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RISING COSTS OF MEDICATIONS

and inequities in access to
medication have sparked
calls for drug policy reform

in the United States and Canada.1,2

One of the most contentious issues is
the introduction of cost-sharing to
control drug expenditures. Cost-
sharing is intended to deter the use of
drug therapies that do little to improve
health.3-6 But cost-effectiveness rests
on the assumption that individuals
will have the capacity to pay for essen-
tial drugs and that they will make
rational choices about which drugs to
use and abandon. Otherwise, the use
of essential drugs will be curtailed to
control drug expenditures and short-
term savings in the drug budget may
be offset by downstream costs in the
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Context Rising costs of medications and inequities in access have sparked calls for
drug policy reform in the United States and Canada. Control of drug expenditures by
prescription cost-sharing for elderly persons and poor persons is a contentious issue
because little is known about the health impact in these subgroups.

Objectives To determine (1) the impact of introducing prescription drug cost-
sharing on use of essential and less essential drugs among elderly persons and welfare
recipients and (2) rates of emergency department (ED) visits and serious adverse events
associated with reductions in drug use before and after policy implementation.

Design and Setting Interrupted time-series analysis of data from 32 months be-
fore and 17 months after introduction of a prescription coinsurance and deductible
cost-sharing policy in Quebec in 1996. Separate 10-month prepolicy control and post-
policy cohort studies were conducted to estimate the impact of the drug reform on
adverse events.

Participants A random sample of 93950 elderly persons and 55333 adult welfare
medication recipients.

Main Outcome Measures Mean daily number of essential and less essential drugs
used per month, ED visits, and serious adverse events (hospitalization, nursing home
admission, and mortality) before and after policy introduction.

Results After cost-sharing was introduced, use of essential drugs decreased by 9.12%
(95% confidence interval [CI], 8.7%-9.6%) in elderly persons and by 14.42% (95%
CI, 13.3%-15.6%) in welfare recipients; use of less essential drugs decreased by 15.14%
(95% CI, 14.4%-15.9%) and 22.39% (95% CI, 20.9%-23.9%), respectively. The rate
(per 10000 person-months) of serious adverse events associated with reductions in
use of essential drugs increased from 5.8 in the prepolicy control cohort to 12.6 in the
postpolicy cohort in elderly persons (a net increase of 6.8 [95% CI, 5.6-8.0]) and from
14.7 to 27.6 in welfare recipients (a net increase of 12.9 [95% CI, 10.2-15.5]). Emer-
gency department visit rates related to reductions in the use of essential drugs also
increased by 14.2 (95% CI, 8.5-19.9) per 10000 person-months in elderly persons
(prepolicy control cohort, 32.9; postpolicy cohort, 47.1) and by 54.2 (95% CI, 33.5-
74.8) among welfare recipients (prepolicy control cohort, 69.6; postpolicy cohort, 123.8).
These increases were primarily due to an increase in the proportion of recipients who
reduced their use of essential drugs. Reductions in the use of less essential drugs were
not associated with an increase in risk of adverse events or ED visits.

Conclusions In our study, increased cost-sharing for prescription drugs in elderly per-
sons and welfare recipients was followed by reductions in use of essential drugs and a
higher rate of serious adverse events and ED visits associated with these reductions.
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treatment of potentially preventable
illnesses.7-22

Cost-sharing policies that require the
consumer to pay a percentage of the
cost of the prescribed medication may
be less likely to produce unintended
health effects. But the impact of this type
of cost-sharing on the use of health ser-
vices has not been evaluated in poor
persons, and only one inconclusive
evaluation has been conducted for el-
derly persons.10

In 1996, the Canadian province of
Quebec attempted to enhance equity of
access to prescription drugs by legis-
lating mandatory drug insurance for all
residents.23 To help finance this cover-
age, a deductible and a 25% coinsur-
ance charge was instituted for previ-
ously insured beneficiaries who
received free medication: elderly per-
sons and welfare recipients. The exist-
ence of comprehensive, linkable data-
bases on drug and health care use in
Quebec provided a unique opportu-
nity to evaluate the impact of cost-
sharing on the use of essential and less
essential drugs and determine the rate
of emergency department (ED) visits
and serious adverse events (hospital-
ization, nursing home admission, and
mortality) associated with reductions
in drug use before and after the imple-
mentation of the cost-sharing policy.

