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Abstract
Summary Osteoporosis treatments reduce the risk of frac-
tures. The objective of this study was to investigate adherence
to treatment of osteoporosis and its association to fractures in
Sweden. Adherence to treatment of osteoporosis in Sweden is
poor, and time on treatment was found to be significantly
associated with fracture incidence.
Introduction The objective of this study was to estimate
persistence and compliance to treatment of primary osteopo-
rosis in Sweden. A second aim was to investigate the
determinants of non-persistence and the association between
adherence and fracture incidence.
Methods Patients were identified through filled prescrip-
tions for alendronate, risedronate, strontium ranelate, and
raloxifene between 2005 and 2009 from the Swedish
Prescribed Drug Register. Persistence was investigated
using survival analysis. Medication possession ratio
(MPR) was used to measure compliance in persistent

patients. The outcome measure in the analysis of adherence
and fracture incidence was hospitalized osteoporotic fractures.
Results The final cohort consisted of 56,586 treatment-
naïve patients (mean age 71, 86% women). A total of 51%,
35%, 25%, and 14% were still on treatment (switching
allowed) after 1, 2, 3, and 4 years, respectively. Average
MPR in persistent patients was 94.2% (CI95 94.2–94.3%).
Compared with <1 month of therapy, treatment for 1 month
to 1 year, 1 to 2 years, and 2 to 3 years was associated with
a lower 3-year fracture incidence (HR 0.86, p=0.091; HR
0.67, p<0.001; and HR 0.59, p<0.001, respectively). No
significant relationship was identified between MPR and
fracture risk.
Conclusions Persistence to treatment of osteoporosis in
Sweden is poor and approximately 50% of all treatment-
naïve patients discontinue therapy within 1 year. Average
refill compliance, estimated only while the patients were
persistent, was found to be close to perfect. A strong
association was identified between treatment persistence
and fracture incidence, which calls for action to improve the
current situation.
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Introduction

Osteoporosis is a chronic progressive disease characterized
by porous and weak skeletal bone. It is a major public
health problem, affecting hundreds of millions of people
worldwide [1], predominantly postmenopausal women [2].
During the past two decades, several medications have been
made available for the treatment and prevention of
osteoporosis. The primary aim of pharmaceutical therapy
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is to reduce the risk of osteoporotic fractures. However,
patients need to take the medication for the intended
duration (persistence) and according to treatment instruc-
tions (compliance) in order to receive the desired clinical
benefit. Several studies have shown that persistence and
compliance to treatment of osteoporosis is poor, resulting in
suboptimal real-world treatment effectiveness. It has been
estimated that between 18% and 78% of all patients persist
with therapy for 1 year [3, 4]. However, there are
significant methodological differences between previous
studies and the results are therefore not necessarily
comparable. Moreover, disease patterns and treatment
practices differ between countries and regions and previous
findings may consequently only be valid for the
population and setting studied. It is therefore necessary
to obtain country-specific estimates. To date, persistence
and compliance to treatment of osteoporosis in Sweden is
unknown.

The determinants of low persistence and compliance to
treatment are not very well understood. Research suggests
that several factors are important, including dosing require-
ments and frequency, adverse events, the patient–physician
relationship, and patient inability to detect improvements in
an asymptomatic disease [5–10].

The main objective of the present study was to estimate
persistence and compliance to treatment of primary osteopo-
rosis in Sweden. A second study aim was to investigate the
determinants of non-persistence as well as the association
between persistence and fracture incidence and compliance
and fracture incidence, respectively.

Methods

Data sources and patient selection

The study was based on an open historical cohort extracted
from the Swedish Prescribed Drug Register. The register
contains all filled prescriptions dispensed by “Apoteket
AB”, the (at the time of study) sole provider of prescription
drugs outside the hospital setting to the Swedish population
(9,345,135 individuals [11]). Patients aged 50 or older were
identified through records of filled prescriptions for one or
several osteoporosis drugs (alendronate, risedronate, stron-
tium ranelate, and raloxifene) between June 1, 2005 and
December 31, 2009. A separate persistence analysis was
performed on patients filling prescriptions for parathyroid
hormone (PTH) during the same study period. Zoledronate
and etidronate were not represented in the study since the
former medication received reimbursement recently (and
therefore had an unsatisfactory follow-up) and because
etidronate is prescribed sparingly in combination with
calcium. Treatment with hormone replacement therapy is

