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Abstract

Purpose of the review—QOsteoporosis is a major public health issue resulting in considerable
fracture-related morbidity. Although effective treatment exists, adherence to osteoporosis
pharmacotherapy is suboptimal and linked to reduced drug effectiveness. Interventions are thus
needed to reduce the burden of fractures associated with poor treatment adherence.

Recent findings—Most patients will stop osteoporosis pharmacotherapy, yet the majority who
discontinue will reinitiate treatment after an extended gap. The key to improving adherence to
osteoporosis pharmacotherapy is to reduce the number and length of gaps in treatment.
Multifaceted and individualized interventions may help to improve adherence. New strategies
aimed at identifying patients likely to stop therapy may also facilitate the development of targeted
interventions.

Summary—Adherence to osteoporosis pharmacotherapy is suboptimal with short periods of
persistence and lengthy gaps in therapy. Regular communication regarding the importance of
continued therapy is critical. More research to help identify risk profiles of patients likely to
become non-adherent, targeted multifaceted interventions to maximize adherence to therapy, and
data to support when patients may safely consider a physician directed drug holiday is needed.
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Introduction

Osteoporosis is a major public health issue resulting in considerable fracture-related
morbidity [1,2]. Although effective treatment options exist to reduce fracture risk [3,4],
adherence to pharmacotherapy is suboptimal and linked to reduced drug effectiveness [5—
7,8*] and increased costs [9-11]. Targeted quality improvement interventions are needed to
reduce the burden of osteoporosis related to poor drug adherence. In this review, we
synthesize recent literature regarding the measurement and prediction of treatment
adherence using healthcare utilization data, summarize the main reasons for poor adherence
to osteoporosis pharmacotherapy, and briefly review strategies to improve treatment
adherence. We highlight new findings and make recommendations for future research.
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Using healthcare utilization data to measure adherence

Healthcare utilization (medical and pharmacy claims) data permit assessment of the patterns
of drug use and the subsequent impact of adherence to therapy on clinical outcomes. Other
common methods to assess adherence to osteoporosis pharmacotherapy include clinician
perceptions, and patient self-report [12,13*]. We focus this review on the use of pharmacy
claims to measure treatment adherence. Although a pharmacy claim does not guarantee
consumption, repeated dispensing over regular intervals is a good proxy for actual adherence
to treatment [14,15]. Until recently, there has been a lack of consistency in the use of
terminology used to describe adherence to pharmacotherapy using healthcare utilization data
[16]. In 2007 and 2008, the International Society of Pharmacoeconomics and Outcomes
Research (ISPOR) released suggested reporting standards [17,18]. Adherence to
pharmacotherapy is defined by the extent a patient’s behaviour coincides with the prescribed
treatment regimen (time, quantity and frequency), and is quantified by measures of
compliance and persistence, Figure 1. Although ISPOR recognizes “adherence” and
“compliance” as synonyms [17,18], we encourage the use adherence as a general term
describing the behaviour, and compliance and persistence as specific measures that quantify
adherence to pharmacotherapy [5,12,19,20,21*].

Compliance

In the context of osteoporosis pharmacotherapy, most studies have defined good adherence
to therapy based on a measure of compliance: medication possession ratio (MPR) of 80% or
more [5-7,8*]. When capped at 100%, MPR is synonymous with the proportion of days
covered (PDC). PDC is calculated as the total number of days of drug supplied (days
covered by drug) in the observation period, divided by the total number of aays in the
observation period, and capped to 1 or 100%. ISPOR recognizes both MPR and PDC [17],
yet does not recommend the use of one term over the other. We believe that “proportion of
days covered,” is more intuitive than “medication possession ratio,” because the terminology
more clearly describes what is measured, and PDC is consistently capped at 1 or 100%. We
therefore use PDC throughout this review and recommend that future studies adopt the term
PDC as the standard measure of treatment compliance.

