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Abstract Low persistence with osteoporosis medication
is associated with higher fracture risk. Previous studies
estimated that 1-year persistence with osteoporosis medi-
cation is low. Our aim was to study persistence with oste-
oporosis medication among patients with long-term follow-
up (to 5 years). The InterAction Database (IADB) was used
to analyze persistence of 8610 Dutch patients initiating
osteoporosis drugs between 2003 and 2011. Drugs under
study were alendronate, risedronate, ibandronate, etidro-
nate, raloxifene and strontium ranelate. Cumulative per-
sistence rates were calculated after different time frames
(3 months-5 years) using survival analysis. Multivariate
Cox proportional hazard analyses were used to identify
determinants of non-persistence. Furthermore, switching
rates of persistent patients who initiated bisphosphonate
therapy were analyzed. Persistence with osteoporosis ther-
apy was 70.7 % (95 % CI, 69.7-71.7), 58.5 % (95 % CI,
57.4-59.6 %), 25.3 % (95 % CI, 24.1-26.5) after 6 months,
1 and 5 years, respectively. Determinants associated with
higher risk to non-persistence within the first year were
daily dosing regimen [HR, 1.76 (95 % CI, 1.46-2.14)], age
<60 years [HR, 1.26 (95 % CI, 1.19-1.34)] and use of
glucocorticoids [HR, 1.16 (95 % CI, 1.07-1.26)]. Monthly
dosing schedule and use of generic brands of alendronate
did not show a significant association with non-persistence.
Approximately 4.0 % of patients initiating therapy with
weekly alendronate or weekly risedronate switched therapy.
Persistence with osteoporosis medication is low. Because
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low persistence is strongly associated with higher fracture
risk, interventions to improve persistence are recom-
mended. This study identified several patient groups in
whom such interventions may be most relevant.
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Introduction

Osteoporosis is a chronic progressive disease characterized
by low bone mass and deterioration of the microarchitec-
ture of bone tissue [1]. Bone loss leads to an increased
susceptibility to fractures, in particular those of the hip,
spine and wrist [1]. The Dutch population contains
approximately 800000 osteoporotic patients [2], predomi-
nantly postmenopausal women, resulting in over 80000
osteoporotic fractures per year [3]. Osteoporotic fractures
are associated with significant morbidity, mortality and
reduced quality of life, resulting in a significant burden to
society [4]. Osteoporosis medication, such as bisphospho-
nates, strontium ranelate and raloxifene, have been
approved for prevention and treatment of osteoporosis as
they have shown to reduce the risk of osteoporotic fractures
by 20-50 % in clinical trials [5]. However, to achieve this
desired efficacy in a real-world setting, patients must
continue taking their medications (persistence) in accor-
dance with their prescribed dosing regimen (compliance).
A meta-analysis demonstrated that non-persistence and
non-compliance are associated with an increase of fracture
risk by 30-40 % [6], which consequently results in sig-
nificant higher clinical burden and healthcare costs [7].
Determinants influencing persistence have been described
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including age, dosing frequency, drug type and adverse
events [8, 9].

Previous studies had shown that persistence of patients
using osteoporosis medications in the Netherlands is poor.
It has been estimated that only 22-68 % of the Dutch
patients initiating osteoporosis medications still persists
with therapy after 1 year [8—11]. These studies focused on
only one or more specific bisphosphonate or used a fixed
follow-up period of 12 months. Long-term studies on
persistence with osteoporosis therapy, however, are absent.

The primary goal of this study was to analyze persis-
tence with oral osteoporosis medication among osteopo-
rotic patients over several years using a Dutch prescription
database. A second aim was to identify determinants of
non-persistence, including dosing schedule and drug-type.
A third aim was to analyze the switching patterns of per-
sistent users in time.

