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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Compliance with alendronate and

risedronate is suboptimal.
• Few studies have specifically evaluated the

impact of noncompliance with alendronate
or risedronate on the incidence of
osteoporotic fractures in
community-dwelling elderly women.

WHAT THIS STUDY ADDS
• Among community-dwelling elderly

women, noncompliance [defined as
medication possession ratio (MPR) < 80%]
with alendronate or risedronate was
associated with a 27% increased risk of
nonvertebral fracture [rate ratio (RR) 1.27,
95% confidence interval (CI) 1.12, 1.44].

• This study is the first to assess the impact of
noncompliance with bisphosphonates in a
subgroup of women aged > 80 years.

• Among women aged > 80 years, MPR < 80%
was associated with a 48% greater risk of
sustaining a nonvertebral fracture (RR 1.48,
95% CI 1.19, 1.85), compared with women
with a MPR � 80%.

AIMS
To evaluate the association between noncompliance with alendronate
and risedronate and the risk of nonvertebral osteoporotic fracture in
community-dwelling elderly women.

METHODS
A nested case–control study was conducted using the Quebec
administrative health databases. To be included in the cohort, women
needed to be aged � 68 years and to have initiated treatment with
alendronate or risedronate between 1 January 2002 and 31 March
2005. Cases consisted of all women with an incident nonvertebral
osteoporotic fracture occurring � 1 year after initiation of therapy. Each
case was matched with up to 20 controls using incidence density
sampling, according to age (� 1 year) and follow-up duration. A
woman was noncompliant if she had a medication possession ratio
(MPR) <80% for total follow-up duration. Rate ratios (RR) for fracture
were estimated through conditional logistic regression analysis,
adjusting for potential confounders.

RESULTS
Among the 30 259 women included in the cohort, 1036 nonvertebral
fracture cases were identified and were matched to 20 069 controls.
Compared with women with a MPR � 80%, those with a MPR < 80%
had a greater risk of nonvertebral fracture [adjusted RR 1.27, 95%
confidence interval (CI) 1.12, 1.44]. Considering hip fracture only, the
multivariate model yielded similar results, (adjusted RR 1.28, 95% CI
1.02, 1.61).

CONCLUSIONS
Among community-dwelling elderly women, noncompliance with
alendronate or risedronate is associated with an increased risk of
nonvertebral fracture.
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Introduction

Osteoporotic fractures have extensive clinical and eco-
nomic consequences, and are a major public health
concern. The estimated worldwide number of new
osteoporotic fractures for the year 2000 was 9.0 million,
of which 1.6 million were at the hip, 1.7 million were at
the distal forearm and 1.4 million were clinical vertebral
fractures [1].

The important burden of nonvertebral fractures high-
lights the need for osteoporosis therapies with efficacy
that extends beyond the spine. Alendronate and risedro-
nate have both shown significant effect on vertebral and
nonvertebral fracture reduction [2]. In clinical trials, signifi-
cant reductions in the incidence of nonvertebral fractures
were apparent after 6 months of treatment for risedronate
[3] and 12 months for alendronate [4].

A major concern about alendronate and risedronate is
the lack of medication compliance [5, 6]. Compliance can
be defined as the extent to which a patient acts in accor-
dance with the prescribed interval and dose of a dosing
regimen. It is usually measured over a period of time and
reported as a percentage [7]. Compliance differs from
persistence, which is defined as the duration of time
from initiation to discontinuation of therapy. A systematic
review of 14 observational studies has reported that, for a
1-year period, on average, patients being prescribed a daily
regimen of alendronate or risedronate were exposed to
their treatment only between 46 and 64% of the time,
whereas patients receiving a weekly regimen were
exposed between 58 and 76% of the time [5].

Noncompliance with antiresorptive therapies has been
associated with a 16–50% increased risk of fracture [8–13].
However, few studies have specifically evaluated the
impact of noncompliance with alendronate or risedronate.
Furthermore, none of these studies evaluated the impact
of noncompliance in the subgroup of elderly women. This
is an appreciable knowledge gap,given that this age group
is at high risk of sustaining osteoporotic fractures [14].

The aim of this population-based study was to evaluate
the association between noncompliance with alendronate
or risedronate and the incidence of nonvertebral osteo-
porotic fractures among community-dwelling elderly
women in the province of Quebec, Canada.

Methods

A nested case–control study was conducted using the
linked administrative health databases of the province of
Quebec [referred to as the Régie de l’Assurance Maladie
du Québec (RAMQ) and MED-ECHO databases]. It has
been shown that a nested case–control study design leads
to practically the same results as those that would be
obtained if the whole cohort was used, but at greater
efficiency [15]. The study protocol was approved by the

Commission d’Accès à l’Information du Québec and by the
University of Montreal Research Ethics Committee.

