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Abstract
Summary Our objective was to assess the association of
self-reported non-persistence (stopping fracture-prevention
medication for more than 1 month) and self-reported non-
compliance (missing doses of prescribed medication) with
perceived need for fracture-prevention medication, con-
cerns regarding long-term harm from and/or dependence
upon medications, and medication-use self-efficacy (confi-
dence in one’s ability to successfully take medication in the
context of their daily life).
Introduction Non-persistence (stopping medication prema-
turely) and non-compliance (not taking medications at the
prescribed times) with oral medications to prevent osteo-
porotic fractures is widespread and attenuates their fracture
reduction benefit.
Methods Cross-sectional survey and medical record review
of 729 patients at a large multispecialty clinic in the United
States prescribed an oral bisphosphonate between January
1, 2006 and March 31, 2007.

Results Low perceived necessity for fracture-prevention
medication was strongly associated with non-persistence
independent of other predictors, but not with non-
compliance. Concerns about medications were associated
with non-persistence, but not with non-compliance. Low
medication-use self-efficacy was associated with non-
persistence and non-compliance.
Conclusions Non-persistence and non-compliance with
oral bisphosphonate medication have different, albeit over-
lapping, sets of predictors. Low perceived necessity of
fracture-prevention medication, high concerns about long-
term safety of and dependence upon medication , and low
medication-use self-efficacy all predict non-persistence
with oral bisphosphonates, whereas low medication-use
self-efficacy strongly predicts non-compliance with oral
bisphosphonate medication. Assessment of and influence of
these medication attitudes among patients at high risk of
fracture are likely necessary to achieve better persistence
and compliance with fracture-prevention therapies.

Keywords Concerns about medications .Medication
compliance .Medication persistence .Medication-use
self-efficacy . Perceived medication necessity

Introduction

Fractures related to osteoporosis are a major public health
problem. Women and men aged 60 have, respectively, a
44% and 29% chance of experiencing a fracture related to
osteoporosis sometime in their remaining lifetime [1].
Medications can reduce fractures by 30% to 50% among
those who have osteoporosis by bone density criteria or
who already have had a vertebral fracture [2–7]. However,
only 30% to 60% of those prescribed a fracture-prevention
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medication are still taking that medication 1 year later
[8, 9]. Medication-use behavior has been conceptualized
as having two distinct, albeit overlapping, components;
non-persistence with medication, defined as stopping
medication prematurely for extended periods of time, and
non-compliance, defined as not taking medications at the
prescribed times, in the prescribed dose, or prescribed
manner [10]. Those at high risk of fracture who do not
persist with fracture-prevention medication experience
more fractures than those who do persist and comply with
those medications [11–15].

Few studies, however, have attempted to explain why
those at high risk of fracture do not comply with
fracture-prevention medication. Some have postulated
that a large proportion of non-persistence and non-
compliance with chronic medication are driven by
attitudes toward the underlying target disease and the
medication proposed to treat it. Horne and colleagues
postulate that medication-use behavior is driven by
perceptions that specific medications are necessary to
maintain or improve their health and by concerns
regarding potential overuse of, the long-term safety of,
and dependence upon medications [16, 17]. Among
patients with heart failure and other cardiac diseases,
diabetes mellitus, renal failure, depression, asthma, and
acquired immune deficiency syndrome [16, 18, 19],
increased perceived necessity for medicines that treat
these illnesses is associated with lower non-persistence
and non-compliance with these medications. In contrast,
increased concerns about the long-term safety of and
dependence upon medications are associated with higher
medication non-persistence and non-compliance. If this is
a valid explanatory framework for medication-use behav-
ior among those prescribed fracture-prevention medica-
tion, then improvement of persistence and compliance
with fracture-prevention medication may require more
detailed assessment of these attitudes than what is
typically done during clinical encounters when new
medications are prescribed [20].

However, the expectation of a favorable outcome from
medication use may be a necessary but insufficient
condition for medication persistence and compliance. Belief
in one’s ability to carry out a health behavior, or self-
efficacy, may also be necessary for that behavior to occur
[21–23]. Medication-use self-efficacy, the belief or confi-
dence in one’s ability to successfully take medication in the
context of one’s daily life, is associated with medication-
use behavior in rheumatoid arthritis [24], HIV infection
[25], and hypertension [26].