Materials and methods
Data source

Data were obtained from the IADB.nl database, which
holds pharmacy-dispensing data from approximately
500000 individuals in The Netherlands (http://www.JADB.
nl/). Each prescription record contains basic patient char-
acteristics and information on drug name, ATC-code
(Anatomical Therapeutical Chemical), prescription date,
dosage and amount of drug units delivered. The use of
over-the-counter drugs and in-patient prescriptions are not
included. In the Netherlands, patients generally remain
loyal to the same pharmacy [12], which allowed us to
retrieve complete medication histories of patients. The
IADB database has been validated for drug-utilization
studies [13, 14] and has previously been used in persistence
studies [15]. Data between January 2003 and December
2011 were used for the analyses.

Study population

We selected all patients aged 18 years or older with a first
recording of osteoporosis medication between January
2003 and December 2011. Included osteoporosis medica-
tions were: alendronic acid, risedronic acid, ibandronic
acid, etidronic acid, raloxifene and strontium ranelate. To
select new users, patients were required to be known in the
database starting from one year before their first prescrip-
tion of osteoporosis medication (i.e., initial prescription)
and at least six months after initial prescription to ensure
that the persistence of the patient could be estimated [16].
Patients were excluded if they had prescriptions of anti-
neoplastic medication (except methotrexate), pamidronic

acid, or clonidronic acid before or on the day of their initial
prescription because they may have been already pre-
scribed osteoporosis medication for the treatment of bone-
metastasis or multiple myeloma (Kahler’s disease). In
addition, patients with prescriptions of calcitonin, tilud-
ronic acid, or risedronic acid 30 mg daily were excluded
since these patients are likely to have been prescribed
osteoporosis medication for Paget’s disease.

Persistence

Persistence was defined as the duration of time from ini-
tiation to discontinuation of therapy [17]. A patient was
considered to be persistent until a permissible gap between
two consecutive prescriptions was exceeded [17]. The
permissible gap was set at 30 days, the same time-interval
as has been frequently used in previous studies [18]. Per-
missible gaps of 60 days, 90 days and a permissible gap
according to the method of Catalan (gap = half of duration
of last prescription) were explored in a sensitivity analysis
[19]. The Catalan method was used in three previous Dutch
studies assessing the persistence of osteoporosis medica-
tion [8, 10, 11], thus applying this method allows us to
compare our results with those studies. To account for
stockpiling, patients were able to cover future gaps with
accumulated medication from earlier overlapping pre-
scriptions. Avoiding underestimation of true persistence,
switching between the included medications was allowed
when establishing persistence status for all treatments
combined [20]. Since high-dosed oral glucocorticoid ther-
apy is a well-known secondary cause of osteoporosis, non-
persistent patients were censored if they simultaneously
discontinued the use of glucocorticoid medication. Patients
were also censored when they started receiving medication
in prepackaged bags or medication boxes because these
patients were not supposed to be able to discontinue
without intervention of a physician.

Determinants of non-persistence

Dosing regimen and type of osteoporotic medication were
the main determinants in this study. Differences in per-
sistence were analyzed compared to a reference regimen or
drug and results were adjusted for age, gender, year of
therapy initiation, use of gastroprotective medication dur-
ing 6 months after therapy initiation and glucocorticoid
exposure 1 year prior to therapy initiation.

Switching
Treatment switching was defined as initiation of therapy

with another of the included osteoporosis medications
within the permissible gap [20]. Switching patterns of
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weekly alendronate and weekly risedronate were analyzed
as well as the probability of switching in time. We limited
this analysis to these drugs only because they are the first
choice drugs according to the Dutch treatment guidelines

[3].
Statistical analysis

Persistence estimates were derived using life-tables with
discontinuation considered as an event. Patients without an
event were censored at the last day known in the database.
Cumulative proportions of persistent patients and their
confidence intervals were estimated after time-frames
varying from 3 months till 5 years. Differences in persis-
tence were displayed using Kaplan—Meier plots and tested
using the Log-rank test and Cox Proportional Hazard
analysis. All statistical analyses were performed using
PASW Statistics (SPSS), version 18.0.3 (Chicago, IL,
USA).