Data source
The RAMQ databases are claims-based and contain four
types of files which can be linked via a unique patient
identification number included in each file. The patient
identification number is scrambled to ensure patient con-
fidentiality.The medical services file contains fee-for-service
claims for inpatient and outpatient medical services sup-
plied to all residents of Quebec. It includes demographic
information (gender, age) as well as the nature of the
medical act, date, location (office, emergency room, hospi-
tal), and associated diagnoses coded according to the
International Classification of Diseases, ninth revision (ICD-
9). The pharmaceutical file contains data on all drugs listed
in the RAMQ drug formulary that are dispensed to
community-dwelling patients who are enrolled in the
public drug plan. The pharmaceutical file includes the
generic name, the drug identification number, strength,
form, quantity, date and duration of therapy, as indicated
by the community pharmacist who filled the prescription.
Drugs received during a hospitalization are not recorded in
the database. Between 2002 and 2006, >90% of Quebec
citizens aged � 65 years were covered by the RAMQ drug
plan [16]. The admissibility file lists the date of the begin-
ning and end of eligibility to the RAMQ drug plan. Finally,
the beneficiary file contains information about the date
of birth and death, if applicable. The RAMQ databases
have been frequently used for pharmacoepidemiological
studies. The combination of diagnostic and procedure
codes in the medical services file has been shown to be a
sensitive indicator of fractures in the elderly [17], and data
on medications recorded in the pharmaceutical file have
been found to be comprehensive and valid [18].

The MED-ECHO database contains information about
acute-care hospitalizations and was used to obtain length
of hospital stay, if applicable.

Study cohort
From the RAMQ pharmaceutical file, a total of 38 343
women having filled an initial prescription of alendronate
(10 mg once daily or 70 mg once weekly) or risedronate
(5 mg once daily or 35 mg once weekly) between
1 January 2002 and 31 March 2005 were identified. To be
considered new users, women needed to have not filled
any prescription of bisphosphonates (alendronate, rise-
dronate, etidronate), raloxifene, calcitonin or hormone
replacement therapy at least 2 years prior to initiation of
alendronate or risedronate.The date of entry in the cohort
was the date of the first dispensing of alendronate or
risedronate.To be eligible in the cohort, women needed to
be at least 68 years old at cohort entry and to have been
continuously covered by the RAMQ drug plan during the
2 years prior to cohort entry.
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To avoid entering into the cohort women with fracture
risk not related to osteoporosis, women having one of the
following diseases in the 2 years before cohort entry were
excluded: (i) malignant neoplasm or neoplasms of uncer-
tain behaviour (ICD-9 codes 140–195, 196–198, 199, 200–
208, 235–238, 239 and 255.6 or having received a
prescription of pamidronate or clodronate); (ii) Paget’s
disease (ICD-9 codes 731.0, 731.1 or drug markers); (iii)
osteomalacia (ICD-9 code 268.2); (iv) Cushing’s syndrome
(ICD-9 code 255.0 or a medical procedure code for adrena-
lectomy); (v) hyperthyroidism (ICD-9 code 242 or drug
markers); (vi) primary hyperparathyroidism (ICD-9 code
252.0 or medical procedure codes for exploration or exci-
sion of the parathyroid glands); (vii) celiac sprue (ICD-9
code 579.0); (viii) impaired renal function (ICD-9 code 581–
589, medical procedure codes for haemodialysis or perito-
neal dialysis, or drug markers); and (ix) solid organ
transplant (medical procedure code for a lung, cardiac,
hepatic or kidney transplant). Women having sustained
fractures likely to be secondary to serious trauma [multiple
fractures (ICD-9 codes 804, 819, 828) or vertebral fracture
with spinal cord injury (ICD-9 code 806)] within 2 years
prior to cohort entry were also excluded. Women with
other types of prior fractures were not excluded. Women
were followed-up into the cohort until occurrence of an
exclusion criterion, admission in a long-term public health-
care institution, end of RAMQ drug plan enrolment, switch
to another type of antiresorptive agent or prescription of
an additional agent, death, or the end of the study period
(31 March 2006), whichever occurred first.

Identification of cases and controls
In order to allow a time-window for the onset of bisphos-
phonate effectiveness [3, 4], cases consisted of all women
in the study cohort who had had an incident nonvertebral
fracture at least 1 year after initiation of bisphosphonate
therapy. In agreement with a recent methodological
review [19], fractures occurring during the first year of
therapy were assessed for both cases and controls and
considered as potential confounders, since they could not
be associated with noncompliance. Fractures were identi-
fied by the presence of either an ICD-9 code or a medical
procedure code from the medical services file. The esti-
mated sensitivity of the use of either diagnostic or pro-
cedure code in RAMQ medical file to detect any fracture
is 85.0% [17]. The highest sensitivity is for the detection of
hip fractures (97.2%) [17]. Fracture sites selected were hip
(ICD-9 codes 820.0, 820.2, 820.8), pelvis (ICD-9 codes 808.0,
808.2, 808.4, 808.8), rib (ICD-9 code 807.0), humerus (ICD-9
codes 812.0, 812.2, 812.4), radius or ulna (ICD-9 codes
813.0, 813.2, 813.4), clavicle (ICD-9 code 810.0), carpal or
metacarpal bones (ICD-9 codes 814.0, 815.0), ankle (ICD-9
codes 824.0, 824.2, 824.4, 824.6, 824.8), tarsus or metatarsus
(ICD-9 code 825.2). Vertebral fractures were not included
because more than two-thirds of them do not come to
clinical attention [20] and thus would not be captured in