no longer recommended in Sweden for fracture prevention
except under special circumstances [12] and was conse-
quently not included in the study. Patients with records of
filled prescriptions for any osteoporosis treatment 5 months
prior to the start of their treatment in this study were
excluded. The length of the mandatory drug-free period
was chosen to comprise a standard 3-month prescription
and the base case grace period (described later) and was not
extended due to data limitations. Included patients are
henceforth referred to as “treatment-naïve.” Patients filling
prescriptions that would last more than 112 days with
standard osteoporosis treatment, indicating secondary
caused osteoporosis, were also removed from the cohort.
The Swedish Prescribed Drug Register was linked to the
National Patient Register to extract patient level inpatient
care fracture and comorbidity data 5 years prior to the index
prescription. Patients with neoplasms (malignant, in situ,
uncertain) or secondary osteoporosis, identified with ICD-10
codes (C.x, D00.x-D09.x, D35.1-D35.2, D37-D48, E03.9,
E05.x, E21.0, E23.0-E24.0, E24.2-E24.4, E24.8-E24.9,
E27.1, E72.1, E83.1, F50.0, G40.x, G81.9, K72.x, K90.x,
M05.x-M06.x, M80.1, M80.3-M80.5, M81.1, M81.3-M81.5,
M82.x-M83.x, M86.x-M90.x, N17.x-N19.x, Q79.6, Q82.2,
Q96, and Q98.0-Q98.4), were excluded. Patients exposed to
high levels of oral glucocorticoid drugs (defined as more than
2 g of accumulated glucocorticoidmedication 12months prior
to index prescription [13]) were also removed from the
cohort. Dates of deaths were collected from the Causes of
Death Register. Patient identifiers were encrypted, and an
ethical approval was granted by the Regional Ethical Review
Board in Stockholm.

The quality and accuracy of the Swedish national
registers are high. On average, 98.6% of all inclusions in
National Patient Register are entered correctly and the
frequency of missing values is very low. Missing values in
the Causes of Death Register is less than 0.5%, and the loss
of patient information in the Swedish Prescribed Drug
Register is at maximum 0.6% [14]. In the present study,
patients with missing values and/or ambiguous coding were
excluded.

The primary outcome measure in the analysis of
adherence and fracture incidence was hospitalized osteopo-
rotic fractures. Patient level fracture data was extracted
from the National Patient Register. The study included
fractures to the neck (S12.x), rib, sternum, and thoracic
spine (S22.x), lumbar spine and pelvis (S32.x), shoulder
and upper arm (S42.x), forearm (S52.x), femur (including
hip) (S72.x), lower leg (including ankle) (S82.x), as well as
unspecified osteoporotic fractures (M80.0, M80.2, and
M80.8-M80.9). Information regarding the causes of the
fractures (determined by the physician) was available, but
the coverage was incomplete, and all fractures were
therefore included in the main analysis. Fractures caused
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by low energy trauma, defined as fall from the same level,
were explored in sensitivity analysis.

Terminology

Several different definitions and categorizations of medica-
tion adherence, persistence, and compliance have been
suggested in the literature [15]. The following definitions
were used in this study:

Adherence

In this study, adherence was used as a general term
encompassing both persistence and compliance.

Persistence

In a medical context, persistence may be defined as the
accumulation of time from treatment initiation to discon-
tinuation of therapy (i.e., time on treatment). In this study,
the term was operationalized as the number of days on
treatment.

Compliance

Medication compliance refers to the extent the patient acts
in accordance with the prescribed treatment regimen.
Ideally, the term should include aspects such as if the drug
was taken correctly (e.g., after fasting overnight), at the
correct time of day, whether larger doses were taken to
compensate for forgotten doses, et cetera. Due to the nature
of historical data, the only part of compliance that may be
measured in retrospective studies is unplanned drug
holidays (i.e., when the patient does not have medication
available). In the present study, compliance was quantified
as medication possession ratio (MPR) and measured only
during the period of time patients were on treatment.

Measuring persistence and compliance

Medication persistence was operationalized as number of
days on treatment and measured from index prescription until
the end of the duration of the last prescription. Patients were
allowed to have gaps between filled prescriptions, but were
defined non-persistent if they had a gap exceeding 8 weeks
(the “grace period”). Grace periods of 4 and 12 weeks were
explored in sensitivity analysis. Hospitalizations during the
observation period were taken into account by adding the time
at the hospital as an extra prescription. The analysis took into
account that some patients returned their medication to the
pharmacy. The Swedish pharmacy system allows patients to
refill prescriptions when two thirds of the previous refill has
been consumed (e.g., after 2 months of a 3-month prescrip-

tion) and diligent patients may thus accumulate large amounts
of pills. Patients were therefore permitted to accumulate
medication from overlapping prescriptions and use it to cover
future gaps between filled prescriptions. However, patients
not refilling within the grace period after consuming any
accumulated medication were not allowed to consume their
accumulated medication at all and were instead deemed non-
persistent after depleting their last filled prescription. Conse-
quently, the decision rule permitted patients to consume their
accumulated medication as long as they afterwards filled a
new prescription within the grace period.

