heart disease; CHF, congestive heart failure; MI, myocardial infarction.
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Current and Expected Medication Adherence. The proportions of patients taking
each possible combinations of b-blockers, ACEI/ARB, and statins in the
usual care group were obtained from the placebo arm of a recent prospective randomized controlled trial data (Choudhry et al. 2011a). We used the
use of aspirin based on self-reported data from patients with coronary
artery disease (Newby et al. 2006). We assumed that the relative increase
in adherence from mailed education was 6 percent based on a clinical trial
to enhance adherence to b-blockers in post-MI patients (Smith et al.
2008). We assumed that the relative increase in adherence from disease
management was 16 percent based on a clinical trial to enhance adherence
to cardiovascular medications in CHF outpatients (Murray et al. 2007).
We conservatively assumed that the effectiveness of disease management
for patients who did not respond to mailed education was 50 percent of
that of disease management for all medication takers. Because mailed education and disease management could be more effective in patients who
were prescribed multiple cardiovascular drugs than those who were prescribed a single drug, we conservatively assumed that the effectiveness of
each intervention was 50 percent of the base-case estimate when combined
with polypill use. We estimated that the relative increase in adherence
from polypill use was 28 percent based on a meta-analysis of ﬁxed-dose
combination regimen in patients with chronic illnesses (Bangalore et al.
2007). The impact of each intervention was applied to all patients regardless of how many drugs to which they were adherent at baseline. For
example, incremental adherence improvement from mailed education was
applied equally across patients currently taking no drugs, aspirin alone,
b-blocker alone, ACEI/ARB alone, aspirin and b-blocker, aspirin and
ACEI/ARB, and all three (aspirin, b-blocker, and ACEI/ARB), such that
average adherence to all four drugs increased by 6 percent, which was the
observed impact on Smith et al.’s trial. In sensitivity analyses, we applied
the best and the worst estimates to evaluate the impact of each intervention on adherence.

Post-MI Event Rates. We estimated the incidence of post-MI events based on
claims for all Medicare beneﬁciaries discharged from a hospital with a primary
diagnosis of MI (Choudhry et al. 2008b) and calibrated these results to population-based observational data (Roger et al. 2011). We used previously
published methods to estimate the impact of greater adherence on post-MI
event rates (Dargie 2001; Danchin et al. 2006; Gaziano, Opie, and Weinstein
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2006; Choudhry et al. 2008b). Because events rates vary as a function of the
number of medications to which a patient is adherent, we calculated the
impact of taking 0, 1, 2, 3, and all 4 components of combination pharmacotherapy by multiplying relative risk reductions in each component compared
with placebo. We used averaged risk reductions for all possible combinations
of 1, 2, and 3 drugs in our analysis because patients who were not fully adherent may take any combinations of the components of combination pharmacotherapy and because each combination has a different efﬁcacy. We
conservatively assumed that aspirin and statins did not reduce the risk of CHF
hospitalization. Because the use of multiplicative model to estimate treatment
effects has been debated, we varied the effect of combination pharmacotherapy extensively in our sensitivity analyses. In the base case, we assumed that
the effectiveness of a polypill was equivalent to that of the standard four-drug
regimen of combination pharmacotherapy. Because the actual effectiveness of
a polypill has not been rigorously tested, we also conducted a sensitivity analysis to evaluate the impact of its assumed effectiveness on our study results.

Mortality. We obtained age-speciﬁc mortality rates for post-MI events from
the Agency for Healthcare Research and Quality’s nationwide inpatient sample (Choudhry et al. 2008b) and age-speciﬁc total mortality rates from the
2006 U.S. Life Table (Arias 2010). Long-term excess mortality after an MI
event was modeled based on a cohort study of post-MI patients (BrønnumHansen et al. 2001).

