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By M. Christopher Roebuck, Joshua N. Liberman, Marin Gemmill-Toyama, and Troyen A. Brennan

Medication Adherence Leads
To Lower Health Care Use
And Costs Despite Increased
Drug Spending

ABSTRACT Researchers have routinely found that improved medication
adherence—getting people to take medicine prescribed for them—is
associated with greatly reduced total health care use and costs. But
previous studies do not provide strong evidence of a causal link. This
article employs a more robust methodology to examine the relationship.
Our results indicate that although improved medication adherence by
people with four chronic vascular diseases increased pharmacy costs, it
also produced substantial medical savings as a result of reductions in
hospitalization and emergency department use. Our findings indicate
that programs to improve medication adherence are worth consideration
by insurers, government payers, and patients, as long as intervention
costs do not exceed the estimated health care cost savings.

A
lmost half of all Americans, ap-
proximately 133 million people,
live with at least one chronic dis-
ease.1 Because ongoing use of pre-
scription medication is a key com-

ponent of treatment for chronic conditions,
medication adherence—or making sure that pa-
tients take the drugs prescribed for them—is a
matter of great importance to policy makers,
insurance plan sponsors, physicians, and pa-
tients.
Patients who adhere to their medication regi-

mens enjoy better health outcomes2,3 and make
less use of urgent care and inpatient hospital
services, compared topatientswith similarmedi-
cal conditions who are not adherent.4,5 Yet de-
spite the evidence of improved outcomes from
adherence, the World Health Organization re-
ports average medication compliance rates in
developed countries of just 50 percent.6

Bydefinition, improvements inmedicationad-
herence increase pharmacy spending. Health
care reformers and payers are therefore inter-
ested inknowingwhetherornot thehigherphar-
macy costs are more than offset by reductions in
the use of medical services. If so, the financial

benefit may justify adopting programs that pro-
mote compliance or that remove barriers to ad-
herence.
Given the widespread policy debate over how

best to bend the health care cost curve down-
ward, it is surprising that medication adherence
by patients with chronic diseases does not fea-
ture more prominently in the conversation.
However, as we discuss in this article, research
into medication compliance suffers from meth-
odological challenges thatmay call the validity of
the results into question.5,7,8 This could explain
the lack of discussion in the health policy arena
about the value of medication adherence.
Research in this area focuses on chronic con-

ditions that are highly prevalent, costly, or both.
These include asthma, congestive heart failure,
depression, diabetes, epilepsy, gastrointestinal
disorders, hypertension, osteoporosis, schizo-
phrenia, and dyslipidemia (high levels of “bad”
cholesterol).
To date, investigators have routinely found

improved adherence to be associated with lower
total health care costs.9–12 Notable exceptions in-
clude depression, osteoporosis, and asthma—
conditions in which adherence has sometimes
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been associated with increases in overall costs,
perhaps because of the dominance of brand-
name, and thus more expensive, medications
in the treatment of these conditions.13–15 Reduc-
tions in hospitalizations and emergency depart-
ment visits are overwhelmingly reported to be
the key drivers of declining health care costs
associated with improved medication ad-
herence.
However, these prior studies have a common

limitation: the inability to establish a causal link
between the key explanatory variable—medica-
tion adherence—and the outcomes of interest,
such as hospitalizations and total health care
costs. This limitation springs from the use of
an observational research design, as opposed
to a randomized controlled trial.
Observational research cannever reveal if indi-

viduals in the groups being compared differ in
ways that are not observed. If an unobserved and
unmeasured trait is related to both the character-
istic that differentiates the groups—the explana-
tory variable—and the outcome being examined,
then the trait may bias the results. This problem,
known as endogeneity, plagues the published
literature on the relationship between medica-
tion adherence and health services use and cost.
One example of this sort of bias is known as the
“healthy user effect”: the tendency of peoplewho
more closely follow theirmedication regimens to
also engage in such health-enhancing behavior
as exercising regularly and eating a healthy
diet.16

This article examines the relationship between
medication adherence and the use and cost of
health services in patients who had one or more
of the following four chronic vascular condi-
tions: congestive heart failure, hypertension,
diabetes, and dyslipidemia.We analyzed a large
paneldata set andusedanadvancedeconometric
technique that addresses the endogeneity prob-
lem by mathematically eliminating unmeasured
confounding variables if they did not change
over time. Our combination of data andmethods
allowed us to move from possibly uncovering
statistical associations tomore confidently infer-
ring causal links between medication adherence
and the use and cost of health care.
We also investigated whether or not medica-

tion adherence had a differential impact on
health outcomes depending on patients’ sex or
age. Specifically, we compared people under age
sixty-five with older patients, given that people
age sixty-five and older make up a particularly
important cohort in light of their eligibility for
Medicare. Our findings revealed robust reduc-
tions in emergency department visits and inpa-
tient hospital days as a result of medication ad-
herence. Consequently, adherence leads to total

health care cost savings. We conclude by com-
menting on the implications of these findings
in the context of health care reform.

