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S
pending for prescription drugs in the United States reached
more than $200 billion or 12% of all healthcare expenditures in
2004 and has been one of the fastest growing components of
healthcare spending.1,2 Medicare Part D drug coverage will

bring long-needed improvements in access to prescription drugs but is
likely to increase these expenditures further. 

In the first months of Part D, seniors were offered 1429 stand-alone
drug plans3 that were regulated and overseen by the Centers for Medicare
& Medicaid Services.4 These plans had many formularies with a wide
range of patient cost sharing,3 few of which have been rigorously evaluat-
ed regarding their clinical and economic outcomes. Well-designed
patient cost-sharing policies5-8 as well as coverage restrictions9 have been
shown to produce net savings from the health plan’s perspective10 with-
out adversely affecting health outcomes. Other interventions that disre-
gard clinical logic (eg, global physician budgets, prescription caps) can
lead to unanticipated outcomes, including increased rates of hospitaliza-
tion11 and nursing home admissions.12 The evidence is inconclusive for
the common 3-tiered copayment systems.13,14 Generally these studies are
criticized for their lack of generalizability because they were conducted in
a wide range of patient populations and health systems. A direct compar-
ison of several drug policies in a single system has not been published.

β-Adrenergic receptor blockers (β-blockers) are indicated for the
treatment of hypertension15,16 and have been shown to be as efficacious
as calcium channel blockers17 and angiotensin-converting enzyme
inhibitors17-20 in reducing blood pressure and cardiovascular risk. Oral
β-blockers are further indicated for long-term use in all patients recover-
ing from acute myocardial infarction (MI).21,22 Health plan performance
measures like the Health Plan Employer Data and Information Set rec-
ommend β-blocker therapy after acute MI in patients who have no con-
traindications.23 β-Blockers treat a largely asymptomatic condition
(hypertension) and may lead to side effects including fatigue, erectile dys-
function, and dizziness. Not surprisingly, adherence to antihypertensive
treatment was less than 50% in elderly patients after 1 year, and only 20%

of patients were sufficiently compliant
to obtain the therapeutic benefits
observed in clinical trials.24 Adherence
was further reduced when β-blockers
were combined with statin therapy.25

The rate of initiation of β-blocker
therapy after acute MI was found to be
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Objective:To evaluate the effects of patient
copayment and coinsurance policies on adher-
ence to therapy with β-adrenergic blocking
agents (β-blockers) and on the rate of initiation
of β-blocker therapy after acute myocardial 
infarction (MI) in a population-based natural
experiment.

Study Design:Three sequential cohorts included
British Columbia residents age 66 years and older
who initiated β-blocker therapy during time 
intervals with full drug coverage (2001), a $10 
or $25 copayment (2002), and 25% coinsurance
(2003-2004). We used linked data on all prescription
drug dispensings, physician services, and hospi-
talizations. Follow-up of each cohort was 9 months
after the policy changes.

Methods: We measured the proportion of subjects
in each cohort who were adherent to β-blocker
therapy over time, with adherence defined as
having >80% of days covered. We also measured
the proportion of patients initiating β-blocker
therapy after acute MI. Policy effects were evaluat-
ed using multivariable regression.

Results: Adherence to β-blocker therapy was mar-
ginally reduced as a consequence of the copayment
policy (−1.3 percentage points, 95% confidence
interval [CI] = −2.5 , −0.04) or the coinsurance
policy (−0.8 percentage points, 95% CI = −2.0,
0.3). The proportion of patients initiating β-blockers
after hospitalization for acute MI remained steady
at about 61% during the study period, similar to
that observed in a control population of elderly
Pennsylvania residents with full drug coverage. 

Conclusions: Fixed patient copayment and coin-
surance policies had little negative effect on
adherence to relatively inexpensive β-blocker
therapy, or initiation of β-blockers after acute MI.

(Am J Manag Care. 2007;13:445-452)
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less than 21% in a US Medicare population between 1987
and 1992.26

Spending for β-blockers was $2.1 billion among US sen-
iors in 2001 according to an analysis of the Medical
Expenditures Panel Survey.27 However, despite the fact that
the efficacy of β-blockers has been proven, they are used in
too few patients and with disappointing adherence even in
the absence of cost sharing, which makes them a problematic
target for any cost-sharing policy. 

