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Abstract
Background—Rapid growth in prescription drug costs has compelled insurers to require increased
patient cost-sharing.

Objective—The aim of this study was to compare the effects of 2 recent cost-sharing policies on
emergency hospitalizations due to chronic obstructive pulmonary disease, asthma, or emphysema
(CAE), and on physician visits.

Methods—We analyzed data from a large-scale natural experiment in British Columbia (BC),
Canada. The cost-sharing policies were a fixed copayment policy (fixed copay policy) and an income-
based deductible (IBD) policy with 25% coinsurance (IBD policy). Prescription, physician billing,
and hospitalization records were obtained from the BC Ministry of Health. From the total population
of BC residents ≥65 years of age, we extracted data from all patients dispensed an inhaled
corticosteroid, β2-agonist, or anticholinergic from June 30, 1997, to April 30, 2004. Poisson
regression was used to evaluate the impact of the policies in a cohort of patients receiving long-term
inhaler treatment. An identically defined historical control group unaffected by the policy changes
was used for comparison.

Results—The study population included 37,320 users of long-term inhaled medications from the
BC population of 576,000 persons ≥65 years of age. During the IBD period but not the fixed copay
period, emergency hospitalizations for CAE increased 41% (95% CI for adjusted rate ratio [RR],
1.24–1.60) in patients ≥65 years of age. There was also a significant increase in physician visits of
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3% (95% CI for adjusted RR, 1.01–1.05). No significant increases were observed during the fixed
copay period. In a secondary analysis using a concurrent control group, we estimated a smaller but
significant increase in emergency CAE hospitalizations of 29% (95% CI for adjusted RR, 1.09–1.52).
This analysis also showed increases in physician visits (fixed copay period RR, 1.03 [95% CI for
adjusted RR, 1.01–1.05]; IBD period RR, 1.07 [95% CI for adjusted RR, 1.05–1.08]).

Conclusion—The results suggest that the IBD policy was likely associated with an increased risk
for emergency hospitalization and physician visits in these users of inhaled medications who were
aged ≥65 years.

Keywords
inhaled medications; asthma; COPD; health care utilization; health outcomes; drug benefit plans;
health services research; pharmacoeconomics

INTRODUCTION
Drug benefit plans have developed a variety of policies, such as tiered copayments and
deductibles, to encourage more efficient use of limited drug budgets.1 However, rigorous
published evaluations of the clinical effects of these polices are few in number, and there are
no available evaluations comparing multiple policies within the same elderly population.
Available evidence suggests that inflexible policies, such as prescription caps, high premiums,
and deductibles, can lead to undesirable consequences (in some cases, higher rates of
hospitalization and long-term care facility admissions).2-4 However, cost-sharing5-8 and
delisting9 policies can yield savings without adverse outcomes when there are generous
exemptions. The effects of 3-tier copayment policies are debatable.10-12

British Columbia (BC), Canada, has provided a large-scale natural experiment of a sequence
of drug benefit policies in an older population (≥65 years of age) within a 5-year period. Prior
to January 2002, older residents received full coverage of all prescription ingredient costs. In
January 2002, a fixed prescription drug copayment policy (fixed copay policy) for older
residents was implemented. In May 2003, the fixed copay policy was replaced with an income-
based deductible plus 25% coinsurance policy named Fair PharmaCare (IBD policy).

The shift from full coverage to the fixed copay and IBD policies created a financial incentive
for patients to consider cost as a factor in their prescription decisions. Older patients with
chronic obstructive pulmonary disease (COPD) who reduced their use of inhalers may have
been at increased risk for adverse health outcomes such as hospitalization and exacerbations,
a reasonable expectation in light of evidence that use of inhaled anticholinergics reduces the
risk for hospitalization, exacerbation, and respiratory-related death in patients with COPD.13

There is also evidence that long-acting β2-agonists (LABAs) and inhaled corticosteroids reduce
COPD exacerbations.14-16 The costliness of inhalers, particularly LABAs and corticosteroids,
and the potential for short-term adverse outcomes made patients with COPD an ideal high-risk
group in which to study the early adverse effects of the policy changes.

In a previous report, we found that older patients decreased their use of inhalers during the
fixed copay and IBD policy periods. Overall, inhaled corticosteroid use during the combined
fixed copay and IBD policy periods was 12.3% lower than predicted from a linear regression
on 5 years of prepolicy data. Inhaled anticholinergic use was 12.2% lower than predicted, and
inhaled β2-agonist use (LABA and short-acting β-agonist [SABA]) was lower by 5.8%.17

Virtually none of the decrease in inhaler use could be explained by increases in the use of other
drugs, such as leukotriene antagonists. Estimated decreases were greater, but not statistically
significantly so, under the IBD policy than the fixed copay policy. In this analysis, we measured
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the association of the drug policy changes on COPD-related emergency hospitalizations and
physician visits in the same population.

