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Abstract

Background: Two programs to reduce expenditures for common gastrointestinal
drugs were introduced simultaneously by British Columbia (BC) Pharmacare in
1995. Reference-based pricing restricted reimbursement for all histamine-2 re-
ceptor antagonists (H2RAs) to the cost of the least expensive H2RA available,
generic cimetidine. Special authority restricted reimbursement for proton pump
inhibitors (PPIs) to patients who met certain eligibility criteria. We evaluated the
effect of reference-based pricing for H2RAs and special authority for PPIs on dis-
pensing and reimbursement for senior citizen beneficiaries of BC Pharmacare.

Methods: Itemized monthly claims data for upper gastrointestinal drugs were ob-
tained from BC Pharmacare for all beneficiaries 65 years of age or older. Periods
before and after implementation of reference-based pricing and special authority
were compared with respect to defined daily doses dispensed per 100 000 ben-
eficiaries, BC Pharmacare reimbursement per 100 000 beneficiaries, BC Phar-
macare reimbursement per defined daily dose and beneficiary contributions per
defined daily dose. We used regression models to project forward trends in ex-
penditures observed before implementation of the new policies and hence to es-
timate accrued cost savings.

Results: Before reference-based pricing and special authority, the numbers of de-
fined daily doses that were dispensed and total BC Pharmacare reimbursements
for H2RAs appeared to be declining gradually, whereas those for PPIs were ris-
ing. With reference-based pricing, the monthly defined daily dose of cimetidine
dispensed increased more than 4-fold, to 116 257 per 100 000 beneficiaries,
while those of other restricted H2RAs decreased by more than half, to 50 927
per 100 000 beneficiaries. Special authority immediately reduced the dispensed
volumes of PPIs by one-fourth, but growth in volume then appeared to resume
at its previous rate. The estimated annualized cost savings achieved by refer-
ence-based pricing and special authority were $1.8 million to $3.2 million for
H2RAs (depending on the estimation method used) and $5.5 million for PPIs.
However, beneficiary contributions for H2RAs increased from negligible
amounts to approximately 16% of total drug expenditures.

Interpretation: Reference-based pricing and special authority appear to have been
successful in altering prescribing habits and reducing provincial expenditures for
upper gastrointestinal drugs, but they have increased the financial burden on se-
nior citizen beneficiaries.

Rising expenditures for prescription medications have strained government-
subsidized drug programs worldwide and have prompted the introduction
of policies to control expenditures for high-cost drug classes. One such ap-

proach adopted both in Canada and abroad is reference-based pricing, which limits
reimbursement of a group of drugs with similar therapeutic effect but different ac-
tive ingredients to the “reference price,” a weighted average price of the lowest cost
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drug(s) within the group. Drug plan beneficiaries can use
one of the higher-cost drugs if they pay the difference be-
tween the drug’s retail price and the reference price. Vari-
ants of reference-based pricing have been applied in many
jurisdictions, but individual policies differ in terms of the
drug groups targeted, the setting of the reference price and
the mechanisms for exemption,1,2 all of which limit the gen-
eralizability of policy effects across jurisdictions. Generaliz-
ability is also limited by differences in drug prices and pre-
scribing patterns, both of which might affect potential
savings due to reference-based pricing. In general, savings
related to reference-based pricing could be offset in several
ways: large numbers of patients could be approved for ex-
emption; manufacturers could increase the prices of refer-
ence drugs; or physicians could switch patients to other,
more costly drug classes. Moreover, restrictions on govern-
ment reimbursement could also shift costs to nonexempt
beneficiaries, who would then pay the price difference to
maintain their access to a particular drug. Another policy to
reduce drug expenditures involves restricting reimburse-
ment for specific drugs to patients who meet certain eligi-
bility criteria. This policy is known in British Columbia
(BC) as “special authority.”

