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Abstract

Summary Use of antiosteoporotic medication in the population-based, risk-stratified osteoporosis strategy evaluation (ROSE)
screening study, comparing the use of FRAX followed by DXA with usual care, was examined. Screening increased the overall
use of medication. Being recommended treatment by the hospital and higher age increased the likelihood of starting medication,
but, nevertheless, a large percentage opted not to start treatment.

Introduction The aim of the study was to examine the impact on medication prescription, adherence, and persistence of osteo-
porotic medicine in the randomized population-based ROSE screening study for osteoporosis.

Methods The Danish ROSE study included a population-based random sample of women aged 6581 years randomized to either
a two-step screening program consisting of FRAX followed by DXA for high-risk participants or opportunistic screening for
osteoporosis (usual care). This sub-study on the intention-to-treat population examined the impact of the screening program on
antiosteoporotic medication redemption rates, adherence, and persistence using Danish registers.

Results A total of 30,719 of 34,229 women were treatment-naive. Significantly more participants in the screening group started
on antiosteoporotic medication, but no differences in adherence and persistence rates were found. Higher age was associated with
a higher likelihood of starting medication. A low Charlson comorbidity score (= 1) was associated with higher treatment initiation
but lower adherence and persistence of antiosteoporotic treatment. A total of 31.7% of participants advised to initiate treatment
did not follow the advice.

Conclusions Screening for osteoporosis using FRAX followed by DXA increased the overall use of antiosteoporotic medication
in the screening group without differences in adherence and persistence rates. A large percentage of participants advised to initiate
treatment did nevertheless fail to do so.
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Introduction

One in three women and one in six men will suffer at least one
osteoporotic fracture during their lifetime [1]. Osteoporosis is
clinically silent until a fracture occurs. To reduce fracture in-
cidence rates, individuals at risk of fractures need to be iden-
tified and preventive measures (e.g., antiosteoporotic treat-
ment) need to be administered. Examination rates for osteo-
porosis even among high-risk populations in Denmark [2] and
Norway [3] have previously been shown to be suboptimal.
Risk factor-based algorithms such as the Fracture Risk
Assessment Tool (FRAX) is a feasible way of identifying
potentially high-risk groups/individuals in the general popu-
lation [4] and might be used in population-based screening,
aiming at optimizing osteoporosis care.

An effective prescreening tool would be expected to lead to
identification of a higher number of individuals with osteopo-
rosis, either through an increase in overall examination rate or,
preferably, through a more effective identification of high-risk
individuals, before diagnostic examination [4]. A screening
program will not be effective in preventing fractures if in-
creased diagnostic rates are not followed by an increase in
the prescription rate of antiosteoporotic drugs [5]. Often, op-
timal adherence to therapy is taken for granted by health per-
sonnel, even though it is well known that adherence to therapy
is suboptimal in chronic conditions such as osteoporosis and
numerous determinants for non-adherence have previously
been identified [6, 7]. Pharmaceutical claims data documents
a positive association between compliance with treatment and
fracture incidence only in patient groups with medical posses-
sion ratio (MPR) above 0.5, with increasing effect above 0.75
[8—10]. However, real world adherence to antiosteoporotic
treatment seems less than optimal, with a meta-analysis show-
ing adherence rates in the 50% range already after 6 months
treatment [11]. Thus, the prerequisite of an effective preven-
tion program for osteoporosis is a global improvement of one
or more of the following factors: screening rate, prescription
rate, and adherence to prescribed treatment.

This paper reports the medication rates and adherence to
therapy in the Danish ROSE study (risk-stratified osteoporosis
strategy evaluation), one of the first population-based screen-
ing programs for osteoporosis [12]. The ROSE study
consisted of a two-step screening process using the FRAX
risk tool as a prescreening tool before diagnostic
osteodensitometry by dual x-ray absorptiometry (DXA) in a
population-based setting, aiming to reduce overall fracture
incidence rates. Compared to usual care, more participants in
the screening group were verified with osteoporosis in the
intervention group and treatment advice was given to patients
and GPs, but it is not known to what extent this advice was
followed. This element is of particular importance given that
the screening program was dependent upon a well-functioning
primary-secondary care interface, with screening initiated in
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specialist care, but with treatment responsibility being handed
over to primary care. Problems in this interface have been
known to hamper health care integration [13], which in this
setting could lead to lower treatment uptake, adherence, and
persistence rates.

Therefore, the aim of this study is to (a) examine
whether identification of women with previously un-
known osteoporosis led to an overall increase in redemp-
tion of antiosteoporotic medicine,

(b) investigate if being randomized to the screening group
had an effect on adherence and persistence to therapy, and (c)
illuminate whether comorbidity, socio-economic and—
demographic factors are associated with the prescription and
continued usage of antiosteoporotic medicine.

Methods

The ROSE study (risk-stratified osteoporosis strategy
evaluation) examined the effect of a two-step screening pro-
cess. The study design has previously been described [12].
Briefly, the ROSE study included a population-based random
sample of 34,229 women aged 65-81 years living in the
Region of Southern Denmark that was randomized to usual
care or to the abovementioned two-step screening program for
osteoporosis. Treatment of osteoporosis was in concord with
Danish national guidelines, stating that treatment of osteopo-
rosis should primarily take place in primary care.

Inclusion period was from February 2010 to November
2011. The index date was defined as the date the questionnaire
was mailed to the participant. Participants were stratified ac-
cording to area of residence and age and randomized 1:1 to
either a control group or an intervention group before entering
the study. Participants were mailed a 25-item questionnaire
about risk factors for osteoporosis, useable to calculate the
FRAX 10-year fracture risk. The intervention group was after-
ward invited to participate in a screening program for osteopo-
rosis. Participants completing the questionnaire (79%, [14]),
agreeing to partake in further examinations and with a calculat-
ed FRAX 10-year risk of major osteoporotic fractures above
15%, were invited to a diagnostic DXA scan. All scanned par-
ticipants were informed about DXA results by mail, and partic-
ipants diagnosed with osteoporosis were urged to visit their GP
to initiate treatment. The GP in question was also informed by
mail about the results, including recommendations for treat-
ment of osteoporosis in concord with the Danish national
guidelines [15]. These guidelines state that treatment of osteo-
porosis should primarily take place in primary care and in most
cases through the prescription of oral alendronate once weekly.
As the aim of the ROSE study was to examine only the effect of
the screening program, treatment and follow-up of patients in
both the screening and control arm were in line with national
guidelines and therefore the responsibility of the GPs. Thus,
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treatment, choice of treatment, and patient information to en-
sure proper use of treatment were still at the discretion of the
individual primary care provider.

