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Abstract

Background Suboptimal adherence to aspirin therapy for
secondary prevention of cardiovascular (CV) events is an
important public health problem. Prior studies have
demonstrated non-adherent patients are at higher risk of
experiencing CV events.

Objectives This study aimed to estimate the clinical and
economic outcomes of aspirin non-adherence in patients
with a prior primary CV event.

Methods We developed a Markov model to estimate the
cost-effectiveness of aspirin adherence from a generic US
managed care payer perspective over a 5-year time hori-
zon. Costs, utilities and rates of aspirin adherence, CV
events and adverse events were gathered from published
literature to populate the model. Outcomes were quality-
adjusted life years (QALYSs), costs (US$) and incremental
cost-effectiveness ratios (ICERs). We applied the model
separately to a population without type II diabetes as a
comorbidity (non-diabetic model) and a population with
type II diabetes (type II diabetes model). A one-way
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sensitivity analysis was performed to assess the model
uncertainty.

Results The base case showed adherent patients lived 0.25
and 0.36 QALYs longer than non-adherent patients in the
non-diabetic model and type II diabetes model, respec-
tively. Adherence to aspirin had an ICER of US$25/QALY
in the non-diabetic population, while it saved US$297 per
patient over a 5-year period in the type II diabetes popu-
lation. One-way sensitivity analysis showed the models
were most sensitive to rates of non-fatal events in non-
adherent patients.

Conclusion This study suggests aspirin adherence may
improve QALYs for patients with a prior primary CV
event. Further, it may decrease costs in patients with type II
diabetes. While additional research is needed to validate
these results, payers may wish to increase strategies to
promote adherence in order to improve population health.
Trial Registration Not applicable.

Key Points for Decision Makers

Medication adherence remains a healthcare concern
for providers and payers due to the evidence that
medication adherence remains suboptimal in
cardiovascular (CV) disease patients.

This paper reports the clinical and economic
implications of aspirin adherence among CV disease
patients without comorbid diabetes and with type II
diabetes.

This paper shows there was a cost decrease only in
patients with type II diabetes.
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1 Introduction

1.1 Background

Cardiovascular (CV) disease is the leading cause of mor-
tality in the United States and represents 17% of national
health expenditures [1]. Patients with a history of a CV
event are at higher risk of experiencing a subsequent CV
event if proper pharmacotherapy management is not pro-
vided [1-3]. Aspirin is recommended (class I recommen-
dation) by the American Heart Association and the
American College of Cardiology Foundation as a preferred
antiplatelet for secondary prevention of a CV event [2].
The daily use of aspirin is recommended in coronary artery
disease patients unless they present with a contraindication
to aspirin [2, 3]. Generally, patients who follow the rec-
ommended medication regimen and take their medications
as prescribed at least 80% of the time are considered
“adherent” to a secondary prevention regimen [4, 5].

Medication non-adherence for secondary prevention of
CV events is a major concern to providers and payers due
to evidence that medication adherence remains suboptimal
in CV disease patients [4, 6]. Despite the importance of
secondary prevention, a substantial number of patients stop
taking their medications soon after being discharged from
the hospital [6]. Ho et al. [6] showed that for CV disease
patients discharged from the hospital with three preventive
medications, about 34% of all patients stop at least one
medication and 12% of patients stop all medications within
1 month of hospital discharge. For aspirin use, prior
research demonstrates that only approximately 71% of
patients with CV disease are adherent users [4, 5, 7]. The
definition of adherence in this study was based on the
definitions used in prior adherence studies.

1.2 Motivation

Medication adherence is associated with better health
outcomes for patients with CV disease [4, 6, 7]. A number
of studies have explored the effects of aspirin adherence as
secondary prevention for CV disease on health outcomes
such as myocardial infarction (MI) and stroke [5, 7, 8]. The
Reduction of Atherothrombosis for Continued Health
(REACH) Registry is an example of a large, international
data set that includes both the factors associated with
adherence and the consequences of non-adherence over the
long term [9].