Study Data And Methods
Study Sample As one of the largest pharmacy
benefit managers in theUnited States, CVSCare-
mark adjudicates prescription drug claims for its
clients: sponsors of health insurance plans. For
this study we extracted integrated pharmacy and
medical administrative claims data from the CVS
Caremark data on people who had continuous
health insurance coverage sponsored by one of
nine US employers from January 1, 2005,
through June 30, 2008.
We used primary, secondary, and tertiary

International Classification of Diseases, Ninth Re-
vision, Clinical Modification (ICD-9-CM), codes
to construct cohorts of patients with the four
targeted conditions. We selected patients who
had at least two outpatient visits on different
dates, or one hospitalization or emergency de-
partment visit, with a specified ICD-9-CM code
(see Appendix Table A1).17 We included subjects
in more than one disease cohort if they met our
inclusion criteria (see Appendix Table A2 for the
extent of the overlap).17

After we used the first six months of data to
properly calculate the adherence measures, as
described below, our analytical data set con-
sisted of a panel of 135,008 individuals, each
with three consecutive yearly observations
(July 1, 2005–June 30, 2006; July 1, 2006–
June 30, 2007; and July 1, 2007–June 30,
2008).The final sample included 16,353patients
with congestiveheart failure, 112,757withhyper-
tension, 42,080 with diabetes, and 53,041 with
dyslipidemia.
Study Variables The empirical analysis in-

cluded three measures of health services use:
annual numbers of inpatient hospital days,
emergency department visits, and outpatient
physician visits. It also included three measures
of health services cost: annual pharmacy, medi-
cal, and total health care costs. All six of these
dependent variables applied to all medical
causes, not just the specific diseases we studied.
We used data on coordination of benefits so

that the cost measures would comprise contri-
butions from all payers, including plan spon-
sors,members, and other insurers such asMedi-
care. The inclusion of nine different payers
decreased the study’s sensitivity to potential dif-
ferences in the employers’ pharmacy and medi-
cal benefits.
Pharmacy costs consisted of ambulatory pre-

scriptions dispensed by outpatient, community-
based, or mail-service pharmacies. We derived
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medical costs from medical claims. Total health
care costs represented the sum of pharmacy and
medical costs.
We measured adherence using the medication

possession ratio (MPR). A common metric in
pharmacoeconomics and outcomes research,
this ratio uses pharmacy claims data to derive
the proportion of time that a patient has medi-
cation on hand to treat a specific condition.
Inour study, for every therapeutic class of drug

used to treat each chronic condition (see Appen-
dix Table A1),17 we calculated a patient’s medica-
tion possession ratio for each of the three yearly
observations as the number of days during the
yearwhen thepatient hadmedication, dividedby
the number of days in the year. For example, a
patientwhohada supply ofmedication for a total
of 255 days in a given year would have had a
medication possession ratio of 0.70 (255 days
of possession divided by 365 days).
We consulted pharmacy claims during the first

six months of our study (January 1 through
June 30, 2005) to “credit” the patient’s first
medication possession ratio with medication
on hand as of the beginning of the first observa-
tion year. Subsequent calculations carried left-
over medication from year to year. Therefore,
MPR values ranged from 0 to 1.
Next,wederived condition-level adherence for

each patient-year observation.We calculated this
as the average of the medication possession ra-
tios for all therapeutic classes for each chronic
disease, weighted by the days’ supply in each
therapeutic class (see Appendix Table A1).17

For patients who had been diagnosed with a
chronic condition but had not yet received any
medication for it,weuseda condition-levelmedi-
cation possession ratio of 0.
Finally, we constructed a dichotomous varia-

ble for adherence for each of the four vascular
conditions. We considered a condition-level
medication possession ratio below 0.80—a
threshold commonly used by researchers—to
be nonadherent, and a ratio of 0.80 or greater
to be adherent. Again, we created this variable
for each patient-year observation. For a more
detailed discussion of the derivation of our ad-
herence measure, see Appendix Section 1.17