the RAMQ databases. The date of the first claim related to
an incident nonvertebral fracture at least 1 year after ini-
tiation of bisphosphonate therapy was defined as the
index date.

To avoid the identification of prevalent hip fractures as
incident cases,women were considered to have a new frac-
ture if they incurred a claim at least 6 months after a pre-
vious claim for a hip fracture. For the other nonvertebral
fractures, women were considered to have a new fracture if
they incurred a claim at least 3 months after a previous
claim for the same fracture type.

For each case,up to 20 controls were randomly selected
from the study cohort, using incidence density sampling
[21]. The maximum number of controls per case was fixed
at 20 in order to increase the statistical power of the study
[22]. Controls were matched to cases according to age
(� 1 year). The index date of the controls was the date
resulting in the same number of days of follow-up (based
on the number of days between date of entry in the cohort
and date of fracture) as their respective case. All risk sets
that included at least one case and one matched control
were retained for further analyses.

Exposure ascertainment
Within each risk set, compliance was measured by calcu-
lating the medication possession ratio (MPR), which was
defined as the number of days’ supply of medication
received divided by the number of days between date of
entry in the cohort and index date [23]. Thus, the time
period over which compliance was assessed was the same
for cases and controls. For prescriptions extending beyond
the index date, days’ supply was truncated at the index
date. Since drugs dispensed in hospitals are not recorded
in RAMQ databases, if a woman had an acute-care hospi-
talization between the date of entry in the cohort and
index date, compliance was assumed to be 100% during
hospital stay if the woman had filled a prescription
< 2 months prior to admission. The supply of medication
dispensed prior to hospital admission was carried over to
the post-discharge period. If MPR exceeded 100%, it was
truncated at 100%.

For the main analyses, MPR was evaluated as a dichoto-
mous variable, using a threshold of MPR < 80% to identify
noncompliant women.This threshold was selected since it
has been used in several other studies evaluating compli-
ance with osteoporosis therapies [8, 10, 12]. Due to the
arbitrary nature of this threshold, a sensitivity analysis was
also conducted, using different ranges of MPR in order to
evaluate the effect of decreasing levels of compliance.

Potential confounders
Several potential confounders which can be measured
using the RAMQ databases were considered. These
included: type of bisphosphonate received at cohort entry
(alendronate vs. risedronate); noncompliance with calcium
and vitamin D supplements (defined as a MPR < 80%
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during follow-up); low income [24] (receiving maximum
guaranteed income supplement from the Canadian gov-
ernment); a procedure code for a bone mineral density
testing (BMD) [25]; a diagnosis of osteoporosis [25] (ICD-9
code 733.0); a prior osteoporotic fracture [14]; risk factor for
falls [26], such as a history of prior accidental fall (ICD-9
codes E880, E884, E885, E886, E888), Parkinson’s disease
(ICD-9 code 332.0 or drug markers), orthostatic hypo-
tension (ICD-9 code 458.0 or drug markers), epilepsy
(ICD-9 code 345), blindness (ICD-9 code 369) or specific
neurological or gait abnormalities (ICD-9 codes 340, 342,
344, 358, 359, 781.2, 781.3); dementia [27] (ICD-9 code 290,
294, 331, 334–335 or donepezil, rivastigmine, galantamine
or memantine); rheumatoid arthritis [14] (ICD-9 code
714.0 or drug markers); hypertension [28] [ICD-9 codes
401–404 or use of calcium channel blockers or b-blockers
without markers of coronary artery disease, thiazides
diuretics or angiotensin converting enzyme inhibitors
(ACEi) without furosemide]; hyperlipidaemia [29] (ICD-9
code 272 or drug markers); diabetes mellitus [30] (ICD-9
code 250 or drug markers); congestive heart failure [28]
(ICD-9 code 428 or use of furosemide with digoxin, ACEi,
sprironolactone or b-blockers); coronary artery disease
[28] (ICD-9 codes 410–414, procedure codes such as coro-
nary artery bypass surgery or angioplasty, nitrates); cere-
brovascular disease [28] (ICD-9 codes 430–438, medical
procedure or drug markers); peripheral vascular disease
[28] (440–447, or medical procedure for noncoronary
angioplasty or use of pentoxyfylline). All these variables
were assessed in the year prior to cohort entry and during
follow-up, except for low income (at cohort entry) and
prior osteoporotic fracture (within 2 years prior to cohort
entry and during the first year following cohort entry).