Participation in the study was voluntary and free of charge,
as all other health services in Denmark that are funded via the
public taxation system. Co-payment exists for medication,
with gradually lowering of the co-payment with higher use
of prescription medication. The first choice for treatment of
osteoporosis is generic alendronate 70 mg once weekly with a
yearly co-payment of on average DKK 200 (approx. 30 USD).

DXA scans were performed using Hologic Discovery,
Hologic Delphi, or Lunar Prodigy scanners as earlier de-
scribed [12]. The scanners used in the study were the only
available scanners covering the included geographical area
of the health region of interest.

Data sources and variables

This study includes questionnaire data and registry data from
several national health and socio-demographic registers.

Questionnaire data

The self-administered questionnaire contained items on anthro-
pometry as well as risk factors for and history of fractures and
osteoporosis. It had previously been validated in a similar setting
[16]. On the basis of the questionnaire, the FRAX 10-year prob-
ability of major osteoporotic fractures was calculated and used
for screening participants in the intervention arm with moderate
to high risk of future fractures, to whom further examination by
DXA was recommended, as previously reported [17].

National Health Registers

The entire Danish population is registered either at birth or at
time of migration to Denmark in the central person register.
Using the central person register, it is possible to link the
information from all other population-registers, e.g., contain-
ing individualized information about education, employment,
income, inpatient and outpatient visits, cause of death and
prescription medicine registers, the completeness of which is
previously described [18].

The Danish National Patient Registry (NPR)

The NPR contains data on all patients admitted to Danish
hospitals since 1977. The register covers both inpatient and
outpatient records and indicates the main medical reason for
diagnostic procedures or treatment (since 1994 according to
the tenth version of the International Classification of Diseases
(ICD-10)) [19]. For this study, we extracted data from NPR
from 1995 to February 2016.

Danish national prescription registry

Data on prescription rates of antiosteoporotic drugs were
accessed through the Danish National Prescription Registry.
The registry contains complete information from January
1995 and onwards on all prescriptions filled by Danish resi-
dents at outpatient pharmacies [20]. For every individually
filled prescription, drug type, quantity, and date of purchase
are registered. Drug type is categorized according to anatomic
therapeutic chemical (ATC) index. The quantity dispensed for
each prescription is expressed as the defined daily dose
(DDD) measure developed by WHO [21]. The registry is re-
ported to have high completeness and validity [20].

Comorbidity data

Data on comorbidity data were drawn from the NPR [19].
Comorbidity data were used to derive Charlson comorbidity
index as previously defined [22]. All registered comorbidity
codes on each participant from 1995 until the date of entry into
the study were applied retrospectively, categorizing the
Charlson index into 0, 1, and >2.

Outcome: prescription of antiosteoporotic medicine

Data on prescription rates of antiosteoporotic drugs were
accessed through the Danish National Prescription Registry.
Treatment in the ROSE study was prescribed by GPs in ac-
cordance with national guidelines. The national guidelines
recommend the use of oral antiresorptive drugs, preferably
alendronate, as the first-line drug of choice. Therefore, drug
types of interest for this examination were M05 subgroups
(bisphosphonates and strontium ranelate) (shown in
Table 2). Calcium and vitamin D formulations (ATC groups
A11CC, A12A) were not included, as most sales of these
formulations in Denmark are prescription free, and they are
considered to be dietary supplements and thus not linked to
the central person register. Participants who filled a prescrip-
tion for one or more of the drug classes mentioned within the
last 24 months prior to the index date were deemed active
users of antiosteoporotic treatment prior to the study, and treat-
ment not regarded as initiated as a consequence of study par-
ticipation. As participants in the intervention group with
DXA-score close to the guideline-defined intervention thresh-
old T-score of —2.5 (— 2.0 to — 2.5) were rescanned after 1 year,
and as there was an average delay between entrance in the
study (returning questionnaire) and initial DXA of 205 days
(IQ range 118-315 days), prescriptions filled within 2 years of
the start of the study participation were likely to be related to
the screening program and included in the analysis.

In line with the International Society for
Pharmacoeconomics and Outcomes Research (ISPOR)’s rec-
ommendations [23], the following measures were extracted:
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Adherence: through the expression of DDDs compared with
duration of time between prescription fills, continuous measure
of adherence ratio (CMA) could be calculated using the formu-
la: CMA = number of days of medication supplied over several
refill intervals/number of days within refill intervals [24].
Acceptable medication adherence was defined as CMA > 0.8.

Medication persistence: number of days a patient was in
possession of a medication to the first gap in the therapy of
greater than 90 days [23]. Participants switching from one
drug to another during the study period were regarded as ad-
herent as long as CMA was retained above 80% and persistent
until the first refill gap exceeding 90 days, in line with earlier
studies showing documented effect on fracture rates [8, 10].
Refilling a prescription before the previous refill interval has
been exceeded will lead to “hypercompliant values”, with
MPR exceeding 1 and negative refill gaps, but as definitions
of adherence and persistence were based on several refill in-
tervals, such values had no impact on reported measurements.

Socio-demographic data

Data on socio-demographic factors were retrieved from differ-
ent registers through Statistic Denmark [25]. The maximally
achieved level of education on the International Standard
Classification of Education [26] was obtained from the popu-
lation education register categorized into basic school (<
10 years), vocational or upper secondary (11-15 years), and
further/higher education (> 15 years). Marital status was ex-
tracted from the Civil Registration System [27] and classified
as married/living with a spouse/living in a registered
partnership/cohabiting vs. living alone. Income was extracted
from the Income Statistics Registry [28], displaying dispos-
able income after tax and interest (including salaries, retire-
ment benefits, welfare payments, remuneration, company
profits), categorized into tertiles (lowest, medium, highest).

