The New England Journal of Medicine

Special Article

OUTCOMES OF REFERENCE PRICING FOR ANGIOTENSIN-CONVERTING-
ENZYME INHIBITORS

SEBASTIAN ScHNEEWEISS, M.D., ALEXANDER M. WALKER, M.D., RoBERT J. GLYNN, PH.D., MaLcoLm MAcCLURE, Sc.D.,
CoLiN DorMUTH, ML.A., AND STEPHEN B. SoumERAI, Sc.D.

ABSTRACT

Background In January 1997, reference pricing for
angiotensin-converting—enzyme (ACE) inhibitors for
patients 65 years of age or older was introduced in
British Columbia, Canada. For medications within a
specific class, insurance covers the cost up to the ref-
erence price, and patients pay the extra cost of more
expensive medications. Although reference pricing
may reduce the costs of prescription drugs, there is
concern that patients may switch to less effective
medications or stop treatment.

Methods \We analyzed data from the Ministry of
Health on all 37,362 residents of British Columbia who
were 65 or older and were enrolled in the provincial
health insurance program, received ACE inhibitors
priced higher than the reference price of $27 a month
in 1996, and were potentially affected by the new pol-
icy. We identified 5353 residents who switched to an
ACE inhibitor not subject to cost sharing during the
first six months and compared them with 27,938 res-
idents who received only ACE inhibitors subject to
cost sharing.

Results Reference pricing for ACE inhibitors was
not associated with changes in the rates of visits to
physicians, hospitalizations, admissions to long-term
care facilities, or mortality. The probability of stopping
antihypertensive therapy decreased as compared with
the probability before the change in policy (relative
risk, 0.76; 95 percent confidence interval, 0.65 to 0.89).
Eighteen percent of patients who had been prescribed
ACE inhibitors subject to cost sharing switched to low-
er-priced alternatives. As compared with patients who
did not switch, those who did had a moderate transi-
tory increase in the rates of visits to physicians (rate
ratio, 1.11; 95 percent confidence interval, 1.07 to 1.15)
and hospital admissions through the emergency room
(rate ratio, 1.19; 95 percent confidence interval, 0.99 to
1.42) during the two months after switching, but not
subsequently.

Conclusions We found little evidence that when ref-
erence pricing for ACE inhibitors was introduced in
British Columbia, patients stopped treatment for hy-
pertension or that health care utilization and costs in-
creased. (N Engl J Med 2002;346:822-9.)
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N the United States, $117 billion — that is, 8.9

percent of overall health care expenditures — was

spent for prescription drugs in 2000.! Drug ex-

penditures grew 2.5 to 3 times as fast as total
health care expenditures between 1998 and 20003
and are about to exceed hospital expenditures for some
health plans.* Recently, reference pricing has been
suggested as a cost-control mechanism for proposed
Medicare drug benefits.

Reference pricing is based on the assumption that
medications within a specific class are interchangeable
and a common level of reimbursement can be estab-
lished. If a physician prescribes a medication priced
higher than the reference price, the patient is required
to pay the difference. Typically, the cost of drugs priced
at or below the reference price is fully covered by in-
surance.

The main issues of concern about reference pric-
ing are that patients may switch to less effective med-
ications, become noncompliant, see their physician
more frequently, or be hospitalized more frequently.6”
For example, an uncontrolled study found an increase
in thrombotic vascular complications when patients
switched from simvastatin to fluvastatin under a sys-
tem of reference pricing in New Zealand.® Studies of
fixed copayments for prescriptions have reported re-
ductions in overall drug use (e.g., the number of pre-
scriptions filled) of 5 to 10 percent.”13 Nonetheless,
there are almost no rigorous evaluations of the effect
of reference pricing on health care utilization or
costs.1+15 We studied the consequences of reference
pricing for angiotensin-converting—enzyme (ACE)
inhibitors, a class of antihypertensive medications
that are particularly effective in patients with con-
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gestive heart failure,'¢ diabetes,!” or chronic renal
discase.18

METHODS
Patients

Beginning on January 1, 1997, residents of British Columbia,
Canada, 65 years of age or older were fully covered for the least ex-
pensive ACE inhibitors — captopril (Capoten), quinapril (Accupril),
and ramipril (Altace). Benazepril (Lotensin), cilazapril (Inhibace),
enalapril (Vasotec), fosinopril (Monopril), and lisinopril (Prinivil,
Zestril) were covered up to a maximum of $27 per month. For these
medications subject to cost sharing, patients paid an extra $2 to
$62 for a one-month supply. Previously, the costs of all these med-
ications had been covered in full.1?

