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Background: Long-term compliance with pharmaco-
logic treatments for many asymptomatic conditions may
be suboptimal, but little is known about compliance with
medications used for osteoporosis. This study was un-
dertaken to assess the level and determinants of compli-
ance with drugs prescribed for osteoporosis.

Methods: This retrospective cohort study used phar-
macy claims data from US Medicare and filled prescrip-
tions from a state pharmaceutical benefits program. We
included persons 65 years or older who initiated use of
a medication for osteoporosis (alendronate sodium, cal-
citonin, hormone therapy, raloxifene hydrochloride, or
risedronate) from January 1, 1996, through December
31, 2002. The outcome of interest was suboptimal medi-
cation compliance, defined as equal to or less than 66%
of days with medication during a 60-day period.

Results: One year after initiating treatment for osteo-
porosis, 45.2% of the 40 002 patients were not con-

tinuing to fill prescriptions. Five years after initiation,
52.1% of patients were not continuing to fill prescrip-
tions for an osteoporosis medication. Several charac-
teristics independently predicted compliance: female
sex, younger age, fewer comorbid conditions, using
fewer nonosteoporosis medications, bone mineral den-
sity testing before and after initiating a medication, a
fracture before and after initiating a medication, and
nursing home residence during the 12 months before
initiating a medication. However, models adjusted for
the significant patient variables explained only 6% of
the variation in compliance.

Conclusions: Most patients who initiate a medication
for osteoporosis do not continue to take it as pre-
scribed. Although several patient characteristics signifi-
cantly correlated with compliance, adjusted models ex-
plained little of the variation.
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S EVERAL EFFECTIVE DRUG

treatments for osteoporosis
have become widely avail-
able during the past decade.
Because patients with osteo-

porosis may have no symptoms from
weakened bones until a fracture occurs,
treatment for low bone mineral density
(BMD) frequently begins during an asymp-
tomatic phase of the condition. Data for
several other chronic and largely asymp-
tomatic conditions suggest that long-
term medication compliance is often poor.
Large community-based studies have
shown that 40% to 60% of patients con-
tinue to take medications for hypercho-
lesterolemia 1 year after initiation.1 Al-
though prior research on osteoporosis
treatment compliance has suggested that
60% to 80% of patients continue to re-
ceive therapy for at least 1 year, these stud-
ies were conducted in selected patient
groups, several had relatively small
samples, and some relied on patient self-
report of medication use.2-4

We examined rates and predictors of
compliance with medications for osteo-
porosis among a large population of un-
selected low- to moderate-income Medi-

care beneficiaries who all had a state-
funded drug benefit requiring a minimal
copayment. The cost of medications may
be an important factor affecting noncom-
pliance in other populations, but we were
able to minimize this effect by studying
compliance in a population with a drug
benefit. We hypothesized that in addi-
tion to patient characteristics at the time
of initiating treatment, time-varying fac-
tors, such as recent hospitalizations, frac-
tures, or BMD testing, would influence
long-term compliance. Although we are
aware that some patients who discon-
tinue their medications are actually being
compliant with a physician’s request, the
term compliance will be used to refer to
long-term continuation with any osteo-
porosis medication.

METHODS

STUDY POPULATION
AND DATA SOURCES

The study database included all Medicare ben-
eficiaries also eligible for a state-run drug ben-
efitsprograminPennsylvania—thePharmaceu-
ticalAssistanceContract for theElderly(PACE).
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BeneficiariesofPACEhaveannual incomesbetween$10 000and
$20 000 and are 65 years or older. The PACE drug benefit pro-
videsalloutpatientdrugsat a small copaymentof$6 to$10.None
of the medications for osteoporosis had prescribing restrictions.