Treatment switching was defined as initiation of therapy
with another of the included osteoporosis medications
within the grace period. To avoid underestimating true
persistence, switching between the included medications
was allowed when establishing persistence status for all
treatments combined. Switchers were excluded when
persistence was estimated for the individual treatment
types.

Medication compliance was quantified using MPR,
defined as the number of days of medication available to
the patient, divided by the number of days on treatment.
MPR was estimated only while the patient was persistent.
For example, a patient who persisted with therapy for
365 days but only filled prescriptions with medication
covering 325 days would have had an estimated MPR of
(325/365) × 100≈89%.

Statistical analysis

Persistence estimates were derived using non-parametric
survival analysis. Kaplan–Meier survival functions were
estimated with treatment termination as failure event.
Patients were right censored for death and the data limit
of the Swedish Prescribed Drug Register (December 31,
2009). The determinants of non-persistence were investi-
gated with a parametric multivariate proportional hazards
model and estimated on the same set of survival data used
in the analysis of persistence.

The relationship between persistence and fracture inci-
dence was estimated with a parametric multivariate propor-
tional hazards model with hospitalized osteoporotic fracture
as failure event (multiple fractures allowed). The incidence of
fractures was measured from treatment initiation until register
limit (December 31, 2008) or death, irrespective of persis-
tence status. Persistence was included as categories of time on
treatment (<1 month, 1 month to 1 year, 1 to 2 years, and 2 to
3 years). The relationship between compliance and fracture
incidence was investigated in a similar approach, quantifying
compliance as per-patient mean MPR and measuring the
incidence of fractures during time on treatment.

The parametric models were specified to include age,
sex, urban/rural living, weekly/daily dosing regimen,
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prevalent hospitalized fracture, individual comorbidities (as
defined by Charlson et al. [16]), institutionalized living
(“ApoDos”), low-level exposure to glucocorticoid medica-
tion (defined as less than or equal to 2 g of accumulated
glucocorticoid medication 12 months prior to index pre-
scription), and filled prescription for gastroprotective agent
(proton pump inhibitor, H2-receptor antagonist, sucralfate,
and/or alginic acid) during the first 6 months of osteoporosis
treatment, to control for confounding effects (Table 1). The
variable “ApoDos” indicates that the patient received
predispensed medication in a special living accommodation
and was used as a proxy for being institutionalized. Model
distribution (Weibull) and covariate selection for the para-
metric multivariate proportional hazards models were chosen
by minimizing the Akaike information criterion and maxi-
mizing the log-likelihood, two metrics commonly used to
discriminate between models. The proportional hazards
assumption [17] was investigated using graphical inspections
and by exploring if the included covariates significantly
varied with time. The assumption was satisfied for all
covariates. The statistical analyses were executed in Stata 11,
StataCorp, Collage Station, TX.

Results

Study population

The final cohort consisted of a total of N=56,586 subjects
(Fig. 1), contributing a total of 61,322 person years of
observation time. Table 1 contains summary of baseline
characteristics for the included patients. Approximately
86% of the cohort was women, and 95% of all patients
were on a weekly dosing regimen. Less than 3% of all
included patients switched between the included medica-
tions while on treatment. The maximum follow-up (days on
treatment) was 1,491 days (December 1, 2005 through
December 31, 2009). Furthermore, the final cohort filled a
total of 406,949 prescriptions between December 1, 2005
and December 31, 2009. Out of all prescription records,
84% were for alendronate, 14% risedronate, 0.66% for
strontium ranelate, and 1.62% for raloxifene.

A total of 399 treatment-naïve patients with primary
osteoporosis initiated therapy with PTH during the study
period. Out of those, 257 individuals (mean age 69 years,
98% women) did not fill prescriptions for any other
osteoporosis medication.

Statistical analysis of persistence

The estimated Kaplan–Meier life table is presented in
Table 2, including significantly different estimates for
women and men (log-rank test, p<0.001). A large

proportion (23%) of the total cohort terminated treatment
immediately after the duration of the index prescription.
Median time on treatment, defined as the earliest time at
which half of the study participants had discontinued
treatment, was 378 days. The parametric hazards model
employed to investigate the determinants of non-persistence
predicted a mean time on treatment of 711 days (controlling
for variables listed in Table 1). Of the oral treatments,
patients taking bisphosphonates had the highest persistence
rates, followed by raloxifene and strontium ranelate
(Fig. 2). The persistent proportion after 1 year of treatment
was estimated at 51.7% (CI95 51.2–52.2%), 50.6% (CI95
49.5–51.8%), 42.4% (CI95 38.7–46.0%), and 18.4% (CI95
15.5–21.6%) for alendronate, risedronate, raloxifene, and
strontium ranelate, respectively. The proportion persisting
with PTH, the only injectable treatment in the study, for
1 year was 70.3% (CI95 64.0–75.8%). Persistence with PTH
decreased markedly after approximately 18 months of
therapy, in line with Swedish treatment guidelines which
recommend that consecutive treatment with PTH should
not exceed 18 months [12].