The socio-demographic data were extracted with regard to
the index year for each woman.

Statistical analyses

To investigate between-group differences in prescription rates
of overall antiosteoporotic treatment), chi-squared tests were
employed. Logistic regression was used to elucidate which
factors that could influence overall prescription rates, both in
an unadjusted and a mutually adjusted model. To investigate
differences in medication use, we produced graphs of cumu-
lative incidence of adherence (CMA >0.8) and persistence
(permissible gap of 90 days) among the screening and control
groups, comparing these with each other. Taking into account
the relatively high proportion of participant experiencing
death during follow-up, individual adherence (until CMA <
0.8) in the two groups, were modeled using a Fine and Gray
competing risk regression model reporting subdistribution
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hazards. In this way, inferences about the effect of covariates
on the incidence of stopping treatment early were possible
[29]. FRAX risk score was not included as a correlation-
factor in the regression models described as participants were
randomized on a population-level, and therefore information
about risk factors necessary for the calculation of FRAX risk
score was not available for participants not returning the
questionnaire.

Ethics

The ROSE study was performed according to the declaration
of Helsinki and approved by the local Ethics Committee (jr.nr
S-20090127) and the Danish Data Protection Agency (jf.nr.
2008-58-0035). Furthermore, the study was registered in
clinicaltrials.gov (NCT01388244).

Results

A flowchart of the overall study design is illustrated in Fig. 1.
A total of 30,719 participants of the total population of 34,229
(89.7%) were treatment-naive at time of randomization and
thus possibly eligible for preventive therapy for osteoporosis
(intention to treat population). Characteristics of participants
are shown in Table 1, with non-significant differences be-
tween the screening and control arms regarding age, comor-
bidity index, income, marital status, and education. As shown
in Figs. 1, 827 received treatment as part of the ROSE study in
the screening arm, and 507 participants were treated with
antiosteoporotic therapy by the GP outside of the ROSE study
protocol. Furthermore, a total of 384 participants in the screen-
ing group were advised to start treatment but never redeemed
a prescription for antiosteoporotic medicine. This equates to
31.7% of the participants in the screening arm advised to start
treatment. Use of antiosteoporotic treatment by chosen drug
classes is shown in Table 2. In the control group, a total of 608
women started antiosteoporotic therapy during the study peri-
od, significantly lower numbers than in the screening group
(p <0.001). In line with the national guidelines, the majority
of initiated treatment was bisphosphonates, with only 21/10
receiving strontium ranelate in the screening/control groups
(p=0.040).

The results of the logistic regression analyses including
factors that could influence redemption rates of
antiosteoporotic medication in the ROSE study are shown in
Table 3. Being randomized to the screening arm was associ-
ated with an OR of 2.33 (95% C.I 2.11-2.57) for initiating
antiosteoporotic medication in the ROSE study. Women
above 70 years of age had significantly higher ORs of starting
treatment than women below this age (70-74 years of age, OR
1.23 (95% CI 1.1.0-1.38), 75-81 years, OR 1.36 (95% CI
1.21-1.52)). Women with some comorbidities (Charlson
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Study population
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-

N =17,072
Antiresorptive or anabolic
treatment within last 24 | ge———
months N = 1,769 v
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Treatment initiated by
GP, but not indicated
per ROSE protocol,
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No treatment
n=13,969

Treatment initiated by
GP in control group,

No treatment,
N = 14,808

Fig. 1 Overview of study design and proportions initiating antiosteoporotic treatment during the ROSE study, mean follow-up time 5.0 years

comorbidity index equal to 1) had statistically significant
higher OR of initiating treatment than women without comor-
bidity. Among women with more comorbidities (Charlson
comorbidity index > 2), a trend towards higher initiation rates
was also seen; however, this difference was not statistically
significant. No associations on marital status, education, and
income in relation to treatment initiation rates were seen.

Mutually, adjustment for included risk factors did not change
the reported ORs in a significant way.

Figure 2 shows the cumulative incidences of non-
adherence (CMA < 0.8) on the basis of a competing risk mod-
el. A similar figure for non-persistence (permissible gap of
90 days) can be found in the supplement, as the information
provided in these figures is quite similar. As shown, 1-year

Table 1 Characteristics of the

30,719 treatment-naive women Intervention (n =15,303) Control (n=15,416) p value
included in the ROSE study
Age (median, IC range) 71 (68; 75) 71 (67;75) 0.161
Comorbidity
Charlson index=0 11,619 (76%) 11,591 (75%) 0.310
Charlson index = 1 1218 (8%) 1276 (8%)
Charlson index >2 2466 (16%) 2549 (17%)
Income per year (disposable) 0.188
Lowest tertile 5044 (33%) 5195 (34%)
Intermediate tertile 5179 (34%) 5038 (33%)
Highest tertile 5078 (33%) 5181 (34%)
Unknown <5 <5
Marital status 0.622
Married/living together with spouse 8940 (58%) 8937 (58%)
Living alone 6362 (42%) 6477 (42%)
Unknown <5 <5
Education 0.928
Basic school 8360 (55%) 8476 (55%)

Vocational or upper secondary
Further or higher education
Unknown

4563 (30%)
2106 (14%)
274 (2%)

4575 (30%)
2095 (14%)
270 (2%)
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Table 2 Use of antiosteoporotic

medication among the30,719 Intervention (n=15,303)  Control (n=15,416)  p value

women. Number of participants

filling one or more new Medication groups  Atc codes N(%) N (%)

prescriptions from study inclusion Total 1334 (8.7%) 608 (3.9%) <0.001

until 2 years after inclusion Bisphosphonates ~ MOSBAxx+MO5BBxx 1319 (8.6%) 601 (3.9%) <0.001
Strontium ranelate ~ M05BXO03 21 (0.14%) 10 (0.06%) 0.046

and 2-year cumulative adherence were 70 and 62%, respec-
tively. Similarly, persistence was 77% and 69% for 1- and 2-
year periods, with no significant differences between the
screening and control groups.