No study to date has investigated whether the
necessity–concerns conceptual framework of Horne and
colleagues explains fracture-prevention medication-use
behavior among those at high risk of osteoporotic

fracture, nor has any study investigated whether or not
this framework predicts medication-use behavior inde-
pendent of other barriers to medication-use and objec-
tive indicators of fracture risk. Moreover, no study to
date has explored the explanatory power of medication-
use behavior of the necessity–concerns framework with
medication-use self-efficacy added as an explanatory
variable. Finally, no study to date has explored whether
attitudes regarding medications have different associa-
tions with non-persistence compared to non-compliance.
In order to make studies of medication-use behavior
more comparable, the medication compliance research
community has encouraged standardization of the defi-
nitions of medication-use behavior by considering non-
persistence and non-compliance separate but related
constructs [10].

The primary aim of this study was to assess the
association between self-reported non-persistence and non-
compliance with oral bisphosphonate therapy and perceived
need for fracture-prevention medication, concerns about the
long-term safety of and dependence upon medications, and
medication-use self-efficacy.

Methods

This study was reviewed and approved by the Institutional
Review Boards of both Park Nicollet Heath Services and
the University of Minnesota.

This dataset includes a survey and medical record
review of patients given one or more prescriptions for oral
bisphosphonate therapy, the most common type of oral
medication used to prevent fractures related to osteoporo-
sis, at Park Nicollet Clinic between the dates of January 1,
2006 and March 31, 2007. Candidate participants were
those aged 21 to 84 with one or more prescriptions for a
bisphosphonate medication in the electronic medication
record in this time period, who had had a clinic visit
within 6 months of the mailing date of the survey (to
assure they were still receiving care at Park Nicollet
Clinic), and did not have a diagnosis of dementia. All
candidate participants had also signed the general Park
Nicollet Clinic consent form allowing their medical
records to be used for research purposes. Surveys were
mailed from July 16 through July 20, 2007 to all 1,179
individuals within the Park Nicollet care system who
appeared to meet all inclusion and exclusion criteria.
Medical record review subsequently showed that 20 had
received either intravenous bisphosphonate medication or
subcutaneous teriparatide during the period January 1,
2006 through March 31, 2007, were deceased, had never
been prescribed an oral bisphosphonate, or had a diagnosis
of dementia.
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Dependent variables

Self-reported persistence was assessed with two ques-
tions inquiring whether or not respondents had stopped
their fracture-prevention medication for more than
1 month due to side effects or for other reasons.
Those who answered “yes” to either question were
considered non-persistent. Among those with a current
prescription for an oral bisphosphonate medication at
the time of the survey, non-compliance was defined as
missing one or more doses of oral bisphosphonate
medication by self-report over the month to receipt of
the survey.

Medication attitude predictor variables

For most of the predictor variables that we measured with
survey scales, we were unable to find any validated extant
measures appropriate for this study and had to develop new
scales to measure these. Details of the measurement
(psychometric) properties of these scales are provided in
the Appendix at the end of this paper.

Perceived need for fracture-prevention medication was
assessed by a seven-item scale, adapted for those with
osteoporosis and at high risk of fracture, analogous to
the disease-specific necessity scales of Horne and
colleagues [16]. This scale includes items that assess
perceived necessity of bisphosphonate medication to
prevent fractures and to preserve one’s health. Concerns
about medications was measured by a 11-item scale that
assessed patient perceptions regarding the perceived long-
term safety of and dependence upon medications, and
whether or not medications in their view are over-
prescribed. Importantly, this scale does not assess actually
experienced side effects (adverse reactions) to any
medications. Medication-use self-efficacy was measured
with a seven-item scale derived from that of Resnick and
colleagues [27], assessing patients’ confidence that they
could execute medication-use behavior in the context of
their daily lives, even when busy, stressed, away from
one’s home, feeling ill, feeling sad, when no one is around
to remind them, or when the medication schedule is
inconvenient.

Since perceived need for fracture-prevention medication
includes items that bisphosphonate medication is needed to
preserve one’s health, a high level of concern regarding the
long-term safety of bisphosphonates may be associated
with the belief that bisphosphonates may not be needed to
preserve one’s health. Hence, we postulated that some of
the effect of concerns about medication on non-persistence
and non-compliance may be indirect, mediated by a
negative association with perceived need for fracture-
prevention medication (Fig. 1).

Control variables

Family history of hip or spine fracture in parents or
siblings, personal history of fracture and perceived medi-
cation cost burden were assessed by single survey items.