Welimited thestudypopulation tobeneficiariesofPACEwho
had initiated use of a medication for osteoporosis from January
1, 1996, through December 31, 2002. These included bisphos-
phonates (alendronate sodium and risedronate), calcitonin, hor-
mone therapy (except progesterone-only preparations and vagi-
nal creams), and raloxifene hydrochloride. Teriparatide was not
included because it became available only in late 2002. Because
indications for medications were not identified in the database,
some of the prescriptions for medications like hormone therapy
were probably not explicitly used for osteoporosis but were in-
cluded as such. All patients in this study were aged at least 65
years, so hormone therapy would not have been used for short-
term menopausal symptoms. To reduce the chance that patients
were obtaining medications through other means, we excluded
patientswhohadnot filledmedications foranyconditionthrough
PACE in each of the two 6-month intervals immediately preced-
ing their initial osteoporosis prescription. Medication informa-
tion from PACE consisted of the drug name, dosage, number of
pills dispensed, and days’ supply. The study database included
Medicare information on all inpatient and outpatient encoun-
ters, includingdiagnoses,procedures, and tests (without results).
The study investigators have data use agreements in place with
Medicare and PACE. To ensure patient confidentiality, all per-
sonal identifierswere removed fromthestudydatabaseafter link-
age was achieved. The institutional review board of Partners
Healthcare, Boston, approved this research.

STUDY DESIGN

This retrospective analysis was designed as a cohort study of pa-
tients who initiated an osteoporosis medication from January 1996
through December 2002. We examined osteoporosis medica-
tion use in sequential 60-day periods starting with the initial pre-
scription and the index date, and we followed the patients’ progress
until they died or lost eligibility for PACE. Sixty days was cho-
sen as the period to study because most prescriptions allow for
a supply of 30 or 60 days, and the shorter 30-day period would
be prone to less stable estimates. Within each 60-day period, we
defined the proportion of days that osteoporosis medications were
available to participants (days covered) on the basis of the day
supply field. The days covered was calculated by summing the
number of days when an osteoporosis medication was available
and dividing by the period length of 60 days.

Because patients commonly have brief intervals between ac-
tive prescriptions, we did not require them to fill medications
to cover 100% of days in each interval. No data definitively es-
tablish the percentage of days required for an osteoporosis medi-
cation to be effective. However, results of 1 observational study
suggested that patients reporting compliance for at least two
thirds of days had better BMD than those reporting less; thus,
we used greater than 66% of days covered as the primary thresh-
old for compliance.3 Sensitivity analyses were used to explore
alternative thresholds, such as greater than 50% and greater than
85% of days covered. Results for these alternative thresholds
were similar to those of the primary analysis and are not in-
cluded here. We also assessed several categories of compli-
ance: no days with medications, 1% to 33% of days, 34% to 66%
of days, and greater than 66% of days.

POTENTIAL PREDICTORS OF OSTEOPOROSIS
MEDICATION COMPLIANCE

We had 2 objectives for developing multivariable models of com-
pliance: (1) to examine predictors of compliance, and (2) to

identify factors available from the baseline year that could be
used to identify patients likely to be compliant. Results from
the second set of analyses could help inform quality improve-
ment interventions that might be initiated when drugs are started.
Although these modeling exercises are closely related, differ-
ent types of variables were entered into the models. For the first
goal, we examined potential predictors of osteoporosis medi-
cation compliance in the 12 months before initiating treat-
ment (baseline variables) and then since initiation of the os-
teoporosis medication (time-varying variables). For the second
goal, we entered only baseline variables in the model. The base-
line 12-month period extended back into 1995 for patients who
initiated treatment in 1996.

Baseline variables included age; sex; race; annual income; mari-
tal status; nursing home residence; acute care hospitalization;
fractures of the hip, wrist, humerus, or spine; BMD testing; num-
ber of physician visits; number of comorbid conditions (a co-
morbidity index)5; and total number of different nonosteoporo-
sis medications used. For each 60-day period after initiation of
a medication for osteoporosis, we repeated the assessment for
the time-varying variables such as nursing home residence, acute
care hospitalizations, fractures, and BMD testing.

STATISTICAL ANALYSIS

We first calculated the proportion of days covered by an os-
teoporosis medication for each 60-day period after initiation
of treatment. Kaplan-Meier survival curves were then con-
structed to estimate the distribution of time until a patient had
2 consecutive 60-day periods with no supply of any osteopo-
rosis medication. The Kaplan-Meier curves were stratified on
several key variables. Differences between the survival curves
were evaluated by using a log-rank test.