A few studies have examined the economic implications
of aspirin in the US healthcare system and have demon-
strated aspirin to be a cost-effective agent for secondary
prevention of CV events compared to other antiplatelet
agents [10]. However, a limitation of these studies is the
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lack of data on the economic consequences of aspirin use
for secondary prevention of CV events in adherent versus
non-adherent patients. In general, the economic perspective
on medication adherence is still emerging, where classical
economic models are not able to fully explain the lack of
adherence. Additional studies on the economic implica-
tions of adherence may be able to fill this gap in the lit-
erature [11].

This study focused on aspirin used as secondary pre-
vention in patients with established CV disease. The
objective of this study was to model the impact of adher-
ence to aspirin on healthcare costs, effectiveness [quality-
adjusted life years (QALYSs)], and cost-effectiveness in
patients with a prior primary CV event, and to apply this
model to specific subpopulations for whom secondary
prevention is indicated.

2 Methods
2.1 Design and Description

Two distinct but related Markov models were developed in
order to reflect the significant differences in outcomes
between CV disease patients with and without comorbid
diabetes. Cost-effectiveness Markov models are used to
examine scenarios that involve transitions between various
states of health over a period of time when patients can
experience multiple possible events [12]. The models in
this study were developed and validated through the use of
a literature review as described in the model inputs section
below (Sect. 2.3) and a prior publication [13]. We also
solicited input from a clinical expert in order to develop the
models and ensure that they were concordant with current
clinical practice and outcomes. Finally, we performed
quality assurance checks, including independent verifica-
tion of the results by an analyst other than the person who
implemented the model.

One model represented patients without comorbid dia-
betes (non-diabetic model) and the other model represented
patients with type II diabetes (type II diabetes model). Both
types of patients may also have additional comorbidities,
such as smoking, high blood pressure, and high cholesterol,
but these additional comorbidities are not specifically
considered in our modeling approach. All patients entered
the model with a prior primary CV event and were treated
with aspirin for secondary prevention of a CV event. The
treatment in this study was adherence to aspirin therapy;
outcomes for patients who were non-adherent are a sepa-
rate branch of our model from adherent patients, and costs
and outcomes for those populations were based on the
literature on non-adherent populations. In general, we
consider that adherence to treatment that achieves greater
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outcomes at lower costs has a relatively higher economic
value.

In this model, all patients who had a primary CV event
were considered adherent if they self-reported taking
aspirin daily at least 80% of the time for secondary pre-
vention of CV events, and non-adherent otherwise [14].
The Markov models were run with a 1-year cycle, meaning
that patients were potentially exposed to one event per
year. The 1-year cycle was chosen based on the relatively
low rates of events in this population and in order to match
the 1-year perspective of US managed care payers. There
was no time dependency built into the Markov transition
probabilities.

Associated QALYs saved were estimated over a 5-year
time horizon with one cycle per year. The 5-year time
horizon was chosen to allow for the model to calculate
outcomes over a longer term horizon, given that CV dis-
ease is a chronic condition. The 5-year time horizon also
was designed to appropriately deal with the uncertainty of
this disease state, since over longer time horizons, the
standard of care and new medical technologies are likely to
significantly change the course of treatment. We did not
apply a discount rate to costs and QALY in this study. The
model assumed the perspective of a US managed care
third-party payer. TreeAge software Pro Core 2016 was
used to implement the model [15].

In this model, the probabilities of events for adherent
and non-adherent patients were based on a review of the
literature, as described below in the “Model Inputs” sec-
tion; all patients had a chance of experiencing a medical
event related to their disease. Events were classified as fatal
or non-fatal. Patients who experienced no event as well as
non-fatal events reentered the decision tree each cycle, and
those who experienced a fatal event exited the decision tree
after the fatal event. Non-fatal events included MI, stroke,
adverse events related to aspirin and events due to type II
diabetes complication. Aspirin adverse events included
gastrointestinal (GI) bleeds that resulted in hospitalization.
GI bleeds were chosen because they represent among
aspirin-related side effects the highest burden on payers
and the healthcare system [16]. If patients are not taking
aspirin as recommended, they are less likely to experience
GI bleeds [17, 18]. As a result, aspirin adverse events were
not considered possible clinical outcomes for non-adherent
patients in our model.