Additional covariates were assessed by medical record
review for all 729 full respondents and for all others (380)
who were not deceased, had not actively refused participa-
tion, and who had been prescribed injectable fracture-
prevention medications between January 1, 2006 and
March 31, 2007. We used the number of adverse drug
reactions (ADRs) recorded in the medical record as a
surrogate marker of prior bad experiences with medications.
Importantly, a one-way analysis of variance showed that the
number of ADRs in the medical record was not associated
with concerns about medications (p value=0.45). We
assessed proton pump inhibitor medication use as a
surrogate marker of gastric acidity disorders which predis-
pose to oral bisphosphonate side effects. Smoking status
(recorded by nursing staff at clinic visits as current smoker,
former smoker, and never a smoker) and oral glucocorticoid
use for more than 3 months between January 1, 2006 and
March 31, 2007 were recorded because they are objective
indicators of increased fracture risk.

Bone mineral density (BMD) of the lumbar spine, total
hip, femoral neck, and/or the forearm was available in the
medical record on all but 43 participants, and was recorded
from the bone density test done nearest in time to January
1, 2006. If a lateral spine image was done with the BMD
test to document a prevalent vertebral fracture, the presence
or absence of one or more prevalent vertebral fractures
(which indicate a higher risk of subsequent fracture
independent of BMD) documented in the BMD report
was recorded.

Statistical analysis

Individuals whose surveys were missing data for one-half
or more of the items making up any of the scales were

Perceived Need for 
Medication 

(-)

Concerns about 
Medication 

(+

(-)

(-) 

Medication Use Behavior 
(Non-Persistence or  
Non-Compliance) 

Medication Use 
Self-Efficacy 

Fig. 1 Hypothesized associations between medication attitudes and
medication-use behavior
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excluded. The remainder of the missing data was filled in
using univariate multinomial logit imputation models for
each missing item using all other items (including those
from other scales and demographic variables) as predictor
variables. A posterior distribution for each missing variable
was created from these models, and a value for each
missing datum was randomly selected from these distribu-
tions and imputed into the dataset.

Validation of self-reported non-persistence
and non-compliance

Pharmacy claims data for oral bisphosphonate used
between January 1, 2006 and March 31, 2007 were
available for a small subset of study participants with a
current prescription (n=69). The medication possession
ratio (MPR) was calculated as the ratio of the number of
days of medication available for use as prescribed between
the first and last prescriptions divided by the total number
of days between the first and last prescriptions. Non-
compliance was defined as an MPR<0.8, and “compliance”
as an MPR≥0.8. Medical record non-persistence was
defined as documentation of a bisphosphonate being
stopped and the passage of more than one month before a
fracture-prevention medication was again prescribed.
Agreements of self-reported non-compliance with MPR
and of self-reported non-persistence with medical record
non-persistence were assessed using kappa statistics.

Regression models

Separate logistic regression models were run with non-
persistence and non-compliance as dependent variables.
Each model included perceived need for fracture-prevention
medication, concerns about medications, and medication-
use self-efficacy. We also included the self-reported number
of medication doses per day, the number of adverse drug
reactions in the medical record, and proton pump inhibitor
use (a surrogate marker for gastric acidity disorders) as
predictors in the initial models. Control covariates included
in the initial models included demographic variables (age,
sex, educational attainment, and income level), objective
indicators of fracture risk (bone mineral density, personal
history of fracture, family history of fracture, prevalent
vertebral fracture, smoking status, chronic oral glucocorti-
coid use), and perceived medication cost burden. For non-
persistence, the medication first prescribed during the
treatment period was included as a covariate. For non-
compliance, the medication still being prescribed at the end
of the treatment period was included as a covariate.

C-statistics (areas under receiver operating character-
istics [ROC] curves) were calculated to assess the overall
explanatory power of the dependent variable for each

model without and with the inclusion of the medication
attitude predictor variables. The fit of all models was
assessed with the Hosmer–Lemeshow test [28]. For each
model, Pregibon’s linktest was also used to look for
evidence of misspecification of the dependent and predictor
variables [29]. To be sure that the non-linear transformation
of the perceived medication-need variable did not result in
spurious associations with the dependent variables, a
second perceived need variable was created by first
doubling and then squaring the raw perceived need score,
and the models re-run to be sure that the significance of the
associations between all predictors and the dependent
variables did not change.

For those medication-use-behavior-dependent variables
significantly associated with concerns about medication, we
tested for mediation of the effects of concerns about
medication by perceived need for fracture-prevention
medication using the four criteria for mediation of Baron
and Kenny [30]. These criteria are (a) that concerns about
medication is significantly associated with the mediator
(perceived medication need); (b) that the mediator is
significantly associated with the dependent variable; (c)
that the effect of concerns about medication on the
medication-use dependent variable is significant when the
mediator is excluded from the set of predictor variables; (d)
and that the parameter estimate for the effect of concerns
about medication on the medication-use dependent variable
significantly changes when the mediator is added to the set
of predictor variables. The last of these criteria was tested
using the Aroian version of the Sobel test [31–33].
Ordinary least squares was used to test the association of
concerns about medication with perceived need for medi-
cation, adjusting for objective indicators of fracture risk,
age, and educational status.