The simultaneous introduction of 2 policies by BC Phar-
macare in 1995 provided an opportunity to study these and
other effects in a Canadian setting. The policies of refer-
ence-based pricing of histamine-2 receptor antagonists
(H2RAs) and special authority for proton pump inhibitors
(PPIs) were intended to control expenditures for 2 high-cost
drug classes. A preliminary analysis of claims data suggested
that reference-based pricing had significantly reduced BC
Pharmacare expenditures on H2RAs in the year after its in-
troduction.3 However, no comprehensive or long-term
analysis of either of the 2 policies has since been reported.

Methods

Before the introduction of reference-based pricing, BC Phar-
macare limited reimbursement of each individual H2RA to the
cost of its lowest-cost formulation, usually a generic equivalent.
This “low-cost alternative” policy was announced in March 1994
and implemented in April 1994. Reference-based pricing was an-
nounced in early September 1995 and introduced on Oct. 1, 1995.
This policy further limited reimbursement for all H2RAs to the
cost of generic cimetidine, the lowest-cost H2RA then available
(hereafter, generic cimetidine is referred to as the reference stan-
dard, and all other H2RAs are referred to as restricted H2RAs).
Beneficiaries who required a restricted H2RA for medical reasons,
including those who were receiving warfarin, phenytoin or theo-
phylline and who satisfied specific criteria, could be exempted
from reference-based pricing upon petition by the physician. Al-
ternatively, nonexempt patients could choose to pay the cost dif-
ference out of pocket. Low doses of restricted H2RAs (ranitidine
at less than 300 mg/day, famotidine at less than 40 mg/day or
nizatidine at less than 300 mg/day) were not subject to reference-
based pricing. Until Dec. 1, 1995, patients receiving their first re-
fill prescription could be given a fully reimbursed 2-week supply
of a restricted H2RA upon petition to BC Pharmacare.

The special authority policy restricted full reimbursement for
PPIs to patients who satisfied specific clinical criteria. Approved
indications for a PPI included treatment of esophagitis unrespon-
sive to H2RA, eradication of Helicobacter pylori, and management
of rare conditions such as Barrett’s esophagus, Zollinger–Ellison
syndrome and connective tissue diseases. The announcement and
introduction of special authority for PPIs coincided with the in-
troduction of reference-based pricing for H2RAs. Special author-
ity for omeprazole was announced in September 1995 and intro-
duced in October 1995, with initial prescription renewals
exempted until December 1995. The policy was extended to lan-
soprazole in May 1996 and to pantoprazole in November 1997,
when these products became available to BC Pharmacare benefi-
ciaries. All prescriptions for PPIs issued by gastroenterologists
were automatically exempted from the special authority policy.
BC Pharmacare has not restricted reimbursement of prescriptions
for other upper gastrointestinal drugs, including sucralfate, proki-
netic agents (e.g., cisapride and domperidone) and misoprostol.

Aggregate monthly claims data for H2RAs, PPIs, sucralfate,
prokinetic agents and misoprostol were provided by BC Pharma-
care for the period January 1993 to May 1999, inclusive, to cover
periods before and after introduction of the reference-based pric-
ing and special authority policies. We analyzed claims data only
for senior citizens (65 years of age or older), as they represented
the largest beneficiary group and had the highest per capita con-
sumption of gastrointestinal drugs. Data included the numbers of
prescriptions and unit doses dispensed, the costs reimbursed by
BC Pharmacare and the payments made by beneficiaries.

Prescribing volumes were converted to defined daily doses to
better reflect the intensity of pharmaceutical use. The defined
daily dose represents the assumed mean maintenance dose per day
for a drug when used for its main indication in adults; it is as-
signed to each chemical substance (defined as a fifth-level anatom-
ical therapeutic chemical class) by the World Health Organiza-
tion Collaborating Centre for Drug Statistics Methodology.4 To
control for growth in the number of beneficiaries, all data were
converted to rates per 100 000 senior citizens, on the basis of an-
nual population data obtained from Statistics Canada.5 All senior
citizens enrolled in British Columbia’s provincial health insurance
plan are eligible for BC Pharmacare benefits.