As used in our previous published methodology [6],
patient overall health status and opportunity for follow-up
were assessed through the number of different therapeu-
tic classes (according to the American Hospital Formulary
Service classification) dispensed and outpatient medical
visits, as well as any hospitalization during the year prior to
index date.

Finally, the use of medications known to increase the
risk of fracture was assessed, such as oral glucocorticoster-
oids [14] (�5 mg of prednisone equivalent per day for at
least 3 months during the year prior to index date), chronic
use of anticonvulsants (phenytoin, phenobarbital, carbam-
azepine, or valproic acid) [31], anticoagulants [32] (vitamin
K antagonists, standard or low-molecular-weight heparin),
or proton pump inhibitors [33] during the year prior to the
index date, as well as current use of opiates [34], benzodi-
azepines [35] or antidepressants [34]. Current use was
defined as at least one prescription dispensed within
30 days prior to index date.

Statistical analyses
Characteristics of fracture cases and controls were com-
pared using c2 test and Student’s t-test, respectively, for

categorical and continuous variables. Wilcoxon’s rank sum
test was used to compare medians for continuous vari-
ables with non-normal distributions. Conditional logistic
regression models were used to determine crude and
adjusted rate ratios (RRs) for nonvertebral fracture in asso-
ciation with MPR < 80%. All potential confounders previ-
ously listed were entered in the model and subjected to
backward elimination [36] using a criterion of P � 0.100 for
retention in the final model.

Several sensitivity analyses were conducted to assess
the robustness of the results. First, the MPR was re-defined
according to three mutually exclusive categories (MPR
< 50%,�50% to <90%, or �90%). A Cochran–Armitage test
was also performed to evaluate if there was a trend in
nonvertebral fracture risk across these three categories of
MPR. Second, another nested case–control analysis was
conducted in which only hip fractures were considered.For
this analysis, other types of nonvertebral fractures occur-
ring after 1 year of treatment were considered as prior
osteoporotic fractures and were assessed as potential con-
founders in the model. Third, some potentially confound-
ing variables, such as smoking or body mass index, are not
recorded in the RAMQ databases, and hence could not be
considered in this study. The rule-out approach sensitivity
analysis [37, 38] was therefore used to assess the extent
necessary for such residual confounding to explain fully
the observed association between noncompliance and the
risk of nonvertebral osteoporotic fracture.

All reported P-values are two-sided, with a significance
level of 0.05, and 95% confidence intervals (CIs). All analy-
ses were performed using SAS software, version 9.1 (SAS
Institute Inc., Cary, NC, USA).

Results

After applying inclusion and exclusion criteria, the final
study cohort consisted of 30 259 women.The mean age at
cohort entry was 77.1 � 6.1 years and the mean duration
of follow-up in the cohort was 703 � 392 days. A total
of 1038 incident cases of nonvertebral fractures having
occurred at least 1 year after cohort entry were identified.
Of these cases, two were excluded from the nested case–
control analysis because they could not be matched to
any control, leading to a total of 1036 cases and 20 069
controls.

Characteristics of cases and controls
Among cases, the distribution of fracture sites was hip
(n = 287, 27.7%), distal forearm (n = 65, 6.3%) and other
nonvertebral sites (n = 684, 66.0%). Hip fractures were
more frequent among older women; they accounted
for 35.8% of nonvertebral fractures in women aged
> 80 years, compared with 23.6 % in women aged
� 80 years (P < 0.001). As presented in Table 1, among
cases, 58.2% of women had started on alendronate, com-

J. Blouin et al.

120 / 66:1 / Br J Clin Pharmacol



pared with 57.9% of controls (P = 0.268). Switching from
one bisphosphonate to the other was uncommon. Among
cases, 7.3% of women starting therapy with alendronate
switched to risedronate some time during follow-up,
whereas 11.8% of women starting therapy with risedronate
switched to alendronate. Among controls, these values
were 7.2% and 8.3%, respectively. About 70% of cases and
controls were dispensed calcium and vitamin D supple-
ments at the time of cohort entry.We found that MPR with
calcium and vitamin D supplements was low,for both cases

and controls: 60.1% of cases and 59.9% of controls had a
MPR < 80% (P = 0.859). Interestingly,among women having
had a MPR < 80% with alendronate and risedronate, 81.6%
of them also had a MPR < 80% with calcium and vitamin D
supplements, whereas 44.8% of women having shown a
MPR � 80% with alendronate had a MPR < 80% with
calcium and vitamin D supplements (P < 0.001).