Sensitivity analysis of the grace period was performed
by allowing gaps without medication between filled
prescriptions of 4 and 12 weeks, respectively. Persistence
rates were found to be fairly insensitive to the length of the
grace period, as the estimated proportion on treatment never
deviated more than 7 percentage units from the base case
scenario (8-week grace period) for any treatment at any
time point.

Statistical analysis of compliance

Compliance was quantified as MPR and measured while
the patients were on treatment. Mean MPR was estimated at
94.2% (CI95 94.2–94.3%). Approximately 38% of the
cohort had a MPR of 100% (i.e., no gaps between
prescriptions) and approximately 95% had a MPR greater
than 80%. Varying the grace period from 8 weeks to 4 and
12 weeks, respectively, had a trivial impact on the estimated
mean MPR, only causing variation of less than 2 percentage
units.

Statistical analysis of the determinants of non-persistence

A multivariate Weibull model was estimated to identity
variables that were significantly associated with non-
persistence. The covariates that were under consideration
are presented in Table 1. The final estimated model is
presented in Table 3. The model could on average predict
15.6% (p<0.001) of the observed treatment duration for the
included subjects. Individuals who received a weekly
dosing regimen were estimated to have better persistence
compared with those given daily dosing. Switching, being
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institutionalized, being female, and starting treatment with a
prevalent fracture were also found to be significantly
associated with a lower probability of terminating treat-
ment. Moreover, individuals living in an urban region, as

well as patients who filled at least one prescription for a
gastroprotective agent during the first 6 months of
osteoporosis treatment, were less likely to persist with
therapy. Patients with any prevalent comorbidity or history

Table 1 Descriptive statistics of the included patients (N=56,586)

Alendronate
(n=46,265)

Risedronate
(n=8,618)

Strontium ranelate
(n=774)

Raloxifene
(n=929)

Sex (female) 46,265 (85.8) 8,618 (87.4) 774 (93.9) 929 (100.0)

Age (mean years ± SD) 46,265 (71.1±10) 8,618 (69.7±10) 774 (74.6±10) 929 (65.5±10)

Follow-up (mean days ± SD) 46,265 (389.3±375) 8,618 (444.3±411) 774 (197.0±231) 929 (422.5±437)

Urban region 15,069 (32.6) 3,987 (46.3) 349 (45.1) 518 (55.8)

ApoDos (institutionalized patient) 4,442 (9.6) 684 (7.9) 103 (13.3) 47 (5.1)

Weekly dosing regimena 45,078 (97.4) 8,254 (95.8) 70 (9.0) 88 (9.5)

Switcher 891 (1.9) 583 (6.8) 56 (7.2) 94 (10.1)

Glucocorticoid exposureb 9,087 (19.6) 1,716 (19.9) 68 (8.8) 48 (5.2)

Gastroprotective treatmentc 1,812 (3.9) 339 (3.9) 38 (4.9) 11 (1.2)

Prevalent fractured

Neck 70 (0.2) 7 (0.1) 0 (0) 2 (0.2)

Rib, sternum, and thoracic spine 512 (1.1) 82 (1.0) 16 (2.1) 3 (0.3)

Lumbar spine and pelvis 920 (2.0) 187 (2.2) 38 (4.9) 5 (0.5)

Shoulder and upper arm 938 (2.0) 162 (1.9) 27 (3.5) 11 (1.2)

Forearm 1,355 (2.9) 235 (2.7) 29 (3.8) 30 (3.2)

Femur (including hip) 3,014 (6.5) 577 (6.7) 82 (10.6) 38 (4.1)

Lower leg (including ankle) 1,086 (2.4) 188 (2.2) 20 (2.6) 12 (1.3)

Unspecified fracture 911 (2.0) 200 (2.3) 61 (7.9) 8 (0.9)

Any prevalent fracture 7,124 (15.4) 1,298 (15.1) 190 (24.6) 97 (10.4)

Prevalent comorbidityd

Myocardial infarction 1,594 (3.5) 255 (3.0) 23 (3.0) 14 (1.5)

Congestive heart failure 1,746 (3.8) 297 (3.5) 28 (3.6) 12 (1.3)