Secondary analyses were done excluding those on once
monthly oral ibandronate at any time during the treatment
period, and in subgroups defined by the bone density (worst
T-score ≤−2.5 and >−2.5). The statistical significance of
differences between the coefficients between these models
was evaluated with chi-square tests.

Results

Of the 1,159 eligible participants, 794 returned surveys,
four surveys were returned as undeliverable and 50
recipients called back actively refusing participation.
Sixty-five respondents were excluded because more than
one-half of the items for one or more of the scales
measuring predictor variables were not answered. The final
response rate was 729 of 1,159, or 62.9%. Among these
729 respondents, 59% sent their survey back by July 31,
and 97% had returned their survey by August 31, 2007.
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Complete data was present for 510 (70%) and for the
remaining 219 survey respondents, a mean 1.26 items (of a
total of 57) per participant had to be imputed. Six hundred
thirty two (86.7%) were first prescribed alendronate, 48
(6.6%) risedronate, and 49 (6.7%) ibandronate. Of the 607
participants still on an oral bisphosphonate medication at
the end of the study period, 493 (81.2%) were on
alendronate, 68 (11.2%) were on ibandronate, and 46
(7.6%) were on risedronate.

The characteristics of the 729 respondents with useable
survey data and 380 non-respondents who did not actively
refuse study participation are shown Table 1. Respondents
were nearly 2 years older, were slightly more likely to have
an active, current prescription for an oral bisphosphonate
recorded in the medical record at the time the survey was
mailed, had more adverse drug reactions listed in the
medical record than non-respondents, and slightly more
likely to be a current smoker. Otherwise, non-respondents
and respondents were no different with respect to sex,
weight, bone mineral density, documentation of prevalent
vertebral fracture, use of oral glucocorticoids, or use of
proton pump inhibitors.

Non-persistence was reported by 34.2% of the study
population; and among the 607 participants with an active
prescription for an oral bisphosphonate at the time of the
survey, non-compliance was reported by 34.6%. Seventeen
percent of compliant individuals had been non-persistent at
some point during the prior 18 months compared to 30% of
non-compliant individuals (chi2=12.8, p value<0.001). The
agreement between non-persistence and medical record
documentation of oral bisphosphonate discontinuation was
moderate (kappa = 0.47), as was the agreement between
non-compliance and medication possession ratio <0.80
(kappa=0.40).

The patterns of associations of medication attitudes with
non-persistence and with non-compliance were different.
Self-reported non-persistence was strongly associated with
low perceived need for fracture-prevention medication,
high concerns about the long-term safety of and depen-
dence upon medications, two or more prior adverse drug
reactions, proton pump inhibitor use, and current smoking
(Table 2). Low medication-use self-efficacy was strongly
associated with non-persistence but its effect was non-
linear, with substantial reduction in the odds in non-
persistence by improving medication-use self-efficacy from
the bottom to second quartile, and no additional effect with
further increases in self-efficacy. The c statistic of the
model explaining overall non-persistence increased sub-
stantially from 0.65 to 0.73 (p value<0.001) with the
addition of perceived medication need and concerns about
medication, and increased modestly from 0.73 to 0.76
(p value=0.016) with the additional inclusion of medication-
use self-efficacy. In contrast, non-compliance (missed doses)

was not associated with perceived need for fracture-
prevention medication or with concerns about medication,
but was strongly associated with low medication-use self-
efficacy (Table 2). The c statistic of the model explaining
non-compliance did not change significantly with the
addition of perceived medication need and concerns about
medication (p value 0.139), but substantially increased from
0.69 to 0.78 (p value<0.001) with the inclusion of
medication-use self-efficacy in the model.

A one-standard-deviation (SD) increase of concerns
about medication were associated with a −0.21 SD change
in perceived need for fracture-prevention medication (95%
C.I. −0.31 to −0.11). The Sobel test Z-score for mediation
of the effect of concerns about medication on non-
persistence by perceived need for medication was 1.99
(p value=0.046), consistent with partial mediation of the
effects of concerns about medications on non-persistence
by perceived need for medication.

The associations of non-compliance and non-persistence
with perceived need for medication, concerns about
medication, medication-use self-efficacy (Table 3) and all
other predictors were not significantly changed when
excluding ibandronate users. However, perceived need for
fracture prevention has a significantly stronger association
with non-persistence in the subset with a T-score>−2.5
(odds ratio 0.29, 95% C.I.0.18–0.48) compared to the
subset with a T-score≤−2.5 (odds ratio 0.63, 95% C.I. 0.48
to 0.83; chi2 test that these are equal 7.34, p value=0.007).
All other predictors did not have a significantly different
association with non-persistence or non-compliance in
those with a T-score>−2.5 compared to those with a
T-score≤−2.5 (p value=0.24).