METHODS
Quebec Drug Policy Reform

Prior to the drug policy reform, wel-
fare recipients and low-income el-
derly persons (5.7% of the total el-
derly population in Quebec) received
free medication, and all other elderly
persons paid $2 per prescription up to
a maximum of $100 per year (all val-
ues are in Canadian dollars). On Au-

gust 1, 1996, both groups became sub-
ject to a 25% coinsurance fee up to an
annual maximum of $200 for welfare
recipients and income-indexed ceil-
ings of $200, $500, and $750 for el-
derly persons. On January 1, 1997, an
annual deductible of $100 was added
to the 25% coinsurance fee, with the an-
nual deductible and ceiling prorated on
a quarterly basis. On July 1, 1997, the
annual ceiling and deductible were pro-
rated on a monthly basis to reduce the
amount a recipient would have to pay
per month to a maximum of $16.67
($200 plan) to $62.50 ($750 plan).
Children and selected subgroups were
exempted from cost-sharing and con-
tinued to receive free medication. A
computerized, real-time link between
the provincial health plan administra-
tion (Régie de l’assurance maladie du
Québec [RAMQ]) and pharmacies was
put in place to administer the policy.

Design and Study Populations
To study the intended impact of cost-
sharing and to evaluate the health effects
of reducing drug use, we identified a
subset of essential and less essential
drugs for evaluation using published
classifications (TABLE 1).18,24,25 Essen-
tial drugs were defined as medications
that prevent deterioration in health or
prolong life and would not likely be pre-
scribed in the absence of a definitive
diagnosis. Because there was no infor-
mation on indication for treatment, the
second criterion was added to limit the
analysis to only those people who were
using drugs for which reductions in use
would be expected to have an impact
on health status. The most commonly
used drugs excluded using this crite-
rion were antibiotics and gastro-
protective medications, drugs tar-

geted by many intervention programs
to reduce overuse.26 Less essential drugs
were defined as medications that may
provide relief of symptoms but will
likely have no effect on the underlying
disease process.25 Drugs included in the
essential and less essential categories
were independently identified and then
rated by the 7 clinical coinvestigators.
A medication was included if 6 of the 7
clinical coinvestigators agreed with the
classification of the respective drug and
it was insured through the RAMQ pro-
vincial health care plan. The subset of
drugs included in the evaluation of
essential and less essential drug use rep-
resented 21% of all insured drugs and
55% of all prescriptions dispensed.

An interrupted time-series design was
used to estimate changes in prescrip-
tion drug use after the introduction of
the drug policy. Monthly measures of
overall drug use as well as the use of
essential and less essential drugs in the
3 years preceding the policy and in the
first 17 postpolicy months were calcu-
lated for individual persons. A ran-
dom sample of 120000 welfare recipi-
ents and 120000 elderly persons was
selected. Persons were eligible for in-
clusion in the analysis if they were alive
on the date of policy implementation,
filled at least 1 prescription for a drug
in the year before the policy, and were
not exempted from the cost-sharing
policy. The evaluation of essential and
less essential drugs was limited to per-
sons who had filled at least 1 prescrip-
tion for drugs within these categories
in the prepolicy year. Individuals con-
tributed to the analysis only during the
months in which they were enrolled.

Separate prepolicy control and post-
policy cohort studies were conducted
to determine the impact of the policy
on the rates of adverse events and ED
visits associated with reductions in use
of essential and less essential drugs.
Each study produced an estimate of the
risk associated with reduction in drug
use, the proportion of the population
making reductions, the population at-
tributable fraction, and the rate of ad-
verse events and ED visits associated
with reductions in drug use. The 2 stud-

Table 1. Drugs Included in the Essential and Less Essential Categories

Essential drugs Insulin, anticoagulants, angiotensin-converting enzyme inhibitors,
lipid-reducing medication, antihypertensives, furosemide,
b-blockers, antiarrhythmics, aspirin, antiviral medication,
thyroid medication, neuroleptics, antidepressants,
anticonvulsants, antiparkinsonian drugs, prednisone,
b-agonists, inhaled steroids, chloroquines, primaquines, and
cyclosporine