Results
Baseline characteristics

We identified 9551 incident users of the included osteo-
porosis medications. Of these, 308 patients (3.2 %) were
excluded because of an anti-neoplastic prescription in
history and 131 patients (1.4 %) from a prescription of
Paget’s disease medication. Another 527 patients (5.5 %)
were excluded because their dosing schedule did not meet
the regular treatment schedule of osteoporosis. Therefore,
the final cohort contained 8610 patients, who had an
average age of 67.5 £ 13.5 years and of whom 75.6 %
were female (Table 1). Patients predominantly started
osteoporosis therapy with bisphosphonates on weekly
regimen (94.3 %). At the start of the study period in 2003,
86 % of the patients started with weekly bisphosphonates
and this rate increased to 96 % in 2011 (Fig. 1). Conse-
quently, initial prescriptions of daily bisphosphonates
decreased in time from 12.9 % in 2003 to 0.7 % in 2011.
Regarding drug type, most prescribed drugs were alendr-
onate weekly (57.6 %) and risedronate weekly (36.7 %).
Since generic forms of alendronate became available on the
market in 2005, more patients started with this drug, up to
62 % in 2011. Less initial prescribed anti-osteoporotic
drugs were raloxifene (0.3 %) and strontium ranelate
(0.7 %) (Table 1). In most cases, a general practitioner
(GP) was the initial prescriber (52.7 %). Regarding con-
comitant medication, approximately 62.1 % of the patients
used calcium besides osteoporosis medication and 47.9 %
vitamin D. Consider that over-the-counter was not included
in the database, resulting in a possible underestimation of
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the actual use of vitamin D. Use of gastric protection
increased from 29.7 % of patients before therapy initiation
to 45.2 % of patients after initiation.

Persistence

Cumulative persistence rates for the total population and
gender-specific rates are presented in Table 2. For the full
cohort, persistence was 70.7 % (95 % CI, 69.7-71.7 %)
after 6 months and decreased to 58.5 % (95 % CI,
57.4-59.6 %), 37.8 % (95 % CI, 36.7-39.0 %), 25.3 %
(95 % CI, 24.1-26.5 %) after 1, 3 and 5 years, respec-
tively. Median time on treatment (time at which cumulative
persistence rate is equal to 50 %) was 597 days. A crude
analysis of the gender-specific data showed a difference
between women and men (log-rank test, p < 0.001).
Determinants of non-persistence are shown in Table 3.
A multivariate analysis showed that users on a daily regi-
men are more likely to be non-persistent than those who
initiated bisphosphonates on a weekly regimen [HR, 1.76
(95 % CI, 1.46-2.14)]. No significant difference was found
between a weekly and a monthly dosing schedule of bis-
phosphonates [HR, 0.96 (95 % CI, 0.71-1.30)]. Regarding
specific drugs, the branded form of weekly risedronate
showed the highest persistence rate after 1 year (58.5 %)

Table 1 General characteristics of the included patients (N = 8610)

Characteristic N (%)
Gender (female) 6505 (75.6)
Mean age (£SD) 67.5 (£13.5)
Initial prescriber
GP 4537 (52.7)
Specialist 4037 (47.3)
Initial drug
Daily bisphosphonate 293 3.4)
Weekly bisphosphonate 8117 (94.3)
Monthly bisphosphonate 108 (1.3)
Other bisphosphonate 97 (1.1)
Raloxifene 23 0.3)
Strontium ranelate 57 0.7)

Concomitant medication
Within 1/2 year before start

Calcium preparations 555 (6.4)
Vitamin D preparations 420 4.9)
Glucocorticoids 1827 (21.2)
Gastric protection 2561 (29.7)
Within 1 year after start
Calcium preparations 5344 (62.1)
Vitamin D preparations 4124 (47.9)
Glucocorticoids 3150 (36.6)
Gastric protection 3888 (45.2)
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Table 2 Persistence over time with oral osteoporosis treatment (switching allowed)