2.2 Health Economic Models
2.2.1 Non-diabetic Model
Figure 1 shows the Markov model employed in the anal-

ysis. We made the assumption patients in this model do not
have type II diabetes and are at a baseline risk of

developing a secondary CV event. This model depicted two
main arms: adherent and non-adherent to aspirin. This was
designed to be concordant with the review of the literature
performed to provide model inputs for this study, which
utilized “adherent” and “non-adherent” in order to analyze
differences between groups, and we followed this practice
in the literature. As patients entered the decision tree, they
had a one-time choice to be adherent or non-adherent to
their medication regimen. All the values of the arms in the
non-diabetic model were taken from the literature review
as described in the “Model Inputs” section below. The
“adherent” and “non-adherent” arms differed in the
probabilities of each outcome.

2.2.2 Type II Diabetes Model

The structure of the model used in the type II diabetes
population was the same as for the non-diabetic model
(Fig. 1). This model represents coronary artery disease
patients with type II diabetes. The clinical outcomes dif-
fered compared to the non-diabetic model due to the higher
incidence of events in both the adherent and non-adherent
population. The literature review indicated that patients
who had diabetes were expected to have peripheral artery
disease (PAD) amputations as non-fatal events at costs and
rates that will impact payers [19]. We included PAD
amputation as a common, long-term and high-cost conse-
quence of inappropriately managed type II diabetes in both
the adherent and non-adherent populations.

2.3 Model Inputs

All model inputs required to inform the model structure
and parameters were based on the findings of a series of
literature review studies and peer-reviewed literature
reporting on adherence to aspirin and event rates of rele-
vant clinical outcomes. The studies were identified through

PubMed search using the keywords “aspirin,” “secondary
prevention,” “coronary artery disease,” “myocardial
infarction,” “stroke,” “mortality,” “percutaneous coro-

nary intervention,” and “adherence.” Additionally, previ-
ous cost-effectiveness studies on CV disease were
reviewed to identify relevant utilities and costs [13].

2.3.1 Clinical Inputs

Table 1 contains variables used in the non-diabetic and
type II diabetes Markov models. Our assumption was that
the types of non-fatal events experienced by adherent and
non-adherent patients would be the same, based on the
literature on the types of non-fatal events experienced by
patients with CV disease. Adherent patients were assumed
to be exposed to GI bleeding as a result of aspirin therapy,
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Fig. 1 Cost-effectiveness model structure. Cost-effectiveness model
structure comparing aspirin adherence vs aspirin non-adherence for
secondary prevention of CV events. At the decision node (OJ),
patients were assigned as being adherent or non-adherent to aspirin
based on the rate found in the literature. Patients entered the decision
node with a prior CV event. In each l-year cycle, patients may

while non-adherent patients were not exposed to this non-
fatal event. We were able to determine the rates of fatality
directly from the literature for CV disease. The rates of MI
and stroke were obtained from a meta-analysis study

experience an event (non-fatal or fatal) or no event if they are alive.
This model was applied to a population without co-morbidity (non-
diabetic model) and a population with type II diabetes (type 1I
diabetes model). CV cardiovascular, GI gastrointestinal, MI myocar-
dial infarction, PAD peripheral arterial disease

comparing aspirin versus placebo [20]. The rate of fatal
events was retrieved from a randomized controlled trial
[21]. The rate of GI bleeding and PAD amputation were

Table 1 Probability and utilities of events used in the cost-effectiveness model

Variable Patients without comorbid diabetes Patients with type II diabetes Sensitivity analysis range tested
Adherent  Non-adherent References Adherent  Non-adherent References
Event® 0.158 0.174 Calculated 0.395 0.464 Calculated  50-200% of base case
Non-fatal event® 0.035 0.026 Calculated 0.069 0.070 Calculated  50-200% of base case
Ml 0.008 0.012 [20] 0.022 0.032 [20]
Stroke 0.011 0.014 [20] 0.029 0.036 [20]
PAD amputation — - Assumption  0.002 0.002 [22]
GI bleeding 0.016 - [18] 0.016 - [18]
Fatal events 0.123 0.148 [21] 0.326 0.394 [21]
No event® 0.842 0.826 Calculated 0.605 0.536 Calculated
Utilities [27-29] [27-29] 50-110% of base case
MI 0.850 0.850 0.850 0.850
Stroke 0.650 0.650 0.650 0.650
PAD amputation - - 0.610 0.610
GI bleeding 0.800 0.800 0.800 0.800