As shown in Table 1, cases were frailer and presented
with more risk factors for fracture than controls. Compared
with controls, they were almost twice as likely to have sus-

Table 1
Characteristics of cases and controls (n = 21 105)

Cases (n = 1036) Controls (n = 20 069) P

Age (years) at cohort entry, mean � SD 78.1 � 6.1 78.0 � 6.0 0.280
Days of follow-up (from cohort entry to index date)

Mean � SD 688.4 � 251.8 684.4 � 248.2 0.610
Median (IR) 636 (479–854) 629 (478–850)

Bisphosphonate prescribed at cohort entry 0.268
Alendronate 10 mg once daily 12.2 11.2

Alendronate 70 mg once weekly 46.0 46.7
Risedronate 5 mg once daily 17.7 16.0

Risedronate 35 mg once weekly 24.2 26.1
Supplements prescribed at cohort entry (within 1 month before or after cohort entry)

Calcium supplements 70.5 68.3 0.151
Vitamin D supplements 69.0 69.0 0.988

Low income at cohort entry 9.3 8.7 0.529
BMD test* 60.4 68.2 <0.001

Diagnostic code for osteoporosis* 58.1 58.3 0.895
Prior osteoporotic fracture† 28.7 14.9 <0.001

Health condition*
Risk factor for falls 8.8 5.9 <0.001

Dementia 13.8 7.5 <0.001
Rheumatoid arthritis 6.0 5.5 0.470

Hypertension 69.2 69.9 0.636
Hyperlipidaemia 36.0 40.4 0.005

Diabetes mellitus 16.8 15.3 0.184
Congestive heart failure 13.6 11.4 0.030

Coronary artery disease 33.1 28.9 0.004
Cerebrovascular disease 9.4 7.3 0.011

Peripheral vascular disease 8.7 5.8 <0.001
Number of different therapeutic classes‡, median (IR) 8.0 (5.0–11.0) 8.0 (5.0–10.0) <0.001††

Number of outpatient medical visits‡, median (IR) 8.0 (5.0–13.0) 7.0 (4.0–11.0) 0.028††
Hospitalization‡ (at least once) 28.3 19.4 <0.001

Medication use
Chronic (during the year prior to index date)

Oral glucocorticosteroids§ 3.8 3.7 0.950
Anticonvulsants 2.0 1.1 0.005

Anticoagulants 4.8 3.6 0.041
Proton pump inhibitors 18.2 14.6 0.002

Current¶
Opiates 8.4 2.7 <0.001

Benzodiazepines 27.9 25.6 0.094
Antidepressants 18.0 11.2 <0.001

*In the year before cohort entry or during follow-up. †Within 2 years prior to cohort entry and during the first year of treatment (as well as during follow-up for vertebral fractures).
‡During the year prior to the index date, §A daily dose �5 mg of prednisone equivalent during at least 3 months. ¶At least one prescription dispensed within 30 days prior to index
date. ††Wilcoxon rank sum test. Low income = receiving maximum guaranteed income supplement from the Canadian government. Anticonvulsants = phenytoin, phenobarbital,
carbamazepine, valproic acid. Anticoagulants = vitamin K antagonists, standard or low-molecular-weight heparin. Risk factor for falls = history of prior accidental fall (ICD-9 codes
E880, E884, E885, E886, E888), Parkinson’s disease (ICD-9 code 332.0 or drug markers), orthostatic hypotension (ICD-9 code 458.0 or drug markers), epilepsy (ICD-9 code 345 or
drug markers), blindness (ICD-9 code 369) or specific neurological or gait abnormalities (ICD-9 codes 340, 342, 344, 358, 359, 781.2, 781.3). SD, standard deviation; IR, interquartile
range. Values are percentages, unless stated otherwise.

Noncompliance with bisphosphonates and fracture risk

Br J Clin Pharmacol / 66:1 / 121



tained a prior osteoporotic fracture.Cases were also almost
twice more likely than controls to suffer from dementia
and presented more frequently with other comorbidities
such as risk factors for falls, or cardiovascular disease.
Finally, compared with controls, cases were more likely to
have had exposure to medications known to increase frac-
ture risk during the year prior to index date, except for oral
glucocorticosteroids and benzodiazepines.

Association between noncompliance with
alendronate and risedronate and risk of
nonvertebral fracture
More cases had a MPR < 80% during follow-up compared
with controls (respectively, 45.7% and 40.7%, P = 0.002).
The association between noncompliance and risk of non-
vertebral fracture remained statistically significant after
adjusting for potential confounders (RR 1.27, 95% CI 1.12,
1.44) (Table 2). When the analysis was restricted to women
aged > 80 years (n = 6891, 349 cases, 6542 controls), the
association between noncompliance and risk of nonverte-
bral fracture was even greater (RR 1.48, 95% CI 1.19, 1.85).

The association between MPR and fracture risk varied
according to the number of days of follow-up. Among
women with the longest follow-up (>850 days), MPR < 80%
was associated with a 48% increased risk of nonvertebral
fracture (RR 1.48, 95% CI 1.15, 1.91). Among women with
follow-up � 850 days, the association between MPR and
nonvertebral fracture risk was lower (RR 1.21, 95% CI 1.04,
1.40).