Peripheral vascular disease 558 (1.2) 87 (1.0) 4 (0.5) 4 (0.4)

Cerebrovascular disease 2,018 (4.4) 329 (3.8) 33 (4.3) 16 (1.7)

Dementia 369 (0.8) 58 (0.7) 15 (1.9) 8 (0.9)

Chronic pulmonary disease 2,593 (5.6) 522 (6.1) 45 (5.8) 37 (4.0)

Rheumatologic disease 811 (1.8) 181 (2.1) 11 (1.4) 5 (0.5)

Peptic ulcer disease 409 (0.9) 77 (0.9) 5 (0.7) 5 (0.5)

Mild liver disease 197 (0.4) 40 (0.5) 7 (0.9) 3 (0.3)

Diabetes without chronic complication 1,551 (3.4) 242 (2.8) 33 (4.3) 14 (1.5)

Diabetes with chronic complication 205 (0.4) 36 (0.4) 5 (0.7) 2 (0.2)

Hemiplegia or paraplegia 66 (0.1) 8 (0.1) 2 (0.3) 0 (0)

Renal disease 26 (0.1) 6 (0.1) 0 (0) 0 (0)

Moderate or severe liver disease 28 (0.1) 4 (0.1) 5 (0.7) 0 (0)

HIV/AIDS 7 (0.0) 0 (0) 0 (0) 0 (0)

Any prevalent comorbidity 8,433 (18.2) 1,501 (17.4) 161 (20.8) 92 (9.9)

Data presented as n (mean %) unless specified otherwise
a Dosing regimen was calculated as an average based on all filled prescriptions by each patient (irrespective of switching)
b Low-level glucocorticoid exposure 1 year prior to start of osteoporosis treatment
c Filled prescription for gastroprotective agent (proton pump inhibitor, H2-receptor antagonist, sucralfate, and/or alginic acid) during the first 6 months of
osteoporosis treatment
d 5 years prior to index prescription
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Table 2 Persistence over time (oral treatments, switching allowed)

Time point (at) Women and men combined (N=56,586) Women (n=48,877) Men (n=7,709)

Persistent proportion (%) 95% CI (%) Persistent proportion (%) 95% CI (%) Persistent proportion (%) 95% CI (%)

1 month 92.2 92.0–92.4 92.0 91.8–92.2 93.5 92.9–94.0

3 months 75.5 75.1–75.8 75.4 75.1–75.8 75.7 74.7–76.7

6 months 65.7 65.3–66.1 65.8 65.3–66.2 65.1 63.9–66.2

12 months 51.0 50.6–51.4 51.5 51.0–51.9 47.8 46.6–49.0

18 months 42.1 41.7–42.6 42.8 42.3–43.3 37.5 36.3–38.8

2 years 35.0 34.6–35.5 35.7 35.3–36.2 30.0 28.8–31.3

2.5 years 29.7 29.3–30.2 30.5 30.0–31.0 24.5 23.3–25.8

3 years 24.7 24.2–25.2 25.3 24.8–25.8 20.4 19.1–21.7

3.5 years 20.1 19.6–20.6 20.6 20.1–21.1 16.0 14.7–17.4

4 years 14.4 13.8–15.1 14.8 14.1–15.5 12.0 10.2–13.9

CI confidence interval

Prescription for alendronate, risedronate, strontium ranelate, and/or raloxifene between 
June 1, 2005, and December 31, 2009: N=146,562 (126,302 women, 20,260 men)

Neoplasms: n=19,503
(15,783 women, 3,720 men) 

n=127,059 

High-level glucocorticoid use: n=7,645
(5,277 women, 2,368 men) 

n=119,414 

Other secondary causes of osteoporosis: n=20,036
(17,151 women, 2,885 men) 

n=99,378 

Prescription before December 1, 2005: n=42,748
(39,185 women, 3,563 men) 

Data issues: n=44
(29 women, 15 men) 

n=56,630 

FINAL COHORT: N=56,586 (48,877 women, 7,709 men) 

Fig. 1 Patient selection
flowchart
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of low-level glucocorticoid exposure were also found to
have an increased risk of terminating treatment. A crude
analysis of persistence with weekly and daily dosing
regimens was performed for patients prescribed alendronate
and risedronate (Fig. 3; log-rank test, p<0.001).

Statistical analysis of adherence and fracture incidence

Two multivariate Weibull models were constructed to
investigate the association between persistence and fracture
incidence and compliance and fracture incidence, respective-
ly. In total, 2,980 fractures were identified and approximately
2% of all patients sustained more than one fracture.
Persistence (days on treatment) was found to be significantly

inversely associated with 3-year incidence of hospitalized
fractures (p<0.001). Figure 4 presents estimated HRs for
four treatment durations (<1 month as reference): 1 month to
1 year (HR 0.86, CI95 0.72–1.02), 1 to 2 years (HR 0.67,
CI95 0.56–0.82), and 2 to 3 years (HR 0.59, CI95 0.48–0.72).

