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Hospitalizations and Deaths Among Adults With
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Context: It is well-documented that the financial burden of out-of-
pocket expenditures for prescription drugs often leads people with
medication-sensitive chronic illnesses to restrict their use of these
medications. Less is known about the extent to which such cost-
related medication underuse is associated with increases in subse-
quent hospitalizations and deaths.
Objective: We compared the risk of hospitalizations among 5401 and
of death among 6135 middle-aged and elderly adults with one or more
cardiovascular diseases (diabetes, coronary artery disease, heart failure,
and history of stroke) according to whether participants did or did not
report restricting prescription medications because of cost.
Design and Setting: A retrospective biannual cohort study across 4
cross-sectional waves of the Health and Retirement Study, a nation-
ally representative survey of adults older than age 50. Using multi-
variate logistic regression to adjust for baseline differences in
sociodemographic and health characteristics, we assessed subse-
quent hospitalizations and deaths between 1998 and 2006 for re-
spondents who reported that they had or had not taken less medicine
than prescribed because of cost.
Results: Respondents with cardiovascular disease who reported
underusing medications due to cost were significantly more likely to
be hospitalized in the next 2 years, even after adjusting for other
patient characteristics (adjusted predicted probability of 47% com-
pared with 38%, P � 0.001). The more survey waves respondents
reported cost-related medication underuse during 1998 to 2004, the

higher the probability of being hospitalized in 2006 (adjusted pre-
dicted probability of 54% among respondents reporting cost-related
medication underuse in all 4 survey waves compared with 42% among
respondents reporting no underuse, P � 0.001). There was no indepen-
dent association of cost-related medication underuse with death.
Conclusions: In this nationally representative cohort, middle-aged
and elderly adults with cardiovascular disease who reported cutting
back on medication use because of cost were more likely to report
being hospitalized over a subsequent 2-year period after they had
reported medication underuse. The more extensively respondents
reported cost-related underuse over time, the higher their adjusted
predicted probability of subsequent hospitalization.
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As the US population ages, the prevalence of chronic disease
increases, and clinical trials establish the effectiveness of a

growing number of medications for chronic conditions, prescrip-
tion drug use and costs are increasing dramatically. From 1997
to 2007, the number of prescriptions filled increased by 72%, to
3.8 billion in 2007.1 During this same period, the percentage of
Americans taking at least one prescription medication rose to
more than 50%, and the average number of prescriptions per
person more than doubled.2 Nine in 10 adults 65 years or older
use prescription medications, half of whom use 5 or more
prescriptions simultaneously.3 Over the past decade, patients
themselves are bearing more of the costs of these prescription
medications; the proportion of personal health expenses going to
prescription medications has increased more than 10% annually
in every year since 1997.4,5

For eligible adults, the introduction of Medicare part D
greatly increased rates of prescription medication coverage–
leading to decreases in many Medicare D enrollees’ out-of-
pocket spending for medications.6,7 Yet, adults who are enrolled
in Medicare part D still pay on average $83 a month out-of-

From the *Veterans Affairs Center for Clinical Practice Management Re-
search, VA Ann Arbor Healthcare System, Ann Arbor, MI; †Robert
Wood Johnson Clinical Scholars Program University of Michigan School
of Medicine, Ann Arbor, MI; ‡Department of Internal Medicine, Uni-
versity of Michigan School of Medicine, Ann Arbor, MI; and §Depart-
ment of Health Behavior and Health Education, School of Public Health,
University of Michigan, Ann Arbor, MI.

Reprints: Michele Heisler, MD, MPA, VA Center for Clinical Practice
Management Research PO Box 130170 Ann Arbor, MI 48113-0170.
E-mail: mheisler@umich.edu.

Supplemental digital content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF versions
of this article on the journal’s Web site (www.lww-medicalcare.com).

