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Aim: The purpose of this study was to analyze treatment compliance in osteoporotic patients
treated with osteoporosis medications in Germany.

Methods: Patients included in the analysis had been diagnosed with osteoporosis with or
without fractures and started anti-osteoporotic therapy (bisphosphonates, denosumab, or stron-
tium ranelate) between 2011 and 2014 in a general (GP) or orthopedic practice (OP) setting in
Germany. Data pertaining to 6,221 individuals followed in GP and 4,044 individuals followed
in OP were analyzed retrospectively. The last follow-up was in December 2015. The main
outcome measure was the compliance within the one-year period after the index prescription
date. Compliance was measured indirectly and was based on the mean possession ratio (MPR).
A multivariate logistic regression model was used to determine the association between MPR
(dependent variable) and age, gender, type of practice, type of osteoporosis treatment, therapy
frequency, and history of fracture (covariates).

Results: The mean age of the study group was 73.3 years, and 13.2% of subjects were men.
Regarding type of practice, 60.6% of individuals were followed in GP and 39.4% in OP.
Noncompliance was observed in 55.2% of the patients. Patients in the age group =60 years were
at a higher risk of being noncompliant when compared to those in the age group of 61-70 years.
Men and patients who received oral drugs were also more likely to be noncompliant than
women and patients who received injectable or intravenous drugs. Finally, therapies that were
given every three or six months were associated with a decrease in the risk of noncompliance
when compared to weekly therapy, whereas daily and monthly treatments were associated with
an increased risk.

Conclusion: Compliance is insufficient in osteoporotic patients treated with osteoporosis
medications.

Keywords: osteoporosis treatment, compliance, fracture, real-world data, Germany

Introduction

Osteoporosis affects around 200 million patients and causes more than 8.9 million
fractures worldwide every year.! One in three women and one in five men over the age
of 50 years are estimated to experience osteoporotic fractures.' A recently published
epidemiologic study reported that in 2009, around five million patients (6.3% of popu-
lation) were diagnosed with osteoporosis in Germany, and that the fracture-associated
yearly cost exceeded 9 billion euros, underscoring the major impact of this chronic
disease on health economics nationwide.!

Medications prescribed to patients with osteoporosis usually need to be taken for
several years in order to achieve successful outcomes, in particular the prevention of
osteoporotic fractures.>* Unfortunately, one major problem associated with osteo-
porosis and other chronic disorders is the lack of patient compliance, persistence,
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and adherence.’ Compliance is defined as taking drugs as
directed; persistence as continuing to take treatments; and
adherence as the overall behavior of the patient, of which
compliance and persistence are components.®* A 2012 study
based on German real-world data reported that compliance
and persistence were insufficient in osteoporotic patients
treated with bisphosphonates, strontium ranelate, or parathy-
roid hormone (PTH).” That same year, another study showed
that one-third of osteoporotic women treated with oral
bisphosphonates had either poor or very poor compliance. '
More recently, mean possession ratio (MPR) was found to
be around 64% in almost 300,000 Hungarian individuals.!!
In the same analysis, good compliance reduced the risk of
fracture, fracture-related hospitalization, and death.!

The goal of the present study was to reanalyze treatment
compliance in osteoporotic patients treated with osteoporosis
medications and followed in general (GP) and orthopedic
practices (OP) in Germany between 2011 and 2015.

Methods

Database

The Disease Analyzer database (IMS Health) compiles
drug prescriptions, diagnoses, and basic medical and demo-
graphic data obtained directly and in anonymous format
from computer systems used in the practices of general and
orthopedic practitioners.'? Diagnoses (International Classifi-
cation of Diseases, Tenth Revision [ICD-10]), prescriptions
(Anatomical Therapeutic Chemical classification system),
and the quality of reported data are monitored by IMS based
on a number of criteria (eg, completeness of documentation
and linkage between diagnoses and prescriptions).