In addition, increased fracture rates were found in
patients who were of old age (per year; HR 1.05, CI95
1.04–1.05), living in an urban region (HR 1.13, CI95 1.03–
1.25), switched treatment (HR 1.42, CI95 1.12–1.76), and
were institutionalized (HR 2.54, CI95 2.23–2.88). Being
female, dosing regimen, and starting treatment with a
gastroprotective agent did not have any significant impact
on the estimated hazard ratios. Individuals with a history of
low-level glucocorticoid exposure had, on average, a 17%
lower fracture risk (HR 0.83, CI95 0.72–0.95). Prevalent
hospitalized fracture was, on average, associated with an
increased 3-year fracture incidence (HR 1.93, CI95 1.73–2.14).
Including only fractures with defined low energy coding (51%
of all fractures) yielded similar hazard ratios and model fit
characteristics as the main analysis. No statistically robust
relationship was identified between compliance (measured as
MPR) and fracture risk.

Discussion

Treatment adherence

Persistence to treatment of osteoporosis has been shown to
be poor in many countries and the median treatment
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Fig. 2 Persistence over time, by treatment (women and men
combined)

Table 3 Determinants of non-persistence (multivariate Weibull hazards model)

Covariates Hazard ratio p value 95% CI

Weekly dosing regimen 0.56 <0.001 0.53–0.59

Switcher 0.56 <0.001 0.53–0.60

ApoDos (institutionalized patient) 0.76 <0.001 0.73–0.79

Sex (female) 0.91 <0.001 0.88–0.94

Any prevalent fracturea 0.96 0.011 0.93–0.99

Age (years) 1.00 0.470 1.00–1.00

Urban region 1.12 <0.001 1.09–1.15

Gastroprotective treatmentb 1.12 <0.001 1.06–1.18

Any prevalent comorbiditya 1.12 <0.001 1.09–1.16

Glucocorticoid exposurec 1.13 <0.001 1.10–1.17

A hazard ratio of >1.00 implies a greater risk to terminate treatment. Robust estimates were obtained using the Huber–White estimator of variance.
Estimated model parameters: constant=0.06305 and p=0.8705635

CI confidence interval
a 5 years prior to index prescription
b Filled prescription for gastroprotective agent (proton pump inhibitor, H2-receptor antagonist, sucralfate, and/or alginic acid) during the first 6 months of
osteoporosis treatment
c Low-level glucocorticoid exposure 1 year prior to start of osteoporosis treatment
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duration rarely exceeds 1 year [3, 4]. Treatment persistence
in Sweden appears to be in line with these findings. The
reasons for the low persistence rates cannot be elicited from
the present study, but deserves further investigation.
Differentiated persistence estimates by the included medi-
cations in the main analysis revealed that patients on oral
bisphosphonates were least likely to discontinue treatment,
followed by raloxifene. Persistence with strontium ranelate
was markedly lower, with approximately 18% remaining on
treatment after 1 year. Although introduced on the Swedish
market in September 2004, not a single patient included in
this study persisted with strontium ranelate for the entire

observation period. The reasons for this are unclear but
physicians’ and patients’ concerns with adverse events and
dosing convenience may be possible explanations. Due to
limited patient follow-up, it was not possible to explore if
patients who discontinued therapy restarted treatment at a
later point in time (>6 months or even years later). This is
likely to occur to some extent and should be the focus of
future research.

Persistence with PTH was noticeably better compared with
the other treatments. PTH is different from the other included
therapies as it is only recommended for patients with a T-score
below −3.0 SD and two or more vertebral fractures. In
addition, PTH is only prescribed by specialists, who can be
expected to have more experience and knowledge regarding
pharmaceutical fracture prevention compared with the general
health care practitioner, and may therefore be more inclined to
ensure that these relatively fragile patients adhere to therapy.
As expected, discontinuation rates for PTH increased rapidly
in relation to the 1.5-year mark, since the treatment in Sweden
only is reimbursed for durations up to that time point.
Accordingly, our results suggest that prescribers adhere to
current prescription guidelines for treatment with PTH.