Less essential drugs Dipryridamole, probenicide, meperidine, and benzodiazepines
(excluding clonazepam and clobazam)
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ies were conducted in comparable 10-
month periods before (August 1995 to
1996) and after (August 1996-1997)
policy implementation (FIGURE 1). The
prepolicy control study provided an es-
timate of the expected rate of adverse
events due to reductions in drug use
prior to policy implementation. The es-
timation of an expected rate was im-
portant because even when drugs are
free, individuals will experience ad-
verse drug events due to injudicious re-
ductions in needed therapy, because of
forgetfulness, adverse effects, or mis-
perceptions about the importance of
drug treatment.27 The difference in the
rate in the prepolicy control study vs
the postpolicy study was used to esti-
mate the impact of the drug reform on
adverse events. This approach had sev-
eral advantages. First, it voided biases
related to ecological fallacy28 because
changes in drug use were linked at the
level of the individual with the occur-
rence of adverse events and ED visits.
Second, it provided a means of isolat-
ing the effect of the drug policy from
other health care policies that were
implemented in the same 4-year pe-
riod that may have reduced the rate of
ED visits and hospitalizations, unre-
lated to prescription drug use (hospi-
tal closures and reallocation of service
locations). Finally, the prepolicy and
postpolicy cohort study approach veri-
fied the assumption that the primary
impact of cost-sharing would be to
increase the prevalence of reductions
of drug use rather than changing the
“biological risk” associated with ration-
ing or stopping therapy. Thus, the stud-
ies were designed to estimate both the
risk and the population attributable
fraction or the share of adverse events
and ED visits due to reductions in drug
use, in the prepolicy and postpolicy
periods.

For this analysis, study populations
were limited to regular recipients of es-
sential or less essential drugs, defined
as persons who had a supply of the re-
spective medication in each of the 12
months prior to the follow-up period
or new users with a minimum of 6
months of continuous use.

Data Sources
Four provincial health databases, vali-
dated in previous research,29-31 were
linked by unique encrypted health
numbers. The beneficiary demo-
graphic database provided data on drug
plan eligibility, death, and beneficiary
characteristics. The prescription claims
database, which includes the drug,
quantity, date, and duration for each
prescription dispensed from commu-
nity-based pharmacies, was used to
measure medication use. The physi-
cian claims database, which includes the
date, type, and location of service de-
livery (eg, inpatient, emergency, clinic),
was used to measure ED visits and hos-
pitalization-institutionalization. The
hospitalization database was used to
validate claims-based measures of hos-
pitalization-institutionalization.

Prescription Drug Use
The number of drugs available each day
was calculated from prescription claims
records using methods developed to
convert the date, drug, and duration of
prescriptions dispensed into a drug-
by-day matrix.32 In each of the 53
months of the time series, a matrix of
monthly mean daily drug use was then
constructed for each beneficiary (for all
drugs and separately for essential and
less essential drugs). The first 3 months
of the time series and of coverage for
newly eligible recipients were ex-
cluded to avoid artificially lower val-
ues for drug use in the first few months
of available prescription information.
The month immediately prior to policy
implementation also was excluded be-
cause of possible prescription stockpil-
ing, leaving 49 months for analysis.

For the prepolicy and postpolicy co-
hort studies, reductions in drug use
were measured first by estimating an ex-
pected daily drug use for each person.
The resulting expected values were then
compared with observed use in the 10-
month follow-up period. The ex-
pected use value was estimated as the
level predicted for the last baseline
month by a linear trend fit to each per-
son’s mean monthly daily drug use in
the baseline year. This method conser-

vatively assumed that expected drug use
would remain constant rather than in-
crease during follow-up. In addition, it
was assumed that the impact of reduc-
tions in drug use would cumulate over
time. Therefore, time-dependent mea-
sures were used to summarize differ-
ences between expected and observed
use during the follow-up period. Time-
dependent measures of drug use also
provided a means of adjusting for un-
usual drug consumption patterns trig-
gered by the features of the drug policy.
For instance, the deductible and maxi-
mum ceilings instituted a pattern
whereby reductions in one month may
be compensated for by increases in the
next when drugs were free for those per-
sons reaching the spending ceiling. Cu-
mulative mean monthly increases (ob-
served . expected) and reductions
(observed , expected) in drug use were
calculated as the sum (from the first fol-
low-up month) of the monthly differ-
ence in observed and expected drug use
divided by the number of follow-up
months. For example, an individual
who had an expected value of 5 drugs
per month and who filled prescrip-
tions for 3 drugs in the first 2 months
of follow-up and 8 in the third month
would have a mean cumulative reduc-

