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Abstract

Background: Increasing copayments for higher-priced prescription medications has
been suggested as a means to help finance drug coverage for elderly patients,
but evaluations of the impact of such policies are rare. The objective of this
study was to analyze the effect of reference-based pricing of angiotensin-
converting enzyme (ACE) inhibitors on drug utilization, cost savings and poten-
tial substitution with other medication classes.

Methods: We analyzed 36 months of claims data from British Columbia for 2 years
before and 1 year after implementation of reference-based pricing (in January
1997). The 119 074 patients were community-living Pharmacare beneficiaries
65 years of age or older who used ACE inhibitors during the study period. The
main outcomes were changes over time in use of ACE inhibitors, use of anti-
hypertensive drugs and expenditures for antihypertensive drugs, as well as pre-
dictors of medication switching related to reference-based pricing.

Results: We observed a sharp decline (29%) in the use of higher-priced cost-shared
ACE inhibitors immediately after implementation of the policy (p < 0.001). After
a transition period, the post-implementation utilization rate for all ACE inhibitors
was 11% lower than projected from pre-implementation data. However, overall
utilization of antihypertensives was unchanged (p = 0.40). The policy saved
$6.7 million in pharmaceutical expenditures during its first 12 months. Patients
with heart failure or diabetes mellitus who were taking a cost-shared ACE in-
hibitor were more likely to remain on the same medication after implementation
of reference-based pricing (OR 1.12 [95% confidence interval, CI, 1.06–1.19]
and 1.28 [95% CI 1.20–1.36] respectively). Patients with low-income status
were more likely than those with high-income status to stop all antihypertensive
therapy (OR 1.65 [95% CI 1.43–1.89]), which reflects a general trend toward
discontinuation of therapy among these patients even before implementation of
reference-based pricing.

Interpretation: Reference-based pricing in British Columbia achieved a sustained
reduction in drug expenditures, and no changes in overall use of antihyperten-
sive therapy were observed. Further research is needed on the overall health
and economic effects of such policies.

Drugs are consuming an increasing share of Canada’s health care dollar, and
they now represent the second largest category of health expenditures after
hospital services. In 2000, Canadian expenditures on prescription drugs

had reached Can$11.4 billion, exceeding spending for physician services and repre-
senting a 10.3% increase from 1999.1 Spending for prescription drugs in the
United States was US$78.9 billion dollars in 1997, which represented 8% of overall
health care expenditures at the time, and these costs have been growing 2.5 to 3
times faster than total health care expenditures since then.2–4 People 65 years of age
and older receive about 40% of all prescriptions.5

The increasing number of policies to contain drug expenditures in North
America6 and Europe, including differential cost-sharing, have not been without con-
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troversy. A common form of differential cost sharing is
reference-based pricing,7 whereby only the cost of a specific,
less expensive “no-cost” drug within a therapeutic class is
covered by drug benefit plans. For more costly drugs in the
same therapeutic class, the patient must pay the difference
between the reference price and the actual cost. Reference-
based pricing is founded on the assumption that medication
classes with therapeutic equivalence can be identified.

Critics of reference-based pricing argue that it may be im-
possible to identify therapeutically equivalent medications8

and that patients may switch to a less effective, low-cost
treatment in critical circumstances, may reduce compliance
or may stop therapy if they have to pay for their drugs. Such
switching may be associated with more frequent visits to the
physician, more medical procedures and more frequent hos-
pital admissions.9–17 Access to specific medications may be
disproportionately reduced among low-income or elderly
patients.18 A recent time-series study found that a 25% cost-
sharing policy for prescription drugs (up to an income-
dependent deductible) in Quebec led to a 9.1% reduction in
the use of essential drugs and increased by 14.2% the num-
ber of emergency department visits by elderly patients.19

Angiotensin-converting enzyme (ACE) inhibitors are ef-
fective antihypertensive medications that are also considered
first-line agents for treatment of congestive heart failure in
elderly patients.20–26 They also have benefits after recent my-
ocardial infarction27,28 and for patients with diabetes or other
chronic renal diseases.29,30 Although ACE inhibitors are com-
monly affected by differential cost-sharing policies, no data
are available on the effects of such policies on utilization of
these agents, particularly in subgroups of patients with heart
failure, recent myocardial infarction or diabetes. It is essen-
tial that cost-containment policies not reduce adherence to
antihypertensive drug therapy, which is already low.31