In 1995, reference pricing for nitrates, histamine H, blockers,
and nonsteroidal antiinflammatory medications was instituted in
British Columbia. In 1997, reference pricing for calcium-channel
blockers was also introduced. We analyzed changes in expenditures
and the rates of health care utilization, admissions to long-term care
facilities, and mortality after the introduction of reference pricing
for ACE inhibitors among elderly patients in British Columbia. The
requirement for reference pricing had generous exemptions, includ-
ing frailty or previous failure of treatment. Thirty-nine percent of
those potentially affected obtained individual exemptions as “frail
elderly patients.” No other major health policy interventions were
initiated during the study period.

All residents of British Columbia who are 65 or older are eligible
for publicly funded health care, including pharmaceutical benefits,
with prescriptions limited to a 100-day supply. For all prescriptions,
the medications, dose, and dispensed quantity are entered into a
single computer by retail pharmacists through a province-wide net-
work. Underreporting and misclassification appear to be minimal.2°
The Ministry of Health holds data on all drug claims, physicians’
claims for services in offices and hospitals, hospitalizations, admis-
sions for long-term care, and deaths for the study cohort. Up to 16
diagnoses for hospital discharges and 1 diagnosis for each medical
service were coded in the data base. A previous report indicated
high accuracy and completeness of data on health care utiliza-
tion.2! The human-subjects review boards of Harvard Medical
School, the Harvard School of Public Health, Brigham and
Women’s Hospital, and the University of British Columbia ap-
proved the protocol. The Ministry of Health supplied complete
data bases linked by a unique, anonymous study number assigned
to each patient.

We selected a cohort of all 59,074 patients who were 65 or older
in December 1995, who received an ACE inhibitor between De-
cember 1995 and March 1996, and who were not in a long-term
care institution at the time of their first use of an ACE inhibitor.
The population was further restricted to 37,362 patients who were
recipients of higher-priced drugs that required cost sharing after
the change in policy and who were not using any medications to
treat diabetes or asthma, since patients taking such drugs were ex-
empt from the policy.

The subgroup of 5353 “switchers” who received an ACE inhib-
itor subject to cost sharing during the four months before the
change in policy and started an ACE inhibitor not subject to cost
sharing during the first six months after the implementation of ref-
erence pricing was compared with a subgroup of 27,938 patients
who received only ACE inhibitors subject to cost sharing (“non-
switchers”) during both periods. Data collection stopped in June
1998. The remaining 4071 patients were the 1015 who stopped
all drug therapy for hypertension and the 3056 who switched from
ACE inhibitors to other antihypertensive medications.

Statistical Analysis

To compare trends in health care utilization in switchers and non-
switchers for the period from 10 months before to 10 months after
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the date of the switch, we used a longitudinal repeated-measures de-
sign. Each patient was assigned an index date; the index date for
switchers was the day of switching from ACE inhibitors subject
to cost sharing to those not subject to cost sharing between Novem-
ber 1, 1996 (the time the policy was announced), and June 30,
1997. The index date for nonswitchers was the first date that an
ACE inhibitor subject to cost sharing was dispensed between Jan-
uary 1, 1997, and June 30, 1997.