GI gastrointestinal, MI myocardial infarction, PAD peripheral arterial disease

“Rate of events is the sum of non-fatal events and fatal events

PRate of non-fatal events is the sum of the rate of MI, stroke, PAD amputation and GI bleeding

“Rate of no events is the rate of events subtracted from 1
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respectively retrieved from a retrospective cohort study and
cross sectional study [18, 22].

The total rate of events in the adherent and non-adherent
populations was calculated by adding the fatal and non-
fatal event rates found in the literature [18, 20-22]. The
rates of events were subtracted from 1 to determine the
rates of no events (Table 1). To determine the rates of
events in the type II diabetes model, a hazard ratio of 2.66
was taken from a meta-analysis study of primary preven-
tion showing an increased rate of MI, stroke, or fatal events
in a diabetic population [20]. Due to the lack of data on
secondary prevention, we applied this hazard ratio in our
model under the assumption that the secondary prevention
event rates would be similar, or worse, than in a primary
prevention setting.

2.3.2 Cost Variables

Cost variables were collected from a number of sources
and are shown in Table 2. Costs for events were available
in aggregate and were not broken down by component. The
cost of aspirin was not included in the model because it is
low and it would not affect the overall cost of treatment
from a managed care payer perspective [17]. The costs of
fatal events, non-fatal MI, non-fatal stroke and GI bleeds
were obtained from previous cost-effectiveness studies
[23, 24]. Due to a lack of data in the literature, we used the
cost of fatal congestive heart failure as the cost of fatal
events despite the fact that fatal MI or fatal stroke are more
likely to be fatal events for patients who had a primary CV
event. The cost of PAD amputation caused by uncontrolled
diabetes was gathered from an Agency for Healthcare
Research and Quality (AHRQ) report on the economic
burden of diabetes [25]. All expenditures were inflated to
January 2016 US dollars using the medical care component
of the US consumer price index (CPI-U) by multiplying by
the value of the Consumer Price Index for All Urban
Consumers: Medical Care (CPI-U Medical Care) in Jan-
uary 2016 and dividing by the value at the time that the
cost data were collected and reported [26].

2.3.3 Utilities

Health state utilities were obtained from published litera-
ture that used standardized methods for patient-reported
outcomes [27-29]. Utilities of MI and stroke were obtained
from previous cost-effectiveness studies using EQ-5D
scores in the US MI FREEE trial [27]. EQ-5D scores
collected from diabetes patients with type I and type II who
had been treated for foot ulcers by a multidisciplinary team
at Lund University Hospital in Sweden were used to pop-
ulate the utility after PAD-related amputation [28]. Utility
of GI hemorrhage obtained from a previous cost-effec-
tiveness study in the UK using time trade-off score and a
prior outcomes research trial in the US was used to pop-
ulate the utility of patients who experienced GI bleeding
[29-31].

2.4 Model Outputs

For the base-case analysis, the models’ endpoints included
the expected outcomes of both costs and QALYs, resulting
in a cost-effectiveness ratio. We followed the standard
method of calculating the incremental (marginal) costs per
QALY for adherent and non-adherent patients by calcu-
lating an incremental cost-effectiveness ratio (ICER) [12].
The ICER compared the relative cost-effectiveness of
aspirin adherence and aspirin non-adherence in patients
without comorbid diabetes and with type II diabetes. In the
case of this study, non-adherent strategy was set as the
reference compared to the adherent strategy. ICER was not
calculated if a strategy was either dominant or dominated
between the two strategies. A strategy was dominant if it
achieved better outcomes (QALYs) at lower costs com-
pared to the other strategy.