The British Columbia government introduced refer-
ence-based pricing for ACE inhibitors on Jan. 1, 1997.
Costs for captopril, quinapril and ramipril were covered by
the reference price of $27 per monthly supply. For other
ACE inhibitors, patients paid any difference between the
reference price ($27) and the actual drug cost.32

Physicians can request individual exemptions in cases of
intolerance to the drug or treatment failure or if the patient is
frail; 98% of such requests are approved.33 Prescriptions by
cardiologists and pulmonary specialists are not affected by the
policy. Patients with diabetes or asthma, as identified by their
medication use, receive a general exemption from the policy.

We studied the impact of reference-based pricing on
utilization of ACE inhibitors by elderly patients in British
Columbia, expenditures for these drugs and switching of
medications.

Methods

For pharmaceutical benefits within British Columbia’s publicly
funded health care system, the substance, the dose and the num-
ber of pills dispensed are entered into a computer network by

trained pharmacists. Underreporting and misclassification appear
minimal.34 Although previous reports indicate reasonable levels of
accuracy and completeness of diagnostic coding in British Colum-
bia’s health care system,35 misclassification of diagnoses (according
to the International Classification of Diseases, 9th revision [ICD-
9]) is probably similar to that occurring in other research using
administrative databases.36–39 We assembled patient characteristics
and individual drug and health care utilization data by linking
claims databases through personal health numbers.

The study population encompassed patients enrolled in Phar-
macare Plan A, the province-wide pharmaceutical benefits pro-
gram for all community-living residents 65 years of age and older
(approximately 479 000 people in 1995 and 509 000 in 1998).40

We identified all patients for whom at least one ACE inhibitor
was dispensed between January 1995 and June 1998 (n = 119 074).
Patients who immigrated to British Columbia or who turned 65
years during the observation period were included and con-
tributed information starting on the day of immigration or their
65th birthday. For studying the effects of reference-based pricing
on use of and costs for all antihypertensives, we restricted the
study population to people who had been using any ACE in-
hibitor before implementation of reference-based pricing (n =
59 623) (during the period from Oct. 1, 1995, to Mar. 31, 1996).

For each of the 8 ACE inhibitors, we determined the median
monthly dose (MMD, in milligrams) dispensed during the 8-month
period from Nov. 1, 1995, to June 30, 1996, for patients who filled at
least one prescription during a period of 120 days before and a pe-
riod of 120 days after the 8-month period. The MMD was a stan-
dard measure of dose across all available ACE inhibitors (Table
1).41,42 The MMDs were similar to defined monthly doses43 (Table 1).

We plotted trends over time with 95% confidence limits. We
used generalized linear models for repeated measures to estimate
sudden changes in trends or levels of ACE inhibitor use after the
introduction of reference-based pricing. Regression models in-
cluded a constant term, a term for linear time trend before refer-
ence-based pricing, and binary indicators for a 5-month transition
period from Dec. 1, 1996 (immediately after the policy announce-
ment) to Apr. 30, 1997, and for the period after Apr. 30, 1997, to
distinguish trends during the transition phase from any longer-
term effects. We also included 2 linear time trends for those peri-
ods to measure changes in slope after the policy change.17,44,45 Be-
cause of the large number of observations, we assumed normal
distributions of monthly rates. A Durbin–Watson test indicated
autocorrelation of the data.46 Therefore, we assumed autocorre-
lated covariance structures in the regression models. We deter-
mined the statistical significance of regression coefficients with 2-
sided t-tests, and we present slope estimates and percent changes
between predicted and observed trends in utilization of medica-
tion. Two-sided p values for changes in level are reported only for
the point of interruption of the trend lines.