Increases of perceived need for fracture-prevention
medication from 1 (SD) below the mean to 1 SD above
the mean reduces overall non-persistence by more than half
(Table 4). In contrast, the proportion with self-reported non-
compliance among those at the highest level of medication-
use self-efficacy is one-fifth that of those in the lowest level
of medication-use self-efficacy. A change of concerns about
medication score from 1 SD above the mean to 1 SD below
the mean reduces non-persistence by about 40%.

Independent of these medication attitudes, younger
age and higher bone mineral density were associated
with self-reported non-compliance, but not with non-
persistence. Although current smoking is a risk factor for
osteoporotic fracture, current smoking was positively
associated with non-persistence. Educational status, self-
reported income, sex, the number of prescribed medication
doses per day, family or personal history of fracture, and
documentation of a prevalent vertebral fracture on VFA
were not associated with either non-persistence or non-
compliance, independent of medication attitudes or other
predictors.
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Discussion

Perceived need for medication and concerns about the long-
term safety of and dependence on medication are signifi-
cant predictors of patient-use non-persistence with oral
bisphosphonate medication, independent of medication-use
self-efficacy and objective indicators of fracture risk. These
results are consistent with prior studies of the necessity–
concerns framework in groups of patients being treated for
hypertension, diabetes, asthma, and HIV. Our results,
however, did not confirm the hypotheses that these attitudes
are important predictors of self-reported non-compliance.

In contrast, medication-use self-efficacy was a signifi-
cant predictor of both non-persistence and especially of
non-compliance, and its addition to the necessity–concerns
framework improves its explanatory power with respect to
fracture-prevention-medication use. Self-efficacy and out-
come expectations (that execution of a particular behavior
will achieve desirable outcomes) are two of the central
concepts in self-efficacy (social cognitive) theory and its
applications to health behavior [23, 34]. The modified
necessity–concerns framework presented in this paper
resembles other applications of self-efficacy theory to
health behavior in that the belief that a medication is

Table 1 Characteristics of study responders and non-responders

Variable Final responder (n=729) Non-final responder (n=380) P value

Age, age (SD) 66.4 (10.1) 64.6 (10.8) <0.01a

Sex: Women Women: 681 (93.4%) Women: 356 (93.7%) 0.86b

Men Men: 48 (6.6%) Men: 24 (6.3%)

Body weight (medical record), lbs (SD) 148.7 147.7 0.61a

(30.8) (31.5)

Still on fracture oral prevention med (medical record): Yes: 626 (85.9%) Yes: 299 (78.7%) <0.01b

No: 103 (14.1%) No: 81 (21.3%)

Oral glucocorticoid use (medical record) Yes: 66 (9.0%) Yes: 41 (10.8%) 0.35b

No: 663 (91.0%) No: 338 (89.2%)

Proton pump inhibitor use (medical record) Yes: 189 (25.9%) Yes: 92 (24.2%) 0.53b

No: 540 (74.1%) No: 288 (75.8%)

Number of ADRs (medical record) 0: 324 (44.4%) 0: 163 (42.9%) <0.01b

1: 281 (38.5%) 1: 94 (24.7%)

≥2: 124 (17.1%) ≥2: 123 (32.4%)

Smoking status (medical record) Current: 62 (8.5%) Current: 48 (12.9%) 0.06b

Past: 258 (35.5%) Past: 119 (31.9%)

Never: 406 (55.9%) Never: 206 (55.2%)

Worst bone density T-score (SD) -2.64 (0.65) -2.67 (0.74) 0.42a

Prevalent vertebral fracture No: 180 (24.7%) No: 86 (26.5%) 0.69b

Unknown: 490 (67.2%) Unknown: 209 (64.5%)

Yes: 59 (8.1%) Yes: 29 (8.9%)

Educational status

Some high school 178 (24.4%) Not available
High school grad 233 (32.0%)

Some college 144 (19.7%)

College grad 174 (23.9%)

Income per year

<$30,000 181 (24.8%) Not available
30 to $59,000 203 (27.8%)

60 to $89,000 140 (19.2%)

≥$90,000 205 (28.1%)

Personal history of hip, spine, wrist, humerus, or pelvis fracture Yes: 33.7% Not available
No: 66.3%

Family history of hip or spine fracture Yes: 28.5% Not available
No: 71.5%

a Student t test
b Chi-square
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necessary to maintain one’s health implies the expectation
of a good outcome from its use, whereas concerns about the
long-term safety of and dependence upon medication
implies the expectation that bad outcomes may accrue from
its use.