Copyright © 2010 by Lippincott Williams & Wilkins
ISSN: 0025-7079/10/4802-0087

Medical Care • Volume 48, Number 2, February 2010 www.lww-medicalcare.com | 87

http://www.lww-medicalcare.com


pocket for prescription medications, leaving cost pressures a
significant barrier to medication adherence for these patients.8

Significant rates of under-use of medications due to the
burden of out-of-pocket cost have been documented, espe-
cially among vulnerable populations.9–12 In addition, both
cross-sectional studies4,10,13–15 and prospective cohort stud-
ies16–18 have found associations between medication cost
restriction and adverse health outcomes. Time-series analyses
have shown that public sector measures limiting drug cover-
age lead to fewer filled prescriptions of essential medications
(such as insulin)19,20 and to increased nursing home admis-
sions21 and utilization of acute care services.22–24

More generally, poor medication adherence has been
associated with higher rates of hospitalization both among Medi-
care beneficiaries aged 65 and older13 as well as among adults
under age 65.25 One study found that the number of hospital
bed-days associated with medication underuse increased most
rapidly for those diagnoses that have experienced the greatest
increase in prescriptions.26 To date, however, less is known
about the association between medication underuse due to cost
and subsequent hospitalizations and death, especially among
adults at higher risk for hospitalization and death due to medi-
cation-sensitive conditions such as cardiovascular disease.

To address these gaps in knowledge, we examined
reported cost-related medication underuse and subsequent
hospitalizations and deaths among individuals aged 51 to 85
years with cardiovascular disease (coronary artery disease,
heart failure, prior stroke, or diabetes). We conducted a
cohort study using Health and Retirement Study (HRS) data
collected between 1998 and 2006 to answer the following
research question: Is cost-related medication restriction
among middle aged and older adults with cardiovascular
disease associated with subsequent increased rates of hospi-
talizations or death? We hypothesized that restricting medi-
cation use because of out-of-pocket costs would contribute to
higher rates of hospitalizations and death even after control-
ling for socio-demographic characteristics in the baseline
year. We then examined whether any independent effects of
restricting medication use due to cost on hospitalization and
death remained significant after controlling for reported
health status, number of comorbidites, and psychiatric diag-

noses in the baseline year. The longitudinal nature of the HRS
further enabled us to explore the association between the
number of years with medication restriction reported and the
probability of hospitalization in later survey waves.

METHODS

Overall Study Population
The HRS is a nationally representative, longitudinal

study of over 30,000 individuals.16 The HRS over-samples
blacks and Latinos and gathers in-depth economic, financial,
and health information from respondents. Telephone or in-
person interviews are conducted every 2 years.8

We used data from the 1998 to 2006 biannual surveys.
Since 1998, the HRS represents the US population over age
50 (Appendix 1, Supplemental Digital Content 1, available
online at: http//links.lww.com/MLR/A55). HRS respondents
were asked about cost-related medication restriction in the
1998 wave and then in each subsequent 2-year survey wave.
A total of 21,384 respondents participated in 1998, 19,580 in
2000, 18,167 in 2002, 20,147 in 2004, and 18,469 in 2006.

We limited our analyses to the 6389 respondents who
reported having at least one cardiovascular disease (diabetes,
coronary artery disease, heart failure, history of stroke) and who
were 51 to 85 years old in the 1998 baseline year. Of these, 36
(0.6%) had missing values in at least one of the baseline
covariates. Among 6353 respondents, 952 (15.0%) were ex-
cluded from the analysis sample for the outcome of hospitaliza-
tion due to death or missing responses (See Fig. 1 for detail) and
218 (3.4%) were excluded from the analysis sample for the
outcome of death due to missing responses. There were no
significant differences in baseline characteristics other than race
between respondents who never had missing responses during
2000 to 2006 and those who did not respond at least once during
2000 to 2006 (Appendix 2, Supplemental Digital Content 2,
available online at: http//links.lww.com/MLR/A56). Our final
sample for the main analyses consisted of 5401 respondents for
the analyses of hospitalization and 6135 for the analyses of death
(Appendix 3, Supplemental Digital Content 3, available online
at: http//links.lww.com/MLR/A57).
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Dependent Variables
Each respondent was asked to answer “yes” or “no” in

each wave to the following question “In the last 2 years, have
you been a patient in a hospital overnight?” If the response to
this question was “Don’t know,” “Refused” or “missing,” we
considered that response as missing for the analyses. Our
dependent variable for hospitalization was coded 0 “Not
hospitalized” versus 1 “Hospitalized.”

We ascertained deaths using the information on year or
month of death in the HRS exit file. HRS conducts exit inter-
views for deceased respondents through proxy informants, often
a spouse or other family member. We created a dichotomous
dependent variable for death coded 0 “did not die” versus 1
“died.” Participants who died were assigned to the category of
“Died” for all subsequent years after the death year.

