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Abstract Introduction: Despite the efficacy of bisphosphonates to reduce fractures in high risk populations,
bisphosphonate adherence among chronic glucocorticoid
users has received limited attention. Moreover, perceived
differences in GI tolerability may lead physicians to preferentially prescribe particular bisphosphonates. Methods:
Among chronic glucocorticoid users (>60 days of therapy)
enrolled in managed care, we identified individuals
initiating therapy with alendronate or risedronate during
2001–2004. Multivariable logistic regression and proportional hazards models were used to examine factors
associated with channeling patients to risedronate (versus
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alendronate) and with discontinuation (>3-month gap without refill). The Medication Possession Ratio (MPR) was
calculated as the filled days of medication divided by the
interval of time between prescriptions. Results: Of 1,158
glucocorticoid users initiating bisphosphonate therapy, demographic characteristics of alendronate users (n=754) and
risedronate users (n=404) were similar for age (mean
53 years) and gender (approximately 80% female). Past
history of a GI symptom or event was associated with
risedronate receipt (OR=2.24, 95% CI 1.15–4.35). After
multivariable adjustment, rates of discontinuation (mean
time to discontinuation approximately 18 months) and adherence (mean MPR=73%) were similar between users of
the two bisphosphonates. Younger age, greater medical
comorbidity, and lack of BMD testing were significantly
associated with discontinuation. Conclusions: Overall persistence rates were suboptimal for bisphosphonate use
among chronic glucocorticoids users and did not differ
significantly by drug. Newer strategies to promote longterm adherence are needed to improve osteoporosis
therapeutic effectiveness.
Keywords Adherence . Bisphosphonates . Compliance .
Corticosteroid osteoporosis . Population studies

Introduction
Despite the efficacy of the oral bisphosphonates alendronate and risedronate in reducing fracture risk [1, 2],
associated gastrointestinal (GI) side effects are relatively
common and may lead to discontinuation [3]. Among other
factors, perceived variations in GI tolerability between
agents may lead physicians to select one bisphosphonate
over another (prescription channeling). Premature discontinuation (low persistence) and not taking medications
according to the prescribed dosing regimen (low adherence) with bisphosphonate therapy has been associated
with increased fracture risk in postmenopausal women [4].
The availability of once-weekly bisphosphonate dosing [5]
may improve adherence and thus the effectiveness of these
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medications, although there are limited data supporting this
premise. However, the relationship between physician
selection of particular bisphosphonates, their perceived GI
tolerability, and subsequent patient persistence and adherence have been minimally studied in populations at high
risk for osteoporotic fractures such as individuals receiving
chronic glucocorticoid therapy.
Among chronic glucocorticoid users enrolled in a U.S.
managed care plan, we hypothesized that persistence and
adherence with alendronate and risedronate therapy would
be suboptimal and would differ between the two drugs.
Moreover, based on both endoscopy [6] and observational
study data [7, 8] suggesting that risedronate may have better
GI tolerability than alendronate, we hypothesized differences between the perceived tolerability of these agents.
Depending on physicians’ perception of the bisphosphonate GI adverse event data, higher risk patients might be
channeled to risedronate, but only limited information
exists about whether this actually occurs in clinical practice.
Channeling might have a significant impact on adverse
event and discontinuation rates if patients at greater risk for
GI events and discontinuation preferentially receive
risedronate. We therefore examined whether individuals
that were at higher risk for upper gastrointestinal symptoms
or events based on their past medical histories might be
preferentially channeled to risedronate and whether channeling affected discontinuation.