Multivariable regression models were then constructed to as-
sess variables associated with an increased likelihood of osteo-
porosis medication compliance. Our primary definition of medi-
cation compliance was a dichotomous categorization, and sec-
ondary analyses treated compliance as a continuous percentage.
For the primary analyses, we initially dichotomized compliance
as greater than 66% of days with any osteoporosis medication
in a 60-day period. We constructed models for this dichotomous
end point by using both a logarithmic and a logistic link func-
tion. The results were similar, and we display the results from
the log-linearmodels, since thevariables are interpretable as rela-
tive risks. All possible baseline and time-varying predictors were
tested. Only the variables significant at P�.05 were retained for
the final models. This process was repeated in a linear regres-
sion model with the percentage of days covered as the outcome,
and predictors included baseline and time-varying patient-level
variables. Because each participant contributed multiple peri-
ods, all analyses report standard errors that are estimated by us-
ingageneralizedestimatingequationsapproachforrepeatedmea-
sures data.6,7 Sensitivity analyses were used to test 120 days as
the period length. There were no important differences between
the 60-day and 120-day periods. All analyses were conducted
using SAS version 8.02 (SAS Institute Inc, Cary, NC).

RESULTS

We identified 40 002 patients who initiated a medication
used for osteoporosis from January 1996 through Decem-
ber 2002 (Table 1). The mean age of the treated popu-
lation was 80 years. Most were white and female, reflect-
ing the makeup of the underlying population enrolled in
PACE. On the basis of information from the 12 months
before initiating an osteoporosis drug, patients in the study
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sample had an average of 2 major comorbid conditions and
used 9 different medications. About a third had an acute
care hospitalization, and 12% had resided in a nursing home
for at least part of the baseline year. Approximately one
fifth had a fracture during the baseline year, and a similar
proportion underwent BMD testing.

After initiation of 1 of the osteoporosis study medica-
tions, thepercentageofdayscovereddecreasedrapidlydur-

ing the first year (Figure 1). At the end of the first year
of treatment, 45.2% of patients had discontinued osteo-
porosis treatment. This finding was demonstrated by at
least 120 consecutive days without any filled prescriptions
for osteoporosis. The proportion of patients filling their
prescriptions did not change substantially after the first
year. After 5 years of follow-up, 52.1% of patients were not
continuing to fill prescriptions for an osteoporosis drug.

Kaplan-Meier curves suggest a similar trend of non-
compliance with osteoporosis medications (Figure 2A).
Those who underwent baseline BMD testing were more
likely to remain compliant with osteoporosis medica-

Table 1. Characteristics of Patients in the 12 Months Before
Initiating a Medication for Osteoporosis*

Characteristic Value

No. of patients 40 002
Female sex 38 432 (96.1)
Age, y 79.9 ± 6.8
White race 38 480 (96.2)
No. of major comorbid conditions 2.2 ± 2.2
No. of different medications 9.1 ± 5.4
No. of physician visits 9.9 ± 6.8
Acute care hospitalization 15 110 (37.8)
Nursing home residence 4862 (12.2)
Fracture of the hip, wrist, humerus, or spine 7592 (19.0)
Bone mineral density testing 8557 (21.4)
Starting medications (monotherapy or combination)

Bisphosphonate 18 751 (46.9)
Calcitonin 11 761 (29.4)
Hormone therapy 5285 (13.2)
Raloxifene hydrochloride 2578 (6.4)
Bisphosphonate and calcitonin 971 (2.4)
Other combinations 656 (1.6)

* Data are given as number (percentage) or mean±SD unless otherwise
indicated.

1.0

0.6

0.8

0.4

0.2

0
60-Day Periods

Pr
op

or
tio

n 
of

 P
op

ul
at

io
n

Figure 1. This bar graph represents the compliance with medications used
for osteoporosis. The y-axis represents the proportion of the population in
each category of compliance. The x-axis represents 60-day periods after date
of osteoporosis medication initiation (index date). Four categories of
compliance are graphed for each 60-day period after initiation. The black bar
represents the proportion of patients who had filled prescriptions for any
osteoporosis medication that covered greater than 66% of all days in the
60-day period, the dark gray bar represents patients with 34% to 66% of
days with any osteoporosis medication, the light gray bar represents the
patients with 1% to 33% of days, and the white bar represents the patients
with no days of medication.
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Figure 2. The Kaplan-Meier curves illustrate the proportion of patients who
had 2 consecutive 60-day periods without any osteoporosis medication:
all patients (A), patients stratified according to bone mineral density (BMD)
testing (0, no testing; 1, testing) in the prior 12 months (B), and patients
stratified according to age in years at the time of drug initiation (C).
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tions than those who did not undergo BMD testing dur-
ing the 12 months preceding medication initiation
(Figure 2B). Compliance also differed significantly ac-
cording to patient age, with the lowest compliance ob-
served in patients 85 and older (Figure 2C).