Independent Variables
In each survey wave, HRS respondents were asked: “At

any time in the last 2 years have you ended up taking less
medication than was prescribed for you because of the cost?”
Participants were then classified into whether they answered,
“yes,” (coded 1) or “no” (coded 0) to this question. This was
our principal independent variable. We adjusted multivari-
able models for age, sex, race (white vs. minority), household
net worth (quintile) using the net value of total wealth excluding
second home, which is calculated as the sum of all wealth
components less all debt,27 living arrangement, educational
level, number of cardiovascular comorbidities, presence of a
psychiatric diagnosis, and self-reported health-status (assessed
with the question, “Would you say your health is excellent, very
good, good, fair, or poor?”). We did not include out-of-pocket
prescription drug costs or insurance coverage as covariates to
avoid over adjustment for these factors, both of which were
highly correlated with medication restriction.

In the baseline year, 1998, 36 eligible respondents were
missing values in any baseline covariates. However, for the
following years (2000–2004), there were missing values for
the variable of medication restriction associated with death: If
respondents died in year T (prior to interview point in year T)
those subjects dropped out of the analysis sample in year T
and subsequent years, due to missing values in medication
restriction. If we limited the sample to only those with
nonmissing values for baseline covariates (age, gender, race,
living arrangement, education, net wealth, number of cardio-
vascular comorbidities, psychiatric diagnosis, self-reported
health status in 1998), the numbers of respondents were 5401
for analyses of hospitalization and 6135 for death. If we also
restricted the sample to include only those respondents with
nonmissing values for cost-related medication restriction and
other covariates, the analysis sample size ranged from 3495
to 5280 across survey years for the analyses of hospitalization
and from 3959 to 5997 for the analyses of death.

Analyses
When survey weights are included, the 1998 HRS

sample we used is representative of the US community-
dwelling population over age 50. For this reason and to
account for the complex sample design of the HRS, we
included baseline survey weights for longitudinal analyses

and the complex sample design variables for all analyses. We
summarized baseline characteristics of respondents using
descriptive statistics. We then performed separate bivariate
and multivariate logistic regression analyses to assess the
relationship between cost-related medication restriction and
subsequent hospitalization or death.

We employed 2 separate estimation strategies with
logistic regression models. First, to examine more proximate
effects of cost-related medication restriction, we examined
whether medication restriction in survey year T, is associated
with probabilities of hospitalization during the next survey
wave (T � 1), conducted 2 years after survey year T. Second,
to view the cumulative effects of cost-related medication
underuse we estimated odds ratios of hospitalization in 2006
by medication restrictions during 4 prior survey years (1998,
2000, 2002, and 2004). In our multivariate models, we used
2 sets of controls: control I contains information on respon-
dents’ sociodemographic characteristics (age, gender, race,
living arrangement, education, and wealth). Control II con-
tains information on health (number of cardiovascular dis-
eases, indicator of having psychiatric problems diagnosed,
and self-reported health status) in the baseline survey year.
We repeated all of the above analyses including an interaction
term between age and medication restriction because we
hypothesized that older adults may be more vulnerable to
negative health consequences of cost-related underuse. We
also examined the interaction of health status and decreased
use of medication because of cost.

To make interpretation of our logistic regression estimate
results easier, we present predicted probabilities of ‘Hospital-
ized’ and ‘Died’ with respect to restricting medication. Predicted
probabilities were calculated with STATA 10, which uses the
cdf for logistic distribution with variance �2/3. Parameters were
estimated from multivariate logistic regression and covariates
were evaluated at mean values with the exception of the dichot-
omized medication restriction variable.28

Regression diagnostic procedures yielded no evidence
of substantive multicollinearity, heteroscedasticity, or overly
influential outliers in any of the models. We performed all
analyses with STATA 10,29 using publicly available data files
from the surveys, which were approved by an institutional
review board at the University of Michigan. The data used for
this study contained no unique identifiers, so respondent
anonymity was maintained.

RESULTS
Of the 6353 respondents with cardiovascular disease

who participated in the 1998 study wave, 1241 (19.5%)
reported cutting back on medication use because of cost in at
least one survey wave during 1998 to 2004. A total of 3994
(62.9%) respondents were hospitalized. Figure 1 presents
sample distributions of the outcome variables for each wave
between 1998 and 2006. Of the 6353 subjects with cardio-
vascular disease between the ages of 51 and 85 in 1998, 9%
died during 2000, and 34% died by 2006.