Figure 1. Time Series and Prepolicy Control
and Postpolicy Cohort Design
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The first 3 months of the time series and of an indi-
vidual’s enrollment in the public plan were excluded
because prescriptions filled prior to these dates were
unknown and created artificially low values for monthly
drug use. The month immediately prior to policy imple-
mentation also was excluded because of possible pre-
scription stockpiling.
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tion value in month 3 of 1.33 ([2+2+0]/
3) and a mean cumulative increase of
1 ([0+0+3]/3). To respect the tempo-
ral sequence between reductions in
drug use and adverse events, we linked
the occurrence of adverse events in any
1 month to the patient’s mean drug use
pattern in the preceding months.

ED Visits and Adverse Events
For each person in each month, the
number of distinct days with a claim for
an ED visit was counted. Adverse
events, defined as the first occurrence
of acute care hospitalization, long-
term care admission, or death, were es-
tablished using the date and location of
health service in the physician claims
database (for hospitalizations and in-
stitutionalizations) and the benefi-
ciary demographic database (for death).
Follow-up was terminated after the oc-
currence of the first adverse event be-
cause prescription drugs dispensed dur-
ing hospital stays are not recorded in
claims files, and there are no available
methods to establish long-term predic-
tions of expected drug use at the level
of the individual.

Covariates
The impact of the drug policy on
monthly drug use was adjusted for lin-
ear trend across time, season (11
monthly indicator variables), and in-
dividual characteristics (age, sex, type
of insurance plan, baseline medica-
tion use, education, and income). Edu-
cation and income were approxi-
mated by the mean census value33 for
residents within the same postal code
area (mean, 366 households). Analy-
sis of adverse events and ED visits was
adjusted for age, sex, number of months
hospitalized, Charlson comorbidity val-
ues34,35 in the baseline year, expected
level of medication use, and mean cu-
mulative increases in drug use. For ED
visits, we also adjusted for the indi-
vidual’s frequency of ED visits in the
baseline year.

Analysis
To estimate the impact of the policy on
the level of drug use over time, random-

effects, pooled-time series regres-
sion36 was used based on 49 prepolicy
and postpolicy months. The indi-
vidual was the unit of analysis, and an
autoregressive first-order correlation
structure (AR[1]) was assumed to rep-
resent the dependence among subse-
quent observations. Alternate correla-
tion structures also were assessed (AR
[2] and AR [12]), but as there was no
material impact of the choice of corre-
lation structure on the estimated re-
gression coefficients or SEs, AR (1)
results were presented. To assess post-
policy reductions in drug use, we first
used the 32 prepolicy months to esti-
mate the effect of time, seasonal varia-
tion, and beneficiary characteristics and
then to predict, for each person, ex-
pected use for the 17 months post-
policy as well as the absolute and rela-
tive differences between observed and
expected use.

The occurrence of adverse events as-
sociated with reduction in use of es-
sential and less essential drugs was es-
timated by hazard ratios derived from
a Cox model using time-dependent co-
variates, modeled as continuous vari-
ables, to represent monthly changes in
drug use. Proportional hazards and lin-
earity assumptions were verified. The
frequency of ED visits was modeled by
Poisson regression, assuming a first-
order autoregressive correlation struc-
ture in a generalized estimating equa-
tion approach37,38 and empirical SEs to
account for overdispersion. Out-
comes in a particular month were ex-
amined in relation to cumulative mean
monthly measures of drug use in the
previous month. For the prepolicy con-
trol and postpolicy cohort studies, the
overall fraction of adverse events and
ED visits associated with reductions in
drug use was estimated separately
using the approach of Greenland and
Drescher39 and multiplied by the over-
all adverse event and ED visit rates to
estimate the monthly rate of adverse
events and ED visits associated with re-
ductions in drug use. As no estimate of
the intercept is available in the Cox
model, logistic regression was used to
estimate the proportion of adverse

events associated with reductions
(population-attributable fraction) for
adverse events. The regression coeffi-
cients produced by the Cox and logis-
tic models were almost identical. Stan-
dard errors and confidence intervals
(CIs) for the difference in these ad-
verse event rates in the prepolicy and
postpolicy studies were estimated by
bootstrapping,40,41 using 200 boot-
strap samples.