PharmaCare, the province-funded drug insurance plan in
British Columbia, provided full prescription drug coverage for
all elderly persons before January 2002. In January 2002, a pre-
scription copayment policy for elderly residents of Can$25
(Can$10 for low-income seniors) was implemented. In May
2003, the seniors’ copayment was replaced with a 25% coin-
surance payment plus an income-based deductible policy.
Linking deductible cost-sharing levels to income was intend-
ed to prevent low-income patients from underutilizing essen-
tial drugs.28,29

This natural experiment among all elderly British Columbia
residents provided the opportunity to evaluate the conse-
quences of 2 subsequent patient cost-sharing interventions on
adherence to β-blocker therapy among patients who initiated
this therapy and on the initiation of β-blocker therapy after
acute MI in a large, stable population of older adults. 

METHODS

Patients
To evaluate the effects of the copayment and coinsurance

policies on β-blocker adherence rates among new users of
β-blockers, we selected 3 cohorts, including a baseline cohort of

seniors initiating β-blocker therapy within 6 months before
January 2001, a copayment cohort of seniors initiating β-block-
er therapy within 6 months before the copayment policy in
January 2002, and a coinsurance cohort initiating β-block-
er therapy within 6 months before the coinsurance policy in
May 2003 (Figure 1). To be eligible for any of the 3 cohorts,
patients had to be beneficiaries of the provincial healthcare
system during the respective 6-month periods. Initiation was
defined as filling a first β-blocker prescription during the 6-
month cohort entry period without having filled a β-blocker
prescription in the 6 months before the initiation date. We
required evidence of hypertension as indicated by a diagnosis
of hypertension (International Classification of Diseases, Ninth
Revision [ICD-9] codes 401.x-404.x) recorded during an office
visit or as a hospital discharge diagnosis during the 6 months
before initiation date. Follow-up included up to 6 months dur-
ing the cohort entry phase, depending on when patients initi-
ated β-blocker use, and an additional 9 months after the
policy changes or the respective dates in the control group
(Figure 1). 

All patients were identified in the linked healthcare uti-
lization databases of the publicly funded healthcare system of
British Columbia. Pharmacists enter medication names, dose,
and dispensed quantity for all prescribed drugs into a single
database via a province-wide network that ensures minimal
underreporting and misclassification.30 This recording is inde-
pendent of the payer and includes out-of-pocket purchases of
prescription medications. The Ministry of Health maintains
linkable data on all physician services and hospitalizations for
all persons age 65 years and older. Up to 25 diagnoses for hos-
pital discharges and 1 diagnosis for each medical service are
recorded, with good specificity and completeness.31

To assess the effects of the policy
changes on rates of β-blocker initia-
tion after MI, we identified all patients
who were hospitalized with an acute MI
between January 2000 and December
2004, a period spanning the baseline
and policy periods. Myocardial infarc-
tions were identified based on the pres-
ence of an ICD-9 diagnosis code of
410.x as a primary diagnosis and a
length of hospitalization between 3 and
180 days; this definition has been found
to be highly accurate (positive predic-
tive value, 95%).32 Patients also were
required to survive at least 60 days after
hospital discharge. The outcome of
interest was β-blocker initiation within
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n Figure 1. Design of a Multicohort Evaluation of β-Blocker Adherence
After the Start of 2 Cost-sharing Policies 

Jan 2000 Jul 2000 Jan 2001 Jul 2001 Jan 2002 Jul 2002 Jan 2003 Jul 2003 Jan 2004

Baseline
cohort

Copay
cohort

Start of copay policy

Coinsurance
cohort

Start of 
coinsurance policy,
May 2003

6-month period to rule out prior β-blocker use (1/00-6/00, 1/01-6/01, 5/02-10/02)

6-month cohort entry period (7/00-12/00, 7/01-12/01, 11/02-4/03)

9-month follow-up periods (1/01-9/01, 1/02-9/02, 5/03-12/03)



60 days of discharge. We created identically defined cohorts of
elderly patients with a hospitalization for acute MI in
Pennsylvania and used their β-blocker initiation rates to con-
trol for any temporal trends that might exist in β-blocker
prescribing post-MI. These patients were Medicare beneficiar-
ies and enrolled in the Pennsylvania Pharmaceutical
Assistance Contract for the Elderly, a state-funded prescrip-
tion benefit program for low-income seniors with constant
$6 copayment drug coverage throughout the study period.

