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Abstract
Purpose—Reducing dosing demands of medications generally increases adherence, although
this relationship has not been demonstrated with the once-monthly oral bisphosphonates (BP). The
study aim is to test whether switching from once-weekly BPs to once-monthly BPs improves
adherence and fracture risk.

Methods—This is an interrupted times-series analysis of new users of once-weekly BPs in a
nationwide administrative health database from 2003–2007. Participants include 1835 individuals
who switched to once-monthly BPs and two propensity-matched comparator groups: 1835
individuals who switched to a different once-weekly BP, and 1835 who did not switch. We
measured changes in adequate adherence pre- and post-switch as monthly medication possession
ratio >0.80, and calculated incidence rate ratios [IRR] of osteoporotic fractures.

Results—All study groups experienced major adherence failure in the first year of therapy: the
proportion of adequate adherers was 42% among once-monthly switchers, 47% among once-
weekly switchers, and 37% among nonswitchers. However, the once-monthly switch was
associated with less adherence failure (4% fewer adherers per month pre-switch vs. 1% fewer
adherers per month post-switch, p<.000). There was no statistically significant change in
adherence rates for the other groups. We did not detect significantly reduced fracture risk with
once-monthly switch: 1 year post-switch, the fracture incidence risk ratios for once-monthly
switchers relative to once-weekly switchers were IRR 0.83, 95% CI: 0.50–1.36, and IRR 0.90,
95% CI: 0.54–1.49, relative to nonswitchers).

Conclusions—Reducing the dosing demands of oral bisphosphonates from once-weekly to
once-monthly decreased adherence failure but had an uncertain impact on fracture risk.
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Introduction
Most patients who initiate a medication for osteoporosis discontinue therapy within 1 year or
take too little of the therapy to achieve any benefit.1–3 One strategy for addressing this
problem has been to reduce the dosing demands of the oral bisphosphonates, first through a
once-weekly regimen and then most recently through a once-monthly regimen, available
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since April 2005.4 The once-monthly ibandronate sodium is a bisphosphonate, a class of
drugs that inhibit bone resorption and are commonly prescribed for the treatment and
prevention of osteoporosis in postmenopausal women.5, 6 The efficacy and safety of once-
monthly bisphosphonates were demonstrated in a 1-year, double-blind study of
postmenopausal women with osteoporosis whose treatment with 150 mg once-monthly
ibandronate (n=327) was shown to be noninferior to 2.5 mg daily ibandronate (n=318) in
increasing the bone mineral density in the lumbar spine.7, 8

Recent research has generally failed to find any additional adherence benefit with the
monthly regimen over the weekly regimens, however selection bias may explain these
results.9–11 The once-monthly bisphosphonates may be preferentially channeled to patients
with a poorer prognosis for adequate adherence, although the evidence for this bias is not
established.10 Given that treatment assignment is not randomly assigned in observational
studies, one approach for isolating the impact of once-weekly versus once-monthly regimens
is to compare measures of effectiveness in individuals who are exposed to both
formulations; this is the case when individuals switch from one dosing regimen to another.

Studying changes in the adherence of patients who switch dosing regimens offers several
advantages. First, adherence with alternative dosing regimens is measured in the same
individual, thus eliminating the confounding that occurs when comparing outcomes in
different individuals who may vary in many health behaviors besides taking medications.12
Second, the relationship between switching and adherence is poorly understood, since
switchers are rarely analyzed as a separate group. Instead, switchers are excluded from study
samples, their multiple therapies summed as one measure of overall adherence, or their
adherence truncated at the switch.13–15 As a result, providers often make assumptions
about improving adherence by switching therapy in the absence of clear evidence. In the one
study that characterized the adherence of bisphosphonate switchers who changed from the
once-daily to a once-weekly regimen, switchers attained a higher adherence rate than new
users, but a lower adherence rate than prevalent users.16 There is no information about
switching behavior and fracture outcomes.

The objective of this study was to test whether reducing the dose regimen of treatment with
oral bisphosphonates increases adherence and decreases the risk of osteoporotic fractures.
We hypothesized that there would be no difference in fracture risk after a dose regimen
switch if there is no significant improvement in adherence.