The results of the Fine and Gray competing risk model
analysis for adherence and persistence- rates to
antiosteoporotic treatment is shown in Table 4. As shown,
there was no overall difference between the screening and
control arms in relation to adherence (unadjusted SHR 0.93
(95% C.I. 0.82-1.06) and persistence (unadjusted SHR 0.95
(95% C.I. 0.83—1.09). As also seen for treatment initiation,
however, women with some comorbidity conditions
(Charlson comorbidity index equal to 1) had significantly
higher SHR of stopping treatment early than women without
comorbidity conditions, both measured by adherence (SHR
1.27 95% C.I. 1.07-1.50) and persistence SHR 1.22 (95%
C.I. 1.02-1.46). Women with more comorbidities (Charlson

comorbidity index >2) also showed a trend towards lower
adherence and persistence rates than women without comor-
bidity conditions; however, this difference was not significant.
No association between age, marital status, education, in-
come, and adherence or persistence to antiosteoporotic treat-
ment was found. Finally, having treatment endorsed per pro-
tocol in the screening arm was associated with an SHR of 0.84
(95% CI 0.74-0.95) for treatment non-adherence and 0.87
(95% CI 0.76-0.99) for treatment non-persistence. Mutually,
adjustment for included risk factors did not change the report-
ed SHRs in a significant way.

Discussion

In this substudy of the ROSE study, we reported treatment
initiation and -adherence rates for treatment naive participants,

Table 3 Logistic regression using
factors that could influence
redemption rates of
antiosteoporotic medications in

OR for starting treatment

Unadjusted
OR (95% C.L)

Mutually adjusted OR (95% C.I)

the ROSE study among treatment
naive participants

Group (control)

Age
65-69 years
70-74 years
75-81 years

Comorbidity
Charlson index =0
Charlson index = 1
Charlson index >2

Marital status
Married/living with a spouse
Living alone

Education
Basic school
Vocational or upper secondary
Further or higher education
Unknown

Income per year (disposable)
Low tertile
Medium tertile
High tertile

233 (2.11,2.57) 2.33(2.11, 2.58)

1 (ref) 1 (ref)
1.23 (1.10, 1.38) 1.21 (1.08, 1.36)
1.36 (1.21, 1.52) 1.32 (1.17, 1.48)
1 (ref) 1 (ref)

1.77 (1.54, 2.04)
1.12 (0.98, 1.26)

1.77 (1.53, 2.04)
1.10 (0.97, 1.24)

1 (ref)
1.13 (1.03, 1.24)

1 (ref)
1.08 (0.96, 1.21)

1.02 (0.89, 1.18)

1.00 (0.86, 1.17)
1 (ref)

0.78 (0.52, 1.17)

0.95(0.82, 1.11)

0.99 (0.85, 1.16)
1 (ref)

0.74 (0.49, 1.11)

0.98 (0.87, 1.09)
1.04 (0.93, 1.16)
1 (ref)

1.03 (0.89, 1.18)
1.03 (0.91, 1.15)
1 (ref)
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Cumulative incidence of MPR<0.8
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Time (years)

Fig. 2 Cumulative incidence proportion of non-adherence with
antiosteoporotic medication in screening and control groups (non-adher-
ence defined as continuous measure of adherence ratio < 0.8)

showing significantly higher overall treatment-rates with
antiosteoporotic treatment in the screening group. This is of
clinical importance as increasing diagnostic rates for osteopo-
rosis, even after fractures, does not inevitably lead to higher
treatment rates [30]. To ensure that differences in treatment
initiation rates were indeed related to the screening program,
and as some participants were rescanned 1 year after the initial
DXA evaluation, and as there was an average delay between
returning questionnaires and DXA performance of 205 days
(IQ range 118-315), a conservative cutoff for screening-
related treatment initiation of 2 years was used in the analyses.
The ROSE study was designed to evaluate the effective-
ness of screening for osteoporosis. Thus, while the diagnostic
workup in the screening group was hospital-based, the ulti-
mate decision to treat, treatment of choice, and provided in-
formation were still at the discretion of the primary physician.
Several studies have shown that adherence is higher when
treatment is prescribed by hospital-based specialists as com-
pared with GPs [31, 32]. On the other hand, the ROSE study
relied on the integration of health care with regard to the
primary-secondary care interface, a factor known to be nega-
tively influenced by system complexity [13]. It was thus not
known whether the recommendation or advocacy alone of
treatment by a hospital specialist, with the prescription of
treatment performed by a GP, would have a positive or a
negative effect on treatment initiation and adherence.
Adherence rates to antiosteoporotic medicines are subopti-
mal and vary largely between trials. Thus, a meta-analysis on
persistence with denosumab and oral bisphosphonates by
Karlsson et al. reports 10-78% one-year and 16-46% 2-year

persistence rates [33] for oral bisphosphonates. Using only
studies reporting permissible gaps of 90 days or above, the
1 year persistence rates were between 45 and 57%. Kjellberg
et al. have previously reported national one-year non-adherence
rates with oral bisphosphonates of 29.9% among Danish wom-
en aged 55 years and above (derived from prescriptions in the
period 2003-2008, using CMA > 70% as a measure of adher-
ence and) [34]. Using data from 1996 to 2008, Hansen et al.
examined two-year persistence rates among patients with DXA
verified osteoporosis or documented fracture 12 months or less
prior to treatment initiation, defining persistence as CMA >
80% [35]. They documented two-year persistence rates of
37% [35]. In contrast to this, Olsen et al. have reported much
higher overall persistence rates (CMA > 0.8) of 60% from a
Danish nationwide sample of prescriptions with patients
starting bisphosphonates in the period of 1997-2006 [10].
Compared to this, Karlsson et al. have reported Swedish 12-
months persistence rates on denosumab on 83% (permissible
gap of 56 days) [33]. Treatment with denosumab is naturally
not directly comparable with bisphosphonates as treatment is
physician-based and only requires injections every 6 months.
However, it is interesting that even long treatment-intervals are
associated with suboptimal persistence rates. For PTH treat-
ment, similar higher numbers have also being reported from a
large Danish national registry study (CMA > 80% for 1.5 years,
persistence 83% [36]). In Denmark, this treatment is only given
to patients with severe established osteoporosis, i.e., either> 1
spinal compression fracture combined with T-score < — 3, alter-
natively > 2 spinal compression fractures within the last 3 years.
As these fractures are often painful and thus clinically apparent
to the patient, higher persistence rates are understandable. A
large French study of PTH also reported high persistence (per-
missible gap < 60 days, 1.5 years treatment), but only among
participants in an educational program (81.5% vs. national av-
erage values of 60%) [37].