Table 1 presents baseline characteristics of respondents
by medication restriction in the baseline year (1998). A total
of 9.5% of respondents reported having restricted medication
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use due to cost during the prior 2 years. The table indicates
that respondents who reported restricting medication use due
to cost were relatively more likely to be younger, female, black,
unmarried, and less educated, in lower income. Restrictors
tended to have more comorbidities, presence of a psychiatric
diagnosis and to report poor health status in the baseline year.

Association Between Medication Restriction, T
and Subsequent Hospitalization, T � 1

Table 2 presents the predicted probabilities of hospital-
ized and died in the first follow-up survey (T � 1) after
cost-related medication underuse was reported in survey year
T. Respondents reporting cost-related medication restriction
in year T were significantly more likely to report having been
hospitalized at the next survey wave T � 1. For example, in
bivariate analysis, the predicted probability of “Hospitalized”

was 37.3% among respondents reporting no cost-related med-
ication underuse, compared with 49.9% among respondents
who reported experiencing cost-related medication underuse.
Controlling for baseline health characteristics (control II) as
well as demographic/socio-economic variables (control I), the
difference in reported hospitalizations between the 2 groups
became smaller but remained significant (37.8% vs. 47.0%, P �
0.001). Figure 2 presents the predicted probabilities of hospital-
ization by cost-related medication restriction and age, without

TABLE 1. Baseline Year Sample Summary (N � 6353)

Variable
Nonrestrictor
(N � 5802)

Restrictor
(N � 551) P

Age �.001

�64 2123 (38.6) 274 (52.2)

65–74 1997 (34.5) 179 (31.1)

75–84 1682 (27.0) 98 (16.7)

Gender �.001

Men 2934 (51.5) 188 (38.3)

Women 2868 (48.5) 363 (61.7)

Race �.001

White 4666 (85.8) 365 (73.5)

Black 934 (10.6) 145 (19.7)

Other 202 (3.6) 41 (6.9)

Living arrangement �.001

Married 3678 (62.4) 289 (48.5)

Unmarried living w/other 714 (13.2) 117 (21.2)

Unmarried living 1410 (24.4) 145 (30.3)

Education (yr) �.001

�12 2078 (32.3) 291 (49.0)

12 1921 (33.8) 148 (26.4)

�12 1803 (33.9) 112 (24.7)

Net worth �.001

�42,900 1783 (28.8) 325 (58.2)

42,901–129,000 1532 (26.3) 126 (23.2)

129,001–310,900 1259 (22.6) 65 (12.2)

�310,901 1228 (22.3) 35 (6.4)

No. comorbidities �.001

1 4291 (75.2) 362 (66.6)

2 1147 (18.8) 137 (24.1)

�3 364 (6.0) 52 (9.3)

Psychiatric problem diagnosed .005

No 4743 (82.8) 363 (66.1)

Yes 1059 (18.3) 188 (33.9)

Self-reported health status �.001

Excellent 166 (3.3) 7 (1.4)

Very good 823 (15.2) 24 (5.2)

Good 1840 (32.5) 97 (17.9)

Fair 1817 (30.7) 191 (32.2)

Poor 1156 (18.4) 232 (43.3)

TABLE 2. Cost-Related Medication Restriction Reported at
Year T and Hospitalization Reported at Next Survey Wave
T � 1 (Age 51–85, N � 17,290 Observations*, Weighted)

Bivariate Control I Control I � II

Odds ratio (95% CI) 1.67 (1.41–1.99) 1.67 (1.42–1.96) 1.46 (1.24–1.72)
Predicted

probability (%)
Not restrictor 37.3 37.6 37.8
Restrictor 49.9 50.1 47.0

Logistic models are used to estimate odds ratios and obtain predicted probabilities
of being hospitalized in the next survey wave.

Control I includes respondent’s age, gender, race, education, living arrangement and net
worth in 1998. Control II includes number of cardiovascular comorbidities, indicator of
having psychiatric problems diagnosed and self reported health status in 1998.

*This number of observations comes from 5,401 respondents who met the following
criteria: (i) age 51–85 in 1998, (ii) at least one cardiovascular disease in 1998, (iii)
non-missing covariates in 1998, (iv) non-missing values for the variable of cost-related
medication underuse in T (1998–2004), and (v) non-missing outcome variable in T � 1
(2000–2006), and (vi) alive in T � 1.