RESULTS
Among the 120000 elderly persons
sampled, 117408 were eligible for cost-
sharing. Of the 117408, 93950 (80.0%)
used prescription medication in the pre-
policy year, and 70801 of the 93950
(75.3%) used essential drugs (TABLE 2).
Among the 120000 welfare recipients
sampled, 84272 were adults of whom
55333 (65.7%) used medication in the
prepolicy year and 25820 (46.7%) used
medications classified as essential drugs.
Elderly persons used more drugs per day
and had higher costs for therapy than
welfare recipients. However, the pro-
portions hospitalized in the prepolicy
year were similar. Elderly persons and
welfare recipients used at least twice as
many essential as less essential drugs.
The most commonly used essential
drugs in the elderly group were aspirin
(13.2%), levothyroxine sodium (7.5%),
and furosemide (6.0%). Among wel-
fare recipients, the most commonly used
essential drugs were salbutamol (5.9%)
and levothyroxine sodium (5.0%). Ben-
zodiazepines were the most commonly
used less essential medication in the el-
derly and welfare recipient groups.

The introduction of the drug policy
was followed by substantial and statis-
tically significant reductions in the over-
all number of drugs used per day by both
elderly persons (9.14%; 95% CI, 8.8%-
9.5%) and adult welfare recipients
(15.94%; 95% CI, 15.0%-16.9%). Simi-
lar reductions also were seen for the use
of essential drugs as well as a slower rate
of increase in drug use over time (policy/
time interaction: elderly persons:
b̂=−0.02; P,.001; welfare recipients:
b̂=−0.009; P,.001) (FIGURE 2). In the
postpolicy period, elderly persons
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showed a 9.12% (95% CI, 8.7%-9.6%)
reduction in the number of essential
drugs used per day (0.17 drugs; 95% CI,
0.16-0.18). Absolute and relative reduc-
tions were higher among welfare recipi-
ents (14.4%; 95% CI, 13.3%-15.6% and
absolute reduction: 0.21; 95% CI, 0.19-
0.23 essential drugs per day).

Relative reductions were greater in
the use of less essential drugs by
elderly persons and welfare recipi-
ents (15.14%; 95% CI, 14.4%-15.9%
and 22.39%; 95% CI, 20.9%-23.9%,
respectively) than for essential drugs
(FIGURE 3). However, because fewer
less essential drugs were used per
day, the absolute size of the reduc-
tion was smaller for less essential
drugs (elderly persons, 0.10 and wel-
fare recipients, 0.15) than for essen-
tial drugs (elderly persons, 0.17 and
welfare recipients, 0.21). Also, there
was a significant decrease in the
slope of less essential drug use over
time in the postpolicy period (policy/
time interaction) for the elderly per-
sons (b̂=−0.009; P,.001) and for the
wel fare rec ip ients ( b̂ = −0.008;
P,.001).

As expected, in both the prepolicy
and postpolicy studies, there was a sig-
nificantly higher rate of adverse events
and ED visits in those individuals who
reduced their use of essential drugs vs
those who did not (TABLE 3). Dose-

response relationships were evident
between the magnitude of the reduc-
tion and the rates of both outcomes.
For example, in the prepolicy control
study, the rates of adverse events in
those with no reduction (#0.1 drugs/
d), minor reduction (.0.1 to 0.5

drugs/d), and major reductions ($1
drugs/d) were 256, 272, and 385 per
10000 person-months, respectively.
Reduction of 1 medication would be
equivalent to stopping 1 drug or
rationing 2 drugs to half the expected
use. Risks associated with reductions

Figure 2. Observed and Predicted Use of Essential Medication in the Prepolicy and Postpolicy Periods
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Table 2. Characteristics of the Recipients of Essential and Less Essential Drugs in the
Prepolicy Year (August 1995-July 1996)

Elderly Persons Adult Welfare Recipients

Essential
Drugs

Less
Essential

Drugs
Essential

Drugs

Less
Essential

Drugs

Total No. of medication recipients 93 950 55 333

Medication recipients, No. (%) 70 801 (75.3) 38 065 (40.5) 25 820 (46.7) 14 888 (26.9)

Demographics
Female, % 61.4 68.9 60.9 61.7

Age, mean (SD), y 73.1 (5.6) 73.4 (5.6) 43.4 (12.6) 44.7 (11.6)

Plan type for medication recipients by
income-indexed ceiling, No. (%)*

$200/y 4011 (5.7) 2387 (6.3) 25 820 (100) 14 888 (100)

$500/y 26 157 (36.9) 14 944 (39.3) . . . . . .