In addition to the indicators of adherence, we
used dichotomous variables for age, depending
on whether or not the patient was sixty-five or
older (as of the first day of each year), and sex,
using pharmacy benefit eligibility records. To
control for the presence of other diseases, we
derived the Charlson Comorbidity Index for each
year.18–20 We also included time dummy variables
to control for concurrent trends in health ser-
vices use and cost, such as drug price inflation,
expansions in the availability of generic drugs,

and advances in health care technology.
Statistical Analysis We estimated condi-

tion-specific models for each of the six depen-
dent variables, for a total of twenty-four models.
The endogeneity of adherence in these models
was a key methodological concern in our analy-
sis. Consequently, as previously described, we
used linear fixed-effects modeling to handle this
potential problem. To examine differential ef-
fects of adherence, we also added interactions
between adherence and sex and age group to the
models.21 We used the statistical software Stata,
version 11.1.
Limitations Our study had various limita-

tions. First, we did not analyze the timing of
adherence effectsonhealth servicesuse andcost.
Because many patients in our analytical data set
may have been long-term users of their vascular
medications, the estimated impacts of adherence
could represent cumulative rather than instanta-
neous effects. In other words, one should not
necessarily expect to see immediate reductions
in medical costs from improved medication ad-
herence. This is a particularly salient point for
insurers with short time horizons.
Second, we advise against adding together es-

timates of condition-specific effects for patients
with more than one vascular disease. Such addi-
tion could double-count reductions inhealth ser-
vices use and cost resulting from adherence.
Third, the study sample was a relatively large

and demographically diverse set of patients in-
sured by their employers, and the group age
sixty-five and older included both active employ-
ees and retirees. Moreover, we analyzed both
existing and new cases of vascular disease. De-
spite these broad inclusion criteria, our results
might not be generalizable to all populations.
Finally, although our econometric method ad-

dressed the potential endogeneity of adherence
largely ignored in prior studies,22 fixed-effects
modeling is still not as good as a randomized
controlled trial in establishing causality.23

Results
With regard to sample characteristics, we found
that males constituted a somewhat higher pro-
portion of the congestive heart failure (55 per-
cent) and diabetes (53 percent) cohorts than did
females, whereas the dyslipidemia (50 percent)
andhypertension (51percent) groupsweremore
evenly balanced by sex. Congestive heart failure
patients tended to be older (average: 77 years)
than patients with the other three conditions
(averages: 65–68 years).
Average medication possession ratios varied

across the four conditions: Congestive heart fail-
ure patients had the lowest (0.40), and patients

January 2011 30: 1 Health Affairs 93
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with hypertension had the highest (0.59). Ad-
herence rates ranged from 34 percent to
51 percent.
Congestive heart failure patients spent an

average of 11.90 days in the hospital per year,
compared to 3.29 days for patients with hyper-
tension, 4.26 days for those with diabetes, and
2.24 days for those with dyslipidemia. Total
health care costs per patient per year averaged
$39,076 for congestive heart failure, $14,813 for
hypertension, $17,955 for diabetes, and $12,688
for dyslipidemia. Pharmacy costs (for all pre-
scriptions filled, not just those for the four
chronic vascular conditions) ranged from
$2,867 to $3,780 per patient per year (see Ap-
pendix Table A3).17

Exhibit 1 presents estimates of the effects of
adherence versus nonadherence from the multi-
variatemodels of health services use.24 Across all
conditions, adherence was associated with sig-
nificantly lower annual inpatient hospital days,
ranging from 1.18 fewer days for dyslipidemia to

5.72 fewer days for congestive heart failure. An-
nual emergency department visits were fraction-
ally lower (between 0.01 and 0.04 visits per pa-
tient per year) among adherent patients. Finally,
adherent patients visited their doctors more
often than their nonadherent peers did, with
the exception of people with hypertension (not
statistically significant).
The effect of adherence on hospitalizationwas

greater (in absolute value) for people age sixty-
five and older than for younger patients for all
conditions. Adherent patients in the older group
had 5.87 (in cases of congestive heart failure),
3.14 (hypertension), 3.41 (diabetes), and 1.88
(dyslipidemia) fewer inpatient hospital days an-
nually (Exhibit 2), compared to 4.74, 0.57, 0.83,
and 0.44 fewer days, respectively, for adherent
patients in the younger group (data not shown).
Exhibit 3 presents results from the models of

health services spending. As we anticipated, ad-
herent patients had higher pharmacy spending
than those who were not adherent. The average

Exhibit 1

Impact Of Medication Adherence In Chronic Vascular Disease On Health Services Use, 2005–08

D
ay

s/
vi

si
ts

Diabetes               DyslipidemiaHypertensionCongestive heart failure

Annual inpatient hospital days
(adherent vs. not adherent)