For each gastrointestinal drug and drug class, the following
values were calculated for each month: (1) numbers of defined
daily doses dispensed per 100 000 senior citizens, (2) total BC
Pharmacare expenditures per 100 000 senior citizens, (3) total
out-of-pocket expenditures per 100 000 senior citizens and (4)
mean BC Pharmacare reimbursement per defined daily dose, de-
fined as (2) divided by (1).

Because the reference-based pricing and special authority poli-
cies were announced months before they were universally en-
forced, it was anticipated that utilization immediately before im-
plementation might reflect anticipatory prescribing or
“stockpiling.” The data were therefore segregated into 5 discrete
periods for analysis: January 1993 to August 1994, a historical
comparator period; September 1994 to August 1995, the 12-
month baseline period immediately before the policy announce-
ment; September to December 1995, a transition period between
announcement of the new policies and universal enforcement;
January to December 1996, the 12-month period immediately af-
ter enforcement began; and January 1997 to May 1999, a follow-
up period.

For both H2RAs and PPIs, expenditure trends observed in the
first 3 periods (up to the time when the policies were universally
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enforced) were estimated with regression models and then pro-
jected forward to predict the expenditures that would likely have
accrued in the absence of the policies. Because the expenditures
for H2RAs were already declining (at a decreasing rate) before im-
plementation of reference-based pricing, we elected to fit expen-
ditures to the log of a time trend for the primary analysis. Esti-
mates of the savings attributable to the introduction of
reference-based pricing of H2RAs were particularly sensitive to
the choice of period for comparison. Because H2RA expenditures
appeared to stabilize during the baseline period (immediately be-
fore announcement of the policy), a sensitivity analysis was under-
taken in which baseline expenditures were assumed to represent
the expenditures had reference-based pricing not been intro-
duced. Trends in PPI expenditures were fit with a standard linear
trend. An indicator variable equal to 1 for observations from
March and April 1994 was included to control for fluctuations in
expenditures related to introduction of the “low-cost alternative”
policy. An indicator variable equal to 1 for observations during
the interval between the announcement of the new policies and
universal enforcement was constructed to directly estimate savings
over this transition period. The models were then used to extrap-

olate pre-policy expenditures to the 12 months immediately after
universal enforcement and the later follow-up period, with total
BC Pharmacare savings estimated as the cumulative difference be-
tween observed and expected monthly expenditures. To reflect
sampling error in these estimates, confidence intervals were con-
structed using 1000 bootstrap replications of the difference be-
tween predicted and actual expenditures.

Results

Prescription volumes for gastrointestinal drugs for each
period are summarized in Table 1. The 12-month period
from September 1994 to August 1995 was considered the
baseline against which we evaluated the impact of the refer-
ence-based pricing and special authority policies, because it
immediately preceded the announcement and implementa-
tion of these policies.

During the baseline period, the mean monthly number
of defined daily doses of H2RAs prescribed was 137 855 per
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Table 1: Prescription volumes of gastrointestinal drugs in British Columbia before and after introduction of reference-
based pricing for histamine-2 receptor antagonists (H2RAs) and special authority for proton pump inhibitors (PPIs)

Time period; mean no. of defined daily doses per 100 000 senior citizen beneficiaries per month (and % of baseline)

Drug group

Historical comparator
period

(Jan 1993 to Aug 1994)

Baseline
(Sept 1994 to Aug

1995)

Policy transition
period

(Sept to Dec 1995)

First 12 mo after
policy change

(Jan to Dec 1996)

Follow-up
(Jan 1997 to May

1999)