Persistence

Persistence captures the length of time a patient continues with therapy after treatment
initiation, and is quantified by the number of days covered by drug without a predefined
permissible gap. The permissible gap (grace period) is quantified by a specific time interval
in days, by a proportion of the most recently supplied amount of drug, or a combination of
the two. Drug discontinuation is therefore identified by an extended number of days
following drug coverage without a new dispensing. The permissible gap most frequently
used in studies that examine persistence with osteoporosis therapy is 30 days, with other
studies allowing gaps of 14 to 120 days [6,12].
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Calculating compliance and persistence using claims data — considering
immeasurable time

Two main factors impact measurement of compliance and persistence: 1) length of follow-
up, and 2) length of permissible gap or “grace period”. Depending on the database utilized,
periods of incomplete information may also impact estimated compliance and persistence.
For example, many healthcare utilization databases are limited to therapeutics dispensed in
community pharmacies [22]. Drugs dispensed in hospital or long-term care may be covered
by different drug plans and thus these data may not be available for analysis. Missing
periods of drug information, or “immeasurable time” [22], have the potential to
underestimate rates of treatment adherence. When relevant, it may be important to adjust for
missing periods of drug data when measuring adherence to therapy. For example, to account
for potential immeasurable time in hospital when calculating PDC, the number of days in
hospital may either be subtracted from the denominator or added to the numerator. Similarly,
when estimating treatment persistence based on exceeding a permissible gap in therapy, days
in hospital may be subtracted from the observed gap length, or patients may be considered
fully covered by drug during the hospitalization.

To illustrate the above concepts, we present the hypothetical drug exposure for a sample
patient over a 180 day period, Figure 2. During the 180 day period, the patient was
dispensed three 30-days supply of drug in a community pharmacy, and one 30-days supply
of drug during a 12 day hospitalization. In this example, only drugs dispensed in community
pharmacies are tracked by pharmacy claims available for analysis. With a 60-day
permissible gap, this patient persisted with therapy over the 180 days, with one short 7-day
gap observed between the first and second dispensing, and a subsequent gap of 53 days
(46+7) occurring after the second dispensing and before the prescription dispensed in
hospital. The patient’s true compliance is measured as a PDC of 67% ([30+30+60]/180,
Figure 2A). However, given that one of the 30-days of supplied drug was dispensed in a
hospital pharmacy, the estimated compliance and persistence is underestimated when
considering only the “raw” pharmacy claims available for analysis. In Table 1, we compare
estimated compliance and persistence after varying assumptions underlying each calculation.
Permitting no grace period after theoretical drug coverage and ignoring immeasurable days
in hospital results in an estimated PDC of 50% ([30+30+30]/180, Figure 2B). Estimated
PDC increases to 62% ([30+7+30+15+30]/180, Figure 2C) after allowing for a maximum
grace period of 50% days supplied, and to 67% ([82+30]/[180-12], subtracting days in
hospital from the denominator) and 69% ([82+30+12]/180, assuming 100% drug coverage
during hospitalization and adding days in hospital to the numerator), after also adjusting for
immeasurable time in hospital.

Our hypothetical example highlights how subtle differences in assumptions to account for
periods of immeasurable time can impact measurement of compliance and persistence.
However, immeasurable time during a short acute hospitalization may be less relevant than
during long-term care. Depending on the purpose of the analysis and data utilized, authors
may ignore immeasurable time, adjust for immeasurable time or censor analyses at the start
of immeasurable time (e.g., on admission date). A recent paper stopped follow-up time
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during hospitalization and until 4 weeks after discharge when calculating adherence to
bisphosphonates [23]. Immeasurable time is database specific, and thus decisions regarding
how to adjust for immeasurable time should be based on the data utilized and the purpose of
the analysis.

The length of follow-up and grace period applied can also greatly impact compliance and
persistence measurement. For example, healthcare utilization data in Ontario, Canada
(1999-2004) identified that extending the grace period between refills of oral
bisphosphonates from 50% to 300% of days supplied increased the 1-year persistence from
49% to 76%, and 5-year persistence from 17% to 41% [24]. In the same study, considering
any bisphosphonate dosing within the 180 days prior to the end of 5-year follow-up
identified 64% as persisting with therapy to 5 years. Differences in assumptions underlying
measurement of compliance and persistence makes it difficult to compare results between
studies [16].

Considering drug overlap and switching

We simplified our hypothetical example in Figure 2 by studying adherence to a single drug
with no overlap in drug prescriptions. In most cases when prescriptions for the same drug or
drug class overlap, patients are assumed to have refilled early, and completed the first
prescription before starting the second prescription. A recent study truncated to a maximum
number of 180 days supplied when adding days of drug overlap [25*]. The decision whether
or not to truncate to a maximum number of days supplied based on prescription overlap may
depend on the data utilized [26*], and therefore clarity in describing methods and rationale
is important [17].