In the multivariable models that included time-
varying and baseline variables, several patient character-
istics were associated independently with increased com-
pliance (Table 2): female sex, BMD testing before and
after initiating a medication, fracture before and after ini-
tiating a medication, and institutionalization in a nurs-
ing home before initiating a medication. Variables that
reduced the likelihood of remaining compliant in-
cluded being older, more comorbid conditions, more non-
osteoporosis medications used, and institutionalization
in a nursing home after initiating a medication. After con-
trolling for these patient characteristics, patients who be-
gan taking raloxifene were more compliant than those
who began taking a bisphosphonate; those who began
taking hormone therapy or calcitonin were the least com-
pliant. However, these multivariable models explained
only 6% of the variation in compliance (R2=0.06).

The second set of models included only factors avail-
able at the time of initiating treatment (baseline vari-
ables). These models included virtually the same base-
line variables as the previous set of models and produced
similar point estimates (Table 2).

Finally, we examined models that considered the per-
centage of days covered with an osteoporosis medica-
tion in a 60-day period as a continuous end point
(Table 3). The final set of variables in these models was
similar to those in the models in which a dichotomous
end point was used. However, these data can be inter-
preted directly with respect to increases in compliance.
For example, women were compliant with osteoporosis
medications for 3.3 days more than men in a given 60-
day period.

COMMENT

In this study of unselected older adults, we found rela-
tively low compliance with medications used for osteo-
porosis. After 1 year, 45.2% of patients were no longer
still taking an osteoporosis medication; this increased to
52.1% after 5 years. Several characteristics of patients dur-
ing the 12 months before their first prescription, as well
as several variables since initiation, were associated with
greater compliance. An adjusted model with many pa-
tient characteristics still had a relatively low ability to ex-
plain the variation in compliance. This finding suggests
that other factors—patient beliefs or socioeconomic, phy-
sician-related, or health system issues—might be impor-
tant correlates of osteoporosis medication compliance.

Prior research on compliance with osteoporosis medi-
cations is not entirely consistent with these findings. Au-
thors of a large study from a health maintenance orga-
nization found that among women 45 years or older who
had undergone BMD testing, 78% self-reported continu-
ing osteoporosis medications 7 months after initiation.2

Treatment discontinuation was more common in women
who reported bothersome adverse effects or did not think

that their BMD test results showed osteoporosis. The much
lower discontinuation rate in that study than what we
observed may be related to several factors: drug use was
measured by means of self-report; all women had un-
dergone BMD testing at baseline; and the health main-
tenance organization population was younger and more
likely to be health seeking, better educated, and more af-
fluent. Authors of another study, also from a health main-
tenance organization, assessed compliance among women
who had undergone BMD testing; they found that ap-
proximately 70% of respondents were compliant with os-
teoporosis medications.3

Our study differed in important ways from those in
the literature. We included all older adults enrolled in a
large drug benefits program for low- and moderate-
income elderly patients in 1 US state. These persons are
relatively frail and at high risk of future fractures, so they
are an important group to study. The fact that all pa-

Table 2. Adjusted Models of Compliance in Osteoporosis
Medication Use, Dichotomous Outcome*

Characteristic

Relative Risk
(95% Confidence Interval)

Full Model
Baseline

Variables Only

Age, y
65-74 1.00 1.00
75-84 0.96 (0.94-0.99) 0.96 (0.94-0.99)
�85 0.88 (0.85-0.90) 0.87 (0.84-0.89)

Female sex 1.16 (1.08-1.25) 1.16 (1.08-1.25)
Race, nonwhite 0.83 (0.78-0.89) 0.83 (0.78-0.89)
Starting osteoporosis

medication regimen
Bisphosphonate 1.00 1.00
Calcitonin 0.55 (0.53-0.56) 0.55 (0.53-0.56)
Hormone therapy 0.82 (0.79-0.84) 0.82 (0.79-0.85)
Raloxifene hydrochloride 1.12 (1.08-1.16) 1.12 (1.08-1.16)
Bisphosphonate

and calcitonin
0.94 (0.88-0.99) 0.94 (0.88-0.99)