H2RAs
Restricted
Ranitidine 101 109 (112) 90 477 (100) 49 458 (55) 42 505 (47) 48 046 (53)
Famotidine 21 996 (125) 17 541 (100) 8 774 (50) 6 621 (38) 5 885 (34)
Nizatidine 5 901 (106) 5 581 (100) 2 661 (48) 1 801 (32) 1 700 (30)
All restricted H2RAs 129 006 (114) 113 599 (100) 60 893 (54) 50 927 (45) 55 631 (49)
Reference standard
Cimetidine 30 991 (128) 24 256 (100) 100 016 (412) 116 257 (479) 100 858 (416)

All H2RAs 159 997 (116) 137 855 (100) 160 909 (117) 167 184 (121) 156 489 (114)

PPIs
Omeprazole 66 526 (79) 84 531 (100) 71 378 (84) 61 572 (73) 79 742 (94)
Lansoprazole NA NA 6 (NA) 1 136 (NA) 5 622 (NA)
Pantoprazole NA NA NA NA 6 457 (NA)

All PPIs 66 526 (79) 84 531 (100) 71 384 (84) 62 708 (74) 91 821 (109)

Other
gastrointestinal
drugs
Sucralfate 14 693 (137) 10 750 (100) 9 833 (91) 8 472 (79) 6 440 (60)
Cisapride 14 511 (82) 17 703 (100) 20 685 (117) 22 380 (126) 26 837 (152)
Domperidone 9 741 (123) 7 895 (100) 7 832 (99) 7 549 (96) 7 783 (98)
Misoprostol 9 836 (150) 6 574 (100) 6 396 (97) 7 279 (111) 6 591 (100)

All other
gastrointestinal
drugs 48 781 (114) 42 922 (100) 44 746 (104) 45 680 (106) 47 651 (111)

All gastrointestinal
drugs 275 304 (104) 265 308 (100) 277 039 (104) 275 572 (104) 295 961 (112)

NA = not applicable.



100 000 senior citizen beneficiaries, of which 24 256 (18%)
were for the reference standard, cimetidine (Table 1).
From the baseline period to the 12-month period immedi-
ately after implementation (January to December 1996),
there was only a modest 21% increase in the mean monthly
number of defined daily doses of H2RAs dispensed, but
there were pronounced changes in the mix of individual
H2RAs. Mean monthly cimetidine prescriptions rose by
379% to 116 257 defined daily doses per 100 000 senior
citizen beneficiaries, accounting for 70% of all H2RAs,
whereas prescribing of restricted H2RAs fell by 55%. From
the 12-month period after implementation (January to De-
cember 1996) to the follow-up period (January 1997 to
May 1999), the mean number of defined daily doses of re-
stricted H2RAs rose but those for cimetidine and H2RAs in
aggregate declined.

During the baseline period, the mean monthly number
of defined daily doses of PPIs prescribed was 84 531 per
100 000 senior citizen beneficiaries (Table 1). This number
fell by 26%, to 62 708 per 100 000 beneficiaries, in the 12-
month period after implementation, but climbed to 9%
over baseline (91 821 per 100 000 beneficiaries) in the fol-

low-up period. The same interval saw only a gradual in-
crease in the use of other gastrointestinal drugs, from a
monthly mean of 42 922 defined daily doses per 100 000
beneficiaries in the baseline period to 47 651 in the follow-
up period, an increase of 11%. This increase was due en-
tirely to increases in the use of cisapride.

Changes in BC Pharmacare expenditures are summa-
rized in Table 2. A 300% increase in monthly expendi-
tures for cimetidine was offset by lower expenditures for
restricted H2RAs. Thus, overall monthly expenditures for
H2RA fell to 58% of baseline in the 12-month period af-
ter implementation of reference-based pricing and re-
mained low in the follow-up period. In contrast, monthly
BC Pharmacare expenditures for PPIs fell to 74% of
baseline in the 12 months after implementation of the
special authority policy but rose to 107% of baseline in
the subsequent follow-up period. Monthly expenditures
for cisapride increased progressively, reaching 143% of
the baseline value in the follow-up period. Reimburse-
ment for other gastrointestinal drugs stayed relatively
constant or declined.