For each of 10 30-day intervals before and after the index date,
event rates were calculated for days on which patients visited a phy-
sician, hospital admissions through an emergency room, nonemer-
gency hospital admissions, and admissions to long-term care fa-
cilities. We divided the sum of all events by the total number of
cligible patients for each period. Admissions to long-term care facil-
ities were treated as one-time events because patients almost never
returned to the community. We compared event rates for switchers
for each 30-day period with the corresponding rates for nonswitch-
ers using Poisson regression models that included interactions be-
tween switching status (switching vs. nonswitching) and indicators
for the 30-day initiation period before the index date, the early pe-
riod (2 30-day periods after the index date), and the late period
(3 to 10 30-day periods after the index date).!222¢ Other covar-
iates included in the models were age in years at the beginning of
cach 30-day interval, sex, household adjusted income (<$11,000 vs.
>$11,000 per year), and chronic disease score? computed from
prescription medications used during a specified three-month peri-
od and the preceding three months. The chronic disease score rang-
es from 0 to 35, with an increase in score indicating a decrease in
health status.26 Thus, a new chronic disease score was computed for
every quarter and treated as a time-varying covariate. Additional
covariates included the diagnoses of coronary heart disease, heart
failure, or chronic renal failure (a primary diagnosis at hospital dis-
charge or three claims for physician services with International Clas-
sification of Diseases?” codes for the above diagnoses).

To further control for differences between switchers and non-
switchers, we adjusted for quintiles of a score for the propensity to
switch medications.282 The propensity to switch was calculated as
the linear predictor of a logistic regression that modeled switching
as a function of characteristics of patients and physicians, prior health
care utilization, expenditures, chronic disease scores,?s and statisti-
cally significant interactions. The propensity score had slight predic-
tive power (¢=0.60; a ¢ score of 0.5 indicates random prediction
of future switching, and a ¢ score of 1.0 indicates perfect predictive
power®?). We combined prognostic covariates and propensity scores
in our multivariate models for increased robustness against selection
bias.3! We estimated the relative rates of utilization as compared with
base-line rates in switchers and nonswitchers with 95 percent con-
fidence intervals.

We corrected for overdispersion by including a scale parameter.32
Within-patient correlation between the repeated events was correct-
ed for with the use of the generalized estimating equations.3? Be-
cause of the delay between switching and events, an autoregressive
covariance structure with lags of one month was adopted.?* We
modeled payments for physicians’ services in a linear regression as-
suming gamma-distributed errors for the right-skewed distribution
of payments in Canadian dollars.3s

The large number of study patients provided sufficient statistical
power to detect a 3 percent change in the overall rate of visits to
physicians.36 Any increase in health care utilization among people
who switched ACE inhibitors would be diminished by the constant
utilization among the majority of patients who did not switch and
thus reduced the statistical power.3”

We computed standardized mortality ratios to control for strong
scasonal variation in mortality by dividing the monthly mortality
rates for the study cohort by the monthly mortality rates for all oth-
er residents of British Columbia who were 65 years or older during
the same time period. The standardized mortality ratios were further
adjusted for age and sex and reported with their 95 percent con-
fidence intervals.38
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RESULTS

The base-line characteristics of the switchers and
nonswitchers are shown in Table 1. Table 2 shows the
overall effect of the policy on the 37,362 people in
the cohort. After seasonal variation was accounted for,
there were no significant changes in health care utili-
zation. The probability of discontinuing antihyperten-
sive therapy after the implementation of reference pric-
ing was lower than the probability before the change
in policy (relative risk, 0.76; 95 percent confidence in-
terval, 0.65 to 0.89). Eighteen percent of patients re-
ceiving ACE inhibitors subject to cost sharing switched
to lower-priced alternatives. Four percent of patients
receiving ACE inhibitors not subject to cost sharing
switched to higher-priced drugs during the first six
months of the policy. There was no significant differ-
ence between switchers and nonswitchers in the pro-
portion of patients who continued therapy with
ACE inhibitors six months after the implementation
of reference pricing (89.5 percent vs. 89.2 percent,
P=0.50).

Visits to Physicians

Switchers had an 11 percent increase in visits to
physicians (95 percent confidence interval, 7 to 15 per-
cent) as compared with nonswitchers during the two
months after switching (Table 3). Both switchers and
nonswitchers had additional visits to physicians just
before the index date to receive or change prescrip-
tions. There was a 39 percent decrease in the median
time between two prescriptions for antihypertensive
medications during the first three months after switch-
ing — from 82 days to 50 days. The increase in visits
to physicians among switchers after the index date was
specific to cardiovascular conditions. It was not found
for acute respiratory infections, which are common
during winter and spring (Fig. 1). Three months after
switching, the rates of visits to physicians in switchers
and nonswitchers were the same (Table 3).