Time point Total cohort (n = 8610) Women (n = 6505) Men (n = 2105)
Patients on therapy (%) 95 % CI Patients on therapy (%) 95 % CI Patients on therapy (%) 95 % CI

3 months 80.6 79.8-81.4 80.7 79.8-81.7 80.2 78.5-81.9
6 months 70.7 69.7-71.7 71.4 70.3-72.5 69.0 67.0-71.0
1 year 58.5 57.4-59.6 59.5 58.3-60.8 552 53.0-57.4
1.5 years 514 50.3-52.5 52.5 51.3-53.8 47.8 45.6-50.1
2 years 459 44.8-47.1 473 46.0-48.6 41.6 39.3-43.9
3 years 37.8 36.7-39.0 39.5 38.1-40.8 323 29.9-34.6
4 years 31.6 30.5-32.8 33.0 31.7-34.4 27.1 247294
5 years 253 24.1-26.5 26.5 25.1-27.9 21.4 18.9-23.8

and strontium ranelate showed the lowest (27.3 %). No
difference was found when the generic form of weekly
alendronate was compared to the branded form of weekly
alendronate [Hazard ratio (HR), 1.00 (95 % (I,
0.89-1.12)] or weekly risedronate branded [HR, 0.92
(95 % CI, 0.84-1.01)]. Younger patients were more likely
to be non-persistent [<40 years: HR, 2.30 (95 % CI,
1.95-2.66); 41-50 years: HR, 1.65 (95 % CI, 1.43-1.90);
51-60 years: HR, 1.15 (95 % CI, 1.03-1.28)].

Overall, patients below 60 years of age were 1.26 (95 %
CI 1.19-1.34) times more likely to be non-persistent.

Kaplan—-Meier plots of various drug-types and regimens
are shown in Fig. 2. The crude analysis of long-term per-
sistence among bisphosphonate users showed a significant
difference between daily and weekly regimen (log-rank
test, p < 0.001), but no difference between a weekly and a
monthly regimen (log-rank test, p = 0.661).

In scenario analysis, varying the length of gap to
60 days, 90 days and gap according to Catalan’s method
did not highly alter results. After 1 year, the persistence
rate was 5.7 % higher using a gap of 60 days as compared

with 30 days [64.2 % (95 % CI, 63.1-65.2 %) vs. 58.5 %
(95 % CI, 57.4-59.6 %)] and 8.7 % higher using a 90 day-
gap [67.2 % (95 % CI, 66.1-68.2 vs. 58.5 % (95 % ClI,
57.4-59.6 %)]. A permissible gap according to Catalan’s
method showed no significantly different persistence rates
as compared with a 30 days gap [56.6 % (95 % (I,
55.5-57.6) vs. 58.5 % (95 % CI, 57.4-59.6 %)].

Switching

Switching behavior was defined as continuing osteoporosis
therapy with another drug within the permissible gap. From
the 4961 initial users of alendronate weekly, a total of 196
patients (4.0 %) switched therapy, in most cases to
risedronate (65 %) and ibandronate (21 %) (Table 4).

A number of 133 of the 3156 initial weekly risedronate
users (4.2 %) switched osteoporosis therapy, predomi-
nantly towards alendronate (68 %) and ibandronate
(19 %). Approximately 60 % of switches took place in the
first half year after initiation of either alendronate or
risedronate therapy.
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Table 3 Determinants of non-persistence of osteoporosis medication among newly treated osteoporosis patients from 2002 to 2011 (N = 8610)