Thorsteinsson et al. reported higher PTH adherence rates
among married patients and patients still in the labor market
[36]. Kjellberg et al. found higher adherence rates among
younger patients (55—64 years of age) compared with older
patients [34], while studies from Germany [38] and Estonia
[39] have found lower adherence rates among younger pa-
tients (aged <60 years). Compared to these results, our
adherence- and persistence rates are consistently higher. As
rates in the screening- and control group were not statistically
significant different, these higher rates of medication adher-
ence and persistence are reassuring.

A not so reassuring finding is the fact that 31.7% of partic-
ipants advised to initiate treatment in the screening arm did not
redeem a prescription for an antiosteoporotic medication, de-
spite willingness to both answer a questionnaire and complete
a DXA examination. Reynolds et al. examined the primary
non-adherence (PNA) to bisphosphonates among 8454 eligi-
ble women aged 55 years and older seen in the Kaiser
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Table 4 Fine and Gray competing risk model analysis variables that could influence antiosteoporotic adherence and persistence rates in the ROSE

study

SHR for stopping treatment early

Adherence
unadjusted SHR
(95 %C.L)

Adherence
mutually
adjusted SHR
95% C.1.)

Persistence
unadjusted SHR
(95 %C.1)

Persistence
mutually adjusted
SHR (95% C.1.)

Group (control)

Treatment endorsed per protocol
(vs. participants in screening group receiving

treatment by GP but not indicated per protocol)

Age
65-69 years
7074 years
75-81 years

Comorbidity
Charlson index =0
Charlson index = 1
Charlson index >2

Marital status

Married/living with a spouse vs. living alone

Education
Basic school
Vocational or upper secondary
Further or higher education
Unknown

Income per year (disposable)

0.93 (0.82, 1.06)
0.84 (0.74, 0.95)

1 (ref)
0.95(0.82, 1.11)
1.08 (0.93, 1.25)

1 (ref)
1.27 (1.07, 1.50)
1.07 (0.91, 1.27)

1 (ref)
1.07 (0.95,1.21)

0.94 (0.78, 1.12)

0.88 (0.72, 1.07)
1 (ref)

1.39(0.81,2.39)

0.95 (0.84, 1.09)

1 (ref)
0.94 (0.80, 1.09)
1.04 (0.89, 1.22)

1 (ref)
1.27 (1.07, 1.50)
1.07 (0.90, 1.26)

1 (ref)
1.11 (0.94, 1.30)

0.90 (0.74, 1.10)

0.87(0.71, 1.07)
1 (ref)

1.33(0.78, 2.29)

1.09 (0.90, 1.33)
0.96 (0.82, 1.13)

0.95 (0.83, 1.09)
0.87 (0.76, 0.99)

1 (ref)
0.89 (0.76, 1.05)
1.11 (0.95, 1.29)

1 (ref)
1.22 (1.02, 1.46)
0.99 (0.83, 1.18)

1 (ref)
1.04 (0.92, 1.19)

1.03 (0.85, 1.24)

0.93 (0.75, 1.14)
1 (ref)

1.79 (1.03, 3.09)

1.06 (0.90, 1.24)
1.05 (0.90, 1.23)

0.97 (0.84, 1.11)

1 (ref)
0.87 (0.74, 1.02)
1.07 (0.92, 1.26)

1 (ref)
1.20 (1.00, 1.45)
0.97 (0.81, 1.15)

1 (ref)
1.05 (0.89, 1.24)

0.98 (0.80, 1.21)

0.91 (0.74, 1.14)
1 (ref)

1.77 (1.02, 3.08)

1.09 (0.89, 1.33)
1.05 (0.89, 1.24)

Low tertile 1.00 (0.86, 1.16)
Medium tertile 0.95 (0.82, 1.10)
High tertile 1 (ref)

1 (ref) 1 (ref) 1 (ref)

Permanente Southern California system from December 2009
to March 2011. PNA was 29.5%, with worse rates among
older women and among patients seen by a GP rather than
an internist [40]. These numbers are in contrast to PNA rate of
6.5% reported in the Spanish prospective ESOSVAL study
[41] for secondary prevention, and 2.8% in the retrospective
PREV2FO study of 19,405 patients aged 65 or older patients
having experienced a hip fracture (tertiary prevention) [42]. A
Danish population-based study has previously examined the
primary non-adherence rates of all drugs prescribed by GPs in
Denmark in the period from January 2011 to August 2012,
finding that overall 9.3% of all prescriptions were not
redeemed, with older age and higher income to be associated
with lower and polypharmacy with higher rates of PNA.
These findings are not directly comparable to our findings,
as we did not measure PNA, but instead an aggregate measure
of (a) the participant advised to seek information and treat-
ment from her GP actually not doing so, or (b) the GP not
prescribing any antiosteoporotic medicine, or (¢) true primary
non-adherence. The important clinical question to answer is
why this large percentage of participants where treatment was