Other combinations 1.21 (1.14-1.28) 1.21 (1.15-1.28)
During 12 mo before initiation

of a medication for osteoporosis
Comorbidity index,

per condition
0.97 (0.96-0.97) 0.97 (0.96-0.97)

No. of physician visits† 0.99 (0.99-0.99) 0.99 (0.99-0.99)
No. of different

medications‡
0.99 (0.99-0.99) 0.99 (0.99-0.99)

BMD testing 1.19 (1.16-1.22) 1.20 (1.17-1.23)
Fracture 1.10 (1.06-1.13) 1.10 (1.06-1.13)
Nursing home residence 1.09 (1.06-1.12) 1.08 (1.04-1.13)

During the course of osteoporosis
medication use

BMD testing 1.22 (1.19-1.25) §
Fracture 1.13 (1.10-1.15) §
Nursing home residence 0.59 (0.57-0.60) §
Hospitalization 0.98 (0.97-0.99) §

Abbreviation: BMD, bone mineral density.
*Other variables adjusted for in the model but not significant include annual

income and acute care hospitalizations. For the full model, R2 = 0.06. The
dichotomous compliance outcome refers to having osteoporosis medications
for greater than 66% of the 60-day period.

†Per additional visit.
‡Per additional medication.
§This variable was not entered into the model.
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tients in the study had a drug benefit with minimal co-
payment limited our ability to study the effects of drug
costs on compliance, even though economic issues may
be an important correlate of long-term drug use, espe-
cially when the benefits of medication use may not be
immediately obvious to patients. Although use of a large
population of older adults is a potential strength of the
study design, reliance on pharmacy claims has impor-
tant limitations.

First, we were unable to assess the reasons for start-
ing or stopping medications, so some of the prescrip-

tions that we included as osteoporosis treatments were
for other indications. Some of the hormone therapy non-
compliance, as well as noncompliance with other medi-
cations, may have been at the advice of physicians on the
basis of potential risks and/or adverse events. We at-
tempted to deal with this limitation by considering pa-
tients who switched among treatments for osteoporosis
as compliant. This categorization limited our ability to
look at compliance with any given drug, but it did not
lead to misclassification of a patient who switched medi-
cations as noncompliant. Nevertheless, some of the
women who discontinued hormone therapy after the pub-
lication of the Women’s Health Initiative in July 2002 may
have done so because of the lack of cardiovascular ben-
efit.8 Because our study period was from January 1996
through December 2002, most of our follow-up oc-
curred before the publication of the Women’s Health Ini-
tiative. Moreover, we found low rates of compliance no
matter which medication was used at initiation.

Second, our pharmacy claims data did not include over-
the-counter calcium and vitamin D supplement use. Pa-
tients who switch from a prescription medication to non-
prescription calcium and/or vitamin D would be
considered noncompliant. Although many consider these
treatments suboptimal if a patient has confirmed osteo-
porosis, not all patients included in our cohort would be
considered to have definite cases of osteoporosis.

Third, pharmacy claims data report only prescrip-
tion filling, not actual medication use. We assumed that
regular refilling of prescriptions is a good surrogate for
long-term medication use, but it may not be. However,
it is clear that patients who do not fill prescriptions con-
sistently are likely to be noncompliant.

Finally, our data were limited to claims for proce-
dures, diagnoses, and medications. We had no informa-
tion about BMD test results. This limited our ability to
determine the appropriateness of treatment. We chose
the availability of medications on greater than 66% of days
on the basis of 1 prior observational study that found this
level to be a threshold for improved BMD.3 The results
of our analyses were similar regardless of whether we used
the alternative (50% or 85%) thresholds, but more work
is necessary to determine whether intermittent use of these
agents is effective. Moreover, the optimal duration of treat-
ment is unclear.9,10