2.5 Sensitivity Analysis

A sensitivity analysis was performed to examine the
robustness of the results obtained from the health economic
models. One-way sensitivity analysis was performed with a
wide range of percentage to identify the influential

Table 2 Cost variables from the literature used in the cost effectiveness model

Event Cost per event in the literature  Year reported in the literature 2016 cost ~ References Base-case sensitivity analysis
MI US$16,563 2006 US$22,119 [23] 50-200% of base case
Stroke US$13,878 2006 US$18,533  [23] 50-200% of base case
PAD amputation US$7700 2006 US$10,283  [25] 50-200% of base case
Fatal CHF US$8782 2006 US$11,728 [23] 50-200% of base case
GI bleeding US$6866 1989 US$20,489 [24] 50-200% of base case

CHF congestive heart failure, GI gastrointestinal, MI myocardial infarction, PAD peripheral arterial disease
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parameters on the base-case analysis. Changes in proba-
bility of events, probability of non-fatal events, costs and
utilities were performed to assess the degree to which the
model parameter estimates affected our results in both the
non-diabetic model and the type II diabetes model (see
Tables 1 and 2). Due to the variety of published literature
used in the model and the lack of information on 95%
confidence intervals, we used 50-200% of the base-case
estimates of all parameters, except utilities. Utilities were
varied from 50 to 110% to avoid exceeding the maximum
utility value of 1. A tornado diagram was used to determine
the parameters that most influenced our models’ results
considering the ICER.

3 Results
3.1 Base-Case Analysis

Cumulative survival and cumulative costs over the 5-year
period of the model were used to calculate total and
incremental outcomes. The average 5-year survival among
patients without comorbid diabetes was 0.25 years higher
in the adherent population. In the non-diabetic model,
patients who were adherent to aspirin had a cumulative cost
of US$8420, while the cost of non-adherent patients was
US$8414. Note that this cost difference does not include
the cost of aspirin therapy for adherent patients on the
assumption that aspirin is purchased as an over-the-counter
medication without the use of insurance benefits. The cost
per QALY was US$2671 among the adherent population
and US$2476 among the non-adherent population. As a
result, there was no dominant strategy in the non-diabetic
model, and an ICER was calculated. The ICER showed for
every US$25 spent in the adherent population, one QALY
is saved (Table 3).

In the type II diabetes model, the average 5-year sur-
vival was 0.36 years higher in the adherent population.
Patients who were adherent to aspirin had a cumulative
cost of US$13,727, while the cost for non-adherent patients
was US$14,024. The cost per QALY was US$7934 among
the adherent population and US$10,237 among the non-
adherent population, representing a US$2303 difference in
this metric. As a result, adherence had a cost-saving eco-
nomic outcome in addition to improved clinical outcomes
in the type II diabetes population, making it the dominant
strategy.

3.2 Sensitivity Analysis
The univariate analysis showed our model is sensitive to

variation of certain parameters compared to others. Over-
all, the model results were more sensitive to changes of
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parameters in the non-diabetic model compared to the
model with type II diabetes patients. In both models, tor-
nado diagrams showed ICER results were highly sensitive
to variation of the rate of non-fatal events in non-adherent
patients. Those events include MI, stroke, GI bleeding and
PAD amputations, meaning we had to be precise in our
estimates for those probabilities. The models were not
sensitive to varying costs and utilities over a range of
values (see Fig. 2).

4 Discussion
4.1 Potential Explanations for the Results

Based on the results of our base case, there are possible
explanations for the cost and QALY outcomes obtained
from the two models. From the point of view of survival,
the models showed a benefit of adherence over non-ad-
herence consistent with our review of the literature [7, 8].
The difference in survival is driven by the higher proba-
bility of a fatal event in the non-adherent population. The
differences in survival are not only based on the higher
rates of fatal events, but they are based on the setup of the
Markov model. Patients who begin the model as adherent
remained adherent for all 5 years, and those who begin the
model as non-adherent remained non-adherent for all
5 years. In general, non-adherence has been identified as a
potential cause of higher costs in the healthcare system,
and prior studies of the post-MI population have identified
full drug coverage as an intervention that can save both
lives and money [4, 23].