Quality of Life. We assigned a utility to each health state that reﬂected the preference for, or desirability of, that health state. Utilities at baseline and post-MI
events were taken from studies that used standardized methods (the time
trade-off or standard gamble technique) (Gore et al. 1995; Gunz et al. 2000;
Nichol et al. 2004; Shrive et al. 2005; Hanmer et al. 2006; Xie et al. 2006).
For patients with multiple conditions, the utilities for the associated conditions
were multiplied together. We assumed that a stroke, for example, reduced a
patient’s quality of life by same percentage regardless of whether CHF also is
present.

Costs. Drug costs were obtained from a major online pharmacy (www.
drugstore.com) and calculated on the basis of the distribution of drug
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components of combination pharmacotherapy in a managed care population (Choudhry et al. 2011a). To consider the impact of patent expiration of atorvastatin in 2011 and rosuvastatin in 2016 on the drug price,
we assumed that the generic price of each statin would become comparable with that of generic simvastatin 2 years after patent expiration,
with halfway between the prices of each statin and generic simvastatin
1 year after patent expiration (Choudhry et al. 2011b). We used the
price of the most costly brand-name drugs that may be contained in the
polypill (i.e., atorvastatin 80 mg) as its base-case price. We used
published sources to estimate the annual intervention costs of mailed
education and disease management (Murray et al. 2007; Smith et al.
2008). The direct medical and nonmedical costs of post-MI events were
taken from a previous cost-effectiveness analysis based on a weighted
average of Medicare diagnosis-related group hospital payments for these
events and other published literature (Choudhry et al. 2008b). All costs
are presented in 2010 U.S. dollars and were inﬂated using the medical
care component of the U.S. Consumer Price Index (U.S. Department of
Labor 2012).
Outcomes and Analysis
We measured health beneﬁts in quality-adjusted life years (QALYs) gained
and sought to identify the single intervention that would provide the greatest
improvement in health outcomes at a socially acceptable cost per QALY
gained. First, we calculated the difference in costs and effectiveness of each
intervention compared with usual care. Second, we performed an incremental
cost-effectiveness analysis by ranking the interventions in order of increasing
cost. If an intervention was more or equally costly and less effective than a
competing intervention, it was ruled out by “simple dominance.” After the
exclusion of interventions exhibiting simple dominance from the rank-order
list, we calculated the incremental cost-effectiveness ratio (ICER) of each
intervention as the additional cost of that strategy divided by its additional
health beneﬁt compared with the next most costly intervention. If an intervention was less effective and less efﬁcient (i.e., had a higher ICER) than another
intervention, it was ruled out by “extended dominance.” After the exclusion
of interventions exhibiting extended dominance from the rank-ordered list,
we recalculated ICERs of the remaining interventions. After these standard
methods, each nondominated intervention was compared with the next most
costly intervention.
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Model Validation
The median survival in the simulated cohort was 9.4 years. The proportions
of patients who experienced recurrent MI, CHF, and stroke in 5 years after a
ﬁrst MI event were 23, 17, and 4 percent, respectively. All of these estimates
correlated well with available observational data (Roger et al. 2011).

RESULTS
Cost-Effectiveness Compared with Usual Care
We estimated that the absolute increase in adherence from each of the
interventions was 2 percent for mailed education, 5 percent for mailed
education plus disease management, 6 percent for disease management, 10
percent for polypill use, 12 percent for polypill use plus mailed education,
and 14 percent for polypill use plus disease management (Appendix Table
1). All of the evaluated strategies improved health outcomes compared
with usual care. Only mailed education both improved health outcomes
and reduced health spending (i.e., $315 per patient). Mailed education plus
disease management, disease management, polypill use, polypill use plus
mailed education, and polypill use plus disease management cost $74,600,
$69,200, $133,000, $113,000, and $142,900 per QALY gained, respectively, versus usual care (Table 2).
Incremental Cost-Effectiveness
When rank ordered by costs, usual care was eliminated by simple dominance
because it was more costly and less effective than mailed education (Table 2).
Mailed education plus disease management and polypill use were eliminated
by extended dominance because they were less effective and less efﬁcient (i.e.,
had a higher ICER) than disease management and polypill use plus mailed
education, respectively. Among the remaining strategies, mailed education
was the reference strategy because it was the least costly, nondominated
option. In a secondary analysis excluding the strategies that involved polypill
use, usual care remained dominated by mailed education. Mailed education
plus disease management was dominated by extended dominance because it
was less effective and less efﬁcient (i.e., had a higher ICER) than disease management. Compared with mailed education, disease management had an
ICER of $130,800 per QALY gained.