Methods

the eligibility period. We identified the physician prescribing glucocorticoids based on Drug Enforcement Agency
numbers listed on filled glucocorticoid prescriptions.
Because we were interested in the bisphosphonate
prescribing habits of physicians of various specialties, we
oversampled specialists that commonly prescribe glucocorticoids. A total of 6,282 health plan members met the
inclusion criteria for chronic glucocorticoid use and were
selected for further study.
Identification of new bisphosphonate users
Among the 6,282 chronic glucocorticoid users, we defined
new bisphosphonate users as individuals that filled their
first oral bisphosphonate prescription between 1 July 2001
to 30 June 2004. We required that eligible individuals be
new bisphosphonate users with no filled prescriptions in the
180 days prior to the date of their first bisphosphonate
prescription (the index date). Individuals receiving oral
bisphosphonates at doses used to treat Paget’s disease of
bone (i.e., alendronate 40 mg daily, risedronate 30 mg
daily) were excluded. Bisphosphonate dosing was characterized as “weekly” if all filled bisphosphonate prescriptions were prescribed once weekly. New bisphosphonate
users that subsequently received the “other” bisphosphonate (i.e., “switchers”) were assigned to the cohort of their
initial drug exposure only, since individuals intolerant to
one bisphosphonate might have a higher risk of intolerance
to a second bisphosphonate.

Data sources
Chronic glucocorticoid users were identified in 2001–2003
from a national managed care organization (MCO) population covering approximately 13 million people across the
U.S. The data source consisted of linked enrollment, outpatient encounter, pharmacy, and procedural billing databases
for enrollees in the MCO’s health maintenance organization (HMO), point of service (POS), and preferred provider
organization (PPO) health plans. Diseases, medications,
and procedures were coded using International Classification of Diseases 9th revision codes (ICD-9), National Drug
Codes (NDC), and Common Procedural Terminology
(CPT-4) codes, respectively. All individuals in the cohort
had insurance coverage for medications although individuals may have been required to pay at least some portion of
the medication cost (a co-payment).
Identification of chronic glucocorticoid users
Individuals were characterized as chronic glucocorticoid
users if they were 18+ years of age and had received 60 or
more days of outpatient oral glucocorticoids from 1 July
2001 to 30 June 2003 (the glucocorticoid eligibility
period). All members were continuously enrolled in the
health plan for at least 6 months prior to and following their
first qualifying glucocorticoid prescription and throughout

Factors associated with channeling, adherence,
and endpoints of interest
To assess factors that might lead physicians to select one
bisphosphonate over the other, we examined the pharmacy
and administrative data for selected medications and
medical conditions prior to first receipt of bisphosphonate
therapy. These included medications used to treat GI
symptoms and diseases (i.e., H2 blockers, proton pump
inhibitors, and misoprostol) and physician visits with prespecified GI ICD-9 codes (see Appendix 1) [7]. Because
nonsteroidal anti-inflammatory drugs (NSAIDs) may pose
an additional risk for bisphosphonate-associated GI toxicity, we examined the pharmacy database for NSAID use
prior to the initiation of bisphosphonate therapy.
We examined adherence with bisphosphonate therapy
and defined adherence by the medication possession ratio
(MPR) [9]. The MPR was calculated as the number of
bisphosphonate fill days dispensed divided by the interval
between the first and last bisphosphonate prescriptions.
Adherence was capped at 100% to prevent bias from some
patients who “stockpile” medication. Because at least two
filled prescriptions were required in order to calculate this
metric, individuals that filled only 1 prescription (n=235)
were not represented in this endpoint but were included in
all other results. The MPR represents adherence between
filled prescriptions but does not consider the total number
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of filled prescriptions, so we separately examined bisphosphonate discontinuation. We defined discontinuation (i.e.
nonpersistence) as more than a 3-month gap after the
number of fill days of the last prescription. Because very
lengthy final prescriptions might limit our ability to assess
discontinuation, we excluded individuals that were dispensed more than 3 months of medication on their last fill
date (n=4).
Statistical analyses
Categorical variables were compared using the chi-square
test of independence, and continuous variables were
compared using a two-tailed t-test. Multivariable logistic
regression was used to identify factors associated with
receipt of risedronate rather than alendronate (channeling).
Variables of high clinical interest (e.g., physician specialty,
prior gastrointestinal event) were forced into the regression
models. For all other variables, a univariate P value <0.25

was required for entry into the model and a P value <0.05
was required to remain in the model. Model building was
conducted according to Hosmer and Lemeshow [10].
Goodness of fit and model calibration for logistic regression
were assessed using the Hosmer-Lemeshow goodness of fit
and c statistics, respectively [10, 31]. Time to discontinuation was examined using Kaplan-Meier curves and
compared using the log-rank test. Model building using
proportional-hazards survival-analysis methods [32] was
performed similarly to that described for the logistic
regression models. All analyses were performed using
SAS (SAS Institute, Cary, NC).