Risk factors for fracture
As indicated in Table 2, a prior osteoporotic fracture (RR
2.09, 95% CI 1.80, 2.42), dementia (RR 1.57, 95% CI 1.28,
1.91) and long-term use of anticonvulsants (RR 1.67, 95% CI
1.04, 2.67) or opiates (RR 2.77, 95% CI 2.17, 3.53) were
important risk factors for nonvertebral fracture. Having a
diagnostic code for osteoporosis, having peripheral vascu-
lar disease, having been hospitalized, or having used anti-
depressants were also associated with a 24–44% increased
risk of nonvertebral fracture. Finally, women having had
a BMD test in the year prior to cohort entry or during
follow-up had a 20% lower risk to sustain a fracture,
whereas women suffering from hyperlipidaemia had a
15% lower risk.

Sensitivity analyses
When the MPR was redefined according to three catego-
ries (MPR < 50%, �50% to <90%, or �90%), Cochran–
Armitage test showed that there was a trend indicating a
greater risk of fracture with decreasing compliance (P for
trend = 0.001). As presented in Figure 1, in the adjusted
model, compared with women with a MPR � 90%, women
with a MPR < 50% had a 29% greater risk of fracture
(adjusted RR 1.29, 95% CI 1.11, 1.50).

In another nested case–control analysis, in which only
hip fractures were considered as the outcome (n = 6702;
329 cases, 6373 controls), a similar association was found
between noncompliance and fracture risk (adjusted RR

Table 2
Crude and adjusted rate ratios of nonvertebral osteoporotic fracture in association with MPR < 80%

(n = 21 105)

Crude RR (95% CI) Adjusted* RR (95% CI)

MPR � 80% (n = 12 455) Reference Reference
MPR < 80% (n = 8 650) 1.22 (1.08, 1.39) 1.27 (1.12, 1.44)

BMD test† 0.71 (0.62, 0.82) 0.80 (0.68, 0.93)
Diagnostic code for osteoporosis† 1.01 (0.89, 1.15) 1.24 (1.07, 1.44)

Prior osteoporotic fracture‡ 2.31 (2.00, 2.66) 2.09 (1.80, 2.42)
Health condition

Dementia† 1.97 (1.64, 2.39) 1.57 (1.28, 1.91)
Hyperlipidaemia† 0.83 (0.73, 0.95) 0.85 (0.74, 0.97)

Coronary artery disease† 1.22 (1.07, 1.39) 1.13 (0.98, 1.31)
Peripheral vascular disease† 1.58 (1.26, 1.98) 1.42 (1.12, 1.79)

Hospitalization§ (at least once) 1.62 (1.41, 1.86) 1.36 (1.17, 1.58)
Medication use (in the year before the

index date)

Anticonvulsants 1.72 (1.09, 2.73) 1.67 (1.04, 2.67)
Opiates¶ 3.30 (2.60, 4.19) 2.77 (2.17, 3.53)

Antidepressants¶ 1.73 (1.47, 2.04) 1.44 (1.21, 1.71)

*Adjusted for variables in Table 1 that were selected by backward procedure. (The variable MPR < 80% was forced in
the model a priori.) †In the year before cohort entry or during follow-up. ‡Within 2 years prior to cohort entry and
during the first year of treatment (as well as during follow-up for vertebral fractures). §In the year before the index
date. ¶At least one prescription dispensed within 30 days prior to index date. CI, confidence interval; MPR, medication
possession ratio; RR, rate ratio.
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1.28, 95% CI 1.02, 1.61) (Table 3). Statistically significant risk
factors for fracture were also similar to those observed in
the first nested case–control analysis.

Finally, results of the rule-out approach sensitivity
analysis [37, 38] are presented in Figure 2. The area to the
right of the curve (zone B) shows combinations of associa-
tions between confounder-fracture and confounder-
noncompliance that would induce confounding by an
unmeasured variable strong enough to have elevated the
association between noncompliance and fracture risk from
the null value (RR = 1) to the observed point estimate
(RR = 1.27). The area to the left of the curve (zone A) repre-
sents combinations that would not be strong enough to
have biased the observed RR. The prevalence of the con-
founder in the cohort was assumed to be 20% because it
minimized the magnitude of the association needed to
invalidate the results.The prevalence of women with a MPR
< 80% was set at 41%, as observed among the controls.
As shown on the graph, if the association between the
unmeasured confounder and the risk of nonvertebral
osteoporotic fracture was 3.00, the association between
the confounder and noncompliance would have to be of
� 2.87 to move the observed association (RR = 1.27) to the
null value (RR = 1).

Discussion

Within a population of community-dwelling elderly
women, noncompliance with alendronate or risedronate
was associated with a greater risk of nonvertebral
osteoporotic fracture. In the subgroup analysis in which
only hip fractures were considered as the outcome, a
similar association was found.