Methods
Study population and data sources

This study used 2003–2007 MarketScan Commercial Claims and Encounters and Medicare
Supplemental Databases (Medstat: Ann Arbor, MI). This database contains over 500 million
claim records per year from individuals with private health care insurance. The data come
from approximately 45 large employers who self-insure their employees and dependents.
The MarketScan database offers advantages over raw administrative claims because data
files undergo validity and editing procedures to ensure high quality and consistency in fields
across years.17 The data are evaluated against population norms, previous year summaries,
and validated data subsets. Outliers are flagged and reviewed for coding or processing
errors. Encounter data are audited at the health plan level and plans submitting incomplete
data are excluded. Diagnostic and procedural codes are compared against validity algorithms
and set to missing values if inconsistent. The encounter files contain age, sex, geographic
residence, and eligibility information. The prescription claims include the national drug
codes, date of purchase, quantity dispensed, and days supply. The medical claims contain
diagnoses, procedure codes, and type of provider. For this analysis, we merged together
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annual files to create a dataset of approximately 15 million people with up to 5 years of
observation.

The study sample was drawn from a larger cohort study of incident oral bisphosphonate
users (ibandronate, alendronate or risedronate; n=61,125) who were aged 50 years or older,
had an osteoporosis diagnosis (ICD-9-CM 733.xx) and at least 2 years of observation.10
Incident use was defined as no bisphosphonate therapy for at least 12 months prior to
initiating therapy. From this group, we identified 2,178 individuals who switched to a
medication with a different regimen within the first year of therapy (termed “regimen
switchers”). Individuals switching from once-monthly to once-weekly regimens (n=201), or
from or to the once-daily regimens (n=142) were excluded due to small samples size and our
assessment that these individuals differed considerably from the weekly to monthly dosing
groups.10

We then matched the regimen switchers to two comparator groups, using propensity score
methodology. The first comparator group consisted of individuals who remained on the
same therapy throughout the study (termed “nonswitchers”). The second comparator group
consisted of individuals who changed medications but the dose regimen remained the same,
for example weekly alendronate to weekly risedronate (termed “drug-only switchers”). Our
procedure for identifying the matched comparator groups was as follows.18 We estimated
the probability of switching using a logistic regression with the following variables: age,
sex, geographic residence, health plan type, any pre-period bone mineral density testing,
serious gastro-intestinal risk19, osteoporotic fractures of the hip, wrist, or humerus, acute
care hospitalizations, month and year of initiating bisphosphonate therapy, and a
comorbidity risk score from the Diagnostic Cost Group Hierarchical Condition Category
(DCG/HCC) classification system (DxCG, Boston, MA).20, 21 Diagnostics of the
propensity score models showed adequate ability to distinguish dose regimen switchers from
drug-only switchers and nonswitchers, as indicated by c-statistics of 0.7677 and 0.7325,
respectively.22 From these models, we generated a propensity of score, which was used to
match regimen switchers to both drug-only switchers and nonswitchers using a 1-1 nearest
neighbor method without replacement.

Each individual in all three groups was assigned a switching month. For regimen switchers,
the switching month was the first month when a new bisphosphonate medication was
dispensed with a different regimen from the initial bisphosphonate. For the nonswitcher
group (those who remained on the same therapy), we assigned a random switching month
from the first 12 months while on therapy since all regimen switchers changed their therapy
within that timeframe. For the second comparator group of drug-only switchers (those who
changed from one weekly bisphosphonate to another weekly bisphosphonate), the switching
month was the first month when a product with a different generic name was dispensed from
the initial medication. Observations containing multiple switches (n=2) were truncated at the
second switch.

Measures
The main study variable was the type of switch. Dosing regimen and drug-only switches
were identified by comparing the generic drug name and the days supply field divided by the
metric quantity for each dispensing of the study drugs. Outlier values were manually
checked for error (<0.5% of patients), and individuals were assigned into mutually-exclusive
dosing schedules based on set thresholds.

The dependent variables were osteoporotic fractures and adherence as measured by a
monthly Medication Possession Ratio (MPR). We calculated the MPR based on the sum of
the days supply of study medication dispensed during the month divided by the number of
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days in the month.23 Overlaps in the dispensing days were eliminated and the value of the
days supply was truncated if the supply extended beyond the time period of observation. For
the month of the switch, leftover supplies from earlier refills were discarded to begin the
newer medication (e.g., a change in therapy). Adequate adherence was defined as a MPR
≥80%, although sensitivity analyses were conducted at a MPR ≥60%. Osteoporotic fractures
were defined as fractures of the wrist, hip, or proximal humerus, as developed by previous
research.24, 25 (The list of ICD-9 and CPT codes is available upon request). We did not
count vertebral fractures due to the lack of access to radiographs to confirm an incident or
pre-existing vertebral fracture.