The projections of trends in expenditure from before
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Table 2: Mean monthly drug ingredient cost* reimbursed by BC Pharmacare for gastrointestinal drugs

Time period; mean monthly cost per 100 000 senior citizens (and % of baseline), $

Drug group

Historical comparator
period

(Jan 1993 to Aug 1994)

Baseline
(Sept 1994 to

Aug 1995)

Policy transition
period

(Sept to Dec 1995)

First 12 mo after
policy change

(Jan to Dec 1996)

Follow-up
(Jan 1997 to
May 1999)

H2RAs
Restricted
Ranitidine 114 923 (145) 79 436 (100) 35 627 (45) 28 857 (36) 31 258 (39)
Famotidine 34 555 (159) 21 753 (100) 9 016 (41) 6 983 (32) 6 214 (28)
Nizatidine 10 862 (106) 10 266 (100) 4 029 (39) 2 789 (27) 2 502 (24)
All restricted H2RAs 160 340 (144) 111 455 (100) 48 672 (44) 38 629 (35) 39 974 (36)
Reference standard
Cimetidine 9 834 (162) 6 059 (100) 24 858 (410) 28 966 (478) 24 860 (410)

All H2RAs 170 174 (145) 117 514 (100) 73 530 (62) 67 595 (58) 64 834 (55)

PPIs
Omeprazole 152 291 (79) 193 023 (100) 161 952 (84) 141 000 (73) 181 099 (94)
Lansoprazole NA NA 15 (NA) 2,954 (NA) 12 734 (NA)
Pantoprazole NA NA NA NA 13 087 (NA)

All PPIs 152 291 (79) 193 023 (100) 161 967 (84) 143 954 (74) 206 920 (107)

Other gastrointestinal
drugs
Sucralfate 15 093 (181) 8 317 (100) 7 311 (88) 6 019 (72) 4 517 (54)
Cisapride 26 833 (83) 32 390 (100) 36 517 (113) 39 859 (123) 46 282 (143)
Domperidone 7 381 (140) 5 280 (100) 5 183 (98) 5 038 (95) 4 290 (81)
Misoprostol 20 282 (150) 13 521 (100) 12 762 (94) 14 560 (108) 12 968 (96)

All other gastrointestinal
drugs

69 589 (117) 59 508 (100) 61 773 (104) 65 476 (110) 68 057 (114)

All gastrointestinal drugs 392 054 (106) 370 045 (100) 297 270 (80) 277 025 (75) 339 811 (92)

*Excluding dispensing fees.



to after the change in policy for H2RAs (Fig. 1) and PPIs
(Fig. 2) revealed that the savings achieved by the 2 poli-
cies differed. For H2RAs, the total estimated savings for
the period January 1996 to May 1999, inclusive (i.e., after
the policy change), were $6.0 million
(95% confidence interval [CI] $4.5 mil-
lion to $7.6 million) or $1.8 million per
year. For PPIs, the estimated savings
over the same period were $18.8 mil-
lion (95% CI $16.1 million to $21.5
million) or $5.5 million per year. The
estimated total savings over the 4-
month transition period (September to
December 1995) were $0.7 million
(95% CI $0.3 million to $1.2 million)
for H2RAs and $1.0 million (95% CI
$0.4 million to $1.7 million) for PPIs.
The secondary analysis of H2RA expen-
diture trends, which assumed that ex-
penditures after the change to refer-
ence-based pricing would have
remained constant at the rates observed
in the baseline period, almost doubled
the estimates of H2RA savings for the
transition period and the periods fol-
lowing to $12.1 million (95% CI $10.9
million to $13.2 million) or approxi-
mately $3.2 million annually.