This study was the first to assess the impact of noncom-
pliance with bisphosphonates in a subgroup of women
aged >80 years. Among women aged >80 years, MPR
< 80% was associated with a 48% greater risk of sustaining
a nonvertebral fracture, compared with women with a MPR
� 80%. These results emphasize the benefits associated
with compliance to bisphosphonates in this population at
high risk of fracture.

We chose to use a 80% compliance threshold because
it had been frequently used in other studies evaluating
compliance with osteoporosis medications. When compli-
ance was redefined using different thresholds, consistent
with prior research [11–13], there was a trend for a greater
risk of fracture with decreasing compliance levels.

These findings are similar to those of other studies
having evaluated the association between MPR and
osteoporotic fractures [11–13]. Within a cohort of 35 537
women exclusively exposed to alendronate or risedronate
(mean age 65.3 years), Siris et al. [12] found that women
with a MPR � 80% of the time over a 24-month period had
a 20.1% lower risk of nonvertebral fracture, compared with
women with a MPR < 80% (P < 0.001). Nevertheless, the
authors do not specify if they allowed a minimum time-
window for the onset of bisphosphonate effectiveness. In
a cohort of 8822 new female users of alendronate or rise-
dronate (mean age 69.4 years), Penning-van Beest et al.
[13] reported that, excluding fractures occurring in the first
year of follow-up, women with a MPR < 80% had a 50%
(adjusted hazard ratio 1.50, 95% CI 1.06, 2.13) increased risk
of fracture (vertebral and nonvertebral). It is important to
note that in this study, only fractures resulting in hospital-
ization were considered.

In another study in which about 70% of women were
receiving either alendronate or risedronate (mean age was
68.5 years among cases and 67.4 years among controls),
Weycker et al. [11] found that women with a MPR � 90%
had a 30% lower risk of fracture (vertebral and nonverte-
bral) compared with women with a MPR < 30% [adjusted
odds ratio (OR) 0.70, 95% CI 0.52, 0.93].The authors allowed
only a 90-day period for the onset of therapy effectiveness.

The MPR was used to measure compliance because we
believed that this method is more appropriate to capture
the cyclical patterns of compliance with osteoporosis
medications than measuring compliance as a function of a
permissible gap between refills. Indeed, in a large cohort
study involving 26 636 new users of an osteoporosis medi-
cation (alendronate, calcitonin, oestrogen, raloxifene, or
risedronate), Brookhart et al. [39] found that among
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Figure 1
Association between noncompliance and nonvertebral fracture for differ-
ent ranges of MPR (n = 21 105). RR, rate ratio; MPR, medication possession
ratio; reference was MPR � 90% (RR = 1.00). For 50% � MPR < 90%:
adjusted RR 1.23 [95% confidence interval (CI) 1.05, 1.44]; for MPR < 50%:
adjusted RR 1.29 (95% CI 1.11, 1.50). Adjusted for variables listed in Table 1
that were selected by backward procedure (the variable MPR < 80% was
forced in the model a priori): bone mineral density (BMD) test, diagnostic
code for osteoporosis, prior osteoporotic fracture, dementia, hyperlipi-
daemia, coronary artery disease, peripheral vascular disease, prior hospi-
talization, use of anticonvulsants, use of opiates, use of antidepressants
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patients who stopped therapy for at least 60 days, an esti-
mated 30% restarted treatment within 6 months, and 50%
restarted within 2 years. However, MPR has been criticized
for not being particularly sensitive to the cumulative
effects of drug therapy [11]. In order to account for this
limit, a subgroup analysis was done in which only women
with the longest follow-up were included. Among women
followed up for at least 850 days, MPR < 80% was associ-
ated with a 48% increased risk of nonvertebral fracture.
These results highlight the benefits of long-term exposure
to bisphosphonates.

Predictors of noncompliance with alendronate and
risedronate are multifactorial and remain inadequately
explored. In a cross-sectional survey among 533 women
receiving a bisphosphonate, Carr et al. [40] have reported
that dissatisfaction with therapy, defined by side-effects or
practical problems taking the medication due to too fre-
quent dosing, or difficulty following special instructions for
taking bisphosphonates, was associated with a signifi-
cantly lower risk of compliance (OR 0.65, 95% CI 0.44, 0.97).
In another survey in which 1015 women were contacted,
McHorney et al. [41] found that women having presented
most side-effects (OR 6.78, 95% CI 4.67, 9.86), those with
the most sceptical beliefs in drug effectiveness (OR 5.70,
95% CI 3.65, 8.92) or drug safety (OR 2.26, 95% CI 1.49, 3.42)
had significantly greater risk of being noncompliant.