$750/y 40 633 (57.4) 20 734 (54.5) . . . . . .

Drugs used per day, mean (SD), No.
Total† 3.1 (7.2) 3.4 (8.0) 2.4 (7.3) 2.6 (8.1)

Essential 1.7 (4.3) 1.5 (4.8) 1.2 (4.1) 1.0 (4.3)

Less essential 0.3 (1.6) 0.6 (1.6) 0.3 (1.6) 0.6 (1.8)

Monthly drug costs, mean (SD), $
Total† 87 (272) 89 (292) 75 (332) 76 (339)

Essential 48 (154) 42 (163) 39 (184) 33 (173)

Less essential 3 (18) 7 (20) 4 (26) 8 (31)

Health service use, mean (SD)
Emergency department visits/mo 0.1 (0.9) 0.1 (1.0) 0.2 (1.2) 0.2 (1.4)

Hospitalized per year, % 27.9 30.2 27.9 30.3

*Welfare recipients were subject to an annual maximum of $200.
†Also includes drugs other than those listed in Table 1 that were covered by provincial formulary.
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in drug use leveled off at higher reduc-
tions, reaching a plateau at approxi-
mately 1.5 medications per day. The
estimated risk ratio for a 1-drug reduc-
tion, adjusted for cumulative in-
creases, was similar for the prepolicy
(1.57) and postpolicy (1.56) studies.
Adjustment for beneficiary character-
istics lowered the estimated risk ratios,
primarily because individuals who had
a greater number of comorbidities and
used more medication were more

likely to reduce their use of drugs and
to experience adverse events and ED
visits.

A greater proportion of elderly per-
sons(7.4%more) in thepostpolicystudy
compared with the prepolicy control
studyreducedtheiruseofessentialdrugs
(Table 3). As a result, the estimated pro-
portionofadverseeventsassociatedwith
drug reductions increased from 2.0% in
the prepolicy to 3.9% in the postpolicy
period. This change was accompanied

by an estimated increase in the monthly
rate of adverse events related to reduc-
tions in essential drug use from 5.8 to
12.6per10000intheprepolicyandpost-
policy periods; a net increase of 6.8
adverse events per 10000 per month.
Reduction in the use of essential drugs
also was associated with a significant
increase in therateofEDvisits (riskratio,
1.17-1.19). The higher frequency of
reductions in essential drug use in the
postpolicy period resulted in a net

Figure 3. Observed and Predicted Use of Less Essential Medication in the Prepolicy and Postpolicy Periods
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Table 3. Risk of Adverse Events With Reductions in Essential Drugs and Rates Associated With Reductions in the Prepolicy (n = 50 398) and
Postpolicy (n = 56 548) Elderly Population*

Event Rates (No. per 10 000
Person-Months by Level of

Reduction in Essential Drug Use)†
Risk Ratio Per Reduction

of 1 Drug/d (95% CI)

Population Impact of Reductions

None Minor Moderate Major Crude‡ Adjusted‡

Persons
With Any

Reduction,
%\

Events
Associated

With
Reductions,

%

Events
Associated With

Reductions,
No. per 10 000
Person-Months

(95% CI)

Adverse events
Prepolicy study 256 272 322 385 1.57 (1.47-1.67) 1.10 (1.03-1.18) 52.5 2.0 5.8

Postpolicy study 282 304 343 436 1.56 (1.48-1.64) 1.15 (1.09-1.22) 59.9 3.9 12.6

Difference¶ +7.4 +1.9 +6.8 (5.6-8.0)

Emergency department
visits

Prepolicy study 787 902 1043 1286 1.80 (1.66-1.96) 1.17 (1.07-1.29) 52.5 3.7 32.9

Postpolicy study 863 972 1199 1397 1.68 (1.58-1.79) 1.19 (1.11-1.28) 59.9 4.8 47.1

Difference¶ +7.4 +1.1 +14.2 (8.5-19.9)

*CI indicates confidence interval.
†No reduction is person-months in which an individual’s cumulative mean monthly reduction of #0.1 essential drugs per day; minor reduction is person-months with cumulative

mean monthly reduction of .0.1 to 0.5 essential drugs per day; moderate reduction is person-months with cumulative mean monthly reduction of .0.5 to ,1.0 essential drugs
per day; and major reduction is person-months with an individual’s cumulative mean monthly reduction of $1.0 essential drugs per day.