FIGURE 2. Predicted probability of subsequent hospitaliza-
tion in the next survey wave T � 1 by age, cost-related
medication underuse, and self-reported health status. Multi-
variate logistic models are used to obtain predicted probabil-
ities of being hospitalized during the next survey wave. Con-
trol I includes respondent’s age, gender, race, education,
living arrangement, and net worth in 1998. Control II in-
cludes number of cardiovascular comorbidities, indicator of
having psychiatric problems diagnosed and self-reported
health status in 1998.
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controlling for baseline mental and physical health conditions
(panel A), and in the fully adjusted model (panel B).

There were no significant interactions between age and
cost-related medication restriction or between health status
and medication restriction in these or any of our analyses.

Association Between Prior Medication
Restrictions, 1998 to 2004, and Subsequent
Hospitalization, 2006

To examine in which years during 1998 to 2004 report-
ing cost-related medication restriction was associated with
rates of hospitalization in 2006, we restricted the sample to
those who were alive in 2004 and included all 4 indicators of
restricting medication due to cost in each survey wave in the
logistic regression. Results are summarized in Table 3. Re-
porting cost-related medication underuse in the most recent
wave prior to 2006 (2004) was significantly related with
greater odds of hospitalization in 2006. Moreover, the pre-
dicted probability of hospitalization in 2006 was 53.7% if an
individual had never reported cost-related medication underuse
from 1998 to 2004 and 41.7% if an individual had reported
medication restriction in all survey waves, 1998 to 2004.

Association Between Medication Restriction
and Subsequent Death

In contrast to hospitalization, after controlling for base-
line health status, there was no statistically significant differ-
ence in deaths between respondents who did and those who
did not report underusing medications due to cost (Table 4).
Conditional on being alive in 2004, medication restriction
between 1998 and 2004 was not a significant predictor of
death in 2004.

Sensitivity Analyses
To address potential bias due to missing responses in

hospitalization, we conducted 2 sensitivity analyses to test the
robustness of our findings of a significant, independent asso-
ciation between reporting cost-related medication underuse
and subsequent hospitalizations. First, using the Markov
Chain Monte Carlo method, we examined the distribution of
odds ratios of hospitalization based on the analysis sample
with all subjects, including those with missing values in the
outcome variables. At each step, missing values were drawn
based on the posterior distributions. With 5000 sampling,
results are summarized in Table 5. To address possible
endogeneity of missing responses, we investigated the sensi-
tivity of restricting medication on hospitalization by using a

TABLE 3. Cost-Related Medication Restriction During
1998–2004 and Hospitalization in 2006 (Age 51–85,
N � 3389*, Weighted)

Bivariate Control I Control I � II

Odds ratio (95% CI)
Restricted, 1998 1.16 (0.87–1.53) 1.15 (0.87–1.53) 1.07 (0.80–1.44)
Restricted, 2000 1.35 (0.97–1.88) 1.28 (0.92–1.79) 1.22 (0.88–1.68)
Restricted, 2002 0.82 (0.59–1.14) 0.81 (0.58–1.13) 0.77 (0.54–1.10)
Restricted, 2004 1.63† (1.20–2.21) 1.67‡ (1.25–2.21) 1.62† (1.20–2.18)

Predicted
probability (%)

Never restricted,
1998–2004

40.6 41.2 41.7

Restricted in all
survey waves,
1998–2004

58.7 58.1 53.7

Logistic models are used to estimate odds ratios and obtain predicted probabilities
of being hospitalized in 2006.

Control I includes respondent’s age, gender, race, education, living arrangement
and net worth in 1998. Control II includes number of cardiovascular comorbidities,
indicator of having psychiatric problems diagnosed and self-reported health status
in 1998.

*This number is based on the following sample restrictions: (i) age 51– 85 in
1998; (ii) at least one cardiovascular disease in 1998; (iii) non-missing covariates in
1998; (iv) non-missing in the variable for cost-related medication underuse for
1998 –2004; (v) non-missing in the outcome variables in 2006; and (vi) alive in
1998 –2006.