In the non-diabetic model, patients who were adherent
to aspirin had a higher cumulative cost compared to
patients who were non-adherent to aspirin. However, in the
type II diabetes model, the cumulative cost of aspirin
adherence was slightly lower compared to the cost of
aspirin non-adherence. The increased cost of the type II
diabetes population when compared to the non-diabetic
population exists despite the fact that the non-diabetic
population lives longer, and thus has a longer period of
exposure to healthcare events. The higher cost of the type
II diabetes population is driven primarily by the much
higher rate of CV-related events. The higher cost of dia-
betes-related events represented in the model by PAD
amputation has a relatively small contribution due to its
relatively low event rate and direct costs. Finally, the study
model only tested outcomes over a 5-year horizon, mean-
ing that our results may differ if the model was simulated
over a longer time horizon.
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Table 3 Cost-effectiveness results of aspirin adherence for the base case in the non-diabetic population and type II diabetes population

Population Strategy Average 5-year cost Average 5-year Cost-effectiveness Incremental cost-effectiveness
per member survival (QALYs) (cost per QALY) ratio (cost per QALY)
Patients without Non- US$8414 3.15 US$2671 Reference
comorbid diabetes adherent
Adherent  US$8420 3.40 US$2476 US$25
Patients with type I Non- US$14,024 1.37 US$10,237 Reference
diabetes adherent
Adherent  US$13,727 1.73 US$7934 Dominant

QALY quality-adjusted life year

Fig. 2 One-way sensitivity (a) TORNADO ANALYSIS (ICER)
analyses tornado diagram for . .
L . i j I Probability of a non-fatal event in non-adherent patients
aspirin adherence vs aspirin (0.074-0.298)
non-adherence. The horizontal Probability of an event in non-adherent patients
bars show the effect varying (0.087-0.348)
each variable over a range of Probability of an event in adherent patients (0.079-0.316)

values has on the ICER. The
larger the horizontal bar, the

Il mmrrobability of a non-fatal in adherent patients (0.111-0.444)
more sensitive the model is to

N I Cost of Gl bleeding (10,244.5-40,978)
the varying parameter.

a Tornado diagram evaluating
the influence of each parameter
of the non-diabetic model on
ICER. b Tornado diagram Cost of stroke (9,266.5-37,066.0)
evaluating the influence of each
parameter of the type II diabetes
model on ICER. GI I utility of MI (0.425-0.935)
gastrointestinal, /CER I utility of stroke (0.325-0.715)
incremental cost-effectiveness
ratio, MI myocardial infarction,
PAD peripheral arterial disease -120000 100000  -80000  -60000 -40000  -20000 0 20000

I Cost of fatal event (5,864.0-23,546)

I Cost of MI (11,059.5-44,238.0)

B utility of Gl bleeding (0.4-0.88)

(b) TORNADO ANALYSIS (ICER)
_ B Probability of a non-fatal event in non-adherent patients

(0.0755-0.302)

- 23] Probability of a non-fatal event in adherent patients
(0.0875-0.35)

e I probability of an event in non-adherent patients
(0.232-0.928)
Probability of an event in adherent patients (0.197-0.79)

Cost of Gl bleeding (10,244.5-40,978)
[ I Cost of fatal event (5,864.0-23,546)
I Cost of MI (11,059.5-44,238.0)
l B Cost of stroke (9,266.5-37,066.0)

B utility of Gl bleeding (0.4-0.88)
Cost of PAD amputation (5,141.5-20,566)

I utility of MI (0.425-0.935)

W utility of stroke (0.325-0.715)

B utility of PAD related amputation (0.305-0.671)

-100000 -80000 -60000 -40000 -20000 0 20000
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4.2 Limitations

In considering our results, it is important to note that
multiple sources were used to obtain the model inputs,
including probabilities, costs and utilities. The one-way
sensitivity analysis shows our model is sensitive to varying
rates of non-fatal events in adherent and non-adherent
patients. This is explained by different patient-related
factors, such as demographics or medical history, that vary
across the studies used. It may affect the rates of events
obtained in one study compared to another one. If our
findings are correct, future randomized controlled trials to
promote adherence should be designed and powered to
detect such a difference. Randomized controlled trials
would be the ideal way to test interventions designed to
promote adherence based both on our results and the lim-
itations of the modeling approach to the research question.
From a research point of view, randomized controlled trials
would both control for confounding and collect participant-
specific cost and outcomes data.