Switching between drugs or regimens may also complicate decisions to account for drug
overlap. For example, many patients switch between osteoporosis drugs due to adverse
effects, and thus it may not be appropriate to add overlap days when patients switch between
drugs. However, the argument of no overlap after only a regimen change--e.g., from daily to
weekly alendronate--weakens as a patient may use their extra daily medication if they are
delayed in picking up a future weekly dispensing. Careful consideration is thus important
when deciding upon methods to account for prescription overlap.

Adherence to concurrent medications

Little information is available regarding adherence to concurrent osteoporosis medications,
such as concurrent adherence to an oral bisphosphonate and a selective estrogen receptor
modulator. Standard methods for measuring concurrent adherence have recently been
proposed and grouped into prescription-based and interval-based approaches [25*]. These
recommended reporting standards may be useful to examine adherence to concurrent
osteoporosis therapies.

Treatment reinitiation after an extended gap

Most publications that have examined adherence to osteoporosis pharmacotherapy have
considered only the initial treatment episode. However, an under-reported finding is that
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many patients who discontinue pharmacotherapy return to treatment after an extended gap.
For example, although 67% of older low-income adults in Pennsylvania who started
osteoporosis pharmacotherapy between 1996 and 2002 experienced an extended gap of 60 or
more days, 30% reinitiated treatment within 6-months and 50% within 2 years of drug
discontinuation [27]. Data from Australia recently identify that among veterans taking oral
bisphosphonates between April 2001 and 2007, 19% experienced one extended gap of more
than 105 days between prescriptions, and 13% experienced 2 or more periods of extended
gaps in treatment [26*]. These data highlight the importance of reducing the length of, and
number of gaps in osteoporosis pharmacotherapy to help improve treatment adherence.

Predicting poor adherence using healthcare utilization data

Recent evidence suggests that healthcare utilization data may be useful to identify patients
likely to become non-adherent to pharmacotherapy [23,28*,29*,30,31]. First, longer delays
in filling a prescription predicts poor compliance (PDC<80%) [30], and non-persistence
[28*]. Second, longer gap lengths between prescription refills within the first 3 months of
treatment initiation predicts treatment discontinuation [31]. Third, a shorter length of
persistence after treatment initiation is negatively associated with treatment reinitiation
[23,27]. Fourth, poor compliance to treatment for other asymptomatic conditions predicts
poor compliance to bisphosphonate therapy [29*]. Collectively, these findings suggest that
healthcare utilization data may become a valuable resource for the early identification of
patients likely to discontinue osteoporosis treatment. In addition to healthcare utilization
data, patient responses regarding their concerns, need and medication affordability may
predict non-adherence [32*,33]. More research to develop risk profiles, or prognostic indices
of poor treatment adherence may help to identify patients for targeted adherence
interventions.

Improving adherence to osteoporosis pharmacotherapy

Commonly reported barriers to osteoporosis treatment adherence include: actual and
perceived side effects, dosing complexity, medication costs, lack of perceived need for
therapy, poor perceptions regarding treatment effectiveness, poor patient-provider
relationship, little patient involvement in treatment decision making and lack of treatment
follow-up [21*,34*,35,36]. Evidence suggests that patients regularly reassess their perceived
need for treatment against barriers to continued therapy [21*,36,37]. Strategies that enhance
patient-provider communication and treatment follow-up may thus help to improve
treatment adherence [38*].

First, patients who feel comfortable with their physicians are more likely to trust the
diagnosis, accept a prescribed treatment, and return to their doctor to discuss medication
problems [34*,38*]. Healthcare providers play a key role in shaping perceptions of fracture
risk and osteoporosis drug effectiveness [34*,39*,40]. However, many patients fail to
associate fracture with a diagnosis of osteoporosis [39*,40], and patients underestimate the
extent of bone loss identified by bone mineral density testing [41]. Improved patient
understanding of bone quality and need for pharmacotherapy is therefore critical [21*,34*,
35,37]. Second, early treatment follow-up facilitates adherence by addressing adverse drug
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effects and problems with dosing complexity [34]. In fact, drug switching; between drugs or
drug regimens; improves compliance to osteoporosis pharmacotherapy [12,23,34*,42,43].