Our findings have several implications. Clinicians need
to be aware that many patients initiating a medication
used for osteoporosis do not continue to take these drugs
long term, which limits the effectiveness of these treat-
ments and suggests the need for interventions to im-
prove compliance. Although the variables we identified
do not explain much of the variation in compliance, some
may provide valuable insights into improving long-
term use of these medications. Several of the stronger cor-
relates of long-term compliance included BMD testing
at baseline and testing subsequent to initiation of treat-
ment. It is unclear whether BMD testing motivates pa-
tients to remain compliant or whether it is a marker for
patients and physicians who are concerned with osteo-
porosis and are more likely to remain compliant with
medications. Another notable correlate of compliance was
nursing home residence. Residence in a nursing home

Table 3. Adjusted Models of Compliance in Osteoporosis
Medication Use, Continuous Outcome*

Characteristic

Additional Days With
Osteoporosis Medication

(95% Confidence Interval)

Full Model
Baseline

Variables Only

Age, y
65-74 1.0 1.0
75-84 −1.4 (−2.0 to −0.80) −1.4 (−1.9 to −0.8)
�85 −3.8 (−4.5 to −3.2) −3.9 (−4.5 to −3.2)

Female sex 3.3 (2.1 to 4.6) 3.4 (2.1 to 4.7)
Race, nonwhite −3.7 (−4.4 to −3.1) −3.8 (−4.9 to −2.6)
Starting osteoporosis

medication regimen
Bisphosphonate 1.0 1.0
Calcitonin −9.0 (−9.5 to −8.4) −9.0 (−9.5 to −8.5)
Hormone therapy −5.3 (−6.0 to −4.5) −5.3 (−6.0 to −4.5)
Raloxifene

hydrochloride
3.4 (2.4 to 4.4) 3.4 (2.4 to 4.4)

Bisphosphonate
and calcitonin

−0.4 (−1.9 to 1.1) −0.36 (−1.8 to 1.1)

Other
combinations

5.6 (3.8 to 7.3) 5.6 (3.9 to 7.7)

During 12 mo before
initiation of a
medication for
osteoporosis

Comorbidity
index, per
condition

−0.75 (−0.85 to 0.70) −0.83 (−0.91 to 0.75)

No. of physician
visits†

−0.07 (−0.10 to −0.03) −0.06 (−0.10 to −0.02)

No. of different
medications‡

−0.07 (−0.10 to −0.03) −0.07 (−0.12 to −0.02)

BMD testing 4.6 (4.0 to 5.2) 4.7 (4.1 to 5.3)
Fracture 2.2 (1.5 to 2.8) 2.3 (1.7 to 3.0)
Nursing home

residence
2.2 (1.4 to 3.1) 2.0 (1.1 to 2.8)

During the course of
osteoporosis
medication use

BMD testing 7.5 (7.0 to 8.0) §
Fracture 3.8 (3.3 to 4.3) §
Nursing home

residence
−7.7 (−8.1 to −7.3) §

Abbreviation: BMD, bone mineral density.
*Other variables adjusted for in the model but not significant include

annual income and acute care hospitalizations. The continuous compliance
outcome refers to the number of additional days with osteoporosis
medication available in a 60-day period.

†Per additional visit.
‡Per additional medication.
§This variable was not entered into the model.
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during the 12 months prior to initiating a treatment for
osteoporosis was associated with an increase in compli-
ance, but nursing home residence subsequent to initia-
tion was associated with a reduced likelihood of persis-
tent use. At first inspection, these findings seem
contradictory. However, we think that certain physi-
cians may be comfortable initiating osteoporosis medi-
cations on the basis of clinical indications. Other physi-
cians, perhaps at different nursing homes, may think that
treating osteoporosis is not worthwhile or is dangerous
in frail recumbent residents of a nursing home. Thus, some
patients transferred to their care may have their osteo-
porosis treatments discontinued. This finding warrants
further analyses to determine how frequently medica-
tions for osteoporosis are discontinued in the nursing
home setting and to develop strategies for improving os-
teoporosis treatment in this setting.

The low long-term compliance rates we observed high-
light the need for improved strategies to ensure compli-
ance with osteoporosis medications and/or medications
that are easier to use. Patient reminder systems and im-
proved physician-patient communication about compli-
ance may help improve long-term use of these medica-
tions. New medications and new formulations of older
medications requiring less frequent dosing also may help
improve this discouraging picture. The promise of more
effective medications for osteoporosis will not be real-
ized until the health care system can effectively enhance
long-term compliance with pharmacologic treatments.
This issue looms large as the population ages and the num-
ber of persons at risk of osteoporosis grows.
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