Compliance while on treatment was found to be very
high; average MPR was estimated at 94%, noticeably
higher than findings by other researchers [3]. A possible
reason for this result, in addition to actual differences in
medication possession and structural characteristics of the
Swedish health care system, is methodological differences
in the calculation of MPR. In the present study, MPR was
only measured while the patient was still on treatment,
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reference treatment length (<1 month). The overall trend was tested
separately employing days on treatment (i.e., persistence) as a
continuous covariate (p<0.001). The following covariates were
included in the estimated model: sex, age, urban region, ApoDos
(institutionalized patient), weekly regimen, switcher, prior fracture
(neck, rib, sternum, and thoracic spine; lumbar spine and pelvis;

shoulder and upper arm; forearm; femur (including hip); lower leg
(including ankle), unspecified fracture), prevalent comorbidities
(myocardial infarction, congestive heart failure, peripheral vascular
disease, cerebrovascular disease, dementia, chronic pulmonary dis-
ease, rheumatologic disease, peptic ulcer disease, mild liver disease,
diabetes without chronic complication, diabetes with chronic compli-
cation, hemiplegia or paraplegia, renal disease, moderate or severe
liver disease, HIV/AIDS), low-level exposure to glucocorticoid
medication, and filled prescription for gastroprotective agent during
the first 6 months of osteoporosis treatment
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while other studies, for example Siris et al. [18] and Cramer
et al. [19], measured MPR during a fixed time frame. The
estimates are therefore not necessarily comparable. It
should be noted that when a fixed time frame is used, the
estimated MPR is directly related to the chosen length of
the frame, and the measure is therefore a combination of
both persistence and compliance. A fixed frame may also
result in problems concerning the interpretation of the
association between MPR and outcome variables, e.g.,
fracture incidence, since taking every other dose for 2 years
will not necessarily have the same impact on fracture risk as
taking every dose for 1 year and then stopping treatment.
We therefore recommend that MPR is measured in a way
that distinguishes compliance from persistence, which is
desirable if the results are to be used in either decision
making or decision analytic modeling.

Neither the estimates of persistence or compliance were
sensitive to the length of the grace period. These results,
together with the estimated high mean MPR, indicate that
patients in Sweden generally had few and short gaps
between filled prescriptions and therefore discontinued
treatment in relation to their last filled prescription (and
not because they had a break in treatment exceeding the
grace period).

The investigation of the determinants of non-persistence
showed that institutionalized patients had a significantly
lower risk of terminating treatment compared with non-
institutionalized subjects. This may be explained by the fact
that individuals receiving care in an institutionalized setting
are monitored and therefore receive assistance to persist
with therapy. Women were found to be significantly more
persistent to treatment (compared with men), as well as
patients with a prevalent fracture. The latter finding may be
explained by stronger support and encouragement from
prescribers to continue with therapy after a fracture event
(because of the increased fracture risk). Also, the patient
may be more aware of the consequences of the disease if it
were to be left untreated. In agreement with previous
research, weekly dosing regimens were found to be related
to better persistence compared with daily dosing [20, 21].
Furthermore, patients who switch therapy while on treat-
ment were found to have higher persistence rates, which
also have been shown in previous studies [22]. As
expected, switchers had lower persistence if only the index
medication was taken into account, but higher when all
consecutive medications were included. Lastly, subjects
with any prevalent comorbidity were found to have lower
persistence. This may be explained by the fact that patients
with many concomitant diseases receive several treatments
and therefore may find it more problematic to persist with
their osteoporosis treatment since the medication is not
essential to survival and the disease is asymptomatic. It
should be noted, however, that the model was only able to

predict approximately 16% of the observed treatment
durations and the estimated hazard ratios discussed above
should consequently be interpreted with some caution.

Treatment adherence and fracture incidence

The estimated relative risk of 3-year fracture incidence was
significantly associated with treatment persistence within
that time frame. The estimated hazard ratios relate the total
treatment exposure to fracture incidence over 3 years and
should thus not be interpreted as a change in risk reduction
over time. On the contrary, the linear decrease of our
estimated hazard ratios over time indicate that risk
reductions are similar over time and that real-world
effectiveness in persistent patients is in line with estimates
of trial-based efficacy [23–25].

Patients with records of filled prescriptions for high doses
of glucocorticoids (more than 2 g during the last 12 months)
are more likely to have concomitant diseases and high fracture
risk [26] and were, together with other well-known second-
ary causes of osteoporosis, excluded from our sample.
However, patients with low-level exposure to glucocorticoids
1 year prior to index prescription were included and were
found to have a lower fracture risk compared with non-users.
This may seem counterintuitive given that use of glucocorti-
coids has been shown to dose-dependently increase fracture
risk [26]. A possible reason for the lower estimated fracture
risk is that glucocorticoid users receiving bisphosphonates
may have a higher bone mineral density (BMD)and therefore
lower fracture risk compared with the typical osteoporotic
patient, since use of glucocorticoids is an independent factor
for initiation of antifracture treatment [13].