Intervention
99,928
99,365
98,644
98,421
98,067
97,719
97,123

99,365
99,928
98,644
98,421
98,067
97,719
97,123

3,300
9,010
9,279
9,739

3,009
2,839
3,231
3,300
9,279
9,010
9,739

Health Care

2,839
3,009
3,231

Drug

Cost ($)

104,471
107,077
107,075
109,613

102,451
102,767
104,334

109,613

104,471
107,077
107,075

102,767
102,451
104,334

Total

4.5003
4.5080
4.5138
4.5235

4.4848
4.4756
4.4966

4.5235

4.5003
4.5080
4.5138

4.4756
4.4848
4.4966

Total QALY

138
2,604
3
2,538

Reference
315
1,882

6,846

1,704
4,311
4,307

Reference
315
1,567

Cost ($)

0.0036
0.0135
0.0057
0.0098

Reference
0.0092
0.0118

0.0479

0.0246
0.0324
0.0381

Reference
0.0092
0.0210

QALYs

Difference

130,800
193,000
Dominated†
259,500

Reference
Dominated†
Dominated‡

142,900

69,200
133,000
113,000

Reference
34,300
74,600

C/E Ratio,
$/QALY

*Incremental cost-effectiveness ratios were calculated by dividing the difference in QALY by the difference in cost between an intervention of interest
and the next most costly, nondominated intervention.
†
Ruled out by simple dominance because a strategy was less effective and more costly than a competing strategy.
‡
Ruled out by extended dominance because a strategy was less effective and less efﬁcient (i.e., had a higher ICER) than a competing strategy.
C/E, cost-effectiveness; QALY, quality-adjusted life year.

Cost-effectiveness compared with usual care
Usual care
0
Mailed education
77
Mailed education plus disease
2,459
management
Disease management
2,750
Polypill use
0
Polypill use plus mailed
77
education
Polypill use plus disease
2,751
management
Incremental cost-effectiveness*
Mailed education
77
Usual care
0
Mailed education plus disease
2,459
management
Disease management
2,751
Polypill use plus mailed education
77
Polypill use
0
Polypill use plus disease
2,751
management

Strategy

Table 2: Base-Case Results
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Sensitivity Analyses
Our results were robust to a wide range of plausible estimates of the effectiveness of combination pharmacotherapy, the impact of each intervention on
medication adherence, and the cost of each intervention. At a conventional
cost-effectiveness threshold of $100,000 per QALY gained, mailed education
would be preferred over usual care as long as the effectiveness of combination
pharmacotherapy was at least 18 percent of that assumed by our base-case estimates (i.e., that combination pharmacotherapy reduced the risk of reinfarction, stroke, and CHF by at least 11, 9, and 6 percent, respectively). If the
relative increase in adherence from mailed education was at least 1.2 percent,
mailed education would be cost saving compared with usual care. Under our
base-case assumption about the relative increase in adherence from mailed
education, mailed education would be preferred as long as the cost of mailed
education was below $70 per year. Under the assumption that the relative
increase in adherence from mailed education was 3 percent (i.e., our worstcase assumption), disease management would be preferred regardless of the
cost of mailed education (Figure 2). If the relative increase in adherence from
disease management was above 18 percent, disease management would be

Figure 2: Multiway Sensitivity Analyses of the Relative Increases in Adherence and Annual Costs Associated with Mailed Education and Disease Management