Potential strategies to improve adherence to osteoporosis pharmacotherapy include
improving patient-provider relationships and increased treatment monitoring through regular
follow-up, clinical testing and reminder systems [34*,38*,44* 45]. Providing patients with
educational material alone does not improve treatment adherence [44*,46]. Instead,
multifaceted and individualized approaches with regular follow-up are needed [34*,38*,44*,
45]. A new intensive intervention trial designed to improve adherence to osteoporosis
pharmacotherapy is currently underway [47*]. The intervention involves patient education
and 10 scheduled motivational interviews over a 12-month period, and thus looks promising.
We await with anticipation the impact of the intervention on treatment adherence, as well as
results of the cost-effectiveness analysis [47*].

Dosing regimen

Evidence supports better adherence to weekly versus daily osteoporosis therapy [12].
However, there is little evidence to conclude whether differences in adherence exist between
monthly and weekly regimens [20, 48]. New treatment options, such as annual zoledronic
acid infusion and forthcoming semi-annual denosumab will change the landscape of
osteoporosis treatment adherence. Nonetheless, safety concerns and costs may prohibit the
rapid uptake of these new therapies, and thus for now, better strategies to improve adherence
to daily, weekly and monthly regimens are important.

Duration of therapy

The focus of this paper has been on measuring and improving adherence to osteoporosis
pharmacotherapy. However, in some cases, a physician directed drug holiday from oral
bisphosphonate treatment may be appropriate [49,50]. Recent non-experimental evidence
suggests that women highly adherent to bisphosphonate with PDC =80% at 2 years, or
>66% at 3 years had similar subsequent 1-year hip fracture risk compared to patients who
continued pharmacotherapy after 2 or 3 years respectively [51*]. Better understanding of
bisphosphonate treatment patterns and evidence to support if, when, how long and among
which patients a physician directed drug holiday may be appropriate are needed.

Conclusion

Adherence to osteoporosis pharmacotherapy is suboptimal with short periods of persistence
and lengthy gaps in therapy. Patients regularly reassess their need for treatment within the
broader context of their quality of life. Regular follow-up is therefore critical, particularly if
patients may be at high risk for poor adherence. More research to help identify risk profiles
of patients likely to become non-adherent, targeted multifaceted interventions to maximize
adherence to therapy, and data to support when patients may safely consider a physician
directed drug holiday is needed.
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ADHERENCE

COMPLIANCE (Proportion of Days Covered): :
total days supplied in observation period|, capped at 1
total days in observation period :

. PERSISTENCE:
i total days without exceeding permissible gap,
i maximum is total days in observation period

Figure 1.
Quantifying adherence to pharmacotherapy using healthcare utilization data, adapted from

prior summaries[18, 25]. Adherence is a general term describing medication taking
behaviour and is examined using healthcare utilization data by measurement of compliance
and persistence in the observation period. The proportion of days covered (PDC) is also
commonly referred to as the medication possession ratio (MPR). We recommend PDC as the
standard terminology and measurement of compliance.

to=start of observation period

ty=end of observation period
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Index
Date 180 days
Hypothetical patient: ‘7 d| | 46d P d’
True gaps in therapy | |
M —1
True drug exposure 30 d | | 30 d | | 30d | 30d
12d
30 days 30 days 60 days
A Truth
30 days 30 days 30 days
B .Claims data “raw” eeess——— —— 1020doayos ———
1
C Claims data “raw” | 30days 7d 30days 15 days .2.d:1}:s 30 days |]5 days
+ 50% days supplied
grace period

|:| Dispensed in community pharmacy I:I Dispensed in hospital

Figure 2.

to

Example drug exposure and adherence for a hypothetical patient.
A. Truth: dark solid lines=true consumption

B. Claims data “raw”: dark solid lines=drug use identified through pharmacy claims,

dotted line=days in hospital identified through medical claims.

C. Claims data “raw” +50% days supplied grace period: dark solid lines=drug use

ty

identified through raw pharmacy claims, light solid lines=coverage added by applying a
maximum 50% days supplied grace period to all gaps, dotted line=days in hospital identified
through medical claims.
to=start of observation period, t;=end of observation period; calculations only consider drug
coverage during the observation period
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