For the analysis of predictors of switching medications, we
constructed a pair of dispensings for each patient, one before and
one after the policy change. The first dispensing of the pair was
defined as the first dispensing of an ACE inhibitor after Sept. 1,
1996, but before Dec. 31, 1996; the second dispensing was de-
fined as the last dispensing of an ACE inhibitor after Jan. 1, 1997,
but before June 30, 1997. Patients who stayed on a high-priced
cost-shared ACE inhibitor after implementation of reference-
based pricing were subclassified as those with a policy exemption
and those making a copayment. Some patients switched from a
cost-shared drug to a no-cost drug. Among patients without a sec-
ond dispensing of an ACE inhibitor, as defined above, we identi-
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fied those who switched from a cost-shared ACE inhibitor to an-
other antihypertensive and those who stopped all antihypertensive
therapy for at least 6 months but were still eligible for pharmaceu-
tical benefits and had not been admitted to hospital.

The characteristics of patients in each of these 5 utilization
groups were compared with those of all remaining patients in 5
multiple logistic regression models. Thus, 4 utilization groups
(excluding the group of interest) were collapsed to form the com-
parison group for each analysis. Multiplicative interaction terms
were tested and rejected at an alpha level of 10%. Odds ratios and
95% confidence intervals are reported.

Potential predictors of switching were assessed for the 6
months before the policy announcement. These potential predic-
tors were patient’s age and sex; patient’s income status (house-
hold-adjusted annual income based on individual premium-
subsidy codes recorded in the Medical Services Plan database:
high = greater than $19 000, moderate = $11 001 to $19 000, low
= up to $11 000); cost of the drug (excluding dispensing fees) per
MMD; diagnosis of acute or old myocardial infarction (ICD 410
or 412 respectively), diabetes mellitus (ICD 250), heart failure
(ICD 428 or 402) or chronic renal failure (ICD 582–586) coded
during at least 2 ambulatory visits or 1 hospital admission during
the 6-month period; and prescribing physician’s sex and gradua-
tion year. We also defined several comorbidity measures, includ-
ing the number of different 3-digit ICD-9 codes, the chronic dis-
ease score (a health status measure based on a weighted sum of
dispensings of specific classes of prescription medications47,48), and
the number of physician visits, elective admissions to hospital and
emergency admissions during the 6-month period.

Results

The characteristics of the 119 074 patients using ACE
inhibitors were stable during the 42-month observation pe-
riod. Throughout the period, women represented about
57% of the population, with little month-to-month varia-
tion. In the study, 56.4% of the patients had high incomes,

14.2% had moderate incomes and 29.4% were in the low-
est income category (Table 2). The mean age was 73.3
(standard deviation 8.3) years, with a decreasing trend of
0.5 years of age per calendar year.

In January 1995, 1230 MMDs of cost-shared ACE in-
hibitors were dispensed per 10 000 senior citizens (Fig. 1).
The rate of dispensing of cost-shared ACE inhibitors in-
creased by 16 MMDs (1.3%) per month (p < 0.001) before
the reference-based pricing policy become effective in Janu-
ary 1997. After a sharp drop of 462 MMDs (29% of the pre-
dicted value) following the implementation of the policy
(standard error [SE] 2.7%, p < 0.001), the utilization rate sta-
bilized at about 1150 MMDs (38% below the rate projected
for June 1997 on the basis of pre-implementation data).

Utilization of no-cost ACE inhibitors during the pre-
implementation period was 290 MMDs per 10 000 senior
citizens, with a slight upward trend of 2 MMDs (0.7%) per
month (p = 0.012). During the 5-month transition period,
utilization increased by 70 MMDs (24.1%) per month (p <
0.001), reaching 625 MMDs in April 1997 (Fig. 1). This
represents almost a 100% increase over the utilization pre-
dicted for April 1997 (350 MMDs) on the basis of the No-
vember 1996 rate (SE 9.8%, p < 0.001). The median pre-
scription duration for patients who switched to no-cost
ACE inhibitors decreased from 70 to 40 days. After May
1997 the rate of increase for no-cost ACE inhibitors stabi-
lized at 8 MMDs per month (p = 0.007) (Fig. 1).