Study End Points
Adherence was calculated for each calendar month as the

proportion of patients days categorized as adherent. First the
proportion of days covered (PDC)33 was calculated for each
patient by dividing the number of days on which the patient
had a β-blocker supply available by the number of cohort
membership days the patient contributed in that calendar
month. Based on their PDC, patients were then classified as
adherent in that month if their PDC was larger than 0.80, a
somewhat arbitrary but widely used threshold.34-36

The numerator of the PDC measure was calculated by cre-
ating a β-blocker supply diary for each patient day by string-
ing together consecutive β-blocker dispensings based on
dispensing dates and reported “days supply.”37 When a dis-
pensing occurred before the previous prescription should have
run out, utilization of the new prescription was assumed to
begin the day after the end of the old prescription and days
supply were accumulated. If a dispensing caused a patient’s
accumulated supply to exceed 180 days, accumulated supply
was truncated at 180 days. Discontinuation was defined as fail-
ing to fill a new β-blocker prescription within 90 days of
exhausting a previous prescription. The discontinuation date
was the end of the previous prescription. 

The denominator of the PDC measure was the number of
days the patient contributed in that calendar month.
Residents who left the province or died were censored from
the denominator on their date of death or at the end of their
enrollment in the British Columbia Medical Services Plan.

Patient Characteristics
A number of patient characteristics were assessed at cohort

entry for members of each of the 3 cohorts. These included
age, sex, adjusted family income status (Can$16 000,
>Can$16 000 to  <Can$22 000, and >Can$22 000 as defined
by premium subsidy levels),38 number of days with a physician
visit, number of acute hospitalizations, number of different
diagnoses at the 3-digit ICD code root level, Charlson comor-
bidity index,39 history of MI, congestive heart failure (hospi-
talization with ICD-9 code 425 or 428 plus a prescription for

a loop diuretic or digoxin), angina (visit with ICD-9 code 411
or 413 or a nitrate prescription), revascularization procedure,
diabetes (visit with ICD-9 code 250 or 357 plus 2 insulin or
oral antiglycemic prescriptions), peripheral vascular disease
(visit with ICD-9 code 440), and cerebrovascular disease
(visit with ICD-9 codes 433, 434, or 436). For the adherence
analysis, the covariate assessment period was 12 months. For
the β-blocker initiation analysis post-MI, it was 6 months, and
the presence or absence of hypertension was assessed as a base-
line covariate. Income status was imputed based on Medical
Service Plan subsidy level, which is a good proxy for family
adjusted income, although it tends to slightly underestimate
the proportion of elderly in low-income strata.38

Statistical Analyses
Policy Effects on β-Blocker Adherence. Time trends of

monthly adherence proportions were plotted for all 3
cohorts and aligned at the first day of the cohort entry peri-
od to achieve comparability of trends. We used segmented
linear regression to estimate sudden changes in slopes or
levels of the monthly probability of patients being nonad-
herent, ranging from 0 to 1. To estimate changes in level
and slope attributable to the policy, we used regression mod-
els that included a constant term, a linear time trend
(months 0-5), a binary indicator for a 3-month transition
period (months 6-8), a binary indicator for the postpolicy
period starting at month 9, and linear time trends for the
transition and postpolicy periods.40 The 3-month transition
period was evaluated because the median prescription
length, 90 days, suggested that policy effects might be
delayed; however, it was later dropped because we could not
observe any significant effect of the transition phase. Policy
effects were determined as interaction terms between policy
indicators and the level and slope parameters. This analysis
leads by design to an underestimation of the decline in
adherence during the cohort entry period because of the
varying time of cohort entry; however, it does provide valid
and most efficient estimates of the policy effects on adher-
ence. We used a longitudinal repeated measures design
and adjusted standard errors using generalized estimating
equations,41 assuming an autocorrelated covariance struc-
ture with a 1-month lag period,42 and assumed normally
distributed errors. This linear model estimated absolute
percent change, which we thought was the most clinical-
ly meaningful effect measure. The normal approximation
of a binomial error distribution in a regression model may
lead to slightly larger standard errors. (All models are
described in detail in the Appendix and can be viewed at
www.ajmc.com). 
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Policy Effects on β-blocker Initiation After Acute MI.
We used a segmented linear regression analysis to model the
proportion of β-blocker initiations after MI among those
patients without pre-MI β-blocker exposure as a function of
the copayment and coinsurance policies, adjusted for the con-
founders listed above and the Pennsylvania control popula-
tion. Multiplicative interaction terms between the indicator
term for the British Columbia policy interventions and region
indicators (British Columbia vs Pennsylvania) can be inter-

preted as a time-trend adjusted estimate of the proportions of
β-blocker initiators after MI. 