The total out-of-pocket expendi-
tures incurred by senior citizen benefi-
ciaries for H2RAs and PPIs were negli-
gible before the introduction of the
reference-based pricing and special au-
thority policies (Fig. 3). However, after
the new policies were introduced, ex-
penditures by beneficiaries reached ap-
proximately 16% of total expenditures
on H2RAs in the follow-up period (Jan-
uary 1997 to May 1999) or $0.03 per
defined daily dose. Expenditures for
PPIs in the follow-up period rose to
just over 1% of total costs or $0.08 per
defined daily dose.

For all periods analyzed, the mean
reimbursement by BC Pharmacare per
defined daily dose of cimetidine (the
reference standard) was unchanged at
$0.25 (Table 3). The mean reimburse-
ment per defined daily dose of re-
stricted H2RAs fell from $0.98 to $0.76
between the baseline period and the
12-month period after the policy went
into effect but remained above the ref-
erence price because some restricted
H2RAs were still reimbursed at full cost
for beneficiaries who had been granted

exemption from the policy. In the same interval, reim-
bursement by BC Pharmacare per defined daily dose of all
H2RAs fell by more than half, from $0.85 to $0.40, which
reflected both the shift to greater use of the lower-cost
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Fig. 1: Monthly expenditures by British Columbia (BC) Pharmacare for histamine-2
receptor antagonists (diamonds). Trends observed up to September 1995 (i.e., the
time of transition to the new referenced-based pricing policy for these drugs) were
projected forward to the periods after implementation of the policy (open circles
with 95% confidence intervals) to estimate cost savings associated with the new
policy. Period A: Historical comparator (Jan 1993 to Aug 1994). Period B: Baseline
(Sept 1994 to Aug 1995). Period C: Transition (Sept to Dec 1995). Period D: After
policy change (Jan to Dec 1996). Period E: Follow-up (Jan 1997 to May 1999).

M
on

th
ly

 e
xp

en
di

tu
re

s 
pe

r 
10

0 
00

0 
se

ni
or

 c
it

iz
en

s,
 $

 

 

 Actual spending 
 with RP
 Predicted spending
 without RP

93 94 95 96 97 98 99

0

 100 000

 200 000

 300 000

 400 000

Period A B C D E

Year

Fig. 2: Monthly expenditures by BC Pharmacare for proton pump inhibitors (dia-
monds). Trends observed up to September 1995 (i.e., the time of transition to the
new special authority policy for these drugs) were projected forward to the peri-
ods after implementation of the policy (open circles with 95% confidence inter-
vals) to estimate cost savings associated with the new policy. Period A: Historical
comparator (Jan 1993 to Aug 1994). Period B: Baseline (Sept 1994 to Aug 1995).
Period C: Transition (Sept to Dec 1995). Period D: After policy change (Jan to
Dec 1996). Period E: Follow-up (Jan 1997 to May 1999).
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generic cimetidine and the declining reimbursement per
defined daily dose of restricted H2RAs. In contrast, reim-
bursement by BC Pharmacare per defined daily dose of
PPIs and other gastrointestinal drugs such as cisapride did
not change appreciably.

Interpretation

Expenditures by Canadian provincial drug plans for up-
per gastrointestinal drugs are substantial. In 1993, omepra-
zole and ranitidine were BC Pharmacare’s third and fourth
most costly drugs, accounting for more than $20 million in
expenditures.6 Our results confirm that the introduction of
reference-based pricing for H2RAs by the BC Ministry of
Health increased the use of generic cimetidine, a less costly
alternative to other H2RAs. Reference-based pricing was
also associated with lower mean costs per defined daily
dose of all H2RAs and hence lower overall expenditures for
these drugs by BC Pharmacare. At the same time, the spe-
cial authority policy for PPIs was associated with a sus-
tained reduction in the volume of PPIs dispensed to seniors
each month but did not appear to reduce the rate of growth
of prescriptions for these drugs. Nevertheless, during the
first 41 months after introduction of these policies, the an-
nual savings to BC Pharmacare were estimated at $1.8 mil-
lion to $3.2 million for H2RAs (depending on the method
of estimation used) and $5.5 million for PPIs. These values
represent approximately 3.1% to 4.1% of the total drug in-
gredient costs (excluding dispensing fees) paid by BC Phar-
macare for senior citizen beneficiaries in 1997.6 Our analy-
sis underestimated savings to the entire BC Pharmacare
program because only senior citizens were included; other

beneficiaries, such as recipients of social assistance, were
excluded.