The aim of this study was to compare the effects of the 2 recent cost-sharing policies on
emergency hospitalizations due to COPD, asthma, or emphysema (CAE), and on physician
visits.

MATERIALS AND METHODS
The study protocol was approved by the ethics committees at the Brigham & Women’s
Hospital, Boston, Massachusetts, and the University of Victoria, Victoria, British Columbia,
Canada. The BC Ministry of Health Services and the BC College of Pharmacists PharmaNet
Committee approved data access.

Data Collection
All prescriptions dispensed at community pharmacies in BC were obtained from the PharmaNet
database, a province-wide electronic pharmacy network. These records were linked using an
encrypted personal health number to the BC Ministry of Health administrative databases on
physician services and hospitalizations, which included International Classification of
Diseases, Ninth Revision, Clinical Modification18 or Tenth Revision19 (ICD-9-CM or
ICD-10) – coded diagnoses (up to 25 discharge diagnoses) with dates of service or admission.
The completeness and misclassification of diagnostic coding has been reported similar to other
administrative databases.20-24

Exposure
Residents of BC ≥65 years of age had full coverage for prescription ingredient costs until
December 31, 2001, for drugs listed on the provincial formulary. We defined 3 exposure levels
denoted by the preexisting full coverage policy and 2 subsequent policy changes—fixed copay
and IBD. A fixed copayment of Can $25 per prescription for seniors ($10 for seniors with
incomes <$22,000/y) started on January 1, 2002, and lasted until April 30, 2003. The IBD
policy, implemented on May 1, 2003, had 3 components: (1) family deductible of 0% to 2%
based on family income; (2) a coinsurance payment of 25% for prescriptions after passing the
deductible; and (3) an out-of-pocket ceiling equal to 1.25%, 2%, or 3% of income. Families
were responsible for all drug costs under their deductible but may have had supplemental
private insurance. The coinsurance rate was the portion of a prescription a family continued to
pay after passing its deductible but before reaching its ceiling. Pharma-Care covered all costs
above a family’s ceiling.25 For example, older families with net incomes of $47,500 to $50,000
had a deductible of $500, paid 25% coinsurance on prescriptions from $501 to $1000 in out-
of-pocket charges, and then paid zero thereafter. Longterm care facility residents were exempt
from both policies and continued to receive full coverage.

Outcomes
The primary outcome was emergency hospitalization with a combined primary reason for
admission of COPD (ICD-9-CM codes 491, 492, and 49626; ICD-10 codes J41–44), bronchitis
(ICD-9-CM code 490; ICD-10 code J40), asthma (ICD-9-CM code 493; ICD-10 code J45), or
emphysema (ICD-9-CM code 492; ICD-10 code J43). The loss of disease specificity from
combining COPD, asthma, and emphysema into a single outcome (CAE) was necessary to
eliminate bias caused by a switch in diagnostic coding from ICD-9-CM to ICD-10 that occurred
in hospital records starting on April 1, 2001. Secondary outcomes were emergency hospital
admissions for any reason and number of physician visits. Multiple physician visits by a single
patient on the same day were counted as 1 visit.
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Study Population
The source population included all BC residents ≥65 years of age and not living in a long-term
care facility (576,000 in 2004). We used a cohort design with a historical control group to
estimate changes in our primary and secondary outcomes before and after the policy changes.
The policy intervention group included long-term inhaler users ≥65 years of age at the study
baseline date of January 1, 2001 (1 year before fixed copay policy implementation). We defined
longterm inhaler users as those who received ≥3 prescriptions for an inhaler within 6 months
prior to baseline, with ≥1 prescription between 4 and 6 months prior to baseline, and ≥1
prescription between 1 and 3 months prior to baseline (Figure 1). Follow-up began on January
1, 2001, and ended on April 30, 2004, the end of medical services coverage, entry into a long-
term care facility, or death, whichever came first. The control group was defined historically
using an identical cohort definition, but with a baseline date of January 1, 1998, and a follow-
up end date of April 30, 2001. The historical controls received full coverage for prescription
ingredient costs during the entire follow-up period. The policy intervention group and historical
controls together formed the study population.