Medication-use behavior is multi-faceted, and our results
show that non-persistence and non-compliance with oral
bisphosphonate medication have different but overlapping
sets of predictors, consistent with the conceptualization of
these as separate constructs [10]. Clifford and colleagues
have shown that perceived necessity and concerns about
medications are associated with the intention to take
medication, but not with forgetting to take medication
[35]. Hence, it is possible that non-persistence is, to a
significant degree, an intentional act, a choice more likely
to be made if one becomes skeptical of the necessity of the
medication or concerned about its long-term safety.

Compliance, on the other hand, requires executing
medication-use behavior in the context of one’s daily life,
and conceivably non-compliance could be intentional or
un-intentional. However, we did not measure intentions
with respect to medication-use behavior in this study, and
these possible explanations for our results will require
additional research to be either confirmed or refuted.
Nonetheless, based on this study, we believe that the
expectation of overall favorable outcomes are necessary
for patients to persist with fracture-prevention medication,
but that medication-use self-efficacy is necessary to achieve
consistent medication use in the context of one’s daily life.
Therefore, a higher sense of perceived need for fracture-
prevention medication and improved medication-use self-
efficacy in particular might significantly reduce incident
fractures, whereas reducing concerns about medication may
have a more modest effect.

Table 2 Predictors of overall non-persistence and non-compliance

Predictor Non-persistencea odds ratio (95% C.I.)
N=686

Non-complianceb odds ratio (95% C.I.)
N=570

Perceived need for medication [squared] (per SD increase) 0.54 (0.43–0.67) 0.94 (0.75–1.17)

Medication concerns (per SD increase)

Direct effect only 1.26 (1.00–1.59) 1.22 (0.98–1.52)

Total effect 1.39 (1.12–1.72dc 1.23 (0.99–1.53)c

Medication-use self-efficacy

Quartile 2 vs. 1 0.37 (0.23–0.63) 0.29 (0.17–0.50)

Quartile 3 vs. 1 0.33 (0.19–0.55) 0.31 (0.19–0.50)

Quartile 4 vs. 1 0.59 (0.33–1.05) 0.08 (0.04–0.17)

Med cost burden

Quintile 2 vs. 1 0.84 (0.47–1.49) 1.10 (0.60–2.04)

Quintile 3 vs. 1 0.64 (0.29–1.42) 1.67 (0.84–3.30)

Quintile 4 vs. 1 0.74 (0.38–1.44) 1.16 (0.57–2.07)

Quintile 5 vs. 1 1.32 (0.63–2.76) 1.78 (0.84–3.77)

Number-adverse drug reactions

Tertile 2 vs. 1 1.30 (0.87–1.96) 1.39 (0.88–2.20)

Tertile 3 vs. 1 1.89 (1.05–3.39) 1.41 (0.82–2.43)

Use of proton pump inhibitor 1.60 (1.03–2.49) 1.13 (0.70–1.82)

Age (per 10 year increase) 0.90 (0.73–1.10) 0.63 (0.50–0.81)

Smoking status:

Past vs. never 1.22 (0.79–1.87) 1.08 (0.76–1.53)

Current vs. never 2.77 (1.43–5.38) 1.37 (0.63–3.00)

Worst T-score (per one unit increase) 1.09 (0.81–1.48) 1.55 (1.11–2.15)

Medication (vs. alendronate)

Risedronate 0.85 (0.40–1.78) 1.20 (0.51–2.77)

Ibandronate 1.76 (0.84–3.68) 0.61 (0.32–1.18)

Parameter estimates presented in italics are statistically significant at p<0.05 level
a Area under ROC curve 0.76 (95% C.I. 0.72–0.80). Hosmer–Lemeshow test p value 0.42, linktest p value 0.55
b Area under ROC curve 0.78 (95% C.I. 0.74–0.82). Hosmer–Lemeshow test p value 0.85, linktest p value 0.43
c Regression performed with perceived need not included as predictor
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Independent of medication attitudes, bone mineral
density was not associated with non-persistence, but for
unclear reasons was associated with non-compliance. We
believe that objective indicators of fracture risk may
influence medication-use behavior indirectly by increasing
perceived need for fracture-prevention medication. It is
possible that low bone density is associated with other
unmeasured confounders (such as a stronger recommenda-
tion from the physician and more social support from
family members to take fracture-prevention medication)
that in turn would reduce non-compliance.