This study has some limitations. Considering that ICD-9
and medical procedure codes used to identify some types
of fractures had low sensitivity (e.g. ribs 25.5%) [17], the
number of nonvertebral fracture cases was probably
underestimated. However, the sensitivity analysis in which
only hip fractures were considered (sensitivity of 97.2%)
yielded similar results. This study included only women
having filled at least one prescription of alendronate or

Table 3
Crude and adjusted rate ratios of hip fracture in association with MPR < 80% (n = 6702)

Crude RR (95% CI) Adjusted* RR (95% CI)

MPR � 80% (n = 3954) Reference Reference
MPR < 80% (n = 2748) 1.27 (1.02, 1.59) 1.28 (1.02, 1.61)

BMD test† 0.53 (0.42, 0.67) 0.62 (0.48, 0.82)
Diagnostic code for osteoporosis† 0.93 (0.74, 1.17) 1.27 (0.98, 1.65)

Prior osteoporotic fracture‡ 2.73 (2.16, 3.46) 2.28 (1.78, 2.91)
Health condition

Dementia† 3.11 (2.32, 4.18) 2.14 (1.57, 2.92)
Hyperlipidaemia† 0.59 (0.45, 0.76) 0.62 (0.48, 0.81)

Hospitalization§ (at least once) 2.48 (1.97, 3.13) 2.11 (1.66, 2.69)
Medication use in the year before the

index date

Opiates¶ 3.05 (1.97, 4.71) 2.44 (1.56, 3.82)
Antidepressants¶ 2.07 (1.57, 2.72) 1.60 (1.20, 2.13)

*Adjusted for variables in Table 1 that were selected by the backward procedure. (The variable MPR < 80% was forced
in the model a priori.) †In the year before cohort entry or during follow-up. ‡Within 2 years prior to cohort entry and
during the first year of treatment (as well as during follow-up for vertebral fractures). §In the year before the index
date. ¶At least one prescription dispensed within 30 days prior to index date. CI, confidence interval; MPR, medication
possession ratio; RR, rate ratio.
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Rule-out approach sensitivity analysis to assess the strength of residual
confounding necessary to fully explain the observed association between
noncompliance and nonvertebral fractures. The area at the right (zone B)
of the curve shows combinations of associations between confounder-
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from the null value (RR = 1) to the observed point estimate (RR = 1.27,

). The area at the left of the curve (zone A) represents combinations
that would not be strong enough to bias the observed RR.The prevalence
of the confounder was assumed to be 20% and the prevalence of women
with a medication possession ratio (MPR) < 80% was 41%.
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risedronate; we had no data on women having received
a prescription for these agents and who never filled it.
In addition, the assessment of noncompliance was based
on supplies of medication, which is an indirect measure
of medication-taking behaviour, compared with patient
self-reported measures or electronic monitoring devices.
However, administrative databases offer many advantages
over patient self-reported measures, mainly because they
avoid the problem of reporting bias [42]. Moreover, even
though electronic monitoring devices offer the advantage
of indicating the exact moment when the medication was
taken, these devices are expensive and it would therefore
be difficult to recruit a sample size as large as what we
obtained using administrative databases. Finally, the
RAMQ databases did not contain information on potential
confounders such as family history of osteoporotic frac-
ture, baseline BMD, body mass index or lifestyle habits.This
may have led to residual confounding. However, results
from a survey carried out in 9851 postmenopausal women
have shown that well-documented risk factors for
osteoporotic fractures, such as low BMD (T score < -2.5),
early menopause, or family history of osteoporosis were
associated with higher compliance with osteoporosis
medications [25].This means that not controlling for those
variables would have underestimated the association
between noncompliance and fractures, since compliant
women may have presented with a higher risk of fracture
at baseline compared with noncompliant women. Never-
theless, some less documented lifestyle risk factors for frac-
ture such as smoking,or low level of activity have also been
associated with a lower medication compliance [43, 44].
The rule-out approach sensitivity analysis that was con-
ducted showed that, to explain fully the observed associa-
tion between noncompliance and risk of nonvertebral
fracture, the magnitude of the association between these
potential confounders and osteoporotic fracture would
need to be �3.00, whereas the association between these
confounders and noncompliance would have be �2.87.To
the best of our knowledge, associations of such magnitude
have not been reported in the literature between lifestyle
habits and noncompliance [43–45]. Therefore, we believe
that it is unlikely that the association found is solely due to
residual confounding.

In summary, among community-dwelling elderly
women, noncompliance with alendronate and risedronate
was associated with an increased risk of nonvertebral frac-
ture.These findings highlight the need to implement strat-
egies to increase compliance. Bisphosphonates with less
frequent dosing have recently been developed, such as
once-monthly oral ibandronate [46] and risedronate [47,
48], intravenous ibandronate given every 3 months [49], as
well as once-yearly intravenous zoledronic acid [50], which
might help to improve patients’ satisfaction with therapy.
In addition, it is of great importance that healthcare pro-
fessionals provide education to women about osteoporo-
sis and the consequences of noncompliance, in order to

clarify misconceptions. Frequent monitoring and feedback
by healthcare providers may also be helpful in improving
compliance.
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