Note. The ﬁgures show regions of optimal strategy under the assumption that maximum cost per
quality-adjusted life year (QALY) of $100,000 is acceptable. D, disease management; M, mailed
education.
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preferred over mailed education. Under our base-case assumption about the
relative increase in adherence from disease management, disease management would be preferred if the cost of disease management was below $295
per year. Even under the assumption that the relative increase in adherence
from disease management was 25 percent (i.e., our best-case assumption), disease management would not be preferred if the cost of disease management
was above $536 per year (Figure 2). Mailed education plus disease management would be preferred if the effectiveness of disease management for
patients who did not respond to mailed education was greater than 71 percent
of that of disease management for all medication takers.
Under the base-case assumption about the relative increase in adherence
from polypill use, polypill use plus mailed education would be preferred over
mailed education if the monthly cost of the polypill decreased to $163, and
become potentially cost saving if its monthly cost decreased to $100 or less.
However, even under the assumption that the relative increase in adherence
from polypill use was 60 percent (i.e., our best-case assumption), polypill use
plus mailed education would not be preferred if the polypill had a submultiplicative effect of less than 91 percent effectiveness compared with those of its
components administered separately (Figure 3). The rank order of strategies
did not change and the ICER for each strategy remained relatively stable
Figure 3: Multiway Sensitivity Analyses of the Price of the Polypill, the Relative Increase in Adherence from Polypill Use, and Relative Effectiveness of
the Polypill Compared with those of Its Components Administered Separately

Note. The ﬁgures show regions of optimal strategy under the assumption that maximum cost per
quality-adjusted life year (QALY) of $100,000 is acceptable.
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across a wide range of assumptions evaluated in other sensitivity analyses
(Appendix Table 2).