The clinical implications of these results are that
improvement of persistence and compliance with medica-
tion for those at high risk of fracture may require that
physicians, when first prescribing a fracture-prevention
medication, solicit and evaluate their patients’ attitudes

toward medications, and assure as much as possible that
these attitudes are consistent with their objective fracture
risk and the known risks and benefits of these medications.
However, a recent study has documented that when primary
care providers prescribe new medications, they engage in
little discussion with their patients regarding critical
elements such as the specific need for the medication,
how to take it, and potential adverse effects of the
medication, let alone the more time-consuming task of
engaging the patient in a discussion regarding their attitudes
toward the medication and the underlying target condition
being treated [20]. Conceivably, this could be addressed
either by educating physicians about the importance of and
compensating them for the extra time spent in medication
counseling or by setting up separate patient-medication
decision-making support programs. Further research on the

Table 3 Medication attitude predictors of non-persistence and non-compliance, excluding users of ibandronate

Predictor Non-persistence (n=605) odds ratio (95%
C.I)a

Non-compliance (n=506) odds ratio (95%
C.I)b

Perceived need for medication [squared] (per SD
increase)

0.48 (0.37–0.62) 0.89 (0.70–1.13)

Medication concerns (per SD increase)

Direct effect only 1.23 (0.96–1.59) 1.23 (0.99–1.55)

Total effect 1.38 (1.10–1.74)c 1.25 (1.00–1.57)c

Medication-use self-efficacy

Quartile 2 vs. 1 0.32 (0.18–0.57) 0.27 (0.15–0.47)

Quartile 3 vs. 1 0.29 (0.16–0.52) 0.30 (0.18–0.50)

Quartile 4 vs. 1 0.56 (0.29–1.09) 0.09 (0.04–0.19)

Parameter estimates presented in italics are statistically significant at p<0.05 level
a Chi-square tests that the odds ratios for all parameters in models including ibandronate (from Table 2) and excluding ibandronate users are the
same; p value=0.61
b Chi-square tests that the odds ratios for all parameters in models including ibandronate (from Table 2) and excluding ibandronate users are the
same; p value=0.39
c Regression performed with perceived need not included as predictor

Table 4 Predicted proportions of non-persistence and non-compliance according to values of medication attitude predictors

Predictor Value of predictora Proportion non-persistent Proportion non-compliant

Perceived need for medication Mean−1 standard deviation (SD) 0.44 n/ab

Mean+1 SD 0.19 n/a

Concerns about medicationsc Mean−1 SD 0.23 n/a

Mean+1 SD 0.38 n/a

Medication-use self-efficacy Lowest quartile 0.45 0.59

2nd Quartile 0.23 0.29

3rd Quartile 0.21 0.31

4th Quartile 0.32 0.10

a All other predictors set to mean values
b n/a not applicable as predictor was not associated with that dependent variable
c Reflects total effects of concerns about medications; estimated proportions derived from regressions without perceived need as a predictor
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effects of both approaches on medication persistence and
compliance is required. Moreover, the cost-effectiveness of
such approaches (health benefits gained from more effec-
tive medication use compared to the incremental costs for
patient decision-making support) is worthy of further study.

Our study has important strengths. The response rate of
this study (63%) is equivalent to or better than that reported
in most other survey studies of fracture-prevention medi-
cation adherence. In contrast to other survey studies of
compliance with fracture-prevention medication [36, 37],
we had access to participants’ medical records, which
allowed us to ascertain additional potential predictor
variables (such as bone mineral density and number of
adverse medication reactions) of medication-use behavior.
Thus, we had a richer phenotypic description of the study
population and were better able to compare survey
respondents to non-respondents. Ours is the first investiga-
tion of the associations of medication attitudes with
medication-use behavior to consider non-persistence and
non-compliance as separate constructs, and to investigate
predictors of non-persistence due to side effects and non-
persistence for other reasons separately.

There are important limitations to our study. First, we
measured medication-use behavior by self-report, which is
only moderately correlated with other measures of
medication-use behavior such as pharmacy refill records
or electronic pill cap monitoring. However, these other
measures of medication use have their own weaknesses
[38–43]. For example, possession of medication docu-
mented in refill records does not indicate that it was
actually taken at the correct time and in the proper manner,
and multiple doses may be removed after opening a pill
container with an electronic cap once in order to fill a
weekly medication organizer. Second, we did not assess
comprehensively certain other predictors of medication-use
behavior, such as cost of medications (assessed in this study
only with a single item as a control covariate). Third, as is
true of other survey studies of medication attitudes [37],
there is some response bias in our sample in that survey
non-responders were less likely to have an active prescrip-
tion for an oral bisphosphonate in the medical record at the
time of the survey, which may indicate a higher rate of non-
persistence. However, this is mitigated by the good
response to our survey, and the fact that the absolute
magnitude of this difference is relatively small. Fourth, our
definitions of non-persistence and non-compliance are most
appropriate for bisphosphonates taken weekly, and we
cannot be certain that our results apply to monthly oral
bisphosphonate use. This is strongly mitigated by the fact
that our results change little when those prescribed
ibandronate are excluded. Finally, ours is a cross-sectional
study, and although the associations we have demonstrated
in this study are for the most part consistent with our a