Results
Among the 6,282 managed care enrollees who were
prescribed at least 60 days of glucocorticoids, 1,158 were
new bisphosphonate users. Their characteristics prior to
first receipt of alendronate or risedronate and during the

Table 1 Characteristics of chronic glucocorticoid users newly initiating alendronate or risedronate therapy
Mean ± SD or n (%)

Age
Female sex
Average prednisone equivalent dose (mg/day)
Duration of total observation time in the study period (months)
Duration of prednisone use (months)a
New glucocorticoid user (≥90 days without prior glucocorticoid
prescription)
Comorbid conditionsb
Fracture any time during study period
Diabetes mellitus
Hypertension
Chronic kidney disease
Congestive heart failure
Diagnoses associated with GC useb
Rheumatoid arthritis
Chronic obstructive pulmonary disease
Systemic lupus erythematosus
Asthma / reactive airway disease
Inflammatory bowel disease
Number of comorbid conditions
Number of unique medicationsc
Received bone mass measurementb
Hospitalizedc
Prior gastrointestinal event cd
Prior gastrointestinal medicationd
Prior NSAID prescription(s)c
Exclusively weekly bisphosphonate dosing

Alendronate users (n=754)

Risedronate users (n=404)

P value

53±13
578 (77)
18±15
39±5
10±6
520 (70)

53±13
325 (80)
16±13
39±5
11±5
244 (60)

NS
NS
NS
NS
NS
<0.01

100 (13)
121 (16)
334 (44)
67 (9)
60 (8)

42 (10)
62 (15)
174 (43)
18 (5)
25 (6)

NS
NS
NS
<0.01
NS

308 (41)
112 (15)
126 (17)
106 (14)
52 (7)
7±3
13±10
473 (63)
191 (25)
217 (29)
281 (37)
360 (48)
690 (92)

195 (48)
56 (14)
64 (16)
57 (14)
25 (6)
7±4
15±11
254 (63)
114 (28)
143 (35)
176 (44)
215 (53)
329 (81)

<0.05
NS
NS
NS
NS
NS
NS
NS
NS
<0.05
<0.05
NS
<0.0001

GC Glucocorticoid, NSAID nonsteroidal anti-inflammatory drug
All data ascertained throughout the observation period (1/01–6/04) unless specified otherwise
a
During 2-year glucocorticoid eligibility period (7/01–6/03)
b
Using ICD-9 (for diagnoses) or CPT (for bone mass measurement) codes from administrative data during the study period
c
Before the first bisphosphonate prescription
d
See Appendix 1 for ICD-9 codes

1271

study period are shown in Table 1. Individuals in each
group were relatively young (mean age 53 years),
predominantly women, and had a mean of 39 months of
observation time in the study, approximately 1/2 of which
was following initiation of bisphosphonate therapy. The
burden of concomitant illness was high as assessed by the
summed comorbidity count and the number of unique
medications. Almost two-thirds of the study cohort
received bone-mass measurement at some time during
the study period, and approximately 10% had one or more
administrative claims for a fracture. Risedronate users were
more likely to have seen a physician for a GI symptom or
event and to have received a gastrointestinal medication
prior to beginning bisphosphonate therapy. A greater
proportion of alendronate users received once-weekly
bisphosphonate rather than once-daily.
Table 2 shows multivariable-adjusted factors independently associated with receipt of risedronate (i.e., channeling). Previous history of a GI symptom or event increased
the odds of risedronate receipt by more than two-fold. A
longer duration of time in the health plan was also
associated with risedronate receipt. Compared to patients
of internists and rheumatologists, patients receiving
glucocorticoids from physicians of other specialties were
somewhat less likely to receive risedronate.
Table 3 describes rates of GI events, GI medication use,
and adherence (MPR) after beginning bisphosphonate
therapy. Almost one-fourth of patients in each group
experienced a GI symptom or event after initiating therapy,
and adherence was similar between alendronate and
risedronate users. Among the individuals who discontinued, 14% subsequently filled prescriptions for the other oral
bisphosphonate during the study period (data not shown).
Mean adherence was slightly greater among individuals
prescribed weekly therapy compared to those prescribed
daily therapy (74 vs. 68%, P<0.05; data not shown).
The Kaplan-Meier curves in Fig. 1 demonstrate that
there were no significant differences in the unadjusted time