Hospitalizations

Although switchers appeared to have a higher rate
of hospital admissions through emergency rooms for
the first two months after the change in policy (rate
ratio, 1.27; 95 percent confidence interval, 1.07 to
1.51), the association was no longer significant after
adjustments were made for hospitalizations in the
three months before switching (rate ratio, 1.19; 95
percent confidence interval, 0.99 to 1.42). The rate
ratio for the entire period after the change in policy
was 1.03 (95 percent confidence interval, 0.92 to 1.14)
(Table 3). Analyses of patient subgroups defined by a
low income, a high chronic disease score, or diagnoses
of coronary heart disease, heart failure, or renal failure
did not show any group-specific effects of the policy
on any of the outcomes we studied (data not shown).
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TABLE 1. BASE-LINE CHARACTERISTICS OF THE 33,291 PATIENTS
WHO RECEIVED ACE INHIBITORS BEFORE AND AFTER
THE IMPLEMENTATION OF REFERENCE PRICING.

SwiITcHERS ~ NONSWITCHERS

CHARACTERISTIC (N=5353)* (N=27,938)t P VALUE

no. (%)

Sex <0.001
Female 3150 (59.9) 15,201 (55.5)

Male 2108 (40.1) 12,188 (44.5)

Age in April 1996 <0.001
65-70 yr 1253 (23.7) 7,277 (26.5)

71-75 yr 1428 (27.0) 7,332 (26.7)
76-80 yr 1185 (22.4) 6,097 (22.2)
=81 yr 1422 (26.9) 6,727 (24.5)

Annual income§ <0.001
High (>$19,000) 2827 (55.2) 15,671 (57.7)
Moderate ($11,001-$19,000) 771 (15.1) 3,823 (14.1)

Low ($0-$11,000) 1521 (29.7) 7,681 (28.3)

No. of hospitalizations through

the emergency room¢
0-4 4720 (89.8) 24,802 (90.5)
=5 536 (10.2) 2,604 (9.5)

No. of visits to a physician{

0-4 963 (18.4) 5,001 (18.4)
=5 4268 (81.6) 22,181 (81.6)

No. of different diagnoses{||
0-4 2898 (54.6) 15,023 (54.4)
=5 2410 (45.4) 12,592 (45.6)

Chronic disease score** <0.001
0-4 2778 (51.9) 13,550 (48.5)
=5 2575 (48.1) 14,388 (51.5)

Diagnosis
Coronary heart disease 958 (17.9) 5,196 (18.6)

Heart failure 1226 (22.9) 6,482 (23.2)
Chronic renal failure 182 (3.4) 866 (3.1)

*Switchers were defined as patients who received ACE inhibitors subject
to cost sharing during the four months before the implementation of refer-
ence pricing and who received an ACE inhibitor not subject to cost sharing
during the first six months after the implementation of reference pricing.

tNonswitchers were defined as patients who received ACE inhibitors
subject to cost sharing before and during the six months after the imple-
mentation of reference pricing.

tPercentages were calculated on the basis of the number of patients for
whom data were available, except for the percentages for the diagnoses, which
were calculated on the basis of the total number of patients in the study.

§Income is shown in Canadian dollars. To convert to U.S. dollars, mul-
tiply by 0.62.

{Measures based on the rate of health care utilization were assessed dur-
ing the six months before implementation of the policy.

| The classification systems used for diagnoses were those of the ninth
revision of the International Classification of Diseases?”