priori hypotheses of the causality of medication-use
behavior, prospective longitudinal studies are necessary to
confirm this.

In conclusion, non-persistence and non-compliance with
oral bisphosphonates have different but overlapping sets of
predictors. Non-persistence with oral bisphosphonate med-
ication to prevent fractures is strongly and negatively
associated with perceived need for fracture-prevention
medication, positively associated with concerns about
medication, and negatively associated with medication-use
self-efficacy. In contrast, non-compliance is strongly asso-
ciated with medication-use self-efficacy, but not with
perceived necessity of fracture-prevention medication or
concerns about medication. Improvement of persistence and
compliance with oral bisphosphonate medication for those
at high risk of fracture may require that physicians solicit
and evaluate their patients’ attitudes toward medications,
and assure as much as possible that these attitudes are
consistent with their objective fracture risk and the known
risks and benefits of these medications.
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Appendix: psychometric (measurement) properties
of survey scales

All survey items were pre-tested in detail with volunteers
with osteoporosis (who were not participants in the main
study) to assess whether or not they were clear and
interpreted in the way we intended. We randomly split the
study sample into two halves, and examined the psycho-
metric properties of the multi-item scales separately in each
half. Principal components analysis was done to establish
the factor structure of all items within the multi-item scales
in both groups. Internal consistency reliability of the multi-
item scales was assessed using Cronbach’s alpha, and item-
scale correlations were evaluated. The unidimensionality of
the summated rating (Likert) scales were established using
principal components of each scale separately, and a ratio of
the first to second eigenvalue greater than 3.0 was
considered to be strong evidence of unidimensionality.

Perceived need for fracture-prevention medication was
assessed by a seven-item scale, adapted for those with
osteoporosis and at high risk of fracture, analogous to the
disease-specific necessity scales of Horne and colleagues
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[16]. The raw summed scores were squared to achieve a
normal distribution. The internal consistency reliability in
each half of the study sample, respectively, was 0.87 and
0.86. There was also strong evidence of this being a
unidimensional scale, in that principal components analysis
showed the ratio of the first to second eigenvalue to be 4.77
and 4.09, respectively, in each half of the study sample. The
item-scale correlation ranges were 0.69 to 0.80 and 0.74 to
0.82, respectively, in each half of the study sample.

Concerns about medications was measured by an 11-
item scale that assessed patient perceptions regarding the
perceived long-term safety of and dependence upon
medications, and whether or not medications in their view
are over-prescribed. Importantly, this scale does not assess
actually experienced side effects (adverse reactions) to any
medications. The internal consistency reliability of this
scale was 0.85 in both halves of the study sample. The ratio
of the first to second eigenvalue was 3.92 and 3.55,
respectively, in each half of the study sample. The item-
scale correlation ranges were 0.58 to 0.68 and 0.56 to 0.73,
respectively, in each half of the study sample.

Medication-use self-efficacy was measured with a
seven-item scale derived from that of Resnick and
colleagues [27]. In our pre-test, participants expressed
difficulty rating their self-efficacy with the original linear
rating scale of Resnick and colleagues, and hence we
converted this to a Likert scale with five response
categories. We also eliminated items in Resnick’s original
that referred to side effects or medication costs. We
conceived of self-efficacy as confidence in the ability to
execute medication-use behavior in the context of one’s
daily life and that side effects or concerns about costs may
lead one to choose not to take medication but would not
influence the confidence to take it should they so choose.
Our scale nonetheless had an internal consistency reliabil-
ity in the two study sample halves, respectively, of 0.94
and 0.93, and was strongly unidimensional (ratio of first to
second eigenvalues of 10.58 and 10.38, respectively, in
the two study halves). The item-scale correlation ranges
were 0.82 to 0.90 and 0.81 to 0.90, respectively, in the two
study halves.

Principal components analysis with orthogonal rotation
of all three scales together within both study halves showed
the loadings of all items onto their hypothesized factor to be
0.51 or higher, and the loadings onto the other two factors
to be 0.20 or lower.
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