Statistical analysis
We conducted descriptive analyses using monthly person-level data, for a total observation
period of 156,559 person months (50,908 regimen switcher months; 53,178 drug-only
switcher months; and 52,473 nonswitcher months). The monthly occurrence of any
osteoporotic fracture and the monthly MPR were arrayed in relationship to whether they
occurred before or after the switching month. Incidence rate ratios were calculated as the
number of osteoporotic fractures per person-month time for each switching group.
Interrupted times series estimation with segmented regression methods and autoregressive
correlations of the first order were used for testing changes in the trend (slope and level) of
achieving adequate adherence following the switch and adjusting for pre-switch adherence
trends.26 The model included a constant summarizing the baseline level, and three terms.
The first term estimated monthly changes per person in the pre-switch adherence trend, the
second term estimated the average level change per person in the first month after the
switch, and the third term was the post-switch trend relative to the pre-switch trend. Models
were estimated separately for each group. Time-series analyses were conducted using the
time-series commands in STATA 10.0. The institutional review board of the University of
Massachusetts Medical School exempted this research from review.

Results
We identified 1835 individuals who switched from once-weekly to once-monthly dosing
regimens. Before the propensity score match, dose regimen switchers differed from the two
comparator groups (drug-only switchers and nonswitchers) across most characteristics
(Table 1). After the propensity score match, the dosing switchers and the two comparator
groups showed no statistically significant differences except for the following: comorbidity
risk score (0.75 regimen switchers vs. 0.68 nonswitchers, p<.01); baseline hospitalization
rates (15.9% regimen switchers vs. 12.9% nonswitchers, p<.02); and residence in the U.S.
South (33.5% regimen switchers vs. 30.5% nonswitchers, p<.02).

Figure 1 shows the observed and predicted proportion of patients achieving adequate
adherence each month, 12 months before and 24 months after the therapy switch. In the top
panel, the proportion of once-monthly switchers achieving adequate adherence decreased by
4 percentage points each month in the pre-switch period (95% confidence interval [CI],
−0.06 – −0.03). After the regimen switch, the proportion of switchers achieving adequate
adherence still declined each month but the failure rate was slower than before the switch
(1% fewer adherers per month post-switch; 95% CI, −0.01 – −0.01; p<.000). One year post-
switch, 42% of once-monthly switchers achieved adequate adherence. As a comparison in
the second panel, the once-weekly switchers also exhibited a steady decline in adherence
before the switch (1% fewer adequate adherers per month pre-switch, 95% CI, −0.03 –
0.00). However, after the switch, the rate of adherence failure remained the same as the pre-
switch rate (1% fewer adequate adherers per month post-switch, 95% CI, −0.01 – −0.01;p=.
718). One year post-switch, 47% of the once-weekly switchers achieved adequate
adherence. The last comparison is among nonswitchers with a randomly assigned switch
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data. In the last panel, the adherence of nonswitchers also declined over time although the
decline was not associated with the statistically-generated switch date (4% fewer adequate
adherers per month, 95% CI, −0.03 – 0.00; p=.148). After the “switch”, the rate of
adherence failure remained the same as the pre-switch rate (2% fewer adequate adheres per
month, 95% CI, −0.04–.08; p=.527). Sensitivity analyses with adequate adherence set at
MPR>=60% showed similar results.

Overall, the study population experienced 425 osteoporotic fractures while observed: 142 in
regimen switchers, 150 in drug-only switchers, and 133 in nonswitchers. Figure 2 shows the
incidence rate ratios [IRR] of osteoporotic fractures by switching behavior. Before initiating
therapy, regimen switchers had a similar risk of osteoporotic fractures as drug-only
switchers (IRR 1.05, 95% CI 0.71–1.56) and nonswitchers (IRR 0.97, 95% CI 0.66–1.41).
The similarity in risk of osteoporotic fractures for regimen switchers and the comparator
groups persisted into the pre-switch period (IRR 1.03, 95% CI 0.66–1.62, relative to drug-
only switchers; and IRR 0.89, 95% CI 0.52–1.57, relative to nonswitchers). The relative risk
of osteoporotic fractures also did not change in the post-switch period, neither in the first
year (IRR 0.83, 95% CI 0.50–1.36, relative to drug-only switchers; and IRR 0.90, 95% CI
0.54–1.49, relative to nonswitchers), nor in the second year (IRR 0.59, 95% CI 0.25–1.35,
relative to drug-only switchers; and IRR 0.78, 95% CI 0.35–1.74, relative to nonswitchers).