**Computed on the basis of the use of prescription medication, the
chronic disease score ranges from 0 to 35, with an increase in score indicat-
ing a decrease in health status.26

Admissions to Long-Term Care Facilities and Mortality

Rates of admission to long-term facilities decreased
in switchers as compared with nonswitchers (Table 3).
The monthly mortality rate, adjusted for seasonal vari-
ation, for the cohort of recipients of ACE inhibitors,
which was 20 percent higher than that for all other
residents in British Columbia who were 65 years or
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TABLE 2. CHANGES IN HEALTH CARE UTILIZATION AND COMPLIANCE AFTER THE INTRODUCTION
OF REFERENCE PRICING AMONG THE 37,362 RECIPIENTS OF HIGH-PRICED ACE INHIBITORS
THAT REQUIRED COST SHARING.*

OuTCcoME

AVERAGE BASE-LINE

VALUES (JuLy TO
SEPTEMBER 1996)

CHANGE FROM BASE-LINE TO TRANSITION PERIOD
AFTER IMPLEMENTATION OF THE PoLicy
(JANUARY TO JUNE 1997)

CRUDE RATE RATIO
(95% CI)

MULTIVARIATE ADJUSTED

RATE RATIO (95% CI)t

Visits to a physician 169 1.03 (1.01 to 1.05) 1.01 (0.98 to 1.04)
Hospital admissions through the emergency room 1.96 1.03(1.00t0 1.07)  0.98 (0.91 to 1.04)
Nonemergency hospital admissions 1.25 1.02 (098 t0 1.05)  0.99 (0.94 to 1.05)
Admissions to long-term care facilities (per 10,000 0.184 1.15(1.10 to 1.21) 1.07 (0.96 to 1.19)

patients)

ABSOLUTE DIFFERENCE}
Paid claims for physicians’ services ($) 8,900 12.5 (7.9 to 17.0) 3.7 (-1.1to 8.6)
RELATIVE RISK

Monthly probability of switching from cost-sharing 0.3 21.7 (18.2t0 26.0) —

to non-cost-sharing ACE inhibitors (%)§
Monthly probability of switching from non—cost- 1.6 1.52(1.34t0 1.71) —

sharing to cost-sharing ACE inhibitors (%)§
Monthly probability of stopping all antihyperten- 2.6 0.76 (0.65 to 0.89) —

sive medications (%)§

*The study cohort was followed from July 1996 to June 1997. Rates for visits and admissions were calculated as the
number of events per 100 eligible patients except where noted. Patients’ data were censored at the time the patients died
or emigrated from the province. CI denotes confidence interval.

tRates were adjusted for age, sex, income, chronic disease score, seasonal variation (with the use of an identically de-
fined historical control cohort one year earlier), overdispersion, and autoregression (see the Methods section).

$The change in Canadian dollars is expressed as an absolute difference, not as a ratio.

§We calculated the probability as the percentage of patients who switched or discontinued antihypertensive medications
during the index month among those who were receiving ACE inhibitor therapy at the beginning of the index month.
Patients who discontinued medication were defined as those who had had no antihypertensive medication dispensed dur-
ing the previous six months. We assumed that the last dispensed antihypertensive medication was used by the patient
(with an average three-month supply). Therefore, the date of discontinuation was defined as three months after the last
antihypertensive medication was dispensed. The observation period was extended to September 1997.

TABLE 3. DIFFERENCES IN HEALTH CARE UTILIZATION AND ADMISSION TO LONG-TERM CARE FACILITIES
IN 5353 SWITCHERS AS COMPARED WITH 27,938 NONSWITCHERS. *

RELATIVE CHANGE IN RATE RATIOS BETWEEN SWITCHERS AND
NONSWITCHERS AS COMPARED WITH BASE-LINE VALUES (95% CI)t
LATE PERIOD

(3 To 10 MONTHS
AFTER INDEX DATE)

OuTcomE
INITIATION PERIOD
(1 MONTH BEFORE

INDEX DATE)

EARLY PERIOD
(1 TO 2 MONTHS
AFTER INDEX DATE)