TABLE 4. Cost-Related Medication Restriction Reported at
Year T and Death at Each of Next Four Survey Waves* (Age
51–85)

Bivariate Control I Control I � II

T � 1 (N � 19,651)

Odds ratio 1.00 (0.82–1.22) 1.13 (0.92–1.39) 0.92 (0.75–1.13)

Predicted probability

Not restrictor 10.7% 9.2% 8.6%

Restrictor 10.6% 10.4% 8.0%

T � 2 (N � 15,554)

Odds ratio 0.99 (0.80–1.22) 1.09 (0.88–1.36) 0.89 (0.72–1.10)

Predicted probability

Not restrictor 19.3% 17.2% 16.5%

Restrictor 19.1% 18.6% 14.9%

T � 3 (N � 11,142)

Odds ratio 1.08 (0.89–1.31) 1.20 (0.97–1.48) 0.96 (0.77–1.19)

Predicted probability

Not restrictor 27.5% 25.7% 25.1%

Restrictor 29.0% 29.4% 24.3%

T � 4 (N � 6245)

Odds ratio 1.05 (0.82–1.34) 1.23 (0.94–1.62) 0.94 (0.72–1.22)

Predicted probability

Not restrictor 34.7% 34.4% 34.6%

Restrictor 35.9% 39.3% 33.1%

Logistic models are used to estimate odds ratio and obtain predicted probabilities of
death.

Control I includes respondent’s age, gender, race, education, living arrangement
and net worth in 1998. Control II includes number of cardiovascular comorbidities,
presence of psychiatric diagnosis, and self-reported health status in 1998.

*This number of observations comes from 6153 respondents who met the following
criteria: (i) age 51–85 in 1998; (ii) at least one cardiovascular disease in 1998; (iii)
non-missing covariates in 1998; (iv) non-missing values for variable of cost-related
medication underuse during 1998–2004; and (v) non-missing outcome variables in
2000–2006.

TABLE 5. Distribution of Odds Ratios of Hospitalization
(Control I � II) Using Markov Chain Montecarlo Simulation*
(N � 18,253, Sample � 5000)

Mean Std 2.5%–97.5% MC Error

1.276 0.071 (1.143–1.415) 0.001

*For these analyses, we used the analysis sample with all subjects, including those
with missing values in the outcome variable. At each step, missing values were drawn
based on the posterior distributions.
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selection model. To implement this, we specified another
multivariate logistic regression model for the selection equa-
tion with an indicator of nonmissing responses in hospital-
ization. Then we estimated parameters using multiprocess
maximum likelihood estimators by varying correlations of
residuals in 2 equations. A greater correlation means that
selected (nonmissing) subjects are more likely to be hospi-
talized controlling for covariates. Table 6 summarizes the
odds ratios of hospitalization under different correlations. In
sum, results from these sensitivity analyses suggest our result
in the analysis of hospitalization is robust.

We repeated these analyses with our analytic sample
with death as an outcome and continued to find no significant
independent association between cost-related medication re-
striction and death.

DISCUSSION
In this nationally representative cohort, after adjusting for

baseline sociodemographic and health characteristics, we found
significantly increased hospitalization rates among middle-aged
and older adults with cardiovascular disease who reported re-
stricting medication use due to cost. Respondents who reported
cutting back on medication use because of cost were signifi-
cantly more likely to report being hospitalized in the 2-year
period after they had reported medication underuse, and the
more survey waves in which respondents reported cutting back
on medication use because of cost, the higher the adjusted
predicted probability of being hospitalized in 2006.

By following a nationally representative cohort of adults
with baseline cardiovascular disease over an 8-year period and
examining hospitalization rates subsequent to reported cost-
related medication underuse, this study builds on prior work
showing a cross-sectional association between self-reported
cost-related medication underuse and health outcomes.4,10,13–15

Our findings also complement recent studies assessing the as-
sociation between overall medication adherence and subsequent
health outcomes and use for adults with a range of different
chronic conditions.30 Sokol et al, for example, found that among
adults with diabetes and hypercholesterolemia, overall medica-
tion adherence was associated with lower disease related med-
ical costs. For those conditions, higher prescriptions medication
costs among those who were most adherent to medications were
more than offset by medical cost reductions from decreased
emergency room use and hospitalizations, leading to a net
reduction in overall health care costs. For all medication-sensi-

tive conditions they examined—diabetes, hypertension, hyper-
cholesterolemia, and heart failure—hospitalization rates were
significantly lower for patients with high medication adherence.
In their analyses of health care costs, they found that adherence-
based savings in medical costs were driven by reductions in
hospitalization rates at higher levels of medication adherence.25