@ Springer

clinically indicated did not start the treatment. Kalluru et al.
have earlier documented much higher individual fracture risk
thresholds for considering preventive medication among pa-
tients than what medical societies find appropriate [43]. This,
in combination with earlier findings from the ROSE study
suggesting a general underestimation of personal fracture risk
in the age-group in question [44], might lead to the patient not
following the recommendations and thus falling into category
a or c. Another factor could be reduced commitment to pre-
ventive treatment on behalf of the participant’s GP, as the GP
himself had not been involved in the decision process to rec-
ommend diagnostic examinations or indication for treatment.
The present study design precludes us from giving a definitive
answer on which of these two reasons is of most importance.
Reassuringly, however, is that long-term adherence and per-
sistence rates among patients starting treatment in the screen-
ing group are no different from adherence rates in the control
group, perhaps indicating that both the patients and the GPs
were just as committed to treatment for these patients as in the
control group, where both diagnostic examination and treat-
ment were positively endorsed by the GPs. Still, this questions
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the sustainability of a screening program where treatment ini-
tiation and prescription of medication is not actually being
performed by the same person who evaluates the diagnostic
examination and concludes with recommending treatment but
hands over the responsibility of this treatment to a colleague.
Another finding in the present study is that 31.7% of partici-
pants given treatment recommendation actually did not start
treatment. However, having treatment endorsed by protocol
seemed to increase the likelihood of persisting with and adher-
ing to treatment in the screening group, even though this effect
was rather small. This should be regarded as a positive finding,
though, as this strengthens the notion that the transfer of treat-
ment responsibility to the primary care did not have a large
adverse effect on treatment adherence.

Another finding of interest is the fact that some degree of
comorbidity increases the likelihood of treatment initiation
with antiosteoporotic therapy, but with higher levels of comor-
bidity, this positive effect disappears. A little puzzling, the
same degree of comorbidity (Charlson comorbidity index =
1) increases the risk of early treatment non-adherence, an ef-
fect that again cancels out with a higher degree of comorbidity.
As the group with Charlson comorbidity index >2 was much
larger (17% with >2 in Charlson comorbidity index vs. 8%
with 1 in the index), it is unlikely that a lack of power is an
explanation for this finding. One can consider whether it is in
fact positive for initiation rates to be accustomed to regular
treatment for other diseases, but at the disease burden goes up,
patients might prioritize medications for diseases that are more
symptomatic than the often asymptomatic state of disease for
osteoporosis. This is a question that needs more exploration
and might be important for the clinician discussing treatment
adherence with patients suffering from chronical diseases.

Strengths and limitations

A major strength of this study is that it is based on data generated
from the ROSE study, a large randomized population-based ef-
fectiveness study, minimizing selection bias through the random
sampling from the background population of the Region of
Southern Denmark and minimizing confounding through the
randomized study design with similar sociodemographic base-
line characteristics in the screening and control group. The com-
pleteness of Danish registries [18] and the possibility of coupling
these through the use of the unique central person registry num-
ber is a clear strength of the study.

A limitation to the current substudy is the limited overall
power as it includes a large number of participants not eligible
for treatment in the analyses. Due to the ITT approach,

participants not returning questionnaires and participants in
the screening group with FRAX risk score < 15% were not
evaluated and thus not eligible for treatment.

A limitation of the study is the lack of uniform cutoff values
for defining adherence and persistence making it more difficult

to put our results into perspective. However, we have used the
terms in accordance with ISPOR definitions [24]. Prescriptions
issued does not always imply that the patient is also taking the
medicine, but in this study, we report on prescriptions filled
rather than prescriptions issued, thus minimizing the potential
error. A further limitation is that we did not include intravenous
bisphosphonates and PTH treatment in the statistical analyses,
as these data were not available from the National Prescription
Registry. We would have been able to include this information
from the National Health Insurance Service Register, but as
intravenous bisphosphonates and PTH are nearly solely being
used by hospital departments, and as the treatment of osteopo-
rosis was administered by GPs in accordance with Danish na-
tional guidelines, the extra information gathered from this reg-
istry is not likely the change in the findings of our study.

Conclusion

In conclusion, this study revealed significantly higher redemp-
tion rates of antiosteoporotic drugs in the screening arm of the
ROSE study compared with the control arm, with overall no
significant differences in adherence and persistence rates be-
tween the screening and control arm. A Charlson comorbidity
index equal to 1 seemed to increase the likelihood of treatment
initiation, combined with smaller negative effects on adher-
ence, while socioeconomic factors did not seem to have any
effect on treatment adherence and persistence. Even so, nearly
a third of all patients advised to start treatment did not follow
the advice and this questions the sustainability of this type of
screening program, where responsibility for treatment indica-
tion is separated from actual treatment initiation.

Acknowledgments The authors would like to thank the participants in
the ROSE study and technical staff in the four involved hospitals: Odense
University Hospital, Odense; Hospital of Funen, Nyborg; Hospital of
Southwest Denmark, Esbjerg, and Sygehus Lillebaelt Hospital, Kolding,
Denmark.

Funding The ROSE study was supported by INTERREG 4A, the
Region of Southern Denmark, and Odense University Hospital. The
funding agencies had no direct role in the conduct of the study, data
collection, analysis, and interpretation of the data or the preparation, re-
view, and final approval of the manuscript.

Compliance with ethical standards

Conflict of interest  All authors have completed the authorship and dis-
closure form. S Méller, T Holmberg M Bech, J Gram, KH Rubin have no
conflict of interest. MJ Rothmann has received speaker fee from Eli Lilly.
M Hoiberg is a full-time employee of Boehringer-Ingelheim Norway KS
(currently). AP Hermann serves on advisory boards for Eli Lilly, Amgen,
and she has received research funding from Eli Lilly, speaker fee from Eli
Lilly, GSK, Genzyme, Amgen; and K Brixen received funding from
Merck, Sharpe, Dohme, Amgen, Novartis and NPS, all outside the sub-
mitted work.

@ Springer



1232

Osteoporos Int (2019) 30:1223-1233

References

10.

11.

12.

13.

14.