Table 3 Rate of gastrointestinal (GI) events and adherence between
new alendronate and risedronate users after initiating therapy
(n=1,158)
Mean ± SD or n (%)
Alendronate
users (n=754)
Filled only one bisphosphonate prescription
GI eventa
GI medication use
Adherenceb (%)

Risedronate
users (n=404)

P
value

145 (19)

90 (22)

NS

176 (23)
294 (39)
72 ± 26

91 (23)
135 (33)
74 ± 26

NS
0.06
NS

a

See Appendix 1 for ICD-9 codes
Adherence defined by the Medication Possession Ratio and
calculated as the number of bisphosphonate fill days (numerator)
divided by the interval between the first and last bisphosphonate
prescription (denominator). Individuals filling only 1 bisphosphonate prescription (n=235) were excluded from this calculation

b

to discontinuation (i.e., non-persistence) between alendronate and risedronate users. Approximately half of the
cohort had discontinued bisphosphonates by 18 months.
Table 4 describes factors associated with time to discontinuation. Concordant with the results from the
unadjusted Kaplan-Meier curves, there were no significant
differences in the time to discontinuation associated with
the particular bisphosphonate prescribed after multivariable adjustment. Those persons receiving glucocorticoids
for longer periods of time were less likely to discontinue, as
were older individuals and those who received bone
mineral density testing. Individuals with a higher burden of
comorbidity were more likely to discontinue. A GI
symptom or event prior to first bisphosphonate use had
no significant association with subsequent discontinuation.
Moreover, we did not find that individuals with a GI
symptom or event following initiation of bisphosphonate
therapy were significantly more likely to discontinue (data
not shown).

Table 2 Factorsa associated with receipt of risedronate (as
compared with alendronate) among new oral bisphosphonate users
(n=1,158)
Odds 95% CI
ratio
Prior gastrointestinal eventb
Duration of time in health plan prior to
bisphosphonate use (per 90-day increment)
Physician specialty (internal medicine referent)
Rheumatologist
Other physician specialty

2.24
1.16

1.15–4.35
1.10–1.22

1.06
0.72

0.67–1.67
0.44–1.17

a

Variables screened include all those listed in Table 1; physician
specialty forced into model based upon pre-specified clinical
interest.
Model satisfies Hosmer-Lemeshow goodness of fit test;
c statistic=0.63
b
See Appendix 1 for ICD-9 codes

Fig. 1 Time to discontinuation among new alendronate and
risedronate users also receiving chronic glucocorticoid therapy
(n=1,158). P was nonsignificant using the log rank test
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Discussion
Glucocorticoid use is an independent risk factor for fracture
irrespective of its deleterious effects on BMD [11]. Thus,
chronic glucocorticoid users are an important target
population for osteoporosis prevention efforts. Among
chronic glucocorticoid users who initiated oral bisphosphonate therapy, we found that individuals with a prior
history of gastrointestinal medication use or illness were
more than twice as likely to receive risedronate compared
to alendronate, suggesting channeling. We found that
alendronate and risedronate users had similar adherence
(MPR) during the time that they were on therapy, and after
multivariable adjustment accounting for channeling bias
and other factors, there was no difference in discontinuation between alendronate and risedronate users.
Most studies of osteoporosis medication use in chronic
glucocorticoid users have focused on determinants of
receipt of any osteoporosis medication rather than the
particular medication chosen [12–14]. Thus, there is
limited literature with which to compare our results
showing that individuals at higher risk for gastrointestinal
symptoms appeared to be channeled to risedronate. Data
from a head-to-head randomized controlled trial (RCT) of
postmenopausal women suggest that there is equal
tolerability between agents [15]. In contrast, endoscopy
data and short term observational studies of managed care
enrollees initiating bisphosphonate therapy showed that
risedronate use is associated with fewer ulcers, GI events
and GI-related medical resources than alendronate use [6–
8]. Our results are consistent with the idea that physician’s
perceptions about the comparative GI tolerability of the
two bisphosphonates may significantly affect prescribing
choices. However, our data did not show that a prior GI
event was a strong risk factor for subsequent bisphosphonate discontinuation, and therefore the effect of this
Table 4 Factorsa associated with bisphosphonate discontinuationb
(n=1,158)