Ethics Approval
The human subjects review boards of the Brigham and

Women’s Hospital and the University of Victoria approved
the study. Data use agreements were in place with the
Ministry of Health in British Columbia and the Centers for
Medicare & Medicaid Services.
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n Table. Baseline Characteristics for 3 Cohorts of Subjects With a Hypertension Diagnosis Who Initiated 
β-blocker Therapy*  

Cohort 2 Cohort 3
Cohort 1 ($10-$25 (25% P Values of

Characteristic (Baseline) Copayment) Coinsurance) χ2 Test

No. of subjects 4079 4105 5009

Age, y

Mean (SD) 74.4 (6.5) 74.4 (6.5) 74.6 (6.7)

65-70 1339 (32.8) 1364 (33.2) 1617 (32.3) 0.52

71-75 1113 (27.3) 1082 (26.4) 1334 (26.6)

76-80 872 (21.4) 904 (22.0) 1064 (21.2)

81+ 755 (18.5) 755 (18.4) 994 (19.8)

Female sex 2500 (61.2) 2470 (60.1) 2916 (58.7) 0.02

Annual income (Can$)

>22 000 2472 (60.7) 2493 (60.9) 3199 (63.9) 0.01

>16 000-22 000 455 (11.2) 448 (10.9) 488 (9.8)

<16 000 1148 (28.2) 1155 (28.2) 1316 (26.3)

Use of additional antihypertensive agents 804 (19.7) 818 (19.9) 924 (18.5) 0.15

No. of physician visit days

0-7 581 (14.2) 547 (13.3) 739 (14.8) 0.15

>8 3498 (85.8) 3558 (86.7) 4270 (85.3)

Hospitalization 1131 (27.7) 1116 (27.2) 1306 (26.1) 0.19

No. of different diagnoses

0-5 925 (22.7) 914 (22.3) 1190 (23.8) 0.21

>6 3154 (77.3) 3191 (77.7) 3819 (76.2)

Charlson Comorbidity Index

0-3 3821 (93.7) 3802 (92.6) 4652 (92.9) 0.14

>4 258 (6.3) 303 (7.4) 357 (7.1)

Prior MI 329 (8.1) 305 (7.4) 365 (7.3) 0.35

Prior CHF 31.7 (5.1) 184 (4.5) 259 (5.2) 0.29

Prior angina 720 (17.7) 694 (16.9) 861 (17.2) 0.67

Prior revascularization 143 (3.5) 164 (4) 215 (4.3) 0.16

Diabetes 326 (8.0) 364 (8.9) 489 (9.8) 0.01

Peripheral vascular disease 107 (2.6) 107 (2.6) 157 (3.1) 0.22

Cerebrovascular disease 152 (3.7) 159 (3.9) 196 (3.9) 0.89

*Values are number (%) except where specified. 
SD indicates standard deviation; MI, myocardial infarction; CHF, congestive heart failure.



RESULTS 

The number of new starters increased
over time from 4079 (baseline), to 4105
(copayment  cohort), to 5009 (coinsur-
ance cohort) (Table). There was very
little change in the distribution of
patient characteristics except for a slight
increase in diabetes rates over time, a
decrease in the percentage of women,
and a slight upward shift in income dis-
tribution. About 5% of cohort members
were censored due to death or loss of eli-
gibility for the provincial healthcare
system.

Patients identified with acute MIs
during the study period (9118) were
older (78 ± 7.2 years) than the group
of all β-blocker initiators. They had the
following frequencies of pre-existing
conditions: diabetes (7.4%), hyperten-
sion (26.7%), angina (12.6%), conges-
tive heart failure (5.7%), peripheral
vascular disease (1.9%), cerebrovascular
disease (2.2%), prior MI (7%), and prior
revascularization (1.5%). The Pennsylvania control popula-
tion (6080) was older than the British Columbia acute MI
population (82 ± 7.3 years) and had more comorbidities,
including diabetes (14.3%), hypertension (50%), congestive
heart failure (9.9%), peripheral vascular disease (10.1%),
cerebrovascular disease (12.1%), and prior MI (16.6%). Rates
of angina (13%), and prior revascularization (1%) did not dif-
fer from those in the British Columbia population. 