H2RAs and PPIs both suppress secretion of gastric acid,
but they do so by different mechanisms. They are indicated
for the prevention and treatment of common acid-related
upper gastrointestinal disorders, including peptic ulcer dis-
ease, gastroesophageal reflux disease (GERD) and the gas-
tropathy associated with nonsteroidal anti-inflammatory
drugs. Because GERD alone affects up to 20% of the adult
population,7 a large number of BC Pharmacare beneficia-
ries are potential candidates for acid-suppressive therapies.
Although the BC Therapeutics Initiative program has rec-
ommended H2RAs (specifically cimetidine) as first-line
therapy for GERD,8 the optimal strategies for prescribing
H2RAs and PPIs for patients with GERD remain some-
what controversial.9,10 PPIs are well recognized as produc-
ing greater acid suppression and better clinical efficacy than
H2RAs and are generally well tolerated.11,12 However,
H2RAs are effective in many patients and are generally less
costly. Within the H2RA class, there is also little evidence
of clinically important differences in effectiveness.11–13 Thus,
BC Pharmacare preferred that patients who require less in-
tense acid suppression be converted from a PPI to a H2RA
and, among H2RAs, to the least costly alternative. Although
prokinetic drugs can also be used to treat upper gastroin-
testinal disorders, they are generally less effective than acid
suppressors and one (cisapride) was withdrawn from the
Canadian market in 2000 because of its risk profile.

In this analysis, mean BC Pharmacare expenditures for
PPIs fell immediately after implementation of the special
authority policy but subsequently rose to exceed the levels
observed before implementation of that policy. Our projec-
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Fig. 3: Monthly out-of-pocket expenditures for histamine-2 receptor antagonists
(H2RAs) and proton pump inhibitors (PPIs) incurred by senior citizen beneficia-
ries of Pharmacare, expressed as a percentage of overall expenditures. Period A:
Historical comparator (Jan 1993 to Aug 1994). Period B: Baseline (Sept 1994 to
Aug 1995). Period C: Transition (Sept to Dec 1995). Period D: After policy
change (Jan to Dec 1996). Period E: Follow-up (Jan 1997 to May 1999).
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tions from the trends observed for the period January 1993
to August 1995 (before the change in policy) revealed that
the observed and expected trends in PPI expenditures after
implementation of the special authority policy were roughly
parallel. Thus, although the new policy did not appear to al-
ter the underlying growth in PPI use, it shifted the curve
downward, and savings continued to accrue despite rising
total monthly expenditures. Analyses not adjusted for un-
derlying trends in utilization could have underestimated
these savings significantly. The reasons for the observed
growth in PPI use are unclear and are beyond the scope of
this analysis. Increased demand might have reflected gen-
uine need, with better clinical recognition of disorders that
warrant PPI, or product promotion might have been more
effective. However, the rate of expansion also suggests that
BC Pharmacare should consider reviewing the special au-
thority criteria and the mechanisms for granting approval.

The introduction of reference-based pricing increased
out-of-pocket expenditures by senior citizen beneficiaries
using restricted drugs. After implementation of the policy,
these contributions were estimated to represent approxi-
mately 16% of total expenditures on H2RAs ($0.03 per de-
fined daily dose) and 1% of total expenditures on PPIs
($0.08 per defined daily dose), providing a significant
source of savings to BC Pharmacare. These proportions

were remarkably stable throughout the follow-up periods.
The social and ethical implications of shifting such costs to
a potentially vulnerable patient population are open to de-
bate. However, further analysis of cost shifting to this and
other beneficiary groups is required.