Characteristics N V (%) 1y persistence (%) Univariate HR Multivariate HR
Gender
Men 2105 244 55.2 1.12 (1.03-1.21) 1.08 (0.99-1.16)
Women 6505 75.6 59.5 Reference
Age group
<40 321 3.7 30.6 2.30 (1.97-2.68) 2.28 (1.95-2.66)
41-50 483 5.6 44.5 1.65 (1.43-1.90) 1.65 (1.43-1.90)
51-60 1443 16.8 57.2 1.14 (1.02-1.27) 1.15 (1.03-1.28)
61-70 2069 24.0 61.2 Reference
71-80 2630 30.5 62.9 0.95 (0.86-1.05) 0.95 (0.86-1.04)
81-90 1536 17.8 58.7 1.13 (1.02-1.26) 1.12 (1.01-1.25)
>90 128 1.5 58.9 1.19 (0.88-1.60) 1.17 (0.87-1.58)
Start year therapy
2003-2005 2936 34.1 59.7 Reference
2006-2008 3251 37.8 59.5 1.003 1.01 (0.93-1.09)
2009-2011 2423 28.1 554 1.117 1.12 (1.02-1.22)
First prescriber
GP 4537 52.7 60.0 Reference
Specialist 4073 47.3 56.8 1.068 1.03 (0.96-1.10)
Drug regimen
Daily bisphosphonates 208 2.4 43.6 1.71 (1.42-2.07) 1.76 (1.46-2.14)
Weekly bisphosphonates 8117 94.3 59.5 Reference
Monthly bisphosphonates 108 1.3 58.5 0.986 (0.73-1.33) 0.96 (0.71-1.30)
Initial drug
Alendronate daily 137 1.6 43.7 1.69 (1.33-2.15) 1.80 (1.41-2.30)
Risedronate daily 71 0.8 441 1.46 (1.06-2.02) 1.55 (1.12-2.16)
Alendronate weekly branded 1931 224 59.3 0.93 (0.84-1.02) 1.00 (0.89-1.12)
Alendronate weekly generic 3030 352 57.5 Reference
Risedronate weekly branded 3083 35.8 61.2 0.89 (0.82-0.96) 0.92 (0.84-1.01)
Risedronate weekly generic 73 0.8 48.9 1.10 (0.79-1.54) 1.04 (0.75-1.45)
Ibandronate monthly 108 1.3 58.5 0.92 (0.68-1.24) 0.93 (0.69-1.25)
Risedronate monthly 12 0.1 57.9 0.93 (0.35-2.49) 0.89 (0.33-2.37)
Etidronate cyclic 85 1.0 38.3 1.58 (1.19-2.09) 1.74 (1.30-2.33)
Raloxifene 23 0.3 50.0 1.44 (0.80-2.61) 1.49 (0.82-2.7)
Strontium ranelate 57 0.7 27.3 2.20 (1.6-3.01) 2.35 (1.71-3.22)
Concomitant medication
Glucocorticoid use 1827 21.2 54.4 1.18 (1.09-1.27) 1.16 (1.07-1.26)
Gastroprotective treatment 3888 45.2 57.0 1.06 (0.99-1.13) 1.03 (0.96-1.10)
Discussion showed low persistence rates after 1 year varying between

Treatment persistence

In this study we analyzed persistence with osteoporosis
medication among newly-treated osteoporotic patients in a
retrospective database. We found that persistence with
osteoporosis therapy is low, having 58.5 % of patients still
on therapy after 1 year. Previous Dutch studies also
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36.5 and 43.6 % [8-10]. A difference between our study
and those studies is that we focused explicitly on osteo-
porosis patients instead of all new users of osteoporosis
medication. We excluded patients who might have been
prescribed osteoporosis therapy for Kahler’s disease or
bone metastasis. Moreover, we censored patients who
discontinued osteoporosis medication simultaneously with
glucocorticoid use (which is a wvalid reason for
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Table 4 Switching patterns of initial users of alendronate and risedronate on a weekly dosing schedule