Annual outpatient MD visits
(adherent vs. not adherent)

SOURCE CVS Caremark integrated pharmacy and medical administrative claims data, January 1, 2005–June 30, 2008. NOTES Presented
are marginal effect estimates from linear fixed-effects models of health services use. All models included a weighted Charlson Co-
morbidity Index (see Notes 18–20 in text); two year-indicator variables; dummy variables for age 65 or older, male, and adherent; and
interaction terms for adherent with male and age 65 or older. All estimates were significant at p < 0:01 except emergency department
(ED) visits for congestive heart failure patients (p < 0:05) and outpatient physician visits for patients with hypertension (not signifi-
cant). aValues for this segment of the exhibit are as follows. Congestive heart failure: −0.04; hypertension: −0.03; diabetes: −0.02; and
dyslipidemia: −0.01.
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annual pharmacy spending of adherent patients
was $1,058 more for those with congestive heart
failure, with comparable figures of $429 for hy-
pertension, $656 for diabetes, and $601 for dys-
lipidemia.
In all four conditions, annual medical spend-

ingwas significantly lower for adherent patients.
Adherence reduced average annual medical
spending by $8,881 in congestive heart failure,
$4,337 in hypertension, $4,413 in diabetes, and
$1,860 in dyslipidemia.
Particularly important from a policy perspec-

tive is the impact of medication adherence on
total health care spending. Across the board,
adherent patients spent significantly less than
nonadherent patients. Annual per person sav-
ings amounted to $7,823 for congestive heart
failure, $3,908 for hypertension, $3,756 for dia-
betes, and $1,258 for dyslipidemia. Combining
the increases in pharmacy spending with the
decreases in medical spending, average ben-

efit-cost ratios from adherence for the four vas-
cular conditionswe examinedwere 8.4:1 for con-
gestive heart failure, 10.1:1 for hypertension,
6.7:1 for diabetes, and 3.1:1 for dyslipidemia.
The impact of adherence on total health care

spending was similar for patients in both age
groups with congestive heart failure, but the ef-
fects of adherence in the other three conditions
weremorepronounced for patients age sixty-five
and older. Annual total per person health care
savings in the older group were $7,893 for con-
gestive heart failure, $5,824 for hypertension,
$5,170 for diabetes, and $1,847 for dyslipidemia
(Exhibit 4). Average benefit-cost ratios from ad-
herence for this group were 8.6:1 for congestive
heart failure, 13.5:1 for hypertension, 8.6:1 for
diabetes, and 3.8:1 for dyslipidemia.
In general, adherence effects did not differ

substantially by sex. The exception was in con-
gestive heart failure, where females experienced
greater reductions in health services use and

Exhibit 2

Impact Of Medication Adherence In Chronic Vascular Disease On Health Services Use For Patients Age 65 And Older,
2005–08

D
ay

s/
vi

si
ts

Diabetes               DyslipidemiaHypertensionCongestive heart failure

Annual inpatient hospital days
(adherent vs. not adherent)

Annual outpatient MD visits
(adherent vs. not adherent)

SOURCE CVS Caremark integrated pharmacy and medical administrative claims data, January 1, 2005–June 30, 2008. NOTES Presented
are marginal effect estimates from linear fixed-effects models of health services use. All models included a weighted Charlson Co-
morbidity Index (see Notes 18–20 in text); two year-indicator variables; dummy variables for age 65 or older, male, and adherent; and
interaction terms for adherent with male and age 65 or older. All estimates were significant at p < 0:01 except emergency department
(ED) visits for congestive heart failure patients (not significant), emergency department visits for dyslipidemia patients (p < 0:10), and
outpatient physician visits for hypertension patients (not significant). aValues for this segment of the exhibit are as follows. Congestive
heart failure: −0.01; hypertension: −0.05; diabetes: −0.02; and dyslipidemia: −0.01.
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Exhibit 3

Impact Of Medication Adherence In Chronic Vascular Disease On Health Services Spending, 2005–08

D
ol

la
rs

Diabetes               Dyslipidemia

Annual Rx spending
(adherent vs. not adherent)

Annual medical spending
(adherent vs. not adherent)

Annual total health care spending
(adherent vs. not adherent)

HypertensionCongestive heart failure

SOURCE CVS Caremark integrated pharmacy and medical administrative claims data, January 1, 2005–June 30, 2008. NOTES Presented
are marginal effect estimates from linear fixed-effects models of health services cost. All models included a weighted Charlson Co-
morbidity Index (see Notes 18–20 in text); two year-indicator variables; dummy variables for age 65 or older, male, and adherent; and
interaction terms for adherent with male and age 65 or older. All estimates were significant at p < 0:01.