This study could not evaluate the impact of the refer-
ence-based pricing and special authority policies on health
expenditures other than those for prescription drugs. Be-
cause the H2RAs are generally less effective than PPIs at re-
ducing gastric acid secretion, it is possible that cost savings
achieved by a reduction in the use of PPIs occurred at the
expense of related health outcomes. Furthermore, reim-
bursement for cisapride increased by 43% from the base-
line period (September 1994 to August 1995) to the follow-
up period (January 1997 to May 1999), but this compound
has since been removed from the marketplace because of
rare but serious adverse effects. Unfortunately, we had ac-
cess only to aggregate-level data for this analysis. However,
patient-level database linkage could determine whether the
reference-based pricing and special authority policies have
influenced rates of physician consultation to review treat-
ment options, management of patients intolerant of drug
switches, time consumed in pharmacist consultation, or use
of over-the-counter and alternative remedies.

Many jurisdictions worldwide have introduced cost-con-
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Table 3: Mean monthly drug ingredient cost reimbursed by BC Pharmacare per defined daily dose of gastrointestinal drugs

Time period; mean monthly cost per defined daily dose (and % of baseline), $

Drug group

Historical
comparator period
(Jan 1993 to Aug

1994)
Baseline (Sept

1994 to Aug 1995)

Policy transition
period

(Sept to Dec 1995)

First 12 mo after
policy change

(Jan to Dec 1996)

Follow-up
(Jan 1997 to May

1999)

H2RAs
Restricted
Ranitidine 1.14 (130) 0.88 (100) 0.72 (82) 0.68 (77) 0.65 (74)
Famotidine 1.57 (127) 1.24 (100) 1.03 (83) 1.05 (85) 1.06 (85)
Nizatidine 1.84 (100) 1.84 (100) 1.51 (82) 1.55 (84) 1.47 (80)
All restricted H2RAs 1.24 (126) 0.98 (100) 0.80 (82) 0.76 (78) 0.72 (73)
Reference standard
Cimetidine 0.32 (128) 0.25 (100) 0.25 (100) 0.25 (100) 0.25 (100)

All H2RAs 1.06 (125) 0.85 (100) 0.46 (54) 0.40 (47) 0.41 (48)

PPIs
Omeprazole 2.29 (100) 2.28 (100) 2.27 (100) 2.29 (100) 2.27 (100)
Lansoprazole NA NA 2.51 (NA) 2.62 (NA) 2.29 (NA)
Pantoprazole NA NA NA NA 2.03 (NA)

All PPIs 2.29 (100) 2.28 (100) 2.27 (100) 2.30 (101) 2.25 (99)

Other gastrointestinal drugs
Sucralfate 1.03 (134) 0.77 (100) 0.74 (96) 0.71 (92) 0.70 (91)
Cisapride 1.85 (101) 1.83 (100) 1.77 (97) 1.78 (97) 1.72 (94)
Domperidone 0.76 (113) 0.67 (100) 0.66 (98) 0.67 (100) 0.55 (82)
Misoprostol 2.06 (100) 2.06 (100) 2.00 (97) 2.00 (97) 1.97 (96)

All other gastrointestinal
drugs 1.43 (103) 1.39 (100) 1.38 (99) 1.43 (103) 1.43 (103)



tainment programs that limit access to high-volume drugs
such as H2RAs and PPIs in government-funded prescription
drug programs, but they have met with mixed success.1–3,14–17

This analysis suggests that the combination of reference-
based pricing for H2RAs and special authority for PPIs re-
duced government pharmacy expenditures to some extent.
Further analyses of these trends and reviews of other end-
points such as health outcomes, patient satisfaction and uti-
lization of nonpharmaceutical resources would shed light on
other indirect effects of reference-based pricing.
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