DISCUSSION
Nonadherence to post-MI medications has a substantial effect on cardiovascular morbidity and mortality (Rasmussen, Chong, and Alter 2007; Ho et al.
2008; Jakevicius, Li, and Tu 2008). Because there are many contributors to
nonadherence, a variety of strategies may be used to address this problem
(Peterson, Takiya, and Finley 2003; Kripalani, Yao, and Haynes 2007; Haynes
et al. 2008). We conducted a comparative cost-effectiveness analysis of interventions designed to improve medication adherence among patients prescribed secondary prevention medications following MI. We found that a
program involving the mailing of educational materials would both improve
health outcomes and reduce costs from a societal perspective. In contrast, disease management, polypill use, and the combined strategies of mailed education, disease management, and polypill use appear less cost effective under
conservative literature-based assumptions.
Gaps in knowledge about a patient’s condition and why treatments
were prescribed are believed to be central contributors of nonadherence.
Smith and colleagues evaluated the impact of an intervention involving two
educational mailings 2 months apart on post-MI b-blockers and found that
the use of b-blockers increased by approximately 6 percent (Smith et al.
2008). Based on this, we estimated that mailed education will improve postMI health outcomes and reduce lifetime spending by $315 per patient.
Applied to 600,000 Medicare beneﬁciaries who have an acute MI every
year, this would translate into almost $0.2 billion in lifetime savings (Roger
et al. 2011). Our results were robust to many of the model assumptions. In
particular, mailed education would continue to dominate usual care (i.e., be
more effective and less costly) even if the absolute increase in adherence
from the intervention was substantially smaller than our base-case estimate.
These results are consistent with a recent systematic review of patient education in the management of coronary heart disease, which showed its
potential to be cost saving by reducing subsequent health care utilization
(Brown et al. 2011). Furthermore, in the current policy climate where
efforts to improve health care quality must be coupled with efforts to contain costs, our analysis highlights the value of a low-cost strategy that could
be easily scaled to large populations.
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Several disease management programs have demonstrated favorable
results using multidisciplinary approaches—targeting more than one reason
for nonadherence (Peterson, Takiya, and Finley 2003; Kripalani, Yao, and
Haynes 2007; Haynes et al. 2008). While there is substantial diversity across
programs, they are, in general, resource intensive to develop, implement, and
maintain (McCall and Cromwell 2011). Although we found that disease management was more effective than mailed education, it was less efﬁcient and its
ICER was higher than generally accepted cost-effectiveness thresholds in the
United States (Gold et al. 1996). Disease management would become reasonably cost effective if the cost of disease management was lower than $295 per
patient per year. Telephone-based care management may be a less costly alternative to the intervention we evaluated, although the impact of this strategy
on improving adherence in post-MI patients remains unclear (Wennberg et al.
2010). The results of our analysis suggest that disease management that
targeted patients who did not respond to mailed education does not appear
reasonably cost effective. However, whether interventions should be targeted
to patients who were nonadherent only or all medication takers has yet to be
determined (Cutrona et al. 2012).
The complexity of prescribed medications has been identiﬁed as
another important cause of medication underuse, particularly because patients
are required to incorporate their medication taking into their daily schedules
and lifestyles (Choudhry et al. 2011c). Interventions, such as polypill use,
could make medication-taking behavior simpler, could be scaled to a larger
number of patients, and has been particularly advocated in the developing
world context (Wise 2005; Gaziano, Opie, and Weinstein 2006). The results of
our analysis suggest the widespread use of a secondary prevention polypill,
particularly when combined with mailed education, could be cost effective,
and potentially cost saving, if its price were less than $100 per month. Our
base-case analysis was based on a monthly cost of $200, based upon the price
of the current prices of the constituent drugs, which include atorvastatin
80 mg per day. While a polypill is not commercially available in North America or Europe, several combination pills are already available in India. The
existing data suggest that a primary prevention polypill (i.e., aspirin, simvastatin, atenolol, ramipril, and thiazide) improves individuals’ cardiovascular risk
proﬁle to a similar extent as those of its components administered separately
(Yusuf et al. 2009; Patel et al. 2010). Of course, the expected beneﬁts of a
polypill must be balanced by the fact that even minor side effects to one component of a polypill may lead to its total discontinuation and hence the loss of
beneﬁt from all of the component drugs. Even under the most optimistic
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assumption about the increase in adherence, polypill use was no more reasonably cost effective if it had submultiplicative effect of less than 91 percent effectiveness compared with those of its components administered separately.
Ongoing randomized controlled trials are expected to provide further insight
into the efﬁcacy as well as the improvement in adherence achieved by the use of
a polypill for secondary prevention (ClinicalTrials.gov 2011; Sanz et al. 2011).
Our analysis is subject to several limitations. We restricted the set of
interventions to those that have speciﬁcally been evaluated among patients
with the established diagnosis of cardiovascular disease. There are numerous
adherence interventions that could possibly be applied but which have not
been tested (Peterson, Takiya, and Finley 2003; Kripalani, Yao, and Haynes
2007; Haynes et al. 2008). We focused on patient- or provider-focused interventions to improve medication adherence and did not include policy interventions, such as the elimination of out-of-pocket costs for secondary
prevention medications (Choudhry et al. 2011a), as a comparative arm. We
assumed that adherence interventions were applied to all medication takers.
We assumed that adherence interventions had an equal impact on adherence
to each drug component of combination pharmacotherapy. With the exception of a polypill-based intervention, it is not precisely known whether this
assumption will hold. We assumed that the marginal impact of each intervention remained constant over time. There is a paucity of long-term data to
establish the proportion of patients who will remain adherent once interventions are performed.
Poor adherence to secondary prevention medications remains a signiﬁcant barrier to the prevention of recurrent morbidity and mortality among
post-MI patients. To date, the use of interventions to improve adherence is
rare in routine clinical practice. Our comparative effectiveness research suggests that health outcomes coupled with medication adherence can be
improved by implementing a mail education program within the resources
potentially acceptable in the U.S. health care system. The use of a polypill
would have the potential to become cost effective as the medication cost
drops, although several key data are currently lacking.
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