The overall utilization of ACE inhibitors dropped from
1930 MMDs per 10 000 senior citizens in November 1996
to a mean of 1710 MMDs during the first 3 months after
implementation of the policy (Fig. 1), which corresponds to
an 11.4% decrease (SE 3%, p = 0.02). Utilization then rose
to 1825 MMDs in June 1997. This was still 11.0% below
the value predicted for June 1997 (2050 MMDs) on the ba-
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Table 1: Doses and prescriptions of ACE inhibitors dispensed in British Columbia before
and after implementation of reference-based pricing

Time period; mean no. (and %) of MMDs
dispensed

Drug
MMD
(mg)

DMD
(mg)

Before policy
(August 1996 to
October 1996)

After policy
(May 1997 to

July 1997)

No-cost ACE inhibitors
Captopril 1562.5 1500 7 262 (12.5) 8 700 (12.6)
Quinapril 375.0 450 2 493 (4.3) 10 732 (15.5)
Ramipril 93.8 75 2 246 (3.9) 7 696 (11.1)
Cost-shared ACE inhibitors
Benazepril 325.0 225 617 (1.1) 587 (0.8)
Cilazapril 93.8 75 2 023 (3.5) 2 258 (3.3)
Enalapril 228.1 300 30 940 (53.4) 26 879 (38.9)
Fosinopril 337.5 450 2 807 (4.8) 2 943 (4.2)
Lisinopril 300.0 300 9 489 (16.4) 9 331 (13.5)

Note: ACE = angiotensin-converting enzyme, MMD = median monthly dose for long-term users in British Columbia between November
1995 and June 1996 (see text for further explanation), DMD = defined monthly dose (equivalent to defined daily dose × 30, where the
defined daily dose follows the definition of the World Health Organization).43
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Fig. 1: Changes in utilization of angiotensin-converting enzyme (ACE) inhibitors in British Columbia senior citizens (residents at
least 65 years of age). The thick vertical line marks the introduction of reference-based pricing; the 2 thinner flanking lines en-
compass the 5-month transition period. Utilization rates are adjusted for the length of individual months.
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Fig. 2: Changes in utilization of antihypertensive medications for a cohort of 59 623 patients who used any ACE inhibitor from
Oct. 1, 1995, to Mar. 31, 1996. The analysis adjusted for dropouts because of death, admission to long-term care or emigration
during follow-up. The vertical line marks the introduction of reference-based pricing. Utilization rates are adjusted for the
length of individual months.
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sis of the pre-implementation trend (1.3% increase per
month). The rate of increase after implementation, 8
MMDs (0.5%) per month, was slightly but not significantly
lower (p = 0.14) than the pre-implementation trend (Fig. 1).

In the cohort of 59 623 patients who used any ACE in-
hibitor between Oct. 1, 1995, and Mar. 31, 1996, we ob-
served a nonsignificant 10% decrease in utilization of anti-
hypertensive medications in January 1997 (p = 0.15
compared with the value predicted for January 1997 on the
basis of November 1996 data; Fig. 2). In June 1997, utiliza-
tion was 7% below the projected level. The post-
implementation trend in antihypertensive use increased
marginally faster than the pre-implementation trend (+0.12

and +0.07 defined monthly dose per month, p = 0.54).
There was no change in use of antihypertensives (p = 0.40).

Of the 48 355 patients who were receiving a cost-shared
ACE inhibitor before implementation of reference-based
pricing, 75% stayed on the same cost-shared drug after im-
plementation (and 41% of these had an exemption), 18%
switched to a no-cost ACE inhibitor, 4% switched to an-
other class of antihypertensive medication, and 3% stopped
all antihypertensive drug treatment. The associations of
age, sex, income status and health care utilization with
these switching patterns are presented in Table 3.

Among the 41 793 (86.4%) of these patients with com-
plete covariate information, those with a high chronic dis-
ease score, congestive heart failure or diabetes were more
likely to remain on their cost-shared ACE inhibitor than to
make any of the possible switches (Table 3). Within these
groups, patients with an exemption were even more likely
to stay on their cost-shared ACE inhibitor (Table 3). Older
patients were more likely to switch to a no-cost ACE in-
hibitor (after adjustment for health status). Patients with
low-income status were less likely than those with high-
income status to stay on a cost-shared ACE inhibitor. Pa-
tients who were receiving more expensive ACE inhibitors
(drug cost more than $35/month) were more likely to stop
all antihypertensive medications (with adjustment for in-
come status).