Cohort Study of Health Services Outcomes—Primary Analysis
The patient was the unit of analysis. For each calendar month we measured the number of days
of follow-up and the number of CAE emergency hospitalizations. The monthly rates of CAE
emergency hospitalizations in the intervention and control groups were estimated with Poisson
regressions that used generalized estimating equations to adjust SEs for correlations between
repeated observations.27 Because of the delay between changes in inhaler use and events, an
autoregressive covariance structure with lags of 1 month was adopted.28 One regression
compared the fixed copay policy exposure level to the full coverage exposure level. Another
regression compared the IBD exposure level to the full coverage level. Monthly rates of all-
cause emergency admissions and physician visits were estimated in separate Poisson
regressions.

Six models were estimated for the primary analysis, one for each outcome and policy change.
Predictors and potential confounders included in the regressions were cohort status (policy or
control), sex, income status (household adjusted annual income derived for a limited number
of categories defined through premium subsidy information29: high = >$22,000; moderate =
$16,000 to $22,000; low = <$16,000); admission to hospital 6 months prior to baseline, quartile
of physician use 6 months prior to baseline, and Romano comorbidity score (meant to adjust
for confounding by concomitant illnesses by assigning weights to a patient’s ICD-9-CM
diagnoses and summing those weights into a single score),30 and the numbers of nonasthma
and asthma medications dispensed 6 months prior to baseline. Age grouping and Romano
comorbidity score were time-varying covariates updated every 3 months.

Secondary Analysis of Health Services Outcomes (Concurrent Controls)
To determine whether the analysis was robust to bias from the diagnostic coding change in
2000, secular changes in treatment (eg, increased use of combination inhalers and LABAs),
and other unknown cointerventions, a second cohort analysis was conducted with concurrent
controls. The cohort included patients ≥65 years of age who were long-term inhaler users and
a concurrent control group of 23,894 long-term inhaler users 55 to <65 years of age. The
younger controls were not adversely affected by the fixed copay policy (because they were too
young) or by the IBD policy (because PharmaCare was already paying nothing toward their
drug costs). As with the primary analysis, the study design included a baseline period to adjust
for baseline differences between the intervention and control groups.

Follow-up for each patient began on the first day of the month immediately following the month
he or she first became a long-term inhaler user, according to the same definition used in the
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primary analysis. Patients were excluded from the control group if they were dispensed >$800
of prescription drugs in the previous calendar year. This restriction was used to ensure that
patients in the control group did not have coverage under either policy and were therefore not
affected by the policy change.

Poisson regressions were estimated for each of the study outcomes (3 regressions). The
regressions included the same covariates as in the primary analysis, except the policy changes
were estimated using policy-by-age group interaction variables. These interaction variables
were interpreted as the effect of the policy changes adjusted for the other covariates in the
regression, and for the baseline difference between the intervention and control groups.

Association Between Discontinuation of Inhalers and Emergency Hospitalization for Chronic
Obstructive Pulmonary Disease, Asthma, or Emphysema

We used a nested case–control analysis to analyze the association between discontinuation of
inhaler use and emergency CAE admissions. The study was nested in a cohort of long-term
users ≥65 years of age. Longterm inhaler use was defined as in the previously mentioned
analyses, and follow-up for each patient began on the first day of the month following the date
he or she became a long-term user. The study period was January 1, 2000, to April 30, 2004,
which included 12 months of full coverage, 16 months of the fixed copay policy coverage, and
12 months of the IBD policy coverage. The cases were cohort members who were admitted to
the hospital for a CAE emergency for the first time during follow-up. The controls for each
case were cohort members at risk for an emergency CAE admission in the same month and
were randomly sampled at a ratio of 10 controls to each case. Cohort members were not eligible
to be cases or controls if they had <90 days of prior followup time or a prior hospital admission
during followup. Cases were assigned an index date equal to their admission date, and controls
were assigned an index date of mid-month.

Patients were classified as stoppers if they discontinued use of their inhaled corticosteroid,
β2-agonist, or anticholinergic treatment within 90 days preceding their index date and did not
obtain additional medication within 60 days of the estimated date on which their most recent
prescription was depleted.17 We used multivariate logistic regression to estimate odds ratios
(ORs) and 95% CIs for the association between discontinuation of inhaler use and emergency
CAE hospitalization during fixed copay and IBD policy coverage, adjusted for the baseline
association between discontinuation and emergency CAE admission during full coverage.
Other covariates included in the regression were the same as those used in the primary analysis.