‡Adjusted only for cumulative mean monthly increases in drug use during the follow-up period.
§Adjusted for individual age, sex, comorbidity, predicted drug use, months hospitalized in the baseline year, and mean rate of emergency department visits (for this respective

outcome).
\The proportion of regular recipients who had a cumulative mean monthly reduction value .0.1 essential drugs per day in any month during follow-up.
¶Difference = postpolicy value − prepolicy value.
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increased rate in monthly ED visits
related to reductions in drug use of 14.2
per 10000.

Welfare recipients, as compared with
elderly persons, experienced similar risks
of adverse events and ED visits in rela-
tionship to reductions in essential drug
use (TABLE 4); however, the frequency
of postpolicy reductions in essential drug
use was considerably greater (13.6% and
7.4%, respectively). As a result, the drug
policy was associated with a substan-
tially greater net increase in the rates of
adverse events and ED visits in relation
to reductions in the use of essential
drugs. In the postpolicy study, relative
to the prepolicy study, the monthly rate
of adverse events increased by 12.9 per

10000 and ED visit rates by 54.2 per
10000 person-months.

Reductions in less essential drug use
had no significant impact on adverse
events or ED visits among elderly per-
sons and welfare recipients in either the
prepolicy control or postpolicy stud-
ies (TABLE 5).

COMMENT
Increased cost-sharing for prescrip-
tion drugs had the desired effect of
reducing the use of less essential
drugs but also the unintended effect
of reducing the use of drugs that are
essential for disease management and
prevention. As a result, in the post-
policy period, there was an increase in

the rate of adverse events and ED vis-
its related to reductions in essential
drug use. These effects are consistent
with those reported by Soumerai et
al18,20 in the evaluation of prescription
reimbursement caps in US Medicaid
programs.

This study had several limitations. In
the absence of an out-of-province con-
trol group, we cannot confirm that re-
ductions in drug use were solely re-
lated to cost-sharing policies. However,
no other plausible explanation has
emerged and the suddenness of reduc-
tions in drug use that occurred imme-
diately after the introduction of the
cost-sharing policy strengthens the con-
clusion that changes in drug use were

Table 4. Risk of Adverse Events With Reductions in Essential Drugs and Rates Associated With Reductions in the Prepolicy (n = 11 491) and
Postpolicy (n = 13 311) Welfare Recipients*

Event Rates (No. per 10 000
Person-Months) by Level of

Reduction in Essential Drugs†
Risk Ratio per Reduction

of 1 Drug/d (95% CI)

Population Impact of Reductions

None Minor Moderate Major Crude‡ Adjusted‡

Persons
With Any

Reduction,
%§

Events
Associated

With
Reductions,

%

Events
Associated With

Reductions,
No. per 10 000
Person-Months

(95% CI)

Adverse events
Prepolicy study 232 249 319 348 1.70 (1.51-1.91) 1.24 (1.09-1.41) 55.4 5.5 14.7

Postpolicy study 207 242 257 349 1.62 (1.47-1.79) 1.32 (1.19-1.46) 69.0 10.8 27.6

Difference\ +13.6 +5.3 +12.9 (10.2-15.5)

Emergency
department visits

Prepolicy study 975 1109 1475 1802 1.91 (1.67-2.18) 1.26 (1.09-1.46) 55.4 6.1 69.6

Postpolicy study 998 1127 1271 1677 1.71 (1.53-1.92) 1.31 (1.16-1.48) 69.0 10.3 123.8

Difference\ +13.6 +4.2 +54.2 (33.5-74.8)

*CI indicates confidence interval.
†See Table 3 for definitions of none, minor, moderate, and major reductions.
‡Crude and adjusted risk ratios were estimated using the same approach as in elderly persons (see Table 3 footnote). Similar to elderly persons, the risk ratios associated with

reductions in essential drug use were nonlinear. Nonlinear effects of reduction in essential drug use were estimated using the regression coefficients for the linear and squared
terms to estimate the risk of reduction associated with a cumulative reduction of 1 medication per day in comparison with no reduction.

§The proportion of regular recipients who had a cumulative mean monthly reduction value .0.1 essential drugs per day in any month during follow-up.
\Difference = postpolicy value − prepolicy value.