In Germany, the sampling methods used for the selection
of physicians’ practices were appropriate to obtain a repre-
sentative database of primary care and orthopedic practices.'?
Prescription statistics for several drugs were very similar to
data available from pharmaceutical prescription reports.'?
The age groups for given diagnoses in Disease Analyzer also
agreed well with those in corresponding disease registries.!?
Finally, the Disease Analyzer database has already been used
in studies focusing on osteoporosis.'>13

Study population

For such studies based on anonymous data in Germany no
special ethic approval or patient consent is required and
hence it was not sought for this study. Patients included
in the analysis had been diagnosed with osteoporosis with
or without fractures (ICD 10: M80, M81) and started anti-
osteoporotic therapy (bisphosphonates, denosumab, or
strontium ranelate) between 2011 and 2014 in a German GP

or OP. The last follow-up was in December 2015. Patients
were excluded if they were not followed for at least 365 days
after the index date. This exclusion was necessary for the
correct calculation of MPR. Patients were also excluded if
they were not aged between 40 and 90 years or if the initial
prescription was zoledronate. As zoledronate is given once
a year, investigations of compliance with this medication are
not possible. Ultimately, data pertaining to 6,221 individuals
followed in GP and 4,044 individuals followed in OP were
analyzed retrospectively (Figure 1).

Study outcome

The main outcome was compliance during the one-year
period after the index prescription date. This result was
measured indirectly and was based on the MPR. MPR was
calculated as the sum of refills within 365 days after the index
date divided by 365 (Figure 2). Patients with an MPR value
less than 80% were considered noncompliant.

Independent variables

Demographic data included age and gender. Clinical data
included type of practices in which patients were followed
(GP versus OP), type of osteoporosis drug (oral versus
injectable), treatment frequency (daily, weekly, monthly,
three-monthly, and six-monthly), and history of fracture prior
to the index date.

Statistical analyses

MPR values and the share of noncompliant patients
(MPR <80%) were estimated in the entire population and in
specific subgroups. A multivariate logistic regression model
was further used to determine the association between MPR
(dependent variable) and age, gender, type of practice, type
of osteoporosis treatment, therapy frequency, and history of
fracture (covariates). P-values less than 0.05 were considered
to be statistically significant. The analyses were carried out
using SAS version 9.3.

Results

Patient characteristics

Patient characteristics are displayed in Table 1. The mean
age was 73.3 years (standard deviation [SD] =9.7 years), and
13.2% of subjects were men. Furthermore, 60.6% of indi-
viduals followed were treated in GP and 39.4% were treated
in OP. The proportion of oral and injectable drugs was 82.2%
and 18.8%, respectively. Weekly frequency of treatment was
the most common (78.9%), followed by six-monthly treat-
ment frequency (9.9%). Finally, a history of fracture prior to
the index date was found in 42.7% of patients.
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Patients by 762 resident general Patients by 80 resident
practitioners between orthopedists between
January 2012 and December 2014 January 2012 and December 2014
n=2,760,378 n=753,720
A diagnosis of osteoporosis A diagnosis of osteoporosis
[ICD 10: M80, M81] between [ICD 10: M80, M81] between
January 2012 and December 2014 January 2012 and December 2014
n=54,387 n=31,350
A first-time prescription for anti- A first-time prescription for anti-
osteoporotic drug between osteoporotic drug between
January 2012 and December 2014 January 2012 and December 2014
n=8,012 n=7,333
Follow-up time of at least one year Follow-up time of at least one year
after index date after index date
n=6,444 n=4,141
Aged 40-90 years Aged 40-90 years
n=6,254 n=4,086
Exclusion of patients with initial Exclusion of patients with initial
therapy with zoledronat therapy with zoledronat
n=6,221 n=4,044
| |
A 4 \ 4
Patients available for the study
n=10,265

Figure | Flowchart of osteoporotic patients with anti-osteoporotic therapy in general and orthopedic practices in Germany included in this study.
Abbreviation: ICD 10, International Classification of Diseases, Tenth Revision.