Kanis JA, Borgstrom F, Compston J, Dreinhofer K, Nolte E,
Jonsson L, Lems WF, McCloskey EV, Rizzoli R, Stenmark J
(2013) SCOPE: a scorecard for osteoporosis in Europe. Arch
Osteoporos 8:144

Rubin KH, Abrahamsen B, Hermann AP, Bech M, Gram J, Brixen
K (2011) Prevalence of risk factors for fractures and use of DXA
scanning in Danish women. A regional population-based study.
Osteoporos Int : a journal established as result of cooperation be-
tween the European Foundation for Osteoporosis and the National
Osteoporosis Foundation of the USA 22:1401-1409

Hoiberg MP, Rubin KH, Gram J, Hermann AP, Brixen K,
Haugeberg G (2015) Risk factors for osteoporosis and factors re-
lated to the use of DXA in Norway. Arch Osteoporos 10:16
Johansson H, Kanis JA, Oden A, Johnell O, McCloskey E (2009)
BMD, clinical risk factors and their combination for hip fracture
prevention. Osteoporos Int : a journal established as result of coop-
eration between the European Foundation for Osteoporosis and the
National Osteoporosis Foundation of the USA 20:1675-1682
Seeman E, Compston J, Adachi J, Brandi ML, Cooper C, Dawson-
Hughes B, Jonsson B, Pols H, Cramer JA (2007) Non-compliance:
the Achilles' heel of anti-fracture efficacy. Osteoporos Int : a journal
established as result of cooperation between the European
Foundation for Osteoporosis and the National Osteoporosis
Foundation of the USA 18:711-719

Kardas P, Lewek P, Matyjaszczyk M (2013) Determinants of patient
adherence: a review of systematic reviews. Front Pharmacol 4:91
Organisation WHO (2003) Adherence to long-term therapies.
Evidence for action. In E S (ed)

Cadarette SM, Solomon DH, Katz JN, Patrick AR, Brookhart MA
(2011) Adherence to osteoporosis drugs and fracture prevention: no
evidence of healthy adherer bias in a frail cohort of seniors.
Osteoporos Int : a journal established as result of cooperation be-
tween the European Foundation for Osteoporosis and the National
Osteoporosis Foundation of the USA 22:943-954

Siris ES, Harris ST, Rosen CJ, Barr CE, Arvesen JN, Abbott TA,
Silverman S (2006) Adherence to bisphosphonate therapy and frac-
ture rates in osteoporotic women: relationship to vertebral and
nonvertebral fractures from 2 US claims databases. Mayo Clin
Proc 81:1013-1022

Olsen KR, Hansen C, Abrahamsen B (2013) Association between
refill compliance to oral bisphosphonate treatment, incident frac-
tures, and health care costs—an analysis using national health data-
bases. Osteoporos Int : a journal established as result of cooperation
between the European Foundation for Osteoporosis and the
National Osteoporosis Foundation of the USA 24:2639-2647
Kothawala P, Badamgarav E, Ryu S, Miller RM, Halbert RJ (2007)
Systematic review and meta-analysis of real-world adherence to
drug therapy for osteoporosis. Mayo Clin Proc 82:1493-1501
Rubin KH, Holmberg T, Rothmann MJ, Haiberg M, Barkmann R,
Gram J, Hermann AP, Bech M, Rasmussen O, Gliier CC, Brixen K
(2015) The risk-stratified osteoporosis strategy evaluation study
(ROSE): a randomized prospective population-based study.
Design and baseline characteristics. Calcif Tissue Int 96:167-179
von Saltman RB, Vrangbaek, K. (2006) Primary care in the driver's
seat? Open University Press,

Rubin KH, Rothmann MJ, Holmberg T, Heiberg M, Moller S,
Barkmann R, Gliiler CC, Hermann AP, Bech M, Gram J, Brixen
K (2018) Effectiveness of a two-step population-based osteoporosis
screening program using FRAX: the randomized risk-stratified os-
teoporosis strategy evaluation (ROSE) study. Osteoporos Int : a
journal established as result of cooperation between the European
Foundation for Osteoporosis and the National Osteoporosis
Foundation of the USA 29:567-578

@ Springer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Selskab DK (2018) Vejledning til udredning og behandling af os-
teoporose. http://wp.dkms.dk/?page id=1049 Accessed 29.01 2018
Rubin KH, Abrahamsen B, Hermann AP, Bech M, Gram J, Brixen
K (2011) Fracture risk assessed by fracture risk assessment tool
(FRAX) compared with fracture risk derived from population frac-
ture rates. Scand J Public Health 39:312-318

Rubin KH, Rothmann MJ, Holmberg T et al (2017) Effectiveness of
a two-step population-based osteoporosis screening program using
FRAX: the randomized risk-stratified osteoporosis strategy evalua-
tion (ROSE) study. Osteoporos Int : a journal established as result of
cooperation between the European Foundation for osteoporosis and
the National Osteoporosis Foundation of the USA 29(3):567-578
Thygesen LC, Ersboll AK (2011) Danish population-based regis-
ters for public health and health-related welfare research: introduc-
tion to the supplement. Scand J Public Health 39:8-10

Schmidt M, Schmidt SA, Sandegaard JL, Ehrenstein V, Pedersen L,
Sorensen HT (2015) The Danish National Patient Registry: a re-
view of content, data quality, and research potential. Clin Epidemiol
7:449-490

Pottegard A, Schmidt SAJ, Wallach-Kildemoes H, Sorensen HT,
Hallas J, Schmidt M (2017) Data resource profile: the Danish
National Prescription Registry. Int J Epidemiol 46:798—798f
Methodology WCCIDS (2014) Guidelines for ATC classification
and DDD assignment, 2015

Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new
method of classifying prognostic comorbidity in longitudinal stud-
ies: development and validation. J Chronic Dis 40:373-383
Cramer JA, Roy A, Burrell A, Fairchild CJ, Fuldeore MJ, Ollendorf
DA, Wong PK (2008) Medication compliance and persistence: ter-
minology and definitions. Value in Health : the journal of the
International Society for Pharmacoeconomics and Outcomes
Research 11:44-47

Peterson AM, Nau DP, Cramer JA, Benner J, Gwadry-Sridhar F,
Nichol M (2007) A checklist for medication compliance and per-
sistence studies using retrospective databases. Value in Health : the
journal of the International Society for Pharmacoeconomics and
Outcomes Research 10:3—12

Statistics Denmark (2017). 24. http://www.dst.dk/en/TilSalg/
Forskningsservice. Accessed 17 March 2018

Jensen VM, Rasmussen AW (2011) Danish education registers.
Scand J Public Health 39:91-94