Discussion
In this study of 1835 individuals who initiated once-weekly oral bisphosphonate therapy and
then switched to a once-monthly dosing regimen, we found a statistically significant but
clinically modest deceleration in the failure rates of adherence related to the therapy switch:
the monthly rate of individuals achieving adequate adherence decreased from 4% fewer
adherers per month pre-switch to 1% fewer adherers per month post-switch, p<.000). This
deceleration in the adherence failure rate after a therapy switch did not occur in the drug-
only switchers or nonswitchers. However, the benefits of a slower adherence failure rate are
unclear since at 12 months after the switch date, only 41% of the regimen switchers
achieved adequate adherence compared to 47% of drug-only switchers, and 37% of
nonswitchers.

We detected no significant difference in the risk for osteoporotic fractures associated with
the regimen switch. Relative to the risk of the comparator groups, the risk of osteoporotic
fractures did not change for the regimen switchers in the first year or second year after the
switch in therapy. This suggests that decelerating the adherence failure rate by switching the
dosing regimen may not have translated to any improvement in fracture outcomes. This
finding is in accordance with research showing compliance levels of less than 66% with
osteoporosis therapy result in suboptimal improvement in bone density.3

Our adherence findings are somewhat inconsistent with the body of research showing that
adherence is inversely proportional to the frequency of the dose.27 However, these studies
are mainly drawn from studies comparing once-daily dosing to multiple-daily dosings.
Once-weekly oral bisphosphonates have also been associated with higher adherence over the
once-daily regimens, although overall adherence has remained suboptimal in that drug class.
16, 28, 29 Between 52% to 87% of patients starting daily or weekly oral bisphosphonates
discontinue the therapy within 1 year or do not fill enough prescriptions to cover 80% of a
year of therapy.2, 16 Even early reports of patient compliance with the once-monthly
bisphosphonate show only 57% remained on therapy after 6 months of therapy.30 Our study
cannot explain the lackluster adherence benefits with the once-monthly regimen; however,
the growing body of evidence shows that gastrointestinal adverse effects and patient beliefs
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rather than dosing complexity are the main reasons for nonadherence with this drug class.28,
31

Our study has several important limitations. First, we cannot assess the reasons for the
switch in therapy or discontinued therapy, so some of our classification of noncompliance
may have been in accordance with the advice of physicians. We also did not evaluate the use
of estrogen therapy, etidronate, nasal calcitonin or intravenous bisphosphonates, so patients
who switched to these therapies would have been considered noncompliant. Secondly, we
do not know if patients actually took the medication, only that they acquired the medication.
Thirdly, the adherence patterns of the once-monthly regimen come from the first year of
market availability of these agents and these patterns may change over time. The estimates
related to fracture risk have wide confidence intervals that suggest imprecision. Lastly, the
generalizability of our study is limited to insured patients who face fewer cost barriers to
medications.

The strength of this study lies in the longitudinal design, the use of incidence drug users so
that initial therapy exposure is uniformly observed, and the novel approach to examining the
impact of switching behavior. Since we compare the effectiveness of the weekly and
monthly dosing regimens in the same individuals, the results are not confounded by
unmeasured factors that did not change before and after the therapy switch (e.g. a tendency
to employ healthy behaviors). Potential confounding related to changeable factors was
addressed with the use of two contemporary comparator groups. Changeable factors could
bias the results of this study only if they occurred at the same time as the regimen switch and
occurred more in the regimen switchers than in the other comparator groups.

The low adherence observed among all study groups suggests that switching patients to a
different oral bisphosphonate, even one with a reduced dosing regimen, may not be enough
to improve fracture risk. Furthermore, the increased costs of the once-monthly
bisphosphonate may not be justified, especially given that generic forms of the weekly oral
bisphosphonates have been available since early 2008.

Key Points

• Previously it was known that adherence with oral bisphosphonates is suboptimal
but improved with the once-weekly dose regimens over the once-daily
regimens.

• This study found patients who were switched to a once-monthly bisphosphonate
demonstrated a modest reduction in nonadherence over the once-weekly
regimen.

• However, we did not detect significant improvement in fracture risk with the
adherence improvement.
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Figure 1.
Proportion of Patients Achieving Adequate Adherence by Switching Behavior
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Figure 2.
Relative Risk of Osteoporotic Fractures by Switching Behavior
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