Alendronate weekly

Risedronate weekly

N % N %
Total initial users 4961 100.0 3156 100.0
Total switching patients 196 4.0 133 4.2
Switch to N Total switchers N Total switchers
Alendronate - - 91 68.4
Risedronate 127 64.8 - -
Ibandronate 42 21.4 25 18.8
Etidronate 11 5.6 3 23
Strontium ranelate 9 4.6 11 8.3
Raloxifene 1 0.5 1 0.8
Other osteoporosis medication 6 3.1 2 1.5
Time period within switched N Total switchers N Total switchers
<6 month 125 63.8 78 58.6
<1 year 157 80.1 92 69.2
<2 years 167 85.2 111 83.5
<3 years 178 90.8 119 89.5
<4 years 187 95.4 128 96.2
<5 years 191 974 130 97.7

discontinuing osteoporosis medication), patients switching
towards parenteral given osteoporosis medications and
patients receiving medications automatically in prepackaged
bags. Hereby, non-persistent patients discontinuing with a
valid reason were not marked as an event resulting in a more
realistic reflection of real-life persistence as compared to
previous studies. This may explain why the persistence rates
of our study were approximately 15-20 % higher than pre-
vious Dutch studies. We chose to investigate persistence in a
real-life setting to make our results more applicable to cost-
effectiveness studies estimating the clinical effects and costs
of non-persistence among osteoporosis patients.

One previous Dutch study, which was performed in
multiple Dutch pharmacies, also corrected for simulta-
neously discontinuation with glucocorticoids [11]. They

found a slightly higher 1-year persistence rate than we did
(68.3 vs. 58.5 %). This study was conducted in a smaller
group of patients (n = 408) from a selected group of
pharmacies.

The decreasing trend of persistence with osteoporosis
therapy continues after 1 year. Previous Dutch studies had
follow-up periods of mostly 1 year with a maximum of
2 years. Our results showed a gradually decrease of per-
sistence up to the maximum follow-up period of 5 years.
Studies performed outside The Netherlands studying long-
term persistence with osteoporosis therapy showed similar
decreasing trends and our study confirmed this trend for the
Dutch situation [16, 20].

Persistence rates were fairly insensitive to the length of
permissible gap, because increasing the gap from 30 to
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90 days changed the persistence rate with only 9 percent-
age units after 1 year follow up. Moreover, a study of
Netelenbos et al. [9] showed that compliance of Dutch
patients with osteoporosis therapy is high, because 91 % of
patients had a medication possession ratio (MPR) >80 %.
This means that patients in the Netherlands generally have
small gaps between filled prescriptions.

Determinants of persistence

In line with previous Dutch studies, persistence with bis-
phosphonates on a weekly regimen was higher as compared
with a daily regimen [8, 9]. However, we found no difference
between a weekly and monthly regimen. Concerning the
comparison of persistence between weekly and monthly
bisphosphonates, results in literature vary. Some studies
suggested that persistence of monthly ibandronate was
higher than weekly alendronate and risedronate [16, 21-23],
whereas another study found similar persistent rates between
those drugs [9]. Our study confirmed the results of the latter
study [9]. This suggests that a further reduction of dosing
frequency from weekly to monthly does not necessarily lead
to a further improvement of persistence.

This is the first Dutch study that made a distinction between
branded and generic forms of weekly alendronate. Previous
studies related generic forms of alendronate with lower per-
sistence rates as compared with branded alendronate [24-26].
Our results did not support this relation as we found no dif-
ferent persistence rate for branded and generic alendronate. In
the Netherlands, a preference policy is used in which health
insurance companies only reimburse the cheap generic form
of drugs. Our results demonstrate that this policy does not
increase the risk of non-persistence for alendronate. Strontium
ranelate showed the lowest persistence rates, which may be
mainly caused by its daily dosing regimen. Another possible
explanation attributing to its low persistence is the warning by
European Medicines Agency (EMEA) on the Drug Reaction
(or Rash) with Eosinophilia and Systemic Symptoms
(DRESS) syndrome in 2007 associated with two lethal events,
which had some media attention [27].

As expected and reported by others, younger patients
(age <60) and patients using glucocorticoids previous to
therapy initiation have lower persistence rates [8, 9]. Use of
gastric protection after therapy initiation did not alter
persistence, although experiencing side-effects is a com-
monly cited reason for discontinuation [11, 28]. However,
on the other hand, the gastric protection might treat gas-
trointestinal side-effects successfully.