RESULTS
Baseline characteristics of the cohort members in the primary analysis are shown in Table I.
The policy group and the historical controls were well balanced on most factors. However, the
historical controls were less likely to have used LABAs compared with SABAs.

Emergency Hospitalization
Rates of emergency CAE admissions in the primary analysis cohort are shown in Figure 2.
During fixed copay policy coverage, the rate of emergency CAE admissions was not
significantly different adjusted for before- versus after-changes in the historical control group
(adjusted rate ratio [RR], 1.08; 95% CI, 0.97–1.19) (Table II). A small but statistically
significant decrease in emergency admissions for any reason was observed in the primary
analysis (adjusted RR, 0.91; 95% CI, 0.86–0.96), but no change was observed in the secondary
analysis that used concurrent controls (adjusted RR, 1.04; 95% CI, 0.96–1.11) (Table III).
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During the IBD policy period, emergency CAE admissions increased significantly in the policy
intervention group (adjusted RR, 1.41; 95% CI, 1.24–1.60) (Table II). The secondary analysis
also found a significant but lower increase in emergency CAE admissions (adjusted RR, 1.29;
95% CI, 1.09–1.52) (Table III). In the case–control analysis, at baseline, the proportion of
patients who experienced an emergency CAE admission and discontinued inhaler use was
significantly greater during the IBD policy period compared with full coverage (adjusted OR,
1.30; 95% CI, 1.03–1.64), suggesting a direct relationship between discontinuation of inhaler
use and CAE admission during the IBD policy period.

Physician Visits
Rates of physician visits from the primary analysis are shown in Figure 2. Visits were
unchanged during the fixed copay policy period in the primary analysis (adjusted RR, 1.01;
95% CI, 1.00–1.03) (Table II). In the secondary analysis using concurrent controls, we
observed an increase of 3% (adjusted RR, 1.03; 95% CI, 1.01–1.04) (Table III). The primary
analysis showed an increase in physician visits of 1.03 (95% CI for adjusted RR, 1.01–1.05)
(Table II) during the first year of the IBD policy, and the secondary analysis showed an increase
of 1.07 (95% CI for adjusted RR, 1.05–1.08) (Table III).

DISCUSSION
Cost-sharing policies can be made more tolerable by fully covering ≥1 drug in each
therapeutically equivalent group and/or by allowing patients to pay deductibles gradually so
that they receive some coverage at all times.

The results of the present analysis suggest that the IBD policy, a plan that broadly applied
income-based deductibles and coinsurance payments to most drugs for most families, likely
increased the risk for adverse health outcomes among older users of inhaled medi- cations
compared with full coverage. Increases in emergency CAE admissions and physician visits
were observed to be greater under IBD policy coverage than the fixed copay policy coverage.
This inference is strengthened by the observation of an apparent direct link between
discontinuation of inhaler use and emergency hospital admissions, which increased under IBD
coverage. However, we were unable to determine whether there were carryover effects from
the fixed copay policy into the IBD period.

To patients using inhaled corticosteroids in BC, the 25% coinsurance rate under the IBD policy
cost roughly as much as a $25 copayment because the average cost of an inhaled corticosteroid
prescription in 2003 was $110 (ie, a $27.50 coinsurance payment). A 25% coinsurance payment
would have typically been <$25 for the less expensive β2-agonist and anticholinergic classes,
suggesting that the overall increase in emergency CAE admissions that occurred during IBD
policy coverage may have been influenced by the deductible component of the policy, which
left patients without any public coverage until they passed the deductible.

The findings from this study are compatible with those from prior analyses that found that
users of long-term inhaled corticosteroids were 21% more likely to discontinue inhaled
corticosteroid use during IBD policy coverage and that patients newly diagnosed with asthma
or COPD were 24% less likely to start using inhaled corticosteroids during the first year of the
IBD policy period compared with full coverage.17 The results from the current analysis suggest
a direct link between increased discontinuation of inhaler medication use under the IBD policy
and an increased risk for CAE emergency admissions adjusted for any such association at
baseline. Our strict definition of stopping inhaler use (within 60 days to lapse after the end of
medication use without receiving a refill) may have led to misclassification of some stoppers
as nonstoppers, possibly resulting in a conservative estimation.
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The increased risk for CAE emergency hospitalization observed during IBD policy coverage
might be cause for concern because hospitalization is a compelling marker for clinically
relevant deterioration in health status, and it exposes patients to greater risk for other adverse
outcomes, such as infections. Alternatively, increased hospitalizations could have occurred in
some patients in the absence of clinically significant deteriorations in health status. For
example, it is possible that, after losing the psychological comfort of their inhalers, some
patients with COPD contacted their physicians, who might have chosen to be cautious by
sending such patients to the hospital. If true, that scenario would beg the question of what
responsibility a drug plan has to meet a patient’s expectations of drug therapy beyond the
therapeutic evidence for its use. Randomized controlled trial methodology—the “gold
standard” for evaluating drug effects—purposely tests for therapeutic benefits beyond placebo
effects, and drugs found to be no more effective than placebo are not covered. Should a parallel
be drawn to policy interventions in which policy effects produced by placebo effects are also
discounted?