Table 5. Prepolicy and Postpolicy Study Estimates of the Risk of Serious Adverse Events and Emergency Department Visits Associated With
Reductions in Less Essential Drug Use in Elderly Persons and Welfare Recipients*

Population and
Study Period

No. of
Regular Users

Proportion of Persons
With Any Reduction, %†

Serious Adverse Events
Adjusted Hazard Ratio

per Reduction of 1 Drug/d
(95% CI)‡

Emergency Department Visits
Adjusted Rate Ratio

per Reduction of 1 Drug/d
(95% CI)‡

Elderly persons
Prepolicy study 17 813 46.8 1.08 (0.94-1.24) 0.95 (0.81-1.11)

Postpolicy study 19 120 50.5 0.95 (0.84-1.07) 0.90 (0.76-1.05)

Welfare recipients
Prepolicy study 5161 49.6 1.12 (0.92-1.37) 0.90 (0.72-1.13)

Postpolicy study 5553 59.3 1.00 (0.84-1.18) 1.07 (0.90-1.27)

*CI indicates confidence interval.
†The proportion of regular recipients who had a cumulative mean monthly reduction value .0.1 essential drugs per day in any month during follow-up.
‡Risk ratio estimates, determined in the same manner as for essential drugs, were adjusted for age, sex, prior hospitalization, comorbidity, predicted number of less essential drugs

used per day in the last month of the baseline year, and mean monthly rate of emergency department visits for the models estimated to predict this outcome.
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likely to be related to the cost-sharing
policy. Prescription claims files do not
indicate what drugs were taken, only
medication purchased. Although pre-
scription refill rates provide a reason-
ably accurate measure of medication
compliance,42-44 reductions in drug use
could have been overestimated if indi-
viduals received free samples or pur-
chased equivalent over-the-counter
preparations (eg, aspirin) after policy
implementation. However, these indi-
viduals would be falsely classified as hav-
ing reduced medication use, and as a re-
sult, the risk associated with reductions
in drug use in the postpolicy studies
would be underestimated.

Indications for therapy were un-
known. Drugs classified as less essen-
tial may have been required therapy for
some individuals (eg, benzodiaz-
epines for panic disorder), whereas
some essential therapeutic drugs may
have been prescribed without ad-
equate clinical indication (eg, diuret-
ics for transitory elevation in blood
pressure). This misclassification would
likely lead to an underestimation
of both the potential benefits of reduc-
ing the use of less essential drugs and
the risks of reducing essential drug
therapy.

Our study suggests that the primary
mechanism by which cost-sharing
affected the rate of adverse events was by
increasing the proportion of people who
made reductions in the use of essential
drugs. We cannot confirm that reduc-
tions in essential drug use led to a dete-
rioration in health status, but we believe
that this isaplausibleexplanationforsev-
eral reasons. First, there was a dose-
response relationship between the mag-
nitude of the reduction in the use of
essential drugs and the risk of adverse
events and ED visits. Second, reduc-
tions were associated with an increase
in the risk of adverse events in the
prepolicy and postpolicy period, a phe-
nomenon that would be expected if
reductions represented medication non-
compliance. Finally, the risk associated
with reduction was specific to essential
drugs, for which there is clinical trial evi-
dence of efficacy.

The challenge for insurers has been
to craft health care policies that pro-
vide adequate access to drug therapy
while simultaneously exercising fis-
cally responsible control over the drug
budget. Consumer cost-sharing has
been the principal method of fiscal con-
trol because it assumes that people will
value what they pay for and as a re-
sult, they will reduce their use of un-
necessary medication when they are re-
quired to contribute a portion of the
payment.4,6 While this reasoning may
apply to many consumer goods, cost-
sharing has been shown to have unin-
tended effects in health care, such as in-
creasing hospital admissions.16,17,19,20,45-48

Consumers may not have the informa-
tion needed to make wise decisions
about necessary treatment. We esti-
mate that for elderly persons alone, the
drug policy reform in Quebec may re-
sult in 7000 additional adverse events
per million annually. In light of the sub-
stantial impact that drug policy can have
on the population’s health, there is a
need to redress the relative scarcity of
scientific data on the outcomes of policy
interventions. Our results suggest that
more stringent cost-sharing pharma-
ceutical cost containment policies in
other parts of Canada49 and the United
States1,4 may contribute to avoidable ill-
nesses.
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