Multiple studies have found relatively low adherence
with medication therapy for chronic diseases such as cardio-
vascular disease: with some studies finding rates as low as
50%.25 Poor adherence due to out-of-pocket medication
costs—in this study approximately 10% of respondents and in
other national studies up to 20%—represents a relatively
small subset of patients with poor medication adherence.31,32

However, addressing cost barriers is less complex and poten-
tially more effective than addressing the other often multi-
factorial barriers to medication adherence, such as treatment
complexity, unpleasant side effects, and cognitive barriers to
regular medication use that many older patients face.31,33

Indeed, recognizing that increased cost-sharing—the pre-
dominant market trend in health care today—may present a
barrier to the management of chronic diseases, payers are in-
creasingly lowering beneficiary costs for high value medica-
tions—particularly in cases where evidence suggests the poten-
tial to prevent costly complications.34,35 This is, in essence, the
core concept behind value-based insurance design,36 which
posits that making certain essential therapies more affordable
can increase adherence, resulting in improved patient outcomes
and subsequent reductions in long-term medical costs. Although
several employers and insurers have adopted value-based insur-
ance design-type benefit packages and are reporting favorable
results in the lay press,37,38 the results of rigorous evaluations are
only just starting to be published, but appear promising.39

Our study adds to the growing body of evidence suggest-
ing that reducing out-of-pocket medication costs may have both
clinical and economic value for high-risk, medication-sensitive
conditions such as cardiovascular disease. As drug costs con-
tinue to escalate and the numbers of adults with chronic illnesses
grow, a central challenge for public and private payers will be to
craft benefit packages that provide appropriate coverage,
while taking into account both the cost of prescription
coverage and downstream costs of medication-preventable
complications.10,23,36,40,41 Longitudinal analyses will need
to track the effects of different cost-sharing approaches to
prescription coverage to compare how they affect use of
essential medicines, health outcomes, and costs. Moreover,
future research should continue to probe the question of
whether more extensive prescription medication coverage
among adults with chronic illnesses might in fact be associ-
ated not only with clinical benefit but with greater costs
savings.42–45 It will also be important to better quantify the
extent to which programs that reduce patients’ out-of-pocket
costs differentially affect the medication adherence, health
care use and costs, and health outcomes of patients with
different demographic and clinical characteristics. When in-
creased drug use is driven by guideline-concordant therapy, it
may provide a net economic return.

Several limitations may affect interpretation of our results.
First, the study is based on survey data and therefore subject to

TABLE 6. Odds Ratios of Hospitalization Setting Missing
Values to Different Likelihoods of Being Hospitalized* Using
Multi-Process Maximum Likelihood Estimators (N � 18,253,
Weighted)

Correlations of Residuals Between Selection and
Main Equations (Control I � II)

�0.75 �0.5 0 0.5 0.75

Odds ratio 1.548 1.548 1.548 1.547 1.547

Standard error 0.002 0.002 0.002 0.002 0.002

*A greater correlation means that selected (non-missing) subjects are more likely to
be hospitalized controlling after covariates.
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errors associated with self-report. Previous studies, however,
have evaluated the validity and reliability of self-reported health
information and shown excellent agreement between adminis-
trative or medical records and self-reports for conditions such as
hypertension, diabetes, and stroke, medications use, and hospi-
talizations.46–50 Second, as noted above, the differences we
found may be due to other unmeasured factors associated with
medication restriction (eg, lifestyle risk factors, other health
differences between the groups). If this were the case, however,
one might expect cost-related medication underuse also to be
independently associated with higher odds of death, which was
not the case. Third, although this study represents one of the
longest follow-up periods of to date (with the longest possible
interval between cost-related medication underuse and out-
comes of 8 years), the time of follow-up for the longitudinal
outcomes we assessed was still relatively short. One could
hypothesize that the long-term effects of sustained cost-
related medication restriction would be even more severe
than those we found in this study.

In conclusion, middle-aged and older adults with cardio-
vascular disease who reported cutting back on their medication
use because of costs were significantly more likely to report
being hospitalized in the subsequent 2 years than those who had
no cost-related medication underuse. Moreover, there was an
incremental increase in probability of being hospitalized in 2006
according to the number of prior survey waves from 1998 to
2004 that respondents reported cost-related medication under-
use. Our findings contribute to the evidence that costs of poten-
tially avoidable hospitalizations among high-risk patients may
outweigh the costs associated with broadening insurance cover-
age for clinically essential medications, thereby minimizing
patients’ out-of-pocket cost pressures.
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