Patients with low-income status were more likely than
those with high-income status to stop all antihypertensive
therapy (Table 4), but these patients were also more likely
to have discontinued therapy 7 and 12 months before im-
plementation of the policy (Table 4).

Before implementation of the policy, utilization of ACE
inhibitors was dominated by more expensive enalapril
preparations (53.5% of total consumption; Table 1). The
policy did not appear to produce a systematic change in
drug prices per MMD across substances (mean change
–$0.15 [SD $0.19] per MMD). In the cohort of 59 623 pa-
tients who used ACE inhibitors between Oct. 1, 1995, and
Mar. 31, 1996, there was a temporal decrease in mean
monthly expenditures for antihypertensive medications,
from $46 per patient in November 1996 to $38 in the first
3 months after implementation of the policy (Fig. 3). In
June 1997, mean monthly expenditure per patient was
$9.40 (19%) less than the expenditure projected from the
pre-implementation trend; the rate of increase ($0.46 per
patient per month) was also slightly lower than the pro-
jected trend.

On the basis of the difference between observed expendi-
tures and expenditures projected from pre-implementation
trends, we estimate that the cost savings to Pharmacare for
all prescription antihypertensive medications was $6.7 mil-
lion in the first year. This does not count potential savings
related to patients who received their first prescription of a
no-cost ACE inhibitor after implementation of the policy,
patients who might have started a more expensive ACE in-
hibitor if there had been no reference-based pricing.

Impact of reference-based pricing on drug utilization
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Table 2: Characteristics of 48 355 patients (and their
prescribing physicians*) who used a cost-shared ACE
inhibitor during the 4 months before implementation
of reference-based pricing in British Columbia

Characteristic No. (and %)

Sex
Female 26 942 (56.9)
Male 20 386 (43.1)
Age (as of October 1996), yr
65–70 12 530 (25.9)
71–75 12 494 (25.8)
76–80 10 562 (21.8)

≥ 81 12 768 (26.4)

Income†
High (> $19 000) 26 322 (56.4)
Moderate ($11 001 to $19 000) 6 621 (14.2)

Low (≤ $11 000) 13 716 (29.4)

Drug cost per MMD (excluding
  dispensing fees)

≤ $27.00 25 569 (52.9)

$27.01 to $35.00 12 033 (24.9)
> $35.00 10 753 (22.2)
Chronic disease score
0–4 21 791 (47.9)

≥ 5 23 719 (52.1)

Diagnosis
Acute MI or history of MI 8 698 (19.0)
Congestive heart failure 10 968 (23.9)
Diabetes mellitus 9 315 (20.3)
Chronic renal failure 1 616   (3.5)
Prescribing physician's specialty
General practice 44 734 (93.8)
Internal medicine 2 161   (4.5)
Other specialty 789   (1.6)
Prescribing physician’s sex
Female 6 641 (13.9)
Male 41 040 (86.1)

Note: MI = myocardial infarction.
*The prescribing physician was defined as the physician who prescribed an ACE
inhibitor closest in time to the implementation of reference-based pricing.
†Household-adjusted annual income based on individual premium-subsidy codes
recorded in the Medical Services Plan database.



Interpretation

The heated controversy surrounding differential cost-
sharing rests on weak empirical evidence.49–52 British Co-
lumbia’s decision to introduce reference-based pricing for
ACE inhibitors provided a quasi-experiment to study the
effects of differential cost-sharing in a homogeneous and
stable health care system.