The change in diagnostic coding in hospital records from ICD-9-CM to ICD-10 in April 2001
might have been an alternative explanation for the observed increase in emergency
hospitalizations, as the coding change could have caused patients to be classified differently.
Fortunately, the diagnostic coding change occurred early in the baseline period, and as a
safeguard we combined COPD, asthma, and emphysema into a single disease grouping (CAE)
to reduce the likelihood of bias resulting from misclassification. The present cohort design with
concurrent controls would have inherently adjusted for a secular change in COPD classification
with respect to time.

The clinical importance of increased physician visits is unclear. The modest increase in
physician visits might have been the consequence of physicians’ seeing patients more
frequently as policy-induced changes were made to their drug regimens31 or patients’
requesting less expensive drug therapies, receiving closer monitoring because of medication
changes, receiving assistance coping with more frequent or severe symptoms, or obtaining free
drug samples. A previous study of reference pricing in BC concluded that policy-mandated
medication switching was associated with an increase in physician visits of 11% (95% CI, 7%–
15%).5 BC residents did not have to pay for medically necessary visits to a physician. However,
starting in January 2002, the Ministry of Health ceased to pay for chiropractic, massage therapy,
naturopathy, physical therapy, and nonsurgical podiatry services in most patients. To ensure
that these changes did not affect our analysis, we excluded visits for those services from both
the pre- and postpolicy data. Some patients might have had private insurance coverage for
prescription drugs and/or supplemental medical services, such as podiatry and optometry. We
did not have access to private insurance data. Private insurance might have introduced bias if
the controls had different insurance coverage than the policy intervention groups. The primary
analysis used an identically defined historical control group, which would have been expected
to have avoided such bias. Any bias from private insurance data in these analyses, if it existed,
was expected to have been toward the null because these patients would have had more
coverage than we observed.

This study found that a combined deductible and coinsurance drug plan was associated with
increased adverse health outcomes among these older users of inhaled medications. Increased
discontinuation of use of inhaler medications was the apparent causal intermediary to increased
emergency CAE hospitalizations. From a health plan’s perspective, a coinsurance policy would
be preferable to a copayment policy because patient cost-sharing amounts automatically
increase as prices increase. From a patient’s perspective, however, coinsurance payments
become less affordable as prices increase, and a deductible that exposes patients to a period of
no drug coverage may be particularly risky. Two modifications that could reasonably be
expected to make these types of polices better tolerated would be to fully cover ≥1 drug in each
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essential therapeutic class, similar to reference drug programs,5 and/or allowing enrollees to
pay their deductibles in installments so that they receive some coverage at all times during the
year. BC has already implemented the latter option. Covering one essential drug in each class
is also likely to reduce morbidity and insurance plan costs.32

CONCLUSION
The results of this analysis suggest that IBD policy coverage was associated with increased
emergency hospitalization and physician visits in these users of inhaled medications aged ≥65
years.
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Figure 1.
Cohort identification and follow-up periods. Prior to January 1, 2002, patients ≥65 years of
age received full ingredient cost coverage from the province for eligible drugs. Patients were
responsible for dispensing fees. From January 1, 2002, to April 30, 2003, low-income elderly
patients paid $10 per prescription for the first 20 prescriptions of the year, and other elderly
patients paid $25 per prescription for the first 11 prescriptions. Starting in May 2003, elderly
patients had a deductible equal to 0%, 1%, or 2% of their income, after which they paid 25%
of all prescription costs until reaching their out-of-pocket ceiling. In the first 8 months of the
income-based deductible (IBD) policy, seniors were allowed to carry over out-of-pocket
expenditures from the first 4 months of the year, which effectively reduced the IBD that year.
Patients started at zero again in January 2004.
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Figure 2.
Monthly emergency department (ED) admissions for chronic obstructive pulmonary disease,
asthma, or emphysema (CAE), and monthly number of physician visits in the policy and
prepolicy intervention groups.
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