Compliance in osteoporotic patients age (=60 years: 58.9%, 61-70 years: 55.6%, 71-80 years:
treated with osteoporosis medications 55.2%, and 81-90 years: 53.1%), and was higher in men than
Table 2 displays MPR values and the share of noncompliant ~ in women (59.1% versus 54.6%) and in GP than in OP setting
individuals (MPR <80%) in the entire population and in  (56.5% versus 53.2%). Furthermore, noncompliance was
specific subgroups. Noncompliance was found in 55.2% of all ~ much lower with injectable therapy than with oral therapy
patients (MPR =0.63). This non-compliance decreased with  (44.1% versus 57.6%) but strongly increased with treatment

Therapy Therapy
duration duration
84 days 84 days
) A —
No further BSP prescriptions
N BSP 2nd BSP
prescription 50!
(index date) prescription

Calculation of MPR:

Therapy duration =84+84=168 days
Observation time =365 days

MPR =168/365=0.46

Figure 2 Example of the MPR calculation.
Abbreviations: MPR, mean possession ratio; BSP, Bisphosphonate.
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Table | Baseline characteristics of osteoporotic patients with
anti-osteoporotic therapy in general and orthopedic practices
in Germany

Variable Value
N 10,265
Age (years); mean (SD) 733 (9.7)
Age =50 (%) 1.7
Age 51-60 (%) 20.5
Age 61-70 (%) 44.4
Age 71-80 (%) 23.5
Age 81-90 (%) 13.2
Men (%) 13.2
Treatment by general practitioners (%) 60.6
Treatment by orthopedists (%) 39.4
Oral therapy (%) 82.2
Injectable therapy (%) 18.8
Daily therapy (%) 3.6
Weekly therapy (%) 789

Monthly therapy (%) 1.9

Three-monthly therapy (%) 57
Six-monthly therapy (%) 9.9
Fracture prior to the index date (%) 42.7

frequency, from 28.1% in therapies that were administered
every six months to 76.3% in daily therapies. Finally, com-
pliance was higher in patients with a history of fracture than
in people without fracture prior to the index date (45.9%
versus 44.0%). The results of the multivariate logistic
regression model are shown in Table 3. Patients in the age
group =60 years were at a higher risk of being noncompliant

Table 2 Compliance with osteoporosis treatment in general and
orthopedic practices in Germany

Variable MPR Share of
(mean, SD) patients with
MPR <0.80 (%)
All patients 0.63 (0.33) 55.2
Age =60 years 0.61 (0.33) 589
Age 61-70 years 0.63 (0.33) 55.6
Age 71-80 years 0.63 (0.33) 55.2
Age 81-90 years 0.64 (0.33) 53.1
Men 0.60 (0.34) 59.1
Women 0.64 (0.33) 54.6
Treatment by general practitioners  0.62 (0.34) 56.5
Treatment by orthopedists 0.65 (0.32) 53.2
Oral therapy 0.62 (0.34) 57.6
Injectable therapy 0.71 (0.28) 44.1
Daily therapy 0.47 (0.33) 76.3
Weekly therapy 0.61 (0.34) 57.6
Monthly therapy 0.61 (0.32) 64.7
Three-monthly therapy 0.67 (0.29) 51.6
Six-monthly therapy 0.81 (0.19) 28.1
Fracture prior to the index date 0.64 (0.33) 54.1
No fracture prior to the index date  0.62 (0.33) 56.0

Abbreviations: MPR, mean possession ratio; SD, standard deviation.