ACE inhibitors were heavily marketed in British Co-
lumbia in 1995 and 1996, and their market share among el-
derly patients increased, partially because of concerns about
the safety of calcium-channel blockers.53 With the intro-
duction of reference-based pricing, the sizable increases in
costs to patients for ACE inhibitors not listed as reference
drugs caused an immediate and sustained reduction in their
use, with an almost equal but delayed increase in the use of
no-cost ACE inhibitors. The 29% reduction in the use of
cost-shared ACE inhibitors among all elderly patients was
comparable to the effects of Medicaid drug reimbursement
caps on psychotropic agents in New Hampshire (15% to
49% reduction)42 and withdrawal of payments for unsub-
stantiated, nonscientific drug therapy in New Jersey (22%

reduction).54 The slow increase in the use of no-cost ACE
inhibitors resulted in a small and transient reduction in to-
tal dispensing of ACE inhibitors and antihypertensives.
The transient reduction was caused in part by a reduction
in prescription duration: we assume that after physicians
switched patients to no-cost drugs, they scheduled visits
with their patients sooner than usual to rule out intolerance
or treatment failure.

The long-term reduction in use of ACE inhibitors was
caused by a combination of dose reductions and the tempo-
rary or permanent discontinuation of therapy by 3% of pa-
tients who were receiving cost-shared ACE inhibitors. The
hypothesis of substitution by other antihypertensives was
rejected because the net trend in use of antihypertensives
other than ACE inhibitors was unchanged by reference-
based pricing.

We estimate that British Columbia saved about $6.7 mil-
lion in antihypertensive medication costs during the first 12
months after implementing reference-based pricing. This
estimate is conservative, because it does not account for pa-
tients who initiated ACE inhibitor treatment after imple-
mentation, among whom the proportion starting on no-cost
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Table 3: Predictors of 5 patterns of drug utilization after implementation of reference-based pricing for patients who used a
cost-shared ACE inhibitor during the 4 months before implementation (41 793 patients with complete data)*

Pattern of subsequent drug utilization; OR (and 95% CI)†

Characteristic*

Maintain cost-
shared ACE

inhibitor
n = 31 529

Maintain cost-
shared ACE

inhibitor with an
exemption
n= 12 446

Switch from cost-
shared to no-cost

ACE inhibitor
n = 7517

Switch from cost-
shared ACE

inhibitor to other
antihypertensive

n = 1654

Stop all
antihypertensive

therapy
n = 1093

Age (as of October 1996), yr
65–70 (reference) 1 – 1 – 1 – 1 – 1 –
71–75 0.91 (0.86–0.97) 1.00 (0.93–1.07) 1.14 (1.06–1.22) 1.02 (0.89–1.17) 0.88 (0.74–1.05)
76–80 0.89 (0.83–0.95) 0.99 (0.92–1.06) 1.16 (1.08–1.25) 1.06 (0.92–1.23) 0.88 (0.73–1.06)

≥ 81 0.88 (0.82–0.94) 0.94 (0.88–1.01) 1.19 (1.10–1.28) 0.91 (0.79–1.05) 1.08 (0.91–1.28)

Income
High or medium (reference) 1 – 1 – 1 – 1 – 1 –
Moderate 0.83 (0.80–0.89) 1.01 (0.94–1.08) 1.13 (1.09–1.18) 1.27 (1.11–1.47) 1.28 (1.07–1.54)
Low 0.86 (0.81–0.91) 1.06 (1.00–1.12) 1.05 (1.03–1.08) 1.22 (1.09–1.37) 1.65 (1.43–1.89)
Drug cost per MMD
  (excluding dispensing fee)

≤ $27.00 (reference) 1 – 1 – 1 – 1 – 1 –

$27.10–$35.00 1.24 (1.17–1.31) 0.91 (0.86–0.97) 0.75 (0.70–0.80) 1.02 (0.91–1.15) 1.15 (0.99–1.33)
> $35.00 1.55 (1.46–1.64) 0.81 (0.76–0.86) 0.50 (0.47–0.54) 1.08 (0.96–1.23) 1.52 (1.31–1.76)

Chronic disease score ≥ 5 1.10 (1.05–1.16) 3.57 (3.38–3.77) 0.91 (0.86–0.96) 1.12 (1.01–1.25) 0.71 (0.62–0.82)