No statistically robust relationship was found between
compliance, measured as MPR while the patients were on
treatment, and the incidence of fractures. Approximately
96% of patients had an MPR >80%, which is a commonly
cited threshold for sufficient compliance [18, 27], and it
was therefore difficult to draw any conclusions whether or
not treatment gaps in persistent patients were associated
with fracture risk.

Limitations

Adherence is problematic to measure in prospective studies
because patients are likely to change their behavior when
observed. Retrospective register studies, on the other hand,
utilize historical prescription data and are therefore not
troubled by bias caused by the study’s impact on patient
behavior. They are also less labor intensive and expensive
compared with prospective investigations. The retrospec-
tive approach has for these reasons been commonly
employed in studies of prescription patterns. However, a
limitation with retrospective studies lies in the fact that data
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may not be available on all variables of interest to the
researcher. Due to such data limitations, it was not possible
to control for bone mineral density, socioeconomic varia-
bles, lifestyle factors, or a general “healthy adherer effect”
in the present analyses. Non-adherent patients have been
reported to have more comorbidities, be more frail, and
have higher health care expenditures [27–29] and con-
founding may consequently explain some part of the
estimated association between adherence and fracture
incidence. We attempted to alleviate this problem by
controlling for all available and relevant variables, includ-
ing comorbidities, prior fractures, living location, use of
glucocorticoids, and institutionalization.

A second limitation of the present study is that only
hospitalized fractures were included in the analyses. The
association between adherence and fracture incidence
should therefore be interpreted with some caution. Further-
more, the National Patient Register contains information
regarding the cause of the fracture (low/high energy
trauma), but the coverage is not complete (35% missing
or unspecified fracture causes). All fractures were therefore
taken into account in the analyses, which may have
overestimated the incidence of hospitalized osteoporotic
fractures. However, our estimated hazard ratios for persis-
tence and fracture incidence indicate that treatment had
similar effect on low energy fractures, which to some extent
justifies including all fractures in the statistical models.

The present study of persistence and compliance was
based on a cohort of patients who were supposed to be
treatment-naïve. A washout period of 5 months was used to
capture individuals who had not previously been treated
with any osteoporosis medication, and it was not extended
due to data limitations. The purpose was to avoid including
patients who previously had terminated treatment, i.e., to
measure persistence and fracture incidence in an already
non-persistent population. Medication persistence in a non-
treatment-naïve population could be different, for example
because fracture risk would possibly be affected by the
residual effect (offset) from past treatments [30]. However,
it may be the case that the 5-month mandatory drug-free
period was insufficient and that a proportion of the included
subjects already had been on treatment previously. The
implication of this potential bias is not clear.

Policy aspects

Osteoporosis is a chronic disease requiring long-term
therapy. It is therefore important that osteoporotic patients
adhere to therapy. However, the optimal duration of
treatment of osteoporosis remains to be defined [30, 31].
Although it has been shown that the effects of continuous
treatment with alendronate sustain over a 10-year period
[32], there are concerns that long-term suppression of bone

remodeling may eventually lead to reduced bone strength
[31, 33, 34]. In Sweden, the recommended duration of
treatment of osteoporosis is 3 to 5 years [12].

This study has shown that persistence to treatment of
primary osteoporosis in Sweden is poor, not in line with
treatment guidelines, and should be recognized as a serious
problem in the medical management of osteoporotic patients.
Previous clinical and health economic research on treatment
of osteoporosis has to a large extent been concerned with
relative fracture risk reductions estimated in randomized
controlled trials. However, medication adherence has been
shown to be an equally important aspect of successful
pharmacotherapy [35]. Drugs only work if patients take
them, and poor adherence to treatment of osteoporosis will
consequently result in that the public health objectives of
fracture reduction are not met.

Moreover, patients who terminate therapy prematurely will
have a higher fracture risk compared with patients who remain
on therapy for the entire treatment duration. A higher fracture
risk results in a higher incidence of fractures, reduced quality
of life and increased mortality for the patient, and larger health
care costs for the society. Thus, poor adherence is associated
with a burden, both for the individual patient and from a
societal perspective. Additional research is needed to assess
the societal burden of unsatisfactory treatment adherence,
how the problem should be addressed, and whether it would
be cost-effective.

Conclusion

Persistence to treatment of osteoporosis in Sweden is
poor and approximately 50% of all treatment-naïve
patients discontinue therapy within 1 year. Average refill
compliance, estimated only while the patients were
persistent, was found to be close to perfect. A strong
association was identified between treatment persistence
and fracture incidence, which calls for action to improve
the current situation.
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