Table 3 Association between noncompliance and predefined
risk factors: results of the multivariate logistic regression

Variable Odd ratio* P-value
(95% CI)

Age =60 versus 61-70 (years) 1.24 (1.07-1.42) 0.004
Age 71-80 versus 61-70 (years) 1.00 (0.90-1.11) 0.061
Age 81-90 versus 61-70 (years) 0.92 (0.81-1.04) 0.969
Men versus women 1.15 (1.02-1.29) 0.019
Therapy by orthopedists versus GP 1.04 (0.95-1.13) 0.398
Oral therapy versus injectable 1.68 (1.51-1.86) <0.001
Daily therapy versus weekly 2.37 (1.86-3.02) <0.001
Monthly therapy versus weekly 1.35 (1.00-1.81) 0.048
Three-monthly therapy versus weekly 0.79 (0.67-0.93) 0.005
Six-monthly therapy versus weekly 0.29 (0.25-0.33) <0.001
Fracture versus no fracture 0.95 (0.87-1.03) 0.171

Note: *Adjusted for age, gender, physician practice (general or orthopedic practice),
type of therapy (oral or injectable), therapy frequency (daily, weekly, monthly, three-
monthly, or six-monthly), and history of fracture prior to the index date.
Abbreviations: Cl, confidence interval; GP, general practice.

when compared to those in the age group of 61-70 years
(odds ratio [OR] =1.24). No significant differences were found
for the age groups of 71-80 or 81-90 years compared with that
of 61-70 years. Men and patients prescribed oral drugs were
also more likely to be noncompliant than women (OR =1.15)
and patients prescribed injectable drugs (OR =1.68). Finally,
six-monthly and three-monthly therapies were associated with
a decrease in the risk of noncompliance when compared to
weekly therapy (OR =0.29 and 0.79, respectively). In con-
trast, daily and monthly treatments led to an increased risk of
noncompliance (OR =2.37 and 1.35, respectively).

Discussion

Compliance with osteoporosis treatment was low in the
present retrospective study, which included 10,265 patients
either followed in GP or in OP setting. Patients aged 60 years
or younger were significantly less compliant than those aged
between 61 and 70 years. No significant differences were
found for the age groups of 71-80 or 81-90 years compared
with that of 61-70 years. Men were also at a higher risk of
noncompliance than women. Individuals receiving an inject-
able therapy exhibited a higher rate of compliance compared
to those receiving an oral therapy. Finally, patients on three-
and six-monthly administrations were more compliant than
those on weekly therapies. We also found that people with
monthly treatments were more likely to be noncompliant
than those with weekly treatments.

Osteoporosis is considered an inevitable consequence of
aging, as well as a consequence of clinical risk factors and
treatment side effects, such as glucocorticoid use, which
have a major impact on morbidity and mortality throughout
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the world.' Several randomized controlled trials have found
that the use of bisphosphonates for 3—4 years reduces the
risk of developing nonvertebral and vertebral fractures in
women with osteoporosis.** To translate this effect into
clinical practice, relevant prescribed drugs must be taken
on a long-term basis. As a result, one important problem
associated with osteoporosis treatment is the lack of compli-
ance of patients affected by this chronic disease.®!® One must
bear in mind that compliance is a complex process that is
influenced by a variety of factors related to both patients and
physicians.'” In a recently reported French study, only 65.5%
of osteoporotic women considered themselves compliant, and
the correlation between patient and physician perceptions of
compliance was weak.'® The highest compliance was found
in women treated with monthly bisphosphonates (79.7%),
and the lowest one in people receiving hormone replace-
ment therapy (50.0%). Furthermore, compliance was higher
with monthly than with daily therapies. In line with these
findings, Kishimoto and Maehara showed that a monthly
regimen has better treatment compliance when compared
with weekly and daily regimens.'® These results suggest
that compliance and potential convenience are inversely
related to the administration frequency of a given treat-
ment. The present study corroborates this hypothesis, as
patients on three- and six-monthly therapies showed higher
rates of compliance compared to those on weekly therapies,
whereas individuals on daily administrations were even
less compliant. By contrast, we also found that people with
monthly treatments were more likely to be noncompliant than
those with weekly treatments. This finding must be discussed
with caution since the multivariate logistic regression model
was not adjusted for potential confounders, which may have
a significant impact. With this in mind, a US study published
in 2009 suggested that patient compliance and persistence
are similar for monthly ibandronate and weekly risedronate
dosing.? Therefore, even if the difference in compliance is
well known between daily and monthly administrations of
osteoporosis treatment, the difference between weekly and
monthly therapies remains controversial.