Visits to a physician 1.01 (0.97 to 1.05)  1.11 (1.07 to 1.15)  1.03 (1.00 to 1.06)
Hospital admissions through the emergency room  1.39 (1.20 to 1.61)  1.27 (1.07 to 1.51)  0.97 (0.86 to 1.09)
Nonemergency hospital admissions 1.17 (094 to 1.44) 1.05(0.83 to 1.32)  0.90 (0.77 to 1.05)
Paid claims for physicians’ services ($)t 109 (44t0174) 134 (7.31t019.6) 1.3 (-2.81t05.3)
Admissions to long-term care facilities 0.66 (0.39 to 1.15)  0.45 (0.26 to 0.80)  0.53 (0.35 to0 0.82)

*Values are rates per patient per month. Base-line values were measured 2 to 11 months before the index date. The
index date for switchers was the day of switching from ACE inhibitors subject to cost sharing to ACE inhibitors not
subject to cost sharing. For those who continued to receive drugs subject to cost sharing, the index date was the first day
that an ACE inhibitor was dispensed between January 1, 1997, and June 30, 1997.

tRelative changes in rate ratios were adjusted for age, sex, income, chronic disease score, quintiles of the propensity
score, and a time-varying covariate for prior hospitalizations through the emergency room. A rate ratio of 1.11, for ex-
ample, indicates that for switchers, the rate of the outcome is 11 percent higher than at base line; the rates are adjusted
for an underlying difference between switchers and nonswitchers. CI denotes confidence interval.

$The change in Canadian dollars is expressed as an absolute difference, not as a ratio.
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Figure 1. Average Monthly Number of Visits to a Physician per Patient for Cardiovascular Conditions and Acute Respiratory Infection
in Patients Who Switched from ACE Inhibitors Subject to Cost Sharing to ACE Inhibitors Not Subject to Cost Sharing as Compared

with Patients Who Did Not Switch.

The vertical line indicates the index date — that is, the day of switching, which occurred between November 1, 1996, and June 30,
1997, in those who switched, or the day an ACE inhibitor was first administered, which occurred after January 1, 1997, in those who

received only drugs subject to cost sharing.

older (mortality ratio standardized for age and sex,
1.20; 95 percent confidence interval, 1.00 to 1.44), did
not change after the implementation of reference pric-
ing (P=0.58) (Fig. 2).

Economic Effects

Switchers had a temporary increase in expenditures
for medical services of approximately $11 per patient
(95 percent confidence interval, $4 to $17) just be-
fore switching and of $13 (95 percent confidence in-
terval, $7 to $20) afterward (Table 3); this reflected
the increased number of visits to physicians. Under the
conservative assumption that this difference in expend-
itures between switchers and nonswitchers was due
entirely to the change in policy, the total cost of the
policy in terms of payments to physicians from Oc-
tober 1996 to March 1998 would have been about
$700,000 (95 percent confidence interval, $450,000
to $950,000). This cost was calculated by integrating
payments to physicians that were temporarily above
an average base-line difference of $10 per month be-
tween switchers and nonswitchers. This compares with
savings in expenditures for antihypertensive drugs dur-
ing the first year after the change in policy of about

826 - N Engl ] Med, Vol. 346, No. 11 - March 14, 2002 -

$6.7 million, resulting in a net savings of approxi-
mately $6 million (95 percent confidence interval,
$5.75 million to $6.25 million).

DISCUSSION

Our study was designed to address the concern that
reference pricing of ACE inhibitors may cause discon-
tinuations of antihypertensive therapy and unintend-
ed increases in health care utilization and health care
costs because of inappropriate substitutions of med-
ications.68:3%40 We found little evidence to support
this concern. After reference pricing was implement-
ed, there was no increase in the overall rate of visits to
physicians, hospitalizations, or drug discontinuations.
Despite the high statistical power of our overall analy-
sis, we could have missed an effect on visits to physi-
cians and hospitalizations among the 18 percent of
patients who switched from higher-priced to lower-
priced medications soon after the policy change.

When we examined the effects of switching ACE
inhibitors as a consequence of the change in policy,
as compared with expected outcomes if those patients
had not switched, we found a transitory increase in
visits to physicians and claims for physicians’ services
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The dotted lines indicate the 95 percent confidence intervals. Standardized mortality ratios of over 1.00 indicate that the correspond-
ing cohort has a higher mortality rate than the population in British Columbia excluding the study cohort. Standardized mortality
ratios were calculated by indirect standardization, with adjustment for sex and age.

for the two months after the switch. This may be ex-
plained by the need to see a doctor for a new pre-
scription and increased monitoring by physicians of
the new medication.