Alendronate use
Days of glucocorticoid use
(90-day increment)
Age (10-year increment)
Receipt of bone mineral
density test (e.g. DXA)
Comorbidity count
Number of hospitalizations prior
to bisphosphonate use
Prior gastrointestinal eventc
a

Adjusted hazard
ratio

95% CI

1.07
0.92

0.90–1.28
0.87–0.96

0.86
0.78

0.80–0.93
0.66–0.93

1.02
1.06

1.00–1.05
0.98–1.15

1.04

0.86–1.27

Variables screened include tertile of provider visits, mean
prednisone dose, prior NSAID use, prior GI Rx, prior fracture,
number of unique medications, weekly dosing, and gender
b
Discontinuation defined as a 90-day gap after the end date of the
last prescription
c
See Appendix 1 for ICD-9 codes
Generalized R2=0.03

channeling on our results in Table 4 was small. We also
found that longer time enrolled in the health plan was also
associated with risedronate receipt. One possible explanation for this finding is that risedronate was FDA-approved
after alendronate, and diffusion of newer therapies into
practice increases over time.
Compared to channeling, discontinuation rates for
bisphosphonates have received somewhat more attention,
albeit in populations other than chronic glucocorticoid
users. Irrespective of which bisphosphonate was chosen,
adherence and persistence with bisphosphonate therapy in
our cohort were better than in most prior studies of
postmenopausal women initiating treatment [16–18]. In
earlier studies, mean MPR was estimated at about 60%, and
discontinuation rates at 1 year ranged from approximately
60–75%. Similar to those studies, we found small differences in adherence between weekly and daily bisphosphonate users, although dosing frequency was not
independently associated with persistence after multivariable adjustment. A few studies have found that
alendronate users are more likely to discontinue therapy
than users of osteoporosis medications other than risedronate [19, 20]. In contrast, we found no significant
differences in the time to discontinuation or in the rate of
GI events between alendronate and risedronate users.
Indeed, our results showed that patient characteristics,
comorbidities, and health service utilization were more
strongly associated with persistence than the particular
drug taken.
Of high relevance for a patient population with chronic
illnesses requiring glucocorticoid use, and in contrast to
some findings [17], we showed that an increased burden of
medical comorbidity decreased the likelihood that patients
would persist with their osteoporosis treatment. Because
greater patient comorbidity may reflect increased time
pressures on physicians to manage complex patients,
strategies to optimize chronic disease management may
be useful to increase long-term persistence with osteoporosis therapies [21]. Also in contrast to at least some prior
studies, we found that older patients were more likely to
persist with therapy. Differences between our results and
early studies likely reflect variations among underlying
patient populations. Our study included a broader age
range of individuals with chronic diseases requiring
chronic glucocorticoid therapy (e.g., rheumatoid arthritis),
and individuals with these diseases likely have different
patterns of medication adherence compared to the general
population.
Concordant with data showing that BMD and bonebiomarkers testing improves adherence [22, 23], we found
that individuals who received a BMD test were more likely
to persist with therapy. BMD testing may motivate patients
to remain compliant, may reflect patients’ improved
understanding of being at-risk for osteoporosis, or may
simply be a surrogate for patients or physicians who are
concerned about osteoporosis and more likely to remain
persistent with treatment. Of particular methodologic
importance is our observation that the mean adherence of
73% overall is very close to an 80% adherence cutpoint
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used in some osteoporosis studies [16]. Although limited
data have shown improved endpoints using this somewhat
arbitrary but commonly-accepted definition [4], our results
suggest that the 80% threshold is likely to result in
substantial misclassification and should be avoided until
finer gradations of physiologically relevant thresholds can
be determined based on fracture endpoints.
The strengths of our study include a new bisphosphonate
user study design of individuals initiating bisphosphonate
therapy followed for longer periods of time than other
studies that restrict observation time to 1 year. As described
above, our unique patient population of chronic glucocorticoid users seen in a real-world setting is complementary
to other studies focusing on persistence in cohorts of
predominantly older postmenopausal women or those
enrolled in RCTs. Despite possible differences between
pharmacy data estimates and what patients actually take,
we have previously shown that concordance between the
pharmacy data and self-reported current bisphosphonate
use was excellent, with kappa values of approximately 0.8
[24]. Finally, in contrast to some studies that define
discontinuation as a gap of >30 days [17], our more
conservative definition of discontinuation (i.e. more than a
3-month gap following the length of the last filled
prescription) limits misclassification of discontinuation
for patients who may temporarily interrupt therapy but
shortly resume.
Despite these strengths, administrative and pharmacy
data can provide only limited information on why
physicians choose particular therapies or why patients
discontinue therapy. Indeed, data from studies of other
classes of medications such as NSAIDs suggest that
patients’ measurable medical comorbidities have only a
limited impact on prescribing decisions and may be
significantly outweighed by physician characteristics that
are difficult to enumerate [25, 26]. Concordant with this
notion, the c statistics and R2 values for our models suggest
that there are other factors that influence both prescribing
and discontinuation that we were not able to capture using
administrative data alone. Among several potential factors,
advantageous purchasing contracts, preferred medication
lists specific to individual plan members, or marketing
influences may have affected prescribing choices. We did
not examine fracture incidence related to gradients of
persistence and adherence since our sample size was
underpowered for this analysis. Although we analytically
adjusted for duration of glucocorticoid use in our multivariable discontinuation model, we recognize that the need
for osteoporosis prevention is perhaps lessened if patients
permanently discontinue glucocorticoids. However, we
believed that constructing a valid definition for glucocorticoid discontinuation was problematic since many of the
patients in our cohort received intermittent and repeated
glucocorticoid tapers, a pattern of use previously associated
with significant bone loss [27]. Our study included only
managed-care enrollees in the United States and therefore