Few authors in Europe have studied compliance with
osteoporosis drugs in real-world settings. A 2012 analysis
consisting of more than 265,000 individuals from a repre-
sentative longitudinal database developed by IMS Health
(LRx) has shown that persistence and compliance were
insufficient during the time period of 2007-2009.° The
mean MPR ranged from 46% (strontium ranelate) to 70%
(ibandronate 3 mg intravenous [IV]).” Based on the results
of this study, it seems that compliance may be influenced by

the convenience of packaging, route of administration, and
tolerability.>?2! The suboptimal compliance associated with
given drugs may compromise the prevention of osteoporotic
fractures.”** Also in 2012, Hadji et al estimated that one-third
of'4,147 women with osteoporosis who took oral bisphospho-
nates displayed either poor (22.7%) or very poor compliance
(11.0%)." Kaplan—Meier analyses further showed that the
estimated two-year fracture rates were significantly different
between compliant and noncompliant individuals (11.9%
versus 15.0%).!" More recently, Lakatos et al reported that in
296,300 Hungarian women, both persistence and compliance
were higher with parenteral and half-yearly therapies than
with oral and daily/weekly/monthly therapies.'' Corroborating
previous results, good compliance significantly reduced the
risk of fracture (OR =0.77), fracture-related hospitalization
(OR =0.72), and death (OR =0.57). In line with the findings
of Lakatos et al,'! the present retrospective study found that
injectable and IV drugs had a positive effect on compli-
ance when compared to oral drugs. This finding reflects the
fact that IV drugs may involve fewer side effects than oral
therapies, particularly gastrointestinal side effects, which
are very common in individuals with osteoporosis who are
being treated with oral bisphosphonates.?* It is also possible
that a medication is less likely to be missed when it is an [V
injection rather than a pill.

Finally, men and younger patients were at a higher risk
of noncompliance than women and older individuals. These
associations have been the center of controversial literature
in past decades. In an Israeli study of 178 postmenopausal
women, there was a negative association between age and
compliance.” More recently, Solomon et al showed in a
study performed in Pennsylvania that women had a 1.16-fold
increased chance of being compliant when compared to men,
whereas age was negatively associated with this outcome.*
In 2007, a Canadian meta-analysis also estimated that women
were less likely to be noncompliant than men.?” In contrast,
no clear effect of age was found on patient adherence.”’
Finally, in 2015, Thorsteinsson et al estimated in a Danish
national register-based cohort study that gender and age have
no impact on compliance in osteoporotic patients treated
with PTH.?® Although these various analyses are subject
to major differences, which could potentially explain the
discrepancy in their findings, one has to remember that
numerous studies have discovered gender and age differences
in compliance, persistence, and adherence in patients affected
by chronic conditions.?*!

The present study showed several factors which may
influence the compliance with osteoporotic treatments.
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Further studies are necessary to evaluate the potential reasons
for noncompliance in this therapeutic area. One possible
explanation may be the gastrointestinal side effects.?

Our study had several limitations. First, no information
was available regarding the procedure by which osteoporosis
diagnoses were assessed. Second, no detailed documentation
on treatment side effects was available. Moreover, data on
the socioeconomic status and lifestyle-related risk factors
were also not available. The strength of this study was the
inclusion of large number of patients and using multivariable
regression analysis.

Conclusion

Compliance was insufficient in osteoporotic patients treated
with bisphosphonates, denosumab, and strontium ranelate
in Germany. While several risk factors for noncompliance
were identified, further studies are needed to obtain a better
understanding of their association with compliance and their
potential impact on clinical outcomes related to osteoporosis.
There is a need for the improvement of patient compliance.
For example, patient education or the availability of struc-
tured disease programs could influence therapy compliance
in osteoporotic patients.

Disclosure
The authors report no conflicts of interest in this work.
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