Because hospitals excluded ACE inhibitors subject
to cost sharing from their formularies after the im-
plementation of reference pricing,*! patients admit-
ted to hospitals were more likely to switch medica-
tions and because of their prior hospitalization were
more likely to be readmitted. The temporary increase
in hospitalizations after switching was largely explained
by readmissions of patients who were hospitalized
before switching and was based on only two months
of data.

Determining the effects of switching drugs requires
careful attention to the patients affected by the change
in policy. Since patients who did not switch were pre-
sumed to be either sicker (the basis for an exemption)
or to have higher incomes (i.e., to be able to pay the
higher copayment for their drug of first choice), si-
multaneous adjustment was required for factors in-
fluencing the choice and outcomes of therapy.*2 The
data included in the propensity score, particularly be-
fore health care utilization, were not strong enough
predictors of switching to discriminate between pa-
tients who switched and those who did not. Previous
studies suggest that if switching is not related to pri-
or health care utilization (a marker for health status),

N Engl ] Med, Vol. 346, No. 11

it is most likely related to the preferences of patients
or physicians.** We believe our control for selection
bias was adequate because the best predictor of health
care utilization is prior health care utilization, which
we measured in many ways. The association between
the preferences of patients or physicians and switch-
ing remains unclear. Preferences are unlikely to cause
sudden changes in health care utilization as compared
with base-line utilization. Our longitudinal design,
comparing changes in trends between the two groups,
controlled for unmeasured confounding, because it
can be reasonably assumed that differences in out-
comes caused by selection factors are the same before
and after the index date.

Taking the savings in drug expenditures and the
increase in physicians’ services into account, we esti-
mated the net savings from the policy to be $6 mil-
lion Canadian during the first 12 months of reference
pricing. This estimate is conservative, because it does
not include the savings for patients who initiated ACE-
inhibitor therapy after reference pricing began.

We found similar results in vulnerable groups of
the elderly, including those patients with low income,
chronic diseases, or diagnoses of myocardial infarction
or heart failure at base line. However, the diagnostic
information in the claims data might be too crude to
identify these groups reliably. In general, misclassifi-
cation of patients according to risk factors at base line
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attenuates the contrast between subgroups and de-
creases the power to detect adverse effects.

Our findings apply to the approach to reference
pricing in British Columbia during a period of stabil-
ity of health services in the province. That a relative-
ly small proportion of patients switched ACE inhib-
itors is due mainly to the fact that the reference price
was set at $27 per month and was independent of
dose. Therefore, low doses of the drugs that were sub-
ject to cost sharing were fully covered, and the policy
disproportionally affected patients needing higher dos-
es. Another contribution to the low switching rate was
the fact that about two fifths of patients who were
potentially affected obtained individual exemptions as
“frail elderly patients” through prior approval. Thus,
our findings may not be generalizable to similar sys-
tems that lack such generous exemptions, such as
three-tiered copayment systems in some health main-
tenance organizations in the United States.

The analysis is restricted to ACE inhibitors, a fre-
quently prescribed and important class of medications
for the treatment of hypertension and congestive heart
failure. ACE inhibitors have a low within-class variabil-
ity of effectiveness and thus represent particularly safe
candidates for reference pricing. More caution may
be necessary for other drug classes, such as calcium-
channel blockers, in which there are more pharmaco-
logic differences between the most common agents
— verapamil, diltiazem, and the dihydropyridines. Our
study focuses on the short-term outcomes of the
change in policy. Longer-term data would be desirable
but would also be difficult to attribute to one interven-
tion, since many patient-level and system-level factors
change over longer periods of observation. We could
not directly measure all changes in the health status
of patients but only changes that led to contact with
health care professionals. Future research should in-
clude direct measures of health outcomes and ran-
domized control groups to rule out potential selec-
tion biases.
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