Exhibit 4

Impact Of Medication Adherence In Chronic Vascular Disease On Health Services Spending For Patients Age 65 And Older,
2005–08

D
ol

la
rs

Diabetes               Dyslipidemia

Annual Rx spending
(adherent vs. not adherent)

Annual medical spending
(adherent vs. not adherent)

Annual total health care spending
(adherent vs. not adherent)

HypertensionCongestive heart failure

SOURCE CVS Caremark integrated pharmacy and medical administrative claims data, January 1, 2005–June 30, 2008. NOTES Presented
are marginal effect estimates from linear fixed-effects models of health services cost. All models included a weighted Charlson Co-
morbidity Index (see Notes 18–20 in text); two year-indicator variables; dummy variables for age 65 or older, male, and adherent; and
interaction terms for adherent with male and age 65 or older. All estimates were significant at p < 0:01.
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spending. All model results are presented in Ap-
pendix Tables A5–A11.17

Discussion
Our results are evidence that medication adher-
ence reduces total annual health care spending
for peoplewith chronic vascular disease. Savings
are realized mainly through reduced inpatient
hospital days and emergency department visits.
Moreover, adherence effects are more pro-
nounced for patients age sixty-five and older.
The issue of medication nonadherence in the

elderly was implicitly addressed by the Afford-
able Care Act of 2010. This legislation progres-
sively reduces, and will eventually close, the
existing gap in prescription drug coverage for
Medicare beneficiaries (the Part D “doughnut
hole”). More generally, the act provides for
therapy management and covers certain well-
ness programs that might improve medication
adherence and other aspects of patient compli-
ance with health regimens.25 Our work suggests
that policy makers were prudent in including
those provisions in the new law.
Our analysis demonstrates that the additional

pharmacy spending incurred from adherence is
more than offset by themedical savings realized.
The question then becomes whether or not pol-
icies and programs that are implemented to im-
prove adherence can do so at costs that do not
exceed the expected benefits. Findings from
Medicare disease management demonstrations
have been mixed: Only 20 percent of evalu-
ated programs have been near or at budget-
neutrality.26

However, the cost of an adherence interven-
tion is directly related to the mode of delivery.
Complex, coordinated care involvingphysicians,
nurses, and case managers may be both success-
ful and costly. Alternatives that require fewer
resources—such as electronic monitoring devi-

ces andpharmacist-ledpatient counseling—have
shown promise in improving patients’ medica-
tion adherence at less expense.27

To permit rigorous evaluation, policy analysts
trained in economics methods should collect
data on the costs and benefits of adherence in-
terventions. It is important to note that altering
pharmacybenefit designs to improvemedication
adherence does not necessarily impose addi-
tional costs. Value-based insurance designs ad-
dress cost-related nonadherence by reducing or
eliminating patient copayments for medications
used to manage chronic conditions. These de-
signs do not add to spending; rather, they shift
spending from the enrollee to the plan’s
sponsor.28

Conclusions
In light of the Affordable Care Act’s expansion of
access to medical care, policy makers must now
search for ways to improve health outcomes
while reducing spending. Our results indicate
that despite higher pharmacy spending, medica-
tion adherence by patients with chronic vascular
disease provides substantial medical savings, as
a result of reductions in hospitalization and
emergency department use. Benefit-cost ratios
range from 2:1 for adults under age sixty-five
with dyslipidemia to more than 13:1 for older
patients with hypertension.
Given these findings, plan sponsors,

government payers, and patients should con-
sider participating in programs that improve
medication adherence, as long as intervention
costs do not exceed the estimated health care
savings. Value-based insurance design, elec-
tronic monitoring devices, and pharmacist-led
counseling are among the least costly alterna-
tives. No matter what the intervention, actively
encouraging medication adherence for chronic
disease should be a top priority. ▪

Selected findings from this work were
delivered in an oral presentation at the
third biennial conference of the
American Society of Health Economists
at Cornell University, in Ithaca, New
York, on June 21, 2010. A related poster
presentation was given at the 2010

AcademyHealth Annual Research
Meeting, in Boston, Massachusetts, on
June 28, 2010. The authors thank
participants at those meetings for their
interest and suggestions. Invaluable
were the critical comments of three
anonymous reviewers and the editors.

The authors are thankful for those
individuals’ contribution to this work.
The views expressed by the authors do
not necessarily represent the views of
the Centers for Medicare and Medicaid
Services or the US government.
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