Switching patterns

Switching behavior was assessed only for weekly alendr-
onate and weekly risedronate because these drugs are the
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first choice for naive osteoporosis patients according to
Dutch guidelines of osteoporosis treatment [3]. About 4 %
of total starters switched to another anti-osteoporotic drug.
This is in the same order as Landfeldt et al. [29] who
studied switching behavior in Sweden using similar
methodology finding switching rates of 1.69 and 5.66 %
for alendronate and risedronate, respectively. As expected,
patients predominantly switched in the first six months,
generally when they experience side-effects for the first
time. Of switching patients, most patients switched
between alendronate and risedronate because these drugs
are stated as the first choice in the Dutch guidelines of
osteoporosis treatment. No notable switch from risedronate
to alendronate was noticed, although generic variants
became available within the time-period of this study.

Limitations

Our study has several limitations. First of all, our database
contained no information on drug indication. Therefore, we
had to use proxies to exclude patients who might have used
osteoporosis medications for the treatment of Paget’s dis-
ease, Kahler’s disease or bone-metastasis. These diseases
often require medications only administered in a hospital,
but the database we used did not contain in-hospital pre-
scriptions. Therefore, it cannot be ruled out that our study
cohort contained patients who received osteoporosis med-
ication with a different indication than osteoporosis. Lack
of information about in-hospital prescriptions can also lead
to a gap in patient’s medication history when admitted to
hospital. However, nowadays patients with fractures are
usually not hospitalized for longer than two weeks which is
shorter than the permissible gap used in this study [30].
Still, patients may be hospitalized for comorbid conditions
and remain in hospital for longer periods. Second, pre-
scription data do not necessarily reflect the actual drug use,
although wvalidation studies showed good correlation
between prescription claims and actual drug use [31, 32].
Third, no information about the reason for discontinuing
was available. Therefore, the study population might con-
tain non-persistent patients who discontinued drug therapy
in line with their physicians advice. Fourth, our database
doesn’t contain information about Bone Mineral Density
(BMD) scores, previous fractures, comorbidities and
urbanization density around pharmacies. These factors
were previously reported as possible determinants of per-
sistence [8, 21, 28]. Also an association between persis-
tence and the use of calcium and/or vitamin D was reported
[9]. However, our database contains no information on over
the counter medication or drugs obtained outside the
pharmacy. Therefore, we decided to neglect use of calcium
and vitamin D as possible determinanst. As we identified
age, gender and use of glucocorticoids prior to osteoporosis
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therapy as confounders in our study, we corrected our
results for these parameters only.

Lastly, caution is required for the interpretation of per-
sistence rates of osteoporosis medication other than weekly
bisphosphonates as the number of patients using this type
of drugs is relatively low.

Clinical implications and recommendations

Osteoporosis is a chronic disease, which needs a long-term
treatment. However, therapy only succeeds if patients
continue taking their medication because non-persistence is
associated with a higher risk of osteoporotic fractures [10].
In the Netherlands, the recommended duration of treatment
of osteoporosis with bisphosphonates is 5 years, but can
also be continued under certain circumstances [3]. Multiple
studies, including our study, demonstrate that persistence
with osteoporosis medications in the Netherlands is low
and a substantial proportion of patients discontinue within
the first year. Furthermore, our study demonstrates that this
decreasing trend remains over a long-term follow up,
indicating the need for interventions to improve persis-
tence. Healthcare professionals already have developed and
evaluated several interventions, primarily based on the
provision of extra information, dosing frequency, on a
more individual approach of patients, including reminder
letters or phone calls and patient support by healthcare
professionals [11, 33]. Preferably, national implementation
of these interventions should focus on those which are not
only effective but also cost-effective [34].

Conclusion

Persistence to treatment of osteoporosis therapy is poor
among naive-treated patients because approximately 60 %
are still on therapy after 1 year and 25 % after the rec-
ommended treatment duration of 5 years. Interventions are
needed to improve persistence as low persistence is asso-
ciated with higher fracture risk.
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