may have limited generalizability to other populations.
Finally, although patients may have received osteoporosis
medications other than bisphosphonates, we focused only
on this very commonly used drug class because of the
strength of the evidence supporting their benefit for
glucocorticoid-induced osteoporosis [28].
In conclusion, persistence and adherence with bisphosphonate therapy in a population of patients with chronic
diseases requiring glucocorticoid use appears to be better
than in cohorts of postmenopausal women with osteoporosis. However, it remains suboptimal and does not differ
significantly between specific bisphosphonates. For selected
patients that discontinue use because of mild gastrointestinal
symptoms, medication re-challenge may be appropriate and
successful [29, 30]. A combination strategy integrating more
frequent physician contact and monitoring as part of a
chronic-disease-management program may be useful to
promote adherence. Other strategies that utilize osteoporosis
medications with less frequent dosing regimens or other
routes of administration may be helpful to improve adherence and to reduce the risk of glucocorticoid-induced
osteoporosis and related fractures.

Appendix 1 [7]
ICD-9-CM diagnosis codes for GI events
Code

Condition

530.1X
530.2
530.3
530.4
530.7
530.81
530.82
531.XX
532.XX
533.XX
535.0X
535.4X
535.5X
535.6X
536.2
536.8
578.X
787.0X
787.1
787.2
789.0X

Esophagitis
Ulcer of esophagus
Stricture of esophagus
Perforation of esophagus
Mallory-Weiss syndrome
Esophageal reflux (GERD)
Esophageal hemorrhage
Gastric ulcer
Duodenal ulcer
Peptic ulcer, site NOS
Acute gastritis
Gastritis NEC
Gastritis/duodenitis
Duodenitis
Persistent vomiting
Dyspepsia and other special disorders of stomach
GI hemorrhage
Nausea and vomiting
Heartburn
Dysphagia
Abdominal pain

ICD-9-CM International Classification of Disease, Ninth Revision,
Clinical Modification; GI gastrointestinal; GERD gastrointestinal
reflux disease; NOS not otherwise specified; NEC not elsewhere
classified
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