There are other important limitations to our study. First,
patients can experience more than one CV event within
1 year. We made the assumptions patients can experience
one event per year, which may vary based on a patient’s
risk factors. Also, this study was done with a 5-year time
horizon, and the rates of experiencing a third and fourth
CV event might differ from the probability of experiencing
a second event. The same probability of developing a
second event was used in all the cycles due to the set-up of
the Markov model.

Another limitation is the inconsistent definition of
adherence; medication adherence is defined and measured
differently across the literature. There is no standard
measure of adherence, and some studies used multiple
methods or thresholds to assess adherence [32, 33]. In our
study, adherence inputs were obtained from patients who
self-reported taking aspirin at least 80% of the time after
discharge from the hospital. Studies using self-report pre-
sent an additional barrier, due to the potential for inten-
tional or unintentional provision of inaccurate information
[32, 34].

The relatively strong assumption that adherent patients
are receiving treatment, while those who are non-adherent
are in some sense “untreated” is also a limitation of our
study. Adherence may be measured through the use of a
binary variable; however, adherence is a dynamic mea-
surement; it is a gradient (not binary) and can change over
time. This is especially true over a 5-year window. In
addition, non-adherent patients with a prior CV event are
likely receiving a substantial amount of treatment on
average, especially if they have co-morbid type II diabetes.
The extent to which this assumption biases our results
depends crucially on whether adherent individuals also
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tend to receive more treatment, or if non-adherent indi-
viduals compensate by seeking other medical or drug
therapy. This is a key point that should be addressed in
future studies.

Finally, costs captured from the literature might miss
important cost components. The costs used in our model
were obtained from different sources and were from 2006
and 1989, which may not fully reflect the cost of today’s
practice. This is true for the components that make up the
total cost of each event in the model and for the differences
in price and utilization that are not adequately reflected in
our use of the inflation index factor. Managed care payers
may find it more useful to utilize their own data, especially
for the cost of GI bleeding, and to rerun the model, which
we have shared, as described in the “Data Availability
Statement” section of this paper. In addition, the one-way
sensitivity analysis shows that our model is not sensitive to
the costs of those events.

4.3 Conclusions

This economic model was developed to investigate health
benefits and economic implications that could be expected
from adherence to aspirin for secondary prevention of a CV
event. Our approach in this study is likely to be applicable
to other studies in this area because we defined two pop-
ulation characteristics and applied the general model to
each population. This facilitates our understanding about
the impact of adherence on health outcomes and costs in
both populations. It also makes our model more general-
izable to a specific type of population, patients with type II
diabetes.

We found that adherence to aspirin has the potential to
improve health outcomes and save money in patients with
type II diabetes for third-party payers. Within a 5-year time
horizon, our results showed that adherence provided a
US$297 cost-saving per patient with type II diabetes, and
an ICER of US$25 per QALY in patients without comorbid
diabetes. This model informs third-party payers for deci-
sion making regarding adherent and non-adherent CV
patients who are taking guideline-recommended medica-
tions such as aspirin. It also informs the potential value of
interventions that could raise the rates of adherence in an
insured population.

In conclusion, this analysis suggests that adherence to
aspirin increases QALY and reduces cost in patients with
a prior CV event, but only for patients with type II diabetes.
Given our findings, managed care organizations, govern-
ment payers and patients should consider participating in
programs that improve medication adherence, as long as
intervention costs do not exceed the estimated healthcare
savings. While additional research is needed to validate
those results in the real world, it is important to develop
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strategies that will increase adherence and improve popu-
lation health.
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