Diagnosis
Acute MI or history of MI 0.95 (0.90–1.01) 1.02 (0.96–1.09) 1.02 (0.95–1.10) 1.28 (1.12–1.45) 0.86 (0.73–1.01)
Congestive heart failure 1.12 (1.06–1.19) 1.52 (1.44–1.62) 0.91 (0.85–0.98) 0.73 (0.64–0.83) 1.16 (1.00–1.35)
Diabetes mellitus 1.28 (1.20–1.36) 4.69 (4.44–4.96) 0.77 (0.72–0.82) 0.75 (0.66–0.86) 1.14 (0.97–1.33)
Chronic renal failure 0.91 (0.81–1.03) 1.04 (0.93–1.18) 1.01 (0.87–1.16) 1.37 (1.07–1.74) 1.08 (0.81–1.45)

*For each of the 5 logistic regression models, the reference groups consists of the patients remaining from the total of 41 793 (e.g., reference group for the first model was 41 793 – 31 529 =
10 264).
†Adjusted for patient sex, number of physician visits and admissions to hospital during the previous 6 months, and prescribing physician's sex, specialty and graduation date.
‡Except any ACE inhibitor.
§Defined by the corresponding codes in International Classification of Disease, 9th revision (ICD-9), during at least 2 ambulatory care visits or at least 1 hospital admission.



ACE inhibitors was probably greater than before imple-
mentation. There are indications that the policy exemption
system is working for most patients with such an exemption.
Patients who were sicker and those with heart failure or dia-
betes were more likely to stay on their pre-implementation
medications without having to pay any additional cost. The
exemption did not depend on income status and did not
generally give preference to older seniors, other than
through health status. Some patients temporarily switched
to no-cost ACE inhibitors but switched back to their usual
medication after a testing phase, although we could not es-
tablish specific reasons for switching back (data not shown).

It was our objective here to focus on the most vulnerable
patient groups. We found that patients with low-income
status were the most likely to switch to no-cost ACE in-
hibitors, which raises ethical issues of differential income-
related effects of the policy. In addition, low-income pa-
tients were more likely to stop all antihypertensive therapy.
However, this group also had a greater rate of discontinua-
tion of antihypertensive therapy 7 and 12 months before
implementation of the policy. The 95% confidence limits
before implementation spanned the effect estimate at the
time of implementation, so the slight increase in the proba-
bility of discontinuation at the time of implementation was
not significantly greater than the pre-implementation level.
The generally low rates of adherence with antihypertensive
therapy for low-income patients, independent of reference-
based pricing, are well described.31,55,56

In general, patients were more likely to change to other
groups of antihypertensives or to stop their therapy as
medication price and, therefore, their share of the cost in-
creased. However, 46% of patients maintained cost-shared
ACE inhibitors despite higher out-of-pocket payments.
Some patients’ out-of-pocket payments were probably cov-
ered by additional insurance (e.g., public service pension
plans or private-sector drug insurance policies.)

This study had several limitations. The administrative
databases could not provide enough detailed information to
distinguish the clinical appropriateness of stopping antihy-
pertensive medication or reducing the dose in individual
cases. The assessment of health status by proxies such as
medication use, ICD-9 diagnoses and health care utilization
is likely to adjust for much but not all of the potential con-
founding effect in the analysis of predictors of switching.

In conclusion, the implementation of reference-based
pricing for ACE inhibitors in British Columbia achieved a
sustained reduction in drug expenditures, despite the gen-
erous exemptions in the provincial benefits plan. Sicker pa-
tients and those with heart failure or diabetes were most
likely to remain on their prior medication. However, the
underlying concern about stopping all antihypertensive
therapy in low-income patients, independent of reference-
based pricing, remains to be solved. Further research is
necessary to examine the impacts on health, health care uti-
lization and total costs, specifically in the subgroups of pa-
tients switching treatments.

Impact of reference-based pricing on drug utilization
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Fig. 3: Drug cost (excluding dispensing fees) for antihypertensive medications for a cohort of 59 623 patients who used any ACE
inhibitor from Oct. 1, 1995, to Mar. 31, 1996. The analysis adjusted for dropouts because of death, admission to long-term care
or emigration during follow-up. The vertical line marks the introduction of reference-based pricing. 
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