Among β-blocker initiators there was a sharp reduction in
adherence in the 6-month cohort entry periods in all 3
cohorts (−6.3% per month, P < .0001). This decline stabilized
after 9 months (Figure 2), with the rate of decrease in adher-
ence falling to ~1% per month in all 3 cohorts. The drop in
adherence level at the third month after the policy changes
was slightly greater in the copayment cohort (−1.3 percentage
points; 95% confidence interval [CI] = −2.5, −0.04) than in
the baseline cohort after adjusting for patient characteristics.
There was no difference between the coinsurance and base-
line cohorts (−0.08 percentage points; 95% CI = −2.0, 0.3).
Low-income subjects had lower adherence levels than higher-
income subjects in all 3 cohorts (−2.6 percentage points; 95%
CI = −4.6, −0.6). This trend was neither improved nor exac-
erbated by the policy changes. Similarly, the tendency for sub-
jects with a prior MI or revascularization to be more adherent

(6.2 percentage points; 95% CI = 3.5, 9.4) was not affected by
the policy changes. 

The proportion of new initiations of β-blocker therapy
after acute MI remained constant over time at about 61% in
both British Columbia and Pennsylvania (Figure 3). This
trend was not interrupted by the 2 policy changes in British
Columbia after adjusting for the Pennsylvania time trend.

DISCUSSION

β-Blockers are effective drugs to treat hypertension and
reduce the risk for MI, cardiac mortality, and stroke.43,44

However, adherence with β-blocker therapy has been consis-
tently found to be far from optimal, even in populations with
full drug insurance coverage.24,26 It was speculated that patient
copayments may worsen this already unfavorable situation.

This evaluation of a population-based natural experiment
with older adults found that adherence to newly initiated β-
blocker therapy was only minimally compromised by a fixed
copayment policy and a subsequent coinsurance policy.
Although a 1% drop in adherence seems negligible, it was
shown that reducing the population average blood pressure by
only 2 mm Hg may have a large population impact in terms of
the number of avoided cardiovascular events because of the
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n Figure 2. Monthly β-blocker Adherence for the Baseline, Copayment,
and Coinsurance Cohorts* 
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high prevalence of hypertension in elderly patients.45

Initiation of β-blocker therapy after acute MI was not affect-
ed by these cost-sharing policies and increased at a rate com-
parable to that observed in a control population with
uninterrupted full drug coverage. 

A subgroup analysis in low-income patients and patients
with prior MI or revascularization showed that the cost-sharing
policies did not further compromise the generally decreasing
adherence to β-blockers over time. These findings are in con-
trast to earlier findings that any cost-sharing policies will reduce
drug use.5-14 This discrepancy may be explained by the availabil-
ity of low-cost β-blockers in British Columbia. The median
spending, including insurance and out-of-pocket spending, for a
90-day β-blocker supply in our study was $29 under full cover-
age, and $22 and $23 under cost sharing, indicating that
patients switched to lower-cost β-blockers. Adherence to
statins, a much more expensive medication group treating a
largely asymptomatic condition, was much more affected by
patient cost sharing.46 Price elasticity for drugs was shown earli-
er to be relatively low,47,48 particularly for drugs used to treat
chronic cardiovascular conditions as opposed to drugs used
for fast symptom relief.49 If ingredient costs are low, it can be
expected that patients will continue using β-blockers, despite a
slightly increased out-of-pocket contribution. 

Time trend analyses or repeated cohort designs are consid-
ered valid study designs to study short-term effects of drug pol-

icy changes by adjusting for most time-
invariant confounders.50,51 A potential
threat to validity in such designs when
studying longer-term effects is the pres-
ence of underlying utilization time
trends independent of the policy inter-
ventions, which is why we adjusted for
time trends in secondary-prevention use
of β-blockers and compared any poten-
tial changes in trend with similar
changes in a comparable population
who did not have drug cost sharing. 

Another concern is other interven-
tions that took place at the time of the
study intervention. We found a contin-
uous increase in patients with recorded
diabetes even before initiation of the
disease management program that was
adjusted for in our analysis. β-blocker
stockpiling also could not have distorted
our result because we accounted for the
quantity dispensed when we calculated
adherence and discontinuation. 

In conclusion, fixed patient copayment and coinsurance
policies had little negative effect on adherence to relatively
inexpensive β-blocker therapy or the initiation of β-blockers
after acute MI.
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n Figure 3.Time Trend of β-blocker Initiation Rates Among Subjects Who
Had a Myocardial Infarction in British Columbia*
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