Schmidt M, Pedersen L, Sorensen HT (2014) The Danish civil regis-
tration system as a tool in epidemiology. Eur J Epidemiol 29:541-549
Baadsgaard M, Quitzau J (2011) Danish registers on personal in-
come and transfer payments. Scand J Public Health 39:103—105
Austin PC, Fine JP (2017) Practical recommendations for reporting
Fine-gray model analyses for competing risk data. Stat Med 36:
4391-4400

Weaver J, Sajjan S, Lewiecki EM, Harris ST (2017) Diagnosis and
treatment of osteoporosis before and after fracture: a side-by-side
analysis of commercially insured and Medicare advantage osteopo-
rosis patients. ] Manag Care Special Pharm 23:735-744

Rossini M, Bianchi G, Di Munno O, Giannini S, Minisola S,
Sinigaglia L, Adami S (2006) Determinants of adherence to osteo-
porosis treatment in clinical practice. Osteoporos Int : a journal
established as result of cooperation between the European
Foundation for Osteoporosis and the National Osteoporosis
Foundation of the USA 17:914-921

Kyvernitakis I, Kostev K, Kurth A, Albert US, Hadji P (2014)
Differences in persistency with teriparatide in patients with osteo-
porosis according to gender and health care provider. Osteoporos
Int : a journal established as result of cooperation between the
European Foundation for Osteoporosis and the National
Osteoporosis Foundation of the USA 25:2721-2728

Karlsson L, Lundkvist J, Psachoulia E, Intorcia M, Strom O (2015)
Persistence with denosumab and persistence with oral


http://wp.dkms.dk/?page_id=1049
http://www.dst.dk/en/TilSalg/Forskningsservice
http://www.dst.dk/en/TilSalg/Forskningsservice

Osteoporos Int (2019) 30:1223-1233

1233

34.

35.

36.

37.

38.

39.

bisphosphonates for the treatment of postmenopausal osteoporosis:
a retrospective, observational study, and a meta-analysis.
Osteoporos Int : a journal established as result of cooperation be-
tween the European Foundation for Osteoporosis and the National
Osteoporosis Foundation of the USA 26:2401-2411

Kjellberg J, Jorgensen AD, Vestergaard P, Ibsen R, Gerstoft F, Modi
A (2016) Cost and health care resource use associated with non-
compliance with oral bisphosphonate therapy: an analysis using
Danish health registries. Osteoporos Int : a journal established as
result of cooperation between the European Foundation for
Osteoporosis and the National Osteoporosis Foundation of the
USA 27:3535-3541

Hansen L, Petersen KD, Eriksen SA, Gerstoft F, Vestergaard P
(2017) Subjects with osteoporosis to remain at high risk for fracture
despite benefit of prior bisphosphonate treatment-a Danish case-
control study. Osteoporos Int : a journal established as result of
cooperation between the European Foundation for Osteoporosis
and the National Osteoporosis Foundation of the USA 28:321-328
Thorsteinsson AL, Vestergaard P, Eiken P (2015) Compliance and
persistence with treatment with parathyroid hormone for osteopo-
rosis. A Danish national register-based cohort study. Arch
Osteoporos 10:35

Briot K, Ravaud P, Dargent-Molina P, Zylberman M, Liu-Leage S,
Roux C (2009) Persistence with teriparatide in postmenopausal
osteoporosis; impact of a patient education and follow-up program:
the French experience. Osteoporos Int : a journal established as
result of cooperation between the European Foundation for
Osteoporosis and the National Osteoporosis Foundation of the
USA 20:625-630

Hadji P, Jacob L, Kostev K (2016) Gender- and age-related treat-
ment compliance in patients with osteoporosis in Germany. Patient
Prefer Adherence 10:2379-2385

Laius O, Pisarev H, Maasalu K, Koks S, Martson A (2017)
Adherence to osteoporosis medicines in Estonia-a comprehensive
15-year retrospective prescriptions database study. Arch
Osteoporos 12:59

41.

42.

43.

44,

Reynolds K, Muntner P, Cheetham TC, Harrison TN, Morisky DE,
Silverman S, Gold DT, Vansomphone SS, Wei R, O'Malley CD
(2013) Primary non-adherence to bisphosphonates in an integrated
healthcare setting. Osteoporos Int : a journal established as result of
cooperation between the European Foundation for Osteoporosis
and the National Osteoporosis Foundation of the USA 24:2509—
2517

Hurtado I, Sanfelix-Gimeno G, Peiro S, Sanfelix-Genoves J (2015)
Primary non-adherence to antiosteoporotic treatment and associated
factors: a prospective cohort study in Spain. Value in Health : the
journal of the International Society for Pharmacoeconomics and
Outcomes Research 18:A650

Garcia-Sempere A, Hurtado I, Sanfelix-Genoves J, Rodriguez-
Bernal CL, Gil Orozco R, Peiro S, Sanfelix-Gimeno G (2017)
Primary and secondary non-adherence to osteoporotic medications
after hip fracture in Spain. The PREV2FO population-based retro-
spective cohort study. Sci Rep 7:11784

Kalluru R, Petrie KJ, Grey A, Nisa Z, Horne AM, Gamble GD,
Bolland MJ (2017) Randomised trial assessing the impact of fram-
ing of fracture risk and osteoporosis treatment benefits in patients
undergoing bone densitometry. BMJ Open 7:¢013703

Rothmann MJ, Ammentorp J, Bech M, Gram J, Rasmussen OW,
Barkmann R, Gluer CC, Hermann AP (2015) Self-perceived facture
risk: factors underlying women's perception of risk for osteoporotic
fractures: the risk-stratified osteoporosis strategy evaluation study
(ROSE). Osteoporos Int : a journal established as result of cooper-
ation between the European Foundation for Osteoporosis and the
National Osteoporosis Foundation of the USA 26:689—-697

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer



	Use of antiosteoporotic medication in the Danish ROSE population-based screening study
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Data sources and variables
	Questionnaire data
	National Health Registers
	The Danish National Patient Registry (NPR)
	Danish national prescription registry
	Comorbidity data
	Outcome: prescription of antiosteoporotic medicine
	Socio-demographic data

	Statistical analyses
	Ethics

	Results
	Discussion
	Strengths and limitations

	Conclusion
	References


